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CJIOBO PEJAKTOPA

Mup oCTeneHHo BO3BPAIACTCH
K HOPMAJIbHOU KU3HH, HECMOTPS Ha
TO YTO KOBH]] BCE €IIIE€ CBUPETICTBYET
B PA3HBIX €I'0 YACTAX. PagocTHRIM
COOBITHEM U CBUJIETEILCTBOM
BOCCTAHOBJICHUSI IPUBBIYHOT'O OOIIIEHUS
cranu 20-1 MEXIYHAPOAHA BBICTABKA
«OO0pYyAOBAHUE U TEXHOJIOTUHU
JUI He(PTEra30BOI'O KOMIIIEKCA» —
«Hedreraz-2021» n HangnoHanbHbINA
HedTerasosbliit popym — 2021. B pamkax
crparerudeckux ceccud Popyma
O6CYK/AIUCH (B OYHOM (popMarte!) camble
AKTYaJIbHBIE BOIIPOCHI PA3BUTHA HE(PTErA30BOH OTPACIIA
B Poccnn n B Mupe. C HEKOTOPBIMU NPEAIIONOXKEHUAMN
U BBIBOJAMU, CIE/IAHHBIMH 9KCIIEPTAMU, HE BCETAA
MO’KHO COITIACUTBCS CPA3Y, HACTOIBKO OHU HENTPUBBIYHBL
Hampumep, ¢ T€M, 4TO ITO UTOr'aM MHBEHTAPU3AITIHN
HE(PTAHBIX 32114COB POCCUI MOKHO CAENIATH BBIBOJ, YTO
IIPH O’KUJAEMOH JIOITOCPOYHOH 1ileHe HedTH $45-50 32
6appesib B Poccuu peHTa0€e/IbHBI TOIBKO OKOJIO IIOJIOBHUHBI
34I14COB 1 9YTO IIPUMEPHO 20% MUPOBBIX 34114COB
YIJIEBOZOPO/IOB HUKOI/IA HE 6y/1yT BOCTPe60BaHbL Eciin
TAK, TO KAKOBBI IEPCIEKTUBBI Y BBICOKOTEXHOJIOTUYHOT'O
HEPTETA30BOI'0 CEPBUCA, HEMTOCPEACTBEHHO HATIPABIEHHOTI'O
Ha JOOBIYY TPYJHOU3BIECKAEMBIX 34114COB? HaM HY>KHO
MIPHCIOCAONIMBATHCA K HOBBIM ObICTPOMEHAIOMIUMCS PEATIAAM,
I7I€ BAKHBIMH OPUEHTHPAMHU CTAHOBITCS IEKAPOOHU3AIINS,
«3€JICHAS CLICJIKA», KJIMMATUYECKAs [IOBECTKA. HO JIMYHO 4, KaK
U POCCUHCKHE IKCIIEPTBHI, YBEPEH, YTO ACIIEBbIE OAPPETN OYAYT
BOCTPEOOBAHBI ITPU JIIOOOM SHEPIETUYECKOM IEPEXOJIE.

TexXHUYECKNE M TEXHOJIOTMIECKUE MHHOBALTHN
CIIOCOOCTBYIOT CHHDKEHHIO CE6ECTONMMOCTHU JOOBIYH, HO
3TOT IPOLIECC HEBO3MOKEH 6€3 ITOBBIINEHNS KOMIIETEHITUI
cnenuanuctos. [Tonnmas ato, ICOTA-Poccus ipu
MH(MOPMAILTMOHHOMN HOAJEPKKE HAYYHO-TTPAKTUYECKOTO
JKypHana «Bpemsa kontioomnra. Bpems I'PIT» gana crapt cepumn
CEMHHAPOB /I CIIELIUAJINCTOB POCCUNCKUX HE(PTECEPBUCHBIX
KOMITAHUH, I7I€ OYAYT OOCYKIATbCA TEMBI, HANOO0IEE
AKTYAJIBHBIE JJI1 THKEHEPHOT'O COOb1IeCTBA. [T1aHupyeTcs
MIPUBJICKATD CAMBIX aBTOPUTETHBIX IPENOJABATENICH,
NPEJCTABIAIONINX KOMITAHUU — JIUJIEPbI HE(PTETa30BOrO
cepBuca. byziem paibl 1OA0OPATH JIEKTOPA 111 BAIIECH
KOMITAHWUU I10 MTHTEPECYIOMEN MUMEHHO BAC Y3KOU TEMATUKE.

HMIMEHHO BBICOKHE KOMIIETEHIIUH J1aJIM BO3MOXHOCTD
CHELMAIUCTAM KOMIAHUHU «[a3pOMHEDTH-3aNIONAPhE» IPU
OCBOEHUM aYUMOBCKUX HE(PTAHBIX 3A7IEXKEHN SIMOYPrCcKOro
HT'KM HanTh OITUMAJIbHBIE TEXHOJIOIMH U PEATTU30BATD
18-cTaguriaeirt 60nbe0O0beMHBIA I'PIT B yCIIOBHAAX
BBICOKO¥ 3260HOM TeMIiepaTypsl 1 ABIT/] B CKBA>KHHE,
HMIMEIOITICH JITTUHY 110 CTBOTY 6500 M, I/ie TMHA CITYIEHHOTO
B 'OPU3OHTAIBHBIN YYACTOK CTBOJIA XBOCTOBHUKA COCTABIISIA
2714,3 m. Xoporias pabora!

B py6puke «TeXHOIOrnH» Bbl CMOKETE O3HAKOMUTBCSA C
OTAEIBbHBIMHA TE3NCAMHU 21-11 MeXTyHAPOAHON HAYYHO-
MPAKTUYECKOIM KOH(pepeHH «KONTIOOUHIOBBIE TEXHOJIOIUH,
I'PIT, BHyTPUCKBAXKUHHBIE PAO6OTEI», COCTOSABIIECICA MUHYBILIEHA
OCEHBIO B MOCKBE B IBYX (popMaTax: O- 1 OHJIAKH. [10/1b3ysCh
CITyYaeM, IIPUITIAIIAIO BAC, KOJUIET'H, HA CJIEAYIONTYIO, 22-10
BCTpedy. HaJIeIoCh, YTO K OCEHH MAHIEMU €I1IE OOJIbIIIE
OCIA6HET U HE CMOXKET ITIOMEMIATh HAM OOMEHATBCA UJIEAMU,
KOTOPBIE, KAK ITTUIBI, HE 6OSITCS, TPEOI0NEBAS IIPEIATCTBUS,
TIEpEEeTaTh C KOHTUHEHTA HA KOHTUHEHT.

Por Knapx

EDITORIAL

The world is gradually resuming a normal
existence in spite of COVID being still rife around
the globe. The 20" International Exhibition for
Equipment and Technologies for Oil and Gas
Industries, Neftegaz 2021, and the National Oil
and Gas Forum 2021 have become the highlights
evidencing the renewal of traditional interaction.
The high-profile issues of the development of oil
and gas industry in Russia and worldwide were on
the agenda of the Forum workshops (with in-person
meetings!). Some of the ideas and conclusions put
forward by experts sound so novel that they are not
always easy to accept. For example, according to the
conclusion based on the inventory of oil reserves
and the expected long-term oil price of $45 to $50
per barrel, only about half of the Russian reserves
allow commercial production and approximately
20 per cent of the world hydrocarbon reserves
will never be required. If this is the case, what
are the prospects of the high-technology oil and
gas service directly relevant to the production of
hard-to-recover reserves? We need to adjust to new
fast-paced realities, with decarbonization, green
deals and climate agenda being brought into focus.
But, together with Russian experts, I am sure that
cheap barrels will be in demand whatever energy
transition we choose.

Technology innovations contribute to lower
production costs but the process is impossible
without the development of professional
competence. For this reason, ICOTA-Russia, with
information support provided by the Coiled Titbing
Times research and practice journal, has launched
a series of workshops for the experts of Russian
oil service companies to discuss the issues most
relevant for the engineering community. The biggest
names representing the leading companies of the oil
and gas service sector are expected to be engaged as
instructors. We will be happy to find an instructor
who could provide training in the narrow areas
of expertise which are of specific interest to your
company.

It is the high level of competence which enabled
the experts from Gazpromneft-Zapolyarye
developing the Achim oil reservoirs at the Yamburg
oil and gas condensate field to choose the best
available technologies and perform 18-stage
massive hydraulic fracturing at high bottomhole
pressure and temperature in a horizontal well with
the measured depth of 6500 m and the length of
the liner that was run in the horizontal wellbore of
2,714.3 m. Well done!

In the Technologies column you may find certain
abstracts from the 21 International Scientific and
Practical Coiled Tubing, Hydraulic Fracturing and
Well Intervention Conference held last autumn in
Moscow in two formats, online and offline. Let me
take the occasion to invite you, my dear colleagues,
to the 22" meeting. Hopefully, the pandemic will be
further contained by autumn and will not prevent us
from exchanging our ideas which fly from continent
to continent like birds having no fear of obstacles.

Ron Clarke
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KoudepeHIIusa COCTONTCS
B HOsIOpe 2021 roxa B MOCKBe

OpranuszaTopbl: POCCUHCKOE OTAEIEHUE ACCOIIUAIINH
CHELMAJIUCTOB 10 KOITIOOUHIOBBIM TEXHOJIOTHAM U
BHYTPUCKBAXKUHHBIM paboTaMm (ICOTA-Poccus), HaygHO-
NPAKTUYECKUI XKYPHAJI «BpeMs KONTIOOUHTa. Bpems I'PIT».

Odunmanbias noAAePKKa: MUHHUCTEPCTBO SHEPTIETUKH
Poccurickor denepaniu.

[Tnomanka nposegeHu: I. MOCKBA, rocTUHUIA «<HOBOTEIL>
(TIpecHeHcKas Hao.,, 2, CT. M. «/IeJIOBOU LIEHTP», «BbICTABOYHAS).

CTpPYyKTypa MEPOIPUATUS: 3AINIAHUPOBAHBI IIIECTH
TEXHUYCCKUX CEKIIHI.

Hx reMaruka:
¢ KoJrTIoOMHTOBBIE TEXHOJIOTHH,

e AxryanpHble TexHOOoruu I'PIT (MI'PIT B rOpU30OHTAJIBHBIX
ckBakuHax, ['TII rwroc I'PIT, T'PIT ¢ 2a30TOM, UICIOJIB30BAHUE
KONTIOOUHTA Tpy npoBseaeHnu ['PIT, 601b11e06bEMHBIE
I'PIT, KT'PIT ruttoc I'PIT v ip);

* Kucnorabsle 06padoTKH (B T4 MaTpuuHblie BCKO);

e PaguasibHOE BCKPBITHE IIJIACTOB;

¢ COBpEMEHHBIE METOABI F€O(PUINIECKOTO UCCIIEJOBAHUA
CKBAKMH, B TY. TOPU3OHTAJIbHBIX; JOCTABKA
reo(pu3nIeCKUX NPUOOPOB C IIOMOIMIBIO KOJITIOOMHIA 1
BHYTPHUCKBA)KHUHHBIX TPAKTOPOB;

*  BHYTPHUCKBaXMHHBIA MHCTPYMEHT JJIs1
BBICOKOTEXHOJIOTUYHBIX PA6OT;

¢ 3ape3ka 60KOBBIX CTBOJIOB;

* TUIAPOMOHHTOPHOE 6YPEHHUE;

e HMHCTpYMEHTAJIbHBIN CEPBUC (JIOBUJIBHBIC OIIEPALINH,
(pe3epOBAHNE, YCTAHOBKA OTCEKAIOIINX TAKEPOB U JIP.);

* HoBblE METOABI MOBBIMEHNA HE(PTEOTAYHN ILTACTOB;

*  PEMOHTHO-U3OJIALIMOHHBIE PAOOTHI,

* TIpOMBICIOBAA XUMHUS 111 BLICOKOTEXHOJIOTUYHOT'O
HEPTETA30BOIO CEPBUCA (PEATEHTBI U MATEPHUAIIbI I I'PIT,
romnozuunu i [THIT, cocrasel 11 PUP u ap.)

ToOpKECTBEHHBINA IIPUEM.

Bricraska. BynyT npeacrasiaeHbl IPOAYKLMA U/UIA
TEXHOJIOTMU KOMITAHUH-YIACTHHUIL,

Padoune a3pIKk1 KOH(MEPEHITUN: PYCCKUI U AHITTUACKHN.
ByzneTt BeCTHCh CHHXPOHHBIN IEPEBO/.

MexyHapOaHAA HAYYHO-TIPAKTUYECKAA KOH(PEPEHIINA
«KonrrobuHrossle TexHOMOruy, I'PI1, BHyTPUCKBA)KUHHBIE
PabOThI» IPOBOJUTCS €3KET'OHO. DTO CTAPEHIIINHI B
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The conference will be held
on November 2021 in Moscow

Organizers: the Russian Chapter of the Intervention
& Coiled Tubing Association (ICOTA-Russia), Scientific
and Practical Coiled Tubing Times Journal.

Supported by the Ministry of Energy of the Russian
Federation.

Venue: Novotel Moscow City Hotel (Presnenskaya
emb. 2, “Delovoy Tsentr” / “Vystavochnaya” metro
station).

Structure of the event: six technical sessions
are planned for November.

Topics of the sessions:

* Coiled tubing technologies;

» Latest hydraulic fracturing technologies (multistage
fracturing in horizontal wells, fracturing plus
hydraulic jet drilling, nitrogen fracturing, coiled
tubing fracturing, large-volume fracturing, acid
fracturing plus hydraulic fracturing, etc.);

* Acid Treatments (including matrix acidizing);

* Radial Drilling;

* Up-to-date well logging techniques, including
horizontal wells logging; conveyance of logging
tools using coiled tubing and downhole tractors;

* High-tech well intervention equipment;

» Sidetracking;

» Jetdrilling;

»  Well service (fishing and milling operations,
packer setting jobs, etc));

* New EOR technologies;

* Cement squeeze operations;

+ OQilfield chemistry for high-tech oilfield service
(hydraulic fracturing chemicals, EOR solutions,
cement squeeze mixes, etc.).

Welcome Reception.

Exhibition. Products and/or technologies of the
participating companies will be presented there.

Working languages are either Russian or English.
Simultaneous interpretation will be provided.

The International Scientific and Practical Coiled
Tubing, Hydraulic Fracturing and Well Intervention
Conference is held on an annual basis. It is the Russian
longest-standing professional forum for oil and gas



POCCHUA

Coiled tubin
«oliea Tuning

EBPFEME KONTHEMHTA
EFEPAE PN

22-1 MexpayHapoaHas Hay4HO-NpaKTn4ieckasa KoHdepeHuvsA
«KonTio6uHroBbie TexHonoruu, NP, BHyTpUCKBa)KMHHbIE PaboTbI»

The 22" International Scientific and Practical Coiled Tubing,
Hydraulic Fracturing and Well Intervention Conference

Mpwu nopaepxke MyUHMUCcTepCTBa 3HepreTnku PO %

The Event is supported by the Ministry of Energy
of the Russian Federation

Poccun npodeCcCUOHAIBHBIN (DOPYM 118 CIEITUATIHNCTOB
HE(PTEra30BOro CEPBHUCA, 3aKA3YNKOB BBICOKOTEXHOJIOIMYHBIX
He(PTECEPBUCHBIX YCIYT U IPOU3BOJUTEIEN COOTBETCTBYIOIIETO
060pPYIOBAHMUSL

Jeneraramu KOH(PEPEHIINY HEU3MEHHO SIBJISIIOTCS
IPEACTABUTENN TAKUX U3BECTHBIX POCCUICKUX U
MEXKAYHAPOAHBIX KOMITAHUI, KaK <POCHEPTH», ['a3IpOM>»,
Ja3npoM HedTh», JIYKOMII», d1lmom6epaxe», Weatherford,
Halliburton, «<TaTHe(Th>, «BamuedTH>, OO0 HHTErpa —
CepBuCHD, «EBC», «<BBT-BocToK, Eriell Group, «<benopycHeThb»,
«[Taxep Cepsuc», Westor Overseas Holding, «®Ppak/xeT-Boira»,
«Ypan-Inzans-ITHI D>, «Betepan», «PUIMAII», I'pyrira U/,
Serva Group, Welltec, PI'M, Jereh Group, BOpOBUYCKHIT KOMOUHAT
OTHEYIIOPOB U JIP.

[IporpamMma TEXHUYECKUX CEKITUH TPAAUITMOHHO
(POKYCHUPYETCA HA CAMBIX IIEPEIOBBIX TEXHOIOTUAX. BB MOXETE
YOEAUTBCA B TOM, O3HAKOMHUBIIIHNCH C UCTOPUEIN KOH(PEPEHIITNN
I10 a/ipecy www.cttimes.org/conf/

Ha 22-11 koH(pepeHIH 6y1yT IPEAOCTABIEHBI BCE YCJIOBUSA
JUIA IPOJYKTHUBHOTI'O KaK (POPMATIBHOTO, TAK M HE(POPMATTBHOTO
KYJIYapHOT'O OBIIEHHU CIIELIUAIUCTOB B IIPOLIECCe KOope-
OPENKOB, (pypIIeTa ¥ TOPIKECTBEHHOT'O ITPHEMA. BB CMOXeETE
OO6CYANTD AKTYaJIBHBIE TTPOOGIIEMBI C KOJUIETAMH U3 BEAYIITUX
KOMITAHUI, IOOECENOBATD C AHIVIOA3BIYHBIMU YYACTHUKAMU
KOH(PEPEHIINHU C IOMOIIBIO KBATU(PUITUPOBAHHBIX
IEPEBOJYNKOB.

BBI HE TOJIBKO NOJIYYUTE UCYEPITBIBAIONTYIO TH(POPMALUIO O
CAMBIX CBEKMX TEXHUYECKUX U TEXHOJIOI'MYECKUX NTHHOBAIUAX
MHPOBOI'O ¥ POCCUHCKOTO HEPTETA30CEPBUCHOIO PHIHKA,

HO U BCTPETUTE HOBBIX APY3€H.

3apETUCTPUPOBATHCA B KAYECTBE YIACTHUKA KOH(PEPEHIITNN
Bel MOXXeTE IO 2/1pecy: www.cttimes.org/conf/confreg/

HMupopmanus 0 CIOHCOPCKUX BO3MOKHOCTAX BBICBUIAETCA
TI0 3aMPOCY.

E-mail: cttimes@cttimes.org
Ten. +7 (495) 481-34-97 (106. 102)
Mo6. +7 (968) 356-34-45

daxkc: +7 (499) 788-91-19
www.cttimes.org

7KzeM Bac, JOpOorue KOJUIEru, B HalIeEM HE(pOPMAIbHOM K1yoe!
Operomumem

services specialists, purchasers of high-tech oilfield
services and manufacturers of oilfield equipment.

The conference is attended by the representatives
of such well-known Russian and International
companies as Rosneft, Gazprom, Gazprom-neft,
LUKOIL, Schlumberger, Weatherford, Halliburton,
Tatneft, Bashneft, Integra-Services LLC, EWS,
BVT-Vostok, Eriell Group, Belorusneft, Packer-
Service, Westor Overseas Holding, Frac-Jet Volga,
Ural-Design- PNP, Veteran, NOV Fidmash, FID
Group, Serva Group, Welltec, RGM, Jereh Group,
Borovichskiy Refractory Materials Factory, etc.

Technical sessions program is traditionally
focused on the most advanced technologies. You
can get detailed information about the history of the
conference at www.cttimes.org/conf/

At the 227 conference you will have a possibility
to communicate with colleagues both in formal
and informal surroundings (during coffee breaks,
standing buffet or evening party). You will be able
to discuss timely topics and problems with the
specialists of the presented leading oil and gas
companies. Our interpreters are always ready to help
with linguistic barrier breaking.

You will not only gain comprehensive information
about the most up-to-date technical innovations of
the global and Russian oilfield service markets, but
also will be able to make new friends.

You can sign up to the conference by filling
the online application form at
www.cttimes.org/conf/confreg/

Information about Sponsorship Packages is
available upon request.

E-mail: cttimes@cttimes.org
Tel. +7 (495) 481-34-97 (ext. 102)
Mobile: +7 (968) 356-34-45
Fax:+7 (499) 788-91-19
www.cttimes.org/en/

We look forward to meeting you!
Organizing Committee

Ne 2 (076) Viionn/June 2021 7



3
an
~
I
'
=
=
O
&
=
=

AewesBblie 6appenu oyayT
BOCTpPeO0oBaHbI Npu NIoGom
JHEepreTM4YecKom nepexone

Cheap Barrels Will Be in Demand
in Any Energy Transition

Cmpamezuueckue ceccuu Hauuonanvnozo negpmeza3oeozo gpopyma — 2021
Strategic sessions of the National Oil and Gas Forum — 2021

C 27 o 28 anpeis B MOCKBE COBMECTHO C
I00MJIENHON 20-11 MEXYHAPOAHON BBICTABKOM
«OB60PYIOBAHNE U TEXHOJIOTUH JIJIS1 HE(PTETA30BOTO
KOMILIEKCa» — «<Hedreras-2021» B LIBK
«QKCITOLIEHTP» npoxoaui HalinoHaIbHbBIH
HedTEra3oBbd PopyM — 2021. DTO MEPONIPUATHE
denepanpHOro MacuTaba, OPraHU3yeMoe
MuHHCTEPCTBOM 3HEPreTuku PO cOBMECTHO
C BEAYIIUMU NIPEATIPUHUMATENBCKUMH U
OTPACIEBBIMU OOBEJUHEHUAMU — POCCHUIICKHUM
COIO30M IPOMBIIITIEHHUKOB U IPEAIIPUHUMATENIEN
(PCIIIT), ToproBO-pOMBIIIJIEHHOM HanaToN Poccun
(TIIIT P®), Coro30M HEPTETa30IPOMBIIIIIEHHHUKOB
Poccru, POCCHUIICKHIM I'a30BBIM OOIIIECTBOM.

B nponwnom, 2020 rogy HanimoHa/IbHBIH
HePTEra30BbIA (POPYM OBLII OTMEHEH B CBSI3U C
AMUJIEMUOJIOTMYECKOM CUTYaIIUEN. TpaguIIMOHHON
AyJUTOPHUU OPTAHU3ATOPHI B IOJTHOM COOTBETCTBUU
C OO'bEKTHUBHBIMHU PEATHUAMH B OOIACTH INMIOOATBHOM
UMPOBU3ALUH MUPOBOH 9KOHOMUKU NTPEAJIOKHIIN
Pl TEMATUYECKUX BEOMHAPOB. [TogpoOHYIO
nH(OPMALUIO 06 OTHOM M3 HUX, «AHAJIU3 U
MPOTHO3UPOBAHUE COBPEMEHHBIX HE(DTETA30BBIX
PBIHKOB», cocToaBmeMcA 28 anpens 2020 ropa,
JKypHaII «Bpemd kontiobunra. Bpems I'PIT»
onyb6mmkoBai B Ne 2 (072), ntons, 2020. Ho xoTa
NPOLIOrOAHHUE OHJIAMH-BCTPEYU B 3HAYNTEIbHOMN
CTEMNEHU U YTOJIAIA UHTEJUIEKTYATIBHBII F'OJIOJ,
NOCTOSHHBIE YYACTHUKH (POPYMa U CITUKEPBI C
HETEPIIEHUEM JKIATIM OYHOT'O OOIIEHM A, KOTOPOE,
K4K [TOKA3aJ14 ’KU3Hb, []A’KE CAMBIE ITIPOJABUHY THIE
TEXHUYECKHUE CPEJICTBA BCE XKE HE CIIOCOOHBI
3aMEHUTD. [TIO3TOMY IPAKTUYECKU KAXKIbIA
BBICTYTIAIOIIUIT HE IPEMUHYJI BBIPA3UTD C TPHUOYHBI
HH® cBOIO PaIoCTb OT BCTPEYHU C 3AMHTEPECOBAHHON
JKUBOU AyAUTOPUETL.

Ha ceroguamuuii jeHp HHO® — KpynmHEeImni Urpok
HA PBIHKE OPIraHU3ALIUH U IIPOBEIEHUA JIEJIOBBIX
MEPONPUATHUI B HEPTETra30BOM cekTope. Cpenu
BOIIPOCOB, TPAIUIJMOHHO O6CYX/1aeMbIX Ha DopyMme:
JOJIIOCPOYHBIE LIEJIN U 33JJa4U HE(PTETA30BOIO
CEKTOPA, PA3BUTHE PEIHOYHOM MHPPACTPYKTYPbI
SHEPrEeTUKU, UHHOBAIIUHN U 9HEPTO3P(PEKTUBHOCTD

8 Ne 2 (076) Hions/June 2021

The National Oil & Gas Forum was held jointly
withThe 20th Anniversary Edition of the Neftegaz
International Exhibition for Equipment and
Technologies for the Oil and Gas Industry. The event
took place from 26. April to 29. April 2021 at the
EXPOCENTRE Fairgrounds in Moscow. This federal-
scale event is organized by the Ministry of Energy of
the Russian Federation with support of the leading
business and industry associations, such as the Russian
Union of Industrialists and Entrepreneurs, the Russian
Ministry of Industry and Trade, the Union of Oil and
Gas Producers of Russia and the Russian Gas Society.

Last year, in 2020, the National Oil and Gas Forum
was canceled due to the epidemiological situation.
The organizers, in full accordance with the objective
realities in the field of global digitalization of the world
economy, offered a number of thematic webinars
to the traditional audience. Coiled Tubing Times
journal published detailed information about one
of them, "Analysis and Forecasting of Modern Oil
and Gas Markets" held on April 28, 2020 (Ne 2 (072),
June, 2020). But although last year's online meetings
largely satisfied the intellectual hunger, regular forum
participants and speakers were looking forward to
face-to-face communication, which, as life has shown,
even the most advanced technical means are still not
capable of replacing. Therefore, almost every speaker
did not fail to express the happiness of meeting with
an interested live audience while standing in front of
the NOF rostrum.

Today NOF is the largest player in the market for
organizing and conducting business events in the oil
and gas sector. The main issues traditionally discussed
at the Forum are: Long-term goals and objectives
of the oil and gas sector, development of market
infrastructure for the energy sector, innovation and
energy efficiency in the industry, analysis of fiscal
policy, digital transformation of the oil and gas industry;
technological equipment of the sectoral machine-
building complex and its export potential; oil and gas
engineering and oilfield services; strategy of scientific
and technological development of the industry and
measures of state support for the introduction of
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B OTPACIU, AHATU3 PUCKATBHOU MOJUTUKY,
udposas Tpanchopmarusg HeTErazoBon
OTPAC/IH; TEXHOJIOTUYECKAS OCHAECHHOCTD
OTPACJIEBOTO MAITMHOCTPOUTEIBHOTI'O KOMITJICKCA
U €T0 3KCIOPTHBIN MOTEHIIN AT, HE(PTETA30BOE
MAIIMHOCTPOEHUE U HEPTECEPBUC; CTPATET U
HAYYHO-TEXHOJIOTMYECKOTO PA3BUTHS OTPACIHN
U MEPbI TOCHOAACPKKH BHEAPEHU S IPOPBIBHBIX
TEXHOJIOT'UH; UMIIOPTO3AMEIICHUE U JIOKATUZAIUSI
MPOU3BOJCTB B OT/IC/IBHBIX OTPACJIEBbIX CETMEHTAX,
TpaHCHEP TEXHOIOIUI BBICOKOTEXHOJIOTUUHOM
npoaykiuu TOK, 1o6b14a TPYTHOU3BICKAEMBIX U
HETPAJUITUOHHBIX YIJIEBOJOPOAOB U T. I1.
IIporpamma ®opyMa BKII0OYAIa B C€OS
CTPATETUYECKUE CECCUU, TAHEJIbHBIEC JUCKYCCUH,
KPYIJIbIE CTOJIBl U IPAKTUUYECKUE CEMUHAPBIL.
Crpareruyeckas ceccus rnnepsoro gusa HHO
«Texkynu aHAJIHU3 U IIPOTHO3 Pa3BUTHA
3HEPreTHYECKHX PBIHKOB; 9HEPIOIIEPEXO,
TpaHcdOPMAIHA SIKOCHCTEM 1 HOBBIE
TEXHOJIOTHYIECKHE TPEHIBI> [IOJTHOCTHIO

COOTBETCTBOBAJIA 3A5IBJIEHHOM TeEMaTHKeE. B kauecTBe

KJTIOYCBbBIX CJIOB, OIIPCACIABINNX HATIPABJICHHOCTD

JAUCKYCCHUH, MBI OBI BBIJIC/TU/IN TAKXKC: KIMMATHNYCCKAA

MOBECTKA, IEKAPOOHU3AI A, KAPOOHOBBIM CIIE],
HU3KOYIVIETOJHBIN MUD, 3€JIEHAS CIEIIKA.

MopaepaTopoOM CECCHH BBICTYIIIII YIIPABJIAION AT
aupekTop VYGON Consulting I'puropuii Beiros.
DKCIEPT AKIEHTUPOBAJI BHUMAHHE HA TOM, 4YTO
KJIMMAaTHYECKAsI IIOBECTKA B HEPTETA30BOI chpepe
CTAHOBUTCS BCe 60J1€€ AKTYAIBHOM. «B rocieaue
[ATH JIET IPOU3OULIN (DYHIAMEHTAIbHBIE

breakthrough technologies; import substitution and
localization of production in certain industry segments,
technology transfer of high-tech products of the fuel
and energy complex, production of hard-to-recover
and unconventional hydrocarbons, etc.

The Forum program included strategic sessions,
panel discussions, round tables and workshops.

Strategic session of the first day of NOF “Current
analysis and forecast of energy markets
development; energy transition, transformation
of ecosystems and new technological trends”

lpuropun BeiroH
Grigory Vygon

g
‘W1
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PROSPECTS




[IEPCIIEKTHBbI

MU3MEHEHU S, U UX CKOPOCTDb TOJIBKO HAPACTAET.
COBCEM HEJJABHO MBI TOBOPUJIU O TAKUX COOBITHUSIX,
K4K CJIAHIIEBASI PEBOJIIOLINSA, B3PBIBHOM POCT
Toprosnu CII, nudpoBas TpaHCPOPMAL UL

Ho cayunnace nangemus COVID-19, kotopas B
JIOJITOCPOYHOI IEPCIIEKTUBE OKAKET BIUSHUE HA
OaJIaHC CIIPOCA U TPEJIOKEHUS SHEPTOPECYPCOB

B Mupe. [TapayiesbHO CTa1a HAbHUPaTbh OOOPOTHI
KJIIMMATHYECKAs TOBECTKA. OHA CETOHA CTAHOBUTCS
OJTHO! U3 BA)KHEUIIINX TEM, OIIPEAEIIAIONINX
Pa3sBUTHE ITTOOAIBHON S3HEPIE€TUKH HA MHOTUE I'O/IB
BIIEPE», — OTMETUJI OH.

CrenyasabHbIHN JOKJIA IJIaBbl KOMIIAHUU Rystad
Energy AIpanga Pucrajga npe/icTasisi CO60M 0630p
TEKYILIETO COCTOSHUS SHEPTETUUECKUX PBIHKOB
M PACCKA3 O HOBBIX TEXHOJIOTUYECKUX TPEH/IAX.
CHuKep NpepeK 3HAYUTENBHOE CHUXXEHHE CITPOCA
HAa YITIEBOJOPOJHOE TOIJIMBO B ABTOMOOHUIBHOM
cexrope. [To onnenkam Pucrazga, maccosoe
UCHOJIBb30BAHUE NIEKTPOMOOUIIEH K 2050 rogy
MPUBEJET K COKPAIIEHUIO
noTpedneHus HepTu
B ABTOMOOUJIBHOM
cermeHTe Ha 30 MJIH
6appeneii B ICHb.

3amecTuTe/Ib MUHUCTPA
sHepreTuxku PO Ilasenx
COpPOKHH OTMETHIL, YTO
Poccus njger B uucie
JINAEPOB KIIMMATUYECKOM
NOBECTKU. «CEroHA MUP
HAXOJIUTCS Ha TAKOH
TPAEKTOPUH C TOYKU
3PEHUSI AHTPOIIOI'€HHBIX
3 PEKTOB, YTO, €CIn
OHA NIPOJOJIKUATCS
KaKO€-TO BpEMSI, TSKEIIO
OyJeT U3BMEHUTD ITPOLIECC... 1 MAKCHMYM TOT'O, YTO
MBI MOKEM JI€JIATh, YTOOBI CHU3UTh HET'ATUBHOE
BJIMSIHUE OT 9TOI'O KAK HA )KU3Hb YEJIOBEKA, TAK U
H4 9KOHOMMKY, MBI JIOJDKHBI 3TO J1€1aTh. [Ipe3uaeHT
Poccyu B cBOEM ITOCIAHUHU J1AJ1 ACHBIN ITOCHLIL, YTO MbI
JIOJI>KHBI HE IIPOCTO HE OTCTABATH OT HAIIHUX KOJIETr
B MHUPOBOY 3KOHOMHKE, HO U OIIEPEXKATDh UX U JIC/IATh
JUISL 9TOT'O BCE BO3MOXKHOE», — CKA34J1 3AMECTUTEb
MHUHUCTPA SHEPTETUKIL

ITponecc 17106a1bHOIO IIOTENICHUSI
JEHCTBUTEJIBHO YK€ OLIYIIACTCS, XOTS PA3ACICHUE
€CTECTBEHHBIX U PYKOTBOPHBIX 3((PEKTOB TpEdyeET
O4eHb 60IBIION JUCKYCCUN. HO HYy?>KHO KO BCEMY
MOJAXOAUTDb PA3YMHO, CYUTATD 3PP eKThL. Camoe
IJIOXOE, YTO MOXKHO C/IEIATh, 3TO NOAIAThCS
KAKOMY-TO XarIy, 91(pOopun, a He CJIEJOBATD
pacyeraM B [U@pPaxX U paboTaTb B COOTBETCTBHUU C
HUMU. K COXKaJIEHUIO, MHOT'OE U3 TOT'O, YTO CETO/THS
O6CYK/IAETCSI, OCHOBAHO HE HA MPAKTHUYECKOM OIIBITE,
4 ABJISICTCS PE3YJIBTATOM CYI'yOO TEOPETHYECKUX
U1 BO MHOT'OM TE€H/ICHITMO3HBIX U3MBIITIIEHUH. «MBbI
3HAEM, YTO OYEHb MHOT'ME PACYETHI BE/IyTCS HE IO
(paKTUYECKUM BBIOPOCAM, 4 TIO OIPE/ICICHHBIM
METOJUKAM, KOTOPBIE JIETIAIOT JONYIIEHU, U 3/1€Ch
MPEICTOUT OYEHB OOJIbIIAS PA6OTA TOIJIMBHO-

Manpemunsa COVID-19

B AONIFOCPOYHOM
nepcnekTrBe OKaXxeT
BNUAHME Ha banaHc
Cnpoca 1 NpeasioxXeHns

The COVID-19 pandemic
will affect the balance of
demand and supply of
energy resources in the
world in the long term.
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3HEepPropecypcoB B MUpE.

MaBen CopokunH i
Pavel Sorokin -

PE'I

fully corresponded to the declared topic. As

the key words that determined the focus of the
discussion, we would also single out climate
agenda, decarbonization, carbon footprint, low-
carbon world, green deal.

The session was moderated by Grigory Vygon,
Managing Director of VYGON Consulting. The
expert focused on the fact that the climate
agenda in the oil and gas sector is becoming
more and more relevant. “There have been
fundamental changes in the past five years, and
their speed is only accelerating. Most recently, we
talked about events such as the shale revolution,
the explosive growth of the LNG trade, and
digital transformation. But the COVID-19
pandemic has happened, which in the long term
will affect the balance of demand and supply of energy
resources in the world. In parallel, the climate agenda
began to gain momentum. Today it is becoming one
of the most important topics that determine the
development of global energy for many years to come,”
he said.

A special report by the head of Rystad Energy
Yaranda Rystad was an overview of the current state
of energy markets and a story about new technology
trends. The speaker predicted a significant decrease
in demand for hydrocarbon fuels in the automotive
sector. Rystad estimates that the massive use of electric
vehicles by 2050 will reduce oil consumption in the
automotive segment by 30 million barrels per day.

Deputy Energy Minister of the Russian Federation
Pavel Sorokin noted that Russia is among the leaders
on the climate agenda. “Today the world is on such a
trajectory in terms of anthropogenic effects that if it
continues for some time, it will be difficult to change
the process ... And the maximum that we can do to
reduce the negative impact of this on both human life
and economy, we must do it. The President of Russia in
his speech gave a clear message that we must not only
keep up with our colleagues in the world economy,
but also get ahead of them and do everything possible



3IHEPTETUYECKOMY KOMILIEKCY Poccun
COBMECTHO C HAIMMMHX MU POBBIMH
KOJIJIETaMU, YTOOBI IIPU3HABAINCH
pEaIbHBIE PE3YILTATHI IEATEIBHOCTH.
BrisbiBaeT BOIIPOCHI, ITIOYEMY OJHO U TO
Ke nepeso B Poccuu u 'epMaHuu umeeTr
PAa3HYIO NOMVIOIIAIONIYIO CIIOCOOHOCT.

W NOHATHO, 4YTO BCEMY HAUAETCA
OOBSICHEHHUE: YTO Y HAC JIECA HE BCETA
JIOCTATOYHO HAOIOJAEMBIE U YXOXKEHHBIE,
BO3PACT JIECOB U IIPOYEE..» — TOAYEPKHYJI
COpOKHUH.

HUKTO HE MOXKET NPEJCKA3ATD, C KAKOM
CKOPOCTBIO 6YIET PA3BUBATHCS PIHOK
NEKTPOMOOHIIEN. MBI BUJIENTU B3PBIBHON
POCT BO3OOHOBIISIEMBIX UICTOYHUKOB
3HEPIUHU, MPOHUKHOBEHHE BO BCE CPEPHI
pAzla TEXHOMOTUI. Yy Th 60IbIIE YEM
34 JECATUIIETHE CMAPT(HOHBI OUEHD

MaccoBoe

NCNonb3oBaHWe
aneKTpomobunen K
2050 rogy npuBegeT
K COKpaLLLEHNIO
noTpebneHus HedpTn
B aBTOMOOUIbHOM
cermeHTe Ha 30 MnH

Oappene B AeHb.

That the massive use
of electric vehicles by
2050 will reduce oil
consumption in the
automotive segment
by 30 million barrels

for this,” said the Deputy Energy
Minister.

The process of global warming
is already being felt, although
the separation of natural and
man-made effects requires a lot
of discussion. But you need to
approach everything reasonably, to
count the effects. The worst thing
that can be done is to succumb
to some kind of hype, euphoria,
and not follow the calculations in
numbers and work in accordance
with them. Unfortunately, much of
what is being discussed today is not
based on practical experience, but is
the result of purely theoretical and
largely tendentious fabrications. “We
know that many calculations are

PROSPECTS

CYIIECTBEHHO U3MEHWIN JKU3Hb.
C 2008 roga MBI JKUBEM B HECKOJIBKO
HWCKA’KEHHBIX 9KOHOMUYECKUX PEANUAX.

B pa3BUTHIX CTPAHAX CTABKH PEPUHAHCUPOBAHUA
HAXOJATCSA OKOJIO HYJIA, 3TO MO3BOISAET MHOTHUE
YOBITOYHBIE IPOEKTHI, A6COMIOTHO HE FTEHEPHUPYIONIHE
HUKAKOHN NPUOBLIH, (PUHAHCUPOBATD U TAHYTH
JIOCTATOYHO JJOJIT'O, YTOOBI JOBECTHU UX [0
CEPUITHOCTH, KOTZIA OHU CTAHYT OKYITAEMBIMH. DTO
K4K Pa3 IPUMEDP BO30OOHOBIISAEMBIX UICTOYHUKOB
SHEPI'UMN.

ITouemMy B Poccru BO3OGHOBIISIEMBIE UICTOYHUKH
JIOpOske, yeM Ha 3anajie? TEXHOJIOTUU OJJUHAKOBBIE.
Berep Takoii xe. I'’je-To OH y HaC AasKe IoJIy4ie. Y HacC
CTOUMOCTDb (DUHAHCUPOBAHUSA JOPOXKE. DTO OUEHD
BAXKHBIIN (DAKTOP, KOTOPBIA HA/IO YYUTBIBATD. Korma
BBI TOBOPHUTE O POEKTE C OKYIAEMOCTBIO 20 JIET,

TO UMEECT 3HAYCHUE IIPOLICHTHAS CTABKA 2—3% WA
8-9%. B nocnegHeM Cl1y4dae 3TO CTABUT IIPOEKT B
OYEHbD TAKEJIOE ITOJIOKEHHE. TEXHOIOTUH MOCJIETHUX
15-20 s1eT cTa711 BO3MOXXHBI HE Oy1arofapst
TEXHHUYECKOMY IIPOI'PECCY, a4 O1arogaps PrUHAHCOBOHI
cucreMe. Eciy CTaBKY HAYHYT PACTH, TO TAKUE
MPOEKTBI MOT'YT CTATh HEIIOMEPHBIM OPEMEHEM.
Hy>KHO 4€TKO BUZIETD, IJ€ HAIIU KOHKYPEHTHBIE
NIPEUMYILECTBA.

Heo6x0aumMo CTUMYJIMPOBAHUE HEPTErA30BbIX
MIPOEKTOB B BocToOyHOM
Cubupwy, 15 3a11yCKa
KOTOPBIX €CThb 7—10 JIeT.
[TosgHee TaKMe IPOEKTH

per day.

15-20 neT cTanu

TexHOonorn nocnegHnx

not based on actual emissions, but
according to certain methods that
make assumptions, and the Russian
fuel and energy complex, together with our world
colleagues, has to do a lot to ensure that the real results
of activities are recognized. It raises questions as to
why the same tree in Russia and Germany has different
absorptive capacity. And it is clear that there will be

an explanation for everything: that our forests are not
always observed and well-groomed enough, the age of
the forests, and so on ...", stressed Sorokin.

No one can predict how fast the electric vehicle
market will develop. We have seen the explosive
growth of renewable energy sources, penetration
into all areas of a number of technologies. In a little
more than a decade, smartphones have made a huge
difference in life.

Since 2008, we have been living in somewhat
distorted economic realities. In developed countries,
refinancing rates are near zero, which allows many
unprofitable projects that generate absolutely no profit,
finance and delay long enough to bring them to serial
production when they become recouped. This is just
an example of renewable energy sources.

Why are renewable sources more expensive in Russia
than in the West? The technologies are the same. The
wind is the same. Somewhere we have it even better.
Our cost of financing is more expensive. This is
avery important factor to consider. When you
talk about a project with a payback period of
20 years, then the interest rate 2—3% or 8—9%

OyAET TPYJHEE 3aAITYCTUTD
6€3 CEPbE3HBIX IOTEPD
JULs 6I0/pKeTa. 3a71a4a —
MaKCHUMaJIbHO CHU3UTD
Ce6ECTOUMOCTD, YTOObI
JIATh THBECTOPAM
BO3MOKHOCTbD BKJIA/IbIBATh
B 3TU IIPOCKTBHL

Texy1as 11eHa Ha He(PTh
06€ECTIeYnBAET XOPOIIYIO
JIOXOIHOCTD JIJISI MHOTUX
IIPOEKTOB, HY>KHO

BO3MOXHbI He Gnarogaps
TEXHNYECKOMY Nporpeccy,
a bnaropaps drHaHCcOBOM
cIcTeme.

The technologies of the
last 15-20 years have
become possible not due
to technical progress, but
due to the financial system.

matters. In the latter case, this puts the project in
avery difficult position. The technologies of the
last 15—-20 years have become possible not due
to technical progress, but due to the financial
system. If rates start to rise, then such projects
can become an exorbitant burden. We need to
clearly see where our competitive advantages are.
It is necessary to stimulate oil and gas projects
in Eastern Siberia for the launch of which there
are 7—10 years. Later, such projects will be more
difficult to launch without serious losses to the
budget. The task is to reduce the cost as much
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HACTPAaUBATh CHUKCHUE BOJIATUIIBHOCTH.
JOoAroCpOYHO IIEHOM 6A71aHCA SIBISETCS
nena Hedtu $45-50 3a 6apperb. ITo uroram
WHBEHTAPU3AIIMU HE(PTAHBIX 3211aCOB Poccun
MOXXKHO C/IETIATH BBIBOJ], YTO IIPH TAKOU 1IEHE
pCHT2.6€III)HbI TOJIBKO OKOJIO ITOJIOBUHBI
3amacos B Poccumn.
Kap6OHOBBII CJ1e/; POCCHHUCKUX
YIJIEBOJOPOJOB — OJIMH U3 CAMBIX BBICOKHX
B EBpoOI1€, HO MOKA3aTENN 3TOI'O CJIEAA
BBIPBAHBI N3 KOHTEKCTA. Y Poccry OjuH U3
CAMBIX YHCTBIX JHEPIE€THYECKNUX OAIIAHCOB
U3 IIPOMBIIIJIEHHO PA3BUTHIX CTPAH, IOTOMY
41O 45% — 3TO BOOOIIIE OE3YIVIEPO/IHBIE
UCTOYHUKU (aTOM, [OC 11 BO3OOHOBIAEMBIE
UCTOYHUKU SHEPTUHN), OOJIBIIAS YACTh

JloNnrocpo4yHoOM LeHOW
OanaHca siBnseTca LeHa
HedTn $45-50 3a bapperns.
Mo ntToram MHBeHTapu3aumm
HedTaHbIX 3anacoB Poccuun
MOXXHO cienaTtb BbIBOA,

4YTO NPW TakoW LieHe
peHTabeNbHbI TONIbKO OKONO

MONoBUHbI 3anacoB B Poccun.

The long-term balance sheet
price is an oil price of $45-50
per barrel. Based on the
results of the stock control

as possible in order

to give investors the
opportunity to invest
in these projects.

The current oil

price provides good
profitability for many
projects, it is necessary
to adjust the volatility
reduction.

The long-term
balance sheet price is
an oil price of $45-50
per barrel. Based
on the results of the
stock control of oil

OCTAJIBHOT'O — 3TO I'a3, KOTOPBIN ABJIAETCS
CaMBIM HU3KOYTJIEPOJHBIM HCKOITAEMBIM
TOILUIMBOM. [Tonmygaercs, 9yro B Poccun 85% —
3TO 6€3yIVIEPOAHBIE MJIM HU3KOYIVIEPOAHBIE
UCTOYHMKU. [71Ie eme eCTh TaKasg CTPaHa U3
Pa3BUTBIX SKOHOMUK MHPa? VICK/II04eHue,
MHOXKAJIYH, TOJIBKO HopBerus. 9To Hago
YUUTBIBATH M HE HAJIO MTOCHINIATH F'OJIOBY
METJIOM. MBI ITOKA HAXOAUMC BIIEPEJU MHOT'UX U3
HAIIUX KOJUJIET.

C 1990 roga BeIOPOCH! B POCccy 3HAYUTEIBHO
COKPATUINCh. Ha 3TO NOBIUAIIO HE TOIBKO
COKpaIeHue
MPOMBIIIEHHOT'O
MPOU3BOACTBA
1990-x TOI0B, HO
1 MOJEPHU3ALINA
060PYyIOBAHMA B IOCIENHNE
roasl IIposenena
OO0JIBIIASI MOICPHU3AL U
3JIEKTPOrEHEPUPYIOLIETO,
HedrenepepadbaTbIBAIONIEIO CEKTOPA. bbliia
YBEJIMYEHA YTUIN3ALHA IOy THOT'O HEMPTAHOTO
rasa, B mypkarmue 15-20 JieT IIaHUupPyeTcs JOCTUYb
MOYTHU ITOJTHOM €TO YTHUIU3ALUHN HAa HEPTEra30BbIX
MECTOPOXKAECHUAX.

Jpyroru BaXKHOM COCTABIAIONIEN KIIMMATUYECKON
TOBECTKH ABJIAETCA BOJAOPOAHASA SHEPTETUKA,

Poccus paboraeT HaJ| €€ pa3BUTHEM. BbIOpaHbI
MHJIOTHBIE HATIPABJIEHUA, B OIMKAUIIEM Oy IyIeM
OHU 6YZIyT aHOHCHPOBAHBL Y HAC OYEHB OOJIBIION
MOTEHIHAJ C TOYKH 3PEHU A IIPOMU3BOJICTBA I'OJIy6OIro
BOJIOPO/14, HO MBI TAK)KE CMOTPUM U B CTOPOHY
3€JIEHOI'O BOJOPO/4. IToKa TO, YTO IIPOMU3BEAECHO HA
64a3€ 4TOM4, HA3BIBAETCA OPAHKEBBIM BOAOPOJOM.
Ho MBI CYUTAEM, YTO OH 11O CBOMUM ITAPAMETPAM U 11O
YIJIEPOJHOMY CJIE[Ly COOTBETCTBYET 3e71€HOMY. Ecin
roay601t BOfopoa CTOUT $1,5-2 32 KUIOTpaMM,

TO B CJTy4a€ 3€JIEHOTO BOJIOPO/IA MBI TOBOPHUM

0 5 gosiapax u Bbiie. C TAKOU CTOMMOCTBIO MTOKA
TSIPKEJIO KOHKYPHUPOBATD.

«PaHO XOpOHUTH HEPTH. MOXKHO MHOI'O PACCYK/AATh
PO IPOPHIBLL, HO MUTAEMCS MBI €/I01, KOTOpPas
pacTeT Ha 3eMJIE, JOCTABJISIIOT €€ Ha KOPAOIAX,
IPy30BHKAX U MAIIMHAX, KOTOPBIE 3AIIPABIAIOTCS
OEH3MHOM U JIU3€EJIEM 110 KOHKYPEHTOCIIOCOOHOM
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of oil reserves in Russia, we
can conclude that at this

B Poccnn 85% — 3710 GesyrnepoaHble
NN HU3KOYTNepPOoaHbIE NCTOYHUKM.

That in Russia 85% are carbon-free
or low-carbon sources.

reserves in Russia, we
can conclude that at
this price, only about

pl’ice, Only about half of half of the reserves in

the reserves in Russia are Russia are profitable.

profitable. The carbon
footprint of Russian
hydrocarbons is one of

the highest in Europe, but this footprint is taken out of
context. Russia has one of the cleanest energy balances
among the industrialized countries, because 45% are
generally carbon-free sources (nuclear, hydroelectric
and renewable energy sources),
most of the rest is gas, which

is the lowest carbon fossil fuel.
It turns out that in Russia 85%
are carbon-free or low-carbon
sources. Where else is there such
a country from the developed
economies of the world? The
only exception, perhaps, is
Norway. This must be taken into account and there

is no need to sprinkle ashes on the head. We are still
ahead of many of our colleagues.

Since 1990, emissions in Russia have decreased
significantly. This was influenced not only by the
decline in industrial production in the 1990s, but also
by the modernization of equipment in recent years.

A major modernization of the power generating and
oil refining sector has been carried out. Utilization of
associated petroleum gas has been increased, and in
the next 15-20 years it is planned to achieve almost
complete utilization of it in oil and gas fields.

Hydrogen energy is another important component
of the climate agenda, and Russia is working on its
development. Pilot directions have been selected and
will be announced in the near future. We have great
potential in terms of producing blue hydrogen, but we
are also looking towards green hydrogen. So far, what
is produced on the basis of an atom is called orange
hydrogen. But we believe that it is green in terms of
its parameters and carbon footprint. If blue hydrogen
costs $1.5-2 per kilogram, then in the case of green
hydrogen we are talking about 85 and more. It's still
hard to compete with such a cost.

“It's too early to bury oil. You can talk a lot about



LieHe. B pa3BuTOM MUpPE [B CTPaHaX], KOTOPbIE
JPaBAT 3€JIEHYIO TOBECTKY, >KMBET MUJINAP/]
JIIOJEN. A OCTAJIbHBIE LIECTD )KUBYT B CTPAHAX,
KOTOPBIE TOXKE XOTAT KUTb XOPOIIO, U Y HUX HE

TAK MHOT'O BO3MOXKHOCTEN. YTOOBI UX 3KOHOMUKHU
POCIIH U JIIOASAM OOECTIEUNBAIACH JOCTONHAS )KHU3HB,
HAa/IO O KPYNHUIIAM COOMPATh CBOU KOHKYPEHTHBIE
OPEUMYILIECTBA. M €C/IM UCTOYHUK SHEPIUHM CTAHET
HEOXMUJAHHO B 2—3 pa3a JOPOXKE, TO ITOrO OyJeT
TSKEJIO JOCTUYb, Ha/Io IyMaTh O 4EJIOBEYECTBE B
1eJI0M. BO3MOXXHO, 6y/1eT HEKMI ITIOTOIOK CIIPOCA HA
HEPTD, HO IOCTABJIATh SHEPIOPECYPCHI HA PIHOK
OYZAET TOT, KTO CMOXKET OOECIIEYNTh KOHKYPEHTHYIO
CTOUMOCTb», — PE3IOMUPOBAJI 3AMECTUTEb
MHUHUCTPA SHEPTETUKIL.

JIOKJIa/ BULIE-TIPE3UIEHTA IO CTPATETUYECKOMY
pasutuio ITAO JTYKOWJI> Jleonuna ®exyHa Gbut
AKIIEHTUPOBAH HA CTPATETUU KOMITAHUU B YCJIOBUAX
3HEPreTHYeCcKoro nepexoa. B [TAO JTYKOIJT»
COCTABJIEHBI TPU CLIEHAPUA OJIMKANIIETO OyAYIIETO:

«DBOMIOL ST,

«PaBHOBECHE> 1 MpumepHo 20% MUPOBBIX

;Tpchq’OpMaum’>~ 3arnacos Yyrnesogopoaos
YCIOBHUAX KAXKIOT'O

M3 9TUX CIICHAPHUCB H VIKO r'u'a He 6y'£lyT

PACTeT, HO B BOCTPeOOBaHbI.

SNl |n Russia 85% are carbon-free

HOJIA TpaHCHOpTHbIX I

CPEJCTB, KOTOPHIE or low-carbon sources.

OyayT paboTarhb
HA JIEKTPUYECTBE, U SHEPTETUUECKUX PECYPCOB,
KOTOPBIE OYAYT NPOU3BOAUTHCA U3 HEUCKOITAEMBIX
UCTOYHUKOB. B neproz 1o 2030 rozga cornacHo
CLIEHAPHUIO «DBOIOLUA> NOTPEOIEHNE HEMPTU OYAET
pacTH, OHAKO BCE TPU CLIEHAPUSA ITOKA3BIBAIOT, UTO
npUMePHO 20% MHUPOBBIX 3A11ACOB YITIEBOJOPOIOB
HUKOI7IA HE 6Y1yT BOCTPEOOBAHBL, 4 IIPU PEATU3ALIHN
PAaUKAIBHOI'O CLIEHAPUS HE OyJIeT BOCTPEOOBAHO
00J1€€ IOJIOBUHBI 32112COB. OHU OKAXKYTCS
HEHY>KHBIMH PBIHKY B CHJIY IIPOUCXO/SIINX Ha

HeM TpaHcdopMmanunii. KoneuHo, 3anacel oygyT
COKPAIAThCS, HO U3JIMIIEK JOOBIYY ITOTPEOYET
ITOCTOSIHHOM CBEPKMU NPEJIOKEHUS CO CIIPOCOM.
ITpu 1060M KJIMMATUYECKOM CIICHAPHUH PBIHOK
OY/IET, K COKAJICHUIO, PBIHKOM ITOKYyTIaTEIEH,

4 KOHKYPEHIIU Oy/IET UJTU UMEHHO 32
€ce6eCcTONMOCTD HE(PTH, 32 HANOOJIEE JOCTYITHBIE
pecypchl bappenu He(TH, KOTOPbIE TOCIECIHUMHU
YHUZYT C PBIHKA, OyAYyT CAMBIMU 3(P(PEKTHBHBIMU.
ITonoxenue Poccyy Ha pbIHKE
JIOCTATOYHO YCTOHYUBO.
CebecToONMOCTD JOOBIBAEMOM

Ha CTAPBIX U YACTU HOBBIX
MECTOPOXJEHUN HE(DTHU 37€Ch
cocrasnsgeT $20-30 3a 6appeiib. DTO
O3HAYAET, YTO POCCUNCKHUE HappeIn
HapAAY C ApAOCKUMU UMEIOT IAHCHI
Cy1ecTBOBaTh 32 2050 rogom u
YHAYT C PbIHKA ITOCAeAHUMH. HO
€ce6eCcTONMOCTb He(DTH, JOOBIBAEMOL
HA 9aCTU HOBBIX IIPOEKTOB B
JOCTATOYHO OOJIBIIUX OO’bEMAMAX

YacTb NpoeKkTOB, B TOM 4ucse
apPKTUYeCcKum, He byayT
BOCTPeOOBaHbl HM NPWY KAKOM
cLeHapum, U 3TO HaJO MPUHATL
KaK JaHHOCTb.

Some of the projects, including the
Arctic one, will not be in demand
under any scenario, and this must
be taken for granted.

TNeonna ®epyH
Leonid Fedun

PROSPECTS

HE®

breakthroughs, but we eat food that grows on the
earth, delivered by ships, trucks and cars that are
fueled with gasoline and diesel at a competitive
price. There are a billion people in the developed
world [countries] driving a green agenda. And the
other six live in countries that also want to live
well, and they do not have many opportunities. To
grow their economies and ensure a decent life for
people, it is necessary to collect their competitive
advantages bit by bit. And if the energy source suddenly
becomes 2-3 times more expensive, then it will be
difficult to achieve. You have to think about humanity
as a whole. Perhaps there will be a certain ceiling in
the demand for oil, but the one who can provide the
competitive cost will supply energy resources to the
market,” the Deputy Energy Minister summed up.

The report of Leonid Fedun, Vice President for
Strategic Development of PJSC LUKOIL, focused
on the company's strategy in the context of the
energy transition. PJSC LUKOIL has prepared three
scenarios for the near future: Evolution, Equilibrium
and Transformation. In each of these scenarios, the
proportion of vehicles that will run on electricity and
energy resources that will be produced from non-fossil
sources grows, but to varying degrees. In the period
up to 2030, according to the Evolution scenario, oil
consumption will grow, but all three scenarios show
that approximately 20% of the world's hydrocarbon
reserves will never
be demanded, and if
the radical scenario is
implemented, more
than half of the reserves
will not be demanded.
They will turn out to
be unnecessary for
the market due to the
transformations taking
place on it. Of course,
stocks will decline, but
excess production will
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(5—7 M= 6appeneit B CyTKH), y2KE TENEPb COCTABIISAET
$40 3a 6appenb. O4EeBUTHO, UTO YACTh IPOEKTOB, B
TOM YHCJIE APKTUYECKUH, HE OyIyT BOCTPEOOBAHBI
HU IIPU KAKOM CLIEHAPUHU, U 3TO HAZO NIPHUHATH

K4K JAaHHOCTb. HE(PTAHMKY JOIKHBEI 60POTHCA 32
CE6ECTONMOCTD, IOTOMY UTO JICIIEBBIE OappEIn
OyAyT BOCTPEOOBAHBI IPU JTIOOOM SHEPIETUYECKOM
nepexo/e.

PenyH N0APpOOHO OCTAHOBUJICSA HA TPOOHIIEME
TPAHCTPAHUYHOTI'O PETYIUPOBAHUA U TAK
HAa3bIBAEMOT 3eJIeHOH cenku. B ITAO JIYKOWJI»
BBEJICHA BHYTPEHHSASA [IEHA HA YIVIEPOJ, LIS OLIEHKHU
«yTTIEPOJTHOM MHTEHCUBHOCTU» MTHBECTUITMOHHBIX
MPOEKTOB KOMIIAHUH. BCE OHM OLIEHUBAIOTCS
MO CIELNUAIBHON HIKAJIE YITIEPOJHOTIO
JUCKOHTHUPOBAHMS, YTO MTO3BOJISET PA3BUBATH
T€ TEXHOJIOTUH, KOTOPBIE BEAYT K CHUKEHUIO
YIJIEPOAHON MHTEHCUBHOCTH. 34 CYET TOBEACHU A
YPOBHS C2KUTAHUS IIONYTHOT'O HE(PTAHOTO I'a3a JJO
97,6% (B 11€7I0M IO POCCHH OH COCTABJISIET MEHEE
90%) KOMIIAHUA JOCTULJIA
OOJIBIINUX YCIIEXOB IO
COKPAIIEHUIO KAPOOHOBOTO

Poccusa ponxkHa HanTu

[>Bua Kamnbenn
David Campbell

HAN Beat T AERA

-2021

Y ¥_boPyM

BRCTARKA

021

require constant reconciliation of supply
with demand. In any climatic scenario,

caena. DaKTU4YECKU
34 TPU r'oj1a YICAbHBIC
BBIOPOCHI CHUIKEHBI HA 17%,
NPEAOTBPALIECHBI BBIOPOCHI
moutu 200 MJIH TOHH
CO,. B KOMITaHMH YETKO
HOHUMAIOT, YTO IPOAYKIIUS
C HAUMEHBIITUM KapOOHOBBIM
CJIEIOM OYZIET B HAUOOIbIIEH
CTENEHU BOCTPEO6OBAHA HA
poirke. Henb TTAO <JTYKOWJT»
— JOCTUIKEHUE YIVIEPOIAHOM
HEUTPANBHOCTH K 2050 rogy.
Kakoe mecTo MOXET
3aHATb Poccus B Oyaymem
HU3KOYIVIEPOJHOM
mupe? Ucropudeckoe
peuMyLecTBo Poccun —
B €€ JIECAX, COCTABJISIONINX

CBOE YHUKaNbHOEe MecTo

B KayecTBe CTpaHbI,
obnagatoLLer caMmbiM eMKUM
eCcTeCcTBEHHbIM pe3epByapomMm
MO MOrNOLLEHUIO U
3axopoHeHuo CO,, nBTO

€ BpeMs CTpaHbl, KOTopas
ABNgeTcs rmodanbHbIM
NOCTaBLMKOM SHEPIUMW.

Russia must find its unique
place as a country with the
most capacious natural
reservoir for the absorption
and storage of CO, and at the
same time a country thatis a

the market will, unfortunately, be a
buyers' market, and competition will go
precisely for the cost of oil, for the most
available resources. The last oil barrels
to leave the market will be the most
efficient. Russia's position on the market
is fairly stable. The prime cost of oil
produced at old and part of new oil fields
here is $20—30 per barrel. This means
that Russian barrels, along with Arab
ones, have a chance to exist in 2050 and
will be the last to leave the market. But
the cost of oil produced in some of the
new projects in fairly large volumes
(5—7 million barrels per day) is now $40
per barrel. Obviously, some of the
projects, including the Arctic one, will
not be in demand under any scenario,
and this must be taken for granted.

20% MHPOBOIO JIECHOT'O
x03sa1cTBa. Hy’>KHO
MPOBECTU PEATBHYIO
OLIEHKY YIVIEPOJHOI MOITIOMIAIOMIEN CTOCOOHOCTH
HAIIUX JAHAMAPTOB. DKCIIEPTHI CAUTAIOT, YTO

OH4 COCTABJIAET HNOPAAKA 2 MJIPJ TOHH. Poccusa
MIPOU3BOAUT NOPAAKA 2,2 MIIPA TOHH BBIOPOCOB

CO,. ITony4yaeTcst, 9TO Mbl MOKEM CIIOKOMHO
JOCTUTHYTD «yIJIEPOJHON HEUTPATILHOCTH»

TOK. bes co3iaHmsi CUCTEMBI, KOTOPAS TIO3BOJIUT
POCCUHICKUM HEPTAHBIM KOMIIAHUSAM NIPEJIATATD
MHPOBOMY PBIHKY CBOIO IIPOAYKIIUIO C TIOJTHOCTBIO
JINOO YaCTUYHO MOTAIEHHBIM KAPOOHOBBIM CJIEJIOM,
y HAC HET OyAy1ero. Poccus AomKHa HAUTHU CBOE
YHUKAJIBHOE MECTO B KAYECTBE CTPAHBI, 00/1/1aI0IEN
CaMBIM EMKHM €CTECTBEHHBIM PE3EPBYAPOM IO
TIOTJIOIIEHUIO U 3aXOPOHEHUIO CO,, U B TO JKe

BPEMSI CTPAHBL, KOTOPAS SIBJISETCA ITTIOOAIbHBIM
MOCTABIIUKOM 3HEPruu. COEJUHEHUE STUX ABYX
(PpaKTOPOB MO3BOIUT HE TOIBKO OOECTIEUUTD
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global energy supplier.

Oilmen must fight for cost, because
cheap barrels will be in demand in any
energy transition.

Fedun elaborated on the problem of cross-border
regulation, and the so-called. "Green deal". PJSC
LUKOIL has introduced an internal carbon price
to assess the “carbon intensity” of the company's
investment projects. All of them are assessed on a
special scale of carbon discounting, which allows
the development of those technologies that lead to a
decrease in carbon intensity. By bringing the associated
gas flaring level to 97.6% (in Russia as a whole, it is
less than 90%), the company has made great strides
in reducing its carbon footprint. In fact, in three
years, specific emissions have been reduced by 17%,
emissions of almost 200 million tons of CO, have been
prevented. The company clearly understands that the
products with the smallest carbon footprint will be the
most in demand in the market. PJSC LUKOIL's goal is to
achieve carbon neutrality by 2050.



BBIIIOJTHCHMEC BCEX 34/1a4,

COIVIAIIEHNEM MO KJIUMATY,

HO 1 COXPAHUTD CBOIO

KOHKYPEHTOCIIOCOOHOCTb.
IIpesnpent BP B Poccuu

BBICTYTIJIEHUH YJIEJTA
BHHMAaHHE BOIIPOCAM
0aJIaHCa SHEPrOPECYPCOB
B MHPE U PA3BUTHUIO
HOBBIX TEXHOJIOTUH.

ITo ero MHEHHIO,
MIOGANBHYIO CPENY
(POPMHUPYIOT MOKYIIATENH,
KOTOPBIE PYKOBOJICTBYIOTCSI OZTHOBPEMEHHO
COOOPAKEHUSIMU SKOJIOTUU U SKOHOMHUYECKOH
BBITO/IBL. Y MUPA €CTh IIOTECHIIUAJI JIJI51 yCKOPEHHOT'O
BHE/IPEHUSI COBPEMEHHBIX TEXHOJIOTUN U CO3/JAHU S
BO3MOKHOCTEN /151 IIEPEX0/1a Ha 60s1e€ YyCTOMYUBBIA
OyTh Pa3BUTUA. [TaHAEMUS U pa3pyLIEHUE YKIa1A
TIOBCEJHEBHOM JKM3HU U30JSI1IMEN OOCPHYINUCHh
YMEHBIICHUEM 3arpsi3HEHUs aTMOChephl. KauecTBo
BO3/1yX4 BO MHOT'MIX 3T PSI3BHEHHBIX TOPOJIAX
Yay4musIock. He6o crano yuie. I[To JaHHbIM
MeXAyHApPOJHOI'O 9HEPTETUYECKOI'O AT€HTCTBA
(MBA), Bp16pOCcH! CO, B 2020 rogy ynanu Ha 6%,

YTO SIBJISIETCSI CAMBIM 3HAYUTEIbHBIM €KET'OIHBIM
COKPAIlleHUEM CO BpEMEH BTOPOI MUPOBOI BOUHBL.
DTO NPHUBEJIO K CHIPKEHUIO PACXO/IA UICKOIAEMOT'O
TOIJINBA HA MIPOTSIKEHUH OOJIBIIICH YACTHU T'O/1A.
OJIHAKO BO30OHOBJISIEMBIX UICTOYHHUKOB 9HEPTUU

U AJIEKTPOMOOUIIEH, pAOOTAIONINX
H4 YHUCTOM S9HEPIUHU, ITO HE

benefits.

COKpAaIleHUe BEIOPOCOB 6BLIO
JOCTHUTHYTO LIEHOM O POMHBIX
NOTEPH /111 MUPOBOY SKOHOMUKN
U3-34 JIOKJJayH4. B 6yymem
COKpAIIEHUE BEIOPOCOB YIVIEKUCIIOTO
rasa, aHaJIOTMYHOE TOMY, KOTOPOE MBI
HAOIIOJAJIU B IPOIIJIOM IOy, MOKET
OBITb JOCTUTHYTO UCKJIIOYUTEIBHO
34 CYET PAJUKAIBHOI'O U3MEHEHU A
HAIIIET'O IOBEACHM B LIEJIOM.

IIpencenarens koHLIEPHA Shell
B Poccuu Cepepuxk Kpemepc
MOJIEJINIIC MHEHHUEM O IEPCIIEKTUBAX PA3BUTHSA
PBIHKA CKMXKEHHOI'O MPUPOAHOTO I'a3a B TEKYITUX
PBIHOYHBIX YCJIOBHAX U B YCJIOBUAX OYAYIIETO
SHEPIETUYECKOTO epexoa. Ilepsolit BuIie-
npe3uenT «[a3IpOMO6aHK> (AKITMOHEPHOE
obmmectso) PomaH ITaHOB B XOZIE€ BBICTYIIEHUA
pacckasan o poau (PUHAHCOBOT'O CEKTOPA B
3HEpPronepexo/e Ha HU3KOYITIEPOAHYIO SKOHOMHUKY.
OH NOJYEPKHYIL, YTO MUPOBBIE MHBECTHUIIUH B
BO300OHOBJISIEMBIE UICTOYHUKH S9HEPIUH B MUPE C
1998 ropa BeIpocn B 30 pa3 U COCTABUIN Hosee
$280 mpg.

B AycKyCcCcHUH TAKXKE IPUHAINA YIACTUE TAPTHEDP
EY, pykoBoauTe b HAlIPaB/ICHUS 110 OKA3aHUIO YCIyT
koMmnianusaM TOK LentpansHo!, Boctounoi, FOro-

MMoOanbHyto cpeay
IIOCTABJICHHLIX [TapUKCKHUM (popM N pyl-OT |'|0Ky|'|aTe J1A,
KOTOpble pyKOBOACTBYIOTCS
OQHOBPEMEHHO
COODpaXXeHNIMU 3KONOrnK
i EYSTNE RIS R SRVSSYE || SKOHOMMUYECKOW BbIroAbl.

The global environment is
shaped by buyers who are
guided by bOth environmental of the fuel and energy complex. Without
considerations and economic

MwupoBble MHBeCTULUU B
KOCHYJIOCH. B 3HaYUTEIbHOM CTEIICHU BO306HOBﬂﬂeM ble UCTOYHUKU
3Hepruun B mumpe ¢ 1998 ropa
Bbipocnu B 30 pas 1 coctaBmnm
Gonee $280 mnpa.

Global investments in
renewable energy sources

in the world since 1998 have
grown 30 times and amounted
to more than $280 billion.

What place can Russia take in the future
low-carbon world? Russia's historical
advantage lies in its forests, which make
up 20% of the world's forestry. We need
to make a real assessment of the carbon
absorption capacity of our landscapes.
Experts believe that it is about 2 billion
tons. Russia produces about 2.2 billion
tons of CO, emissions. It turns out that
we can safely achieve “carbon neutrality”

creating a system that will allow Russian
oil companies to offer their products to
the world market with fully or partially
extinguished carbon footprint, we
have no future. Russia must find its unique place as
a country with the most capacious natural reservoir
for the absorption and storage of CO, and at the
same time a country that is a global energy supplier.
The combination of these two factors will allow not
only to ensure the fulfillment of all the tasks set by
the Paris Climate Agreement, but also to maintain its
competitiveness.

In his speech, BP President in Russia
David Campbell paid attention to the balance of
energy resources in the world and the development
of new technologies. In his opinion, the global
environment is shaped by buyers who are guided by
both environmental considerations and economic
benefits. The world has the potential to accelerate
the adoption of modern technologies and create
opportunities for a more sustainable path of
development. The pandemic
and the destruction of the
everyday life by isolation has
resulted in a decrease in air
pollution. The quality of many
polluted cities has improved.
The skies have become cleaner.
According to the International
Energy Agency (IEA), 2020
related CO, emissions fell by
6%, which is the largest annual
declines since the World War
IL. This led to a decrease in
fossil fuel consumption for
most of the year. However,
renewable energy sources and clean energy electric
vehicles were not affected. To a large extent, the
reduction in emissions was achieved at the cost of huge
losses to the global economy due to the lockdown. In
the future, reductions in carbon dioxide emissions,
similar to those we saw last year, can only be achieved
through radical changes in our behavior in general.

Sederic Kremers, Chairman of Shell Russia, shared
his opinion on the prospects for the development of
the liquefied natural gas market in the current market
conditions and in the context of the future energy
transition. During his speech, First Vice President
of Gazprombank (Joint Stock Company) Roman
Panov spoke about the role of the financial sector
in the energy transition to a low-carbon economy.
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[IEPCIIEKTHBbI

Bocrouno Espornsl 1 LIeHTpanbHOU
Azuu Antexceri JIo3a v BUIIC-TIPE3UJICHT
MO CTPATETUYECKOMY HATIPABJIEHUIO B
passutuu 6msHeca Schneider Electric B
Poccun u CHI' Apmen bagaios.
KiTtoueBBIMU MEPOTIPUATUSIMHU
BTOpPOTrO AHA POopyMa cTana IJICHAPHAS
ceccus <TeXHOJIOTuIeCKOe pa3BHTHE
u rpaschopmanma TOK: HoBbIe
TOYKH POCTA, MEKTYHAPOTHOE
COTPYAHHYECTBO U TpaHchep
HMHHOBAIIHI»>. MOIEpATOPOM BBICTYITHII
npesupaenT TTIIT P® Cepreit Katsipus.
[masa TTIIT oTMeTU, 4TO OOECTIEUEHHE
HAJIC;KHOT'O U CTAOMJIBHOI'O CHAOKEHU S
JIEKTPOIHEPTUEI U TOIJIMBOM SBJISECTCS
OJTHOY M3 HAUOOJIEE AKTYaIbHBIX
U CJIOJKHBIX 327124, C KOTOPBIMHU
CTAJIKUBAETCA MEXIYHAPOJHOE COOOMECTBO.
«COKpalleHHE TPAJUITMOHHBIX 3aITACOB HCTOYHHUKOB
SHEPIUU OOYCIOBINBAECT HEOOXOAHUMOCTD
Pa3yMHOTI'O UCIIOJIb30BAHUS SHEPIOPECYPCOB,
COANAHCUPOBAHHOI'O YYETA MHTEPECOB PA3IUYHBIX
TrOCy1apCTB», — TOAYEPKHYII

Karbipyn.

HamnpasieHune AuCKyccuu B nepuroa 2030-2035 roaos
3441 IPE/ICEATE b HedTb, ras 1 gaxe yrosnb
cosera Corosa COXPAaHAT CBOIO POJib B
HEPTEra30MPOMBIIIJIEHHUKOB
Poccun IOk MEadppamuc dopm VI6pOBaHVIl/I MUPOBOro
Crikep 3a0CTPUI SHEeproovasnaHca.

BHHUMAaHUE HA TOM, YTO,
YYUTBIBAS CAHKIITMOHHOE
JaBJIECHHE 1 OCOOEHHOCTH
ePUOAA, KOTOPBIN MBI
MEPEKUBAEM, HY KHBI

00J1€€ PATUKAIBHBIE MEPBI,
HAIIPABJIEHHBIE HA ITOAJAEPKKY
UMIIOpTO3aMeneHUs. JJaxe B TpyAgHbIe 90-€ TO/bl B
CAXaJIMHCKUX ITPOEKTAX 70% COCTABIISII POCCUMCKUIA
CErMEHT IIPOMBIIIIIEHHOCTH, YTO OBLIIO ObI BAXKHO
3aKOHO/IATEJIBHO 3aKPENUTD U cerfuac. Heo6xonumo

B TEKYIIUX SKOHOMHUYECKHX YCIIOBUAX COXPAHUTD
06'bEM MHBECTUIIMOHHBIX [IPOIrPAMM POCCUHCKUX
HE@TEra30BbIX KOMITAHWH JJ1s1 JAJIbBHEHIIIETO
Pa3BUTHA TEXHOJIOTUH U PEAJIN3ALIMUA HOBBIX
NpOeKTOB. [lepexo U TpaHC(HOPMALINA UAYT yKE HE
OJJVIH I'OJl. YK€ OTYETIIMBO BU/IHBI PE3YILTATHI 3€JIEHOM
NOBECTKU. HabirioaeTca mporecc OTKas3a
OT YITIEBOAOPOAHOM SHEPTETUKH, HO OH
OyZeT PACTAHYT, U1 B IIEPHOT,

2030-2035 ronos HEPTE, I'a3

U JIA7KE YTOJIb COXPAHAT CBOIO

POIb B GOPMUPOBAHUN MUPOBOI'O

YunTbiBas CAaHKLUMOHHOE
[aBreHne 1 0cobeHHOCTU
nepuoaa, KoTopbiv Mbl
nepe>xXxmBaem, Hy>KHbl

Oonee paankanbHble Mepbl,
HanpaBNeHHbIE Ha NOALEPXKKY

MMIMOopPTO3aMeLleEHNS.

Given the sanctions pressure
and the specifics of the period
we are going through, more
radical measures are needed to
support import substitution.

In the period 2030-2035.
oil, gas and even coal will
retain their role in shaping
the global energy balance.

Tema pekapOoHM3aumnm
C/INLLIKOM y3Ka Ans
ApPaMaTUYHON Tpmaapl
«KJIMMAT — YenoBekK —

He stressed that global
investments in renewable
energy sources in the
world since 1998 have
grown 30 times and
amounted to more than
$280 billion.

The discussion was
also attended by EY
partner, head of the area
for rendering services
to companies in the fuel
and energy complex,
Central, Eastern,
Southeastern Europe
and Central Asia
Alexey Loza and vice
president for strategic
direction in business development of Schneider
Electric in Russia and the CIS Armen Badalow.

The key events of the second day of the Forum were
the plenary session "Technological development
and transformation of the fuel and energy
complex: New points of growth,
international cooperation and
transfer of innovations." The
moderator was Sergei Katyrin, President
of the RF CCI. The head of the Chamber
of Commerce and Industry noted that
ensuring a reliable and stable supply of
electricity and fuel is one of the most
urgent and difficult challenges facing the
international community. "The reduction
of traditional reserves of energy sources
necessitates the rational use of energy
resources, a balanced consideration of
the interests of various states," Katyrin
emphasized.

he direction of the discussion was set by Yuri
Shafranik, Chairman of the Council of the Union
of Oil and Gas Producers of Russia. The speaker drew
attention to the fact that, given the sanctions pressure
and the specifics of the period we are going through,
more radical measures are needed to support import
substitution. Even in the difficult 90s, 70% of the
Sakhalin projects was made up of the Russian segment
of the industry, which would be important to legislate
even now. In the current economic conditions, it is
necessary to preserve the volume
of investment programs of
Russian oil and gas companies
for the further development
of technologies and the
implementation of new projects.
The transition and transformation

3HeprobanaHca. Poccuu, KOTopast 06/1aJaeT
MOTEHIINAJIOM T10 BCEM COCTABJISIONINM
(pecypchl, THPPACTPYKTYPA,
CHELMAIUCTHI), HY’KHO B Omrkarinme 5—-10
JIET IOJTYYUTD OT TPAAULIMOHHBIX PECYPCOB
CBOI (PMHAHCOBBIA ITPOdUT. Ha 3TOM
BPEMEHHOM OTPE3KE KPATHO BO3PACTET
OTBETCTBEHHOCTB KaK I'OCY/1apCTBA CO

Oynyuiee 3emnn».

The topic of
decarbonization is too
narrow for the dramatic
triad “climate — man —the
future of the Earth”.
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have been going on for years.

The results of the green agenda
are already clearly visible. There

is a process of rejection of
hydrocarbon energy, but it will be
extended, and in the period 2030-
2035. 0oil, gas and even coal will



BCEMU €TO UHCTUTYTAMH, TAK U HEPTETA30BbIX
KOMITaHUH 32 (POPMUPOBAHU HOBOT'O KAYECTBA, HOBOH
3KOHOMHKU, HOBOH 3HEPreTUKU. [10 rIryboKoMy
yoexaenuto lappannka, Poccus, 0651a1a101mas TaKOU
YHHKAJIBHOIM TEPPUTOPHEN, IOJIKHA OE€30TIArATENBHO
Cc(POPMUPOBATE COOCTBEHHYIO UJIEOJIOTUIO, KOTOPAS
3aXBATUT U APYTHUE CTPAHBL TeMa AeKapOOHU3ALINNU
CJIMIIKOM y3Ka JUIS APAMATHYHON TPHUABI «<KJTUMAT —
4JeJIOBEK — Oyayiee 3emin». Poccus 06s13aHa B 3TOM
TEMATHUKE CTATb «HA/[I.

Ynen cosera pupexTopos AO «MHK-Kanuran
Cepreii [JOHCKOM OO6pATUI BHUMAHUE HA
HEOOXOAUMOCTD PA3BUTUS TEXHOIOTHIECKHUX
MOJIMT'OHOB, AKTUBU3AIIHUIO JOOBIYHM MOy THBIX
MOJIE3HBIX UCKOITAEMBIX ITPU Pa3pabOTKE
HEPTEra30BbIX MECTOPOXKAECHUI. 10 crtoBam
3KCHEPTA, IPU PA3PAOOTKE CTPATETUH
oTedeCcTBEHHOrO TOK HEO6XOAUMO YUYUTHIBATh
IHEPTETUYECKHE TPEH/IBI HE TOJIBKO EBPOITHL,

HO Taxkxe Kuraa u Uupun. [enepasibHbIv JUPEKTOP
«CanbiM [etponeym [leenonmenT> Ma¥ikia KosuimHc
PacCKa3aI O TEXHOJOI'MYECKUX TPEHAX,

KOTOPBIE YIUTBIBAIOT B CBOEH PA6OTE COBMECTHBIE
npeanpuaTtusa <aznpom HedgpTr» 1 Shell, a
peACeNaTeNb KOMUTETA 10 SHEPTETUKE U
KOOPJUHALTMOHHOI'O KOMUTETA IMPOEKTA «3€JIEHAA
WHHUIIMATUBA> ACCOLIMAIIUH EBPOIIEUCKOrO 6U3HECA
(AEDB) DpHecTOo PepIeHrH — 00 AKTYAIbHBIX
HAMPABIEHUAX MEXYHAPOAHOT'O COTPYAHUYECTBA
BTOK.

JIB€ IIIEHapPHBIE CTPATETUYECKUE CECCUN
ABUJIACH UHTEJIIEKTYAIbHBIM SPOM
HanmonanbHOro HE(PTErazoBoro (popyma, rie 6uuin
NPOAHAIU3UPOBAHBI TEKYIIHUE TEXHOJOIUYECKUE
TPEH/IBI U ITOCTABJIEHBI BOIIPOCHI, OTBETHI HA KOTOPBIE
OIIPEAEIIAT AATBHEHNIIEE PA3BUTUE POCCUNCKOM
HedTErazoBoy OTPACIN.

AHAIHTHYECKA I'PYIIIA HAY ITHO-IIPAKTHIECKOI'O SKypHAIA
«Bpems konrouHra. Bpems I'PIl»

PROSPECTS
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retain their role in shaping the global energy balance.
Russia, which has the potential in all components
(resources, infrastructure, specialists), needs to get

its financial profit from traditional resources in the
next 5—10 years. In this time period, the responsibility
of both the state with all its institutions and oil and
gas companies for the formation of a new quality, a
new economy, and a new energy sector will multiply.
Shafranik is deeply convinced that Russia, possessing
such a unique territory, must urgently form its own
ideology, which will capture other countries as well.
The topic of decarbonization is too narrow for the
dramatic triad “climate — man — the future of the
Earth”. Russia is obliged to become "over" in this
subject.

Sergey Donskoy, a member of the Board of
Directors of JSC INK-Capital, drew attention to the
need to develop technological landfills, to intensify the
extraction of associated minerals in the development
of oil and gas fields. According to the expert, when
developing a strategy for the domestic fuel and energy
complex, it is necessary to take into account energy
trends not only in Europe, but also in China and
India. Michael Collins, General Director of Salym
Petroleum Development, spoke about technological
trends that Gazprom Neft and Shell joint ventures take
into account in their work, and Ernesto Ferlenghi,
Chairman of the Energy Committee and the
Coordinating Committee of the Green Initiative
project of the Association of European Businesses
(AEB) on topical areas of international cooperation in
the fuel and energy complex.

Two plenary strategic sessions were the intellectual
core of the National Oil and Gas Forum, where current
technological trends were analyzed and questions
were posed, the answers to which will determine
the further development of the Russian oil and gas
industry.

Analytical Group of the Coiled Tubing Times
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MMapaenuyeckMia paspele Nnacra
Hydraulic fracturing
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Coiled tubing services

OcBoeHUe CKBaXXKWH a30ToOM
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Packer service
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OIIbIT ITPOBEJIEHU A BOJIBINEOGBEMHOI'O
IT'NIPAB/INYECKOI'O PA3PBIBA IIVTACTA
B CKBAKNMHE CTOPU3OHTAJ/IbHBIM
OKOHYAHHWEM B AMNMOBCKHUX OTVIOZKEHMAX
AMBYPI'CKOI'O HI'KM
CASE STUDY: MASSIVE HYDRAULIC FRACTURING
IN A HORIZONTAL WELL IN THE ACHIM OIL
RESERVOIRS AT THE YAMBURG OIL AND GAS
CONDENSATE FIELD

A.B. TPU®OHOB, C.C. ZEBATHAPOB, /I.C. JEOHTBEB, B.B. BOJIKOB, E.H. KO3JIOB, P.P. TAUHETIHUHOB, 3.®. CAU®YTIUHOB,
A.A.KOPEITAHOB, A.A. BACTPAKOB, /1.C. IOHOMAPEB

AV. TRIFONOY, S.S. NINEARYOV, D.S. LEONTIEV, V.V. VOLKOYV, E.N. KOZLOV, R.R. GAYNETDINOY, E.F. SAIFUTDINOV, A.A. KOREPANOYV,
A.A. BASTRAKOYV, D.S. PONOMAREV

AHHOTAUMWSA

AYNMOBCKMI HEPTEra30HOCHbIN KOMIMIIEKC ABASETCH OAHUM 13 Hanbornee ClI0XKHO NMOCTPOEHHbIX 0ObEKTOB paspesa,
HO, HECMOTPS 3TO, OH SIBMSETCA OAHUM 13 Hanbonee NepcnekTUBHbIX OObeKTOB Pa3paboTKK C TPYAHOM3BEKaEMbIMN
3anacamu Hedpt. OfHAKO A8 PeHTa0ENbHOIro OCBOEHNS a4MMOBCKIMX 3anexer TpebyeTcs NprUMeHeHne HOBbIX
nepefoBbIX TEXHOMOMUI.

OAHUM 13 KII0YEBbIX METOA0B Pa3paboTKM TaKNX FOPU3OHTOB ABNSETCA MMAPaBANYecKni pa3pbls nnacta (MPr1),

B TOM YKCie MHOrOCTaduHbIn TPT1T (MIPI). TexHonorus ['PI1 nogpasymMeBaeT 06pa3oBaHmne rnapasnmyeckimx
TPeLLUMH B NnacTe, KOTopble BNOCIEACTBIN 3aMOSHATCSA PACKIIMHMBAIOWMM areHToM (MponnaHTom). Yem AnnHHee

W Hallle TpeLLVHbI, TeM OOosbLLYIo 30HY NyacTa OHM OXBATLIBAIOT, HTO NMO3BONAET A0OLITL OOJbLIE YINeBOA0POAO0B.
ONTMManbHOCTb CUCTEMbI Pa3pPabOTKM C MprMeHeHKeM TexHonor MIPIM 3aBrcut ot GEC nnacta v ot Ar3sarHa [P
(paccTosiHne Mexay CTaanaMm, BENUYMHA NONYAMNHbI TPeLwwnHbI TPIT).

B HacToALeN CTaTbe NpeAcTaBfieH ONbIT NpoBeAeHNsa 6onblleobbeMHoro 18-cTaannHOro rmapaBnM4eckoro
pa3pblBa NyacTa B CKBaXXMHE C rOpM30HTasbHbIM OKoHYaHneM AMOyprckoro HITKM «la3npomMHedTb-3anonspbe» B
YCINIOBUAX BbICOKOM 3ab0MHOM TemnepaTypbl v ABIM/, nmeloLert anvHy no ctsony 6500 M. InHa cnyLeHHoro B
FOPWM30OHTalbHbIN YHaCTOK CTBOMA XBOCTOBMKA COCTaBNseT 2714,3 m.

KJTHOYEBLIE CJTOBA: fAMbyprckas niollanb, a4MMOBCKME HEPTAHbIE 3aN1EXM, CKBAXMHA C TOPU3OHTaNbHbLIM
OKOHYaHMEM, MHOrOCTaZIMMHBIN FMapaBAMyeckmin pas3pbiB nnacta, ABML.

ABSTRACT

The Achim oil and gas reservoirs represent one of the most complex lithology. At the same time, this is one of the most
promising areas for development of hard-to-recover oil reserves. However, the cost-effective development of the
Achimov reservoirs requires the application of new advanced technologies.

One of the key methods for developing such reservoirs is hydraulic fracturing, including multistage fracturing. Hydraulic
fracturing technology implies creation of hydraulic fractures in the reservoir, which are subsequently filled with propping
agent (proppant). The longer and more frequent the fractures, the larger the drainage area, allowing more hydrocarbons
to be produced. The applicability of multistage fracturing technology depends on the reservoir porosity and permeability
and fracture design (distance between stages, fracture half-length).

The paper presents the case study of performing 18-stage massive hydraulic fracturing at high bottomhole pressure
and temperature in a horizontal well with the measured depth of 6500 m at the Yamburg oil, gas and condensate field
developed by "Gazpromneft-Zapolyarye". The length of the liner that was run in the horizontal wellbore is 2,714.3 m.

KEY WORDS: Yamburg area, Achim oil reservoirs, horizontal well, multistage hyfraulic fracturing, extremely high
reservoir pressure and temperature.
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A4HMOBCKME HE(DTSAHBIE 3AJIE3KH — OJJHO U3
HauO0JIe€ NEPCIIEKTUBHBIX HAIIPABIECHUN Pa3pa00OTKHU
TPYJHOU3BJIEKAEMBIX 3A11ACOB B ITepuMeTpe KoMmanum.
17151 pEHTA6EIBHOTO OCBOEHU S 3AJIEXKEN TPEOYETCS
CTPOTO BBIBEPEHHOE IPUMEHEHUE HAO0PA TEXHOJIOTHUH,
I7I€ CTAHIAPTHBIE HINPOKO PACTUPAKUPOBAHHBIE
MHCTPYMEHTHI HE BCET/IA CIIOCOOHBI I'APAHTUPOBATh
BBICOKYIO PE3YJIBTATUBHOCTD. AMUMOBKA CEBEPHOI'O
KJIACTEPA MECTOPOXKAEHNI KOMITAaHWY OT/IMYAETCA
emie 60s1ee HU3KOHU IIPOHUITAEMOCTBIO, 6OJIBIIIEH
INIYOMHOM 3aJIETAHUS, O6IAAAET AaHOMAJIBHO BBICOKUM
MJIACTOBBIM JIaBJIcHUEM (KOadpuueHT 1,7), maacToBas
Temueparypa (110 °C) ma 20 rpalyCOB IIPEBBIIIAET
3HAYEHUS «CTAHJAPTHOIM» Q4MMOBKHU LIEHTPAJIBHOI'O
perrona O6b-MpPTHIIICKOM HU3MEHHOCTH.

ECTECTBEHHO, UTO IIPH TEKYIIEM TEXHOJIOTMTUYECKOM
YPOBHE OCBOEHUE HU3KOIIPOHUIIAEMBIX aYMMOBCKHX
OTJIOKEHUI 6€3 CTUMYIAILIMUA METOAOM I'HJIPOPA3PHIBA
6ecrnepcrekTUBHO. HO B BOIIPOCE O TOM, KaK
Pa3MECTUTb TOPU3OHTAIBHBIA CTBOJI B CJIOXKHO
MOCTPOEHHOM I'€OJIOTUYECKOM PA3pPE3E — 1€ JO/DKHA
pacroararbCa 30Ha UHULMAUX TpemuHbl [PIT,
OTBET He BCerAa oueBu/IcH. C(hOPMUPOBAHHEIE B
YCIOBUAX ITTyOOKOI'O MOPS B PE3YJIBTATE TABUHHOM
CEMMEHTAIIUH Aa9MMOBCKHE OTIIOKEHUA ABJIAIOTCSA
HEBBIJIEPKAHHBIMH [ECYAHO-AJIEBPUTUCTHIMU TEJTAMH.
[TopoAbl IPEACTABIIAIOT COO0OM YEPEJOBAHUE IIJIOTHBIX
MEJIKO3E€PHUCTBIX ITECYAHUKOB U IVIMH, HEPTD
pacnpejesnena HEOJHOPOAHO, TIJIACTHI PA3PO3HEHHEIE,
4 T€0JIOTUYECKOE CTPOEHHUE TOPA3/0 OOJIEE CIIOKHOE
O CPABHEHHIO C TPAJAUIIMOHHBIMY 3a1acamMmu. Oomasn
MOIIHOCTb IJIACTOB COCTABIIAET AECATKH, 4 UHOT/IA U
COTHH METPOB. KakoMy O6'bEKTY OTAATh IPEATIOYTEHUE
IpU HEOGE3IPAHNYHON BO3MOXXHOCTH IPUOOIICHY
NPONJIACTKOB Tpemunuon I'PI1 — HeTpuBHUaIbHBIN
BOIIPOC. B 3a1auax onpepenenus PVT-CBOKCTB,
BEPTHUKAJIBHOT'O U JIATEPATIBHOI'O PACTIPOCTPAHEHUSA
LEJIEBBIX OO'BEKTOB TAKKE CYIIECTBYET MHOI'O
HEOIPENEIEHHOCTEMN.

OJIHUM U3 KJIIOYEBBIX METOJIOB PA3PAOOTKH TAKHUX
TOPU3OHTOB ABJIAETCSA THAPABINYECKNAIT PA3PbIB
riacta (I'PIT), B TOM 4YUCJIE€ MHOT'OCTAJUMTHBIN
I'PIT (MI'PIT). Texnosiorus I'PIT noapaszymeBaet
06pa30BAHME TUPABIUYECKUX TPEIUH B
IUIACTE, KOTOPBIE BIOCJIEACTBUM 3ATIOTHAIOTCA
PACKJIMHUBAIOIUM AI'€HTOM (LIPOIIIAHTOM).

YeM JUTMHHEE U Yallle TPEIUHBL, TEM OOJIBIIYIO

30HY IUIACTA OHU OXBATBIBAIOT, YTO ITO3BOJISIET

JIOOBITH OOJIBIIIE YITIEBOAOPOLOB. OIITUMAIBbHOCTD
CHCTEMBI pa3pabOTKU C IPUMEHEHUEM TEXHOIOT U
MTI'PIT 3aBucut otT ®EC m1acta u ot au3arina I'PIT
(paccrossHue MEXAY CTAAUAMU, BETUYHNHA IOy INHDI
Tpemunsbl ['PIT) [1-4].

I'maBHBIN 11€7IEBOM OO'bEKT IIJIACT A418 3aHUMAET
BCIO SIMOYPI'CKYIO VIO, XAPAKTEPHU3YETCS
©O0JIBIION MOIIHOCTBIO C BHYTPEHHEHN BLICOKOM
HEOAHOPOAHOCTHIO, OO6YCIOBICHHOM MHOT'OSIDYCHBIM
(POPMHPOBAHUEM ITUX OTIIOKEHUI. BolieisieMble
IJIMHUCTBIE IEPEMBIYKU B ITPE/IE/IAX IJIACTA
HECYIIECTBEHHBI (OT 1 METPA B JUCTATBHBIX
U MEJIMAJIBHBIX YACTAX KOHYCOB BEIHOCA /IO
30 M B CKJIOHOBOF 44CTHU KOMILIEKCA). O6bEKT

The Achimov oil deposits are one of the most
promising areas for development of hard-to-recover
reserves in Gazpromneft group. Cost-effective
reservoir development requires a carefully selected
set of technologies. In this regard, standard widely
deployed tools do not always guarantee high
performance. Achimov reservoirs in the northern
cluster of the Company's fields are characterized
by lower permeability, higher depth, extremely
high reservoir pressure (ratio 1.7) and formation
temperature (110 °C) that is 20 degrees higher than
the "standard" temperature in Achimov reservoirs in
the central region of the Ob-Irtysh lowland.

It is evident that at the current technological level
development of low-permeable Achimov deposits
without hydraulic fracturing is unpromising.
However, it is quite difficult to select the correct
trajectory of the horizontal wellbore in a complex
lithology reservoir and to select the location of
the fracture initiation zone. Formed in deep sea
conditions as a result of avalanche sedimentation,
the Achimov deposits are irregular sand and silty
formations. The Achimov rock represents the
alternation of tight fine-grained sandstones and clays,
the oil is not uniformly distributed, the reservoirs
exhibit a scattered pattern, and the geological
structure is much more complex than in conventional
reserves. The total thickness of the strata is tens and
sometimes hundreds of meters. One of the difficult
tasks is to select the correct reservoir considering
that the fracture length will cover a limited number
of layers. There are also many uncertainties in the
process of determining PVT properties, vertical and
lateral distribution of target reservoirs.

One of the key methods for developing such
reservoirs is hydraulic fracturing, including multistage
fracturing. Hydraulic fracturing technology implies
creation of hydraulic fractures in the reservoir,
which are subsequently filled with propping agent
(proppant). The longer and more frequent the
fractures, the larger the drainage area, allowing more
hydrocarbons to be produced. The applicability of
multistage fracturing technology depends on the
reservoir porosity and permeability and fracture
design (distance between stages, fracture half-length)
[1-4].

The main target reservoir Ach18 expands across
the entire Yamburgskaya area. This reservoir is
characterized by high thickness with internal high
heterogeneity due to the multilayer origin of these
sediments. The clay bridges identified within the
reservoir are not thick (from 1 min the distal and
medial parts of the alluvial fans, to 30 m in the slope
part). The reservoir has a good connectivity and
considered as a single reservoir.

The parameters of the target reservoir Achl18:
total reservoir thickness 80 m, effective thickness
49 m, permeability 0.09 mD, porosity 13%, reservoir
pressure 650 atm, reservoir temperature 106 °C.

A simulation of the geological section along the
horizontal well path is shown in fig. 1; the figure also
shows the offset exploration well.
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TUAPONUHAMUYECKH CBSA3aH U PACCMATPUBACTCA KAK
€JINHBIH.
ITapaMeTprl LEJIEBOTO I1aCTa Adl8: 06mas

MOIITHOCTD IJ1aCTa 80 M, 3(P(PEKTHUBHAS MOIITHOCTb 49 M,

npoHuIaeMocTts 0,09 M1, nOprCTOCTh 13%, MI1aCTOBOE
npassieaue 650 at, Temrieparypa racra 106 °C.

Ha puc. 1 npuBe/icHa MOJIEJIb I'€OJIOTUYECKOT'O
pa3pesa BAOIb TPACKTOPUH TOPU3OHTAIbHOM
CKBA’KUHBI, HA PUCYHKE TAKKE IOKA3aHA OIIOPHAS
Pa3BEOYHAS CKBAKUHA.

JJ151 yCKOpEHU TOATBEPKACHUA 3(PPEKTUBHOCTH
KOHCTPYKIIMH CKBAXKUHBI, HOATBEPKICHUS
BO3MOKHOCTHU CTPOUTEIBCTBA MIPOTSKEHHBIX
TOPU30HTAIBHBIX YUYACTKOB U CITYCKA XBOCTOBHKA B

YCIIOBUAX AHOMAJIBHO BBICOKOT'O ITIJTACTOBOTI'O JIABJICHM A,

4 TAKXKE UCTIBITAHUSA PA6OTOCIIOCOOHOCTH TEXHOJIOTUN
OypEHUS C YIIPABJISIEMBIM JABJICHUEM HA 3aKPBITOM
cucreMe HUPKyIanuu (MPD) 6b10 TPUHATO PEMIEHUE
06 YBEJTUYEHUHU JUIMHBI TOPU3OHTAIBHOIO YYACTKA
CKBaXHHBI 70 1800 M.

TeXHOIIOrNYECKOE PEMEHUE YAATIOCH YCIIEIMTHO
PEANIN30BATh — AJIMHA HOBOM IPOOYPEHHOM CKBA’KUHBI
Ha SIM6YPrCKOM MECTOPOKACHUHN COCTaBIIa 6500 M.
JI1HA OTKPBITOr'O CTBOJIA OT 6AIIMaKa OO6CATHOM
KOJIOHHBI @178 MM 10 TIPOEKTHOU ITTyOHMHBI COCTABHJIA
2454 m. TlocnenHue 450 M rOPU30HTAIBHOI'O YYaCTKA
OBLIIN IPOOYPEHBI C TeXHONMOrue MPD, no3BosnBLICH
CHM3HUTB INIOTHOCTB PACTBOPA IPU OYPEHUHU.

ITocie OKOHYaHUS OYPEHUS U ITOJATOTOBKH CTBOJIA
CKBaKHMHBI ObLIIN 0€32BAPUITHO BBIIIOJTHEHBI PA0OTHI
IO CITyCKY XBOCTOBHMKA AUAMETPOM B114 MM U JJTMHOM
2714 M. UctoNIb30BaHME TMOJABECKH XBOCTOBHKA C
BO3MOKHOCTBIO BPAIIEHHU S [IO3BOJIMJIO IIPOU3BECTH
CIIYCK JIO IIPOEKTHOI'O 326051

Ha cerogHAmHuM ICHb 3TO CaMasi IIyOboKas
TOPHU30HTAIBHAS OJJHOCTBOJIbHAS CKBAXKUHA B
Komnanuu. YHUKaJIBHOCTD CKBAKUHBI — CJIOKHBIE
UCXO/IHBIE I'€OJIOTO-TEXHUYECKUE YCIIOBUS,

B KOTOPBIX ObLJI IOCTABJICH IAHHBIN PEKOP.
KoneuHas1 11e1b IPOEKTA — C HAPAIUBAHNEM
TEXHOJIOI'MYECKOH CIIOKHOCTHU B YCJIOBUAX
AYMMOBCKUX OTIOXKEHU ¢ ABIT/I yepes ucnelraHue
PA3JIMYHBIX TEXHOJIOTUH 3aKAHYUBAHUS IOA00PATh
OIITUMAJIbHBIN CIIEHAPUH. B HACTOAIIIUN MOMEHT

10 HOMHUHAJIbHBIM IIPEUMYIIECTBAM HAUO0JIee
[IPEAIIOYTUTENBHON IPEACTABIISACTCS TEXHOIOT UL
YCTAHOBKM Ha Kab6eJie IPOOOK U BBINTONHEHM S [IBP

B oHYy CITO 15 TOCIe[yIoero Npou3BOACTBA
craauu I'PIT (PDP, nnu pump down plug&perforator).
IlepcrnieKTHBA BO3MOXXHOCTH PA6OTHI IIO IIPOEKTY

B I'OPU30HTAJIBHBIX CTBOJIAX JIIOOOMN JJIMHBL U
IIPOM3BO/CTBA HEOI'PAHUYEHHOI'O KOJIMYECTBA CTAAUN
I'PIT — sxeytaeMblil OOpa3 TEXHOJIOT U, 0014 JAI0II NI
XOPOIIMNMHU 3KOHOMHUYECKHUMHU I1I0KA3aTEISIMU, HO IIOKA
0TKa3bIBaThCs OT THKT npexieBpeMEeHHO.

Jpyrum HEMAJIOBAKHBIM 3TAIIOM B LIUKJIE PA0OT
SIBJISIETCS PEATIU3AL U IIPOIPAMMBI I'HIPOPA3PhIBA
1aCTOB. OrpaHUYEHHAS UHPPACTPYKTYPA,
YVAAJIEHHOCTb OCHOBHBIX 643 OOC/IY>KMBAHUSI, HU3KHE
TEMIIEPATYPBI OKPY>KAIOLEN CPEIbl M CUJIBHBIC BETPA B
COBOKYITHOCTH C OCOOEHHOCTAMHU KPYITHOTOHHAXXHOI'O
I'PIT npeBpamaioT OO6bIYHYIO PAGOTY IO TUJPOPA3PBIBY
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; Jutotunel - Lithology type
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pa3pe3a e0ons mpaexmopuun
20PU3OHMANBHOTUL CKEANCUHDBL

Figure 1 —-A simulation of the geological
section along the horizontal well path

It was decided to increase the length of horizontal
section up to 1800 m in order to speed up validation
of well design efficiency, confirm feasibility of drilling
long horizontal sections and running the liner in
conditions of extremely high reservoir pressure, as
well as to test the performance of the technology of
measured pressure drilling (MPD) with the closed
circulation system.

The technology solution was successfully
implemented — the length of the new well drilled at
the Yamburgskoye field amounted to 6.500 meters.
The length of the open hole from the @7-inch casing
shoe to the target depth was 2454 m. The last 450 m
of the horizontal section was drilled with MPD
technology to reduce mud density while drilling.

After drilling and wellbore preparation, @4.5-inch
liner with length 2,714 m was run accident-free. The
use of a rotatable liner hanger made it possible to run
the liner down to the target depth.

Currently this is the deepest horizontal single-
borehole well in the Company. The uniqueness of
the well is in the complex initial geological and
technical conditions in which this record was set.
The ultimate goal of the project is to select the
optimum technology by testing different completion
technologies with increasing technological
complexity in the Achimov reservoirs with extremely
high reservoir pressure. At the moment, in terms of
nominal advantages, the most preferable technology
seems to be running plugs on the cable and
performing perforation in one run for subsequent
hydraulic fracturing stage (PDP or "pump down
plug&perforator"). The prospect of being able to
develop the reservoir with horizontal boreholes of
any length and performing an unlimited number of
fracturing stages is a desired image of technology
with good economics. However, it is still premature to
abandon coiled tubing technology.

Another important stage in the work cycle is the
implementation of the hydraulic fracturing program.
Limited infrastructure, the remoteness of major
service bases, low ambient temperatures and high



B YPE3BbIYANHO HAIIPAKECHHYIO OIIEPALIUIO, IEHY
OIINOKHU KOTOPOH CJIOKHO IIEPEOIIECHUTD. Beencreue
ArPECCUBHBIX YCJIOBUH 3AKAYKU HEPEJKO OBLIN BBIXO/[bI
U3 CTPOsI OOOPYIOBAHUS, U CEPBUCHASI KOMIIAHUA
NPUKIAJBIBAJIA HEMAJIBIE YCUIINS 111 OOECIIEYEH S
o6ecnepeOOrHOI pabOTHL JJOCTUTHYTAsI CKOPOCTD
3aKA4YKHU [IPONIIAHTHO-TEJIEBOM CMECH COCTABUIIA

6 M3 /MUH.

ITepyroasl TOXOIOAAHUA 1O TeMIIEPATYPHI -50 °C
U HHKE U IOCJIEYIOM UM MTOTEIJIEHUEM C
HEU3OEKHBIMU METEJISIMU BHOCHJIU KAXK/IBI PA3
CEPbE3HBIE KOPPEKTUBBI B IIPOLIECCHL BOAOIIOAIOTOBKHY,
HOTPY30YHO-PA3TrPY30YHBIX PAOOT — IpadpuK
BBIIOJTHEHUS TIPOTPAMMBI CMEMIAJICA «BIIPABO>.

dororpapus paccTaHOBKHU (1oTa I'PIT HA KYCTOBOM
TJIOIA/TKE IIPECTABIEHA HA PUC. 2.

Jpyroif HECKOJIBKO HEOKUIAHHOU IMTPOHIEMOI B
«Kparo 6ECUYUCIEHHBIX O3€P U OOJIOT> CTAJI IIOUCK
NOAXOAAIETO UCTOYHUKA BOJBI 11 I'PIT, KOTOpBIE
OTJIMYATINUCH HEOONBIION ITTyOUHOI U CKJIOHHBI ObLIN
K IIPAKTUYECKU ITOJTHOMY IPOMEP3AHUIO B 3SUMHUE
MECALBL.

JAHHBIN BOIIPOC B CBETE OCBOEHUA AYMMOBCKHX
OTJIOKEHUI CEBEPHOT'O KJIACTEPA €11IE PA3
T'OBOPUT O BAKHOCTH JAPYT'ON UCCIEN0BATEIBCKON
PaboTEL, KOTOPYIO BeAET KOMITaHMs, O ITIONCKE
HEYYBCTBUTEJIBHBIX K KAUYECTBY BOJBI PELENITYD
XUMpPeAreHTos i neneit 'PIT

ITpu BeinontHeHNM nporpammel I'PIT B xozne
NPOU3BOACTBA 18 CTaNUI MAaCCO IIPOIIITAHTA
OTHEJBbHBIX CTaAnH 250 T BCET'O B I1acTe AU18 ObIIIO
pasmemeno 2800 T. B ropu3oHTa/1bHOM YaCTH
CKBA’KUHA IIPEACTABJIEHA HELEMEHTUPOBAHHBIM
XBOCTOBHUKOM C T'H/IPABINYECKUMHU 3AKOJIOHHBIMH
nakepamu. Kak U3BECTHO, NEPBbIE UHTEPBAJIBI
HOCOYHOU OOJIACTH TOPU3OHTAIBHBIX CKBAXKHH, 10
CTATUCTHKE, UMEIOT 60J1€€ HU3KYIO TEXHOJIOIMUECKYIO
YCIIEIMHOCTD C TOYKH 3PEHNA MHUITUALTUY TPEMUHBI U
npousBoacTsa ['PII. B ¢BaA3M ¢ 3TUM MHTEPBAJ CTAJUN
Ne 1 copeprxait 2 My 1ol I'PIT: 0jHY C pa3pbIBHBIMU
JHUCKAMH 1 CTAHAAPTHYIO MAPOBYIO. [I14 cTagnm
Ne 2—15 ObL/IM IPEAYCMOTPEHBI CTAHJAPTHBIC
CABYDKHBIC IIAPOBBLIE My(PTHL B MHTEpBAaJIEC CTAAUN
Ne 16-18 mpeyCMOTPEHBI TIOTHOTIPOXOIHBIC
MHOT'OKPAaTHOTO AercTByusa Myd 1ol I'PIT, akTnBanys/
JEAKTUBALIUA KOTOPBIX IPOUCXOAUT IIPU IMTOMOIIIA
kiroua Ha THKT. TTocneayoomue paboTel ¢ MyQTaMu
[1TIM ¢ no3uiiuu BeinoHeHusI ['PIT He BhI3BaIU KAKHX-
JIMOO 3ATPYAHEHUH, B TO JKE BPEMS BO3ZHHUK BOIIPOC
obecrneyeHns repMETUYHOCTU B IIUPOKOM JUATTA30HE
JABJICHUH U PA6OTOCIIOCOOHOCTH MY(PT HA HECKOJIBKO
LIUKJIOB OTKPBIBAHUA/3AKPBIBAHUA B CJIOXKHBIX
YCJIOBUAX IIPOEKTA. HEO6XOAUMO OTMETHUTD, YTO
pa6ortel ¢ yaactueM HKT Takske TpebyioT BBIITOTHEHNA
THIATEJIbHBIX ITOATOTOBUTEIBHBIX MEPOIIPUSTUH,
HAIIPABJICHHBIX HA IPEJOTBPALICHUE COOEB U
HEJONyIIeHUE MHIIUJEHTOB.

ITnanoBast Macca NPOIIIAHTA 10 CTAAUAM 11O
Mepe OIIPOOOBAHMS PA3IUYHBIX TEXHOJIOIMUYECKUX
penieHu B obnactu gusariga I'PIT BospacTana ¢ 150
J10 350 TOHH C COXPAaHEHUEM PACIIPEIC/ICHUS TIO
(PPaAKIIMOHHOMY COCTABY: 35% — 20/40, 65% — 16/20.

7P
=
©)
Q
=
O
Z
am
Q
3
=

Pucynoxk 2 — Paccmanoeéxa gooromaI'PII na
KYCmoeo0tl naoujaore

Figure 2 — Layout of bydraulic fracturing
fleet at the well pad

winds, combined with the complexity of massive
hydraulic fracturing — all this turn a routine hydraulic
fracturing into an extremely hard operation. The

cost of mistake during such operation can hardly be
overestimated. Due to the harsh pumping conditions,
equipment failures were frequent and the service
company worked hard to ensure uninterrupted
operation. The achieved injection rate for proppant-
gel mixture was 6 m*/min.

Periods of cooling to -50 °C and below and the
subsequent warming with the inevitable snowstorms
made each time serious adjustments to the process
of water treatment, loading and unloading — the
schedule of the program shifted “to the right".

Fig. 2 shows a photograph of the layout of hydraulic
fracturing fleet at the well pad.

Another quite unexpected problem in the "land of
countless lakes and swamps" was finding a suitable
source of water for hydraulic fracturing. Available
sources were shallow and prone to almost complete
freezing during the winter months.

In terms of development of the Achimov deposits
in the northern cluster, this issue once again
demonstrates the importance of another research
effort the Company is undertaking — development of
water quality-insensitive chemical formulations for
hydraulic fracturing purposes.

During the fracturing program of 18 stages with
250 tons of proppant in some stages, a total of
2800 tons was injected in the Ach18 reservoir. In
the horizontal section, the well is represented by an
uncemented liner with hydraulic open-hole packers.
It is known that statistically fracture initiation and
propagation is less efficient in the first intervals at the
toe depth of horizontal wellbore. In this regard, there
were 2 fracturing sleeves for stage 1: burst disc sleeve
and a standard ball-drop sleeve. Stages 2—15 were
performed with standard ball-drop sleeves. Stages
16-18 were performed with full-bore re-usable sliding
sleeves. Activation/deactivation was performed using
a key on the coiled tubing. Fracturing with full-bore
sleeves was performed without complications. One
of the key tasks was to ensure tightness in a wide
pressure range and sleeves efficiency for several cycles
of opening/closing in difficult conditions. It should
be noted that operations involving coiled tubing also
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ITOJIMMEPHONIOKPBITHIN IIPOIIIAHT IJIA 3AKPEIIJICHUSA
pU3a60MHON 30HBI HE IPUMEHAJICSL.

HenrTpoM komnereHuunt no I'PIT HayyHo-
TEXHUYECKOI'O IEHTPA «[a311poM HE(THU» COBMECTHO
CO CIEUAJIMCTAMU CEPBHUCHOIM KOMITAHUY IIPOBEJECHA
3HAYUTEIbHAA PA60TA IO ONTUMU3ALIUY PELIENTYP
PabOYNX KUAKOCTEN U PACIUCAHUS 3AKAUYKU
nponmnanTa. JJabopaTopus 1o KOHTPOJIIO KA9E€CTBA
npornmnanTa uxxuakoctu I'PIT npegcrasiaena Ha puc. 3.

Taxk, Ipu cTapTe NPOEKTA KOHIIEHTPALIUS
resIeo6pa3oBaTesIs COCTABIIAIA CTAHIAPTHO 4,2 KI/M?,
B HACTOSAIIIEE BpeMs pabodas 3arpy3ka — 3,8 Kr/M?.
ITpOBOAUTCSA IIJIAHOMEPHAS PA60TA IO NOBBLIIIEHHIO
KOHLIEHTPALIUU JECTPYKTOPOB, B TOM YUCJIE C y4ETOM
HETIOJTHOTI'O HATPEBAHUA )KUJAKOCTHU ['PI1 10 171aCcTOBOM
TEMIIEPATYPbI HEIIOCPEACTBEHHO B TPELINHE
I'PT1 B Teuenue 3akadku ['PT1. KoahHuiineHTsr,
XAPAKTEPUIYIOLINE COOTHOLIEHUE X KUAKOCTHU
U NIPOMIAHTA, OO OY(PEPHOI CTATUU, TAKIKE
COOTBETCTBYIOT JIYYIITUM PAKTUKAM PETUOHA PA0OOT.

INoaroroBuTeNnbHAA PAOOTA TAOOPATOPHBIX
UCHBITAHUN pa60OYEH KUJIKOCTH, HAXOXK/ICHUE
BHCKO3UMETPA-PEOMETPA HA MECTOPOXKAECHUH,
MEPONPUATHSA IO KOHTPOJIIO PA6OTH OOOPYAOBAHUSA
M Ka4eCTBA KUAKOCTU ['PI1 TO3BOMNIIN yCHIENTHO
BBIIIOJTHUTD BCe onepanuu I'PIT. Hapaborannas
MPAKTHKA B YCJIOBUAX AYMMOBCKHX OTIOXKEHUN B
ycsioBrAx ABIT/I IO3BOJIAET FOBOPUTD O HAJTUYUU
NOTEHLNAJIA Y CTAHLAPTHON CUCTEMBI JKMJIKOCTH C
TOYKHU 3PEHUA JATbHENIIEH OITTUMHU3AITNN.

I1pu NpOU3BOACTBE PAO6OT HA CKBAXKUHE ITPHUMEHSIICA
MNPOTEKTOP (POHTAHHON APMATYPBI, K KOTOPOMY TAKXKE
B XO/I€ BBIIIOJTHEHU A PAOOT HAKONMIHCh BOIIPOCHI IO
MOJIEPHU3ALIH U O€30IIACHOMY BBIITOJTHEHUIO PAOOT.
B TEKyIMNUX XaPAKTEPUCTHUKAX ITPOTEKTOPA pabOTA
Ha 60JI€€ BBICOKUX CKOPOCTAX 3aKAYKU U pA6OUNX
JaBIEHUAX OOPAOOTKN HEBO3MOKHA.

Jpyroe yCcTponcTBO, BO3MOXXHOCTD IIPUMEHEHN A
KOTOPOIO OYAET PACCMATPUBATHCA HA TOCTIEAYIOMUX
pPaboTax — YOUHHBIN AATYUK JABJICHUS, IEPEAAIOII NI
JIAaHHBIE B PEKMME PEATTBHOIO BpeMEHU. PaboTta
C EMKOCTAMM HA PA3ITUYHON TEMIIEPATYPE BOJBI,
KOJEOAHUA B BAZKOCTH IMHEMHOIO I'ejisl, ©3MEHEHUE
TPEHUH 11O TPYOE KAK )KUJKOCTH, TAK U IeJIe-
NPONIIAHTHON CMECH JIENIAIOT KPAMHE OIPAHUYEHHON
BO3MOKHOCTB HE TOJIBKO OIEPATUBHOIO, HO U
JOCTATOYHO OOOCHOBAHHOTI'O PEATUPOBAHUA HA
KOJIEOAHUS YCTHEBOI'O IABJICHUS.

KOppEKTHBIN AETANbHBIN AHAJIN3 TPEHUH 110 TPy6E
U 3JIEMEHTAM KOMIIOHOBKH T'OPHU30HTAJIBHOMN Y4CTU
CKBaKMHBI CTATUYEH — BO3MOXKEH TOJIBKO ITOCIIE
OCTAHOBKM 34Ka4YKH, HO U TOI'[]a OH HE JAET TOMH
TOYHOCTH, KOTOPYIO OOECIICYUBAET ITTyOUMHHBIN JATUUK
JABJICHUI,

Tunosoi rpaguk 3akadyku I'PIT Ha npoekTe <IMOypr»
MIPEACTABJICH HA PUC. 4.

B nacroamunit MOMEHT CKBAKMHA ITOCJIE 3ABEPIICHNA
paboT no MHorocraauHomy I'PIT 3anyiiena B paborty
B (POHTAHHOM pEXXUME. 3AIITIAHUPOBAH KOMILJIEKC
HUCCJICJOBAHUH JJI1s1 YTOYHEHMUS IIEPCIIEKTUB [IPOCKTA
<IMOYpI>» B LIEJIOM U BBITTOJIHEHUA A IbHEUIITNX
MEPOIPUATUA.
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require thorough preparations to prevent failures and
incidents.

As various technological solutions in the fracturing
design were tried out, the planned proppant mass
per stage increased from 150 to 350 tons, while the
fractional composition was maintained: 35% — 20/40,
65% — 16/20. No polymer-coated proppant was used.

The Hydraulic Fracturing Center of Gazprom Neft
Science and Technology Center together with the
service company specialists carried out considerable
work to optimize the formulation of process fluids
and the proppant injection schedule. Fig. 3 shows the
laboratory set-up for monitoring the proppant and
frac fluid quality.

At the start of the project the concentration of the
gelling agent was 4.2 kg/m?3 as standard. At present
the working concentration is 3.8 kg/m?. Systematic
work is carried out to increase the concentration of
breakers, considering the incomplete heating of frac
fluid in the fracture up to formation temperature
during injection. The fluid to proppant ratio and the
proportion of the buffer stage are also in line with
best practices in the region of operations.

Pucynox 3 — IIpumep opzanusauuu
KOHmMPOAA Kauecmea nponnanma u
scuoxocmu I'PIT

Figure 3 — Example of monitoring the
proppant and frac fluid quality

Preparatory laboratory testing of frac fluid, finding
a viscosimeter-rheometer at the field, measures to
control equipment operation and quality of frac
fluid — all this made it possible to successfully perform
all the fracturing stages. The experience gained in the
conditions of Achimov deposits at extremely high
reservoir pressure discovered the potential for further
optimization of the standard fluid system.

The job also provided recommendations to improve
safety and upgrade the wellhead isolation tool that
was used during operation. Operation at higher
injection rates and working pressures is not possible
with the current tool characteristics.

The other tool that will be considered for further
operations is a depth sensor transmitting data in
real time. Operation with tanks at different water
temperature, fluctuations in viscosity of linear gel,
changes of friction along the pipe for both fluid and
gel-proppant mixture — these complications severely
limit the ability for quick and reasonable response to
wellhead pressure fluctuations.

Correct detailed analysis of friction along the pipe
and horizontal completion elements is static — it is
possible only after pumping is stopped, but even



[Nasnerie HKT 1 (arm) - Tubing 1 pressure (atm)

[lasnerivie HKT 2 (atm) — Tubing 2 pressure (atm)

Nasnenvie NOA (atm) — Pressure at wellhead isolation tool (atm)
[Nasnenve 3atpy6 1 (atm) — Annulus pressure (atm)

KoHueHTpauws nnotHomep (1) (kr/m?) = Concentration, density sensor (1) (kg/m?)
KoruerTpauys WwHexwt (kr/m?) — Concentration, Blenders (kg/m?)
KoHueHTpauws nporpamma (kr/m?) — Concentration, program (kg/m?)
e KoHUHTPALMA 33607 (1HeK) (kr/M?) — Concentration, bottomhole (blender) (kg/m?)
KomuieHTpaLys pacve (kr/m*) — Concentration, calculated (kg/m?)
Pacxop,/Bbixon 1 (M/mun) — Rate/out 1 (m?/min)
Pacxon/8bixo 2 (M’ /Muk) — Rate fout 2 (m?/min)
Pacxop/Bxon 1 (M*/mun) — Rate/in 1 (m?/min)
Pacxop/exoz 2 (M?/muk) — Rate/in 2 (m?/min)

|

Pucynox 4 — Tunosoii zpadgpurx 3axaurxu I'PIT
Ha npoexme Imoypez»

Figure 4 — Typical fracturing injection
schedule for the Yamburg project

KacarenbpHO 1jesiel, CTOSAIMMUX NEPES IPOEKTOM 11O
ONIPENIENIEHUIO ONITUMAJIBHON CUCTEMBI 3aKAHUYNBAHUSA
JULSL AYUMOBCKHUX OTNIOXEHUY ¢ ABIT/] IMOyprckoro
MECTOPOXK/JECHUS, MOXKHO TIOABECTHU CJIEYIOIINE
IPOMEXKYTOYHBIE UTOT'H BBIIIOTHEHHBIX 33/1a4:

* YYUTBIBAS CJIOKHOCTD U BBICOKYIO PECYPCOEMKOCTD
BBITIOJIHAEMBIX OIIEPALTNH, HEOOXOAUMO NOCTOIHHOE
KBATH(PUITUPOBAHHOE NHKEHEPHO-TEXHUYECKOE
06€eCIIEYeEHHE CO CTOPOHBI CEPBUCHBIX KOMITAHU;

* HEOOXOAUMA TIIATEIbHAS IOJATOTOBKA
32JIEICTBOBAHHOI'O IIEPCOHAJIA, OOOPYAOBAHUS,
PaCIIMPEHHBIE MATPULLBI PUCKOB, TPOPA6OTKA
BOIIPOCOB 6ecriepeboriHoro obecneyenus 3111,
TOIUIMBOM U Marepuaaamu I'PIT, BO3BMOXHOCTU
ONEPATUBHON 3AMEHBI BBIIIE/IIETO U3 CTPOS
060PYAOBAHNS,

* CTAaHJAPTHASA MAPOBAS KOMIIOHOBKA OTPAb0oTana
HITATHO; 151 nposeaenust ITI'Y TpebyeTcs
dpeseposanue ceqen mydr I'PIT;

* ONHONPOXOAHBIE My THI 'PIT MHOrOKpPaTHOI'O
JENCTBUSA, AKTUBUPYEMBIE KJIIOUOM Ha
I'HKT, HE TOATBEPANIIN BO3MOXKXHOCTHU
obecrieYeHn s FEPMETUYHOCTHU 3AKPBITBIX PAHEE
IIPOCTUMYJIMPOBAHHBIX HHTEPBAJIOB;

* KOHTPOJIb KA4ECTBA XKUAKOCTH, TAOOPATOPHOE
TECTUPOBAHUE U ITOJIEBBIE PAOOTHI ITIOKA3BIBAIOT
HaJIMYUE MOTEHIINAIA HA JATBHENIITYIO
ONTUMHIAHIO JKUAKOCTHU ['PIT;

* JAJIbHEUIIEE YBEJIMYEHUE CKOPOCTH 3aKAYKU 1
BMECTE C 3TUM PACCMOTPEHNE UHBIX CMEKHBIX
TEXHOJIOTNUYECKUX pemenuii o I'PIT npu Texymein
KOHCTPYKIIMU CKBAKUHBI X1 OOBA3KE YCThs
HEBO3MOJKHO, TPEOYETCA IIEPECMOTD;

* 1711 BO3MOXKHOCTH OIIEPATUBHOI'O PEATUPOBAHUA
HAa U3MEHAIOMNECSA YCJI0BUA 3aKa4yky 'PIT 1 anannsa
rmapaMmeTposB I'PIT TpebyeTcs 171yOHHBIN JATUYUK
JIaBJIEHUS;

e TPEOYIOTCS HAJICKAIIUM OOPA30M IPOBEPEHHBIC
JIOTIOJTHUTEJIbHBbIE UICTOYHHUKH BOJIBI 15
6ecriepeOOMHOIO IPOU3BOCTBA KPYITHOTOHHAKHBIX
I'PIL.

then it does not provide the accuracy that the
downhole pressure sensor provides.

Fig. 4 shows the typical injection graph at the

Yamburg project.

At the moment, after multistage fracturing the

well is running in a free-flow mode. A series of
studies has been planned to clarify the prospects
for the Yamburg project as a whole and to carry
out further operations.

As for the objectives of the project to determine

the optimal completion technology for the
Achimov deposits at high reservoir pressure, the
following intermediate results of the completed
tasks can be summarized:

given the complexity and high resource intensity
of the operations performed, continuous
qualified engineering support from service
companies is required at all times;

thorough training of the personnel, preparation
of all the equipment involved, extended risk
matrixes, uninterrupted provision of spare parts,
fuel and materials for fracturing, possibility of
quick replacement of damaged equipment are
required,

the standard ball-drop completion worked
perfectly; the logging operation requires milling
of the sleeves seats;

full-bore re-usable fracturing sleeves activated
using a CT key have not confirmed the
capability of ensuring the tightness of previously
stimulated closed intervals;

fluid quality control, laboratory testing and

field operation show the potential for further
optimization of the fracturing fluid,

the current well design and wellhead equipment
do not allow for further increase in injection rate
and consideration of other similar fracturing
technology solutions, a revision is required;

a downhole pressure transducer is required to
be able to respond quickly to changing injection
conditions and to analyze fracturing parameters;
additional properly verified water sources are
required to carry out uninterrupted massive
fracturing.
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TEXHOJIOI'MI

bynyiee Texnonoruu ['PIT B o6mactu
OIEPAITMOHHOMN 3P (PEKTUBHOCTH, IPOMBIILJIEHHOM
0€30IMACHOCTH Y ABTOMATU3AIINY YIIPABICHUSL.
KittoueBble TEXHOJIOTMH IS CO3MAHUS ABTOHOMHON

IJTOIIAJKY [T TTpoBeacHusd ['PI1

The Future of Operational Efficiency, Safety Controls
and Administrative Automation on a Fracturing Site —
Evolving to an Autonomous Frac Site Through
Enabling Critical Technologies

Yag Ban BYCKEPK, un:kenep, SPEC, Intelligent Wellhead Systems

Chad Van BUSKIRK, P.Eng, SPEC, Intelligent Wellhead Systems

Th6rurxaris 1oo020moeieHa Ha OCHOBE BbICYNIICHUA asmopa Ha 21-i1 MencoyHapooHoLL
HAYUHO-NPAKMUEcKoll KOHgpepeHuuu <Konmrooburzosoie mexHono2uu, I PI1,
BHYMPUCKBANCUHHBLE PacOmbL (20-27 1oaops 2020 200a, Mockea).

The publication was prepared on the basis of the author's speech at the 21° Internationcal
Scientific and Practical Coiled Tubing, Hydraulic Fracturing and Well Intervention Conference
(November 26-27, 2020, Moscow).

AHHOTALUNA

ABTOMAaTHU3ALIM PA6OYHX ITPOLIECCOB HA YCTHEBOH
IIomaaKe npu nposegenuu ['PIT TpaguiinonHO
SIBJISIETCS CJIOZKHOM 3a7a4el U3-34 IIOCTOSHHOM CMEHBI
CXEM PACCTAHOBKH HA YCThE, CKBAXKUHHBIX YCIOBUH,
060pyAOBaHMUA U NOCTABIIUKOB. @noT I'PIT o6nagaer
BBICOKOM MOOUJIBHOCTBIO, yCTBEBOE OOOPYIOBAHHE
YCTAHABIUBAETCA TOJIBKO BDEMEHHO. JINKBUIAI NS
ABAPHUH, IPOUCXOJSIUX U3-34 YEJIOBEUCCKOT'O
(paxropa nnpu nnposegieHuu ['PIT 10 TEXHOIOTUN
Plug & Perf, MOxeT 6bITb NPUYHUHOU ITIOTEPU THICAY
JIOJIJIAPOB U HECYACTHBIX C/Ty4Ya€B, KOTOPBIX MOXKHO
OBLIIO N36€XKATh.

ITo aHAJIOTHHU C IPOIECCAMU IPUHATUS PENICHUNT
B CMEXHBIX OTPACISIX OCHOBHOH 33/1a4€il OObIYHO
ABJIAETCS MUHUMH3AIUA PUCKA, APYTUMHU CJIOBAMH,
4ABTOMATHU3ALMS IPOLIECCA U COKPAIIICHHUE
BJIMSIHU S UEJIOBEYECKOTO (pakTOpa. Kak npasuiio,
Y OOBIBAIONIUX KOMITAHUI HET HOJIHBIX ¥ TOYHBIX
JIAHHBIX O CJIO’KHBIX BHYTPHUCKBA)KMHHBIX PA60TAX,
KOTOPBIE IIPOBOASITCS OJJHOBPEMEHHO. [ToaTOMY
3arPy3UThb 3TU JAHHBIE B KOMIIBIOTEPBI UJIN
AJITOPUTMBI JJI51 ABTOMATHU3ALUN HE IIPE/ICTABIISIETCS
BO3MOXKHBIM. [IJ11 3TOr0 HEOOXOAUMO Pa3paboTaThb
CHUCTEMY COOPA JAHHBIX, KOTOPAS OOECIEUUT
OeCrpeneCHTHBIN YPOBEHb TOUHOCTH, HAJICKHOCTHU
U HETIPEPBIBHOCTHU. DTO MO3BOJIUT ABTOMATU3UPOBATH
padoune MPOIECChl U UCKJIIOUUTD YEJIOBEYCCKUI
¢akrop.

Jna nnudpoBrU3aniuu padboTel C 060PYIOBAHUEM
JULSL KOHTPOJIS JABJIEHUS OblIA pA3paA00TAHA
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ABSTRACT

Historically, it has been a considerable challenge to
automate processes on a fracturing site. Numerous
obstacles such as inconsistent layouts, environments,
equipment and vendors on these mobile and
‘temporary plant sites’ have delayed the automation
of critical procedures. Human-caused incidents
on a plug-and-perf fracturing operation have led
to diversion of critical path activity, well-control
events, hundreds of thousands of dollars lost and
avoidable safety events. Analogous to decision-
critical-processes in similar industries, the solution
is typically to engineer-out the risk — in other words,
to automate the process and avoid human errors. Oil
& gas operators traditionally did not have complete
and trustworthy data on their complex simultaneous
operations to allow computers, algorithms or control
systems to take over aspects of the operation. To
automate critical-decisions, oil & gas operators
must demand control systems that deliver an
unprecedented level of visibility, consistency,
and trust- allowing automation to infiltrate their
operational processes, thereby eliminating human
errof.

A wireline detection tool was designed to give
operators and service companies a digital window
inside the pressure control equipment. This
technology was then coupled with an engineered
control system with valve interlocks at the
accumulator — no longer could valves be operated
if critical parameters were not met; furthermore,



TCEXHOJIOTUA OHpCIICJIﬁHI/IH HAJINYUS KA0eJIsd

B [IPEBEHTOPE, KOTOPYIO MOI'yT UCIIOJIb30BATH

K4K JJOOBIBAIOIIUE, TAK U CEPBUCHBIE KOMIIAHUU.
3areM pa3zpabOTaHHYIO TEXHOJIOIUIO COBMECTUIIN

C CUCTEMOI GJIOKMPOBKH 34/|BHIKEK, B PAMKAX
KOTOPOM IIPU BBIXOZE OCHOBHBIX ITAPAMETPOB 34
I'PAHULIBI JOIIYCTHUMBIX IIPEJEJIOB IIPOUCXOAUT
34KPBITHE 33/IBIKEK, YTO JJA€T BO3MOXKHOCTD BBIOPATh
O€30ITACHBI BAPUAHT JAJIbHEHIINX ICHCTBUI. 34TEM
TEXHOJIOI'HIO YCOBEPIIECHCTBOBAIN U BKJIIOYMNJIN
BO3MOXHOCTD ITOJIYYEHUSI JAHHBIX CO BCEX JATUYUKOB
HA IUIOLIAKE B PEKHME PEAJIbBHOI'O BDEMEHU.
OO6bEeAHEHHDIE AHHBIE, IIOJIYYEHHBIE B PEAJIbHOM
BPEMEHU, [IO3BOJISJIN IIPOBECTHU IIPOBEPKY COCTOSHU S
00OPYJOBAHHUS. DTO OOECIIEYNIIO BBICOKHMU YPOBEHD
HAJIC’)KHOCTU TEXHOJIOTHUU, YTO SIBJISICTCSI BAXKHEHUITTUM
(PaKTOPOM JJ151 ABTOMATU3ALIUH OCHOBHBIX IIPOLIECCOB.
Ha Tekymui MOMEHT ITOATBEPKICHUE BCEX OCHOBHBIX
IIPOLIECCOB IePE IIPUHATUEM BAXKHBIX PEIICHUN
IIPOU3BOAUTCA C IIOMOLIBIO IU(PPOBOU IIOAIIUCU. DTO
CBII'PAJIO KJIIOUEBYIO POJIb I CO3[AHU ABTOHOMHOU
IJIOIIAAKY A1 IposeacHusa I'PIT.

SAO0AYN U TIPEOMET NCCJTEAOBAHUA

ABTOMATHU3ALUA IIPOLECCOB I1pU ITposegeHun I'PI1
BKJIIOYAET 3 YPOBHS:

1. COOp ZaHHBIX H ABTOMATH3AIIUA
MOHHTOPHHTI'A — CUHXPOHHBIN COOp U IEpeada
JIAHHBIX C yCTPOHUCTB PA3HBIX ITOCTABIIUKOB HA
TUIOIAJKE.

Kaxk mpaBuiIO, yHUKAJIbHBIE MACCUBBI BBIXOJJHBIX
JIAHHBIX OT KaX/JOI'0 YCTPOUCTBA XPAHATCSA OTAEIBHO
JPyr OT IpyTa B OTJE/IbHBIX 6234X JAHHBIX. B pamMKax
pa3paboOTAHHOI TEXHOJIOIUU COOP U XPAHEHUE BCEX
BXO/IHBIX JJAHHBIX IIPOU3BOJINTCS B EAUHOU 6a3¢€
JIAHHBIX. BEIXOHBIE JAHHBIE [TOJIY4YaIOT U3 PA3HBIX
UCTOYHUKOB: YCThE CKBAKUHBI, MAHHU(OJIBH,
COCEHUE CKBA’KUHBI, TH(POPpMAIUA C Kabes,
HACOCOB, 060pynoBaHusa I'PIT. O6BIYHO nIEpeada
JIAHHBIX C YCTPOMCTB NPOHUCXOJUT C IOMOIIBIO
Kabesiel, UHTEPHETA BEIICH MJIN OOJIAYHbBIX PEIICHUI.
3aTeM aHHBbIE COOUPAIOTCS B IOIPAHUYHOM CEPBEPE
uu obrake. Takor nNoAXOo K YIIPABJICHHUIO JTAHHBIMU B
PEAIBHOM BPEMEHHU OOCCIIEUNBAET OCCIIPELIEICHTHBIN
YPOBEHB BIAACHUA HH(POPMALIMEN HA pabodert
TUIOIAJIKE.

2. ABTOMAaTH3aUA AAMHUHHUCTPATUBHBIX 32,124
— NOBBIIIEHUE 3(PPEKTUBHOCTHU ITYyTEM UCKIIOUEHUSA
PYTHHHBIX U IOBTOPAIOMUXCA 32/1a4 IO BBOAY,
AHAJIIMTHKE U IIPEACTABIECHUIO JAHHBIX.

CrangapTu3svupoBaHHbIE JAHHBIE (TIOJyYEHHDIE
OJJVH Pa3, UCIIOJIb3YEMBIE MHOT'O Pa3) ITO3BOJIAIOT
MOJIYYUTh TOYHBIE OA30BbIE 3HAYECHUA [ CO3LAHUA
CTPYKTYPHUPOBAHHON 643bI JAHHBIX. 34TEM 3TU
JIAHHBIE, IOJIYYEHHBIE C JATYUKOB U UHTEP(MENCOB OT
Pa3HBIX ITOCTABIIHKOB, IEPEBOAATCSA B IPU3HAHHbBIE
OTPACHEBBIE CTAHAAPTHI (POPMATUPOBAHUA
(HanpuMmep, cranaapt IPDS — International Petroleum
Data Standards). 3aTeM IpOU3BOJUTCS HOPMATIU3AI UL
JAaHHBIX /11 IIOBBIIIEHNA UX TOYHOCTU. [Tociie
3TOrO BCA NONTYYEHHAA MTHPOPMALIHA XPAHUTCH,
AHAIM3NUPYETCA U IIEPEAECTCA HA KOPIIOPATUBHOE

sequences could be defined to proceed safely with
critical operations. This technology bundle then
evolved to include real-time data from all digital
services on-site. Merged real-time data enabled
further system checks, earning trust — crucial to
permit decisions to automate critical processes.
Currently, critical processes are verified through

a digital sign-off procedure, or digital handshake,
before critical decisions can move forward. The stage
has been set for the automated frac site.

TECHNOLOGIES

OBJECTIVES/SCOPE

Automation of processes on a fracturing site
involves 3 levels:

1. Data aggregation and surveillance
automation — the time-synchronous retrieval
and convergence of multiple vendors digital data
on site. Traditionally, each unique vendor output
unique data sets that were presented separately from
each other and stored in siloed databases. A vendor
agnostic approach is used to capture all services
digital inputs. Digital service outputs include but
are not limited to digital wellheads and manifolds,
frac crew(s), wireline crew(s), pump down crew(s),
offset wells, and water services data. Data is typically
retrieved via IIOT, physical cables, or cloud solutions
providers then aggregated using edge server and/or
cloud capabilities. This orchestration, databasing, and
real-time display allows an unprecedented level of
communication on site.

2. Automating administrative tasks —
generating efficiencies by eliminating mundane and
repetitive data entry, reporting, and analytical tasks.

Using standardized data that is ‘populated once,
used many times’ allows clean reference values to
populate structured database architecture. This
data is auto populated from sensors and vendor
interfaces, and crucially, data is then translated into
industry recognized formatting standards (i.e. IPDS,
International Petroleum Data Standards). Once
normalized, trustworthy data exists, Igorithms and/
or API's (Application Programming Interfaces) can
be used to create, store, move, analyze and transact
this interoperable information to enterprise software.
Improved data quality facilitates analytics, machine
learning tools and artificial intelligence to develop
insight into operational data and reveal hidden
value opportunities. These information streams can
also facilitate predictive analysis and enable critical
warnings and alarms.

It is recognized that the completions space has a
maturing service industry deeply focused on these
first two subjects of automation — as there are many
providers evolving successfully in this space. With
that in mind, this paper and presentation focuses
on the automation of physical processes during
SIMOPS. The ‘autonomous fracturing site’ may be a
magnification in terminology — however, in today’s
market, the completions industry has never been
more primed to elevate efficiencies in safety, head
count, operations and administrative tasks through
automation. The pieces required are being assembled
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NPOrpPaMMHOE OO6ECTIEYEHHE C TOMOIIIBIO AJITOPUTMOB
W/UIHA IPOTPAMMHBIX HTHTEP(MENCOB NPUIOKEHUNA
(API). IToBbIIIEHME KAYECTBA JAHHBIX A€T
BO3MOKHOCTB OJTYYUTB ITOJHYIO HH(POPMAITHIO OO
KCILTYAaTAIIUOHHBIX [TAPAMETPAX U BBIABUTH CKPBITHIE
MapaMeTPHI C MOMOMIBIO AHATUTUKH, THCTPYMEHTOB
MAIIMHHOI'O OOYy4YEHUA U UICKYCCTBEHHOT'O
UHTEJIEKTA. Takxke 3Ta MTHpOpMALMs IO3BOJISAIOT
MPOBECTH IIPOTHO3HBIN AHAJIN3 U YCTAHOBUTD
OMNOBEIIEHUSA U IIPEAYIIPEKICHUA O IIPEBBIIEHNHN
JOIIYCTUMBIX 3HAYEHU.

Hesnb3s HE OTMETHUTD, YTO OCHOBHOE BHUMAHUE B
HEPTEra30BOM OTPACIHN YAEIAECTCA STUM IIEPBLIM
JBYM YPOBHAM dBTOMATHU3ALUH, TIOCKOIBKY
HA TEKYIIUI MOMEHT CYIIECTBYET MHOXECTBO
MOCTABUIUKOB OOOPYIOBAHNA 3AKAHYNBAHMS.
ITo3aTOMY B JAHHOM CTATHE OCHOBHOE BHUMAHUE
YAENAECTCA ABTOMATU3ALUH (PU3UYECKUX IIPOLIECCOB
BO BPEMsI COBMECTHBIX IIPOMU3BOJCTBEHHBIX OIEPAIUAIL.
TepMmuHa «aBTOHOMHA4 1101a KA I'PIT» panee
HE CYIIECTBOBAIO. OJHAKO HA TEKYIIEM PbIHKE
3aKAHYMBAHUS CKBAKUH U ['PIT NOABUIICS 6OJIBIION
CIIPOC HA aBTOMATH3ALIHIO [IPOLIECCOB JJIs1 IIOBBIIICHUS
06€30aCHOCTH, COKPAIIEHUS YUCIEHHOCTHU
IIEPCOHAJIA, TTOBBINEHUA 3(PPHEKTUBHOCTH
p36OT U BBITIOJTHCHU A HHMI/IHI/ICTpaTI/IBHbIX
3a1a4. COBPEMEHHBIE PEUIEHU S ITIO3BOIAT
KOMITAaHHUSIM O6ECTIEYNTD ITOTHYIO aBTOHOMHOCTD
IIPOM3BOACTBEHHBIX IIPOLIECCOB.

KOHTpPOJIb JAHHBIX OCYIIECTBIISIETCS IyTEM
c60pa JAHHBIX, OTOOPAKEHHU S HA TAHEISAX
YIIPAaBJICHUS U AaBAPUITHBIX CUTHAJIOB. OHAKO, K
COKAJIEHHIO, YEJIOBEYECKU (PAKTOP NMPOAOIIKAET
OKa3bIBATb OOJIBIIOE BINUSHUE, B PE3YIBTATE YErO
MIPOUCXO/SAT ABAPUU — HATIPUMED, MOXKET OBITh
34KPBIT HE TOT KJIAMaH WIH 33/IBHKKA. B 3TOM ciiyuae
MOCJIEACTBHS MOT'YT OBITh CEPbE3HBIMU. 3aAKPBITHE
Oy(pepHO 33/IBUKKU HA KAO€JI€ MOXKET HE TOJIBKO
IIPUBECTU K PEMOHTHBIM Pa60TAM CTOUMOCTBIO
OT 3 10 8 MJIH Py6JIeii, HO 1 OCTAHOBUTbD JJOOBIYY.
3aKpbITHE HELIEIEBOM 32 BUXKKHU BO BpeMs ['PIT
MOJKET HAPYIIUTD NIOPSIZIOK pAOOT U 33/I€PKATh
BBOJ| CKBA>KHUHBI B 9KCILTyaTalUI0. OgHaKo 6osiee
CEPBE3HBIM IIOCJIE/ICTBUEM MOXKET OBITh ITOBPEXK/ICHNE
060PYJOBAHUS HJIM HAPYIIECHUE IIPOMBIIIIICHHOHN
6€e301nacHOCTHU. ITO3TOMY NOBTOPSIONIUECS 33/1a91
B CJIO’KHBIX ONEPALTUSAX SABJIAIOTCA HAauboiee
ONITUMAJIBHBIM THUIIOM 332/]a4, KOTOPBIE HEOOXOIUMO
4BTOMATHU3UPOBATh.

ITocie aBTOMATHU3AI[MU HA TIEPBBIX IBYX YPOBHAX —
CH60p 1 OTOOPAKEHUE TAHHBIX — MOXKHO IEPEXOIUTH
K TPETBEMY YPOBHIO — aBTOMATU3AIUS (PU3UYECKUX
6apPbEPOB /1JIs1 TOBBIIIEHUS ONEPATUOHHOM
06€30MaCHOCTU. /151 UCKJIIOYEHU S YETIOBEYECKOTO
(pakTOpPA UCTIONB3YIOTCSA UHTETPATIBHBIE MATPULLBL
OPUHATHS PEMICHUN U CUCTEMBI OOPATHON CBA3H.

3. ABTOMaTu3anya (PU3NIECKHUX NIPOLECCOB
— KOHTPOJIb HA/Jl 33/IBMKKAMU, KJIAITAHAMU U IPYTUM
060PYAOBAHUEM. DTOT YPOBEHD SIBJISIETCS KJIIOUEBO
COCTABJILIONIECH AaBTOHOMHOM mtomaaku I'PIT.

Ha 3TOM YPOBHE CUCTEMA HE TOJIBKO OCYIIECTBIISAET
OOBIYHBIN COOP U OTOOPAKEHUE TAHHBIX, HO U
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to will enable autonomy once operators become ready
within their organizations.

Despite the value of operational surveillance
through data aggregation, dashboard displays, alerts
and alarms, unfortunately human error continues
to plague operations and the wrong valve is closed.
The consequences are severe for getting this wrong.
Closing a crown or swab valve on wireline can not
only initiate recovery operations costs that range
from $45K to $110K, but interrupt operational flow,
and delay production. Closing the wrong valve during
highpressure fracturing operations can also disrupt
operational cadence, and delay production, but the
safety and equipment damage risk is catastrophic.
Repetitive tasks within complex operations are
optimal automation contenders.

Using the data compiled and displayed in these first
two levels of automation, a third level of engineered
validation controls is possible — physical barriers and
controls that improve process safety. Integral decision
matrices and feedback loops proceed to engineer-out
human error.

3. Automation of physical processes — physical
control of valves and equipment controls — vital
components of an autonomous frac site. Using data
aggregation and dashboards, this automation theme
leaps past common surveillance and reports; it initiates
physical barriers and controls on a fracturing site.
These barriers are akin to a master lock-out, tag-
out padlock whereby the master barrier cannot be
removed until all other ‘checks’ are performed, and
lock-outs emoved — only then can the physical action
take place.

METHODS, PROCEDURES AND PROCESS

An engineered controls project was initiated that
relied on validation checks to ensure ‘the state of the
operation’ was verified and trusted before any physical
manipulation of equipment — a sequence of process
control checks. Barriers to automation adoption in
any industry consistently include trust challenges. In
a paper addressing barriers to change in autonomous
vehicles, KPMG (2019) concluded “how we govern each
technological component of an autonomous vehicle —
including its hardware, software and data — is essential
to gaining trust. And since each component relies on the
next to operate, even more important is how we govern
all of them as a whole.” This approach is translatable
to engineered controls on an oilfield completions site
and was wholly applied — each component relied on
a sequence control check of the former component
before it is operated.

5 components of trust are identified by Geoffrey
Cann that may create the barriers of adoption of smart
machines in digitized oil and gas operations (Cann,
2019). Cann reminds us that these 5 components are
essential to maintain the ‘social contract’ for digital
innovation: Competence, Reliability, Transparency,
Aligned Integrity, Aligned Accountability.

The innovation of these engineered controls
embraced these concepts as the system was developed,



-1 rPYNnNA (D“ﬂ, www.fidgroup.ru

HHHOBALIHOHHOE OBOPYADBAHHKE

rPYMNA ®UA - BALL MAPTHEP
B OBAACTU OBOPYAOBAHUA
TMAPABAUYECKOIO
PA3PbIBA MNAACTA

ONbITA

M3TOTOBAEHUE
no MHHAUMBHUAYAABHOMY
TEXHUYECKOMY 3AAAHUIO

LUMPOKASA CETb
CEPBUCHbIX LEHTPOB

ABTOPU3UPOBAHHbIN
CEPBUCHbIW LIEHTP

MO PEMOHTY W
OBCAYXXMBAHUIO HACOCOB
BbICOKOI0 AABAEHMSA
NMPOU3BOACTBA SPM

HALWIW TEXHUYECKUE PELLIEHUA
AEAAKOT BESTPAHUYHBIMHA
BALUW BOSMOXXHOCTHU!



TPYNNA ®UA czao HOBUHKA

HHHOBALMOHHOE OBOPYADBAHHE

PA3PABOTKA
U NPOU3BOACTBO
OBOPYAOBAHMUA:

- AASl HanpaBAEHHOro GypeHus:;

* AAl KUCAOTOCTPYMHOIO W

* TMAPOMOHUTOPHOIO 6ypeuuﬂ
* ANA paboTbl B LLAXTHBIX
YCAOBMSAIX;

- a TaKXe, CKBaXXUHHOro N 7Y
060pyAOBaHUA M UHCTPYMEHTA D

(coepnHuTenu ¢ FHKT, Knana 'Ii X "*H! 1 7 h. i ";‘
obpatHble u LlMpK)’I\FI M f | P o ﬂ"’if i
HacaAKu I'I/IApOMOHMT,.I HAR | Sl o
PasbeAVHUTEAM, :-1-'- -

COeAUHUTEABbHbIE KOMT
rONOBKU Ka6e/\bele

;

Ten. +375 17 298-40-81 E-mail: info@fidgroup.by = www.fidgroup.by



CaMa OCYHIECTBJISAET YIIPABJICHHUE OOOPYAOBAHUEM.
Bce (pusrueckue 6apbepsl B CKBAKHMHE ITOXO0XKH Ha
IVIABHBII 331MOK C YHUKAJIBHBIM MACTEP-KJIIOUOM.
I'aBHBIN 6apbEP HE MOXKET OBITh OTKPBIT, TOKA

HE IIPOBEECHBI BCE IPOBEPKU U HE CHSATHI BCE
OJIOKUPOBKHU, U TOJIBKO ITOCJIE 3TOI'O IPOU3BOANTCS
(PpU3HNIECKUI TPOIECC ITO OTKPBITUIO ITTABHOT'O
6apbepa.

METOAbI, MPOLEAYPbLI N NMPOLIECCHI

JIJ1s1 peanusanuy NpoeKTa Obla CIPOEKTUPOBAHA
CHCTEMA KOHTPOJIA 32 O60PYIOBAHHEM HA OCHOBE
IPOBEPOK JOCTOBEPHOCTHU JAHHBIX. Cepust
TAKUX MPOBEPOK NOATBEPKIAET JOCTOBEPHOCTD
JIAHHBIX EPE] TIOOBIM (PU3NYECKUM YIIPABICHUEM
obopygoBaHueM. IIpoBepka JOCTOBEPHOCTU JAHHBIX
JIJIS1 aBTOMATHU3A1HUHU SIBJISICTCA CJIOKHOM 32/1a4CH B
110601 orpacau. B crarbe komnanuu KPMG (2019) 06
ABTOMATHU3AIUU OECITUIOTHBIX AaBTOMOOMIEH CAeTaH
BBIBOJI O TOM, YTO «/JI ITOJTyYEHUS JJOCTOBEPHBIX
JIAHHBIX HEOOXOAMMO YIIPABIATD KA2KAbIM
TEXHOJOIMYECKUM KOMIIOHEHTOM OECTTUIIOTHOI'O
ABTOMOOMJIS, B TOM YHCJIE IPOTIPAMMHBIM
obecrneyeHueM, amapPaTHBIMU CPEJCTBAMUA U
JOAaHHBIMHW», Ka>KIbIH KOMIIOHEHT CUCTEMBbI 3aBUCHUT OT
NPEABIIYIIErO KOMITIOHEHTA. [I03TOMY HEOOXOAUMO
YIIPABJIATb BCEMU KOMIIOHEHTAMU B COBOKYITHOCTH.
DTOT NOAXOJ, OB IPUMEHEH JIJI ABTOMATU3ALIH
Pa6o0T Ha HEPTIHBIX U I'A30BbIX CKBAKMHAX:
YIIPABJIEHUE KAJKIbIM KOMIIOHEHTOM CUCTEMBI
MPOBOAMNJIOCH ITOCJIE CEPHUU MTPOBEPOK NPEABIAYIIETO
KOMIIOHEHTA.

Ixeddpu KaHH BBIIENINIT 5 3TAIIOB IPOBEPKUA
JOCTOBEPHOCTH JAHHBIX, KOTOPHIE ITO3BOJIAT
HCIIOJIb30BATh MAIIMHHOE OOy4YEHHNE NI
OUMOPOBU3ALUN HEPTETA30BOIM OTPACINA. ABTOP
MOJYEPKUBAET, UTO AJ11 IPUMEHEHUSA B HE(PTETA30BON
cpepe HeOOXOANMO BHEJPHUTH BCE 5 TAIOB:
KOMIIETEHTHOCTb, HA/IC>KHOCTb, IPO3PAYHOCTb,
LEJIBHOCTD, OTCJIEKUBAEMOCTb.

IIpu pa3paboTKe, UCIIBITAHUU U KOMMEPYECKOM
BHE/IPEHUU IPEACTABIECHHON CUCTEMBI ObLIIN
YUTEHBI BCE YKA3aHHBIE 3TAIbL. 1151 6€3011aCHOTO
YIIPABJICHUSI OCHOBHBIMU KJIAIIAHAMMU U 33/IBIDKKAMU
OBLIIN IIPOBE/ICHBI ICTEPMHUHUPOBAHHBIC UCTIBITAHUS
U IIPOBEPKA JOCTOBEPHOCTU. DTO ITO3BOJINJIO
BBIIIOJIHUTD CEPUIO U3 HECKOJIBKHUX PEHICHU
U ABTOMATHU3HUPOBATH OCHOBHBIE IPOLIECCHL. B
JETEPMHUHHUPOBAHHBIX UCIIBITAHUSAX OJJUH U TOT XKE
TECT B OJHAKOBBIX YCJIOBH X 1A€T OJUHAKOBBIC
PE3YIBTATHL 32TEM JIOTUYECKASI CXEMA ACUCTBUI ObLIA
JOpaboTaHa: CJIEAYIOUINE AT MOT OBITH BBIIIOJIHEH
TOJIBKO IIOCJIE IIOATBEPKACHHUS IPEABLYIIETO MIara.
Taxum 06pa30oM, IPOBEPKA JOCTOBEPHOCTH JAHHBIX
Ka’K/IOTO KOMIIOHEHTA CUCTEMBI BBITIOIHAIACH TOIBKO
I10CJIE AaHAJIOI'MYHOM OIEPALIMH B IIPEABIAYIIEM
KOMITOHEHTE.

IIpoBepka 1: TudpoBusanusa o60pyT0BaHUS
JJIsI KOHTPOJIA HAZN JaBJI€HHEM

PanHee 6bp110 HEBO3MOXHO MTOATBEPAUTD
MTOJIHOE MU3BJIEUEHUE 3A00MHOrO MHCTPYMEHTA HA

tested, trialed and commercialized. In order to safely
operate critical valves, deterministic tests and trust
creation were crucial to permit a sequence of decisions
and automate critical processes. In deterministic tests,
the same test in the same conditions cannot output
different results. Logic steps were then refined- the
subsequent step could not proceed prior to a validation
from the previous step. Reiterating this determination,
trust in each component relied on the trust in the
previous component in order to proceed.

Control Check 1: A Digital Window Inside
Pressure Control Equipment

In the past there has been no way to verify with
certainty that tools are out of hole. For example,
confirming the wireline perforating gun assembly is
above and clear of the wellhead. This has led to shearing
events of equipment, NPT remedial activities off the
critical path and cost overruns.

Proprietary technology using a sensor array (Figure
1) was applied to remove guessing the presence of pipe,
wireline or BHA’s in the pressure control equipment.
Risks could be foreseen with this insight, and
confirmation of vacant pipe could finally be checked
off. For example, this validated that the crown/swab
valve could be actuated closed without cutting wire line
or shearing a BHA, additionally safely allowing increased
pulling speed. (Note: this technology also proved
versatile and applicable to coiled tubing, intervention
and offshore applications).

Control Check 2: A Physical Barrier, The Digital
Handshake and Valve Actuator Interlocks

The proprietary spool technology was then coupled
with an engineered control system, valve interlocks at
the accumulator. No longer could valves be operated
if critical parameters were not met; furthermore,
sequences could be defined to proceed safely with
critical operations.

Below is an example of a valve unlock logic path
(Figure 2). The logic:
* Retrieves the state of the well activity from operational

data, which in the case below is a wireline operation.
» The Sequence Control Check 1 is then verified via

operational data and the Digital Window information

to confirm the tool is out of the hole or whether the

tool is in the hole in the lubricator, but above the

crown/swab valve.
» The hydraulic interlock, via the SIMOPS
communication interface, is then given the permit to
unlock/deactivate.
A digital triple-handshake permission sequence
(wireline operator, valve operator, and well
site supervisors) then hydraulically unlocks and a
‘green’ visual is given to the operator at the
valve bank (Figure 3 below).
Complementary logic works when a well is being
fractured; when the pressure exceeds a frac threshold
the hydraulic interlocks are engaged.

Control Check 3: Valve Actuation and Position
Verification Checks

The spool and interlock technology bundle then
evolved to include real-time data from all digital services
on-site. This included a combination of third-party
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MOBEPXHOCTb. Hanpumep, 661710
HEBO3MOKHO IOATBEPAUTD, YTO
nep@oparioOHHAs1 KOMIIOHOBKA
Ha KabeJie IIOHOCTBIO
MU3BJIEYEHA U HAXOANTCSA
Ha/Jl yCTbEBOU APMATYPOM.
OTcyTCcTBUE 3TOM MH(POPMAITUNA
TPUBOAWIIO K CPE3AHUIO
3JIEMEHTOB KOMIIOHOBKH,
PEMOHTHBIM PadOTaM, TIOTEPE
BPEMEHMU U YBEJTUYEHHUIO 3ATPAT.

JIJ151 UICKJTIOUYEHU ST
HEOMNPEJEIIEHHOCTH O HAJTMYUHU
TPYOBI, Kabes Ui 3a00HUHONU
KOMIIOHOBKH B YCTHEBOU
apMarype Obl1a UCIIOJIb30BAHA
34MATEHTOBAHHAA TEXHOIOI U
C MATPULEH JATYUKOB. DTA
TEXHOJIOI'MA ITO3BOJIAET ITOATBEPANTD HATUYUE
060PYAOBAHMS B YCThEBOU apMarype. Hanpumep,
3TA TEXHOJIOI'UA ITOATBEPKIAET BO3MOXKHOCTD
3aKpbITHS Oy(PEPHOI 32/1BUKKH C IIOJTHBIM
HUCKJIIOYEHUEM PHCKA CPE3AHMA KAO€EId NN
3JIEMEHTOB 3A00MHOM KOMITIOHOBKHU, YTO ITO3BOJISICT
YBEJIMYHUTD CKOPOCTB NTO'bEMA U3 CKBAKHUHBI (ATY
TEXHOJIOTHIO TAKKE MOKHO UCIIONIb30BATh /IS
PadoT C KOJTIOOMHIOM WJIH JJIs1 pabOT HA MEeIbdE).

IIpoBepka 2: ®U3HnIEeCKHUI 6apbep,
b poBasa MOJIHUCH U GIOKHPOBKA
3aJBHIKEK

3aTeM 3aI1aTEHTOBAHHAs TEXHOJIOI U
C MATPULIEH JATUYUKOB ObliIa OOBEJUHEHA C
CHUCTEMOM OJIOKUPOBKU 32IBIDKEK. B paMKax 3TOM
TEXHOJIOTHUHU [IPHU BBIXO/I€ OCHOBHBIX [TAPAMETPOB

Mo o
Yes
Ko

Mo

Vi

B Al undack

Pucynox 2 — Yacmuunoe npeocmaeénenue
J102UHECKO CXeMbl N0 OMKPbLImuio 6ygeprnoil

34 I'PAHUILIBI JOITYCTUMBIX IPEAEIOB IIPOUCXOANUT 3A06UICKU
SAKPBITHC 3a/IBUIKCK, 4TO AACT BOSMOKHOCTD Figure 2 — Partial View of a Crown/Swab Valve
BBIOPATh 6E€30MACHBINM BAPUAHT JJAJIbHEHIITUX Unlock Logic Path

NEHUCTBUIM.

Huxe Ipe/IcTaBIeH IPUMeEp JIOTUYECKON CXEMBI IO
OTKPBITUIO 33IBIKKU (PUC. 2):
¢ TTonyyeHrne HHMOPMAIIMU O THUIIE CKBAXKUHHOMN

OTIEPAINHU U3 SKCILTYATAITUOHHBIX JAHHBIX —

B JIAHHOM CJIy4ae OIeparys ¢ Kabeuaem.

e IIpoBepKa 1 1151 HOATBEPIK/ACHUSA
3KCIUTYATALIMOHHBIX JJAHHBIX U IIOTBEPK/ICHUE
IIOJIOKEHUSI THCTPYMEHTA: JTHOO IPOU3BE/ICH
IIOJIHBIY NTOJ'EM UHCTPYMEHTA, IMOO UHCTPYMEHT
B 1y6puKaTope Haz 6y(hepHOU 3aIBUKKOH.

e I'upaBanyecKas 6JIOKUPOBKA IAE€T pa3pEIICHUE Ha
OTKPBITUE 33/]JBUKKU YePE3 HHTEP(HENC CUCTEMBI
CBSA3U IIPU COBMECTHBIX PA6OTAX.

* Tpexarannas nu@dpoBasi HOANUCH (OIIEPATOP
Ka0€JIbHOU YCTAHOBKH, OIIEPATOP 3aABHUXKKH,
CYIEPBAN3EP HA IJIOLAJKE) JACT «3€JICHBIN» CUI'HAJL
JULSL OIIEPATOPA, YIIPABJIAIOIIEIO 33 IBMDKKAMU
(puc. 3).

Bo Bpems I'PIT paboTaeT KOMIIEMEHTAPHAS JIOTHUKA.
Korja faBneHue NpeBbIaeT JONYCTUMBIH IPEJET,
IPOUCXOAUT I'UJIPABINYECKAS OJIOKUPOBKA.

IIpoBepka 3: YipaBjaeHHE 3aBHKKAMH U
IIPOBEPKA MOJOKECHHA 3ABHIKEK

3aTeM K TEXHOJIOTHUAM IPOBEPKU HATTUYHUSA
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vendor data, off-the-shelf sensors, and proprietary
sensors. Valve Position Sensor technology then allowed
for a digital confirmation that a valve is open, closed or
in-transition. Valve Position Sensors (Figure 4) on the
wellheads united with wellhead pressure measurements
to allow accurate digital twinning of the wellhead bank
at the HMI (Human Machine Interface) onsite. In the
HMI screenshot below (Figure 4), only information that
is critical to onsite communication to the site operation
is displayed. Here it can be seen, on the rightmost well:
* a tool is passing through the wellhead, whichison a
perforation run for stage 1,
» valves are green (in the open position) permitting
vertical access to the well;
* valves that are dark orange indicate closed (pump
down and fracturing lines);
» red dot indications that the valve interlocks are
engaged.
This merged real-time data of equipment onsite,
enabled further system checks, fortifying trust.
Control Check 4: Empower Real-time Controls
and Dashboarding via Trustworthy Site-driven
Operations Data
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Pucynox 1 - 3anamenmo8annasn mexnonio2us cmampuueti 0amuurxos
u oucnaeem HMI

Figure 1 — Proprietary Sensor Array Spool Technology and HMI Display



0O60pPYAOBAHMS B

YCTBEBOU ApMATypPE

Y1 ABTOMATHYECKOT'O

3aKPBITHA 32JJBUKEK

ObL1a JOOABIEHA

nepe1ada JaHHbIX

CO BCEX ITU(PPOBBIX

YCTPOUCTB HA IVIOIIAKE

B PEAJIBHOM BPEMEHM.

JaHHbIE COOMPAINCH CO

BCEX TUIIOB yCTPOUCTB:

JAaTYUKU OT CTOPOHHHUX

ITOCTABIIIUKOB,

JAaTYMKH CEPUUHOIO

IIPOU3BOJICTBA, 4

TAK)KE COOCTBEHHBIC

3aM1aTCHTOBAHHBIC

JaT4YUKHU. TEXHOIOrHsI ONPE/IE/ICHUS ITOTIOKCHU ST

32/IBIKKH C IOMOIIBIO JIATYHKOB IO3BOJISIET

MOJIyYUTD ITOATBEPK/ICHUE OJIOKEHUS 3aIBHXKKU:

OTKPBITOE, 3AKPBITOE, IPOMEXKYTOYHOE. [IJaHHbIE

C JATYUKOB IOJIOKCHUS Ha 32/I1BHKKAX YCTEBOU

apMaTypsl U C JATYUKOB [JABJICHUSI IPEOCTABIISIOT

TOYHYIO UH(OPMAIIHIO O IPYIIIE CKBAKUH. DTa

MH(HOPMALIHSI BBIBOAWTCS HA [TAHEJIb YIIPABJICHUS

(aBTOMATU3UPOBAHHOE paboyuee MECTO) HA IO AJIKE.

Ha pucyHke 4 1peficTaBaeH CKPUHIIOT ITAHEIN

YIIPaBJIEHUS, HA KOTOPOU OTOOPAXKACTCS BCSI BAXKHAS U

Heo6xoArMas nHpopMalys. Ha 3ToM puCyHKE MOXXHO

YBUJIETb COCTOSIHUE KPAMHEN IIPABOM CKBAXKUHBIL:

* UHCTPYMEHT

IIPOXOANT YeEPE3

YCTBEBYIO APMATYPY

(mepdopantoHHas

KOMITOHOBKA JIJIs

craguu 1);

3€JIEHBIM I]BETOM

00603HAYECHBI

OTKPBITBIE

33/IBUKKH, KOTOPBIE

OTKPBIBAIOT JOCTYII B

CKBAXXUHY;

* TEMHO-OPaHXEBLIM
IIBETOM OOO3HAYCHBI
3aKPBITBIE 33/IBIKKHU
Ha HACOCHBIX
JIMHUAX Y IMTHUAX

gl

* KPACHBIMHU TOYKAMU
0603HAYEHBI
3AKPBITBIE 32/IBKKIL.
DTH O6'bEJUHEHHBIE JAHHBIE, IPEJOCTABIIAIONIAE

NH(OPMAITUIO 060 BCEM OOOPYIOBAHUU HA

IUIOIIAJIKE B PEAJIBHOM BPEMEHH, JAIOT BO3MOXHOCTD

IPOBOAUTD JANBHENIINE IPOBEPKHU, UTO MTOBBIIIAET

JOCTOBEPHOCTb NH(POPMALIHH.

IIpoBepka 4: YipaBjJI€HHE B P€AJTbHOM
BPEMEHH, OTOOPAKEHHE JOCTOBEPHBIX
IKCILTYATAITHOHHBIX JAHHBIX

[Ipu aBTOMaTHU3aMK IIpo1ieccos I'PIT ¢ moMOnbo
MHETIU OOPATHOU CBA3U (DAKTOP BPEMEHU UT'PAET
BAXXKHYIO pOJIb. [IepcoHa HA IJIOMAIKE JOJIKEH 3HATD,

Pucynox 3 - Humepdgheiic yuipoeoii noonucu, cucmema KOHmpPOIa Hao
oaenenuem, nPueoo 3a06UNCKU

Figure 3 - Digital Handshake Interface & The Engineered Control System,
Valve Actuator Interlocks

When looking at feedback loops to automate controls
on a fracturing site, factors of time matter.

If a control check is to be trusted by operators, they must
know response is near instantaneous.

Cloud computing and service uptime uncertainties
make aggregating data remotely to feedback to
operations controls onsite challenging. A site
presence with rugged sensors, equipment, cabling
and automation control center was essential (Figure
5). This physical durability assured that data was not
only reliably collected at site, but transferred to control
equipment immediately, captured with edge serving
capabilities, and supplied with uninterrupted power.

Pucynox 4 - Jamuuku noaodxcenusn 3a08udicex, npumep nanenu
I'PIT: ynpaenenusa na padooueii niouyaore

Figure 4 — Valve Position Sensors, and an example of the site HMI
(Human Machine Interface)

With accurate and near instantaneous data now in-
hand, straight from the sources onsite, the infrastructure
for further real-time controls was built. This setup and
accuracy generated further value as a holistic view of
the site and digital twins of critical components of the
operation were formed. A panoramic dashboard of the
entire pad operation came into view.

Activity logs were now automated, as timestamps
of digital handshakes verified the start and stop of
activities, and valve position data and visuals formed
the verification check. With the frac trees now
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4TO CUCTEMA IPOU3BOIUT BBIIIOJIHEHUE BCEX IIPOBEPOK
U NPENNIPUHUMAET (PU3UYECKOE JEUCTBUE IOYTHU
MI'HOBEHHO.

COOp IaHHBIX U NTEPEaua HA TAHENb YIIPABJICHUSA
SIBJIAETCA CJIOKHOU 33/1A4€N, ECJIN YIUTBIBATD
CJIOKHOCTDb OOJIAYHBIX PEIIEHUI U BEPOATHOCTD
0TKa3a 060pyIoBaHU. [1719 HAZIEKHOM aBTOMATU3AITUN
BCEX POILECCOB HEOOXOANMO NPOBEPSATH
PaboTOCIOCOOHOCTD BCEX AATUYUKOB, OOOPYAOBAHUSA
U Kabesnen. KakIpll 31eMEHT OOOPYAOBAHUS HA
IJIOIIAIKE TOIKEH OBITh HAACKHBIM. TOTBKO B 9TOM
CIIy4ae MOXXHO OOECIIEYUTh CO0OP U HEMEIJIEHHYIO
MEePEIavy BCEX TAHHBIX HA TAHENb YIIPABJICHUS.
Taxske HEOO6XOJUMO O6ECIEUNTD HAJICKHYIO pA0OTYy
MOTPAHUYHBIX CEPBEPOB A1 XPAHEHUSA JAHHBIX U
6ecrepeOONHYIO IOAAYy TUTAHUSL.

COOp M MTHOBEHHA4 IIEPEIAYA JAHHBIX CO
BCEX YCTPOMCTB HA IUIOMAJIKE OOECIIEUNBAET
UHMPACTPYKTYPY /1 YIIPABICHUA CKBAXKIUHAMU
B PEAJIBHOM BPDEMEHU. DTA HH(PPACTPYKTYpa
MO3BOJIAET MOMYYUTDh KOMITJIEKCHOE NTPEACTABICHUE
060 BCEX IPOLIECCAX HA IIJIOUA/IKE U IOTYYUTh
BUPTYAJIBHYIO KOITUIO OCHOBHBIX 3TAIIOB PA0OTHL
[TaHOpaMHOE OTOOPA’KEHUE JAHHBIX HA TAHEIH JAET
BO3MOKHOCTbD YIIPABJIATH LETBIM KYCTOM CKBAJKHH.

ABTOMATH3AIUS BCEX ITPOLIECCOB OOECTIEUNBACTCSA
4Jepes aBTOMATUYECKOE BEJEHHE XKYPHAJIA OIEPALUL,
U(PPOBYIO HOAIIHCH JJI TOATBEPKACHUA HA9aIa
Y OKOHYAHUA JEUCTBUA, JATYNKHU ITOJIOKEHUS
3a/IBUKEK [IJ1 BU3YAJIbHOT'O ITIOATBEPKACHUSA
OTKPBITHS/3aKpbITU. LT pOoBU3aALNA YCTHEBOH
apMatypsl I'PI1 O3BOIAET TOTYYUTD LETBHYIO
uH@pOpMALIIO 6€3 HEAOCTAIONUX 3BCHBEB B
Macurrabe Bcero Kycra. JJaHHbIE C YCTPOHCTB
Pa3IHMYHBIX IOCTABIIUKOB TENEPb OOBEAUHAIOTCA U
MEPESAIOTCA HA €IMHYIO ITAHEb YIIpaBIeHUs. [Ipu
3TOM OOECIIEUNBAETCA IIPOBEPKA KAYECTBA JAHHBIX.
EnyHas maHesb yIpasaeHusa OTOOPAKAET JAHHBIE CO
BCEX KJIIOYEBBIX KOMIIOHEHTOB (YCThEBASA APMATY P4,
ob6opynoBanue I'PIT, KabenbHAs YCTAHOBKA,
HACOCHOE OO0OPYIOBAHUE). DTY CUCTEMY MOKHO
HCTIONB30BATH /IS HHU(PPOBU3ALIH U IPYT'UX TUIIOB
PabOT: BOGOU3OIALIMOHHBIE PA0OTH], KOHTPOJIb
BBIHOCA [1IECKA, MOHUTOPUHT COCETHUX CKBAKMH
(puc. 6).

B ckopoM BpeMmenu padoTtel I'PIT 6yayT
MIPOBO/IUTHCSA C UCTIOTIB30BAHUEM JIECATKOB THICAY
JATYUKOB OT PA3JIMYHBIX IOCTABUIUKOB. TaKOM
60JIBIION OO'bEM PA3PO3HEHHON MHPOPMALINU
MOTPEOYET CO3/IAHM S €IITHOM HE3ABUCUMOH
1aTopMbl. Kpome TOro, Ha CKBaKMHAX yKE
HCIIONb3YIOTCS HECTPYKTYPUPOBAHHBIC TAHHbBIC
(Buzeo, IP-TeneoHust). DTU JaHHBIE HEOOXOANUMO
TAKKE IIE€PE/IABATh HA €AUHVIO ITAHE/Ib YIIPABICHUS.
CO0op u nnepefada BCEX JAHHBIX HA €JUHYIO ITAHE/b
U Ta7IbHENINAS UHTErPALlMs U KOHBEPTUPOBAHUE
Pa3pPO3HEHHBIX JIAHHBIX ITO3BOJIUT NIOTYYUTD IIEHHYIO
MH(OPMAITHIO O TEKYIIEM COCTOSHUU CKBAXKIH.
EnuHas naHesb yIpaBIeHUs OObEIUHSACT JAHHBIE
CO BCEX CEPBUCOB, U OOECTIEYNBAET COBEPIUIEHHYIO
CTAHJAPTU3UPOBAHHYIO 043y JAHHBIX IS IPOBEACHUSA
aHanUTUKU PD2A (aHa/1IMTHKA JAHHBIX HEPTETa30BOM
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digitized, there were no missing-links to this true,
pad-level detail. Operational data from the various
vendors onsite could now be merged to a hub with
other vendor data streams and quality checked
against the operation activities. This hub allowed
a dashboard of all primary services data (digital
wellhead, frac, wireline, pump down), and a home
for other digitized services such as water services,
sand management, and offset well monitoring
(Figure 6) to name a few.

With frac sites soon to be equipped with tens of
thousands of sensors from multiple vendors, and
as a result, a deluge of data to catalogue; the need
emerges to create a vendor agnostic platform. In
addition, unstructured data (e.g. video, VOIP) is
already streaming on completion sites and this data
will need a destination in order to remain relevant
to the operation. The solution was to congruently
assemble this data at a hub and neutrally allow
this integration to transform data into meaningful
information (Figure 06).

The hub gave relevance to all services data, and
once merged became part of a powerfully clean and
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Pucynok 5 — Hacmpaueaemoe, mnozouenesoe,
U3HOCOCMOTiKOe 000PYOOBaAHUE ONA KOHMPOIA
HAO CKBANCUHOTL

Figure 5 — Scalable, Versatile, Rugged Equipment
and Control Center Packages

standardized database to drive PD2A (Petroleum
Data Driven Analytics). PD2A is a vast topic of the
system and is not covered in the scope of this paper.

RESULTS, OBSERVATIONS, CONCLUSIONS
This technology proves a valuable first step in

building trust to integrate further innovations to

the autonomous frac site. Repetitive tasks within

complex operations, where mistakes pose risks to

people, equipment, operations and budgets are ideal

candidates to automate. Valve sequencing through



OTpPaC/IN). AHAJIUTHUKA
PD2A asnsercsa
OTAEBHON OO PHOU
TEMOU, B TAHHOU CTATHE
OHAa HE OCBEIIACTCS.
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I
BbIBO/bI

IIpencrasinenHas
TEXHOJIOTHS TO3BOJISIET
CAE/IATh IEPBBIH IIAT K
BHE/IPEHNIO MTHHOBALIMOHHBIX PEIMIECHUN JI7I1 CO3/IaHUS
aBTOHOMHOUM 1tomaaku ['PIL I1py BeITOSTHEHU N
CJIOJKHBIX PA0OT CYIIECTBYIOT OOJIBIINE PUCKU: OTKA3
060pYAOBAHMS, yIPO3a 6E30IIACHOCTH IEPCOHAIIA,
YBEJIMYEHUE JJEHEKHBIX 3aTPAT. [IOBTOPAIOMUECs
33/1a49M HA TAKUX ONEPALUAX ABJIAIOTCSA HANOOIee
ONTUMAJIBHBIM THUIIOM 32/]a4, KOTOPBIE HEOOXOUMO
ABTOMATHU3UPOBATD. YIIPABJIECHUE 33/IBUKKAMU
C MUCHOJIBb30BAHUEM KOHTPOJIBHBIX IPOBEPOK,
UQPPOBBIX NOJNUCEN U THAPABINIECKON
OJIOKMPOBKU UCKJIIOUAET YKA3aAHHBIE PUCKU U
HOBBIIAECT 3PPEKTUBHOCTD PAO6OT. TEXHONIOT U,
NPEACTABIEHHAS B JAHHOM CTAThE, HO3BOJISAET
COKPATUTb BPEMSI TPOCTOSI HACOCHOT'O O60PYJOBAHUA
BO Bpems I'PIT (OT KOMaH[ «OCTAHOBUTD 3AKAYKY> JJO
«CTPABUTD INHUMW», OT KOMAH/JI «YPABHATD JABJIICHUST>
JIO «<HAYATh 3a4KAYKYy»). Ha KaXK/1011 CKBAXKHMHE
TEXHOJIOT'HA IMTO3BOJINJIA COKPATUTD JNIMTEIBHOCTD
PaboT O OTKPHITUIO/3AKPBITHIO 33/IBUKEK HA
6osiee ueM 5 MUHYT. TAK)KE TEXHOIOTUS TTIO3BOISIET
COXPAaHUTbD LIEJIOCTHOCTD KA6€JIs IPU ITPOBEICHUN
I'PT1, yTO moBbIMIAET 3(PPEKTUBHOCTD PAOOT.

CJIOKHO PACCYUTATD BPEMS, 3ATPAYEHHOE HA
JIMKBUZALTUIO ABAPUI, CBA3AHHBIX CO CPE3AHUEM
Kadens Bo Bpemd I'PIT uiin O CKa4KOM J1aBIEHU A
U3-32 OIIMOOYHOI'O 3AKPBITH 33/IBIDKKU. OTHAKO 32
OCJIEJHHE HECKOJIBKO JIET TAKHE ABAPUU CIIYUAIUCh
MHOT'OKPATHO BO MHOT'MX KOMITAHUSX.

W 106BIBAIOIIME, I CEPBUCHBIE KOMITAHUH OCO3HAIOT,
K KAKMM CEPbE3HBIM ITOCIEJCTBUSIM MOT'YT IPUBECTHU
TAKHE aBAPUU. BCE KOMIIAHUU TPU3HAIOT, YTO

«H4 Ay TCOPCUHI MOKHO IIEPENATh BCE, KDOME
oTBeTcTBEeHHOCTH» (Henderson, D, Earley, S., &
Sebastian-Coleman, L. (Eds), 2017), noaTOMy KpanHe
BAKHO HCKJIIOYUTD TAKHE ABAPUU. 3AIIATEHTOBAHHAS
TEXHOJIOI'HSI OOECIIEYNBACT IIOJHOE (P POBOE
VIIpaBJICHUE HAJ, OO0PYIOBAHUEM /1J1s1 KOHTPOJIS
JIaBJICHUS C IOMONIBIO (PU3UUECKUX 6APbEPOB U
TPEXITAITHOMN IHUPPOBO ITOAIHICH. DTO ITO3BOJISIET
HUCKJIIOUYUTD BEPOSITHOCTb TAKUX dBAPU.

CiieyeT OTMETUTD, UTO C TEX I1OP, KAK
[IPEACTABICHHAS TEXHOIOI'H OblJIA BHEIPEHA 2 I'O/ld
Ha3a]], HA paboYNX IUIOMAIKAX 3aKA3YNKA
HE MIPOU30IILJIO HU OJJHOTO CIy4as CPE3aHU
Ka6eJId, OMMUO60YHOIO 3AKPBITUA 33/IBUKKH UJIU
HENPEABUICHHBIX CKAYKOB JIABJICHUS.

Pucynox 6 - IIpumep omooparicenus 0annslx Ha eOUHOTL naneau
ynpaenenusn

Figure 6 — Example Feature Sets of The Hub Dashboard

control checks, digital handshakes and physical
interlocks eliminates this risk and generate well
swapping efficiencies. The technology package
introduced in this paper optimizes time from
‘pumps off’ during frac to ‘system bleed down’ and
from ‘equalized’ to ‘pumps on’. Time savings for all
operators have been proven to be greater than 5
min/well on valve functioning tasks. The technology
package also helps keep wireline waiting on frac
operations, allowing pad operations to remain
efficient and on the critical path.

While it is difficult to recover a true count of the
time wireline has been cut or a frac site has had an
over-pressure event by an errantly closed valve, it
has certainly happened more than once to most
operators the past few years. Operators and service
companies alike recognize the consequences are
severe for getting this wrong. These industry players
realize “anything can be outsourced except liability”
(Henderson, D, Earley, S., & Sebastian-Coleman, L.
(Eds), 2017) so it becomes imperative to eliminate
these events. The proprietary technology developed
to reveal a digital window into the pressure control
equipment, physical barriers and the digital triple-
handshake have defeated these events.

It can be highlighted that since the technology
introduced in this paper was implemented on
customer sites 2 years ago, not one single event of
shutting in on wireline, mistaken valve closure or
any overpressure events have occurred.
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TEXHOJIOT'MU

Te3ucbl 4OKa0B, NPeOCTaBEHHbIX Ha 21-1
Mex iyHapoOHOM Hay4HO-NPaKTNYeCKOM
KOHMepeHLM «KoNTIOOMHIOBbIE TEXHOMOMW,
[PI, BHYTPUCKBAXMHHbIE PAOOThI

Proceedings of the 21 International Scientific and

Practical Coiled Tubing, Hydraulic Fracturing and
Well Intervention Conterence

I'pynna ®HU/I - B4epa, CerogHs, 3aBTpa.

JlakTnoHoB [1aBen BacuabeBrY, KOMMEPYECKUH IUPEKTOP,
I'pynma O

I'pynna ®U/JI — 3TO rpynna pOCCUMCKUX 1 OETOPYCCKUX
OPEANPUATHUN — U3TOTOBUTENEN HE(PTETA30BOIO
060PYyJOBaHMA, OOMAJAIONUX 3HAYUTEILHBIM
WHKEHEPHO-TEXHUYECKUM U IIPOU3BOACTBEHHBIM
MOTEHLIMAJIOM, IIO3BOJIAIOIUM PEIIATh CJIOKHDBIE 3a1a4H
HAa COBPEMEHHOM TEXHUYECKOM YPOBHE. I'pyIimna 6112
06pa3oBaHa B 1989 rofy € HENBIO PEMEHUS TPAKTUYECKUX
HAy4YHO-TEXHUYECKUX U MHHOBALIMOHHBIX 32/1a4.

biarogapsa naxonieHHomy onsiTy I'pynia @M/ crana Ha
Teppuropun EADC jiniepoM B IPOU3BOACTBE U ITIOCTABKE
060PYJOBAHUA JIIS:

* T’ PABJIMYECKOIO PA3PhIBA IJIACTA;

* KOJITIOOMHTOBBIX TEXHOJIOTUH;

* IEMEHTUPOBAHUA CKBAKHH,

* HAMIPABJIEHHOI'O MAXTHOI'O X MOBEPXHOCTHOI'O OYPEHUSL.

JOoKnaJ BK/IIOYAJI KDATKUHI 3KCKYPC B UICTOPUIO I'DYIIIIbL
OH /I 1 OCHOBHBIE BEXHU €€ PA3BUTHUA. B 9acTHOCTH,

B 1998 roay craprosas npoekT I'pynms M/
«KONTIOOMHTI», PE3YIBTATOM KOTOPOT'O AIBUJIOCH CO3/IAHHE
MEPBOM KOJITIOOMHI'OBON YCTAHOBKH OTEYECTBEHHOTO
MIPOU3BOACTBA.

B 1999 rogy 66112 CHPOEKTUPOBAHA U U3IOTOBJIEHA
nepBast yCTaHOBKA JIETKOI'O KJIACCA.

AKTHBHO Pa3BUBAsl OTEYECTBEHHBIE PA3PAOOTKH,
cnenuanucTel I'pynnsr GPH /I CIPOEKTUPOBAIN YCTAHOBKHA
Jlerkor cepun M10, cpeanet cepun M20, a Takke
CIIENUATIBHYIO YCTAHOBKY M40 1711 pa3BUTUSA TEXHOIOTUHA
KOJITIOOMHI'OBOT'O 6y PEHUS.

IlepBBIMHU ITOKYTIATENAMHU KOJTIOOMHI OBBIX
yCTaHOBOK I'pynimbl @I CTas I KOMITAHUHU «[a3[IPOM»,
«benopycuHedTb>, SMAPE 1 J1lmoM6epxKe».

B pesynbprare coTpygHUYECTBA C CEPBUCHBIMU
KOMMAHUAMH ClIeUanUCThI I'pynmsr @/ nonyunim
3HAYMUTE/IbHBIN IPAKTUYECKUH ONBIT U HOBbIE 3HAHUS,

a 6;1arofiapsA rpaMOTHONM INOCTAHOBKE TEXHUYECKHUX
33JIaHUH CMOIJIM YCOBEPIIEHCTBOBATD KOJITIOOMHIOBOE

060PYAOBAHNE, IOBE/SA €I'0 XaPAKTEPUCTHUKHU JJO MUPOBOTI'O

YPOBHAL.
Bropoe Baxknernee HaipaBIeHUE JEATEIBHOCTH
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FID Group - yesterday, today, tomorrow.
Pavel Laktionov, Commercial Director, FID Group

FID Group is a group of Russian and Belarusian
oil and gas equipment manufacturers with significa
nt engineering, technical and production potential,
allowing them to solve complex problems at a
modern technical level. The Group was formed in
1989 with the aim of solving practical scientific,
technical and innovative problems.

Thanks to the accumulated experience, FID
Group has become a leader in the production and
supply of equipment for:

» Hydraulic fracturing;

* Coiled tubing technologies;

* Cementing wells;

* Directional shaft and surface drilling.

The report included a short excursion into the
history of the FID Group and the main milestones
in its development. In particular, in 1998 the

lNaBen JlakToHOB
Pavel Laktionov



I'pynnst @H]I — co3aHuEe U IPOU3BOACTBO OOOPYAOBAHUA
111 I'PIT. C 2004 o 2020 roy ©u3roToBJIEHO U BHEAPEHO
6osee 160 exuauil TeXHUKU. O60PYIOBAHHUE B OCHOBHOM
MOCTABJIAETCS B KOMILJIEKCAX MO/ KOHKPETHBIE
TEXHOJIOI'MYECKHE ANU3ANH-TIPOEKTHI I'PIT 1 B OIHOM
COOTBETCTBHHU C PETHOHAJIbHBIMU YCIOBUSMU
IKCILTYyaTALIUH.

I'pynnon ®H ]I TakKe U3TOTOBJIEHO U BHEAPEHO O0JIee
30 eqUHUI HATHETATEIBHOI'O ¥ IEMEHTUPOBOYHOI'O
060pynoBaHus, 605ee 30 eAMHUIL CICITUAIBHBIX MAIIIUH U
0OO0PYIOBAHUSL.

Baxnoe Hanpasnenue gesrenabHoCcTu I'pynsr G
MOJIEPHU3ALMS U KATUTAIBHBIN PEMOHT OOOPYIOBAHUSL.
ITpoBenEHBI MOAEPHU3AII N U KAIIPEMOHTBI O0JIEE€
30 euHUL, O60PYIOBAHMS, BBIITYIIECHHOT'O KaK
npeanpudatTuaMmu I'pymnet @HU/I, Tak ¥ IPYTUMU
MPOU3BOIUTEISIMHU.

B nacrosamee spemsa I'pynma OH/I ycniemHo
OCYIIECTBIISAET CEPUIHBIN BBITYCK (P/IOTOB I'PIT,
MU3TOTABJINBAS HECKOJIBKO IMOJTHOKOMIUIEKTHBIX (PJIOTOB
I'PIT exxeromgHO.

Cosgana CO6CTBEHHASA CUCTEMA YIIPABJIECHHSL.
[TONMB30BATENAM NPEIATAETCA CUCTEMA YIIPABJICHUSA
Ka’K/IOH BBIITYCKA€MOI yCTAHOBKOI, CUCTEMA CO0pa
JIAHHBIX JJ151 PA6OTHI C 60OIBIINM KOJITHYECTBOM
060PYyJOBAHMUA BEICOKOPACXOAHBIX (P10TOB I'PTL
1O cO6CTBEHHOI PAa3PAOOTKHU JIJIA YIIPABICHUA
npoueccom nposeaeHus I'PIT 3aperucTpupoBaHo
B HarimoHa/1bHOM LIEHTPE NHTEJIEKTYAIbHOM
COOCTBEHHOCTH.

O60pPyJOBAHME YCTAHABIMBAETCSA KAK HA CAMOXO/IHBIX
IIACCH JIY YU X MUPOBBIX IPOU3BOAUTEJIEN IO BEIGOPY
34K434YMK4, TAK U HA [IOJYIIPULIETIAX COOCTBEHHOI'O
MIPOU3BOJCTBA.

M 3roTosieHa BBICOKO BOCTPEOOBAHHAA PHIHKOM
YCTAHOBKA HACOCHAsSI C HATPY3KOM He 60s1ee 6 TOHH HA OCh.

B 2020 rogy u3roToBieHa yCTAHOBKA HACOCHAS C
MHOATBEPKAECHUEM IIPOM3BOCTBA IIPOMBIIIIIEHHON
MNPOAYKIIMUA HA COOTBETCTBUE ITOCTAHOBJIEHUIO
npaBuTENbCTBA Poccutickort @epepariuu ot 17.07.2015
Ne 719.

3arIaHUPOBAHA ITOJTHOLIEHHAA 3aIPy3Ka
IIPOU3BOACTBEHHON IUIOMIAKU HA TEPPUTOPUNA
Poccurickon @egepanuu. B niepsoM kBaprane 2021 roga
Ha [IPOM3BOACTBECHHOM IJIOMaIKE B CMOJIEHCKOM 06J1aCTH
OyJeT U3TOTOBJICHA IIEPBAS YCTAHOBKA HEIPEPBIBHOIM

TPYObI C NOATBEPKIECHUEM IPOM3BO/ICTBA IPOMBIIIIEHHOM

IPOAYKLIUU Ha TeppuTOpun PO B COOTBETCTBUN
C IIOCTAHOBJIEHUEM IIPABUTENILCTBA POCCUNCKOM
Denepanuu o 17.07.2015 Ne 719.

IMpoussoacTBeHHOE npeanpuarue I'pynnst P —
OO0 «Mamonj» 6yaeT BHECEHO B [lepeyeHb
MIPOU3BOANTENEN IIPOMBIIIJIEHHON HIPOAYKIINU,
MIPOU3BEJEHHON HAa TeppUTOpUN Poccuiickon ®defeparnum.

I'pynma @M /] HaMepeHa BBIITYCTUTD HA TEPPUTOPHU PO
MOJIHOKOMIUIEKTHBIH (10T I'PIT ¥ TOJTHOKOMILJIEKTHBIA
(ot I'HKT (ycTaHOBKA HEIPEPBIBHOM TPYOBI,
YCTAHOBKA 430THAA KPUOI'€HHAA, YyCTAHOBKA HACOCHA)

B COOTBETCTBUM C TOCTAHOBJIEHUEM IIPABUTELCTBA
Poccutickoit denepanuu ot 17.07.2015 Ne 719.

B Omxannieil nepcrnekTuBe — 000PyAOBAHUE /IS

BbICOKOpacxogHoro I'PIT:

project of the FID Group “Coiled Tubing” was
launched.

The result was the creation of the first domestic
coiled tubing unit. In 1999, the first lightweight
unit was designed and manufactured. Actively
innovating domestic developments, the specialists
of the FID Group have designed rigs of the light
M10 series, the middle series M20, as well as a
special M40 rig for the development of coiled
tubing drilling technologies.

The first clients of coiled tubing units of the FID
Group were companies Gazprom, Belorusneft,
SMAPE and Schlumberger.

As a result of cooperation with service
companies, the FID Group specialists gained
significant practical experience and new
knowledge, and thanks to the competent
formulation of technical specifications, they were
able to improve the coiled tubing equipment,
bringing its characteristics to the world level.

The second most important activity of the FID
Group is the creation and production of equipment
for hydraulic fracturing. From 2004 to 2020, more
than 160 pieces of equipment were manufactured
and introduced. The equipment is mainly
supplied in complexes for specific technological
design projects of hydraulic fracturing and in full
compliance with regional operating conditions.

FID Group has also manufactured and
implemented more than 30 units of injection
and cementing equipment, more than 30 units of
special machines and equipment.

An important area of activity of the FID Group
is modernization and overhaul of equipment.

The modernization and overhaul of more than
30 pieces of equipment produced both by the
enterprises of the FID Group and by other
manufacturers have been carried out.

Currently, FID Group successfully carries out
serial production of hydraulic fracturing fleets,
producing several complete hydraulic fracturing
fleets annually.

We even created our own control system. Users
are offered a control system for each manufactured
unit, a data collection system for working with
alarge number of equipment for high-flow
hydraulic fracturing fleets. Proprietary software
for managing the hydraulic fracturing process is
registered with the National Center for Intellectual
Property.

The equipment is installed both on self-propelled
chassis of the best world manufacturers at the
choice of the Customer, and on semi-trailers of our
own production.

A pumping unit, highly demanded by the market,
was manufactured with a load of no more than 6
tons per axle.

In 2020, a pumping unit was manufactured
with confirmation of the production of industrial
products for compliance with the decree of the
Government of the Russian Federation of July 17,
2015 No.719

7P
=
V)
Q
=
@,
Z
am
Q
3
=

Ne 2 (076) Uionb/June 2021 37



=
s
=
S
3
=
>
&3]
=

* YcraHoBKa cMecutenbHas YC1500 (B IpOU3BOICTBE,
I'OTOBHOCTD — 2-U KBapTaj 2021-10). MaKCUMa/IbHAA
MIPOU3BOAUTENBHOCTD 22 M?/MUH. [ToydyeHue akTa
3KCHEPTU3bI TOProBO-IPOMBIIITIEHHON MAIAThI
Ha COOTBETCTBUE KPUTEPHUAM ITOCTAHOBJICHUS
npasuTenbcTBa Poccuiickon ®enepanmu ot 17.07.2015
Ne 719.

* YCTAHOBKA JO3UPOBAHUS XUMPEATEHTOB Y XP.
IlecTHAALATD JO3UPYIOWINX CUCTEM.

¢ MamuHa MaHUQOIBIOB (TIOJCOCAUHEHHUE IO
12 HACOCHBIX YCTAHOBOK).

KommuiekcHbIN moaxos kK THKT ot I'pyninsr
OUI. Cepruensa Cepreit AJIeKCAaHIPOBUY, IVIABHBIN
KOHCTPYKTOP YIIPABJICHUS IEPCIIEKTUBHBIX TEXHOJIOT UM,
I'pynna GO, Benyrun FOpuilt BUKTOpOBUY, 3aMECTUTED
JUPEKTOPA 110 MAPKETUHI'Y U I1pogakaMm C3A0
«HosuHKa», I'pyna ]I

CBor0 m1aBHy10 3aaa4y I'pynma OH/I BUIUT B
KOMIIJIEKCHOI IIOCTABKE BCEX HOMEHKJIATY PbI
COBPEMEHHOT'O OOOPYIOBAHUA HEPTETA30BOI'O CEPBUCA
JUIs BHYTPUCKBAKMHHBIX PA6OT U3 OFHUX PYK C
TApPAHTHUEN ITOITHOI'O B3ANMOJECTBUA U COITPOBOXKACHUA
KAaK B I'APAHTUUHBIN, TAK 1 B IIOCTTAPAHTUMHBIN IIEPUOZ,
3KCIUIYATAUN. B KOMIUIEKCHYIO ITOCTABKY OOOPYIOBAHUS
I'HKT BKJIIOYEHBI: YCTAHOBKA HENIPEPBIBHOM
TPYOBL, YCTAHOBKA 430THAA, YCTAHOBKA HACOCHAS,
O6BEAMHEHHBIE CUCTEMOMN YIIPABJICHUSA (PJIOTOM
I'HKT, a Tax>ke MPOTUBOBBIOPOCOBOE OOOPYIOBAHNUE,
YCTbEBOE OCHOBAHUE, MEXAHU3M ITOIA4H TPYOBL,
BHYTPUCKBAXUHHBIM HHCTPYMEHT, JE(PEKTOCKOIL

INocTaBageMoe O60OPYIOBAHUE MAKCUMAIBHO
YAOBJIETBOPSIET IOTPEOHOCTU NOTPEOUTEIIS 32 CUHET
CTAaHAAPTHBIX AJIEMEHTOB (IIIACCH, KAOHMHA OIIEPATOPA, Y3€I
HaMOTKH 'HKT, MEXaHHU3M OJAYU TPYOBIL, TATOBOE YCUJIHE
UHXEKTOPA 12—45 T, IPOTUBOBBIOPOCOBOE OOOPYAOBAHUE,
ycrbeBoe aasnenue 70 MITa, yerbeBoit nogxon 80—100 mm).
VcranoBku 'HKT crtocO6HBI padoTaTh C TPyOOIt
guametrpom 38,1 M, 44,45 mm, 50,8 MM, 60,3 MM.

IMoapOOHO 6B OXAPAKTEPUZOBAHBI YCTAHOBKA
HEIPEPBIBHON TPYObI HA OJJHOM IIACCH, KOMIUIEKC
HEIIPEPBIBHOM TPyObl, COOTBETCTBYIOIINH IIPABHUJIAM
MEPEBO3KHU I'PY30B 10 JJOPOT'aM OOIIETO MOJIb30BAHUA,
KOMILJIEKC HENIPEPBIBHOU TPYOBI 111 pA6OTHI C
I'HKT guamerpom 50,8 MM 1 6071€€, yCTAHOBKA
HEIIPEPBIBHOM TPyObl 6JI0YHOI'O UCIIOJHEHUS U IPYTOE
0ob60pyroBaHue, Bxozsee B coctas ¢unora FTHKT.
BbII0 IIpEeACTABIEHO O60PYAOBAHNE IPOU3BOJACTBA
I'pynmer @Y/, npeAHA3HAYEHHOE 111 OCYILIECTBICHU S
TAKHX IIPOIrPECCUBHBIX TEXHOJIOTUI HEPTETA30BOTO
CEPBHCA, KAK HAIIPABIEHHOE KOJITIOOUHI'OBOE Oy pPEHUE,
KEKTOPHAA OUMCTKA CKBAKUH, CEJIEKTUBHAA O6pa6TKA
MHOT'03260MHBIX CKQXUH U KMCJIOTOCTPYHHOE OypEHHUE,
060PYIOBAHHE LIS JOCTABKU I'€O(PU3UUECKUX IIPUOOPOB
B TOPU3OHTAJIBHBIE CTBOJIBI CKBAXXUH C UCITOJIb30BAHUEM
I'HKT, ”THHOBAITMOHHBIN BHYTPUCKBAKUHHBII
uHcTpymeHT 111 KPC.

Pemrenus I'pyninst @U/T 411 BEICOKOPACXOJHOTO
T'PII. Illep6uH PoMaH MUXaiI0BUY, ITTABHBINI
KOHCTPYKTOP, I'pyrima GUJT

Joxaz 6p11 CPOKYCHPOBAH HA OCHOBHBIX OTJIMYUAX
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It is planned to fully load the production site in
the Russian Federation. In the first quarter of 2021,
at the production site in the Smolensk Region,
the first endless tubing unit will be manufactured
with confirmation of industrial production in the
territory of the Russian Federation in accordance
with the Decree of the Government of the Russian
Federation No. 719 dated July 17, 2015

In the short term we plan to produce the
following equipment for high-flow hydraulic
fracturing:

» Mixing plant US1500 (in production, readiness
in the 2 quartal of 2021). Maximum prod
uctivity is 22 m?/min. Obtaining the certificate
of examination of the Chamber of Commerce
and Industry for compliance with the criteria of
the Decree of the Government of the Russian
Federation dated July 17, 2015 No. 719.

Chemical dosing station. Sixteen dosing systems.
Manifold machine (connection of up to

12 pumping units).

Comprehensive coiled tubing approach.
Sergey Sergienya, Chief Designer of Advanced
Technologies Department and Yuri Belugin,
Deputy Director for Sales and Product Marketing,
Novinka, FID Group

Cepren CeprueHs
Sergey Sergienya

Ing 7

The FID Group sees its main task in the
integrated supply of the entire range of modern oil
and gas service equipment for well intervention
from one source with a guarantee of full
interaction and support during the warranty and
post-warranty periods. The integrated supply
of coiled tubing equipment includes: CT unit,
nitrogen unit, pumping unit, all of which are
connected to the coiled tubing fleet control
system, as well as BOP, wellhead equipment,



BBICOKOPACXO/IHBIX ONEPALIUI OT CTAHJAPTHBIX
nponeccos I'PIL.

BpLIM NPECTABIEHBI OCHOBHBIE BH/IBI OOOPYAOBAHUS,
TPEOYIOIMMNECH JJIs YCIIEIHOI'O IPOBEACHUSA
PaCCMATPUBAEMBIX OIEPALINI, 4 TAKKE BAPHUAHTEI
PACIIOJIOKEHUS 3TOIO OOOPYAOBAHUS HA JIOKAITUH BO
BpEMSI IPOLIECCA.

BpUIM IPOAEMOHCTPHUPOBAHBI HAPAOOTKY ['pynIibl
M/ 110 OCHOBHBIM BHUIAM O60PYAOBAHUA (YCTAHOBKH
HACOCHBIE, YCTAHOBKH CMECUTENBHBIE, YCTAHOBKH
TUAPATALMOHHBIE, YCTAHOBKH JJO3UPOBAHU A
XHUMPEATEHTOB, OJIOK MAHH(POJIBAOB) /11 MUHUMU3ALIUHU
PHCKOB, BOBHUKAIOIIUX B XOZIE POBEACHUS PAOOT:
¢ YCTAaHOBKU HACOCHBIE MOITHOCTBIO 10 5000 J1. C,;

* YCTAaHOBKU CMECHUTEJIBHBIE IPOU3BOAUTENBHOCTBIO 10

22 M3 /MUH;
¢ KOHLIENIT peann3auy yCTAaHOBKY I'UIPATAIIMOHHOMN JJ15

06€eCIIEYEH I BDEMEHU I'MJIPATUPOBAHUS HE MEHEE 3-X

MHHYT U IPOU3BOIUTEIBHOCTDIO JIO 22 M?/MUH;

* B0k MaHHU(OIBAOB 11 OOBA3KHU 12 YCTAaHOBOK

HACOCHBIX ¥ O6ECIICYCHUS TEMITA 3AKAYKH 10 16 M3 /MUH.

Taxoxe 6bUIN IPOJEMOHCTPUPOBAHBI HAPAOOTKM ['PyNITEI

OU /I 10 060pyAoBaHUIO I'PIT € 371EKTPOIPUBOIOM.

JOoKnaguuk oTpasuil JocTrxkeHus I'pynnst U/ B yacTtu
OPOTrPAMMHOTIO OOECTIEUYEHUS KAK OTAEIBHBIX YCTAHOBOK
¢ota I'PIT, TaK ¥ BCETO KOMIIJIEKCA ¥ OOO3HAYNIT
OCHOBHBIE HAIIPABJICHUS JAJIbHEHIIETO PA3BUTHA
aBTOMaTHU3an MM nporuecca I'PIL

B x0z€ BBICTYIUIEHU S OBLI IPOJAEMOHCTPUPOBAH
BO3MOJKHDBIN BAPHAHT PEATIUZALUN BBICOKOPACXOAHDBIX
OIlepalUU C IPUMEHEHUEM CTAHIAPTHBIX BUJIOB
060PYNOBAHUA JIJIS1 OTPAOOTKU TEXHOJIOIUH IPOBEACHUSA
nporneccos I'PIT.

Koutpoas cocrossausa THKT. Pacinupenue
BO3MO:KHOCTEH Aedekrockona T2, ATpymKeBnd
Ceprei AHATONIBEBUY, [VIABHBIN KOHCTPYKTOP — IIEPBbIA
3amecturesb gupexropa, C3AO «HoBunka», I'pyriia OH/

JIBa roga Ha3aJ, B paMKax 19-11 KOH(pEPEHITUU
«KonTio6nHrosble TeXHONOruY, I'PI1, BHYy TPUCKBAKUHHBIE
PaboThI», ObLI BIIEPBBIC ITPE/ICTABIICH Je(PEKTOCKOIT
OT1 npoussogcrea C3AO «HoBUHKA». B HAcTOsIIEE
BPEMS IPEANPUATHE TIPOUIBOAUT YKE CJIEAYIONIYIO,
YCOBEPIIEHCTBOBAHHYIO MOJIENb — Jle(peKTocKon T2,
DTa HOBas MOJENb IPUOOPA BOOPAIA B CEOSA PE3YIBTATEI
JUINTEJIBHBIX 9KCILIYATAIJMOHHBIX UCIIBITAHUIA
060PYJOBAHUA ¥ HOBBIX HAPAOOTOK NHKEHEPHBIX CITYKO
C3AO «HoBUHKA>.

B wacTHOCTH, 6BLJIa pACIIMPEHA HOMEHKJIATYPA
I'HKT, KOTOpBIE MOT'YT OBITE IPOAE(PEKTOBAHBI OTHUM
U3MEPUTENTBHBIM OJIOKOM C Y4ETOM KOMILIEKTOB JIJIA
nepenaaaaxku. 1o 'HKT puamerpom ot 31,75 MM 10
50,8 MM. Kpome Toro, 6114 IpOU3BEIEHA JOPAOOTKA
KOHCTPYKIIMH A€(PEKTOCOKOITA B YACTH YIIPOIIEHUA
pPaboT npU NEPEHAIIAJIKE €TO C OHOI'O TUIIOPAa3MepPa
koHTponmpyeMblx THKT Ha gpyroii tunopazmep T'HKT.

Pe3ynbraThl pAa IPOBEJCHHBIX CIIEUATIUCTAMU
C3AO «HOBMHKA» UCCJIEJOBAHUN U 9KCIIEPUMEHTAJIBHBIX
PadoT 1o3B0MIN HA 10—15% MOBBICUTH TOYHOCTD
U3MEPAEMBIX ITAPAMETPOB 1O CPABHEHUIO C TOYHOCTHBIMH
napaMmerpamu gedexrockomna JT1.

CyIeCTBEHHBIN IPOTPECC JOCTUTHYT TAKXKE B

PomaH LLiep6buH
Roman Shcherbin

injector, downhole tools, flaw detector.

The supplied equipment meets consumer needs
to the maximum extent due to standard elements
(chassis, operator's cabin, coiled tubing spool,
injector, pulling capacity of the injector is
12—-45 tons, blowout preventer, wellhead pressure
70 MPa, wellhead connection 80—-100 mm). Coiled
tubing units are fit for the tubulars of the following
diameters: 38.1 mm, 44.45 mm, 50.8 mm, 60.3 mm.

The speaker described in detail the CT
installation on single chassis, a CT unit that meets
the rules for the carriage of goods on public roads,
a CT unit designed for 50.8 mm tube, modular
type CT unit and other equipment included in the
coiled tubing fleet. He also presented equipment
produced by the FID Group, that is designed to
implement advanced oil and gas services such
as directional coiled tubing drilling, jet flushing
of wells, selective treatment of multilateral wells
and acid jet drilling. Equipment for coiled tubing
delivery of logging tolls into horizontal wellbores
and an innovative downhole workover tool were
presented as well.

FID Group solutions for high-flow
fracturing, Roman Shcherbin, Chief Designer,
FID Group

The report was focused on the main differences
between high-rate operations and standard
hydraulic fracturing processes.

The main types of equipment required for the
successful implementation of the operations in
question were provided, as well as options for the
location of this equipment at the location during
the process.

The developments of the FID Group on the main
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cdepe CnennaabHOro NPOrpaMMHOIO OOECTIEYEHUA
Jle(pEKTOCKOMA. B 9aCTHOCTH, HOSABUIACH BO3MOXHOCTD
B3aMMHOI UHTET DALY JAHHBIX MEXK]Y 1€(PEKTOCKOIIOM
U CUCTEMOU KOHTPOJIbHO-perucTpupyomert (CKP)
KOJITIOOMHI'OBOM YCTAHOBKU. TaK, JaHHBIE I1O OBAJILHOCTH
u tonmuHe creHKku THKT, 3amepsiemble 1e(PEKTOCKOIIOM,
MoryT nepezaasarbca B CKP, rae UCronb3yoTes 4
pacdeTa Harpy3ogHou guarpaMmmel THKT, 4To, B CBOIO
ouepeib, MO3BOJAET IPOU3BOAUTH paboTel ¢ 'HKT ¢
MHUHHUMAJIBHBIMUA PUCKAMH U B ONTUMAJIBHBIX PEXKHUMAX.
ORHOBPEMEHHO AaHHBIE IO ITyonHe cirycka 'HKT ¢

CKP MOTyT 6BITh 3KCIIOPTUPOBAHBI B IE(DEKTOCKOII,

4TO MO3BOJIUT 60JIEE TOUHO ONPEAEIATE KOOPAUHATEI

pacnonoxeHus aedekTos 1o pinHe 'HKT, cBoeBpeEMEHHO

Y TOYHO UX BBIABJIATH U IPU HEOOXOJIUMOCTH YAJIATh
C MUHHMAaJIbHO BO3MOKHBIMU ntoTepsamu st THKT.
[IporpaMmMHOE o6ecneueHHE AEPEKTOCKOIA OBLIO
YCOBEPIIEHCTBOBAHO U IO PAAY JPYTHUX TAPAMETPOB.

3a nocneguui rog C3A0 «<HOBUMHKA» HAKOILJIEH
3HAYUTEJIBHBIN OIBIT PAOOTHI C PEZYIBTATAMU
NOJIY4eHHBIX IPpU Aedexrockonun THKT 1aHHBIX, C
Y4ETOM KOTOPBIX OBLIO JOPAOOTAHO NPOrPAMMHOE
obecreyeHne, O3BOJIAIOIIEE OIIEPATOPY IPOU3BOAUTH
MPEABAPUTENIBHYIO OLIEHKY JE(EKTOB MO ITOKA3aHUAM
Je(PEKTOCKOIA, UCXO/ U3 PA3JEICHUA UX HA YCJIOBHBIE
KAaTETOPHUU: MAJIOPA3MEPHAA ITOTEPA METAJLIA TUIIA
KaBEPHBI WJIN TPEIWHBL; MAJIOPA3MEPHBIH (DPATMEHT
(PEPPOMATHUTHOTO MATEPHUAIIA, TPUIUIIIINAN K CTEHKE
TPYOBI U3BHYTPH U CHAPYKU; 344UP HA HAPYKHOU
MOBEPXHOCTHU TPYOBL

C3AO «HOBHHKA» HAMEPEHO IPOJOJIKATD
COBEPUIEHCTBOBATH Je(PEKTOCKOIL. OCHOBHOU BEKTOP
OyZAEeT HAIIPABJIEH HA PA3BUTHUE IPOTrPAMMHOTIO
obecrnedeHus A1 yIIPOEHNA O6PA0OTKH U AHAJIN3A
MOJIY4EHHOM B peaynbrare gedpexkranuu THKT
nHpopmaiu. Kpome 3Toro, INTaHUpPyeTCs, 4To B
0603pumMoM oyayieM gedexrockon F’HKT craneT O fHUM
U3 JIEMEHTOB KOMIIJICKCHOM CUCTEMBI YIIPABJICHUS 1
0€30ITACHOCTU KOITIOOMHI'OBOI'O KOMILJIEKCA.

Pa3paboTKa CKBAKHHHOI'O I'HJPABIHIECKOI'O
TpakTopa. BouH Oner BUKTOPOBUY, pYKOBOAWUTEIb
WHKEHEPHO-TEXHUYECKOT'O [IEHTPA,

000 «Dpak/xer-Bonara»

PocT KOIM4Y€eCTBA TOPU3OHTAIBHBIX CKBAXUH,
yBeJIU4YEeHUE fuaMeTpa ucnonbzyeMbolx THKT crasut
nepej HeTEra3oBbIM CEPBUCOM HOBBIE 33/1a49H, OTHUM U3
KJIIOYEN KOTOPBIX ABJIACTCA CKBAXKUHHBINA TPAKTOD.

CnenyaucTel KoMnaHuu «Ppak/xer-Bonra»
MPOAHAITU3UPOBAJIA BCE TPAKTOPA, IIPEJCTABIECHHBIE HA
PBIHKE (AJIEKTPUUYECKUH C TU/IPABIMYECKUM IIPUBOZIOM,
TUAPABIAYECKUI, JIEKTPUYIECKHUH C MEXAHUYECKHUM
NpUBOAOM). I[TO pe3ynbTaTaM CPaBHUTENBHOI'O AHAIN3d B
pa3paboTKy ObLI HIPUHAT I'MAPABINYECKUH TPAKTOP KAK
Hanb0JIe€ YHUBEPCAIBHBIH 1 TO3BOJIAIONTUH BBITIOTHATD
6OJIBIIIEE KOJTUYECTBO ONEPAITHUH ITO CPABHEHUIO C
JPYTUMU TPAKTOPAMH, 4 TAKKE JOHOCUTD OOJIBIIYIO
HAarpy3Ky Ha 326011

TpakTop pa3zpabaTeIBACTCS «C YUCTOT'O IUCTA». Ha
JAHHBINM MOMEHT 3a4KOHYEH IIEPBbIH JTAIL

CoracHoO pacyeTaMm, TArOBOE YCUINE TUPABIUYECKOIO
TPAKTOPA 6yJIET 3aBUCETH OT TOI'O IABJIEHUA, KOTOPOE
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Cepreit ATpyLLKeBMH
Sergei Atrushkevich e

types of equipment (pumping units, mixing units,
hydration units, chemical dosing units, manifold
block) were demonstrated to minimize the risks
arising during the work:

* Pumping units with a capacity of up to 5000 hp;
» Mixing units with a capacity of up to 22 m3/min;
 Concept for the implementation of a hydration

unit to ensure a hydration time of at least

3 minutes and a capacity of up to 22 m?/min;

* Block of manifolds for connecting 12 pumping
units and providing an injection rate of up to

16 m3/min.

Also, the FID Group's developments on
electrically driven hydraulic fracturing equipment
were demonstrated.

The speaker reflected on the achievements of the
FID Group in terms of software for both individual
units of the hydraulic fracturing fleet and the entire
complex and outlined the main directions for the
further development of the hydraulic fracturing
process automation.

During the presentation, a possible option for
the implementation of the high-flow operations
with the use of standard types of equipment for
developing technologies for carrying out hydraulic
fracturing processes was demonstrated.

Coiled tubing condition monitoring.
Expansion of the capabilities of the DT2 flaw
detector. Sergei Atrushkevich, Chief Designer —
First Deputy Director, Novinka CJSC, FID Group

Two years ago, within the framework of the
19-th Coiled Tubing, Hydraulic Fracturing and Well
Intervention Conference the DT1 flaw detector,
manufactured by Novinka, was presented for the
first time. At present, the enterprise is already
producing the next, improved DT2 model. This
new model of the device incorporates the results of



cozpaerca B 'HKT. O60pynoBaHHE PACCYUTAHO HA
masiieHue 70 350 aT™, COOTBETCTBEHHO, MOXKET ObITh
CO3/4aHO TAIOBOE YCUIJIUE JO 5,5 T. YCHUIIME PETYIUPYETCS C
TMOMOMIBIO MITYLIEPOB-IPOCCENIEH, KAK U TTOAAYA XKUJKOCTH,
KOTOpas OyAET IPUXOAUTD Ha 326011
Oco60 3(PPEKTUBHO NPUMEHEHNE TUPABINYECKUX
CKBaKMHHBIX TPAKTOPOB AJI5 CIAEAYIONIUX PAOOT:
1. TIpOMBIBKA IIPOTSAKEHHBIX FTOPU3OHTAJIbHBIX CKBAKUH.
2.®peseposanue noprTos I'PIIL.
3.TIpoBeZIEHUE KUCIOTHBIX OOPAOOTOK.
4. OTKpPBITUE U 3AKPBITUE CABUKHBIX NIOPTOB I'PIT 1
KJIAIAHOB. TPAKTOP MOXET NEPEAATH 3HAUUTEIBHBIE
YCUIWA BHUS /11 OTKPBITHUSA NJIN 3AKPBITUA ITIOPTOB.

MopyasHBIE MOOHIBHEIE
BO34yXOpa3aeauTelIbHbIe YCTaHOBKH <KOMI'A3»:
YHHKAJIBHOE IIPEJI0KEHHE HA PBIHKE
IIPOHU3BOJACTBA TEXHUYECKHX I'a30B.

Jlyssaaun Imutpuid, supekrop, OO0 «<KOMIA3»

Komnanwnsa KOMI'A3 npefcTaBasgeT MOOHUIbHBIE
YCTAaHOBKH MAJION 1 CPETHEN ITPOU3BOAUTENBHOCTH JJI
MOy YEHU XKUJKOI'O 430Ta HA MECTOPOXKIECHUHU 10 CXEME
ON-SITE.

ON-SITE — yCTaHOBKA Pa3MEIIAETCA HA TEPPUTOPUN
3aKA34YUK4, 4 3dKA3YUK OIUIAYUBAET TOJIbKO CTOUMOCTD
rasa, KOTOPbIM OH IOy Ya€T.

YCTaHOBKA CO3/JaHAa HA OCHOBE COBPEMEHHBIX
KOHCTPYKTOPCKHUX PEMIEHUM, TAKUX KAK: KOMILIEKCHAS
O4YHMCTKA BO3/1yXa B 4ZICOPOLTMOHHOM OJIOKE OUYUCTKU
C IBYXCJIOMHBIMH 4JJCOPO6EPAMHU (AKTUBHASA OKHUCh
AIIOMHHUSA U LIEOJINT), PEKYTIEPALINA TETLIA B
BBICOKO3(M(PEKTHUBHBIX IIJIACTUHYATO-PEOPUCTBIX
TEIVIOOOMEHHHUKAX, IPOU3BOACTBO X004 B
3 PEeKTUBHOM TypPOOAECTAHAEPE — KOMIIPECCOPHOM
arperare, sHeprus pacllupeHus UMPKYIALMOHHOIO
BO3yXa B KOTOPOM UCIIOIb3yETCS JJIA [IOBBIIIEHU
JaBJIEHNA B [UPKY/IAIIMOHHOM ITUKJIE.

YCTaHOBKA OCHAIEHA CUCTEMOM KOHTPOJIA U

LOMUTPUN JTy38HWH
Dmitry Luzyanin

long-term operational tests and new developments
of Novinka’s engineering bureau.

In particular, the company expanded the range
of coiled tubing which can be tested with a single
measuring unit by using readjustment Kits. This is
coiled tubing with a diameter of 31.75 mm to
50.8 mm. In addition, the design of the flaw
detector was revised in terms of simplifying the
process of readjusting it from one standard size of
coiled tubing to another one.

Oner BouvH
Oleg Voin

The results of a number of investigations and
experimental work carried out by the specialists
of Novinka made it possible to increase the
measurement accuracy by 10—-15% in comparison
with DT1 flaw detector.

Significant progress has also been made in the
field of special software for the flaw detector. In
particular, it became possible to integrate data
between the flaw detector and the monitoring
and recording system (MRS) of the coiled tubing
unit. Thus, data on coiled tubing ovality and wall
thickness, measured by a flaw detector, can be
transmitted to the MRS, where they are used to
calculate the CT load diagram, which, in turn,
makes it possible to operate coiled tubing with
minimal risks and in optimal conditions. At the
same time MRS data on the coiled tubing's running
depth can be exported to a flaw detector, which
will allow for more accurate determination of
defects location (coordinates) along the length of
the tubing, detection of such defects in a timely
manner and their removal, if necessary, with the
minimum possible losses for the tubular. The flaw
detector's software has been improved in a number
of other parameters as well.

Over the past year, Novinka has gained
significant experience in processing data obtained
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YIPaBJIEHUA HA 623€ MUKPOIIPOLIECCOPHOU TEXHUKU,

B TOM YMCJIE IPOTPAMMUPYEMBIX KOHTPOJLJIEPOB,
peanusyone coop u 06padboTKy HHPOPMALINH,
(POPMHUPOBAHUE U BBIAYY YIIPABJAIOIINX CUTHAJIOB.

B cOCTaB CUCTEMBI KOHTPOJIA U yIIPABJICHUS BXOIAT
ONEPATOPCKHUE CTAHIIUU HA 623€ IEPCOHAIBHBIX DBM,
NPEIHA3HAYEHHBIE JIJIS1 OTOOPAXKEHUS PAOOTHI YCTAHOBKH
Y OCYILIECTBJIEHUS YIIPABJIEHUS YCTAHOBKOH ONEPATOPOM
B PEXKHME JUAJIOTA.

VCTaHOBKA KOHTEHMHEPHOI'O TUIIA HE TPEOYET
CTPOHUTENBHBIX PA6OT ((PYHIAMEHTOB, KAITUTAJIbHBIX
crpoenurt). Tpedyercsa posHad romaaka 20X10
METPOB U NOJKIIOUEHHE K AJIEKTPOIUTAHUIO.
KOHCTPYKIIHA COCTOUT U3 MOAYIBHBIX OJIOKOB, KOTOPBIE
B JIIOOOY MOMEHT BO3MOKHO TPAHCIIOPTHUPOBATD U
3KCILTyaTUPOBATH HA PYTOM OOBEKTE.

B KOMITOHOBKA GJIOKOB MMPOU3BOAUTCS HA 3aBOJIE, HA
MJIOUIA/IKE TOJIBKO TPEOYETCS COETUHUTD OJIOKH.

VYCTaHOBKA MOOWIIBHASA (JIJI Pa360OPKU U COOPKU
OJI0KOB TpeOyeTCs1 OKOJO 14 nHEN).

Bce 6510KH aJalITUPOBAHBI K IIEPEBO3KE B rA0APUTAX
ABTOTPAHCIOPTA U HE TPEOYIOT CIIEINAIBbHBIX
pa3pemeHunn.

3200 HBIE IBHUI'ATEIH /I KOJTIOOHMHIA.
JIyKbAHOB /IeHNC AJTEKCAHIPOBUY, MEHEJIKED 1O
pasBuTHIO 6M3HECA, Schoeller-Bleckmann Darron Russia

3a60HBIN IBUT'ATEIIb — JOCTATOYHO CJIOKHBIH
UHCTPYMEHT, U ITPH BBINONHEHUU paboT o THKT moryT
BO3ZHUKATb PA3JIMYHBIE TIPOOAEMBI, CTOCOOHBIE TPUBECTH
K HETIPOU3BOJUTEIIBHOMY BDEMEHH, OOIIEMY YBEJIMUEHUIO
JUIMTENBHOCTH CKBAXXUHO-OIIEPAIUH, A TAKIKE BBIXOAY
3260MHOTIO ABUT'ATENS U3 CTPOSL.

711 cHMKeHM A BO3AEUCTBUA IIEPEUYNCIIEHHBIX
(paxTopos Ha 3;macToMep Kommanus BICO Drilling
Tools mpepsaraer SS — SpiroStar — TEXHOJIOIUIO
U3TOTOBJIEHUSA NPO(PHINPOBAHHOIO CTATOPA C
PaBHOMEPHOM TOJIIIMHOM PE3UHOBOM OOKIAJKH. B
JBUT'ATEJIbHBIX CEKLIUAX SpiroStar BHyTpEHHUE 3yObst
BBIIIOJIHEHBI U3 METAJIJIA U UMCIOT BHEITHUH PE3UHOBBIA
oM. I1Ipu 3TOM MUHHUMU3UPYETCSI HA0yXaHHE
PE3UHBI OT BO3/ICHCTBHS OBBIINICHHBIX TEMIIEPATYP
34 CUET JIYYIIETO OTBOJA TeIIa. MICIIONIb30BaHUE JKE
BBICOKOKA4YECTBEHHOI'O HUTPUJI-OYTATUEHOBOI'O KAY4YYKa
MO3BOJISIET MUHHUMU3UPOBATH [IOCJIEACTBUSI BO3ICHCTBU S
arpECCUBHBIX IIPOMBIBOYHBIX JKUJIKOCTEN. BTOphIM
BAKHBIM [IPEUMYILIECTBOM JBUT'ATEIBHOM CEKIINHU
SpiroStar ABIAIOTCA €€ CyIECTBEHHHO YJIY4YIICHHbIE
IHEPIreTUYECCKUE XAPAKTEPUCTUKU. JJOCTYIIHbIE
TUIIOPA3MEPBI CEKIUMI SpiroStar: 43 MM, 54 MM, 73 MM,

80 MM.

HHCTPYMEHTHI /11 MHOTrOCTaguHoro I'PII.
Ya 'u6COH, OTBETCTBEHHbIN UCIIOJTHUTEID,
The WellBoss Company

IIpe3enTanys 661712 COCPEAOTOUEHA HA METOAX
MEPBUYHOIO 3aKAHYMBAHUA, UCIIOIb3YEMBIX B Poccuu,
06CYK/IECHUIO TOT'O, KAK ObUIH 4/1AIITHPOBAHBI U3MEHEHU
B TEXHOJIOTHSIX 3aKAHUYMBAHUS, YTOOBI OOECTIEYUTD
oonee 3(pHEKTUBHOE UCTIOIB30BAHUE YCIIYT, HIOBBICUTD
3P (PEKTUBHOCTD 3AKAYKU U YBEJIUYUTb HEPTCOTLAUY.
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during coiled tubing flaw detection. Based on
this experience the software was modified,
which allows an operator to make preliminary
assessment of defects grouping them into the
following categories: small-sized loss of metal
such as a cavity or crack; small fragment of
ferromagnetic material adhered to the tube wall
from the inside and outside; tear marks on the
outer surface of the tube.

Novinka intends to continue improving its flaw
detector. Improvements will mainly be aimed at
developing software to simplify the processing
and analysis of information obtained during CT
flaw inspection. In addition, it is planned that
in the foreseeable future the coiled tubing flaw
detector will become one of the elements of the
integrated control and safety system of the coiled
tubing fleet.

Development of a downhole hydraulic
tractor. Oleg Voin, Head of the Engineering and
Technical Center, FracJet-Volga LLC

The increase in the number of horizontal wells
and larger diameters of applied coiled tubing pose
new challenges for the oilfield service companies;
one of the keys to addressing such challenges is a
downbhole tractor.

FracJet-Volga specialists analyzed all the tractors
available on the market (electric with hydraulic
drive, hydraulic, electric with mechanical drive).
Based on a comparative analysis, specialists
decided to develop a hydraulic tractor as the most
versatile and allowing to perform a greater number
of operations compared to other tractors, as well

[eHnc JlykbaHoB
Denis Lukyanov




Lmutpuit Masypely
Dmitry Mazurets

HxHedTEeMan»: UMImopro3daMenieHHue Kak
CTparerus pa3sBUTHA 3AKAYUBAHHA POCCHHCKHX
CKBaKHH. Mazypen ImMmurpuil BragjuMuposuy, IUPEKTOP
10 PA3BUTHIO HAIIPABJICHU S IIPOJAK BHYTPUCKBAXKMHHOI'O
obopynosanus, AO Pumepa»

«xuedTeMal» ABISETCSI CEPBUCHBIM JJUBU3MOHOM
I'pynnbl KoMnanun «Pumepa». I1o uroram 2019 roga
I'py1mina KOMIIAHWUI MTHBECTUPOBAJIA B MOIEPHU3ALIUIO
MOIITHOCTEN 590 MJIH py6siert. KOMITaHUA aKTUBHO
pacCHIUPAET PBIHOK COBITA. B PP pa3zsepHyTa MIUPOKAs
CETb CEPBUCHBIX 6a3. [TOMHUMO BEPXHETO 3aKAHYUBAHUA, B
KOTOpPOM I'pyTia KOMITAaHUN ObIA AKTUBHBIM YYaCTHHUKOM
pbiHKa Poccun n CHI, KOMITaHMA ONI/IA TAKXKE B HUJKHEE
3aKaHYMBAHUE — KOMIIOHOBKU JIJI1 3AKAHYHMBAHUS C
MTI'PII. 3aKk/11049€HO JHUIIEH3UOHHOE COIVIAIEHUE C OHOM
CEBEPOAMEPUKAHCKON KOMITAHHEN, ObLIIA IPUOOPETEHA
KOHCTPYKTOPCKAA JOKYMEHTALIMA U IIPOBEICHA €€
ajanranus. Pe3yabraroM CTad MMIIOPTO3aMEIIAOIIUE
PELIEHU B CETMEHTE HUKHETO 3AKAHYUBAHMA, HE
YCTYMAIONINE JIYYIITUM 33PYOEKHBIM AHAJIOTAM.

KoMmnanus npegjaraer: akTHBUPYyeEMOE IIaPpAMU PELIEHHE
JUIs1 OOCAKEHHOT'O CTBOJIA IMOO [IEMEHTHPYEMOT'O
XBOCTOBHUKA, IIOJIHOIIPOXOAHOE PELIEHHE B COCTABE
XBOCTOBUKA C MEXAHUYECKHU YIIPABIAEMBIMU IOPTAMY,
CEJIEKTHUBHBIM ITAKEP C BO3MOXHOCTBIO MI'PIT 1 I'TITT.
JOKJIaA9MK TOAPOOHO OCTAHOBUIICS HA KAXK/IOM U3

TPEX 3TUX HANIPABJIECHUH, PACCKA3aJ1 O IPEUMYILIECTBAX
060PYIOBAHUA U €TO COCTABE. BB PACCMOTPEHBI
OTAE/IbHbIEC U3JE/IMA U UX TEXHOJIOI'MYECKHE
BO3MOXHOCTH.

OcBO€HHE HOBBIX BH/IOB IIPOAYKIIMH KOMITAHHEH
ESTM. Canpees Pycinan PaHuTOBUY, AUPEKTOP 1O
npogaxam, OO0 «OCTM»

OO0 «3CTM» XOPOLIO U3BECTHO AYJUTOPUN
KOH(pepeHuu. I1Ipu ero co3gaHnu ObUIHA IPUBJICYEHDI
MMPOBBIE 3KCIIEPTHI B OOIACTH KOITIOOMHTI 4, 3AKYIIEHO

as transmitting larger load to the bottomhole.

The tractor has been developed from scratch. At
the moment, the company has completed the first
stage of development.

According to the calculations, the pulling
force of the hydraulic tractor will depend on the
pressure that is created in the CT. The equipment is
designed for pressures up to 350 atm., respectively,
pulling force up to 5.5 tons can be created. The
force is regulated by chokes, as well as supply of
the fluid that is delivered to the bottomhole zone.

Hydraulic well tractors are especially effective
for the following works:

1. Long horizontal well flushing;

2.Milling of hydraulic fracturing ports.

3.Carrying out acid treatments.

4.0pening and closing sliding frac ports or valves.

The tractor can transmit significant forces

downward to open or close ports.

Modular mobile air separation units
"KOMGAZ'": Unique offer on the market for
the production of technical gases. Dmitry
Luzyanin, Director, "KOMGAZ"

KOMGAZ presents mobile units of low and
medium capacity for the production of liquid
nitrogen in the field according to the ON-SITE
scheme.

ON-SITE: The unit is located at the customer's
site, and the customer pays only the cost of the gas
he receives.

The unit was created on the basis of modern
design solutions, such as: Complex air purification
in an adsorption purification unit with two-
layer adsorbers (active alumina and zeolite),
heat recovery in highly efficient plate-fin heat
exchangers, cold production in an efficient turbo-
expander — compressor unit, expansion energy of
the circulation air in which it is used to increase
the pressure in the circulation cycle.

The unit is equipped with a monitoring
and control system based on microprocessor
technology, including programmable controllers.
It collects and processes information, generates
and outputs control signals. The monitoring and
control system includes operator stations based
on personal computers, designed to display the
operation of the unit and control it by the operator
in a dialogue mode.

A container-type unit does not require
construction work (foundations, capital
structures). It requires a flat area of 20X10 meters
and a power connection. The structure consists
of modular blocks that can be transported and
operated at any time at another facility.

All block layout is done in the factory, only the
blocks need to be connected on site.

The unit is mobile (it takes about 14 days to
disassemble and assemble the blocks).

All blocks are adapted for transportation in
vehicle dimensions and do not require special
permits.
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CaMO€ COBPEMEHHOE OOOPYIOBAHHE, IIPOBEJICH KOHKYPC
Y BBIOPAHBI JTYYITHE CIEIIUAIUCTBI C TPYOONPOKATHBIX
npowussoacTs 1 HMH, opraHnn3oBaHa IIOCTABKA CTAIN
i THKT ot komnanuit ArcelorMittal (@paHIs)

1 POSCO (FOxnas Kopes). 32 ToCIeJHUE TPU roja
OBLIH IPOBEJEHBI ABTOPUTETHBIE AYAUTHI, PACIIHPEHA
reorpadus NOCTABOK, 3AKJIIOUCHBI 47 JOITOCPOYHBIX
KOHTPAKTOB Ha TOCTaBKY 'HKT. OO0 «®CTM» BBITyCKAET
THOKYIO TPyOy AUAMETPOM OT 25,4 MM 10 88,9 MM C
TONIAHOM CTEHKH OT 2,6 MM 710 5,7 MM, B TOM YHCJIE C
34I14COBAHHBIM I'€O(PU3UUECKUM KAOECIEM.

JoKnaT9uK NOoAPOOHO OCTAHOBUJICS HA IPUMEHECHUU
I'HKT B Ka4ueCTBE KOHIIEHTPHUYECKUX JTU(PTOBBIX KOJIOHH
(KJIK), mnu Velocity String. KJIK gaet cnepyomue
NPEUMYIIECTBA:

* BO3MOXXHOCTB ITPOBEICHUSA MOHTAKA O€3 IIYIIEHHNS;
* BO3MOXHOCTBb INpuMeHeHus B HKT manoro qjuamerpa —

10 73 MM;

* Mmepej yCTAHOBKOM OABECKH MOKET UCTIONb30BAThCS

1 poMbIBKH, OI13 n ocsoenns (3a ogny CI1O);

* BO3MOXXHOCTbB IIPOBOJUTH PAOOTHI ITPU BBICOKOM

YCTBEBOM JIABJIEHUH,

* BO3MOXXHOCTB IIPOBE/IEHUS JIOBUJIBHBIX PA0OT;
* BO3MOXXHOCTbB IIPOBOJJUTH PAOOTHI HA TOPU3OHTAIBHBIX

U CUJIBHO UCKPHBJIEHHBIX CKBAKUHAX;
¢ GOJIBIIOE MAKCHMAJIBHO JOITYCTUMOE BHYTPEHHEE U

HAaPY’KHOE JJABJICHUE HA TPYOY;

* BO3MOXXHOCTBb 6€30I1aCHOI'O U3BJICUCHUS (0€3
IYLIEHWA) U rTocaenyouero crnycka KJIK Mmenbiero
JUAMETPA,

JUAMETPBI IN(PTOBBIX KOJIOHH OT 19 10 88,9 MM.

Bpu1a mokasana nogpoOHas CXeMa KOHCTPYKIIMYA HU34
KOHIIEHTPHUYECKOI IN(PTOBONU KOJIOHHBL, ITPEACTABIEH
AJITOPUTM €€ PAOOTHL

Arnrpemns 10 NepBOKJIACCHOTIO YPOBHA: HOBOE
oGopyaoBanue ot npegnupusarusa SHINDA.

Eropos ITasen Jleonn1oBuY, reHEPAIbHBINA JUPEKTOP,
Poccua u crpansl CHI, SHINDA (TANGSHAN) CREATIVE
OIL & GAS EQUIPMENT CO., LTD

PeIHOK cepBucoB Ha 6a3¢ 'HKT B HacTos111IEe€ BpEMS
CTAJIKUBAETCA C HOBBIMM BBI3OBAMHU U TPEOOBAHUAMM.
VYCII0KHEHHME ONIEPALIN, YBETMYEHUE TUAMETPOB
NPUMEHUMBIX TPY6 M OJHOBPEMEHHO C 3TUM KECTKAA
KOHKYPEHIUA CTABAT IIEPE IIPOU3BOAUTEIAMHA
Henpocrtsle 3agaun. Komnannsa SHINDA HEYKJIOHHO
CJIEYET CBOEH CTPATEIUM PAZBUTHUA U OPUEHTUPYETCA
HA UCIIOJIb30BAHUE COBPEMEHHBIX TEXHOJIOTUHA
MPOU3BOACTBA TPYO, MYHHOBALIMOHHBIX ITPOLIECCOB U
UCIIOJIb30BAHUN CAMOT'O COBPEMEHHOI'O OOOPYAOBAHUA
U TEXHOJIOTUI IIPU JKECTOYAMIIIEM KOHTPOJIE KAYECTBA
NPOAYKIIUH.

Jletom 2019 roga 6pu1a 3aynieHa IporpaMma
OGHOBJICHUS U MOJIEPHU3AIINH OO0pYyJOBaHUsL. B ee
paMKax ObLJI IPOBE/ICH AHAJIN3 ITPOU3BO/ICTBEHHBIX
Y3KHX MECT, KOTOPBIE 10 TEM UJIU MHBIM IIPUYMHAM
BJIMAIOT HA KAYECTBO U PECYPC FTOTOBOU NMPOAYKIIUH.
OIHOBPEMEHHO C 3TUM IIPOI'PAMMAa IIPEAYCMATPUBAIA
3aIIYCK OO0PY/IOBAHU S, TO3BOJISIONIETO IPOU3BOJUTD
HOBBIE YHUKAJIBHBIE BU/IBI TPOAYKITMH. OCHOBHBIMU
HANPAaBJICHUSIMH UHBECTUIINH B pAMKAaX 3TOM IPOr'PAMMBI
CTaJIU IPOEKTHPOBAHUE U 3AMTYCK HOBOM IMHUMU JIJ151
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PycnaH Canpees
Ruslan Saldeev
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Downhole motors for coiled tubing.

Denis Lukyanov, Business Development Manager,
Schoeller-Bleckmann Darron Russia

Downhole motor is a rather complex tool; during
coiled tubing operations various problems may
occur that can lead to unproductive time, increase in
well operation duration, as well as downhole motor
failure.

To reduce the influence of these factors on the
elastomer, BICO Drilling Tools offers a SpiroStar — a
technology of manufacturing a profiled stator with
auniform rubber lining thickness. In SpiroStar
motor the internal teeth are made of metal and
have an outer rubber layer. Rubber swelling from
exposure to elevated temperatures is minimized
due to better heat removal. The use of high-quality
nitrile-butadiene rubber allows minimizing the
effects of aggressive flushing fluids. The second
major advantage of the SpiroStar engine section
is its significantly improved energy performance.
Available sizes of SpiroStar sections are 43 mm,

54 mm, 73 mm, 80 mm.

Multistage Fracturing Tools. Chad Gibson
Product Champion, The WellBoss Company

The presentation focused on the primary
completion techniques used in Russia and
a discussion of how changes in completion
technologies have been adapted to enable more
efficient use of services, improve injection efficiency
and increase oil recovery.

Izhneftemash: Import substitution as a
development strategy for pumping Russian
wells. Dmitry Mazurets, Development Director for
Sales of Downhole Equipment, Rimera JSC

Izhneftemash is a service division of the Rimera



npoussogcTBa 'HKT 60/1bMNX JUAMETPOB U I'PENJIOB
1o 160.

JIOKJIAIYUK OT/IEJIBHO OCTAHOBHJICS HA BTOPOM IIPOEKTE
— MOJIEPHU3ALIUU YYACTKA KOCBIX CBAPOYHBIX MIBOB. 17151
I'HKT ¢ yBETMYEHHBIMH I'PENHIAMU YPEIBBIYANHO BAXKHA
CTPYKTYPa METAJLIA NOCE CBAPKU. C yI€TOM BAXKHOCTHU
3TOro napamerpa u At oo6erdHbIX THKT 6112 TpOBEIEHA
OTPOMHAS UCCJIEIOBATENBCKAS pab0TA U IPOPAOOTKA
3aMEHBI TEXHOJIOTMYECKOT'O OO0PYIOBAHMS U CPEJICTB
KOHTpPOJIA. Ha y9acTKe KOCBHIX IITBOB ITOJTHOCTBIO 3aMEHEHA
TEXHOJIOTHS U O00PyIOBaHHUE, HA 70% OOHOBUIICS
nepconas. Beegen 100%-11 KOHTPOIb KaXKJ0T'O CAETAHHOI'O
B4, Pa6OTHI ABTOMATU3UPOBAHBI U KOHTPOIUPYIOTCS
HUCKYCCTBEHHBIM MHTEJUIEKTOM. BCe 3TO NO3BOINIIO
MOJIYYUTh FAPaHTHPOBAHHBIE TAPAMETPHI CBAPOYHOTO
B4 U YBEPEHHOCTD B HAJIEKHOCTH KAK KOCBIX IIIBOB, TAK 1
I'HKT BCcex rpeinjios.

KommnaHust UMEET II100AIbHBIN ONBIT IO Pa3pab0TKE
U IMIPOU3BO/ICTBY CIEIIUAJIBHBIX TPYOHBIX CUCTEM HA
ocHoBe 'HKT Kak U3 CTAHAAPTHBIX MAPOK CTAJIEN, TAK U U3
HEPKABEIOMUX CTAJIEN CITEITNAIBHBIX MAPOK.

Tpyost THKT npousBoacrsa JASON.
[Toxpenun Koncrantun ['eopruesnd, MEHEKED 11O
npoaaxke ooopygosanust, OO0 «Ixxeppu-Hedrerazosoe
060pyIOBAHUE»

KoHcraHTuH MokpenunH
Pokrepin Konstantin

B cBOEM JIOKJIa/1€ MBI ITIOCTAPANINUCH OTPA3UTD KJIIOUEBBIE
MOJIOKEHUSA O IEATETBHOCTH KOMITAHHUU
Jason Energy Technologies Co., Ltd.

Komnanwus Jason Energy Technologies Co., Ltd. ssBisieTcs
BEAYIIHUM MUPOBBIM IIPOU3BOAUTENIEM HE(PTETA30BOIO
CEPBHUCHOTIO 060pyRoBaHuA U 3amyacrer THKT,
CTPEMAMIUMCA IIPENOCTABIATD CBOUM KJIMEHTAM
KA4ECTBEHHBIC ITPOJYKTHI U yCayTIHu. C MOMEHTA CBOETO
OCHOBaHUA B 2014 roy Ha11a KOMIIAHUA IPUJECPKUBAETCA
CAMBIX CTPOTUX CTAHAAPTOB «OXpPaHbl TPYa U
OKPyKaAIoIIen cpeapl» U «KoHTposisa/aHann3a Ka4ecTBa»

Group. As of the end of 2019 the Group invested
590 mln. rubles into modernization. The company is
actively expanding its sales market. A wide network
of service shops has been developed in the Russian
Federation. In addition to the upper completion
segment, in which the Group was active in the
Russian and CIS markets, the company also tapped
the lower completion market — BHAs for multistage
completions. A licensing agreement was concluded
with one North American company, design
documentation was purchased and adapted to the
local context. As a result, the company got import-
substituting solutions in the lower completion
segment that are not inferior to the best foreign
analogues. The company offers the following: ball-
activated solution for cased wellbore or cemented
liner, full bore liner solution with mechanically
controlled ports, selective packer usable for
multistage fracturing and sand jetting operations.
The speaker elaborated on each of these three
areas, spoke about the advantages of the equipment
and its composition. Individual products and their
technological capabilities were also presented.

Mastering new types of products by ESTM.
Ruslan Saldeev, Director of sales, "ESTM"

ESTM is well known to the audience of the
conference. When establishing the company,
world experts in the field of coiled tubing were
involved, the most modern equipment was
purchased, the best specialists from pipe-rolling
factories and research institutes were selected on
a competitive basis, coiled tubing steel is supplied
from ArcelorMittal (France) and POSCO (South
Korea). Over the past three years, audits have been
carried out by reputable companies, the geography
of supplies has been expanded, and 47 long-term
contracts for the supply of coiled tubing have been
concluded. ESTM produces coiled tube with a
diameter of 25.4 mm to 889 mm and wall thickness
of 2.6 mm to 5.7 mm, including CT with the injected
logging cable.

The speaker also mentioned the use of coiled
tubing as a velocity string. Velocity string technology
provides the following benefits:

* Possibility of installation without well killing;

* Possibility of using small-diameter tubing — up to
73 mm;

Before installing, the suspension can be used for
well flushing, bottomhole area treatment and
stimulation (in one trip);

Possibility of workign at high wellhead pressure;
Possibility of fishing;

Possibility of workign in horizontal and highly
deviated wells;

» High maximum permissible internal and external
pressure;

Possibility of safe extraction (without well killing)
and subsequent running of the smaller-diameter
velocity string;

The available diameters of velocity strings are

19 t0 889 mm.
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IPEIATAEMON IPOAYKIIUH U YCIYT. MBI IPOBOJUM
MEPMAHEHTHYIO COBMECTHYIO PabOTY C BEAYIIUMU
HAYYHBIMHU YUPEKICHUAMU U TPO(PECCUOHAIBHBIMHU
OPraHU3AIUSAMU IO JAHHBIM BOIIPOCAM, TAKUMHU KaK
API, ISO, ICOTA 1 MHOTMMHU JPYTUMU. Jason Energy
Technologies Co., Ltd. C TOTOBHOCTBIO Y44aCTBYET B
HAYYHBIX UCCIIENOBAHUAX U PA3PA0OTKAX HOBBIX
TEXHOJIOTHH, [IENIBIO KOTOPBIX ABJIAETCS OOECTIEYEHNE
0€30MaCHOCTH M HAJIEKHOCTU TEXHOJOIHYECKUX
MIPOLECCOB U PAIJMOHATNU3AII U HCIIOIb30BAHUA
UCTOYHUKOB S3HEPTUU. MBI TOTOBBI IPEJIOKUTD HAIIIHUM
KJIMEHTAM YHUKAJIBHBIE TEXHOJIOTMH U3TOTOBJICHUS
T'HKT, B ToM unciie komriodutHbeie THKT, cocTosmme

U3 HECKOJIBKUX CJIOEB, U BBICOKOJIETUPOBAHHBIE
aHTUKOPpPO3HOHHBIE 'HKT, NO3BOIAIONINE TPOU3BOIUTH
PabOTEI B ATPECCUBHBIX CPENAX.

YTOOHI yJOBJIETBOPUTH MOTPEOHOCTH KJIUEHTOB, Jason
IPOU3BOAUNT F'MOKUE TPYOBI BCEX MAPOK, TUAMETPOB
TPyO U TOJIIUH CTEHOK B CTPOT'OM COOTBETCTBHUHU CO
crangaptTom API 5ST. Halra KOMITAaHUS TAKXKE OKA3bIBACT
YCJIYI'! 11O JOIIOJIHUTEIbHOM IOATOTOBKE BHYTPEHHEN
nosepxHocTu 'HKT, ycTaHOBKE re0(hpU3UIECKOrO
Kkabens B 'HKT, uncniekumu u anannsy cocrossHus FTHKT
B COOTBETCTBHUH C TOTPEOHOCTHIO HAMUX KITUEHTOB.

[ obecrieueHus 11o006aIbHOM NPOPECCUOHATBHOM
HOAJEPKKU U MPOBEACHUA KOHCYIBTALIUI B UHTEPECAX
HAIIUX KJIMEHTOB Mbl aKTUBHO COTPYAHUYAEM C
NPU3HAHHBIMUA OTPACIEBBIMH 3KCIIEPTAMU 6€3
OI'PaHUYEHUI 110 TEOTPAPUN UX TPUCYTCTBUSL.
[Ipou3BOACTBEHHBIE IMHUH KOMIIAHHH Jason
YKOMIIJIEKTOBAHBI CAMBIMHU IIEPEJOBBIMU U HAJIEKHBIMH
MOIIHOCTAMM U3BECTHBIX MUPOBBIX 6peHI0B. Kpome Toro,
MBI IPEIbABIIAEM ITOBBIIIIEHHBIE TPEOOBAHUA K KAYECTBY
MOCTABJIAEMOI'O HAM CBIPbs U KYJIETYPE IIPOU3BOACTBA
HAIINUX ITOCTABIIMKOB. Birarogaps 3TomMy, a TAKKE HAIINM
ycriexam B 061acTy R&D 1 OTBETCTBEHHOMY OTHOUICHUIO
K Tpe6OBAHMAM HAIINX KJIMEHTOB Mbl OOECIICUNBACM
CBOHM JINZAUPYIOIINE MO3ULIUH B O6JIACTU IIPOU3BOJCTBA U
cepsuca 'HKT. ITlepeoBble TEXHOJOIUHU U YCIIYTH Jason
obecreyar KaKJoMy KJIMEHTY OTJIMYHBIH OIBIT ¥ BBICOKHUE
PE3YIBTATHI AEATETBHOCTH.

C caMOro HayaJjia e TenbHOCTU KOHpepeHuui ICoTA-
Kwurar B 2015-m kommnanus Jason Energy Technologies Co.,
Ltd. ABNAETCA UX AKTUBHBIM YY4dCTHUKOM M HAJIEXKHBIM
IIAPTHEPOM.

PaszsurtHe kiaacrepHoro I'PII 1o TeEXHOJIOTHH
Plug & Perf. Mapuenko Bmajumup BraguMuposuy,
3aKpy>KHBIN JJeHUC AHATOJIBEBUY,

PVIT J10O «benopycHedrnb»

B Hacrosmee Bpems NOJABIISIONIAsl YACTh HEPTIHBIX
MECTOPOXAeHUI Pecriybnmku Benapych HAaXOAUTCA HA
IIOCJIEIHEN CTAIUU PA3PAOOTKH, IPU 3TOM OoJiee 50%
OCTATOYHBIX 34I14COB YIJIEBOAOPOLOB IIPHYPOUYEHO K
HU3KOIIPOHUIAEMBIM CJIA00PEHUPYEMBIM KOJIEKTOPAM.
AKTHUBU3ALIMS UX BBIPAOOTKH, [IOBBIIIICHUE HEPTEOTIAUU
U PEHTA6EIBHOCTD PabOoTHI (POH/IA CKBAXKUH B PYTT
I Ipou3BOACTBEHHOE O6'beIUHEHNE «BeopycHeDTh»
BO3MOXXHBI UCKJIIOYUTEJIBHO C UCIIOTIb30BAHUEM
IPOI'PECCUBHBIX METOLOB OCBOCHUS CKBAKUH U
UHTEHCU(PUKALIUU IPUTOKA — TUPABIHUYECKOI'O PA3PbIBA
IJ1ACTA.
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The speaker presented a detailed diagram of the
velocity string BHA and described the algorithm
for its operation.

Upgrade to Excellent: New Equipment in
Shinda plant. Pavel Egorov, General Manager
Russia and CIS countries, SHINDA (TANGSHAN)
CREATIVE OIL & GAS EQUIPMENT CO., LTD

The CT services market is currently facing new
challenges and requirements. The increasing
complexity of operations, larger applicable CT
diameters and fierce competition poses certain
challenges for manufacturers. SHINDA firmly sticks
to its development strategy and focuses on utilizing
modern manufacturing technologies, innovative
processes and state-of-the-art equipment with
strict quality control.

In the summer of 2019 an upgrade and
modernization program was launched at SHINDA.
Under this program the company analyzed
bottlenecks in the manufacturing process that
due to certain reasons affect the final product
quality and lifetime. The program also envisaged
installation of new equipment that would allow
manufacturing novel and unique products. The
investments were mainly aimed at design and
installation of a new production line for large-
diameter coiled tubing of various steel grades up to
160.

The speaker made special focus on the
company's second project — upgrading the bias
welding station. In coiled tubing of higher steel
grades preserving metal structure after welding
is of critical importance. Since this parameter is
also important for conventional CTs, the company
conducted comprehensive research work to
upgrade equipment and means of quality control.
All the equipment and technology were completely
replaced at the bias welding station; 70% of
personnel is also new. The company introduced
100% control of each and every bias weld. Welding
process is fully automated and AI-monitored. All
the abovementioned activities allowed achieving
guaranteed quality parameters of welding seams
and ensuring reliability of bias welds as well as CTs
of all grades

The company has global experience in
developing and manufacturing CT-based tubing
systems from both standard steel grades and
special stainless-steel grades.

Coiled tubing manufactured by JASON.
Pokrepin Konstantin, manager of sale of
equipment, LLC "Jerry-Oil and Gas Equipment"

The paper describes the key points about the
business of Jason Energy Technologies Co, Ltd.

Jason Energy Technologies Co., Ltd. is a
leading global manufacturer of oil and gas
service equipment and coiled tubing spare parts,
committed to providing its customers with quality
products and services. Since its foundation in
2014, the company's products and services have
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Bnagummnp MapyeHko
Vladimir Marchenko

B cBs131 O cnenmupUIHOCTBIO CTPOECHU S IJIOTHBIX
KapOOHATHBIX OTIOXKEHNH UCIIOIb30BAHNE
«KJIACCUYECKUX» TexXHOoorui I'PIT He B moHOU Mepe
JIA€T XKEJIAEMBIH PE3YIBTAT. [I03TOMY IOCTOSIHHOE
OpOrpeccupoBaHue TexHonoruii I'PIT BiieueT 3a CO601
AKTHBHOE PAa3BUTHE JPYTUX C(pep HEPTEROOBIIN
U CEPBUCHBIX PA0OT: OYPEHM A, 3AKAHIYUBAHUS,
KaIUTAJIbHOT'O PEMOHTA CKBA’KUH, T€O(PUNIECKUX
pa6oT. IIpr 3TOM B3aMMOCBA3b PA3JIMUYHBIX
HAMPAaBJIEHUH, IOJ00P U ONITUMHU3AIIU IPUMEHAEMBIX
TEXHOJIOTMH HEBO3MOKHBI HA OCHOBAHUH
TEOPETUUECKUX U3BICKAHUI, 2 TPEGYIOT TOIBKO
MNPAKTUYECKON PEAINBAIUHN U, KAK ITOKA34J1 HAIII OIBIT,
«TMOKOCTH» B IPUHSITHH PEIICHUH.

B goknaze 661 IPUBEAECH ONBIT OyPEHUSA U
OCBOEHM A KapPOOHATHBIX KOJUIEKTOPOB B Pecriybimke
benapyce 3a mepuog 2014-2020 rogoB, KPATKO
OMNHCAHBbI MOIITHOCTU M BO3MOXXHOCTHU PYII
«[IpOn3BOACTBEHHOE OOBEAUHEHHUE «BETOPYCHEDTD,
OCHOBHBIE UCIIOIb3YEMBIE TEXHOJIOTUH U UX
3BOJIIOIHA B 3dBUCUMOCTH OT IOJTY9dEMOT'O TEXHUKO-
3KOHOMMUYECKOTIO 3(pekTa. OnrcaHa TEXHOJIOTUS
Ksacreproro MI'PIT nipu peanusanuu padoT 1o
Plug & Perf Ha TpaJUITMOHHOM M HETPAJUITMOHHOM
KOJUIEKTOPAX, IIOJIYYEHBI IO TBEPKICHUE
BO3MOKHOCTH BOBJIEYEHU I HOBBIX HEBBIPAOOTAHHBIX
30H KOJUIEKTOPOB B IIPEJEIAX TOPU3OHTAIBHOTO
Y4Y4CTKA CKBA’KUHBI C IOMOMIBIO CO34AHUA
JOTIOJIHUTEJIbHBIX KAHAJIOB (PUJIBTPALIUH (T. €. TPEMUH
I'PIT).

Ha 0CHOBAaHUH BBIIIOJTHEHHBIX PA0OOT HAMEYEHBI
JanbHenmue nyTu passutusa PYIT dIpoussogcrseHHOE
obpeguHeHNE «BeTOPYyCHEPTD, ITTABHBIM U3 KOTOPBIX
SIBJISIETCS JOCTUKEHUE YK€ K KOHITY 2021 roza
BO3MOKHOCTH IIPOBOAUTD LUKJI paboT MI'PIT no
TexHonoruu Plug & Perf COGCTBEHHBIMU CUIAMH
(T.€. 1o/ KITIoY).

been compliant with strict standards for "Health &
Safety and Environment" and "Quality Assurance/
Quality Control". The company is continuously
working together with leading scientific centers
and professional organizations on following these
standards, such as API, ISO, ICOTA and many others.
Jason Energy Technologies Co., Ltd. is committed
to conducting research and development of
new technologies aimed at ensuring the safety
and reliability of operation procedures and
improving the efficiency of using the energy
sources. The company is ready to offer its clients
unique coiled tubing (CT) technologies, including
composite multi-layered coiled tubing and high-
alloy corrosion-resistant coiled tubing allowing
operation in challenging conditions.

In order to meet customer needs, Jason
manufactures coiled tubing of all grades,
pipe diameters and wall thicknesses in strict
compliance with API 55T standard. The company
also provides services for additional treatment of
the inner surface of coiled tubing, installation of
logging cable in CT, CT inspection and analysis
according to the clients needs. The company is
in active partnership with recognized industry
experts from around the world to provide
global professional support and advice for the
benefit of its clients. Jason's production lines are
equipped with the most advanced and reliable
equipment manufactured by leading global
brands. In addition, the company established high
requirements to the quality of the supplied raw
materials and production standards followed by
the suppliers. These requirements together with
the company’s success in R&D and commitment
to the customers demands resulted in the leading
position in CT manufacturing and CT services.
Jason's advanced technologies and services will
provide each client with an excellent experience
and high-performance results.

Jason Energy Technologies Co., Ltd. is an active
participant and reliable partner of the ICOTA-China
since the first conference in 2015.

Development of cluster hydraulic
fracturing using Plug & Perf technology.
Vladimir Marchenko, Denis Zakruzhny,

RUE Belorusneft

At present, the overwhelming majority of oil
fields in the Republic of Belarus are at the last
stage of development, while more than 50% of
residual hydrocarbon reserves are confined to low-
permeability weakly drained reservoirs. Production
from such reservoirs, enhanced oil recovery and
profitability of the well stock in RUE “Production
Association “Belorusneft” is possible only with the
use of progressive method of well development
and inflow stimulation — hydraulic fracturing.

Due to the specific structure of dense carbonate
rock, the use of conventional hydraulic fracturing
technologies does not yield the desired results.
Therefore, the constant progress of hydraulic
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IToBegeHHEe PACTBOPHUMBIX CILIABOB M H3€/IHH
M3 HUX B 3200 HBIX YCIIOBHUAX. [IeMAaHCKUIT A,
MuxanuupiH Erop Onerosud, zUPEKTOP 110 PA3BUTUIO
ousHeca, OO0 «Oin DHEPIKU»

HecMOTps HA TO 4TO U3JEIMN U3 PACTBOPUMBIX
METAJIOB HIUPOKO UCTIONb3YIOTCSA B HE(PTETA30BOMU
OTPACJIH, BCE €IIE HEAOCTATOYHO U3YyUYEH BOIIPOC
COBOKYITHOI'O BJIMSIHUS BHYTPUCKBAKMHHBIX YCJIOBHUH
H4 CKOPOCTbD U XAPAKTEP PACTBOPECHUS U3ACIUI B
CKBakuHE. OCOOEHHO OCTPO 3TA IPOOIEMA ITPOSABIIAECTCS
IIPU IPOIHO3UPOBAHUU BDEMEHHU PACTBOPEHUS IIAPOB
MI'PIIL. O6mIENPUHSTHIE METOJUKU UCITBITAHNUH IAPOB
MI'PIT Ha CKOPOCTDb PACTBOPEHUS HE ITO3BOJIAIOT C
JOCTATOYHOM TOYHOCTDBIO CIIPOIHO3UPOBATD IBA
BAKHEHNIIHNX 181 HEAPOIIOIb30BATEIICH ITapAMETPA:
BpEMs, B TEYEHHE KOTOPOTI'O AP COXPAHAET
CIIOCOOHOCTb OOECIIEUYUBATD 'H/IPABINUECKYIO
N30/ UI0 UHTEPBAIOB I'PIT, 11 BpeMs HoHOro
PaCcTBOPEHMS IAPA.

B gaHHOM paboTe pacCMOTPEHA 3aBUCUMOCTb
CKOPOCTH pacTBOpenus mapos MI'PIT ot reomeTpun
y3J14, B KOTOPOM IIPOUCXOJUT PACTBOPEHME,
TEMIIEPATYPBI HAT'PEBA y3J14, JABJICHUSA B CKBA)KUHE,
BJIMSTHUE PA3JIMYHBIX TEXHOJIOIMYECKUX CPELL.
IIpennoxeHa METOANKA NCTIIBITAHWI, IIO3BOJIAIONAA
Y4eCTb COBOKYIIHOE BJIMSHUE BbILIECIIEPEYNCACHHbBIX
(dakTOpOB HA pacTBOpPeHUe mapos MI'PIL. Pa6ora
NpeACTaBIEHHON METOAUKU IIPONJIIIOCTPUPOBAHA
Ha IIPUMEPE BATNIAITUOHBIX UCIIBITAHUH 1apa MI'PITT
JuaMeTpoM 71 MM BO BHYTPHUCKBAKUHHBIX YCIIOBUAX.

OpueHTHPOBAHHOE OypeHHEe OOKOBBIX
OTBETBJIEHHUH. A/IblIrapees Mpek Harumosuy, INIaBHbBIA
unzxkeHep OO0 «TarpaC-PemCepBuc» IpeipusaTHE
«AKTIOOMHCKPeMCepBrc»; Cepreit ATpyLIKEBHY, IVIABHBIA
KOHCTPYKTOP — IIEPBBIH 3AMECTHUTEND JUPEKTOPA,

C3AO «HoBunka», I'pyrirma GPU/

B dpoxkyce nokana 6p1a pacCMOTPEHA TEXHOJIOTUSA
OypEHNA FOPU3OHTAIBHBIX OTBETBIECHUN
MaJIOT'O IMAMETPA C TOYKH 3PEHUA U3BJICYEHUA
TPYJHOM3BJIEKAEMBIX 3A11ACOB U3 HEOAHOPOJAHBIX
IUIOTHBIX KOJUIEKTOPOB. B mocieHee BpemMs BEKTOP
pa3padoTku ITAO «TatHE)TH> CMEMAETCA B CTOPOHY
MECTOPOXKIEHNH, CJIOKEHHBIX KAPOOTATHBIMHU
NOPOJAMH, OTHOCAIIUMHUCA K KATETOPUH
TPYAHOU3BIIEKAEMBIX, C OOIIEH JOJIE HEU3BJICYEHHBIX
3a1acoB 57%. O06Mm1as OIS U3BJCYEHHBIX 321TACOB
cocrasiseT 21%. ITponecc pa3zpadoTKU OCIOXKHAETCS
HAJIMYUEM ECTECTBEHHBIX TPEMIUH, TPOCTUPAIOIIUXCA
B BEPTUKAJILHOM HAIIPABJIEHNH, OTCYTCTBUEM CUCTEM
TIT1/T ¥ 6TU3KUM PACTIOTIOKEHUEM BOJOHACHIIICHHBIX
IUIACTOB, YTO B COBOKYITHOCTH YBEJIMYUBAET PUCKHU
MIPOPBIBA IJIACTOBOM BOJIbL, OCOOEHHO IPYU NPUMEHEHUH
METOJOB CTUMYJIALIUH IIACTA. BaXKHO NOJYEPKHYTh,

YTO 3HAYUTE/IbHAS /IO KAPOOHATHBIX OOBEKTOB
Pa3pabOTKU SKCILIYATUPYETCS C IPUMEHEHUEM CKBAXKUH
C OTKPBITBIM TOPU30OHTAIbHBIM OKOHYaHUEM, B KOTOPBIX
MHOTOKPATHBIE KUCJIOTHBIE OOPA6OTKU CO BPEMEHEM HE
IIPUHOCAT 3KOHOMHUYECKU OOOCHOBAHHBIX PE3Y/IBTATOB U
HMEIOT HEJOCTATOYHYIO [IPOAOJIKUTEIBHOCTD A(pPeKTA.
B xoMnaHuu «I'aTHEPTH> COBMECTHO C 3aKA34YUKAMU ObLIT
PEaNIN30BaH NPOEKT OYPEHHS KAHAJIOB MaJIOr'O AUAMETPA
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Erop MuxanuubiH
Egor Mikhalitsyn

fracturing technologies entails active development
of other areas of oil production and oilfield
services: drilling, completion, well workover,
logging. At the same time, the interconnection of
various directions, selection and optimization of
the applied technologies is impossible on the basis
of theoretical research only, but requires practical
implementation, and, as our experience has
shown, "flexibility" in decision-making.

The presentation provided an overview of the
experience in drilling and developing carbonate
reservoirs in the Republic of Belarus over the
period of 2014-2020 and briefly described the
capacities and capabilities of RUE “Production
Association “Belorusneft”, main technologies
used and their evolution depending on the
obtained technical and economic effect. The Plug
& Perf cluster multistage fracturing technology
on conventional and unconventional reservoirs
was described, and there was obtained the
confirmation of the possibility of involving
new undeveloped zones of reservoirs within
the horizontal section of the well by creating
additional filtration channels (i.e. hydraulic
fractures).

Based on the operations performed, further
development paths of RUE Production Association
Belorusneft were outlined, the main of which is to
achieve by the end of 2021 the ability to carry out a
full cycle of Plug & Perf technology on its own
(i.e. on a turnkey basis).

Behavior of soluble alloys and products
made from them in downhole conditions.
A. Peshchansky, Egor Mikhalitsyn, Business
Development Director, Oil Energy LLC



C IIOCIEAYIOEN JUHAMUYECKON CTUMYJIALIUEH.

B nporniecce TeCTUPOBAHMS OBLIHA OIIPOOOBAHEI
Pa3IUYHBIE IPUEMBI CO3/IAHHUS KAHAJIOB — OT CO34aHU
HECKOJIBKUX KAaHAJIOB HEOOJIBIION IINHBL (30—50 M)

[0 €JUHUYHBIX KaHAJIOB AJIMHOM 100 M. Hannyumwue
PE3YABTATEI MOKA32JI0 CO3[JaHUE OOJIEE TPOTAKEHHBIX
KaHAJI0B JNIMHOM 0K0JIO 100 M. [IpupocT 1edura
cocraBuil 195%. BaxkHOE 3HAYEHUE C TOYKHU 3PDEHUS
PE3YABTATUBHOCTU UMEET OUUCTKA KAHAJIOB OT YACTHI]
BBIOPAHHOM NOPOALBL [TpOCTas 3aKa4Ka KUCIOTHI B
KaHaJI IPUHOCKHIIA HA 40% MEHBIINN PE3YIIBTAT 11O
CPAaBHEHUIO C IIOJIHOLEHHOM I'MIPOMOHUTOPHOM PE3KOM
MIPU BEICOKOM JIABJIEHUH B IPOOYPEHHOM KaHaie. [Tpu
3TOM C YBEJIMYEHUEM Y ENBHBIX OOBEMOB KHUCJIOTHI € 40
110 200 71 Ha METP U IITyOHHBI BO3JIEUCTBUS HAOIIONAIICS
3HAYUTEBHBIA IPUPOCT JOOBIYH. BasKHBIM (DAKTOPOM
ABJIAETCS OTKJIOHEHUE KAHAJIA OT OCHOBHOT'O CTBOJIA.
He60/bIoi CyMMapHBIH OTXOZ, HOBOT'O KaHAIA OT
32604 (10 5 M) JA€T HE3HAYNUTEIbHBIN PE3YIBTAT 11O
CPAaBHEHUIO C KAHAIAMU, UMEIOIHUMHU OTXOJ, 5 M U
oonee. PazHuIa B yBEIMUYEHUU IIPUPOCTA AEONUTA HEPTH
COCTABJIAET COOTBETCTBEHHO 95 1 180%. OTH UPPHI
OBbLIN 32(PUKCUPOBAHBI JIJIA AAJIBbHENIIETO AHAIN3A.

B pesynbrare NpOBEJEHHBIX PAOOT ObLIA HAIYTIAHA
ONTUMAIbHAA KOMOMHAIINA TEXHOJIOTNYECKUX
pelteHun npu 6ypeHNH 6OKOBBIX KAHAJIOB, OIPEEICHbI
NOTEHIUAIBHBIE TOYKHU POCTA. B mIporiecce peanusanuu
npoekTa opuu nposeensl HUOKP 1o co3panuio
HAY4YHO-TEXHHUYECKOU NPOoAyKI UK. B auBape 2019

rojia 6bl1 3aKJ1104Y€EH JOroBop ¢ C3AO «HOBHHKA» 11O
PEANN3AUH ONIBITHBIX PA0OT IO CO3JJAHUIO0 KOMIIOHOBKH
1o ynpasiasgseMomy 6ypenuto Ha THKT. B noknaze 6b11
JIaH IOJIHBIM COCTAB KOMITOHOBKH JIJISL HAIIPABJIEHHOTO
OypEHUS, 4 TAKXKE HA3EMHOI'O OOOPYIOBAHUSL, OTMEYECHBI
OCOOEHHOCTH U IPEUMYIIECTBA OTAEIBHBIX MOJYJIEN.
[lepeuncnena noCaeA0BATEIbHOCTb PA0OT. [JaipHENHIIEH
TOYKOH POCTA TEXHOJIOTUH ABJIAETCS KOITIOOMHIOBOE
OypEHUE U3 OOCAKEHHBIX SKCILIyATAIIMOHHBIX KOJIOHH
U CKBAKUH M BO3MOKHOCTD OYPEHHA U3 BEPTUKATIBHBIX
CKBA)KUH C paInyCcOM OypeHus MeHee 20 METPOB.

Ycnenrnas peaausanusi pe3depoBaHHUS IPOOOK
B IIE€PBBIX HETPASHITHOHHBIX TOPH30HTAJIBHBIX
Ia30BBIX CKBA’KHHAaX IIPH BBICOKHX JaBJICHUAX
10 15,000 psi 1 BBICOKHX TeMIeparypax B OAD.
[IpazkaxTa KyJIKapHU, MEHEZKED I10 IIPOJAKaM;

Tumyp CabUTOB, MEHEPKED MO NPOAAXKAM BOocTOUHOE
nosrymapue, Tenaris Coiled Tubes

Pa3paboTKa HETPAANLIMOHHBIX 3411ACOB I'a3a B OAD
HAXOJUTCS IIOJ] BJIUSTHUEM PACTYILEIO CIIPOCA Ha
I'a3 H4 MECTHOM PBIHKE. HecMOTpst HAa MHOTOJIETHHE
HUCCJIEJOBAHM S I'A30BbIX IIJIACTOB, B KOJUIEKTOPAX
OCTAIOTCS 6OJBIINE HEPA3PAOOTAHHBIE 3a11ACH] I'A34.

J7151 pa3pabOTKU 3TUX HETPAAULIMOHHBIX 3411ACOB
IIPUMEHAETCA MHOI'OCTAAUIMTHBIA T'UIPOPA3PHIB I1J1ACTA
B TOPHU30HTAJIbHBIX CKBAKUHAX. JJaHHAS TEXHOJIOI' U
C0O3/1aJ1a BBICOKHU I CIIPOC HA TAKOE OOOPYAOBAHUE 1151
HU30JISITUH UHTEPBAJIOB, KAK MOCTOBBIE IIPOOKU 1 TPOOKHU
I'PTI. [17151 BBO/IA CKBAXKHMHBI B 9KCIITyaTAITHIO HEOHXOJUMO
3(PPEKTUBHO U OBICTPO YAATUTD TU IPOOKU U3
CKBaKMHBL Ha O0BIINHCTBE CKBAXXUH I'PIT IpOBOAUTCS
1o TexHosornu Plug & Perf, koTropas TpebyeT

Despite the fact that soluble metal tools are
widely used in the oil and gas industry, the
cumulative effect of downhole conditions on the
rate and pattern of product dissolution in the well
is still poorly studied. This problem is particularly
acute when predicting the dissolution time of
balls for multistage fracturing. Generally accepted
methods of testing fracturing balls for dissolution
rate do not allow forecasting two most important
parameters with sufficient accuracy: the time
period when the ball provides hydraulic isolation
of fracturing intervals, and the time period of
complete dissolution of the ball.

This paper describes the dependence of the
ball dissolution rate on the shape of the seat
profile where dissolution occurs, temperature and
pressure in the well, the impact of different process
fluids. A test methodology is proposed to take
into account the combined effect of the above-
mentioned factors on the dissolution of fracturing
balls. Validation tests of 71 mm diameter ball in the
wellbore conditions are presented as an example of
the proposed method.

TECHNOLOGIES

Oriented lateral drilling. Irek Adylgareeyv,
Chief Engineer "TagraS-RemService" enterprise
"AktyubinskRemService", Sergey Atrushkevich,
Chief Designer — First Deputy Director, Novinka
CJSC, FID Group

The presentation was focused on the technology
of drilling small-diameter horizontal laterals
to extract hard-to-recover reserves from
heterogeneous tight reservoirs. Recently, the
operational vector of TATNEFT has been shifting
towards fields composed of carbotate rocks that
are classified as hard-to-recover ones with a total
share of unrecovered reserves of 57%. The total
share of recovered reserves is 21%. The process
of reservoir exploitation is complicated by the
presence of natural fractures extending in the
vertical direction, the absence of reservoir pressure
maintenance systems and the close location
of water-saturated formations, which together
increase the risks of water breakthrough, especially
when using reservoir stimulation methods. It
is important to emphasize that a significant
proportion of carbonate target production zones
are operated using open-hole horizontal wellbores,
in which multiple acid treatments do not bring
economically feasible results and their effect
does not last sufficient time. TATNEFT, together
with its customers, implemented a project of
drilling small-diameter channels with subsequent
dynamic stimulation. In the process of testing,
various methods of creating channels have been
tried — from creating several short-length channels
(30-50 meters) to single channels
100 meters long. The best results were shown by
the creation of more extended channels of about
100 meters long. Well yield increased by 195%.
Cleaning channels from rock particles is important
to achieve better performance. Simple injection
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npusnedeHus THKT ¢ ruipaBinydeckum 3a60MHbIM
JIBUTATEJIEM /151 PA30YPHUBAHUS KOMIIO3UTHBIX IPOOOK
nocne I'PIT.

B manHOM CcTaThE NIPEACTABIEHBI KOMITJIEKCHBII
MEK/IUCIUIIIMHAPHBINA MTOJXO/] K ONTUMU3AITUN
Paboyero NpoIecca, Hoa60p HEOOXOAUMOTO
060PYJOBAHUSA JIJISI CKBAXKUH CO CJIOKHBIMH YCJIOBUSIMH,
IPOLECC Pa30ypUBaAHUA NPOOOK, PACCIUTAHHBIX HA
nasneHue 100 MITa, paboTa € 3aKAYKOU XKUJKOCTU IO

3aMKHYTOMY KOHTYPY. OCHOBHBIMU CJIOKHOCTSMHU OBLIH:

noabop 'HKT 1151 paGoThl B BBICOKOCEPHUCTOU CPEJIE,
06€eCIrIeYeHNE MAKCUMAJIbHOM CKOPOCTH ITPOXOJKU U
3(pPEKTUBHON TPOMBIBKU IIPU PA36yPUBAHUU IIPOOOK
Ha 100 MITa. TakKe B CTATHE AAIOTCS PEKOMEHAIINHU 10O
IUTAHUPOBAHHUIO PA6OT, KOHCTPYKIIMHU (Ppe3a, TOJ00PY
JIBUTATEJIST, YACTOTE U CKOPOCTH NPU MIAOJIOHUPOBKE

Ckorr!d
Scott Sherman

CTBOJIA, TPOOIEMAM IPU Pa36yPHUBAHUHU C TIPOMBIBKOM
M0 3aMKHYTOMY KOHTYPY U IIJTAHAM JIMKBHUAIIUHA
aBapUIL B CTaTbe NPEICTABIEHBI PE3YIBTATHI IOJIEBBIX
PaboT B TPEX CKBAXKUHAX.

KOJITIOOHHTI IIOBBIIIEHHOM HATEKHOCTH — KAK
IOBPEKJEHH A OT IIPOCKAIb3BIBAHHUA TPYObI
BJIMAIOT HA CPOK ee ciy>k0561? CKoTT lllepMaH,
TEXHU4YeCKUI Jupekrop, Nexus Energy Technologies Inc

C MoMeHTa Havaa ucnonb3oanud 'HKT u3
3aKAJIEHHOW CTAJIH HEOJJHOKPATHO BO3HHUKAJI BOIIPOC:
HY>KHO JIM CHIETUATIBHOE OO60PYAOBAHUE IS PAOOTEHI C
TAKOI BBICOKOIIPOYHOM TPy60It? [Ipu paboTe ¢ TAKUMH
TUOKUMH TPYOAMH ILIAIIKH IIPOTUBOBBIOPOCOBOT'O
MPEBEHTOPA JOJIKHBI ObITh IIPOYHEE JJI HAJIEXKHOTO
34XBAT4 U CPE3AHUA TPYODL MICIIBITAHUA ITOKA3aJI1, 4YTO
B OOJIBIIIMHCTBE CIYY4€B CTAHJAPTHBIE IPEBEHTOPHI
06eCeYnBAIOT JOCTATOYHOE YCHUIINE [T 3AXBATA U
Cpe3aHusi THOKOU TPYObl M3 3aKAJIEHHOM CTAJIH.

BosHukaeT BOIPOC: HACKOJIbLKO CUJIBHO BO3JCHCTBUE
IUTANIEK IIPEBEHTOPA U OOBIIOIO BECA BJIUAET HA
YCTAJIOCTHBIN U3HOC TAKOM TPyObI?

B anHOM cTaTbe NIpeCTaBICHbI PE3YIbTATHI
MOCJIEJHUX UCTIBITAHNUH 'HOKOI TPYObI U3 3aKAJIEHHON
CTAJIM U CPABHEHME C PE3YJIBTATAMH UCTIBITAHUI
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of acid into the channel brought 40% worse
result compared to full-fledged high-pressure
jetting in the drilled channel. Oil production
raised considerably with the increase of acid
volumes from 40 to 200 liters per meter and with
deepening of the treatment. The deviation of
the channel from the main wellbore proved to
be an important factor. Small deviation of a new
channel from the bottomhole (up to 5 meters)

is less efficient compared to the channels with
more than 5 meters of deviation. The difference
in the additional oil production is 95% and 180%
respectively. These figures were recorded for
further analysis. As a result of all these operations
the optimal combination of technological
solutions was discovered and potential growth
points were identified. In the course of the project
implementation, research and development was
carried out aimed at creating new products. In
January 2019 a contract with Novinka was signed
that envisaged experimental works to invent a
BHA for steerable CT drilling. The presentation
contained information about the composition of
the directional drilling BHA, surface equipment,
and about features and advantages of individual
modules. The sequence of works was also listed.
Further growth point of this technology is coiled
tubing drilling from the cased production strings
and wellbores and the possibility of drilling from
vertical wells with a drilling radius of less than 20
meters.

Successful Execution of Closed
Loop Milling of 15K Frac Plugs in First
Unconventional HPHT Horizontal Gas Wells
in UAE.

Prajakta Kulkarni, Technical and Sales; Timur
Sabitov, Sales Manager Eastern Hemisphere Line
Pipe CRA, Tenaris Coiled Tubes

UAE Unconventional gas exploration efforts
are influenced by growing local gas demand.
Horizontal multistage fracturing comes as
technology enabler to unlock gas reserves that
have been unexplored in spite of many years of
organic rich reservoir studies.

To produce these HPHT unconventional gas
reserves multi-zone fracturing techniques being
used. These fracturing techniques has created an
increasing need for zonal isolation devices, such as
composite bridge and frac plugs. Bringing the well
on production requires these plugs to be removed
effectively and timely. The majority of the wells
completed using plug and perf method, which
requires coiled tubing with a positive displacement
motor to mill out composite plugs after fracturing
operations.

This paper will discuss about the integrated
multi-disciplinary approach for asset optimization,
choosing the right equipment for highly
challenging wells, execution of 15 k plug milling
jobs and close loop flow back system. There was
challenge to select coiled tubing string selection



CTAaHJJAPTHOI T'MOKOU TPYOBL B paMKaxX UCNIBITAHUH
THKT guamerpom 60,3 MM 6bLIa YCTAHOBJICHA B

IUTAIIKY IIPEBEHTOPA, IOCJIE YETO K TPyOE Obl1a
IPUIOKEHA HATPY3KA HA HATSKEHUE 454 T. 3aTEM

OBLTH IPOBEJEHBI UCIIBITAHUS ITOM XKE TPYObI HA

M3TUO C LEBIO UCCIEAOBAHNUS MAKCUMAIBHOI'O [IUKJIA
U3TUOOB, KOTOPBIE MOKET BBIJIEPAKATD YIACTOK TPYOBI CO
CJIegaMU BO3AEUCTBUS IUIAMIEK., 111 UCITBITAHUS ObLIN
HUCIIOIb30BAHBI THOKHE TPYOBI M3 3aKAJIEHHOH CTAJIN
4YETBIPEX I'PYIII IPOYHOCTH. B Ka4eCcTBE OPUEHTHUPA ObLIT
ucnosnb3osaH oopasen THKT rpynmner npouynocTtu 100.
Lenpio JAaHHOU PabOTHI ABASETCS JEMOHCTPAIUS TOTO,
4TO NPHU PAOOTE C BBICOKOIIPOYHBIMU THOKUMU TPYyOaMU
MOKHO UCHIOJIb30BATh COBPEMEHHBIE TPEBEHTOPBL.
Taxske B pabOTE ONPE/ICIICHO BIMSHUE BO3JECUCTBUS
TUTANIEK HA YCTAJIOCTHBIA U3HOC TPYO.

Byayuee y>ke HacTynuiIo. dddexrusHoe
HCIIOJIb30BAHHE H 0€30IIACHOCTH HA ydacTke I'PII -
aBTOMAaTHU3HPOBAHHBIH yyacTOk I'PII.

Yaj Ban Byckepk, CrieiuanncT B 06J1aCTH UHHOBAITU,
KCHEPT IO UHTEJUIEKTYAIbHBIM YCTHEBBIM CUCTEMAM

ABTOMaTHU3a U PA60YUX IPOIECCOB HA YCTHEBOU
omaaxe npuy rnposegenuu I'PIT TpaauiinoHHO
SBJISETCS CJIOKHOM 33]a4€U U3-3a TIOCTOSTHHOU CMEHBI
CXEM PACCTAHOBKH HA YCThE, CKBAXKUHHBIX YCIOBUH,
060pyAOBaHNS U NOCTABIUKOB. ot I'PIT ob6namaer
BBICOKOM MOOWJIBHOCTBIO, YCTBEBOE OOOPYIOBAHHE
YCTAHABIUBAETCA TOJIBKO BDEMEHHO. JINKBUIAIUA
aABAPUIL, TPOUCXOAAIINX U3-34 YEJIOBEYECKOTO (PAKTOPA
npu nposegennu I'PIT o rexnonorum Plug & Perf, moxeT
OBITb IPUYUHOI IOTEPH THICAY JJO/IJIAPOB U HECYACTHBIX
CJIy44€B, KOTOPBIX MOKHO OBLIIO U30€KATD.

1o aHaI0TUHU C IPOLECCAMHU NIPUHATHUSA PEIEHUI
B CMEXHBIX OTPAC/ISIX OCHOBHOM 33/1a49€i OObIYHO
ABJIAETCS MUHUMH3ALUA PUCKA — IPYTUMHU CJIOBAMH,
ABTOMATHU3A1IMA IIPOLECCA U COKPAIEHNE BIUAHUA
4eJIOBEYECKOTrO (paKkTOpa. KaK IIpaBUIIOo, y JOOBIBAIOMUX
KOMMAHHWI HET MOJHBIX ¥ TOYHBIX JAHHBIX O CJIOXKHBIX
BHYTPHCKBAKUHHBIX PA00TAX, KOTOPBIE IPOBOAATCA
OJHOBPEMEHHO. [TO3TOMY 3arpy3UTh 3TH JAHHBLIE B
KOMIBIOTEPDBI UJIA AJITOPUTMBI JIJIS1 ABTOMATHU3A1IMU HE
NPEJCTABIAECTCA BO3SMOXHBIM. 111 3TOr0 HEOOXOAUMO
Pa3padoTaTh CUCTEMY COOPA JAHHBIX, KOTOPAs
obecreynT 6eCpeLeEHTHBIN YPOBEHD TOYHOCTH,
HAJIEKHOCTU U HENPEPBIBHOCTH. DTO MTO3BOJIUT
4ABTOMATHU3UPOBATH PAOOYME POLECCHI MU UCKITIOUYHTD
4EeJI0BEYECKUI (PAKTOP.

[ nupposruzaniy paboTel C 060PYAOBAHUEM JJIs1
KOHTPOJIA AABJIEHUA 6bLIA PA3pa60TaHA TEXHOIOIUA
onpeiesIeHUs HAJTUYNA KA0€eJIA B IPEBEHTOPE, KOTOPYIO
MOT'yT UCHOJIb30BATh KAK IOOBIBAIOIIUE, TAK U CEPBHUCHBIC
KOMIAHUM. 3aTEM PA3PA6OTAHHYIO TEXHOJOTHUIO
COBMECTUIIN C CUCTEMOH OJIOKMPOBKU 33/IBUXKEK, B
PaMKaxX KOTOPOM IPU BBIXO/E OCHOBHBIX IAPAMETPOB
34 FPAHMIBI JOITYCTUMBIX IIPEJIEJIOB IIPOUCXOAUT
34KPBITHE 33/IBIKEK, YTO JAET BO3MOKHOCTD BBIOPATh
06€30MaCHBIN BAPUAHT JAIbHENITNX ICHCTBUIL. 3aTEM
TEXHOJIOTHIO YCOBEPIIEHCTBOBAIN U BKITIOYMIIN
BO3MOXHOCTD ITOJTyYEHU S JAHHBIX CO BCEX JATUYUKOB
HA4 IJIOIIAJKE B PEXKUME PEAJIBHOI'O BDEMEHU.
O6'bEeJUHEHHBIE JAHHBIC, TIOJTyYEHHBIC B PEAJIBHOM

due to high H?S, efficient methodology by
achieving max ROP for milling 15 K hard plugs

and achieving effectual debris cleanout. It will also
guide best practices and recommendations for pre
job planning, mill design, motor selection, wiper
trip frequency and speed, challenges faced while
milling in closed loop system & contingencies with
proven operational results in three wells.

Yan BaH byckepk
Chad van Buskirk

High Strength Coiled Tubing - How Is
Fatigue Life Affected By Slip Damage?

Scott Sherman, Engineering Manager, Nexus
Energy Technologies Inc

Since the advent of quenched and tempered
coiled tubing, there were discussions about the
use of coiled tubing with increased reliability. Is
there a need in special handling equipment for a
stronger and therefore heavier CT? Harder coiled
tubing means that the BOP must have slip rams
strong enough to hold the tube and shear blades
hard enough to cut the tube. Tests have shown
that in most cases the available BOP components
are sufficient to grip and cut high-strength coiled
tubing.

The presentation highlighted the results of
some recent tests of Q&T coiled tubing versus
conventional one. Four grades of high-strength
coiled tubing, as well as a basic sample of 100-
th grade CT were tested. It has been proven that
modern BOPs can grip high-strength coiled tubing,
and the effect of slip damage on coiled tubing
fatigue life has been shown.

The Future of Operational Efficiencies

and Safety on a Fracturing Site is here —
The Automated Frac Site, Chad van Buskirk,
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BPEMEHHU, IO3BOJISJIN IPOBECTU IIPOBEPKY COCTOSHUSA
060PYJOBAHUA. DTO OOECTIIEYNIIO BBICOKUI YPOBEHD
HA/Ie>KHOCTH TEXHOJIOTUU, UTO SIBJISIETCS BAXKHEUIITUM
(PaKTOPOM JIJ151 ABTOMATHU3AIIUHU OCHOBHBIX IPOIIECCCOB.
Ha Texkymuit MOMEHT NOATBEPKACHUE BCEX OCHOBHBIX
MPOLIECCOB HEPE MPUHSATUEM BAXKHBIX PEIICHUH
HPOU3BOAUTCS C ITOMOIIBIO IM(PPOBOU MOJIUCU. DTO
CBITPAJIO KJIIOYEBYIO POJIb AJIS1 CO3/IaHUS AaBTOHOMHOI
TJIOIAIKHU A1 IposeeHus ['PIT.

YcrenHoe u3BJI€Y€HHE KOJIOHHBI,
YCTAaHOBJIEHHOH JJIs1 TEXHOJIOTHH Velocity String
— aHaIM3 npuMepa Ha bianxkaem Bocroke. Pycrem
CyHAaraTroB, KOOPJUHATOP MO PAOOTE C 3aKA3UNKAMU
KONTIOOMHT 2, JIlmoMb6epxe»

J1J151 NOBBIIIEH A 1EOMTA JOOBIBAEMON IPOLYKIIUHA
U NIPENYTIPEXKIEHUA OOPA3ZOBAHUA XKUJIKOCTHOM
NPOOKHU B Ia30BOI CKBA’KMHE OBLIIO IPUHATO
pemenne ycraHoBuTh THKT quameTpom 60,3 MM
JUIMHOM 4328 M B Ka4eCTBeE TU(PTOBOH KOJIOHHBL
[Tocne yCrnenHoM yCTAHOBKU JIEOUT CKBAKHUHBI
HOJIEPKUBAJICA HA 1IEJIEBOM YPOBHE HA IPOTAKEHUHU
HECKOJIBKHX JIET. 3ATEM JJOOBIBAIOMIECH KOMIIAHUEH
OBLIO IPUHATO pemenue u3siedb 'HKT, TOCKONBKY
3TO GBI MUJIOTHBII IPOEKT IO YBEJIUYEHUIO 1€OUTA
C IOMOUIBIO JIM(PTOBOU KOJTOHHBL. OCHOBHBIMU
CJIIOKHOCTSIMU IIPU U3BJICYEHU N JIU(PTOBOU KOJIOHHBI
ObL1a €€ 60IbIIAA UIMHA U TOT (DAKT, YTO OHA
HaXOJMJIACH B BLICOKOCEPHUCTON cpezie (CO,;:

40 000 mry/m, H,S: 40 mr/m) 60nee Tpex aeT. B kayecTse
MaTepuaIa st TA(PTOBON KOJIOHHBI ObLIa BBIOpAHA
HU3KOYIVIEPOAUCTAS CTAJIb C IPEAETIOM IPOYHOCTHU
620 MIla, KOTOPAsi BBIACPKUBACT CYIbPUTHOE
KOPPO3HUOHHOE PACTPECKUBAHUE MO/ HATPSKEHUEM.
J17151 U3BJIEUYEHUS KOJIOHHEI ObI/IA yCTAHOBJICHA BBIIIKA
JUIs1 OOECTIEUEHM S IOCTYITA IIEPCOHATIA BO BPEMS PE3KU
TPYOBI M U3BJIEYEHH A 3A00MHON KOMIIOHOBKH.

W3BieuyeHne MTOBOIM KOJIOHHBI OBLIIO BBIITIOJIHEHO
33 HECKOJIBKO CTaaui. CHa4aJ1a B CKBAXKUHY ObLI
CITyIIEH KAHAT JIJIS1 YCTAHOBKH OOPATHBIX KJIATIAHOB
H4 HHMKHEM KOHIIE IM(PTOBOU KOJIOHHBL 3aTEM, IEPE]]
MOHTak0M 060pyoBanusd 'HKT, 66110 TpoBEAEHO
UCHBITAHUE OOPATHBIX KJIANIAHOB. [Tociie 3TOro 6611
NPOU3BEJIEH MOHTAXK YCTaHOBKM HKT u criyck B
CKBAKUHY MHCTPYMEHTA JUIS1 U3BJICYEHU 1 TN(DTOBOU
KOJIOHHBI € npogpuiem GS. MHCTPYMEHT BOLIE]I B
3aLEIUIEHUE B TPO(PUIb YCTAHOBJIEHHOM KOJIOHHBL.
Janee npsiMbIM HATSIKEHHUEM ObLJI IPOU3BE/ICH CPBIB
MaKePa, YAEPKUBAIOMIETO JIN(PTOBYIO KOJOHHY. [Tocne
3TOTO TUMPTOBAS KOJIOHHA BMECTE C TAKEPOM ObLIa
U3BJICYEHA. BCS KOMIIOHOBKA yIEPKUBAIACH TPYOHBIMU
IUTAMIKAMH IPEBEHTOPA. [TOCIe HEOOXOUMBIX
UCHBITAHUI HA IPUTOK ObLJIO IIPOU3BEAECHO OTKPBITHUE
MPEBEHTOPA U CPE3AHUE TMOKOU TPYOBI HAXE
nakepa. [locne pazpeMHEHNA BCEX KOMIIOHEHTOB
OBbLJI CMOHTHPOBAH BHYTPEHHUI KOHHEKTOD /151
coepuHeHud paboueri THKT ¢ 1@ TOBOM KOTOHHOM.
B pesynbrare mn@TOBas KOJIOHHA ObLIa O€30IIACHO
MU3BJIEYEHA HA IOBEPXHOCTD.

ITocse n3BneyeHUs 3a00HHON KOMIIOHOBKH
J(TOBOM KOJIOHHBI OBLIIO IPOU3BEICHO
pazbeIUHEHNE OBICTPOPA3BEMHOIO COETUHEHUA

54 Ne 2 (076) Viions/June 2021

Innovation Subject Matter, Intelligent Wellhead
Systems Expert

Historically, it has been a challenge to consider
automating processes on a fracturing site.
Numerous challenges such as inconsistent
layouts, environments, equipment and companies
assembled on these ‘mobile/temporary plant sites’
have delayed the automation of critical procedures.
Human caused incidents on a plug-and-perf
fracturing operation have led to: diversion of the
critical path activity, well-control events, hundreds
of thousands of dollars lost and avoidable safety
events. As with decision-critical-processes in similar
industries, the solution is typically to engineer-out
the risk- in other words, to automate the process
and avoid human errors. Oil & gas operators
traditionally did not have complete and trustworthy
data on their complex simultaneous operations to
allow computers, algorithms or controls systems
to take over aspects of the operation. To automate
critical-decisions, 0il & gas operators must demand
control systems that deliver an unprecedented
level of visibility, consistency, and trust — allowing
automation to infiltrate their operational processes,
thereby eliminating human error.

A wireline detection tool was designed to give
operators and service companies a digital window
inside the pressure control equipment. This
technology was then coupled with an engineered
control system with valve interlocks at the
accumulator — no longer could valves be operated
if critical parameters were not met; furthermore,

Pycrem CyHaratoB
Rustem Sunagatov

sequences could be defined to proceed safely with
critical operations. This technology bundle then
evolved to include real-time data from all digital
services on site. This suite of data, and system
checks, merged with trust in the critical platform



JUISI ONIPECCOBKU M CPE3aHUE 'NOKOM TPYObI
TUPABINYECKOI TPyOOope3Kort. Ha pesnHe
MAKEPYIOLIErO 3JIEMEHTA ObLIIM OOHAPYKEHBI
HOBPEXACHU S, BOZHUKIIINE IIPU NOJbEME HA
MOBEPXHOCTD. 3aTEM ObLIU IPOU3BEACHBI MOHTAXK U
UCIIBITAHHUE BHYTPEHHETO KOHHEKTOPA IJIS1 COEUHEHUS
Y HAMOTKHU TMOKHUX TPy6 Ha 1,25 OT Beca Tpy6eL [Tocne
OTKPBITUS TPYOHBIX/yAepKUBAIOMUX rtanmiek THKT
OBl YCIIENTHO HAMOTAHA HA 6apabaH.

H3BeueHue MUTOBOI KOJIOHHBI OBLIIO BBIITIOJIHEHO
32 OIHY CIIYCKO-TIOAbEMHYIO ONIEPALINIO, OOIIEE BPEMS
paboTel cocTaBUno 30 4acos. [Toy4eHHBIH HA 9TOU
paboTe ONBIT MO3BOIUT PACHIUPUTH 3HAHUSA B OOJIACTH
IPUMEHEHUS TU(PTOBBIX KOJIOHH B I'd30BbIX CKBAXKUHAX.
B cTraTbe npeacTasaeHa THHOPMALH O TEXHOJIOTHUH,
3a00MHBIX MTHCTPYMEHTAX, 3TANAX PAOOTHI, MEPAX
O KOHTPOJIIO PUCKOB ITPH U3BJIEYEHUH IN(PTOBON
KOJIOHHBI M3 JIEHCTBYIONIEN CKBAKUHBIL.

KoMOHHHpOBaHHE AJIBTEPHATHBHBIX
sxuaxocteu I'PIIL. Hlantosan AHTOH BragiumMuposny,
IJIABHBIN TEXHOJIOT C1y>k0b1 I'PTT, OOO lakep CepBuC»

ITonnmMepsl HA OCHOBE I'yapa HAJEKHO
33PEKOMEH/IOBAIIN CEOA B KAYECTBE OCHOBBI
skugKocTelt I'PIT 6marogaps JIydIuM NECKOHECY UM
Ka4eCTBAM B IIMPOKOM JUANIA30HE KOHLIEHTPALIAI
res1eo6pa3oBaTeNs U OOCCIIEUYCHUIO 3aKAYKU OOJIbIITNX
O6'BEMOB IPOIIAHTA C BBICOKOIM KOHIIEHTPAIUEL.

TeM He MEHEE 3a4aCTYIO TPEOYETCS IIPOBEJCHUE
I'PIT B CJIOKHBIX I'€OJIOTUYECKUX YCIIOBUAX, B
YACTHOCTH, IIPH HAJIMYUHU CIIAOBIX MEXKITJIACTOBBIX
MEPEMBIYEK, OTAEIAIONNX HE(PTEHACHIIEHHBIA
IUIACT OT BOJJOHACHIIEHHOT'O, IPOPBIB KOTOPBIX
YBEJIMYHBAET PUCK OOBOJAHEHUSA IPOAYKIINHU
CKBAXXUHBL [IJI1 CHUKEHHUS 3TOIO PUCKA IPUMEHSIOT
Pa3IUYHBIE METOABL: CHUKEHUE BA3KOCTH JKUJKOCTH
I'PIT, ymeHBIIEHHNE OO'BEMA )KUJKOCTH U PACXO/A
3aKa4KU. [TOHM>KEHUE BA3KOCTU TPAAUIITMOHHBIX
JKUJIKOCTEN HA OCHOBE I'yapa (BIUIOTD 10 BA3KOCTU
JIMHEHHOT'O T'€JIsT) HEM30EKHO COIIPOBOXK/IACTCS
3HAYUTEIBHBIM BBIITAIEHUEM IIPONITAHTA U BEJET K
€ro HEPABHOMEPHOMY PACIIPEJEIEHUIO B TPEITUHE
10 BBICOTE, YTO, B CBOIO OYEPE/Ib, OOYCIIOBJIMBAET
MOTEHIIUAIBHOE CHUXKEHHE IIPOBOAUMOCTH
TPEIIMHBL, 4 TAKKE 3HAYUTEIBHO IOBBIIIAET PHUCK
PEXJEBPEMEHHON OCTAHOBKM onepanuu I'PIT. Takum
06pPa30M, PA3BUTHUE PA3PAOOTOK IVIOTHBIX KOJIJIEKTOPOB
MIPUBOAUT K POCTY CIIPOCA HA UHHOBALTUOHHBIE
TEXHOJIOI'MH IIPOLIECCA T'UPABINYECKOI'O PA3PhIBA
IJ1ACTA.

Ha cerogHamHug 1EHb 1 pa3paboTKH
HU3KOIIPOHULIAEMBIX KOJIJIEKTOPOB KOMITAHUEH
OO0 dlakep Cepsuc» npegnaraercs nposegenue I'PIT
C IIPUMEHEHHEM HU3KOBA3ZKUX )KUJKOCTEN PA3PbIBA,
KOTOPBIE JIMIIEHBI HEAOCTATKOB, IPUCYLINUX CIIUTBIM
OOpaTOM resieBbiM cucTeMaM. CUCTEMBI XKUJKOCTU Ha
OCHOBE NOJHUAKPUIAMH/IA YCIIEITHO IIPOLIIHN OIIBITHO-
MIPOMBINIJIEHHBIE UCTIBITAHUS, 4 YBEJIUYEHHE JOOBIYU
IIOCJIE TEXHOJIOI'MYECKOM OIIEPALIMU OKA34JI0Ch
3HAYUTEJIBHO BBIIIE OXKUJAEMOIO.

BbL1 IPOBEIEH BBICOKOPACXOAHBIA I'MIPABINYECKUNI
PAa3PEIB IIACTA C UCIIOIB30BAHUEM JAHHOM CUCTEMBI.

sensors and data was crucial to permit decisions

to automate critical processes. Currently, critical
processes are verified through a digital sign-off
procedure, or digital handshake, before critical
decisions can move forward. The stage has been set
for the automated

frac site.

Successful Retrieval of First Installed
Velocity String — A case Study from the Middle
East. Rustem Sunagatov, Coiled Tubing Customer
Engagement Coordinator, Schlumberger

Installation of 14,200 ft of 2 3/8-in. coiled tubing
(CT) as a velocity string (VS) was performed to
increase the fluid production velocity and avoid
a liquid loadup problem in a gas well. After the
successful installation, the well produced at
economic rates for few years. Because this was a
pilot project to ascertain the well’s deliverability
with the VS installed, the operator decided to
retrieve the VS. The main challenge during the VS
retrieval intervention was to retrieve such a long VS
that had been in a sour well (40,000-ppm CO,, 40-
ppm H,S) for more than 3 years. Low carbon 90,000
psi yield strength was chosen as a material for VS to
withstand corrosion and Sulphur-stress cracking.

A CT tower was utilized to have the access to the
work area during pipe cutting and the bottomhole
assembly (BHA) removal process.

The retrieval of the installed VS was executed in
several stages. First, slickline was run in hole (RIH)
to install the pump-through check valves at the
bottom of the installed VS. Second, these check
valves were inflow tested prior to CT equipment
rig up. The CT unit was then rigged up on the
wellhead and RIH with the VS retrieval assembly
consisting of a GS pulling tool. The VS retrieval
tool was latched onto the installed VS assembly,
and, by applying a straight overpull, the packer that
was used to hang the VS was unset. The VS was
eventually pulled to surface along with the packer.
The whole assembly was secured by pipe rams
on blowout preventers (BOPs). After the required
inflow tests on the BOP pipe rams were performed,
the pressure control equipment (PCE) stack was
opened and the CT was cut below the VS packer. All
tools were disconnected, and a spoolable internal
connector was made up to connect the retrieving
CT with the VS. Eventually the VS was safely pulled
to surface.

When the uphole VS BHA was retrieved to the
surface, the quick connection used for pressure
testing was opened and CT was cut with a hydraulic
cutter. Uphole packer rubbers were found to be
damaged during pulling out of hole (POOH).
Internal spoolable connector was made and pull
tested to 1.25 times of CT hanging weight. After
opening pipe/slip rams CT was successfully spooled
on the reel.

The retrieval of the VS was conducted in a single
run with total operational time of 30 hours. The
operation provided information will increase
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ITpu IpOU3BOACTBE PA6OT HA CKBAXKUHE ITPOBOAUIICS
MHUKPOCENCMUYECKUA MOHUTOPUHI.

JI151 UCKITIOYEHU S (DAKTA IOBPEKICHUS
BOJIOYYBCTBUTEIBHBIX (POPMAIUI KOMIIAHUEH
OO0 dlIakep CepBUC» IPELIATAETCA IIPOBEACHUE
I'PIT C UCTIOJIB30OBAHUEM >KUJKOCTH Ha HEDTIHOM
OCHOBE. YCIIEIIHBIE OIIbITHO-TIPOMBIIIJIEHHBIE
UCIIBITAHUS HA FA30BbIX CKBA)KMHAX HOBOOEPE3OBCKON
CBUTBDI IIOKA3AJIU P} JOCTOUHCTB I10 CPABHEHUIO C
TPASULIMOHHBIMU KUJIKOCTAMU PA3PbIBA.

YcnenrHoe npeogoIeHue OrpaHuIeH U
HEOOIBIIHX IIAT(OPM IPH KOTTIOOHMHI'OBBIX
onepanuax. CtubeH Kpenr, TeEXHUYECKHUIT MEHEKED
o 'HKT — Pressure Pumping International,

Baker Hughes

ITpOMBIBKA CKBAKUHBI OT IECKA M IPOTITAHTA
OCTAETCS OJJHUM U3 HAUOOJIEE PACTIPOCTPAHEHHBIX
BH/IOB IIPUMEHEHHN KOJITIOOUHTA B HE(PTETA30BON
oTpacan. OfHAKO pabOoTHI HA MIENb(E ABIAIOTCA O0IEe
CJIO’KHBIMU B CBA3U C OTPAHUYEHHOCTBIO TATYOHOr O
MPOCTPAHCTBA, MEHBIIIEH I'PY30MO/bEMHOCTBIO KPAHA
1 HU3KUM IIACTOBBIM [JaBJIEHUEM. B TaHHOM CTaThe
PacCMaTPUBAETCA OfHA U3 TAKUX CJIOXKHBIX PabOT
Ha IIeJIb(E B YCIOBUAX OIPAHUYEHHON IO AN
nayny6bl, HE CIIOCOOHON pa3dmMecTuTh BeCh (prroT THKT.
B cTaTbe NPeACTABIEHD] BCE BOZHUKIINE ITPOOIEMEI
U TEXHUYECKHUE PEMEHUA, PA3PAOOTAHHBIE JJI
YCIIEITHON HAMOTKH KOHIIeHTpruuyeckor 'HKT ¢ cynHa
U MOCJIEAYIOIIETO BBIIIOJIHEHUSA PAGOT.

INepsas 3aga4a mo HamoTKe T'HKT ¢ MOpcKoro
CyzAHA ObLIA BBIIIOJHEHA C IOMOIIBIO JIBYX
WHXXEKTOPOB — OJINH Ha CYAHE, APYTOM HA IIIAT(OPME.
Heo6xX0oquMOCTb B HAMOTKE C CY/iHA BO3HUKJIA B CBA3HU
C OTPAaHUYEHHOM I'PY30NOIBEMHOCTBIO IIIIAT(POPMBI,
KOTOpasi OblJIA HUKE BECA KOHLIEHTpruYeckor 'HKT
(Tpy0a 25 MM B Tpy6e 50 MM). TToCIi€ BBITIOJTHEHU A
pa6oTt BbiMOTKA THKT npon3BognI1aCh aHAJIOI'MYHBIM
CITOCOOOM.

B ¢BA3M ¢ OrpaHUYEHHBIM TATyOHBIM IIPOCTPAHCTBOM
060pYyIOBAHNE IS IOAAYH JKUJIKOCTHU U A30TA
(HACOCHI, pe3epByaphl, 060PYJOBAHHE JIJIA
MEPEMENUBAHMA) PACIIONATATIOCH HA CyJTHE
CHA6KEHUSL.

B xozne paboT BO3HMKJIM MHOTOYHCJIEHHBIE
IPOOJIEMBI, KOTOPBIE ObIJIN YCIIETHO PEIIEHBI €3
IIPOUCHIECTBUH, CBA3AHHBIX C OXPAHOU TPYAA,
IIPOMBIIIZIEHHON O€30I1ACHOCTBIO U OXPAHOM
OKpy»kamolei cpejbl. Kpome Toro, Ha ninargopme
OBLIIM IPEYCMOTPEHBI 3AIIACHBIC PE3CPBYAPHI U
HACOCBI, KOTOPBIE MOXKHO ObLIIO UCIIOJb30BATh B CJIy4a€
1epedoes C NOAAYEH XKUAKOCTHU U 430TA C Cy/IHA Ha
1aTdopMy. B JAHHOI CTATbE ONHCBIBAIOTCA METO/IHI,
HUCIIOJIb30BAHHBIE JJI8 ycrienmHOoM HaMOoTKU THKT
JUIMHOM 4520 M 1 OOIIMM BECOM 27 TOHH C CYAHA, 4
TAKXKE [IPEUMYIECTBA UCIIOIb30BAHUS TAKOI'O METOAA
HaMOTKH I10 BCEMY MUDY.

B A3naTcKO-TUXOOKEaHCKOM peruoHe paboTel THKT
C UCTIOJIb30BAHUEM CYIHA CHAGKEHUS BBITIOTHIIOTCS
perynasapHo. Ogqaaxko HamoTKa THKT ¢ cyzHa ABaseTcs
JOCTATOYHO PEeAKOM onepanuent. [Ipeanonaraercs,
4TO 3TO NEPBas ONEPAIH, IPU KOTOPOH HAMOTKA
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industry understanding of the use of VS in gas
wells, including information about techniques,
downbhole tools, and procedures and risk control
measures used during the retrieval of a VS from a
live well.

Combination of alternative fracturing
fluids. Anton Shapoval, Chief Technologist
hydraulic fracturing services of Packer Service LLC

Guar-based polymers have proven to be the
basis of fracturing fluids due to their superior
proppant-delivery properties over a wide range
of gelling agent concentrations ensuring the
injection of larger volumes of proppant with high
concentration.

Nevertheless, it is often required to carry
out hydraulic fracturing in difficult geological
conditions, in particular, in case of weak interstratal
walls separating the oil-saturated reservoir from the
water-saturated one, the breakthrough of which
increases the risk of watering the well fluid. To
reduce this risk, various methods are used: reducing
the viscosity of the fracturing fluid, reducing the
fluid volume and injection rate. A decrease in the
viscosity of traditional guar-based fluids (up to the
viscosity of a linear gel) is inevitably accompanied
by significant proppant screenout and leads to its
uneven height distribution in the fracture, which,
in turn, leads to a potential decrease in fracture
conductivity, and also significantly increases the
risk of premature fracturing shutdown. Thus,
the development of tight reservoirs leads to
an increased demand for innovative fracking
technologies.

Today, to develop low-permeability reservoirs,
Packer Service proposes fracturing operation with
the use of low-viscosity fluids, which are devoid of
the disadvantages inherent in borate cross-linked
gel systems. Polyacrylamide-based fluid systems
have been successfully tested and the subsequent
uncrease in oil recovery has been significantly
higher than expected.

A high-volume hydraulic fracturing was carried
out using this system. During well intervention
microseismic monitoring was conducted.

To prevent the damage of water-sensitive
formations, Packer Service proposes to use
oil-based hydraulic fracturing fluid. Successful
pilot tests on gas wells of the Novoberezovskaya
suite have shown a number of advantages over
traditional fracturing fluids.

Successfully Overcoming Small Platform
Limitations to Conduct CT Operations.
Steven Craig, Coiled Tubing Technical Manager —
Pressure Pumping International, Baker Hughes

Sand cleanouts remain one of the most common
applications of coiled tubing (CT) in the oil and gas
industry. However, offshore operational complexity
increases with deck space limitations, lower crane
capacity and low reservoir pressures. This paper
reviews one such challenging offshore scenario,



KoHUeHTpudeckor 'HKT npon3BoAnIacs C CyJHa,
4 HACOCHOE OOOPYAOBAHNE HAXOAMIOCh HA CYIHE
cHaOxeHus. [Togpo6HOE U3IOKEHHE IPOLIECC
padoT, MEP IO CHUKEHUIO PUCKOB, IOJTYYEHHBIX
PE3YABTATOB M U3BJICUEHHBIX YPOKOB OYET
OPEACTABIATh OCOOYIO LIIEHHOCTD JUISI OTPACIIH.

ITIOBTOPHBIN I'HAPOPA3PHIB UEPE3
TO/ABI JOOBIIH IIPH MHOTOCTAHHHOM
3aKkaHYuBaHUH hpakmum. Jllmombepxe»

LIe/1BIO TAHHOT'O UCCIIENOBAHUS SABJISLIIOCH
onpeaeneHue 3P@PEKTUBHOCTH U IEPCIIEKTHUB
OYAYIIETO BHEAPEHM S YCOBEPIIEHCTBOBAHHOIM
CHCTEMBI JIJISI TOPU3OHTATIBHBIX CKBAKHUH, B
KOTOPOU ONEPALINU I'UAPOPA3PHIBA COUETAIOTCSA
C OnepanusAMU € THOKMMHU HACOCHO-
koMnpeccopHeiMu Tpyoamu (T'HKT) u npoBogaTcs
BMmecTe ¢ 'HKT BHYTPH CKBAKWUHBL DTO IPUBOJUT
K COKPAIIEHUIO BPEMEHU BBITTOJIHEHU A ONEPAIIUIA
MHOI'OCTaJUHUHOIO ruapopasprisa iacta (MIPIT) u
Ja€T MHOTO IIPEUMYIIECTB JIJIS OYyAYIIUX ONEPAIInA
HA CKBA’)KHMHAX.

IIpo6r1eMa BO3MOXKXHOCTH IPOBEJCHUSA
IOBTOPHOI'O MHOrocrynen4daroro I'PIT 1o cux nop
HE PENIEHA U CTOUT OYEHDb OCTPO MEPEJ BCEMU
JOOBIBAIOIIMMHY KOMITAHUSMH IO BCEMY MUDY.

B pesynbrare KOMaHIHOU PA6OTHI (3aKAHUYHBAHUS,
I'HKT u I'PIT) 66110 IPEJIIOKEHO IPUMEHUTD
3aKPBIBAEMBIE IPOXOAHBIE TOPTHI MI'PIT 6€3
noabeMa 'HKT Ha OBEPXHOCTS.

HaxkorieHHBbIN ONBIT ITIOKA3bIBAET IIPEBOCXOACTBO
MEPENOBBIX TEXHOJIOIUH C UCTIONb30BAHUEM
I'HKT BHYTpPH CKBAXXKHH, YTO IIO3BOJISIET HAM HE
TOJBKO COOTBETCTBOBATDH BEICOKHMM TPEOOBAHUAM,
HO U PACHIUPATH I'PAHULIBI IPUMEHEHUA U
NPEBOCXOAUTD OKUJAHUA HAIIUX 3AKA3YHUKOB
O psAY PAKTOPOB, TAKUX KaK: 3(PPEKTUBHOCTD
PabOoThL, AJTMHA TOPU3OHTAJIBHON Y4CTU CKBAXKHH,
BO3MOXXHOCTb IPOBEJAECHUSA CTAAUI BTOPUYHOTO
I'PIT 1 BO3MOXXHOCTB OTKPBITUA/3AKPBITUA [IOPTOB
MPU JOOBIYE U3 ITIOPTA, MBI TAKKE AHAJTU3ZUPYEM
3PPEKTUBHOCTD U PUCKU UCIIONb30BaHUA THKT
BHYTPH CKBA>KUH B CJIy4de CKPUH-AYTa.

B cTaThe onuchIBa€TCS MHHOBALIMOHHBIH ITOJIXO/T
K IOBTOPHOMY MHOrocTynendaromy I'PIT, KoTopbin
BIIEPBBIE B MUPE ObLJI YCIIEITHO PEATTM3OBAH ITOCIIE
JABYX JIET KCIUTyaTAIUN CKBAKUH Ha KOHAMHCKOM
MECTOPOXK/ICHUM.

ITepBeIit yCIIEMHBIA O0IbIIECTOHHAXKHBIN
MHorocraauiHeii I'PIT ¢ THKT 6511 IPOBEECH B
2018 rogy B Poccuu Ha KOHJMHCKOM
MecTopoxacHUH. B 2019 rogy Ha 2 U3 5 CKBAXXHUH
IIPOM30ULIO 3HAYUTEIIBHOE CHUXKEHHUE TEMIIOB
po6b1un. ITo pesynpraram 'OH Ha OJHOM U3 CKBAXKUH
GBI TPOBE/ICH CEIEKTUBHBIN MI'PIT 1151 6 13
10 nopTOB, BO BTOPOH — BCE 8 HOPTOB, TOHHAX I'PIT
6bL1 yBeandeH 70 150 Tonn. B 2020 roay, Bepsble
B MUE, TTOCJIE IBYX JIET AKCIUIYATAIIUU OblJ1a BHOBb
CTUMYJIMPOBAHA €Il O/IHA CKBAXKKMHA ¢ 10 mopTamy,
Bce opTel MI'PIT 661K yCTIENTHO 3aKPBITH ¥ BHOBD
OTKPBITBL

CoBMeCTHAs paboTa 3aKA3YMKA U HECKOJIbKUX

with limited spatial capacity and not space for a
full CT fleet. The paper describes the challenges
encountered and the solutions formulized to
conduct a successful concentric CT boat spooling
and intervention.

The first operational task of boat spooling was
completed from an offshore vessel to the platform
using two injectors, one on the vessel and the other
on the platform. The need for boat spooling arose
due to the limited lifting capacity at the platform
which was below the weight of the concentric
coiled tubing (CCT), 1-in. CT constrained in a 2-in.
string. At project end, the CCT was removed in a
similar manner. Deck space was also limited and
the fluid and nitrogen support equipment (pumps,
tanks, chemical mixing) were located on a supply
vessel.

Numerous challenges were faced during the
operation, all of which were successfully tackled
without health, safety or environmental (HSE)
incident. Additionally, there was a provision of
tanks and pumps on the platform to act as a back-
up in the event of failure of supply from the vessel
to the CT. This paper describes the methods utilized
to successfully boat spool 14,825-ft of pipe of total
weight 27-tonnes and cascade the benefits to future
boat spooling operations throughout the globe.

While catenary CT operations are common in
the Asia Pacific, boat spooling remains a relatively
rare operation in the industry. It is believed this
is a first operation where a CT operation was
conducted in this manner with the fluid and
nitrogen pump on a supply vessel and boat spooling
was conducted for CCT. Detailing the execution
procedures, risk mitigations, operational results and
lessons learning will be of value to the industry.

Re-Frac after Years Production in Multi-
stage Fraction Completion. Schlumberger

The objective of this study was to identify
efficiencies and prospects for future
implementation of an advanced system for
horizontal wells in which fracturing operations
are combined with coiled tubing (CT) operations
and are run together with CT inside the well. This
results in decreased operation time for multistage
fracturing (MSF) jobs and brings many advantages
for future operations at wells.

The problem of multistage re-fracturing has
not had a solution until now and is very acute
for all customers around the world. As a result of
the teamwork — completion, CT and hydraulic
fracturing, a solution was proposed to apply
reclosable full-pass ports and hydraulic fracturing
along the annulus without pullout the coiled
tubing.

Our gained experience shows the supremacy
of advanced technologies with use of CT inside
wells which allows us not only to meet high
requirements, but also to expand the boundaries
of application and to exceed expectations of
our Customers with numbers of factors such as:
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TEXHOJIOI'MU

HOAPA3ACICHUI NOAPITUNKA HO3BOINIA JOOUTHCS
YCIIEXA B IIOCTABJIEHHOM 33/1a4€ B CJIOXKHBIX
re0JIOTO-KJIMMATUYECKUX YCIOBUAX KOHJUHCKOTO
mecTopoxaeHusa B Poccuu. Ilpencrasiiena u
pEanu30BaHa ONITUMU3UPOBAHHA I KOHICTIITU S
MHorocTtaguiHoro I'PIT ¢ ucnoib30BaHUEM
3aKPBIBAEMBIX IIOPTOB IOJHOIO Ipoxoaa I'PI1,
paboTaromux Ha THKT 6€3 nogbeMa Ha TIOBEPXHOCTD
BO Bpemsa I'PIT.

JOCTUTHYTBHI CIEIYIONINE PE3YIBTATHL

* 3 3Tana ruApopaspeiBa macta Ha 70-100 T
IIPOINIIAHTA B CYTKHU.

* CokpaleHue CpokoB nposeicHus I'PIT Ha 50% ams
Ka>kJ10M CTAIUU.

* MHOI'OCTYIIEHYATAsI CUCTEMA JIJISI TOPU3OHTATIbHBIX
CKBAKMH IOCJIETHET'O ITOKOJICHU S
IPOAEMOHCTPUPOBAIA BBICOKYIO HAJICKHOCTD U HE
IIPUBEJIA K 33/IEP’)KKAM B €€ IPUMECHEHUU.
WHHOBAIIMOHHBIN NOA X0/l K COBMECTHOU paboTe

¢dnotos I'PIT u THKT 1103BO/INII 3HAYUTEIBHO

COKPATUTb CPOKM IKCIIYATAUU. B cTaThe TaKKE

OIIUCBIBAETCS ONBIT, U3BJICYCHHBIC YDOKU U

IEPEIOBbIE IPAKTUKH, ITIOTyYEHHBIE HA KOH/IMHCKOM

MECTOPOXJCHUH, IIPU TOM OCOOOE BHUMAHHNE

VAEISAECTCS TEXHUYECKOH CTOPOHE ONEepaIui

I'HKT BHYTPH CKBAXKUHBL []19 OyyIIero ycnexa

HEOOXOAUMO OyJIET IPOBECTHU YITTyOJIEHHBIIN AHAJIN3,

4TOOBI JOOUTHCS JAJIBHEUIIETO COKPALIECHHUSI CDOKOB

IKCIVIYyaTAUU U YCTPAHEHUSI OCJIOKHEHU B

rporecce.

IIpoaxuBasa ceeT HA pa60oThI ¢ THKT
B CKBAKHHAX C MHOT'OCTAJHHHBIM
3aKkaHuuBaHHueM. CTernaHos Biaagumup,
Ilmomobepsxe»

MHOTrOCTaIUNHOE 3aKAHYNBAHUE CKBAKUH BCE
YA€ UCIIOIb3YETCS KOMIIAHUSMU-OIIEPATOPAMHU JIJIS
YBEJIMYCHUS IJIONIA TN KOHTAKTA C KOJJIEKTOPOM,

4 TAKXKE JIJIS1 YIPABJICHU S IPUTOKOM IIPH 100ObIYE

U3 HECKOJIBKUX IPOJAYKTUBHBIX UHTEPBAJIOB. [Tpu
HUCIOJIb30BAHUH TAKOI'O THUIIA 3aKAHYHUBAHUS

KpaKrHE BA)KHO UMETh MHCTPYMEHTBI U TEXHUKU

JIJ1s1 OLIEHKH €I'0 3(PPEKTUBHOCTH B COXPAHEHUU
U3O0JISILIUU MEX/Y UHTEPBAJIAMU, TEM CAMBIM
06€CIIeYnBasl MAKCUMAJIBHYIO OTAA49Y KAXK/I0I'O
T'OPU3O0HTA, YTO OCOOEHHO BAKHO IIPH IIPOBEICHUN
PaboT IO MHTECHCU(PUKALTUU ITPUTOKA U

KHCJIOTHBIX O6paboTKaX. B 3TOM HCCieOBAHUYT
MU3/1arai0TCA YCTAHOBJIEHHBIE PA60YNE TPAKTUKHU T10
MOHHUTOPHHTY U JUATHOCTUKE TUIPABINUYECKOTO
COOOUICHU S MEXY HHTEPBAJIAMU C UCIIOJIb30BAHUEM
pacnpeneneHHOM TepMoMeTpun. COOpaHHBbIE
JTAaHHBIE OBLIN MTOJIYYEHBI B XOJI€ KAMIIAHUU I10
MHTEHCU(PHUKAIIUU IPUTOKA C UCIIOTIb30BAHUEM
THKT Ha CKBa>XUHAX C MHOT'OCTAIUHHBIM
34KAaHYMBAHHEM Ha KAPOOHATHOM MECTOPOXKJCHUHU B
Kacniurickom peruone. MiccieoBaHue OCHOBBIBACTCS
HAa JAHHBIX PACIIPE/Ie/IECHHON TEPMOMETPHH,
IIOJIYYEHHBIX IIEPE U BO BPEMSI ITPOBEICHU S
KHCJIOTHBIX OOPAa60TOK KAXKJOI'O UHTEPBAJIA
UHAUBUAYAIBHO. I3MEHEHHS B TEMIIEPATYPHOM
Ipoue, YHUKAJIbHBIE /IJIS1 ONIPE/ICICHHBIX
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efficiency of operations, the number of stages, the
length of the horizontal part of wells, the possibility
of secondary fracturing operations and ability to
open/close ports in case of water production from
a port, we also analyze the efficiency and risks of
using CT inside the well in the case of a screenout.

The article describes an innovative approach
to re-multistage hydraulic fracturing, which was
successfully implemented for the first time in
the world after two years of well operation in the
Kondinskoye field.

First successful heavy-tonnage multistage
fracturing with CT inside the well was performed
in 2018 in Russia in the Kondinskoe field. In 2019,
for 2 out of 5 wells, there was a significant decrease
production rate. Based on the results of PLT,
multistage refracturing was carried out on one of
the wells for 6 out of 10 ports, in the second all 8,
tonnage was increased to 150 tons. In 2020, for the
first time in the world, after two years of operation,
another one well with 10 ports was re-stimulated, all
MSHF ports were successfully closed and reopened.

The teamwork of the customer and several
segments of the contractor allowed to achieve
success in the task in the difficult geological
and climatic conditions of the Kondinskoe field
in Russia. An optimized concept of multistage
fracturing with the use of reclosable full-pass
hydraulic fracturing ports, operated on a CT
without lifting to the surface during fracturing, was
presented and implemented.

The following results were achieved:

* 3 stages of hydraulic fracturing job with 70—-100 t
of proppant performed in a day

« Timeline reduction of hydraulic fracturing jobs
with 50% for each stage

The latest-generation multistage system for
horizontal wells demonstrated high reliability and
did not lead to any delays in its application.

The innovative approach to cooperative work
between the hydraulic fracturing and CT fleets
enabled us to reduce the operational timeline
dramatically. The article also describes the
experience, lessons learned, and best practices
gained at the Kondinskoe field, which focuses on
the technical side of CT operations inside the well.
For future success, it will be necessary to perform
an in-depth analysis to achieve further reduction in
the operating timeline reduction and to eliminate
complications in the process.

Shedding Light on CT operations in multi-
stage wells. Vladimir Stepanov, Schlumberger

Multi-stage well completions are increasingly
being used by operators to increase the contact area
with the reservoir, as well as to control inflow when
producing from multiple production intervals. With
this type of completion, it is imperative to have the
tools and techniques to evaluate its effectiveness in
maintaining isolation between intervals, thereby
maximizing the return on each horizon, which is
especially important in production stimulation and



COOBITHI, IOMOTJIU UAECHTU(PUITUPOBATH

P ABIEHUN, TAKUX KAK COOOIEHNE MEXAY
WHTEPBATIAMU, PA3TEPMETU3ALINA/TIOTEPS
LIEJIOCTHOCTH KOJIOHHBI, 4 TAKXXE IOHUMAHUE
pacnpeneneHus 3aKa4uBAEMON JKUJIKOCTH 32
KOJIOHHOI. [TosryueHHas TH(pOpMaLus IPOInIa
CBET Ha JUHAMUKY PACIPEAECTICHUS ) KUJTKOCTH

BO BpeMsI IPOBEICHUSI KUCJIOTHOM O6paboTKY,

4 TAKXKE HA CLIOCOOHOCTD UCTIONB3YEMOT'O TUITA
3aKAHYUBAHUA OOECIIEUUTD TH/IPABIUYECKYIO
U3O0JIALIUIO MEXKAY UHTEPBATAMHU. OZHUM U3 BAXKHBIX
OTKPBITHUH OBLJIO TO, YTO COOOIIEHUE MEXKAY 30HAMU
MOXKET IPOUCXOAUTD TOCPEACTBOM HECKOJIBKUX
MEXAHHU3MOB (K IPUMEPY, HEMOCPEACTBEHHO YEPE3
Ha0yXaIOIHE NAKEPDI UJIN JKE YEPES CAM IIJIACT).
[IpuMeHsIEMBIE TEXHOJIOTHH MO PACIPEAEIEHHOM
TEPMOMETPHUH U 32060MHBIE JAHHBIE, TOJTyYa€EMBbIE
BXKUBYIO ¢ THCTPYMeHTOB 'HKT, Tak:ke MO3BOMUIN
HPOBOJUTH KOPPEKTUPOBKY CTPATETHUH IPOBEIECHUA
KHCJIOTHBIX OOpPa60TOK B PEKUME PEATTBHOT'O
BPEMEHU.

FIDMASH NOV. TeXHOJIOTHH U Pa3BUTHE.
Epuenko Buktop MuxarniaoBu4, HA4aJbHUK
VIIPABAECHUSA IPOAAK U IPOJBIKEHUS IPOAYKIIUH,
C3A0 «DPUIMAIIL»

B nacrosamee spema C3A0 «PHIMAIIL»
MIPOAOJIKAET PAOOTY HAJ| COBEPIIEHCTBOBAHNUEM
CYIMECTBYIOMUX MOJEIEN U PA3BUTUEM HOBBIX
HAIPABJIECHUN:

* o60pypoBanue 11 ucnonb3osanua 'HKT
JHuaMeTpoM CBhIIE 44,45 MM HA OOJIBIINX
TyOHHAX;

¢ 0OOPYIOBAHME JJIs1 UCTIONB30BaHUA THKT
JAuaMeTpoM cBriIe 50,8 MM Ha OOJIBIIUX ITTYyOUHAX;

* YCTAHOBKH TSJKEJIOT'O KJIACCA HA IBYX
TPAHCIIOPTHBIX 043aX (HA JBYX IIACCHU U HA
IIACCHU U TTOJIYIIPULIETIC);

* ycTaHOBKA Ky1acca MK30T-50 Ha maccu Tatra
C Y37I0M HAMOTKH €MKOCTBIO 710 6000 M THKT
auamMeTpom 44,45 MM 1 MacCoit 26 T.

Hama HoBast pa3paboTka — cepBuc «dumari-
OHJaiiH» — NOCTOAHHO COBEPIIEHCTBYETCA 1
pacmupseT GyHKIUOHAI. Ha TeEKyeM aTane CEpBUC
OCYIIECTBJISAET:

* CHHXPOHM3AIINIO U XPAHEHUE MOJTyYEHHBIX
JAHHBIX;

* [IOJIy4YEHHE OTIOBEIEHNI O HEUCIIPABHOCTAX
O6OPYJOBAHUS U ABAPUHHBIX COOOIICHU;

* IPEJOCTABJICHNUE OTYETOB.

HoBoBBeieHus:

* OTYETBI/AHAIUTUKA — AHAJIUTUYECKAA OOPAOOTKA
HA4KOIICHHBIX IAHHBIX U (POPMHUPOBAHUE OTYETOB
0 pabore 060PYAOBAHUS HA UX OCHOBE;

* Web CKP-ApXHUB — OHJIAMH-TIOCTPOEHUE I'PAPUKOB
U COCTABJIEHUE OTYETOB MO TEXHOJIOTUUECKUM
OIlEepaIUsM;

* BujicoianHble (2020 rox) — Npu HATUYUU HA 6OPTY
CUCTEMBI BUICOHAOIIOCHUS,

* UHTETrPAIUs B CHCTEMBI COOPA M O6PA6OTKU
JIAHHBIX 3aKa34MKOB (API, ModBus u npyrue
IIPOTOKONLL). ©

acidizing operations. This study outlines established
working practices for monitoring and diagnosing
hydraulic communication between sections using
distributed thermometry. The data collected

was obtained from a CT stimulation campaign

in multistage wells in a carbonate field in the
Caspian region. The study is based on distributed
thermometry data obtained before and during

the acid treatments of each interval individually.
Changes in the temperature profile, unique to
specific events, helped to identify a number of
phenomena such as inter-interval communication,
casing depressurization / loss of integrity, and
understanding the distribution of the injected fluid
behind the column. The information obtained has
shed light on the dynamics of fluid distribution
during acidizing, as well as the ability of the type

of completion used to provide hydraulic isolation
between intervals. One of the important discoveries
was that communication between zones can

occur through several mechanisms (for example,
directly through the swellable packers or through
the formation itself). The applied technologies for
distributed temperature logging and downhole data
obtained live from CT tools also made it possible to
adjust the acidizing strategy in real time.

FIDMASH NOV. Technology and
development. Viktor Yerchenko, Head of Sales and
Product Marketing, NOV FIDMASH

At present, NOV FIDMASH continues to work
on improving existing models of equipment and
developing new directions:
 equipment for the use of coiled tubing with a

diameter of over 44.45 mm at great depths;

 equipment for the use of coiled tubing with a
diameter of over 50.8 mm at great depths;

¢ heavy CT units on two transport bases (on two
chassis or on a chassis and a semitrailer);

* MK30T-50 unit on Tatra chassis with a winding
unit with a capacity of up to 6000 m of coiled
tubing with a diameter of 44.45 mm and a weight
of 26 tons.

Our new development — the Fidmash-Online
service — is constantly being improved and
expanded its functionality. At the current stage, the
service provides:

« synchronization and storage of the received data,

« receiving notifications about equipment
malfunctions and emergency messages;

* provision of reports.

Innovations include:

* reports/analytics — analytical processing of
accumulated data and generation of reports on
equipment operation based on them;

* Web SKR-Archive — online graphing and reporting
of technological operations;

* video data (2020) — if there is a video surveillance
system on board;

* integration into systems for collecting and
processing customer data (API, ModBus and other
protocols). ©
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Cemunapbi ot ICOTA-Poccunna

B 2019 rozy noa 3rnaon poCcCUMCKOro oTaeneHums
Accoumanmm CneLmanmncToB No KONTIOOMHIOBLIM TEXHONOMMSIM
1 BHYTPUCKBaXMHHbIM paboTtam (ICoTA-Poccust) n OO0 «Bpems

KONTIOOWHra» npn MHGOPMaLMOHHOM NOAAEPXKKE HAYHHO-
NpaKTUYeckoro XypHana «Bpems konTioOuHra. Bpems PI»
CTapTOBaa Ccepms CEMMUHAPOB A5 CMELManUCTOB POCCUNCKMX
HedbTeCcepBNCHbIX KOMMAAHUN.

Kypcbl, YuTaemble NekTopaMum 13 KOMMNaHUM — NMOePOB
MWPOBOro HedhTera3oBoro cepaica, NpeasiaraloT HoBENLLYIO
NH(OPMaLMIO MO LIMPOKOMY CMEKTPY BOMPOCOB, KaCAIOLLMXCS
BbICOKOTEXHONOMMYHbIX PaboT.

Ha cerogHswHun peHb ICOTA-Poccus npeanaraer
npoBegeHNe ceMUHapPOB NMop, KoY
no cnegylowWmmM TeMaTuKkam:
1. MpnmeHeHune N'HKT B KanntanbHOM peMOHTE U
CTpoOUTENbCTBE CKBAXWUH;
2.BBepeHune B I'PI;
3. BBegeHue B Directional Drilling.

kg?;?

-
-

L Tl

Kak 310 paboTaeT:

BHauane nekTop NpoBOAUT KPATKOE TECTUPOBaHNe
Y4aCTHVKOB CEMUHAPa Ha NpefMeT YPpOBHS BrafeHus
TEMOW. B COOTBETCTBUM C pe3yfibTaTamMu TECTVPOBaHUS

KOPPEKTUPYETCS NporpaMmMa CeMUHapa no HarnosHEHNIO,
[EeNaeTcs yrop Ha 3anofiHeHme TeopeTnyeckmx Npodenos,
a Tak>ke Ha pa3bop KencoB Mo TEXHOMOr1AM Mo BbIOpaHHON
TemMatuke. JlekTop fenuTcs cobCcTBEHHbIM OMbITOM PaboThbl
N BbIHOCUT Ha 00CyXaeHue Hanbonee NHTepecHble Kencbl.
IHTepakTMBHasa (popmMa NpoBefeHNd CEMUHAPOB NOMOraeT
BOBJIeYb CJlyLLIaTeNen B TEMATUKY, TeM CaMbiM 0DecneynBas

npakTu4eckue pesynsraTtbl O0yHeHus.

B 3aBepLualolLien YacTu cemMuHapa NekTop NpoBoAUT
NTOrOBOE TECTMPOBAHME MO NPOCYLAHHOMY Kypcy. Kaxxabin
y4acTHUK nony4aet ceptmndukat ICoTA-Poccus o npoxoxaeHUM
. ceMuHapa. OT3bIBbl KOMMNAHWK, rOe OblN OpraHN30BaHb!
Kn. CEMMHaPbI, CBUOETENbCTBYIOT O MOBbILLIEHUN KOMMETEHLN

y4acCTBOBaBLUNX B HMX Cneunanncros.

D e ICOTA-Poccusi CTpemMnTcs noabupath TeMbl, Hanbonee
- aKTyasbHble 7151 0Te4eCTBEHHOIO MHXXEHEPHOro COOBOLLECTBa,
1 MPUBREKaTb CaMbIX aBTOPUTETHBIX TEKTOPOB. Eciu
NHTEpecyIoLL,as BaC TemMa OTCYTCTBYET B HaLLIeM CrNCKe,
Mbl FOTOBbI HATV COOTBETCTBYIOLLIETO TEKTOPa M MPOBECTA
cemMuHap [i11s Ballen KOMAaHUu.

bynem pagbl coTpygHudecTsy!

NHdopmMaLms no ceMmrHapaM 1 NporpaMMam ceMmMHapa
BbICHINAETCS MO 3anpocy.
KoHTakTHOE nnuo:
NcnonHMTeNbHbIN AnpekTop ICoTA-Poccms, AnpekTop
000 «Bpewms konTiobWHra» Nprbos Aptem Hnukonaesmy
E-mail: Artem.Gribov@cttimes.org
S Ten.: +7 (495) 481-34-97 006. 101
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HHHOBAUWOHHOE OBOPYADBAHHE

FPYNMA ®UA - BALL NAPTHEP
B OBAACTU OBOPYAOBAHMUA
ANA LEMEHTUPOBAHUA
U PEMOHTA CKBAXWH

OMNbITA

W3rOTOBAEHME
Mo UHAMBUAYAABHOMY
TEXHUYECKOMY 3AAAHUIO

LUMPOKAA CETb
CEPBMCHbBIX LLEHTPOB

ABTOPWU3UPOBAHHbIN
CEPBUCHbIW LEHTP

MO PEMOHTY U
OBCAYXMBAHWHO HACOCOB
BbICOKOTO AABAEHUA
MPOU3BOACTBA SPM

O OO

HALIWU TEXHUWYECKUE PELLEHUA
AEAAKOT BE3TPAHUYHbBIMW
BALLUKX BOSMOXXHOCTHU!
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o o o COJISHOU KHUCJIOTHI CPEAHUM
- ob6bemMoM 150 m3;
= E I E P A — MCKO/60nbmeoobeMHuast OI13

C IPUMEHEHHUEM IIPOTEKTOPA

(POHTAHHOI ApMATYPHI,
— KT'PIT Ha cOGCTBEHHOM

Vaopasnenue no 'HKT
OO0 «BETEPAH» 6b1110
06pazoBaHo B 2013 rogy.
CeropHs KOMITAHUA YCIICITHO
BBITIOJIHSIET BECH CIIEKTP
KJIIOYEBBIX pAOOT C UCTIOJIb30BAHHUEM

T'MOKUX HACOCHO-KOMIIPECCOPHBIX TPYO: BHYTPUCKBA)KMHHOM OOOPYAOBAHUH,

— TUJPONECKOCTPYIHAA Hepdopanus; — BBICOKOTEXHOJIOTHYHAA

— YCTAHOBKA ITAKEPOB: UPKYIAIIUMOHHBIX, OI13 ¢ UCTTONTB30OBAHUEM
PAaCcTBOPUMBIX, ITAKEP-TIPOOOK; CAMOOTKJIOHAIOIMMUXCA KUCJIOTHBIX 1

— IIPOBEJIEHUE KYMYIATHBHOU ITep(popaniiu ¢ INOTOKOOTKJIOHAIONIUX COCTABOB;

YCTAaHOBKOM M301HPYIomMUuX npo6ok Ha 'HKT no

Texnonorunu Plug & Perf;

— (ppesepoBanue nopToB MI'PIT moj HOMUHAI HA
I'T@=50,8 mm;

— aKTuBaLuA 1opTos MI'PII;

— IPOBEJICHUE TPOMBICIOBO-TEO(PUZNUIECKUX
UCCIEJOBAHUI KAK HA aBTOHOMHOM IIPUOOPE, TAK
n Ha I'T c kabenewm;

— BBIIIOJIHEHUE TEXHOJIOTMYECKUX ONIEPAIUH C
IIpUMEHEHHEM OCceBOro nakepa Raptor (OTCOK,
onpeccoska, OI13, KI'PIT, BOII3 n T. 1),

— paboTa B MHOI'OCTBOJIBHBIX CKBAXKUHAX;

— ouncTka HKT 1 5KCIIyaTalMOHHON KOJIOHHBI
oT ACITO 1 ruipaToB C IIOMOIIBIO TETJIOBBIX
06pPABOTOK, PACTBOPUTEIIEN U THIPOMOHUTOPHBIX
HACA/0K;

— OCBOEHHE A30TOM;

— IJIYHIEHUE CKBAXKUH.

Ha Tekymuii MOMEHT PA6OTHI BBIITOJIHAIOTCS
ceMblo (pnoramu, ocHameHHbIMU THKT @ = 38,1 MM
Lmax=5500 M, @ =44,45 mM Lmax = 5500 M,

0 =50,8 MM Lmax = 6600 M. IMeeTCs B HATUIUH

KPEeCTOBHHA (DOHTAHHOI apMaTypsl 111 ['PIT ¢

3amuTHLIM TpoTekTopoM 'HKT 11 mposegenus

MHorocTagunHoro I'PIT 6e3 nonnoro nogbema I'T ¢

pa6oumnm gasnenuem 70 MITa.

KomnaHus peajnu3yeT UHHOBAIIMOHHBIE IPOEKTHI,
UCTIOJIB3YS IPOI'PECCUBHOE OOOPYAOBAHUE U O€ps
H4 BOOPY>KEHHUE OTPACJIEBBIE TEXHOJOTNUYECKHUE
HOBUIECTBA.

Ha naHHBIN MOMEHT B Pa3pa00TKE HAXOASATCS /1B
HOBBIX ITIPOEKTA:

«TexHosorus 3ape3ku 60kosoro creosna Ha 'HKT

0 =50,8 MM C IOCJIEAYIOIINM YIIPABIISIEMBIM

OypeHuem»;

* «KHCJIIOTHOE TYHHEJIMPOBAHUE GOKOBBIX

OTBOJIOB B KAPOOHATHOM KOJIJIEKTOPE

C OHJIAUH-UHKJIIMHOMETPOM>.

Veayru no o6paboTke NprU3aboMHOM 30HbBI I71ACTA
KoMIIaHUS oka3beiBaeT ¢ 2009 roaa. B Hacrosiee
BpeMst OOO «BETEPAH» BBITIONHSIET CAEAYIONTIE
BH/IbI OIIEPALIAN:

— cranjgapTHaa OI13 ¢ UCIIOIb30BAHUEM CONAHOMN

KUCJIOTBI/TIIMHOKUCJIOTHBIX COCTABOB;

— MCKO/60npmeo6bemHast OII3 ¢ UCIIONIB30BAHHUEM
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— TepMONEHOKUCIO0THAA OI13 ¢ IpUMEHEHUEM
xomiiekca 'HKT, 4To NO3BOIAET NONy4aTh
TEPMOIEHOKUCIOTHYIO KOMIIO3UIUIO HA 3260€
CKBAKHHBI,

— IIEHOA30THOKUCJIOTHAA OI13 ¢ IpUMEHEHUEM
BBICOKOIIPOH3BOAUTEIBHOI'O A30THOI'O KOMILJIEKCA.
KoMnaHus UMEET COOCTBEHHOE

BHYTPHUCKBA)KUHHOE OOOPYAOBAHUE JJI

BBINIOJIHEHU S pa6oT 110 OI13 nipu Pp =500 atm:

HKT - 73 mMm, HKT — 60,2 MM, TaKEPHO-IKOPHOE

060PYIOBAHUE O] BCE TUIIOPA3MEPDI 3/KOJIOHH,

(ppax-ronosku ¢ Pp =700 atm u Pp = 1000 atm,

OPOTEKTOP (POHTAHHOM apMaTypsl (ITDA), Tpu

BBICOKOTEXHOJIOTUYECKHE HACOCHBIE YCTAHOBKH C

Qmax ot 1,5 1o 3,0 M3/cyT ipu Pp = 200 atm/330 aTMm.

u Qmin ot 0,05 go 0,1m*/cyT npu

P=1000 arm/700 atm
CpeHETO/IOBOM OO'BEM 3AKAYNBAEMBIX KUCJIOTHBIX

COCTABOB B CPEJJHEM COCTABIIAET

34 000 m°.

CKC — CaMOOTKJIOHSIIOIIUIICS
KHCJIOTHBIA COCTAB, IPUHIUI JEHCTBUA
3AKJIIOYAE€TCI B UBMECHECHHUU JIJMHAMUYECKON BA3KOCTU
NPU NPOTEKAHUM PEAKIIUU KUCIIOTHI C TIOPOAOU.

KAD — KUCIIOTHO-APOMATUYECKAS
3MYIbCUSA, IPEAHAZHAYEHA JJI1
OTKJIOHEHUA KUCJIOTHBIX COCTABOB.
BA3KOCTD perympyeTcs B MIMPOKOM
JMATIA30HE.

BCD — BOJHO-COJIEBAsI AMYJIbCHUS,
npeaHasHadeHa JJjis OTKIOHEHU S
KHUCJIOTHOI'O cocTana. [TAB-aMynbratopsl
OTMBIBAIOT IUIACT OT 3aI'PA3HCHUH,
YIVIEBOJOPOJAHBINA KOMIIOHEHT PACTBOPSET
achaabTOCMONONAPAPHUHOBLIE OTIOKEHH,
rugpoPoOOU3UPYET ILIACT.

C 2009 roga OO0 «BETEPAH» oka3pIBacT
YCJIyTU ITTYIIEHUA CKBAXXUH. EXXErOHO KOMITAHU A
OCYIIECTBIISICT HPUTOTOBJICHUE TEXHOJIOTUUYECKUX
JKUKOCTEH Ha OCHOBE cyxux cosnert (NaCL, KCl, CaCl,
Ca(NO,),), B TOM YuCJI€ OIOKUPYIONUX COCTABOB, B
obbeme 6oiee 500 000 m?.

JI715 TIIyIIEHU CKBAXKUH C aHOMAJIbHO HU3KHUM
MJIACTOBBIM /IABJICHUEM, BBICOKUM I'd30BBIM
(PaKTOPOM U MHOTOIJIACTOBBIX CKBAXKUH
IPUMEHSIOTCS OJIOKUPYIOIINE COCTABBI HA
MOJIUMEPHOU OCHOBE, OOPATHBIE AMYIBCHUH HA
YIJIEBOAOPOJHOM OCHOBE, 4 TAK)KE MHHOBAIIMOHHBIE
COCTAaBbl HA OCHOBE U30TPEHA. 32 TOJ,
OOO «BETEPAH» BbINONHSAET 60J1CE
200 CKBaKMHO-OIIEPAITUI C IIYIIIEHUEM
ONOKHUPYIOMUMH COCTABAMHU.

BCB — resy Ha TOJIMMEPHOIM OCHOBE,
IIPUMCHAIOTCA B CKBA’KMHAX C BBICOKUM
ra30BBIM (PAKTOPOM M BEICOKHUM
MOKA3aTEJIEM IPOHUILAEMOCTH.

— PerynupoBaHue BpeEMEHU I'esIcO0pa30BAHMSL.

— Perynupyemas Ba3kocTs (0T 30 cI13 1o
HETEKYy4YECTH).
— JecTpyKTOp — 5—6%-11 COMHO-KUCIOTHBIN COCTAB.

HNDP — UHBEPTHO-3MYJ/IbCUOHHBIE PACTBOPHI,
0071271210T BBICOKOBSI3KOCTHBIMH
CBOMICTBAMH, ITIPENATCTBYIOIIUMH
(PUIBTPAIIMU BOJHBIX PACTBOPOB B ILJIACT.
— CHMXAEeT OTPULIATEIBHOE BO3IEICTBHE
PaCcTBOPOB IVTyIIEHW A HA TJIACT.

— YMEHBIIAET BPEMS BBIBOJIA CKBAKUHBI

HAa PEXUM.

— BO3MOXXHO B IIMPOKOM JJUAIIA30HE TEMIIEPATYP U

IUIOTHOCTEN (O 85 °C 1 10 1,32 Kr/M?).

— Cocrout us ITAB, yIiieBo1opOI0B U COIEBOIO

BOJHOT'O PaCTBOPA.

N30TPEH — UHHOBAILIMOHHBII
OIOKUPYIOMMNH COCTAB.

* TeXHOJIOTUYHOCTD B IPUTOTOBJIEHUH
U IPUMEHEHUH.

* [TOJTHOE PA3JIOKEHUE COCTABA OCIE
3AKA4YKH PACTBOPA AECTPYKTOPA —
3a4 4.

IIonmuasporens — MOJTUCAXAPUIHBIN
r'eJib MATKOU CIIMBKY, IPEACTABIIAET
COO0M BA3KOYIPYT'YIO CUCTEMY C
BBICOKO¥ BBITECHSIONIEH CITOCOOHOCTBIO.
— TexXHOIOTMYHOCTD B IPUT'OTOBJIEHUN
U IPUMEHEHUH.

— DKOJIOTHYECKAA 6E30MACHOCTb.

— COKpatmeHre CPOKOB BbIXO/A HA

PEXKUM.

— [osbleHue 3(PPEKTUBHOCTU

IJIYIIEHUS.

— CaMozeCTpyKL U WIU AECTPYKLMA

C IIPUMEHEHUEM 39%-T'O COJIAHO-KHUCIOTHOI'O

COCTaBA.

[ nopaepKaHus KOHKYPEHTOCIIOCOOHOTO
YPOBHS, YBETUYIEHUA 3(PPEKTUBHOCTH ONIEPALTAL
KOMIAHUSA AHAJIU3UPYET ITIOCTABICHHBIE 33149
34Ka34MKOM JUJIA TOJ00PA U IPEJIOKEHUSA
MHHOBAIIMOHHBIX TEXHOJIOTUYECKUX PEMIEHNT.
s permenns OCTABAEHHBIX 32144
KOMIIAHUSA UMEET BCE HEOOXOAUMBIE PECYPCHI
(IpOM3BOICTBEHHBIE, UHTEJIJIEKTYAJIbHBIE,
(PMHAHCOBBIE).

Pernonsr gesirenpHOCTH OOO «BETEPAH»:

1. Openbyprckas 061acTs;

2. Camapckas 06/1aCTh;

3. Peciy6mka bamkopTocTan;

4. XMAO-IOrpa;

5. AHAO.

000 «BETEPAH»

461040, OpeHOyprckas oo, r. Bysyayk,
ya. MarucrpaiabHasa, 7

Tenedon/daxc: (35342) 7-64-45

E-mail: veteran@veteran.bz
www.veteran.bz
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YcneliHoe 13BfeYeHne Brepsble
\VCTAHOBNEHHOW NIPTOBOW KONTOHHbI —
aHanm3 pabotbl Ha bavxxHem BocToke*

Successtul Retrieval of First Installed
Velocity String — A Case Study from

Middle East*

A6pynia CYBAHH, Mynra3s P. Aib IT'YBAVIHM, Accep IITABJIN, Saudi Aramco; Pycrem CYHATATOB, Jauunm AXME/,
Moxxamen APUDHH, BanenTun IOYETHBIN, Moxxamen CAHTAJIH, JIL1romMGepsKe»

Abdullah SUBAIIL, Mutaz R. Al GHUBAYNI, Yasser SHAWLI, Saudi Aramco; Rustem SUNAGATOV, Danish AHMED, Mohammad ARIFIN,

Valentin POCHETNYY, Mohammed SANTALI, Schlumberger

SPE-199837-MS

21-9 MexayHapoaHas Hay4HO-rpakTn4eckas KoHgepeHLms «KonTiobmuHrossie TexHonorm, [P,

BHYTPUCKBAXUHHbIE paboTel» (26-27 Hosbps 2020 roga, MockBsa).

215t International Scientific and Practical Coiled Tubing, Hydraulic Fracturing and Well Intervention

Conference (November 26-27, 2020, Moscow).

AHHOTaUuA

J1711 HOBBIIEHU S 1€6UTA JOOBIBAEMOU IPOAYKIIUH
U IPENYIPEXKIECHUA CKOIVIEHUS XKUJKOCTH B I'a30BOU
CKBAXXMHE OBLJIO IPUHATO PemeHue ycTanosuTb FHKT
pasmepom 60,3 MM JJTMHOM 4328 M B KaueCTBE JTUGTOBOM
KOJIOHHBL ITOC/I€ yCIEMHON YCTAHOBKHU AEOUT CKBAXKHBI
HOAMEPKUBAJICS HA LIEJIEBOM YPOBHE HA MPOTAKEHUU
HECKOJIBKHX JIET. 3aTEeM JOOBIBAIOMCH KOMITAHHUEH OBLIO
OpUHATO pemenue u3sieub [HKT, MOCKOIBKY 3TO 6bLI
NUJIOTHBIA IPOEKT MO YBEIUYEHHUIO IEOUTA C TOMOIIBIO
JIU@MTOBON KOJOHHBL. OCHOBHBIMHU CJIOKHOCTSIMU IPHU
U3BJICYCHUH JTU(PTOBOU KOJOHHBI ObLJIA €€ OOIbIIAS IJINHA
U TOT (PAKT, YTO OHA HAXOIMJIACh B BICOKOCEPHUCTONU
cpeze (CO,: 40 000 mr/m, H,S: 40 mr/m) 60osee Tpex
JIeT. B kauecTBe MaTepuaa 4js TU@MTOBON KOJIOHHEI
Obl/1a BBIOpAHA HU3KOYIVIEPOAUCTAS CTAJb C IPEJETIOM
npouaHocTu 620 MIIa, KOTOPAs BBIACPKUBACT CYAbPUTHOE
KOPPO3HUOHHOE PACTPECKUBAHUE NTOJ] HANIPsIKEHUEM. 11
MU3BJICYECHU S KOJIOHHBI ObL/IA YCTAHOBJIEHA ONIOPHA BBIIIKA
JUISL OOECTIEUEH U JOCTYIIA IEPCOHAA BO BpDEMS PE3KU
TPYOBI U U3BJIEUYEHUS 3A00UHON KOMIIOHOBKH.

W3BnedeHne TuPTOBON KOJIOHHBI OBLIIO BBIIIOJIHEHO 34
HECKOJIBKO CTaJuH. CHA4YaJ1a B CKBAXKUHY OBLII CIYIICH
KaHAT JUIS1 yCTAHOBKHU IIPOKAYNBAEMBIX OOPATHBIX
KJIAIIAHOB HA HUKHEM KOHIIE JIN(PTOBOI KOJTIOHHBL. 34TEM,
nepes MOHTaxoM o6opyosanusa THKT 6b110 NpoBefeHO
UCHBITAHUE OOPATHBIX KJIAMAHOB. [ToCiie 3TOTO ObLI
MPOU3BEAEH MOHTAX yCTAaHOBKH 'HKT 1 CITyCK B CKBAXKUHY
UHCTPYMEHTA JJIs U3BJIECUYECHUS TU(PTOBOU KOJIOHHBI
c npogpunem GS. MTHCTPYMEHT BOMLIEI B 3ALEIIJIEHUE C

Abstract

Installation of 14,200 ft of 2 3/8-in. coiled
tubing (CT) as a velocity string (VS) was
performed to increase the fluid production
velocity and avoid a liquid loadup problem in
a gas well. After the successful installation, the
well produced at economic rates for few years.
Because this was a pilot project to ascertain the
well’s deliverability with the VS installed, the
operator decided to retrieve the VS. The main
challenge during the VS retrieval intervention
was to retrieve such a long VS that had been
in a sour well (40,000-ppm CO,, 40-ppm H,S)
for more than 3 years. Low carbon 90,000 psi
yield strength was chosen as a material for
VS to withstand corrosion and Sulphur-stress
cracking. A CT tower was utilized to have the
access to the work area during pipe cutting
and the bottomhole assembly (BHA) removal
process.

The retrieval of the installed VS was executed
in several stages. First, slickline was run in
hole (RIH) to install the pump-through
check valves at the bottom of the installed
VS. Second, these check valves were inflow
tested prior to CT equipment rig up. The CT
unit was then rigged up on the wellhead and
RIH with the VS retrieval assembly consisting
of a GS pulling tool. The VS retrieval tool was
latched onto the installed VS assembly, and,

* 3alLMLLEHO aBTOPCKMM MpaBoM KoMnaHum Schlumberger /Schlumberger-Private.
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npo@PUIEM B KOMIIOHOBKE YCTAHOBJIEHHON KOJIOHHBL
Jlajnee npsAMBIM HATSKEHUEM OBLII IPOU3BEEH CPBIB
MAKEPa, YIEPKUBAIOMETO TU(PTOBYIO KOJIOHHY U IOLbEM
KOJIOHHBI BMECTE C MaKepoM. ITocye 3Toro BCsa KOJIOHHA
OblJIa IIO/IBEUICHA B TPYOHBIX IJIANIKAX IpEeBEHTOPA. [Tocie
HEOOXOJUMBIX UCIIBITAHUN HA IPUTOK OBLIIO IIPOU3BEJCHO
OTKPBITHE IPEBEHTOPA U CPE3AHUE T'MOKOI TPYyObI HHXKE
nakepa. [Tocne pazbefUHEHNUA BCEX KOMIIOHEHTOB OBLI
CMOHTHPOBAH BHYTPEHHHUI KOHHEKTOP [JIs1 COEAVUHEHUA
pab6oueii THKT ¢ nndTOBOM KOJIOHHOM. B pesynprare
JIHU(TOBAS KOJTOHHA Ob1/1a 6€30I1ACHO U3BJICYCHA HA
IMOBEPXHOCTD.

ITocse n3BieyeHus 3a60MHON KOMIIOHOBKU
JA(PTOBOI KOJIOHHBI OBLJIO IIPOU3BEJCHO PA3bEJUHEHUE
OBICTPOPA3BEMHOI'O COEAUHEHUS J11 OIIPECCOBKU U
Cpe3aHue r'HOKON TPYOBI THIPABINYECKON TPYOOPESKOI.
Ha pe3nHe nakepyonero aJ1eMeHTa OblIn OOHAPYKEHBI
MOBPEXKEHUS, BOZHUKIIINE NTPU ITOJ'’bEME HA IOBEPXHOCTb.
3aTeM ObLJI ITPOU3BEEH MOHTAX U UCIIBITAHUE
BHYTPEHHEI'O KOHHEKTOPA /IJI1 COCJUHEHUS U HAMOTKH
r'uOKux Tpy6 Ha 1,25 o1 Beca Tpy6sL ITocie OTKPHITHUSA
TPYOHBIX/yAepKuBaOMUX rutamek 'HKT 6b11a ycnemHo
HaMOTAaH4 Ha 6apabaH.

H3Bnevenue nu@dTOBON KOJIOHHBI OBIJIO BBIIIOIHEHO
32 O/IHY CITYCKO-TIO/’/bEMHYIO ONIEPAITHIO, OOIIEE BPEMSI
paborbl cocTaBuIo 30 4acoB. [Tosy4eHHBbIN Ha 9TOH
paboTe ONBIT HO3BOJUT PACIIUPHUTD 3HAHUS B 06/1ACTH
MIPUMEHEHUS TUQPTOBBIX KOJIOHH B I'a30BBIX CKBAXKMHAX.
B crarbe npeacrasieHa UHPOPMALIHA O TEXHOJIOIUH,
3200MHBIX HHCTPYMEHTAX, 3TAaX PaOOTHI U MEPAX MO
KOHTPOJIIO PUCKOB IIPU U3BJICYCHUHN JTH(MTOBOH KOJIOHHBI
U3 IEHCTBYIONMIEH CKBAXKUHBL

BeepgeHune n O6LIJ,Me cBegeHnd

B niporiecce pa3paboTKU ra30BOro MaacTa MiaacTOBOE
JABJIEHUE ITAIA€T U3-3a UcToueHus (Garzon u jp.,

20006). IIpu 3TOM 329aCTYIO MPOUCXOAUT OGPA30OBAHUE
SKUJIKOCTHOM NMTPOOKHU. DTO OKA3bIBAET IPOTUBO/IABICHUC,
KOTOPOE OTPAHUYHBACT IPUTOK K CKBAXKUHE, YTO

MOXKET IPUBECTU K 3HAYUTEIBHOMY CHUKEHHUIO
OPOJYKTUBHOCTH UJIH 1AKE K TIOJTHOH OCTAHOBKE
CKBa>KUHBI. CKOTIJIEHHUE KHU/IKOCTH B CTBOJIE I'A30BOU
CKBAKHUHBI IPOUCXOIUT U3-34 HU3KOT'O YPOBHSI SHEPTUU
ra30BOM (a3bl, HEOOXOAUMOMH /171 (PUIABTPAIUHU KUJTKOCTHU
IO KOMIIOHOBKE 3aKaHYHBAHUA. B CKBA)KMHAX C HU3KUM
JIaBJIEHUEM CKOIJIEHHUE JKUJKOCTU MOKET IIPUBECTU K
TMOJTHOM OCTAHOBKE CKBAKHUHHBI. B CKBakuHax ¢ 6osiee
BBICOKUM JIABJIEHUEM CKOTIJIEHHUE KHU/IKOCTH MOXKET
MPUBECTH K OOPA30BAHUIO TPOOKU. [IOMUMO CHUXKEHUA
OPOJYKTUBHOCTHU CKBAKUHBI, 0OPA30BAHUE IPOOKU
MOJKET BBI3BATh CEPbE3HBIC OCTOKHEHU S IPU IPOBEICHUU
UCIIBITAHUH TJIACTA JIJISI MOHUTOPHHTA I1JIACTOBBIX
napaMeTPOB.

Kak npaBuiio, B CKBAXKUHAX IIPOUCXOAUT CKOILJIEHUE
BO/IbI UJIM KOH/IeHCaTa. CKOTIJIEHUE KUJIKOCTH B
JIOOBIBAIONIUX CKBAXKUHAX IIPOUCXOAUT IO CIACAYIONUM
NPUYHHAM: HETEPMETUYHOCTb OO6CAJHOM KOJIOHHHI,

B PE3YJIbTATE BHYTPUCKBAKUHHBIX pA6OT (3aKA4Ka
SKUJIKOCTH), IPOPBIB BOJIbI N3 HUIKEJIEKAIIEIO TOPU3OHT4,
ra3 ¢ 60JIbIINM COAEPKAHUEM TAXKETIBIX (PPAKIIUH IMOO
BBIIIA/ICHUE KOHJICHCATA IPHU CHUXKCHUH JJABJICHUS HUXKE
TOYKHU POCHL [171aCTHI C rAa30BBIM KOHJCHCATOM OTIHNYAIOTCS

by applying a straight overpull, the packer

that was used to hang the VS was unset. The

VS was eventually pulled to surface along

with the packer. The whole assembly was
secured by pipe rams on blowout preventers
(BOPs). After the required inflow tests on the
BOP pipe rams were performed, the pressure
control equipment (PCE) stack was opened
and the CT was cut below the VS packer. All
tools were disconnected, and a spoolable
internal connector was made up to connect the
retrieving CT with the VS. Eventually the VS was
safely pulled to surface.

When the uphole VS BHA was retrieved to
the surface, the quick connection used for
pressure testing was opened and CT was cut
with a hydraulic cutter. Uphole packer rubbers
were found to be damaged during pulling out
of hole (POOH). Internal spoolable connector
was made and pull tested to 1.25 times of CT
hanging weight. After opening pipe/slip rams
CT was successfully spooled on the reel.

The retrieval of the VS was conducted in a
single run with total operational time
of 30 hours. The operation provided
information will increase industry
understanding of the use of VS in gas wells,
including information about techniques,
downbhole tools, and procedures and risk
control measures used during the retrieval
of a VS from a live well.

Introduction and Background

As a gas reservoir produces, the reservoir
pressure decreases due to depletion (Garzon
et al. 2006). As reservoir pressure decreases,

a condition of liquid loading often develops.
This can seriously restrict, or even prevent, well
productivity by exerting a backpressure that
restricts reservoir inflow performance. In gas
wells, liquid accumulates within the wellbore
due to the inability of the gas phase to provide
sufficient transport energy for liquid to be
produced through the completion tubular. In
low-pressure wells, the liquid accumulation
may be sufficient to kill the well. In the wells
with higher reservoir pressure, liquid loading
may cause slugging. In addition to affecting
production efficiency, slugging can seriously
affect routine production tests performed to
monitor reservoir parameters.

Wells that are candidates for deliquification
techniques are wells mostly loaded with
water or condensate. Water can be loaded
into producing wells because of a casing
leak, an intervention (injected fluids), water
produced from a zone below the producing
zone, or a well producing wet gas or loaded
with condensate below dew point. Although
gas-condensate reservoirs differ from dry-
gas reservoirs, understanding of phase and
fluid flow behavior relationships is essential
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OT ILJIACTOB C CYyXHUM I'a30M. TeM HE MEHEE BA’KHO
NPaBUJIBHO ONPEJIEIATD XaPaKTEP (PA30BBIX IEPEXO/IOB

U QUABTPALUU PIIOUJOB JJISL PACYETA PA3IUYHBIX
NapaMeTPOB AOOBIYU [A30KOH/IEHCATA (UCIIBITAHUE I1J1ACTA,
MOJICYET 3aI1ACOB, IPOIrHO3UPOBAHME TUHAMUKU 1I€OUTA).
BeInajieHMEe KOHAECHCATA IIPOUCXOAUT IPU CHUKEHUH
IUIACTOBOTO IABJICHUS HUKE TOYKH POCHL [Ipu 3TOM
MIPOUCXOAUT 3HAYUTEIBHOE CHIKEHUE 1ICOUTA, 4 U3BJICUb
06pa30BaBILIYIOCS IPOOKY KOHJIEHCATA HAa IOBEPXHOCTD
HEBO3MOKHO. TAKUM 06Pa30M, HACHIIIIEHHOCTb KOHJIEHCATA
U CKOTIJIEHHUE XXUJKOCTH SIBISIOTCS BAXKHBIMU (DAKTOPAMU
JJIs1 pa3pabOTKU IA30KOH/JCHCATHBIX IJIACTOB.

JIndbToBas KoNoHHa

BBemenue. TeHJCHIUS K UCTOLIEHUIO IUTACTOB IPU
pPa3paboTKe 3PENBIX MECTOPOXKJCHUN IIPUBEIIA K POCTY
HOMYISAPHOCTUA TEXHOJIOIUH 3AKAHUYNUBAHUS CKBAXUH
JU(PTOBOM KOJIOHHOU. JINPTOBASA KOJIOHHA MTOBBIIIAET
CKOPOCTbD JIBHKEHU S (DIIIOUJIOB 61arOfapst MEHBIIIEMY
JHAMETPY KOJIOHHBL [TOBBIIIIEHUE CKOPOCTU OOECTIEUNBAET
JOCTATOYHYIO SHEPTHIO JJIS IOABEMA CKBAXKUHHON
OPOAYKIIUU HA TIOBEPXHOCTD. YcTaHOBKA 'HKT B
Ka4eCTBE TN(PTOBON KOJIOHHBI IPEAOCTABISAET HECKOIBKO
MPEUMYIIECTB B OOIACTH IKOHOMUYECKOH 3(D(PEKTUBHOCTH,
TEXHOJIOTUYHOCTH U 6€30MACHOCTHU. [IpEUMYIIECTBOM
I'HKT sABIs€TCA BO3MOXKHOCTD O€30ITACHOM YCTAHOBKU
JIM(PTOBOM KOJIOHHBI B ICHCTBYIOMYIO CKBAKHHY 6€3
INIYIIEHHUS. DTO MO3BOJISIET 3HAYUTEIBHO CHU3UTD PUCKH,

4 TAKXKE COKPATUTDb BDEMEHHBIE U ICHEXKHBIE 3aTPATHI

H4 IIOBTOPHOE OCBOEHUE CKBA’KUHBI IO CPABHEHUIO C
AJIBTEPHATUBHBIMHU METOJAMU. YCTAHOBKA JTU(MPTOBONA
KOJIOHHBI MOKET 3HAYUTEIBHO MOBBICUTD MPOJYKTUBHOCTD
CKBaKHMHBL BO MHOTHX CJTy4asiX CBOEBPEMEHHA YCTAHOBKA
KOJIOHHBI ITO3BOJIAET CHU3UTD PUCKH OOPA30BAHUA A3BIKOB
W1 KOHYCAa OOBOJHEHU . Ha HEKOTOPBIX CKBAKHMHAX
YCTAHOBKA JIM(PTOBOI KOJIOHHBI ITIO3BOJIAET UCKIIOUHUTD
PHCK IPEXKIEBPEMEHHOI'O IPOPBIBA BOJBI U IOBBICUTH
KO3(pPUIUEHT BEIPA6OTKH 34ITACOB.

JTansl yCTAHOBKH JTU(PTOBOM KOJTOHHBI. [I1s1
CKBAKMH-KAHIUJATOB JJI YCTAHOBKH JIM(PTOBOI KOJIOHHBI
XapPaKTEPHA CIEAYIOM A JUHAMHKA JEOUTA: TUITMYHOE
MJIAHOBOE CHHMXKEHHE, 4 3ATEM PE3KOE MAJEHUE WUJIU ITOTHAA
OCTAaHOBKA. OTHAKO B KAYECTBE KAHJUAATOB MOT'YT OBITh
BBIOPAHBI U CKBA’KWHBI C HU3KMUM WJIH HYJIEBBIM JEOUTOM.
Hanpumep, B HEKOTOPBIX CKBAXKUHAX C HU3KHUM JEOUTOM 10
ra3y CKOIUIEHHE *KUAKOCTH MOIJIO OO6PA30BATHCA C CAMOI'O
HA44J1a SKCIUIYATAUH. B 9TOM Cirydae It UCKJIIOYEHU A
HEOOPATHMOTI'O IOBPEXKICHUS IPU3A00MHON 30HBI
HEOOXOIUMO IIPOBECTHU PEMOHTHBIE PA6OTHI KAK MOKHO
CKOpee.

B cKBa’KMHAX C BBICOKUM COJEPKAHUEM CEPOBOJIOPOAA
WUJIN TIOBBIIIIEHHON KOPPO3UOHHOU AKTUBHOCTBIO
HEOOXOJMMO UCIIOIb30BATh OOOPYAOBAHUE U3
KOPPO3HUOHHOCTOHKOTI'O CIIJIABA, KOTOPBIM OOECIIEYUT
JOJITOBEYHOCTD PA6OTHI ¥ UCKJIIOYNUT PUCK TUKBUJALIUNA
CKBAKHMHBL JIJI1 TOT'O 4TOOBI U3YYUTDb IIPOLENYDY
U3BJICYCHU S JIM(PTOBOIM KOJIOHHBI, HEOOXOAUMO [IOHUMATh
MIPOLEAYPY €€ YCTAHOBKH, KOTOPAs COCTOUT U3 CIEAYIOMNX
3TAIOB:

— IIpoBECTU NPOMBIBKY IO/, BLICOKUM JIaBJICHUEM C

I'UPOMOHUTOPHOM HACAIKON HA INTYyOUHE YCTAHOBKHU

nakepa.
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to make accurate engineering computations
for gas-condensate systems (e.g., well testing,
estimating reserves, and predicting production
trends). Condensate dropout occurs in the
reservoir as the pressure falls below dewpoint.
Because of this, the production decreases
significantly, and the condensate bank formed
is also unrecoverable. Hence, the condensate
saturation and liquid buildup are very
significant in gas-condensate reservoirs (Lal
2003).

Velocity String (VS)

Introduction. The trend of depletion of gas
and fluid production in aging reservoirs has
increased the popularity of completing the
wells with velocity strings (VS). A velocity s
tring increases fluid velocity due to
production through reduced-diameter tubing.
The increase in velocity should provide
sufficient transport energy to carry all the
produced liquids to surface. These coiled
tubing (CT) VS installations provide several
technical, economic, and safety benefits.

CT has inherent advantages for safe live

well working that enable the installation

to be undertaken without the need to Kkill

the well. This significantly reduces the risk,
time, and cost of the recompletion process,
when compared with alternative techniques.
Installing a VS may significantly modify the
production characteristics of a well. In many
cases, timely installation can reduce potential
problems such as water fingering or coning.
In some applications, premature water-out
can be prevented enabling an increase in the
recoverable reserves of the producing reservoir.

Phases of VS installation. VS candidates
are characterized by production characteristics
that show a normal (expected) decline,
followed by a sudden decrease or halt in
produced fluids. However, even wells having
produced little or no fluids may be candidates.
For example, in some wells with low gas
production rate, liquid loading may have started
with initial production, and this liquid loading
should be resolved as soon as possible to
prevent irreparable reservoir damage.

In sour and corrosive environments, a
corrosion-resistant alloy should be selected
for long-term integrity and to safeguard future
abandonment. To understand the VS retrieval
procedure, it is important to first understand
the VS installation process. The process consists
of the following stages:

— Cleanout across packer setting depth by high-
pressure jetting tool.

- The main objective of this step is to ensure
production tubing is clean at the packer
setting depth. The packer is used to hang
the VS in the well.

— Make up the velocity string lower BHA with



+ OCHOBHOM 33/1a49€N 3TOT'O ITAIIA ABJIAETCA IIPOMBIBKA
HKT nHa rmybuHe yCTaHOBKHU ITakepa. ITakep
UCHONB3YETCA JJIS NOABEIUBAHUA JIM(PTOBOIM KOJIOHHBI
B CKBAKHHE.

— I[Ipon3BeCcTH MOHTA2K KOMIIOHOBKH HH34 JIU(PTOBOU
KOJIOHHBI C IPEAYCTAHOBJIEHHBIMU OOPATHBIMUA
KJIATTAaHAMH.

KOMITOHOBKA HM3a KOJIOHHBI (PUC. 1) BKJIIOYAET B CEOA
IOCAaI0YHbIEe HUNIEAU ¢ npoduasamMu X 1 XN, B KOTOPBIE
YCTAHOBJICHBI OOPATHBIE KaIllaHbl. OOGpATHBIE KJIAIIaHBI
CJIy2KAT B KAUECTBE 6apbepa IIPU YCTAHOBKE JIH(PTOBOMI
KOJIOHHBL

— IIpousBecTH CIIyCK JIN(PTOBOM KOJJOHHBI C KOMIIOHOBKOI
H4 LIEJIEBYIO IVIYyOUHY.

+ Tlepep peskori THKT nopsemmnBaeTcs B TPyOHBIX
rIamkax. [Tocse 3Toro Npou3BOANTCA UCTIBITAHUE
Ha IIPUTOK /J1s1 IPOBEPKHU PA6OTOCIIOCOOHOCTH
OOPATHBIX KJIAIIAHOB U TPYOHBIX IIAIIEK IPEBEHTOPA
(3TO HEOOXOAMMO /IS AAJIBHENIIETO 6€30I1aCHOI'O
NPOBEJEHUA PA3BEAUHEHUA (POHTAHHOU APMATYPHI U
pesku 'HKT).

— IIpoussectu pe3xky 'HKT.

Peska mpousBoaNTCA AJIA ITOCIEAYIONEN YCTAHOBKU
BEPXHEHN KOMIIOHOBKH JIN(PTOBOM KOJIOHHBI C [TIAKEPOM U
TUPABINYECKUM PAZBEIUHUTEIIEM.

— YCTaHOBUTD BEPXHIOIO KOMIIOHOBKY C ITAKEPOM Ha
JHUPTOBYIO KOJIOHHY.

+ BepxHsa KOMIIOHOBKA JIM(PTOBOH KOJIOHHBI BKJIIOYAET
B CEOsL: ITAKEP, TUJPABINYECKUI DA3bEJUHUTEID,
3aMKOBYIO IIOBOPOTHYIO MY(PTY U JBOMHOU OOPATHBIN
KJIaIlaH (puc. 2a).

— IIpounsBecTy CIIyCK U YCTAHOBKY IIOJBECHOI'O IAKEPA HA
LIEJIEBYIO IT1yOHHY.

+ TTakep npeJHA3HAYCH I YICPKUBAHUS BECA
JIMPTOBOM KOJIOHHBI B CTBOJIE CKBAXKUHBI, 4 TAKXKE /1151
0ob6eCcTIedeHs FePpMETUYHOCTH TPYOHOT'O IPOCTPAHCTBA
MeXy TUPTOBON KonoHHOM 1 HKT, 6narogaps yemy
BECH [IOTOK HAIIPABJISACTCSA B JIMPTOBYIO KOJIOHHY.

— IIpousBecTy OTCOEAUHEHHE OT IAKEPA U ITO’bEM HA
IIOBEPXHOCTb.

- [TocJie yCTaHOBKY ITAKEPA IIPOU3BOAUTCSA AKTUBALUSL
T'UJPABINYECKOIO PA3bEAUHUTEIA (B COCTABE BEPXHEN
KOMIIOHOBKM JIU(PTOBOH KOJIOHHBI) JiIs1 mogbema THKT
HA IIOBEPXHOCTD. B pE3ynbTaTe B CKBAXKUHE BMECTE
C TMPTOBON KOJIOHHOM OCTAETCS: TU/IPABIANYECKUT
pPas’beAUHUTEIIb, IIAKEP, BHCITHUM JTyHOYHBIN
KOHHEKTOP (pHuC. 2b).

— I[IpOMU3BECTU U3BJICUYECHHUE IBYCTBOPYATHIX OOPATHBIX
KJIAIIAHOB.

+ JIJIs1 3aITyCKa CKBAXKHUHBI B AKCIITyaTAIIHMIO HEOOXOAHUMO
U3BJIEYb IIPEAYCTAHOBIECHHBIE OOPATHBIC KJIATAHBIL.
Kax npaBuiio, U3BJIEYECHUE KJIAIIAHOB [IPOU3BOJAUTCS C
TIOMOIIIBIO KAHATHOM TEXHUKU.

— 3aIyCTUTDh CKBAXKUHY B 9KCILIyATALUIO.

Bo Bpems ciycka TU(PTOBOM KOJTOHHBI UCIOIb30BATICS
JIETKUY PACTBOP AJIs1 CHUXKEHUA TUJPOCTATUYECKOI'O
JIaBJICHUS, YTO OOECIIEUYMIIO OBICTPHINA TYCK CKBAKHHBIL B
IKCILIYATAITHIO.

|/|CTOpVIﬂ KcJlyaTtaunm CKBa>XXMHbl-KaHAM4aTa
[epsas mudTOBAS KOTOHHA ObIIA YCTAHOBJIECHA
B BEPTHUKAJIBHOM CKBAXKMHE C IEPHOPUPOBAHHBIM

Pucynox 1 - Komnonosxa nu3a
AUPMOBOL KOIOHHBL

Figure 1 - Lower BHA of the VS
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Pucynox 2 — Bepxuan KOMnoHoexa
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YCmManoexu

Figure 2 — Upper BHA. a, upper BHA
before installation; b, upper BHA afterVS
installation

pre-installed pump-through check valves.

- The lower BHA (Fig. 1) contains X and
XN nipple profiles where check valves
are preset. The primary function of check
valves is to act as a barrier during the VS
installation.

— Run the VS with the lower BHA to target
depth.

+ Prior to cutting, CT is hung on pipe rams
and inflow tests are performed for pump
through check valves and BOP pipe rams
(to verify the pressure control equipment
(PCE) stack can be opened and the CT cut
safely).

— Cut CT VS pipe.

+ The CT is cut to accommodate the upper
BHA, including the packer and the hydraulic
disconnect, in the VS.

— Install the VS upper BHA including the packer.

- The upper VS BHA consists of packer,
hydraulic disconnect, locking swivel, and
dual backpressure valve (Fig. 22).
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XBOCTOBHKOM B IUIACTE, CJIOKEHHOM U3 ILIOTHOT'O
MECYAHUKA. Y 3TON CKBA’KUHBI OBbLJI BHICOKUH IEOUT 11O I'a3y
H4 3TOM MECTOPOXKAECHUH, OJTHAKO BBINIAJIEHUE KOHJIEHCATA
OKa3aJI0 HETATUBHOE BIIMAHUE HA YPOBEHDb JJOOBIYH, B
PE3YNBTATE YETO CKBAXKUHA OBbLJIA OCTAHOBJIEHA HA 2 T'OJ4.
[0 3TOTr0 CKBaXMHA ObLJIA B AKCILIYATAI[UHA MHOT'O JIET

C OYEHDb BBICOKMMH MTOKA3ATENISAMHU J€ONUTA U JABICHUSA.
BBIO NPUHATO PEMIEHHUE IPOBECTU PEMOHTHBIE PAOOTHI B
CKBa’KMHE M BOCCTAHOBUTBD JJOOBIYY HA €III€ MUHUMYM

4-5 ner.

BBLI0O pacCMOTPEHO HECKOIBKO BAPUAHTOB PEMOHTHBIX
pa6or: 3amena HKT na HKT menblIero fuameTpa,
YCTAHOBKA OOOPYOBAHUA [IJIST MEXAHU3UPOBAHHONU
J100b19n. O HAKO Haubosee 3(pPEKTUBHBIM U O€30IIACHBIM
PEUIEHUEM OKA3aJICS BAPUAHT C YCTAHOBKOM JTU(PTOBOM
KOJIOHHBI B uMeroniyocst HKT. [I1s1 pacyeTa ONTUMaJIbHOTO
JuaMeTpa IU@TOBON KOJOHHBI ObLJIN COOPAHBI JAHHBIC
MO MJIACTY U KOMIIOHOBKE 3dKaHYUBAHUA. TaKxke
OBLJIO IIPOBEIEHO KOMITBIOTEPHOE MOAETUPOBAHHUE.

ITIpy 3TOM Ba’KHO OBLJIIO OOECIIEYUTh BO3MOKHOCTD
IIPOBEAEHUA PEMOHTHBIX PA6OT B OyYIIIEM U U3BJIECUYECHUA
JHU(QPTOBOI KOJIOHHBI IPHU HEOO6XOAUMOCTHU. C yU4E€TOM
BBIIIEIIEPEYHCICHHBIX (PAKTOPOB B KAYECTBE JTUPTOBON
KOJIOHHBI 661712 BeiOpaHa THKT guamerpom 60,3 MM
rpynnst npoyHocTu HS 90.

B pesynbrarte 66111 IPOU3BELCHBI PA6OTHL IIO
orpesanuio Heob6xoaumor JnnuHbel THKT, ciiycky 8 HKT
U BBI3OBY IIPUTOKA 4yepe3 TpyoHoe npocTpaHcTBo 'HKT.
Ha pucyHke 3 npecTaBaeHa KOHCTPYKITUSA CKBAKUHBI
IIOCJIE YCTAHOBKM JIM(PTOBOM KOJNOHHBKIL [Toce crycka
ObL1a TPOU3BE/ICHA YCTAHOBKA ITAKEPA, KOTOPBIH BXOAUT
B BCpXHIOIO KOMIIOHOBKY 1 CJIY)KI/IT JJIA ITIOABCIIMBAHM A
KOJIOHHBI. [TO0CJI€ YCTAaHOBKH KOJIOHHBI OBbLT IPOU3BE/ICH
BBI3OB IPUTOKA. B MOMEHT BBIXO/1a CKBA’KUHHOM
NPOAYKIIMU HA IOBEPXHOCTD YCTHEBOE JIABJICHUE OBLIIO
HYJIEBBIM. 32TEM OBbLJIN IPOU3BEACHBI PAOOTHI IO OCBOECHHUIO
CKBAXMHBI 2a30TOM Ha 'HKT 38,1 MM, CITYIIIEHHO B
UM TOBYIO KOMOHHY 60,3 MM. TTocie yCTaHOBKU TU(PTOBOI
KOJIOHHBI 6b1J1 3a(DUKCUPOBAH BEICOKUI YPOBEHD JIcOUTA
110 ra3y — 368 TBIC. M3/CyT C yCTHEBBIM JIaBiicHUEM 23,4 MITa.

N3BnevyeHmne nMdTOBON KONIOHHbI

KoMmmaHuen-onepaTopoMm ObLIO IPUHATO PEHICHUE

U3BJIEYb JTU(PTOBYIO KOJIOHHY. CJIOKHOCTB Pab0T IO
ussyedeHno 'HKT 3aBUCUT OT HECKOJIBKUX (DAKTOPOB:
1) CKBa>XKMHHBIEC YCIOBUSL.

* COCTaB CKBAXKMHHBIX (DJIIOUJIOB.

* Hanuume cepoBOJOPOAA/yIIEKUCIOTO I'a3a, YTo
MHOBBIIIAET CJIOKHOCTD U3BJIEUYEHUS C TOYKU 3PEHUA
0€30MACHOCTH PAOOT U SKOJOTUH.

e YCThEBOE IABJICHUE.

2) Cocrosgaue 'HKT (InTOBOM KOJIOHHEL).

* Mexanuueckas 11es0cTHOCTb 'HKT cHapyxu 1 BHYTpH
U CBOICTBA MAaTEPHUAJIA TPYOBI, KOTOPBIE MOT'YT
MIPUBECTH K OCJIOKHEHUAM C KOHTPOJIEM 34 JABJICHUEM
U yTEYKE CEPOBOAOPOAA BO BPEMS U3BJICUYEHUS.

3) COCTOSTHUE YCTBEBOTI'O OO0PYJOBAHUS.

* [epMETUYHOCTD IPEBEHTOPA U PAOOTOCTIOCOOHOCTD
MEXAHU3MA OTKPBITHUS IJIAIIEK.

¢ JIoBUJIBHOE OOOPYIOBAHUE AJI51 U3BJICYCHUS TUPTOBOU
KOJIOHHBL

IIpouecc ussneuyeHust 1U@PTOBON KOJOHHBI THKT
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— Set the VS hanging packer at target depth

- The packer is set to hold the weight of the
VS in the wellbore and to seal across the
VS-tubing annulus so all the flow will go
through the VS.

— Disconnect from packer and POOH.

- After setting the packer, the hydraulic
disconnect (part of the upper VS BHA) is
activated to pull the CT to the surface. The
hydraulic disconnect, the packer, and an
external dimple connector will remain in
the wellbore with the VS (Fig. 2b).

— Retrieve the pump-through double-flapper
check valves.

- To be able to produce the well, the pre-
installed check valves must be removed.
This operation can be completed by
slickline.

— Initiate production.

- Start flowing the well. VS was run with
lighter fluid to decrease hydrostatic pressure
and ease flowback.

Candidate Well Description

The first VS was installed in a vertical well
completed with a pre-perforated liner in a
tight sandstone formation. An outstanding
gas producer in its field, the well exhibited
condensate banking, which affected its
production life span. The well had been
shut-in for 2 years because of the condensate
accumulation that restricted production. Before
the well had died, it had been on production
for many years with outstanding production
rates and pressures. Hence, the intervention was
planned to revive the well and put it back on
production with sustainable flow for at least 3 to
4 more years.

Makep nudToBown

JlndroBag konoHHa
KOJTOHHbI = . 60,3 MM

VS Packer ™ — 2-3/8in.VS
HKT 114,3 Mmm
. N L 8
41/2-in. Tubing
MocamoyHbIn
HAMNenb C
i —h npodunem XN
—[t XN-Nipple
XBOCTOBUMK 178 MM ! ; | Mocafou4HbIN HUNNEeNb
7-in. Liner / — c npogunem X
X-Nipple

Pucynox 3 - KoHcmpykuusa CkeaxiCumnbl
nocae yCmano8Ku AuPmoe6oil KOJTOHHbL

Figure 3 — Well schematic after VS
installation

Although there were several options, such as
replacing tubing with smaller inside diameter
(ID) string and using artificial lift equipment,
the most cost-effective and operationally
safe solution was found to be the installation
of VS inside the existing tubing. To design
the VS, critical reservoir and completion
information were collected. Simulations



BKJIIOYA€T HECKOJIBKO 3TAIOB. /I KA’KA0I'0 3Tana 6511
COCTABJICH NTOAPOOHBIN IJ1aH pabOT C YKA3AHUEM I1JIaHA
JIMKBUJAIIMU BO3MOXKHBIX ABAPHUI (HAIIPUMED, IPUXBAT UIA
pazbeguHenue 'HKT).
Ha aHHO CKBAXKMHE IIPOLIECC U3BJICYCHUS TUPTOBONU
KOJIOHHBI COCTOSJI M3 CJIEAYIONNX 3TAIOB:
* 3aIIyIINUTh CKBAXKHUHY. DTO HEOOXOJUMO /1J151
0€30I1ACHOI'O U3BJICUYCHU S IN(PTOBOU KOJIOHHBI.
* [TponssecTy MOHTAX yCTaHOBKU 'HKT.
* [IpOU3BECTHU CITYCK, 3a1IETVIEHUE U U3BJIEYEHNE
JIM(PTOBOY KOJIOHHBI.
* [IpoBECTH PE3KY TPYOBI HA YCTHE HEMTOCPEACTBEHHO O]
BepxHEeU KOMIIOHOBKOM 'HKT.
* CMOHTHPOBATH IBOMHON KOHHEKTOP JJISI COCITUHEHUS U
HAMOTKHU TPYO.
* MI3B1€4b IMPTOBYIO KOJJOHHY HA IIOBEPXHOCTD.
* [Tpoussectu gemMoHTaX 060pygoBanus T'HKT.

MogeIupoBaHHUE MPOIECCA U3BICICHHU A THPTOBOM
KOJIOHHBI

ITocie 3 1eT 3KCIIyaTal Uy KOMIIAHHUEN-OIIEPATOPOM
OBLJIO IIPUHATO PEUICHUE U3BJICYb IMPTOBYIO KOJIOHHY.
IIpUYUHBI JJ151 U3BJICUYCHUS:

— UCTOULICHUE IJIACTA,

— BBICOKAs1 BEPOSITHOCTD NoBpexacHusA 'HKT u3-3a
JUIATEJIBHOI'O BO3JECHCTBHUSA CPEABI C BBICOKHUM COEPKAHHUEM
cepoBosopoa. I3HAYAIBHO YCTAHABINUBATE IUPTOBYIO
KOJIOHHY Ha JIJIMTEJIPHOE BpEMS HE IIJIAHUPOBAJIOCh. PaboTa
BBIIIOJIHAIACH /1 UCIIBITAHU S TEXHOJIOIUH, IIOCJIE YETO
OBbLJIO IIPUHATO PEUICHUE U3BJICYb IU(PTOBYIO KOJIOHHY, 4
B OyayieM ucnosub3osatb THKT 60j1€€ BBICOKOH I'PYIIIBI
IIPOYHOCTH JJIs1 YCTAHOBKU HA JJIMTEJIbHOE BPEMSI.

ITOMMMO BBIIENIEPEUNCICHHBIX IPUYNH, [IOJXOUJI
K KOHIIY CPOK 3KCIUIyaTalluu ITaKkepa. B ciay4ae
HETE€PMETUYHOCTH ITAKEPA MOT IIPOU3OUTHU IPOPBHIB I'a34d B
MEXTPYOHOE IIPOCTPAHCTBO MEXKAY TU(MTOBOIH KOJIOHHOH 1
HKT, 4TO MOIJIO IPUBECTHU K CHUKEHHUIO CKOPOCTH MObEMA
U CKOILJICHUIO )KUJJKOCTH.

Ha jaHHOM CKBAXXHHE I10CJIE U3BJICYCHUA TUPTOBOK
KOJIOHHBI IJIAHUPOBAJIOCh 6YpEHUE HOKOBOI'O CTBOJIA HA
KOJITIOOUHIE€ B PYTOM ILJIACT.

ITpu MogenupoBaHUU PabOT 1O U3BJIECUYECHUIO JIN(PTOBOMU
KOJIOHHBI HEOOXO/ITUMO VAEATh OCOOEHHOE BHUMAHUE
CIEAYIOMUM ACIIEKTAM:

Komnonoeéxa ona u3eneuenuaaugpmoeoii KOJN0HHbL.
[Tpu BEIOOPE KOMITIOHOBKU JJISl U3BJICYCHU S TU(PTOBOU
KOJIOHHBI HEOOXO/IMMO IIPUHATHL BO BHUMAHUE CJIEAYIOIEE:

— I[TapameTpol 1MPTOBOX KOJIOHHBL BEC KOJIOHHBI I1PU
HOLbEME IIEPEJ YCTAHOBKON COCTABIIA OKOIO 22 T. [114
CPBIBA AKEPA NOTPEOOBAIOCH JOIOIHUTEIBHOE TATOBOE
ycunue. BelTnuuHy 3Ha4E€HUA BECA, HEOOXOAHUMOTO A1
CpPBbIBA TAKEPA, HY>KHO IPUHUMATh BO BHUMAHUE IPU
ucnelTaHUU KOHHEKTOpA THKT Ha HaTsaKEHUE.

— WHCTPYMEHT C TPO(MUIEM A1 3aLETIEHUSL.

CaMBbIM BEPXHUM KOMIIOHEHTOM JIU(PTOBOU KOJIOHHBL B
CKBA’KUHE ABJIACTCA TUAPABINYECKUN PA3bEAUHNUTEID

c npocunem GS-3. [1151 3a1CTUIEHUS C TU/IPABIUYECKUM
pa3beIUHUTEIIEM ObLI BBIOPAH I'HIPABINYECKU
UHCTPYMEHT JIJIS1 U3BJICUEHUS C TAKUM XK€ TpoduiieM GS.

IIoozomoexa cneuuaisbHozo ooopyoosanus. J1ns
U3BJICYECHU S TUPTOBON KOJIOHHBI OBLJIO MTOATOTOBIECHO
CJIEAYIOIIEE CIEIIUATBHOE OOOPYJOBAHHUE:

helped in determining the optimal string size.
Another consideration is the ability to do well
intervention in the future and to retrieve VS
when required. Considering all factors above HS
90 grade, 2 3/8-in. CT was selected as CT pipe
for the VS installation.

A preset length of CT string was cut and
deployed inside the production tubing, and the
well was being produced through the inside
of the CT string. The well schematic after VS
installation is shown in Fig. 3. A CT packer was
set as part of upper BHA of the string to hold
the completion in place. After installation of
the VS, the well was opened for flow and flow
was observed with O psi of wellhead pressure
(WHP). An N2 lift run was performed by
running 1 1/2-in. CT in 2 3/8-in. VS. The well
showed excellent performance by flowing at
gas rate of 13 MMscf/D with flowing wellhead
pressure (FWHP) of 3,392-psi.

Velocity String Retrieval
The decision was made by the operator
to remove the CT string. The complexity of
removing a CT string is dependent on many
factors:
1) Wellbore conditions
* Wellbore fluids
* Presence of H2S/CO2 that affects HSE
environment during retrieval
« WHP
2) CT string (VS) condition
» CT integrity both internally and externally,
based on CT material properties that could
lead to problems, including well control and
personnel exposure to H2S during retrieval
operation
3) Surface equipment condition
* Hanger seal and slip release mechanism
* Fishing technique for initial string retrieval
There are several distinct phases in the
retrieval of a CT VS. Detailed operating
procedures were prepared for each phase
taking into account of reasonably foreseeable
contingency requirements (e.g., stuck or parted
CT string).
The VS retrievable procedure in this case
consisted on following parts:
* Kill the well. It’s necessary to kill the well to
effect safe removal of the CT VS.
e Rigup CTU
e Latch and retrieve the CT string
 Cut CT at surface to remove the upper VS
BHA
» Make up double spoolable connector
* POOH VS string
* Rigdown CT equipment

Velocity String (VS) Retrieval Design
After 3 years of operating through VS, the
decision was made by the operator to retrieve

VS. The reasons to retrieve VS were
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— OnopHas BbIKA. ONMOPHAs BBIIIKA ObLIIA HEOOXOAUMA
JIJ1s1 OOECTIEYECHU S JOCTYIIA IEPCOHAA IPU padboTaxX
Ha BBICOTE BO BPEMSI PE3KU TPYObI 1 MOHTAXKA

KOMITOHOBKH. BBICOTA YPOBHEN BBIIIKU ObLIA TIOAOOPAHA

B COOTBETCTBHH C BBICOTON OCHOBHBIX 3JIEMEHTOB
YCTbEBOM APMATYPBL

— Kackagnas cucreMa AbIXaTe/IbHbIX AIII1apaTOB C
HPUHYINUTENbHON OJa4Yer BO3AyXad. [IOCKOJIBKY B
JIAHHOW CKBAKMHE HAOIIOAAIOCH BBICOKOE COJIEPKAHNE
CEPOBOJIOPO/IA U YIJICKHMCJIOI'O I'd34, HA BEPXHEM YPOBHE
BBIIIKH OBLJIa YCTAHOBJIEHA CUCTEMA [ bIXATEIbHBIX

4AIIIapaToB, KOTOPpada Obly1a TOTOBA AJIS1 UCTIOJIB3OBAHMA B

Ciy4dae HEOOXOIUMOCTH.

— JJormonHuUTENBHAA I'PY30NIO’bEMHAA OCHACTKA. [lepen
peskoi BepxHer KoMnnoHOoBKY 'HKT oHa (pukcupyercs
B YETBIPEX HANIPABIEHUAX C HIOMOIIBIO TAKETAKHBIX
PEMHEN C XPATIOBUKAMU JJI4 3AIIUTEI OT PACKAYMBAHUA.

— I'mpapasnnyeckas Tpybopeska. Jo Moounnzanuu
O0OPYAOBAHUS HA CKBAXKHUHY TPYOOpE3Ka ObliIa
ucnelTaHa Ha o6pasne 'HKT Takoro e pazmepa ¢
CAMOM 60JIBIITOH TOJIIUHOM CTEHKH. [IJ1s1 aKTUBAIIUU
TPYOOPE3KU C 3EMJIN UCIIOIb30BAJICA PYYHONU HACOC
(69 MI12) C JTUHHBIM TUAPABIUYECCKUM IIJIAHTOM.

— BrICTPOPa3bEMHOE COEAUHEHUE JIJIST ONIPECCOBKH.
BrICTPOPAa3bEMHOE COEAUHEHUE UCIIONB30BAIOCH
JUIA PA3bEAVUHEHNUS U COEJUHEHMA C yCThEBOU
ApMaTypou BO BpEMS OIPECCOBKU. OCOOEHHOCTBIO
3TOTO OGBICTPOPAZBEMHOIO COEJUHEHU A ABJIAETCA TO,
4TO ONPECCOBKY MOKHO 6BbIJIO IPOU3BOJIUTL PYYHBIM
HACOCOM 6€3 HEOOXOAUMOCTH IIPOBOJUTH OIIPECCOBKY
Pa¥i3epOB C 3AKPBITBIMU TPYOHBIMU IIJIAIIKAMHU.

— 3amuTHAA IJIACTUHA. 3aI[UTHAS IJIACTUHA

YCTAHABJIMBAETCA HA HUKHIOIO 4acTh THKT (BRIXOAAIIYIO
M3 IIPEBEHTOPA) MOCJIC PE3KU JIJIsI 31U THI OT MO A HUS

HHCTPYMEHTOB U IPYTI'UX IIOCTOPOHHUX ITPEJMETOB B
32TPYOHOE IPOCTPAHCTBO MEXK/Y YCTHEBOU ApMATYPOH
u 'HKT BO BpeMsa pabOThbl HA OIIOPHOM BBIIIKE.

— KoHHexkTOp 7715 coeinHeHUA 1 HaMoTKu 'HKT.
KOHHEKTOP HUCIIOIb30BAJICA /11 COEAUHECHUS padoUeH
I'HKT ¢ 11 TOBOH KOTOHHOU NOCJE PE3KU BEPXHEH
KOMIIOHOBKM KOJIOHHBI. Pa3dMep KOHHEKTOPA JOJIKEH
ObLJI HOAXOAUTD 11O, BHYTPEHHUE JUAMETPHL IN(PTOBOM
KOJIOHHBI 1 J10BHUIbHOM T'HKT.

MpoBepeHne paboT no nsBnevyeHMo
Huke mpeacTaBaeHa MOC/IE0BATEIbHOCTD PA6OT:

A.PaGoTa Ha KAHATHOH TEXHHKE
Bo Bpems pe3ku THKT u 1abHERIIIETO U3BJICUYEHUS
JM(PTOBOM KOJIOHHBI HEOOXOANMO YCTAHOBUTD
6apbepbl OT 3260HUHOTO IABACHUSL. 11 3TOro Ha
KOJIOHHE OBL/IN YCTAHOBJIEHBI OOPATHBIE KIATIAHBI.
3a1a49u CIyCKO-NOJ'bEMHBIX ONIEPALINIT, OMUCAHHBIX
HUKE: IPOMIA6JIOHUPOBATHE TPYOHOE MPOCTPAHCTBO
JU@MTOBOM KOJOHHBL, IPOYUCTUTH BHYTPEHHUE TPODUIN
MOCAJOYHBIX HUMIIEJIEN U YCTAHOBUTD IPOKAYNBAEMBIE
O6pAaTHBIE KIATIaHbI ¢ TpOoduaaMu X 1 XN.
1. ITpon3BECTHU MOHTAX Ar'PErard C KAHATHON TEXHUKOM.
2. [IpomabIoHUPOBATh TU(PTOBYIO KOJIOHHY CKPEOKOM
C HAPY>KHBIM JUAMETPOM 47 MM. DTA OllepaLns
HEOO6XOAUMA JIJ1 TOT'O, YTOOBI YOS UTHCS, YTO
O6pAaTHBIE KIAIIaHBl MOKHO IPOKAYATh YEPE3 BCIO
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— Reservoir depletion

— Concern of loosing CT pipe integrity due to
long-term exposure to sour environment.
Original installation of VS wasn’t intended
for long-term installation as it was only for a
proof of concept. After the concept has been
completed and proven, the VS needs to be
retrieved and future installations will consider
material integrity for longer VS installations
In addition to the above-mentioned reasons,

packer life was a concern. When packer

integrity is compromised, gas can start flowing
through the VS-tubing annulus, which can
destabilize the flow by decreasing the velocity
and increasing liquid banking.

For the current well, the VS retrieval decision
was taken to sidetrack the well to a different
reservoir by using the coiled tubing drilling
(CTD) method.

During the design stage of VS retrieval job,
special attention needed to be paid to the
following points.

VS retrieving BHA. To prepare the BHA
for retrieving the VS, several points need to be
considered, such as
— VS details. The pickup weight of CT string

before setting was around 50,000-1bf. An

additional overpull was required to unset the

packer. This value must be considered for a

pull test of the CT connector.

— Latching profile. The topmost point of the VS
in the well is the hydraulic disconnect, which
has GS-3 profile. A similar profile GS flow
release pulling tool was chosen for latching
onto the hydraulic disconnect.

Special equipment preparation. For the
VS retrieval operation, special equipment was
prepared:

— CT tower. A CT tower was required to have
access to work at height during CT cutting and
the BHA making-up procedure. The tower
levels were adjusted as per the critical PCE
stack.

— Supplied air breathing apparatus (SABA)
cascade system. Because the well had high
H,S/CO, content, SABA equipment was
mounted on the top level of the tower and
was ready to be used in case it was needed.

— Additional lifting gear. Before cutting the
upper part of the CT, it was fixed in four
directions with lifting belts and ratchet-type
binders to avoid swinging the stack.

— Hydraulic cutter. Before mobilizing to
location, the cutter was function tested to cut
the thickest section of similar size CT. A hand
pump (10,000 psi) with long hydraulic hose
was required so personnel could activate the
cutter from the ground.

— Quick connection for pressure testing. The
quick connection for pressure testing was
used to disconnect and connect the wellhead
stack. The feature of the quick connection for
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KOJIOHHY JJO IOCAJOYHBIX HUIIIIEJIEN B HUKHEN
KOMIIOHOBKE.

. IIpon3BecTy COYCK MIETKU C HAPY>KHBIM JUAMETPOM

48,3 MM 10 HUIIIIEN S C npoduieM X. DTa onepanus
HEOOXOINMA JIJIS1 OYUCTKHU ITOCA/IOYHBIX HUIIIICIEH
Iepe/ yCTAaHOBKOIM OOPATHBIX KJIAIIAHOB.

. [Ipon3BecTy CIyCK M IIPOKAYKY IBOMHOI'O OOPATHOT'O

KJIanaHa pazmepom 47,6 mm ¢ npocduiem XN,
YCTAaHOBUTbD KJIANAH B HUKHEM ITIOCA/JTOYHOM HUIIIIEIIE.
JaHHBII OOPATHBIN KJIATIaH CJIYKHJ B KAUECTBE
OCHOBHOTO 6apbepa BO BPEMSI PE3KU U U3BJICUCHUS
JHU(PTOBOM KOJIOHHBI.

. HpOI/ISBCCTI/I NMOABEM KAaHATA HA MOBCPXHOCTD,

HpOB@CTI/I HCIIbITAHUEC HA HpI/ITOK. HCHI)ITZ[HH@ Ha
IIPUTOK OBLJIIO HEOOXOJUMO IIPOBOAUTH ITOCJIE KAXKOMN
CIIYCKO-TIO/'bEMHOI OIIEpaIIuU Ha KaHaTe. [IpuToKa

32(pUKCHUPOBAHO HE ObLJIO. B ciryuae yredku 0OpaTHOrO

KiariaHa HCO6XOHI/IMO €r'o U3BJICYb U YCTAHOBUTD
HOBBIC KJ/IAITAHBI.

. IIpousBecTH CYCK U IPOKAYKY IBOMHOT'O OOPATHOI'O
KjarnaHa pazmepom 47,0 mm ¢ ipoguiem X, yCTAaHOBUTb

KJIAIIAH B BEPXHEM IIOCAJOYHOM HUIIIEIE. JJaHHBIN
OOPATHBIN KJIAIIAH CJIYKUJI B KAYECTBE BTOPOT'O
Oapbepa BO BpeMs pPE3KU U U3BJICUYECHU TUPTOBOHN
KOJIOHHBI.

=
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Pucynox4 - 3auennenue c augpmoeoii
KOJIOHHOL U U361eueHue Ha ROEPXHOCMD

Figure 4 — Latching on VS and POOH to surface

7. IIpon3BeCcTH NOABEM KAHATA HA IIOBEPXHOCTD,

NMPOBECTU UCIIBITAHUC HA IIPUTOK.

B. MonaTa:x o60opymoBanus THKT u mrynmesnue
CKBaKHHBI

Huxe onmucaHa mocaeoBaTe/NbHOCTb PaboT IpHU
MOHTae ycTaHOBKU 'HKT U INTyII€EHUU CKBAKUHBL:

1.

ITpounssecTn MOHTAX ycTaHOBKM 'HKT, onopHon
BBIIIKHY, IPEBEHTOPA 1, IpeBeHTOpa 2, pan3€epos,
CTPHUIINEPA U UHKEKTOPA.

. IIposecTn ucnerranue kKouHekTopa 'HKT Ha

HaTs>KEHHUE 35 T.

. IIpoBeCTH ONIPECCOBKY HATHETATENbHBIX TMHUNI THKT,

KOHHEKTOPA, IPEBEHTOPA 1 U IpeBeHTOpA 2 —
Ha 51,7 MIIa, 4ByCTBOPYATOrO O6PATHOI'O KJIAIIaHA —
Ha 37,9 MIla.

. IIposecTu ma6noHupoBky 'HKT Ha 6apadaHe mapom

IuaMeTpom 28,575 MM.

. HpOI/ISBCCTI/I MOHTAX U UCOIBITAHUE JTOBUJIBHOU

KOMIIOHOBKH.

. OTKpPBITh MITYLIEPHYIO 334JBHUKKY, YDABHATD JABJICHHUE

B LICHTPAJIBHOU 33IBUKKE, OTKPBITD 34/]BUKKY.

pressure testing was that it could be pressure
tested by manual pump and did not require
pressure testing the risers with closed pipe
rams.

— C-plate. After the CT was cut, the C-plate
was required to be installed on the lowest
CT piece (coming out of BOPs). This was to
prevent any tools or debris from falling into
annulus of CT-PCE during working on the
tower.

— Spoolable connector. The spoolable
connector was used to connect the CT after
the upper VS BHA was removed. The size
of the spoolable connector had to fit the VS
inside diameter (ID) as well as the ID of the
fishing CT.

Retrieval Operation Execution
Below is the sequence of operational events:

A. Slickline Interventions
To have downhole barriers during the cutting

CT and further retrieval of the VS, pump-

through check valves must be installed in the

VS. The objective of the runs described below

was to ensure there were no restrictions in the

VS, to brush across the nipples, and to install X

and XN pump-through plugs.

1. Rig up slickline.

2. Drift the VS to 1.85-in outside diameter (OD)
gauge cutter. This step was conducted to
ensure pump-through check valves can be
run all the way to the nipple profiles in the
lower VS BHA.

3. RIH with 19-in brush to the X-nipple. This
was to clean across the nipples prior to
setting the check valves.

4. RIH with 1.875-in pump-through XN pump
through the check valves and set on the
lower nipple. These check valves were run
to be the primary barriers during VS cutting
and retrieval operations.

5. POOH to surface and perform an inflow test.
An inflow test was required to be conducted
after each run of slickline. Zero leakage
was confirmed. In case the check valve was
leaking it had to be retrieved and a new set
of check valves was must be set.

6. RIH with 1.85-in. X pump-through check
valves and set on the upper nipple. This was
the second barrier that was required during
VS cutting/retrieving operation.

7. POOH and perform an inflow test.

B. Rigging Up the CT and Loading the Well
Below are the steps followed during rigging

up equipment and loading the well:

1. Rig up CT equipment with the tower, BOP 1,
BOP 2, risers, stripper, and injector head.

2. Pull-test the CT connector to 70,000-1bf

3. Pressure test the CT lines, CT connector,
BOP 1, and BOP 2 rams to 7,500-psi and the
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7. IIpOU3BECTH IVIyLHIEHUE CKBAXKUHDI 5%-HbIM PACTBOPOM
KCl uepes 3aiBMKKY IMHUH Ty IIEHU .

C. 3BiaedeHue THMTOBOMN KOJOHHBI

Huke onncaHa nocaeJ0BaTENIbHOCTb Pa60T IO

3aLEIIEHUIO U U3BJICYCHUIO TU(PTOBOH KOJIOHHBL:

1. TIpousBeCTH CITYCK ¥ IPOMBIBKY Ha/I BEpXHEH
KOMITOHOBKOH JTU(PTOBOH KOJIOHHBI.

2. TIpAMBIM HATAXKEHUEM IIPOU3BECTU IIOI'BEM HA
MOBEPXHOCTD (HAKEP HEOOXOAUMO MOAHATD HA 3 M Ha/JL
OBICTPOPA3ZBEMHBIM COEJUHEHUEM JIJIS1 OIIPECCOBKN).

Pucynox 5 — Pa3sedunenue
OoBICMPOPAIEEMHO20 COCOUHEHUA ONiA
onpeccoexu

Figure 5 — Opening quick connection for
Dpressure testing

A — ycTbeBas apMaTypa [0 OTKPbITUS ObICTPOPa3beMHOro
coeMHeHWs 9 OMPeccoBKU. B — ycTbesas apmarypa nocie
OTKPbITUA BbICTPOPa3bEMHOrO coefiHeHNs ANs onpeccosku. C —
yCTaHOBKa MNaCTWHbI 419 3aLLUMThI OT NOMNafaHVAa NHCTPYMEHTOB Ha
TPYOHbIE MNaLKM 1 B CKBaXWHY. D — Nogbem apMaTypbl BBEPX A1
otpesaHuna MHKT nog nakepom

A — PCE stack before opening quick test connection. B — opened
quick connection for pressure testing. C — installed C-plate to prevent
any tools falling on pipe rams and dropping into the well; D - sliding
up wellhead stack to cut CT below the packer

OnucaHue NpoLEAYPHI CPBIBA NAKEPA NPEACTABICHO
Ha pUC. 4 ¥ HUXKE:
A. TTpOMU3BECTH CIIYCK UHCTPYMEHTA JJI51 U3BJICUYCHUS C
npodpunem GS-3.
B. Ilepen 3anienyieHUEM C TUPTOBOU KOJTOHHOM
IIPOU3BECTU IIPOBEPKY BECA HATSXKEHUEM 32 40 M
JIO KOJIOHHBL.

C. IIpou3sBeCTH CIYCK O JIU(PTOBOI KOJOHHBI U PA3TPYy3UTh

HAOT.
D. IIpAMBIM HATSKEHUEM B 4 T IIPOU3BECTU CPBIB ITAKEPA.
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double-flapper check valve (DFCV)
to 5,500-psi

. Drift the reel with 1 1/8-in. ball

. Rig up and function test the fishing BHA

. Open the CV, equalize pressure across the
hydraulic master valve (HMV), and open
the valve

7. Load the well through the tubing kill valve

(TKV) with filtered 5% KCI brine.

[ORVARE

C.Retrieving the VS

The following steps were followed for
latching and retrieving the VS:

1. RIH and flush the top of the upper VS BHA
(Fig. 4)

2. Apply straight overpull and POOH to surface
(VS packer hanger to be pulled up 10 ft
above quick connection for pressure testing)

The details for the packer setting as illustrated
in Fig. 4 are presented below:

A. Begin RIH CT with GS-3 pulling tool.

B. Pull test at 130 ft before latching on VS.

C. Slack off 12,000-1bf on VS, stop pumping.

D. Apply overpull of 8,000 Ibf, unset the packer,
and start POOH.

E. Packer elements passed across the BOP,
WHP increased to 2,400 psi.

D. Preparing to Cut the VS

1. Close pipe/slip rams on BOP 1 and
manually lock. Slack-off weight and
confirm pipe rams are holding.

2. Bleed-off pressure from above BOP 1.
Close bleed-off valves. Monitor for pressure
buildup in risers for 30-min.

3. Close pipe/slip rams on BOP 2 and
manually lock. Monitor pressure at Kill port
of BOP 2.

4. Open equalizing valve on BOP 1.

5. Monitor for pressure buildup in risers
for 30 min.

6. Close equalizing valve on BOP 1.

7. Open equalizing port on BOP 2 and bleed
off pressure from risers.

8. Close equalizing port on BOP 2.

9. Flush the VS with 50 bbl (VS volume) of
treated water to remove any wellbore fluids.

10. Perform an inflow for X and XN check
valves. Note, pressure to be monitored is
pressure in the PCE stack, above the pipe
rams (cannot read CT pressure because
DFCV are installed above fishing BHA).

E. Cutting the CT at Surface

The steps below were followed for cutting
the CT VS pipe:
1. Open quick connection for pressure testing
and prepare for cutting (Fig. 5).
2. Cut CT string below the VS packer hanger
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Pucynox 6 - Ompezanue THKT
Figure 6 — Cutting CT

A — prkcaums HUXKHero KoHua M'HKT ¢ NOMOLLbIO TakenaxHbIX
pemHeln ANns 3almTbl OT packaymBaHms. B — yctaHoBka
rMApaBAMHeckon Tpydopeskm Ha N ToBYIO KOOHHY. C —
MOBbILLEHWE [aBNeHNs B MMAPABINYECKON TPYOOpesKe C MOMOLLbIO
PY4HOrO rapaBAMYecKoro Hacoca. D — oTpesaHre nndToson
KOJSTOHHbI

A — tightening lower CT end with lifting belts to prevent possible
swinging. B —installing a hydraulic cutter on VS. C — pressurizing
hydraulic cutter with hydraulic hand pump; cutting VS

IIpou3BeCcTH IIOABbEM HA IIOBEPXHOCTD.

E. IIpn IpOXOXACHNUHU MTAKEPYIOIUX JIEMEHTOB Yepe3
IPEBEHTOP 6bLI 3a(PUKCUPOBAH POCT yCTHEBOT'O
JasiieHus 10 16,5 MIla.

D. IIogroToBKa K pe3Ke TH(PTOBOH KOJTOHHEI

1. 3axpeITh TPYOHBIE/YAEPKUBAIONIUE IIAIIKU
npeBeHTOpPA 1, 3a(pUKCUPOBATH NPEBEHTOP BPYUHYIO.
Pasrpy3uTb BeC U yOEIUTHCA, YTO TPYOHBIE IUIAIKNA
YACPKHUBAIOT KOJIOHHY.

2. CrpaBUTb JABJICHUE HAJl IIPEBEHTOPOM 1. 3aKPBITH

33JIBMIKKHU JJI CTPABIUBAHUA. [IpOCIEqUTDb 32 pOCTOM

JaBJICHU B pAari3€pax Ha IPOTKEHUU 30 MUHYT.
3. 3akpbITh TPYOHBIE/YEPKUBAIONIUE TIAMKHA

MpeBEHTOPA 2, 3a(PUKCUPOBATH IPEBEHTOP BPYYHYIO.

[IpoceInTh 32 JABJICHUEM B IIPEBEHTOPE 2.

4. OTKpPBITb YPABHUTEJIBHBIN KJIAIlAH HA IIpEBEHTOPE 1.

5. IIpocnenuTs 32 pOCTOM JABJICHUA B PAU3€PaX HA
npoTskeHuU 30 MUHYT.

6. 3aKpBITh YPABHUTEIBHBIM KJIAMAH HA TPEBEHTOPE 1.

OTKpPBITh YPABHUTEJIBHBIN KJIAIIAH HA IIPEBEHTOPE 2 U
CTPABUTD JABJIEHUE C PA3EPOB.

. 3aKPBITb YPABHUTEIbHBIN KJIAIIAH HA IPEBEHTOPE 2.
[IponsBeCTU NPOMBIBKY JIU(PTOBOI KOJTOHHBI OT

CKBA’KMHHOM IIPOAYKIIUU B 00bEME 8 M? TOBAPHOH BOJIBI

(06'beEM TUPTOBOH KOJIOHHHBI).

Pucynoxk 7 — Bepxuana KOmnonoexka
AUPMO60I KOJIOHHBL

Figure 7 — Upper VS BHA

Pucynox 8 — 1601HOU KOHHEKmMOP OAA
COeOUHeHUA U HAMOMKU MPYO

Figure 8 — Double spoolable connector

with a hydraulic cutter (Fig. 6).

3. Monitor CT for any flow up the string
through pump-through check valve for
30 min.

4. Remove upper VS BHA including packer
(Fig. 7).

5. Cut 3 to 4 ft of CT below the VS packer
hanger for corrosion and scale testing.

6. Install a spoolable dimple connector on the
CT looking up through the BOP.

7. Swing wellhead stack to the side to be able
to remove the VS BHA.

8. Align and install the upper CT into
spoolable dimple connector on the lower
CT (Fig. 8).

9. Reconnect quick connection for pressure
testing.
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10. [IpOBECTH UCTHIBITAHUE OOPATHBIX KJIAIAHOB C
npoduasamu X 1 XN. BHUMaHHE: HEOOXOIUMO CIEIUTh
32 IaBJIEHUEM B YCTBEBOM apMaType HAJ, TPYOHBIMU
IUTAIIKAMU (JaHHBIE O AaBiaeHUU B 'HKT OTCYyTCTBYIOT
13-32 OOPATHOTO KJIAMAHA, YCTAHOBJIEHHOI'O HAJ
JIOBUJIBHOM KOMITOHOBKON).

E.Pe3ka 'HKT Ha HOBEPXHOCTH

Huke npeacTaBaeHa NOCIEA0BATEIBHOCTD PAOOT IO
pe3ke TP TOBOM KOJIOHHBI.

1. Pa3beUHUTD OBICTPOPAZBEMHOE COETUHEHUE I
OIIPECCOBKH, IIPOU3BECTU ITIOAT'OTOBKY K PE3KE
(puc. 5).

2. BemmonuuTtse pe3ky 'HKT o nakepomM ¢ TOMOIIbIO
IUPABINYCCKOM TPYyGOpEe3Ku (puc. 6).

3. Berkgath 30 MUH U IPOCIEAUTD 34 BBIXO/IOM JKUJIKOCTHU
U3 TPyOBI UEPES3 YCTAHOBJICHHBIN IPOKAYMBAECMBIHA
OOPATHBIN KJIATIAH.

4. IeMOHTUPOBATb BEPXHIOIO KOMIIOHOBKY JIM(DTOBOM
KOJIOHHBI C ITaKepoMm (puc. 7).

5. Orpesare yuacTok 'HKT nog makepom JyinHOU
90—-120 cM JJ1s1 UCTIBITAHHWS HA HAJTUYHE CIEJ0B
KOPPO3UH U OTIOXKEHUI.

6. VCTAaHOBUTD TYHOYHBIH KOHHEKTOP HA [HKT,
BBIXOJAIIYIO U3 IIPEBEHTOPA.

7. IlepeMeCcTUTDb YCTBEBYIO ApMATYPY B CTOPOHY A1
JIEMOHTAKA KOMIIOHOBKH JIM(PTOBOM KOJIOHHBL

8. BBIpOBHATDH apMaTypPy O6PATHO MU YCTAHOBUTH BEPXHIOIO
I'HKT B koHHEKTOp Ha HIkHEU THKT (puc. 8).

9. 32aHOBO MOACOEIUHUTD OBICTPOPAZBEMHOE COETUHEHUE
JULS ONIPECCOBKM.

10.TIpoBeCTHU UCTIBITAHUE YCTAHOBJIIEHHOI'O KOHHEKTOPA Ha
HaTsKeHUE, yaepskusast THKT B riamkax npeBeHTopa,
Ha 1,25 o1 Beca Tpy6HI (32,5 T).

11. Pa3rpy3uTsb 10 nepBoHa4YanbHOIro Beca 'HKT u
yOEUTHCS, YTO TPYOHBIE IIJIAIIKHU IIPEBEHTOPA
VAECPKUBAIOT TPYOY.

12.OTcoequHUTD OBICTPOPAZBEMHOE COCUHEHUE JIJISI
ONIPECCOBKHU.

13.TIpoBECTH BU3YAJIbHYIO HHCIIEKIIHUIO IYHOYHOI'O
KOHHEKTOPA.

14.3aHOBO NOJCOEAUHUTD OBICTPOPAZBEMHOE COCTMHEHUE
JIJ1s onnpeccoBKu. [TposecTu onpeccosBky Ha 51,7 MITa ¢
IIOMOIIBIO PYYHOI'O HACOCA.

15. OTKPBITh YPABHUTEIBHBIE KIAIIAHbI HA IIPEBEHTOPAX
1u?2.

16. Bpy4uHYIO pa36JIOKUPOBATD IPEBEHTOPHIL.

17. OTKpPBITH TPYOHBIE/ YA€ PKUBAIOMME TUIAIKH HA
IIpEBEHTOPAX 1 u 2.

18.3aKpbITh YPABHUTEJIbHBIC KJIAIIAHbI HA
NpeBeHTOopax 1 u 2.

19. TIpunoguaTs 'HKT 10 TEX 1Op, NOKa KOHHEKTOP HE
Jonger 1o 6apabaHa.

20.TTponsBeCcTH NOJMHBIN NOABEM HA IIOBEPXHOCTD C
3aKAa4YKOH C MUHHMaJIbHBIM paCXOHOM JJI 3aIIOJTHCHU A
CKBAKHHBI.

21. 3aKpBITb OOPATHBIN KJIAIIaH U LEHTPAIBHYIO 33IBUKKY.

22.Jemontuposarb o6opynosanue F’HKT.

N3BneyeHHble YpoOKM
— DKCITyaTauus CKBAXKHUHBI Y€PE3 JINPTOBYIO KOJIOHHY
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10. Pull test the newly installed CT connector
against the BOP rams to 1.25 times hanging
weight (65,000 Ibf).

11. Slack off to initial CT weight and confirm
pipe rams are holding.

12. Disconnect quick connection for pressure
testing.

13. Check/inspect spoolable dimple connector.

14. Reconnect quick connection for pressure
testing and pressure test the connection to
7,500 psi by hand pump.

15. Open equalizing valves on BOP 1 and
BOP 2.

16. Manually unlock BOPs.

17. Open pipe/slip rams on BOP 2 and BOP 1.

18. Close equalizing valves on BOP 1 and
BOP 2.

19. POOH CT slowly until spoolable connector
is on the reel.

20.POOH to surface while pumping at
minimum rate to maintain wellbore full.

21. Close check valve and HMV.

22.Rig down CT equipment.

Lessons Learned

— Well was producing through VS for extended
period of time without affecting the
integrity of the packer and VS string.

— The reel with retrieving CT must be prepared
by considering the length of VS string
in the well and maximum reel capacity.
Gooseneck size must be considered to avoid
short radius cycling of spoolable connector.

— During VS installation phase ID of VS uphole
end must be measured and documented.
For retrieval operation, several sizes of
spoolable connector must be available on
location.

— Preparing the ID of the CT to make up the
spoolable connector is a critical phase
during the operation. The procurement of
a reamer will facilitate the removal of the
internal weld of the coiled tubing and is
recommended for the next operations.

— Spoolable connector could pass through
stripper, injector head, gooseneck and
spooled on the reel during VS retrieval

— VS was pulled at slow speed (35-40 fpm)
while monitoring the condition of the CT
pipe by visually when passing through the
injector head and gooseneck.

— Ability to conduct real-time magnetic flux
leakage measurements of VS string while
POOH would be valuable to minimize HSE
and SQ risks involved.

Conclusions

The VS was run and well was put on
production through VS for 3 years in a sour
environment. During production through VS
reservoir was depleted and decision was made
to target different zone by using sidetracking



BEJIACh IPOJOJIKUTEIBHOE BPEMS 6€3 ITIOBPEKICHUI
IMaKepPa MUJIN KOJIOHHBI.

— EmkocTs 6apabana ¢ pa6oyert THKT goskHa
NOAOGHUPATHCSA C YYETOM JJIUHBI TU(PTOBOMU KOJIOHHBI B
ckBaxxuHe. Pazmep Hanpasisaiomen apku F'HKT goiken
O6ECTIEYUTh MAKCUMAJIbHBIN PAAUYC A1 O€30IACHOTO
IIPOXOXKIECHUSI KOHHEKTOPA.

— Heo6x01MMO 3aMEPUTD U 3A(PUKCHUPOBATh BHYTPEHHUH
JUAMETP BEPXHETO KOHIIA JIM(PTOBOIM KOJIOHHBI HA TAIlE
yCTaHOBKU. Ha aTane uspnedyeHus TU(TOBON KOJIOHHBI
Ha paboyYei MJIOAIKE JOIKHO OBITh B HATUYUU
HECKOJIBKO Pa3MEPOB KOHHEKTOPOB.

— HanboJiee BaXKHBIM 3TAIIOM PA0OT ABIAETCA HOATOTOBKA
BHyTpeHHeN nosepxHocTu HKT 11t MOHTaXKA
KOHHEKTOPA. 11 JAIbHEUINX PAa6OT PEKOMEHAYETCSA
3aKYOUTB pardep a1 3pHEKTUBHON OUUCTKH CBAPHOTO
IBa HA BHyTPeHHEeN nosepxHocTu F'HKT.

— IIpu U3BJIEYEHU U KOJIOHHBI KOHHEKTOP JOJIKEH
CBOOOJHO NPOXOJUTH YEPES CTPUIIIIED, HHIKEKTOD,
HAIIPABIAIOMYIO APKY U [JaJIe€ HAMATBIBATbCA HA
6apabaHn.

— IogpeM MU@PTOBOM KOJIOHHBI IIPOU3BOJUJIICS C HU3KOU
CKOpOCTBIO (10-12 M/MuH). [Ipy IPOXOXKIECHUU YEPE3
UHJKEKTOP U HANIPABJIAIOLIYIO APKY IIPOBOAMIIACH
BU3yaJIbHAA MHCIEKIIUA COCTOIHUA TPYOHI.

— 11 MUHUMU3A1UU PUCKOB, CBA3AHHBIX C
IIPOMBIIIJIEHHON U 9KOJIOI'MYECKOM O€30MMaCHOCTBIO, BO
BpeMs NOAbEMA TU(PTOBOU KOJIOHHBI PEKOMEHIYETCA
IIPOBOJUTD 3JIEKTPOMATHUTHBIN KOHTPOJIb YTEUYEK.

BbiBOAbI

IToce yCenHOH yCTAHOBKU TU(PTOBOY KOJIOHHEL B
CPEAY C BBICOKUM COZIEPKAHUEM CEPOBOIOPOA CKBAXKUHA
OBbLJI4 B OKCIIYATALUU HA IPOTSKEHUU 3 JIET. 32 3TOT
nepuo/] 661710 3A(PUKCUPOBAHO UCTONICHHUE IIJIACTA, B
PE3YABTATE YETO OBLIO MIPUHATO PEMICHUE NTPOOYPUTD HA
I'HKT 60KOBOI CTBOJI B IPYTOM IIACT. JINPTOBAS KOJIOHHA
OBbLJIa YCIIEITHO U3BJIEYEHA 32 OJHY CITYCKO-TIOJ/bEMHYIO
onepanuio. [IpoJOIKUTENBHOCTb PA6OTHI COCTABUIIA
30 gacos. [TocJie U3BJIEYEHU S KOJIOHHBI ObLIIA IPOU3BECHA
BU3YaJIbHAS MHCIIEKIIN HAPYKHOU NIOBEPXHOCTH.

Ce1oB CUIBHOM KOPPO3UH U YTOHEHU S CTEHKU TPYOEI

06HapyxkeHO He 6b110. CTOUKOCTh 'HKT K BO37I€HCTBUIO

CEPOBOJIOPO/A U YTJIEKHCIIOrO I'a3a ObLIA JOCTUTHYTA

6arofaps CAeAyIOMUM PEMIEHUAM:

— Wcnonb3osanue 'HKT HU3KOM IPyHITBI IPOYHOCTH.

— Mcnnonb30oBaHNME UHI'UOUTOPA KOPPO3UU B 3aTPYOHOM
npocrtpancTse Mmexay HKT n mndToBoi KOJTOHHOM.

— Huskass 06BOAHEHHOCTD CKBA’KUHHOM PO YKIIHH.

Ha ocHOBE pe3ynpTaTOB JAaHHOU pabOThl HCIOJIb30BAHUE
JU(MTOBOM KOJIOHHBI OBLJIO IPU3HAHO HAUOOJIEE
3(PHEKTUBHBIM U SKOHOMHUYHBIM PENIEHUEM JJIS TA30BBIX
CKBa’KWH C PUCKOM BBIITAJIEHUA KOHJEHCATA U CKOIIJIEHU S
JKUJKOCTU. YCTAHOBKY U U3BJIEYEHUE JTU(PTOBONU KOJTOHHBI
MOKHO IIPOU3BOJANUTD O€3 MIPUBJIEUYEHHN OYPOBOI'O CTAHKA.

bnaropapHocTu

ABTOPBI BBIPAXKAIOT NPU3HATEIbHOCTb KOMIIAHUU
Saudi Aramco 32 pa3pelueHue NPeACTABUTD PE3YIbTATHL
3TOM PabOTHI U ONIYOJIUKOBATD JAHHYIO CTATbIO. Ocob6asa
671aTOAAPHOCTD YWIEHAM IIPOEKTHOM I'pynnsl Saudi Aramco
u Schlumberger, KOTOPBIE Y4aCTBOBAJIU B 3TOH paboTe.

CT drilling. It was successfully retrieved in a
single CT run with total operational time of
30 hours. After VS was retrieved, the CT pipe
outer surface was inspected visually and there
was no severe pitting or wall thickness losses
observed. Following points helped to reduce
the corrosiveness from to the CT pipe H2S/
CO2:
— Use of low grade, low hardness CT pipe
material.
— Corrosion inhibition in the annulus between
the wellbore and the VS.
— Low water content from the well.
Based on this case study, the VS approach
has proven to be cost-effective and the
most-efficient solution for gas wells with
a condensate banking and liquid loading
problem. It can be installed and retrieved by
rigless operations in a safe manner.
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TaMnoHaXXHbIN COCTaB Ha OCHOBE 3MOKCUAHO-

OMaHOBOMW CMOJbl A1 PEMOHTHO-U30MSALNOHHbIX
paboT Ha CKBaXKMHAX

JI.LA.Maragosa, 3.A. llluaruuos, C.B. AkceHoBa, PI'Y Hecd T 1 raza (HUY) umenu U.M. I'yoxmaa, HOIT JIpOMBICIOBA S XM HST>

Ha CeroHsANHNMI IEHb U3-32 BBICOKOT'O YPOBHS
OOBOTHEHHOCTHU OOJIBIIOE KOJIMYECTBO JOOBIBAIOIINX
CKBaKMH HE UCIIONB3yeTCA. Bce cnocobbt
OPEAYIPEXKACHUA U INKBUAALNU OOBOJHEHUA
HE@PTAHBIX U F'A30BbIX CKBAKUH HA TAHHBIA
MOMEHT MOKHO PA3/EIUTDb HA TEXHOJIOTMUYECKHUE,
MEXAHUYECKHUE U (PUUKO-XUMUYECKHE [1].
IMocnegHne NOAPAa3yMEBAIOT 3AKAYKY CEJIEKTUBHBIX U
HECCJICKTUBHBIX MATCPHUATIOB [2].

TBepAeIonue COCTABbI — HANOO0JIEE OO PHAS
rpyIa MaTEPUAJIOB JIJI IPOBEACHUSA PEMOHTHO-
U3O0IALUOHHBIX paboT (PHP) B HE(PTAHBIX U
ra30BbIX CKBA)KUHAX. COCTABBI TOTOBAT HA OCHOBE
HEOPTaHUYECKUX BEIIECTB (PA3IUYHbBIE IIEMEHTHI,
CHJIMKATHBIE PACTBOPBHI), OPrAHUYECKUX BEIIECTB
(CMHTETUYECKUE CMOJIbI U KDEMHHUNOPIAHUYECKUE
COEJIMHEHU ) NJIN UX KOMOUHAITUIL
(MOMMMEPLIEMEHTHBIE COCTABBL).

TpaAUIIMOHHO B KA4E€CTBE OCHOBHOI'O MATEPHUAJIA
1 PUP ncnosib30Bany NOPTAAHAIEMEHT,

KaK Han60J1e€ TOCTYIIHBIN U JOJT'OBEYHbIH

MaTepual. Cerngac pa3padoTaHbl PELENTYPHI
OTBEPKAAIOMINXCSA TAMIIOHAXXHBIX COCTABOB Ha
OCHOBE MHUKPOIIEMEHTA [3], MArHE3UAIBbHOT'O 1IEMECHTA
U IPYTUX CTPYKTYPOOOPA3OBATENIEN C MEHBIIINUM
pa3sMepPOM YACTHULL I YIYYIIEHU IIPOHHUKAIOMEN
CIIOCOGHOCTHU. TAKHUE CYCTIEH3NUH IPUMEHSAIOT JIJIS
paboT, B KOTOPBIX UCIIOIb30BAHUE TPAAUIIUOHHOTO
LIEMEHTA HELETIECOOOPA3HO.

OJHAKO B CJIy4ae, KOrjia HEO6XOAUMO MAKCHMAJIbHO
BO3MOKHOE NPOHUKHOBEHHE U30JIUPYIOIETO
MATEPUAJIA, IPUMEHEHUE LIEMEHTHBIX PACTBOPOB
MOKET ObITh HEA(PPEKTUBHO. LIeMEHTHBIE COCTABBI
06J121a10T HU3KOH (PUJIBTPYEMOCTBIO B MEJIKUE
MOPOBBIE KAHAJIBI IIJ1ACTA. [T03TOMY LIeecCOO6pa3HO
UCIIOJIb30BATh CHHTETUYECKHUE CMOJIBL. COCTABBI
HA OCHOBE CUHTETUYECKUX CMOJI, Oyy4dHr
HUJIEAIbHBIMH PACTBOPAMH, HE UMEIOT B COCTABE
PacTBOPA TBEPABIX B3BEIIEHHBIX YACTHUIL. Takue
MOJIMMEPHBIE TAMIIOHAKHBIE COCTABBI CITIOCOOHBI
IJIYOOKO INNPOHUKHYTD B IIOPHUCTYIO CPEAY IIJIACTA U CO
BpPEMEHEM OOPA30BATH IIPOYHBIN KAMEHD.

TexHOIOrnA U30NALIMUA BOJOIIPHUTOKA B
CKBAKMHBI ITIOJIPA3YMEBAET 3aKAYKY I1O7
JABJIEHHEM ITIOJIMMEPHBIX COCTABOB, COCTOAMINX
U3 CHHTETUYECKUX CMOJI, OTBEPAUTEIIEN U
(PYHKIIMOHAIBHBIX JOOABOK /I PETYJIMPOBAHUA TEX
WUJIA MHBIX CBOMCTB U30JIALIMOHHOI'O MATEPHUAIIA.

B HOL] dIpombIcioBas XuMus» pu PI'Y nedru u
raza (HNV) nmenu .M. I'yOKHHA, B 1a60pATOPUU
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TEXHOJIOTMYECKUX )KUJJKOCTEH JI71s1 6ypEHUS 1
PEMOHTA CKBAKUH, Pa3Pa00TAH U30JISIIMOHHBIN
COCTaB HAa OCHOBE MOJU(DULINPOBAHHON STTOKCUTHO-
JUaHOBOM CMOJIbI C AMUHHBIM OTBEPIUTEIIEM.

HccnepoBaHbl BpeMs 3aryCTEBAHUS 1
PEOIOTUYECKHE CBOHCTBA COCTABOB, 4 TAKXKE YIIPYTO-
MIPOYHOCTHBIE CBOHCTBA TAMIIOHAKHOT'O KAMHSL.

BpeMst 3arycTeBaHU TAMIIOHAXKHOT'O PACTBOPA
OIIpEEsAeT NPEJEIbHOE BPEMS 3AKAYKU
U3O0JIALIMOHHOI'O COCTaBa. C MOMEHTA HAYaJIa
MIPUTOTOBJIEHUS COCTABA O IOTEPU TEKYIECTH
MPOTEKAIOT PEAKIINH TOJIMMEPUBALINN U
MOJIMKOHIeHCAITUU. OOPa30BAHUE CITUTOH
TPEXMEPHOU CTPYKTYPBI XAPAKTEPUSYETCS
3HAYUTEIBHBIM YBEJIMUEHHUEM BA3KOCTH COCTABA.
I1o3TOMY U3y4EHUE BPEMEHHU 3aTYCTEBAHUS
BAXKHO JIJI51 UCCJIEIOBAHUS MIPOLIECCOB CIIMBKU 1
OIIPEETIEHNS CPOKOB 3aKAYKH COCTABOB B TPEUIUHBI
Y KaHAJIbI IIJIACTA.

BpeMs OTBEPKACHU U30IALIMOHHOTO MaTEPHUAIA
OIpeensaeT BpeMs OKOHYAHH ITPOLIECCOB
MOJIMMEPUIAIIUH U TTOTHUKOHEHCAIIUU TOJIMMEPA
U XaPAKTEPUIYET BpeMs OOPA30BAHUS TBEPAOH
CTPYKTYPBI KAMHSL.

B pa6oTe 661111 NPOBEAECHBI UCCIEJOBAHM S
BPEMEHMU 3aT'YCTEBAHUA U 3ATBEPACBAHMA
TAMIIOHAKHBIX COCTABOB HA OCHOBE 3MOKCHU/IHO-
JUaHOBOM CMOJIBL. BplIN MOKO6PaHbBI ONITUMAJIbHBIE
COOTHOUIEHM KOMIIOHEHTOB IIPU PA3/TUYHBIX
TEMIIEPATYPAX. 3aI'YCTEBAHUE TAKUX KOMITO3ULIUH
MPOUCXOAUT PABHOMEPHO BO BCEM OObEME, TPH
OTBEPXKIECHUN OOPA3YETCS IPOYHBIH OJTUMEPHBIA
KaMeHb (puc. 1).

BakHenImuM 11oKa3aresaeM IOJINMEPHDBIX
TAMIIOHAKHBIX COCTABOB SIBJIAETCSI HAJIMINE
YIPYrO-IPOYHOCTHBIX CBOUCTB. 111 06pa31I0B U3
3MOKCUAHOM CMOJIBI ObIM PACCUMTAHBI 3HAYEHUA
npezena IPOYHOCTH IPH CKATUH, TPOJOIbHBIX
U TIONIEPEYHBIX Ae(POPMAIINIL, OIPEAEIEHBI
ko3 punment ITyaccona u moayns KOura. Ilpu
CKATHHU SITOKCUHBIA MATEPHAJI HE PA3PYIINUIICH,

4 IIOCJIE CHATUSA HATPY3KH OOPA3€L] TOTHOCTHIO
BEPHYJICA B HICXOAHBIE PA3MEPDI — IIPOM3OIIIIA
yupyras geopManus.

B nnponiecce nepdopariu, KUCJTOTHBIX
06paBbOTOK, THPABINYECKOIO PA3PHIBA IIIACTA
U IPYTUX PAabOT BO3MOKHO BOSHUKHOBEHNUE
HETEPMETHUYHOCTH 3aKOJIOHHOI'O MPOCTPAHCTBA
W HAapyIIEHNE KPENH CKBAXUHBL. TaMIIOHAKHbIE
MAaTEPHUAJIBI HA OCHOBE MUHEPAIBbHBIX BAKYIIUX



Pucynox 1 - Oopa3ubt kamHneii Ha OCHOGe
INOKCUOHO-OUAHOBOLL CMONbL

(HanpuMep, IEMEHTDBL) UMEIOT JKECTKYIO
KPUCTAJJIMYECKYIO PEMIETKY U HE OOIA1aI0T CTOMIb
BBIPA’KEHHBIMH JJe(DPOPMALTUOHHBIMU CBOHCTBAMU
[4—6]. DrIOKCHUIHBIE CMOJIBL, TIPOSIBIISIS YIIPYTUEC
CBOMCTBA, CHOCOOHBI BBIICP:KUBATh CTATUYECCKUE U
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Taonuya 1 — C80licmEa U30AAUUOHHO20
cocmaea Ha OCHO6e INOKCUOHO-OUAHOBOTL
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anIMEHEHVIe TaMMNOHaXHbIX COCTaBOB Ha OCHOBée

3AMNOKCMAHO-ANAHOBbIX CMOJ1 AJi1 PEMOHTHO-

N30MIALMOHHBIX PadoT

JI.LA. Maragosa, 3.A. Illuaruuaos, C.B. KaJ1almHUKOB,

PIr'Y HedTH 1 raza (HUY) umenu .M. I'yGxkuHa, HOLL JIpOMBICTIOBAA XM H >

B HacTosmIEE BpEMS OOIBITUHCTBO HE(PTIHBIX
MeCTOPOXAeHUN PO HAXOAATCA HA 3aBEPIIAIOIUX
CTAAUSX PA3PAOOTKH, YTO COMPOBOXKACTCS BBICOKOH
OOBOHEHHOCTBIO CKBAKUH, BBI3BIBAIOIIEH CHUKEHHE
JIOOBIYM HE(PTHU U YBEJIMUECHUE €€ CEOECTOUMOCTH.
OCHOBHBIMU IPUYHHAMU OOBOJJHEHUSI CKBAKHUH
ABJIAIOTCA HETEPMETUYHOCTD SKCILIYATAIIHMOHHOM
KOJIOHHBI, HAPYIIEHHUE [IEJJOCTHOCTH [IEMEHTHOT'O
KOJIBLIA, 3AKOJIOHHBIE IEPETOKHU, TPOPLIB KOHTYPHBIX
U HATHETAEMBIX BO/] 1O BBICOKOIIPOHUITAEMBIM
IpOoIUIacTKaM [1, 2].

CHMKEHHIO OOBOJHEHHOCTH CKBAXKUH 1
MHTEHCU(PUKALINY JOOBIYH HE(DPTU CIIOCOOCTBYET
MPOBEICHHUE PEMOHTHO-U3OIAIIMOHHBIX PA0OT
(PHUP). 1 PUP n1pelyIOKEHO MHOXKECTBO
TAMIIOHAKHBIX MATEPHUAJIOB, PA3/INYAIONINXCS
IO IPUPOJE, MEXAHU3MY OOPA30BAHUS
U3OJISILITUOHHOI'O 6ApbepPa, CTENEHHU TUCIIEPCHOCTH.
Lenecoobpa3HbIM SBISCTCSA IPUMEHECHUE
JIETKO(PUIBTPYIOMINXCS B IOPUCTYIO CPEAY IJIACTA

TOJIMMEPHBIX U30JISIIIUOHHBIX COCTABOB HA OCHOBE
CHUHTETUYECKUX CMOJI. CpEIU HUX HANO0IEE MUPOKO
NPUMEHAEMBIMU B PD gBIAIOTCSA COCTABBI HA OCHOBE
(deHoI-, KapHaMHJI0-U ALETOHOPOPMAIBACTUIHBIX
cMOJ1. OHAKO TAHHBIE COCTABBI XAPAKTEPUIYIOTCS
YCAAKOI, KOPPO3MOHHON AKTUBHOCTBIO, 3A9ACTYIO
HEYJIOBJIETBOPUTEIIBHBIMU IIPOYHOCTHBIMU
U A/IT€3UOHHBIMU ITIOKA3ATEISIMU, CKJIOHHBI K
Pa30aBJICHUIO IPOJABOYHBIMHU XKUJKOCTIMHU U
IJIACTOBBIMM BOJIAMH, YTO IIPUBOAUT K PEZKOMY
YXYALIIEHUIO KAYECTBA U30JISIIMOHHBIX padoT [1, 2, 3].

C nenpio nosbimeHns 3pdekTuBHOCTH PP
MIPEICTABISACTCSI BO3MOKHBIM UCIIO/Ib30BAHUE
TAMIIOH2>KHBIX COCTABOB HA OCHOBE 3IIOKCHUHO-
JIMAHOBBIX CMOJI, IPE/ICTABIISIONIUX COOOMU
OJIMI'OMEPHBIE NTPOAYKTHI IOJIUKOHJCHCAIIUH
SMUXJIOPIUAPUHA C GUC(PEHOIOM A B IPHUCYTCTBUUN
LIEJIOYH.

JaHHBIE COCTABBI XAPAKTEPHU3YIOTCS
OTHOPOAHOCTBIO, HU3KOU IIJIOTHOCTDIO, XOPOIIEN
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MPOHUKAIOMIECH CITIOCOOHOCTBIO B IOPBI U KAHAJIBI
IJIACTA, YCTOHYHUBOCTBIO K PA30ABJIEHUIO U
3aTPSA3HEHUIO PA3JTUYHBIMU CKBAXKUHHBIMHU
JKUJIKOCTSIMU U IVTACTOBBIMU BOJAMHU, PETYIUPYEMBIM
B IIPOKOM HUHTEPBAJIE TEMIIEPATYP BPEMEHEM ITOTEPU
TEKYUYECTH U OTBEPKACHUS. B IIpo1iecce OTBEPKICHUA
06pa3yeTCsa OMHOPOAHBIA N30IAIMOHHBIN MATEPHAIT
6€3 ycaJJKu, 06J1a/1aI0ITUH BBICOKMMH IPOYHOCTHBIMU
U AAI€3UOHHBIMU XAPAKTEPUCTUKAMU, yCTOUYUBBIA
B CPEJIC ArPECCUBHBIX JKUJIKOCTEN U IJTACTOBBIX
(ron10B. HerTpasibHas CPeJa COCTABOB
OOYCJIOBJINBAET OTCYTCTBUE KOPPO3ZUOHHOM
AKTUBHOCTH U UX IIPUMEHUMOCTD KAK B TEPPUTCHHBIX,
TaK 1 KAPOOHATHBIX KOJIJIEKTOPAX. JJaHHbIE
CBOICTBA MO3BOJIAIOT C BBICOKOH 3(P(PEKTUBHOCTBIO
UCIIOIB30BATh 3TU COCTABBI B PA3JIMYHBIX I'€OJIOTO-
(PHU3UYECKUX YCIOBUSIX M UCKIIIOYAIOT IIPOBEACHHE
[TOBTOPHBIX TAMITOHAXKHBIX PA6OT [3, 4, 5, 6.

CoCTaBbl HA OCHOBE 3MOKCH/ITHO-UAHOBBIX

JINTEPATYPA

CMOJI AKTUBHO IIPUMEHSAIOTCS 34 PYOEKOM JIJIS
YCTPAHEHUS BOJO- U I'A30IIPOSABJICHHUN B HE(PTAHBIX
U T'430BbIX CKBAXKUHAX, IMKBUJAIIUH IOITIOIEHUT
OypOBOTO paCTBOPA IIPU OYPEHNUU CKBAKUH, KAK
KHUCJIOTOCTOUKUI Oapbep JIJIA OAJECPKAHUSA
JIONTOBPEMEHHON 30HAJIBHOU N3OJIAIIUN B YCIIOBUAX
HusKoro pH [4, 5, 6]. CocTaBbl GbITH UCTIOTH30BAHbI
Ha IIPOMBICIAX TaTapCcTaHa C LEeNIbIO FEPMETU3AUN
SKCIUIYATAIUOHHBIX KOJIOHH CKBAKHH [7], 2 TAKXKE
JUIA JIMKBUJIAIIUY yTEYEK I'A34 [0 HETEPMETHYHBIM
PE3BOOBBIM COEJUHEHUAM U MUKPOTPENTUHAM
LEMEHTHOTrO KaMHs Ha CeBepo-CraBpononbcKoM ITXT.
B pesynbrare npoBecHHBIX pa00T ObLIA JOCTUTHYTA
MOJIHAA TEPMETUYHOCTD OO BEKTOB U330 IALIU .
YHUKaJIBbHBIE CBOMCTBA TAMIIOHAKHBIX COCTABOB HA
OCHOBE 3IMTOKCH/ITHO-JTUAHOBBIX CMOJI B COBOKYITHOCTH
C BBICOKOH 3(P(PEKTUBHOCTBIO ITPOBOJAUMBIX PA6OT
O6YCJIOBIUBAIOT IIEPCIIEKTUBHOCTD UX IIPUMEHEHM A
JUIA TIPOBEAECHUSA PEMOHTHO-U3OJIALIMOHHBIX PA0OT B
CKBAKMHAX.

1. CunnH M.A. MNpombicioBasi XMMums: yl-|e6. nocobue/M.A. CunuH, N1.A. Maragosa, J1.W. Tonctbix 1 ap. — M.: U3gatenbckuii ueHTp PIY HedTn 1 rasa

(HWY) nmeHmn N.M. [ybkmHa, 2016. - 350 c.

2. KpacHos W.U., BaraHos E.B., HskunHa E.N., KataHosa PK., Tomckas B.®. [inarHocTika MCTOYHMKOB BOAOMPUTOKA M NEPCreKTUBbI TEXHONOTUI
orpaHuUYeHusi NpopbiBa BoAbl B CKBaXMHbI/HedTb 1 ras: onbIT n uHHOBauuun. —2019.-T. 3. —Ne 1. - C. 20-34.

3. Natbinos PP, ®attaxo. PP, Caxanosa A.K., XamugynnuHa 3.P.,, Xupkees A.C., XacaHoBa [.K. ViccnegoBaHve CBOMCTB oTeYECTBEHHbIX
3MOKCUAHBIX CMON C LieNbto pa3paboTkm TaMMOHaXHbIX COCTAaBOB A1t pPEMOHTa CKBaXXWH/COOpHMK HaydHbIX TpyaoB TaTHUMHedTs. — 2018.

—-C. 135-140.

4. Hakiki F, Salam D. D., Akbari A., Nuraeni N., Aditya W., Siregar S. Is Epoxy-Based Polymer Suitable for Water Shut-Off Application?//SPE/IATMI Asia
Pacific Oil & Gas Conference and Exhibition, 20-22 October, Nusa Dua, Bali, Indonesia. —2015.-17 p.

5. Foianini I, Frisch G., Jones P. Successful Identification And Bond Assessment Of Epoxy-based Resin Cement Behind Production Casing: Integrating
Cementing Technology With New Log Interpretation Methodology To Provide An Innovative Well Integrity Solution//SPWLA 55th Annual Log-
ging Symposium held in Abu Dhabi, United Arab Emirates, May 18-22.-2014.-12 p.

6. Morris K., Deville J.P, Jones P. Resin-Based Cement Alternatives for Deepwater Well Construction//SPE Deepwater Drilling and Completions Con-

ference, 20-21 June, Galveston, Texas, USA.-2012.-7 p.

7. Xupkees. A.C., Caxanosa A.K., XamuaynnuHa 3.P., XacaHosa [.K. Cnocob repmeTrsaumm 3KCryaTaluMoHHON KONOHHbI CKBaXXWHbI/TlaTeHT

Poccnm N2 2669650. —2018. — Bron. Ne 29.

PaspaboTka MmoandunLMpoBaHHbIX COCTAaBOB
3MYJIbCUOHHbIX TAMMOHAXXHbIX PACTBOPOB Ha

yrneBoopOoAHON OCHOBE A5l LLleMeHTMPOBaHUS
FOPM30HTaNbHbIX CKBA)XXUH, MPOOYpPEeHHbIX
Ha 60a)keHOBCKYIO CBUTY

A.M. KyHakosa, M.C. Ilog3oposa, A.M. Makaposa, PI'Y Hed T 1 raza (HUY) nmenu H.M. 'yOkuHa

3a BCIO HCTOPHIO AKTUBHOU HEPTEAOOBIYN
MPOU3ONIIO 3HAYUTENBHOE UCTOIICHUE 3a11ACOB
TPAJAUIUOHHBIX 3aJIesKer. OCHOBHYIO CTPYKTYPY
34MdCOB HA CETOJHSAIIHUNA ICHb COCTABJIAIOT
OCTATOYHBIE 3AM1ACHI HCTOMEHHBIX MECTOPOXACHUI
U TPYAHOU3BJIEKAEMBIE 3AI1ACHI HETPAAUIIMOHHBIX
34JIEKEH, KOTOPBIE COJICPKAT B CEHE OTPOMHBIN
HedTAHOM ToTeHnAall [1, 2]. U3HaYanbHO
34I4aCBI TAKMX HETPAJAUIIMOHHBIX 3aJIEKEH, KaK
He(pTEMATEPUHCKUE, HE PACCMATPHUBAJIMCH B
KA4ECTBE NIEPCIEKTHBHBIX JIJI BBIPAOOTKH M3
HUX HEPTHU. DTO OOYCIOBJIEHO OYEHb HU3KUMH
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3HAYEHUAMHU (PUIBTPALUOHHO-EMKOCTHBIX
CBOMCTB He(PTEMATEPUHCKUX opog, (HMIT), gacto
OTCYTCTBUEM NOJACTUIAIONIEH BOJIBI, KOTOPAs
CIIYKUT JONOJHUTEIbHBIM HCTOYHUKOM SHEPI'HH,
MaJIOH MOITHOCTBIO NPOJYKTUBHBIX TPOIIACTKOB,
JIMTOJIOTUYECKOH HEOJHOPOJHOCTBIO 3AJIEXKEN U T. 1.
Ocob6enHocTeio HMIT ABIAETCA COREPKAHUE B
COCTAaBE NOPOJ] KEPOT'€HA, KOTOPHII €IIIe CIIOCOOEH

K He(pTETEHEPALIUH, YTO B PA3bl YBEIMYUBAET
KOJIMYECTBO U3BJIEKAEMBIX YITIEBOJJOPOJIHBIX 3a11ACOB.
Bce 311 (hbaKTOPBI OCIOXKHSAIOT TOOBIYY, AEIAI0T
CYIIECTBYIOIINE TEXHOJIOTMU HEPEHTAOETbHBIMH.



CaMBIM APKUM IPEJCTABUTEIEM
He(PTEMATEPUHCKUX 3AJIEKEN HA TEPPUTOPUH
Poccum saBnsieTcsa 6axxeHoBckas ceura (bC). MHorne
KOMIIAHUM HA CETOJHSAIIHUN IEHb PA0OOTAIOT HA/J
CO3JaHUEM KOMIIIEKCOB TEXHOJIOI'UI, KOTOPBIE
HO3BOJIAT BECTU NTOJTHOMACIITAOHYIO BEIPAOOTKY
HedTH n3 3anexert bC. OHUM 13 OCHOBHBIX U
NEPCHEKTUBHBIX MOXOJOB ABJIAETCSI OypEHNE
CKBaKMH C IPOTAKEHHBIM TOPU30HTAIbHBIM
CTBOJIOM U IIPOBEAEHUE MHOI'OCTAAUHHOI'O
rugpopaspseisa mnacra (MI'PIT) no npunnuiy
«(pabpPUKH KOJIEKTOPA» [3]. CyTh TAKOrO
IOAXOAA COCTOUT B CO3[JaHNU UCKYCCTBEHHOM
IIPOHULIAEMOCTH 34 CYET BBICOKOCKOPOCTHBIX
34KAYEK XKUJKOCTEN I'HIPOPA3PHIBA U OOPA30BAHUSA
CETH MEJIKMX TPEIIMH 1O BCEX O6/IACTU POTKEHU A
T'OPHU30HTAJIBHOI'O CTBOJIA CKBAXKUHBI, T.€. CO34AHUU
OBIIMPHON OONMACTH JPEHUPOBAHUSA TAKE B
MaJIOMOIIHBIX IPOJYKTUBHBIX ITPOILJIACTKAX.

Ycnex ganpHENIIEN SKCIITYATAIUN TAKUX CKBAXKUH
U pa3Mep JeOUTOB 6yIET HATIPAMYIO 3aBUCETD OT
Ka4eCTBA UX CTPOUTENILCTBA. BBUAY OOJIBIIOTO
4H1CIa OCOOEHHOCTEN CTpOeHMS 3anexer bC u
OCJIO)KHEHHBIX TUIACTOBBIX YCITIOBUE, GOJBIINL
(OHJ CKBAKMH BCKPBIBAET ITPOAYKTUBHBIN IIJIACT
OYPOBBIMH PACTBOPAMH HA YIVIEBOAOPOLHOI
OCHOBE [4], KOTOPBIE, KAK U3BECTHO, IIPOABJIAIOT
HAUOOJIEE BBICOKME 3HAYEHNA KO OUITNEHTA
BOCCTAHOBJIEHUA IIPOHUIIAEMOCTH (5], a 14
BBICOKOHE(PTEHACBHIIEHHBIX 3a71exel BC 310
HauboIee AKTYAJIBHO.

Bypenune — 310 BaXXHBIN 3TAIl CTPOUTEILCTBA
CKBA’KUHBI, HO HE €JUHCTBEHHBIN. CAMbBIM
OTBETCTBEHHBIM 3TAIIOM ABJIAETCA CTALUA
LEMEHTHUPOBAHMUA. [IJ1 TOrO MUPOKOE IPUMEHEHUE
HAIIUIM TAMIIOHAKHBIE pacTBOPHI (TP) Ha BOgHOM
OCHOBE, OHU NTPUMEHAIOTCA I IEMEHTUPOBAHUA
BCEX BUJIOB CKBAKMH. BhIIIIE yoKe ObLIO CKA33HO,
YTO U1 CTPOUTENBCTBA BBICOKOTEXHOJOIMYHBIX
CckBaXUH Ha bC HEO6XOIMM HETPAAULIMOHHBIH
MOAXOJ,

OJIHUM U3 TAKUX ITOJXOJOB BO3MOXKHO
NPUMEHEHHE TAMITIOHA’KHBIX PACTBOPOB HE HA
BOJIHOH, 4 HA YIVIEBOJOPOAHON OCHOBE. [IprunHa
npuMeHeHus TP Ha yI71eBOIOPOJHON OCHOBE
3AKJIIOYAETCA B UX THAPOPOOHOCTH, T. €. CPOJACTBE
€ 6ypOBBIM PACTBOPOM H4 YIVIEBOJOPOAHON OCHOBE
U BBICOKOHE(TEHACBIIIEHHBIM IPOJYKTHUBHBIM
IIACTOM. DTO CITIOCOBCTBYET 60JIEE TIOJTHOMY
BBIMEIIEHUIO OCTATKOB 6yPOBOI'O PACTBOPA U3
CKBA’KUHBI U, KAK CJIEJCTBUE, 6OJIEE IIOJTHOMY EI'0
34II0JIHEHUIO TAMIIOHAXKHBIM PACTBOPOM. 34 CYET
3TOI'0 BO3PACTACT aAre3ust POpPMHUPYIOLIETOCS
B 34KOJIOHHOM IIPOCTPAHCTBE LIEMEHTHOI'O
KaMHs K IIOPOJIE U CTEHKAM 00CAaJJHON KOJIOHHBI,
YTO UCKJIIOYAET BO3ZMOXKHOE (POPMHUPOBAHUE
IyCTOT B 3aKOJIOHHOM IIPOCTPAHCTBE U KAHAJIOB
HE3aMEIIEHHOI'O OypOBOI'o pacTBopa. [Touemy
3TO BaXKHO? ITpH BBICOKOCKOPOCTHBIX 3dKA4YKAX
KUAKOCTH 1u1st MI'PIT coz/maeTcsi BBICOKOE J1aBJICHUE

Ha CTEHKHU CKBAXKHHBI, [IOPOJY U IIEMEHTHBIN KAMEHb.
B ciryuae, eciiu Mek/1y IOPO/IOH U IIEMEHTHBIM
KAMHEM €CTb KaHAJIbI U TYCTOTHI, 60JIEE BEPOATHO,
YTO XKUAKOCTD 6y/IET PACXO/I0OBATHCS HE /IS
CO3/JaHUS PA3PBIBHOI'O BO3/ICHCTBHS HA TIOPOAY
(06pa30BaHMS TPEUIUH), 4 TONAJIET B OOIACTh
MEHBIIIETO CONIPOTHUBICHUS (KAHAJIBI U TYCTOTBI).
DTO NPUBEJET K IOTEPE KUAKOCTU PA3PHIBA,
BO3MOXHOMY OOPAa30BAHHUIO TPEUUH B LIEMEHTHOM
KaMHE, YTO CWJIBHO CHU3UT €I'0 IIPE/IE/ IPOYHOCTHU
U OTPHUILIATEIBHO CKAXKETCS HA KAYECTBE IIPOBEJCHUS
MOCIEAYIOINX CTAIUNI THIPOPA3PHIBA.
IlepcnieKTUBHBIM BUIoM TP Ha yIIeBOJOPOJHOM

OCHOBE I yCI0BUM BC 1 CKBAXKHH C

TOPU3OHTAJIBHBIM CTBOJIOM IOJ MI'PIT aBiiaroTCsa

3MYJIbCUOHHBIE TAMIIOHAXXHBIE PACTBOPHI HA

YIJIEBOJOPOAHOI OCHOBE (DTPVYO). CocTaBbl

OTPYO npeaCTaBIgaioT COOOM CYyCIEH3UIO [IEMEHTA,

32TBOPEHHYIO BHYTPU O6PATHOM AMYIBCHH [0].

INomazaas B IIJIACT, BOJA BBICBOOOXKAAETCS U3 INIOOYT

(TaK KaK IO/ AEUCTBUEM IZIACTOBBIX TEMIIEPATYP

HAPYIIAETCA SMYJIbIUPYIOLIAsl CIIOCOOHOCTD

MOBEPXHOCTHO-AKTUBHBIX BEMIECTB), KOHTAKTUPYET

C LIEMEHTOM. B mporjecce peakiiuyu NpouCXoauT

06pPa30BAHUE KPHUCTAJIU3ALIMOHHON CTPYKTYPBI IO

BCceMy O6beMY. TAKUM 06pa30M, OTPAHUYUBAECTCSA

KOHTAaKTUPOBAHUE BOJBI C HEPTEHACHIIIEHHOM 30HOM

[1JIACTA, OBPA3YETCS IPOYHBIH IIEMCHTHBIN KAMCHB [6].
H3BecTHBI paboune cocTassl OTPYO [7]. s

npumenenusa OTPYO B ycnosusax BC neob6xonuma

MOJAM(PUKALNA U3BECTHBIX PELENITYP, YTOOBI OHU

YAOBIETBOPSIIN CIEAYIOMEMY MUHHUMAJIBHOMY

MEPEYHIO TPEOOBAHUIL:

— INIOTHOCTB COCTABA AOJIKHA OOECIIEYNBATD
COXPaHHOCTb OOCAHON KOJIOHHBI U KAYECTBO €€
KPEMJIEHUA B YCIOBUAX OOIBIINX TTTyONUH
(2000-3000 m) 1 aHOMAJIBHO BBICOKUX JTABJIEHUN
miacra (B 1,5—2 pasa Bbllle rupoOCTATUYECKOr'O
JaBJICHUA);

— BpEMS CTAOMJIBHOCTU COCTABA IOJIKHO
06€eCeYnBaTh BO3MOXHOCTD IIPOKAYUBAHUSA €TO
JIO 326051 CKBAKUHBI, 3AIIOJTHEHUA 3AKOJIOHHOI'O
IIPOCTPAHCTBA B YCJIIOBUAX IUIACTOBBIX TEMIIEPATYD
(95-110°C);

— PEOJIOTUYECKHE CBOUCTBA, BPEMS 3ATYCTEBAHUSA
U CXBATBIBAHUA IOJIKHBI OOECTIEYNBATD
IIPOKAYUBAEMOCTD COCTABA U TAKOE €TI0 ITOBEAECHHUE
B 3aKOJIOHHOM IIPOCTPAHCTBE, KOTOPOE IMO3BOIUT
3aMECTUTD OYPOBOH PACTBOP U ITOJTHOCTHIO ETO
3AIIOJIHUTD 6€3 PA3PYIIAIONIErO BO3IEUCTBUA HA
IPU3a00HNHYIO 30HY CKBA’KHHBL
Taxum 06pa3om, HEOOXOAMO IIPOBECTHU P

JIaGOPATOPHBIX UCCJIETOBAHUI, HA OCHOBAHUHU

KOTOPBIX BBIABUTH [IEPEUYEHD PEATEHTOB U UX

KOMOWHALINH, MPUTOJHBIX /1A CO3/JaHU LIEJIEBbIX

peuentyp OTPYO ¢ 3a1aHHBIMY CBOMCTBAMY,

KOTOPBIE YAOBIETBOPAIOT BCEM TPEOOBAHUAM

Y OI'PAHUYEHUAM IO LIEMEHTUPOBAHHIO

TOPU3OHTAJIbHBIX CKBAKWUH 11og MI'PIT Ha

NPOAYKTHUBHBIE 34JIEKU OAKEHOBCKOMU CBUTBHL.
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7. Maragosa J1.A., Cunun M.A., lfaeBon E.I., Marapos B.P,, lUnarnHoBs 3.A. SMynbCUOHHBIN TaMMOHaXHbIM PacTBOP Ha yrneBoAopoAHoN ocHoBe//
MaTeHT Poccnm N2 2557268; 3asBuTensb 1 nateHToobnagatens 3A0 «Xumeko-TAHM» —2014116092/03; 3as8n. 23.04. 2014; ony6n. 20.07.2015. -

Bron. N2 20.

bnokupyoLmve cocTaBbl HA OCHOBE KCAHTAHOBOW
CMONbl AN BpeMeHHON 0/TOKMPOBKW NAacToB Npu

npoeeaeHUN Tekywiero N KarnntasibHoOro pemMoHTa

CKBa>XvH

A.M. KyHakosa, P.P.I'ymepos, 000 Ta3npomHedTs-HTIl>; U.B. HukuTHHA, A.M. Makaposa,

PIr'YHedTH 1 raza (HUY) nmenu U.M.I'yOKkuHa

ITo mepe cTapeHuss MECTOPOXKIEHUA PACTET
JIOJI TEKYIUX U KAIIMTAJIbHBIX PEMOHTOB
ckBakuH (TKPC). OgHOI U3 aKTyaJIbHBIX IIPOOJIEM
SIBJISACTCA YBEJIMYEHUE BDEMEHU MEKPEMOHTHOI'O
nepuoaa (MPIT), 4ToO HEOO6XOANMO IS yIyYIIECHUS
3KOHOMHYECKHUX ITOKA3ATEJIEN PAOOTHI CKBAKHUHBL.
DTOro MOXKHO JIOOUTHCS B TOM YHCJIE 32 CIET
CHIDKEHUS BDEMEHU IPOBEICHUS PEMOHTHBIX PA6OT U
YIAY4IIEHH A UX KA4eCTBA.

OpnHo 13 npobieM, Bo3HuKaomux npu TKPC,
SIBJISAETCA IOIVIOLIEHUE IIPOMBIBOYHBIX JKMKOCTEN
IUIACTAMU C IIOHM>KEHHDBIM IUIACTOBBIM JABJICHUEM.
OCOBGEHHO BAKHO YYUTBIBATD 3Ty IPOOJIEMY
PU IPOBEJICHUM PAOOT HA TEX CKBAXKUHAX
MHOT'OIIJIACTOBBIX MECTOPOXKACHUH, ITI€ BEAETCA
IKCILIyaTALUA CPA3Y HECKOJIbKUX IIJIACTOB C
Pa3IMYHBIMU 3HAYEHNAMU JaBaeHn. [Tomiomenue
HE TOJIBKO YBEJIMYMBAET PACXO/ IIPOMBIBOYHOU
JKUAKOCTH, HO U MOXKET IIPUBECTH K 3AI PA3HEHUIO,
O6BOJHEHHIO, U3MEHEHUIO IPUPOABI HIOPOBOT'O
MPOCTPAHCTBA. DTO, B CBOIO OYEPE/Ib, BJIEUET 34 COOOH
CHMIKEHUE NPOAYKTUBHOCTH CKBA’KHHBL.

7151 pemenns 3TOM MIPOOIEMBI B HACTOAIIEE BPEMS
HCTIONB3YIOT PA3JIMYHBIE NOAXOABL Pa3pabaThIBAIOTCA
Pa3IUYHbIE PETTIAMEHTDI 110 KOHTPOJIIO KOMIIPECCHUH
HA IUIACT, KOHTPOJIIO (PUIBTPALINHU 34 CHET
CHUCTEMHOI'O CHMKEHM S PENIPECCUU HA IIACT,
KOHTPOJIIO COBMECTUMOCTH JKHUAKOCTEN. [TaHHbIE
METO/bI HE BCEIa MOI'YT IPEAOTBPATUTD IIOIVIOLIEHHUE,
MO3TOMY IIMPOKOE MPUMEHEHUE HAIILIA (PU3UKO-
XMUMHYECKUE METO/IBI KOHTPOJISA (PHJIBTPALTAN
[1], mo3BONIAIOmMME BEIGOPOYHO 320JI0KMPOBATh
OIpeAEIEHHbBIN IUIACT HA BpEMs IIPOMBIBKM. K
3TOU I'PYIIIIE METOAOB OTHOCATCA IIPUMEHEHNE
3MYIBCUOHHBIX OJIOKUPYIOMIUX COCTABOB,
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AHTU(PUIBTPALTMOHHBIX IPHUCA/IOK, OJIOKUPYIOMUX
COCTABOB ITOBBIIIEHHOI BA3KOCTH, KOPKOOOPA3YIOIMNX
OJIOKUPYIOHIUX COCTABOB IOBBIIIEHHOM BA3KOCTH [2].

INepeuncieHHbIE KOMITO3UIIUN XAPAKTEPU3YIOTCA
JIOCTATOYHO BBICOKOI CTOMMOCTBIO U CJIOKHOCTBIO
NPUTOTOBNEHUA. [T03TOMY IPEIATAETCA B KAYECTBE
AJITEPHATUBHOI'O BAPHUAHTA UCIIOJIb30BATh
JIMHENHBIE I'€JIM HA OCHOBE ITOIHNCAXAPHU/IOB
(TICK). ITpenmy1ecTBa CUCTEM Ha OCHOBE
TICIK 3ak/I109aI0TCS B UX HU3KOM CTOMMOCTH,
61OpPA3/IATAEMOCTH U IPOCTOTE IPUTOTOBIEHUSL.
TCX OTMUYaI0TCA MUHUMAJIBHBIM KOJINYECTBOM
KOMITOHEHTOB B COCTABE. B 4aCTHOCTH, JOCTATOYHO
UCIIONB30BATH BOJY ONPEJENEHHOM IIJIOTHOCTH
U T€JIE06PA30BATED, 4 [IJIA [IPUTOTOBIECHUSA
TAKHX COCTABOB HET HEOOXOAMMOCTHU IIPUMEHATD
JIONIOTHUTEIBHOE CJIOKHOE 060py1oBaHue. Hanbonee
PaCIIpOCTPAHEHHBIMU ABJIAIOTCA XKUJIKOCTH HA OCHOBE
I'yapOBOI CMOJIBI, PA3JIMYHBIX (POPM LEJUIIOIOSD,
KCAHTAHOBOI CMOJIBL

B HacTos11EE BPEMSI 0COO0E BHUMAHHE YAEIACTCS
TIC>K Ha OCHOBE KCAHTAHOBOM CMOJIBL. PACTBOPEI HA
OCHOBE KCAaHTaHAa O61a1aI0T PSJIOM ITPEUMYIIIECTB,
TAKNUX KAK BBICOKAsI BA3KOCTD IIPH HU3KHUX
KOHILIEHTPALUAX, CTAOMIBHOCTD B YCJIOBHSX BBICOKOH
KOHLICHTPALIMU COJIEX U BBICOKHUX TEMIIEPATYDP [3].
Kpome 3Toro, IMHEHHBIE I'e/TH HAd OCHOBE KCAHTAHA
XOPOIIO Pa3pyIIAIOTCS IIPU OMOIIH KUCIOTBL, YTO
TO3BOJIAET BOCCTAHABIUBATD IPOHUIIAEMOCTD IIACTA
IIOCJIE IPOBEACHUS PAOOT.

Hcnonb30BaHUE KCAHTAHOBBIX I'€JIEH IO3BOISAET
CHU3UTD NOIVIOMIEHHE ITPOMBIBOYHOM JKHU/IKOCTHU
MPOAYKTUBHBIM IIJIACTOM BO BPEMSI IPOBE/ICHUS
PEMOHTHBIX Pa6OT, COXPAHUTH KOJIJIEKTOPCKUE
CBOHCTBA IJIACTA, YIYYIIUTb KOHTPOJIb 32 CKBAXKUHOM
U COKPATUTD 32TPaThl Ha nposeaecHue TKPC.



JINTEPATYPA

1. KyanHos, B./. OcHoBbl HedTerazosoro gena/MockBa-VxeBck: VIHCTUTYT KOMMbIOTEPHBIX UCCEA0BaHNI; YAMYPTCKMIA FOCYyHUBEPCUTET. —

2000.-702c.

2. AronoB A. . I'Iom/lmeprle nyrneBoopojHble COCTaBbl AN NOBbIWEHNA Heq}TeOT,D,a‘-II/I BbICOKOO6BO,quHHbIX nnacros// HECI)TFIHOE XO39MCTBO. —

2003.-N26.-C. 48-51.

3. TopbuH C.U., NMnoTtHukoB E.B., Mykawes A.B. XuMuyeckme mogudurkaumm brononmmepa KcaHTaHa U U3ydeHre UX peonormyeckmx cBoncrs//
Xumums n xummnyeckas TexHonorus B XXI seke. Matepuans! XVI MexayHapoaHom Hay4HO-NpakTnyeckor KoHdepeHLMn CTyAeHTOB U MONOABIX
y4eHbIx, nocesileHHon 115-neTuio co gHa poxaeHus npodeccopa J1.MN. Kynéesa: B 2 Tomax. — 2015 — C. 279-280.

KucnoropacTtBopumMbIn COCTaB

ang BpEMEHHOVI N3019LNN CKBAXXUH MNMpPU
npoeeaeHNN peMOHTHO-U3OJIALUNOHHDbIX pBGOT

JI.A. Maragosa, 3.A. IIuAruHOB, A.A. Credhanues, A.A. PHIATOB,

PIr'YHed T uraza (HUY) umenu U.M. I'yGxkuna, HOLL JIpOMBICTIOBAA X UM US>

B HacTOsAIIEE BpEMS OCHOBHAA 106bIYA HEPTH
U rasa B Poccuu BeZIeTCS HA MECTOPOXK/ICHUSAX,
HAXOJAIINXCS HA 3aBEPLIAIONEN CTAAUN
IKCIUTYaTALIUH, U, KAK IIPABUJIO, IIO MEPE
IKCILTYaTALIUHM CKBAKUH BCE OOBIIE BO3PACTAET
HEOOXOAUMOCTD B IPOBEJCHUH TEKYIIUX U
KaIUTAJIbHBIX PEMOHTHBIX padoT (TKPC). OnHuM u3
3TANOB IPOBEAEHUS PEMOHTA ABJIAETCS INIYIIEHHUE
CKBaKMHBI — 31Ka49Ka B HEE )KUJIKOCTH, KOTOPas
06eCEYNT NPEKPAIIEHUE NOCTYIIEHUA (DIIIOUJIOB,
MIPU 3TOM JOJIKHO OBITh OOECIEYEHO KAYECTBEHHOE U
6€3aBAPUITHOE IPOBEJIEHHE PEMOHTHBIX PA6OT [1].

PacTBOPHMBII U30JIUPYIOIIMMA COCTAB IIO3BOJIUT
B KPATYAMIINE CPOKHU ITOCJIE IPOBEICHUA PEMOHTA
YAAIATb BDEMEHHYIO U30JIALIHIO O6€3 3aTPASHEHU A
NPHU3200MHOM 30HBI IVIACTA U BBIBECTH CKBAKHHY
Ha peXUM. Pa3pabOTaHHBIN KUCIOTOPACTBOPUMBIH
COCTAB PEKOMEHIYETCS UCIIOJIb30BATD JIJIS
U30JISIUHU 30H nornoueHu npu TKPC u
OypPEHNH BBICOKOITPOHUITIAEMBIX KOJJIEKTOPOB JIJIA
NPEJOTBPANIEHHA MOVIOIEHU A TEXHOJIOTMYECKUX
JKUJIKOCTEM.

B AaHHOM UCCNEAOBAHUN U3YYAETCS BO3MOKHOCTD
HCIIOJIb30BAHUA MATHE3UATIBHBIX TAMITIOHAKHBIX
COCTABOB JIJI1 BPEMEHHOU U IOCTOAHHOU U30JIALINN
ITACTOB KOJUIEKTOPOB.

OO6BEKTAMHU UCCIEAOBAHNUA ObLIN BBIOPAHBI
MAarHEe3UaJIbHbIE MUKPOLIEMEHTBL: OKCHU]

Mar"us cuHTeTudeckuil (OMC) 1 IOPOIIOK
MAarHe3uToBbIN KaycTrudeckuid (IIMK-83). Bei6op
MAarHe3UaJIbHBIX MUKPOLIEMEHTOB OCHOBBIBAJICS

HA IPEANOCHIIKE K 00Pa30BAHUIO TAMIIOHAXXHOI'O
KaMHS, KOTOPBIN PACTBOPAETCSA B KUCJIOTAX

6e3 ocTarka. [IpenMyImecTBOM COCTABOB Ha

OCHOBE BBIOPAHHBIX MUKPOLIEMEHTOB SABJIAETCA
JOCTYITHOCTDb HA POCCUHCKOM PBIHKE, CTAOMJIBHOCTD
HUX CBOYMCTB, CBOMCTBA KAMHS, OOPA30BAHHOTI'O IIPU
3aTBEPAEBAHNU COCTABA, 4 TAKKE HU3KHUE paboune
IJIOTHOCTHU PACTBOPA, YTO MO3BOJIAET UCIIONb30BATh
COCT4B B CKBA’)KMHAX C AHOMAJIbHO HU3KHMU
IJIACTOBBIMM JJABJICHUSIMMU [2—4].

MarnesnanabHbIE COCTABBI U3BECTHBI KOPOTKUMU
CPOKAMH 3aT'YCTEBAHUA, IO3TOMY ObLJIO U3Y4YEHO

BJIMSTHUE 3AMEJIJISIONTNX JOOABOK. B KauecTBe
3aMEJINTENIEN CXBAThIBAHUS UCCIIE/IOBAIU
pasnuuHble POCHOPOPraHUYECKUE KUCTIOTHI.

Bpl1a nogo0paHa KOMIIO3ULUS 3AMEAJINTEIS LI

PacCmIMPEHUs BO3MOXHOCTEN HCIIOIb30BAHUS

MAarHe3uaJIbHBIX COCTABOB B O6JIACTH HOPMAJIBHBIX U

MOBBIIIECHHBIX TEMIIEPATYP.

HiccnesoBaHO BIHUSHUE HA PACTBOPUMOCTD
MAarHE3UAJIBHBIX COCTABOB C PA3/IMYHBIMU
J106aBKAMH M HATIOJTHUTEIAMU. 11 U3YUEHUS
PacTBOPUMOCTHU OBLIN BBIOPAHBI COMAHAS KUCIOTA,
KaK Haub0JIee 9aCTOo IIPUMEHIEMAasI J715 IPOBEACHU
KHUCJOTHBIX O6PAa0OTOK, U CYyIb(PaMHUHOBAS KUCIOTA,
KaK [IEPCHEKTUBHASA U 60JIe€ TEXHOJIOTNYHAs
CYXOKHCJIOTA.

HVccneoBaInch CIIeIVIONINE CBOMCTBA
TAMIIOHAKHOI'O PACTBOPA-KAMHS:

* PEOJIOTrHs TAMIIOHAXHOT'O PACTBOPA —
BUCKO3UMETD FANN 358A;

* CPOKH 3aI'yCTEBAHUS [IEMEHTHOI'O PACTBOPA —
KOHCHCTOMETP BBICOKOI'O JIABJICHUS
CHANDLER 7222,

* IIPOYHOCTD IIEMEHTHOTI'O KAMHS HA CXKATUE
— YIBTPA3BYKOBOM aHAJIM3ATOP IPOYHOCTH
CHANLDER 4262;

* PACTBOPUMOCTD LIEMEHTHBIX KAMHEH B COJIIHOU U
Cynb(PaMUHOBOY KHUCJIOTAX.

B xope uccnenoBaHuii 661U BLISBIECHBI CIEAYIONUE
34KOHOMEPHOCTHU:

¢ cocTaBbl Ha ocHOBe OMC o6/1agaioT 6o1ee
BBICOKUMM PEOJIOTMUYECKUMU NTAPAMETPAMHU 1O
CpaBHEHUIO C cocTaBaMu ITMK-83, 4TO CBA3aHO C
OOJIBIIIEN YIEIBHOM NOBEPXHOCTBIO YacTul] OMC;

¢ OMC-TaMIIOHAKHBIE COCTABbBI OOJIAIAI0OT H0oIee

KOPOTKHUMHU CPOKAMHU CXBATBIBAHU S, YEM COCTABbI

TIMK-83, 9TO MOKHO OO'bSICHUTD BBICOKOH

XHMUYECKOHN aKTUBHOCTBIO OMC;

* [IPU UCHOIB30BAHUU NTOJOOPAHHON KOMIIO3ULINU
3aMEJTUTEIIS HE JA€T HEIATUBHOT'O BIUSHUS HA
IPOYHOCTD 10 80 °C, 4TO pacupsieT BO3MOXKHOCTD
UCIHOJIBb30BAHU S MATHE3UAJIbHBIX COCTABOB IPHU
MOBBIIIEHHBIX TEMIIEPATYPAX;

* [IEMEHTHBIC KAMHHU HAa OCHOBE OMC u IIMK-83 32

Ne 2 (076) Hiionb,/June 2021 81

=
~
=
~
<
=
<
a8
®
=
=
a
=
©)
a8
=
&)
=
=)
&
an




=
~
=
~
<
=
<
a8l
©)
=
=
0
=
®)
ot
=
=
=
=)
)
an

CYTKHM NPAKTUYECKHU [IOTHOCTBIO PACTBOPIIOTCSA
COJISIHOI KUCJIOTOH — IIPU PACTBOPEHUU
cocTaBoB Ha ocHOBe [IMK-83 Habmogancs
HE3HAYUTEIbHBIN OCaJO0K, YTO CBA3aHO C HAJIMYHMECM
IIPUMECEH OKCHUJIOB AJTIOMUHUS, JKEJIE3A U
KPEMHHUS, B COCTABAX HAa OCHOBE OMC OCTATKa HE
HA0OJIIOIAJIOC;

¢ T06ABJICHHUE MUKPOKAIBITUTA B KAYECTBE
HAIIOJIHUTEJIS CHOCOOCTBOBAJIO YCKOPEHUIO
PAaCTBOPEHUS LIEMEHTHOT'O KAMHS B COJISTHOM
KUCJIOTE, BIUSHUE HA CBOHCTBA TAMIIOHA>KHOI'O
PacTBOpPA-KaMHS JO6ABKA MUKPOKAJIBIIATA HE
OKA43bIBAJIA,

* Cynb(PaMUHOBAA KUCJIOTA B TEYEHUE CYTOK
pacTBoOpseT OKOI0 50% 06pasiia.

B 3aBHCHMOCTH OT yCJIOBUH IPOBEAECHNA PEMOHTHBIX

JINTEPATYPA

PaboT BO3MOKXHO BAPPUPOBAHIE CBOUCTB
TAMIIOHA>KHOT'O COCTaBa (Ta0IL 1).

Taonuya 1 — OcHosHble c8olicmaea
pa3pabomannozo mamnonaircHo2o
cocmasa

CBoWcTBa 3HayeHus

TnoTHocTb, r/cm? 1,5-1,8

Mnactnyeckas BA3KOCTb, MIa*c 25-40
BopootaeneHne, mn OTCyTCTBYET

[MpOYHOCTb LieMeHTHOrO KaMHA Ha okatue, Mla 10-35

1. Kynukos A.H. inarHoctka v orpaHuyeHvie BOAOMPUTOKOB C LieNblo MoBbIleHUs HedTeoTaaqm nnactos/A.H. Kynukos, M.A. CunuH,
N.A. Maraposa, 3.A. lWuaruHos, K.A. JoBrnin//PeMoHT ckBaxuH. —2015. — N2 7. — C. 50-55.
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3. Maragosa J1.A., Ebumos H.H., Enucees [.10., Eprmos M.H., Koznos A.H. Cnocobbl NoBbIeHNs KayecTBa TaMMOHaXHbIX PacTBOPOB Ha OCHOBe
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—C.208-211.

4. Tonkayes .M. MarHe3unanbHbI TaMMNOHaXHbIM MaTepuan AJisi MOBbILWEHUSs KaYecTBa CTPOUTENbCTBA ra3oBbix ckBaxKuH/IL.M. Tonkaues,
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dusnyeckoe MmoaenupoBaHue npoLecca
rasonsonsauum 3mMmynbCUOHHLIMW, MeHHO-

NONMMEpPHbIMU U OPraHO-r’MGPUAHBbIMM COCTaBaAMMU
npu pa3pabdoTke MeCcTopPoXXAeHUN

B.A. CrpukHesB, U.P. Apci1aHOB, A.A. ParHep, A.I. TenxuH, 000 «Y(bHMCKH I HAYIHO-TEXHHYECKHH EeHTP»; P.P. Acaxy/inH,
H.!. MapkuH, JI.E. JleHaenkoBa, PI'BOY BO «Y(hPHMCKHI rOCyJapCTBEHHBIN HEMTAHOM TEXHUYECKH M YHHBEPCHTET>

Texnomnorus ycrpanenus HOK B untepsane
Tr430HOCHOI'O IIJIACT4 OCHOBAHA HA CO3,AaHUN
OJIOKUPYIOIIETO 3KPAHA U30JUPYIOMUM
COCTABOM, OOPA3YIOUIETO NPOYHYIO CTPYKTYPY
BO BCEM OOBbEME. B OT/IETBHBIX CIy4asiX OCIE
MOCTAHOBKH U30JIMPYIOMIETO 9KPAHA 3AKAUYUBAETCSA
HOAKPEMIAIONNI COCTAB (MOAU(MPUIITMPOBAHHBIN
LIEMEHTHBIN PACTBOP WX OBICTPOTBEPACIONI I
COCTAaB Ha OCHOBE CMOJI), 06€CTIEYUUBAION U
3aKpEIIEHNE OJIOKUPYIOMIETO IKPAHA U HAEKHOE
BOCCTAHOBJICHUE '€PMETUYHOCTH KOJIOHH [1].

MeTonoM 1a60PATOPHBIX UCCIENOBAHUN
SIBJISIZIOCH (PU3UKO-XUMUUYECKOE U (DUIBTPALTUOHHOE
TECTUPOBAHUE. B 4aCTHOCTH, NPH (PU3UKO-
XUMHYECKOM TECTUPOBAHUHU ONPEEIAINUCD
NEHOOO6Pa3yIoIas CHOCOOHOCTD [TAB 1
PEOJIOTUYECKUE XAPAKTEPUCTUKH TAMIIOHAXKHOT'O
coctasa (TC). OnpepaeneHne peoaorudeckux
XapaKTepUCTUK TC TO3BOMAET NPEABAPUTEIBHO
OLIEHUTD U3OJIMPYIONYIO CTOCOOHOCTH TC 110
YBEJIMYEHUIO BA3KOCTH HU/HUJIH MOABICHUIO
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npeaeabHoro Hanpsoxkenus casura (ITHC).

IIpu PUABTPALUOHHOM TECTUPOBAHUN
IVIABHBIMU TEXHUYECKHMMU MTAPAMETPAMU
ABJISIJIMCh: OCTATOYHBINA (PAKTOP CONPOTUBJIEHUSA
(O®C), yKa3bIBAIOMIUKI HA KPATHOCTh CHUKCHU A
MPOHUILIAEMOCTH MOJIE/IN IPHU3A00MHOM 30HbI
MJ1ACTA MOCJIE TAMIIOHUPOBAHUA; KDUTUYECKUT
IPagUENT JABIEHUA, IPU KOTOPOM HAYMHAETCS
BbIHOC TC 13 IOPUCTON Cpe/ibl; O6’bEM ITOP I'd34,
(PUIBTPALINSA KOTOPOTI'O KOHTPOJIUPOBAIACH
oTopoukoi TC.

JJ1st onipenesieHus reaeoopasyomen
CITOCOOHOCTH MEHOIIOJIMMEPHBIX KOMITO3UITHI
peaBapyuTe/IbHO pacTBOPsan ITAB B ipecHOr BoJe
Ha BEPXHETIPHUBOJHON MEIIAJIKE JJIs ITOJIyYEHU A
MEHBL 3aTEM IIPU HEITPEPBIBHOM IIEPEMENUBAHNH
JI06ABJIAIN KOMIIOHEHTHI I'd30T€HEPUPYIOLIEH
cMmecu u ITAA mapok A345, A523 u FA 920 SH, a Takxe
pearenTsl NGT-Chem-1 1 NGT-Chem-3. B ciiygae
HUCIOIB30BAHUSA BOJHOI'O PACTBOPA ALIETATA XPOMA
€10 JOOABJISIN IIOCJIE TIOJTHOI'O paCTBOPEHUA ITAA.




CmuBKy nnposoguiu npu 25 u 90 °C.

Jsg conuTeIX npu 25 °C KOMIIO3ULTUHA
OIIPEAEIAINCH PEOJIOTNYECKUE XAPAKTEPUCTUKU HA
pOTaMOHHOM BUCKO3uMeTpe HaakeViscotesteriQ
(T'epMaHus) C UCIOIB30BAHUEM CUCTEMBI
BOCIIPUHUMAIOIIUX 3JIEMEHTOB «[JUJIMH/D-
LUIUHAD». 11 ©3y49a€MBIX OOPA31I0B IPUMEH N
CABUT'OBOI TeCT B quarra3one ot 0,1 mo 10,0 ¢l
IIpu onpegenenuu ITHC nocrpoenue
PEONIOrnYEeCKON KPUBOM OCYIIECTBIISJIOCh B PEXUME
KOHTPOJIUPYEMOI'O HAIIPSIKEHU S CABUL'A.

7151 OLIEHKH BO3MOKHOCTH HUCIIOJIb30BAHUS
BBICOKOBSI3KMX IMYJIbCHI B PEMIEHUH TPOOIEMBI
CEJIEKTUBHOM U30JIAL MU I'a3d JOIIOJHUTEIBHO
MPOBEJIEHBI UCCIEAOBAHNS OOPATHBIX 3MYJIbCUNA
[MTUKEPUHTa, CTAOUIN3UPOBAHHBIX TBEPIOH (PA3OM.
CTPYKTYPHO-MEXAHUYECKHUE CBONCTBA IMYJIbCUN
ITukepuHra (C TBEpAOH (Pa3oif) BBIILIE, YEM Y
KJIACCUYECKUX OOPATHBIX AMYJIbCUNA. CTAOUIN3AIUA
3MYIbCUU KOJUIOUAHBIMU YaCTHULIAMU IPOUCXOAUT
B PE3YNBTATE UX CUJIBHOU 4ICOPOIIMU HA
IOBEPXHOCTH PA3LEIa «BOLA — MACJIO». B KauecTse
TBEPABIX JUCIEPCHBIX YACTUL-CTAOUIU3ATOPOB
UCIIOJIb30BAJIN XPU3OTUJI — BOJOKHUCTBIN
MUHEPAJI I'PYIIIBI CEPIEHTHUHA. Peonoruyeckue
XAPAKTEPHUCTHUKHU 3MYJIbCUM CHUMAJIU C IIOMOIIBIO
peomeTpa HAAKE MARS III meTOZOM IBOMTHOTI'O
KOHYCA-TIJTACTUHBI HA IPAMOM U OOPATHOM XOZAY.
[Tpu 60IBMINX KOHLIEHTPAUAX MUKPOKATLIIA
NPAKTUYECKU HE KOAJIECLIUPYIOT, U SMYJIbCHUS
ooiee ycrornumnsa. C aHU30TPOITHBIMY YaCTUI[AMU
XPHU30THJIA IPSIMOU U OOPATHBINA XOJ, OTIMYAIOTCS
CYIIECTBEHHO. DTO CBA3aHO C TEM, YTO I10 MEpPE
BPAIIEHUA KOHYCA B CIBUTOBOM T€YEHUU YACTULIbI
XPU30THJIA BBICTPAUBAIOTCA BJOJIb IMHUM TOKA, YTO
NPUBOJAUT K CHUKEHHUIO PEOJIOTUYECKOM KPUBOU.

Janee ObL1a IPOBEAEHA CepUst PUIBTPAITUOHHBIX
HUCCJIEAOBAHUH 1O OLIEHKE U30JIUPYIOMIUX
CIIOCOOHOCTEN PA3/IMYHBIX KOMIIO3UIIUH, B TOM
YHCJIE: IEHHBIX COCTABOB C ITOJIMMEPOM; TIEHHBIX
COCTABOB C MOCJIEAYIOMUM JOKPEIVIEHUEM
MOJIMMEPHBIMHA KOMITO3ULIUAMH; IIEHOIIOJIMMEPHBIX
KOMIIO3UIIUH C IA30T€HEPUPYIOLIEN
CMECBIO, OPTAHOMHHEPAJIBHOT'O KOMIIIEKCA,
BOJOHE(MPTAHON dMYJIBCUEN C COCTABOM Had OCHOBE
OPraHOMHHEPAJIIBHOI'O KOMIIJIEKCA.

Bce punbTpantmoHHOE 3KCIIEPUMEHTBI IPOBEIEHDI
COITIACHO TPEOOBAHUAM OTPACJIEBBIX CTAHAAPTOB, HA
COBPEMEHHOM 3KCIIEPUMEHTAIBEHOM OOOPYAOBAHNH

JINTEPATYPA

[2—4]. Beina npoBeieHa ceprsl SKCIIEPUMEHTOB C
MEHHBIMU COCTABAMH C ITOJIMMEPOM. B cpeemM
O®C cocTaBu o 2,29. 3amedeHo, 4To J0OABKA B
TIEHHBIIN COCTAB IIOJIUMEPA HECKOJIBKO YBEJIMYHBAET
O®C, B T. 4. ¥ I BBICOKUX TemIeparyp. s
MOBBIEHNUA 9PPEKTUBHOCTU U3OIALIMU I'a34 B
3KCIEPUMEHTE UCIOJIb30BAJIACh IEHONOJUMEPHAS
KOMITIO3ULIYS C I'a30T€HEPUPYIOEN cMeChbio. ODC
ipu Temueparype 25 °C cocrasuit 2,06.

Jasiee mpoBeIeHO UCCIEOBAHNE
reJIe00pas3yIouero COCTaBa Ha OCHOBE
OPraHOMHHEPAIBHOI'O KOMILIIEKCA. B KauecTse
reJIeo0pas3yIoUero COCTaBa UCCIEJOBAH BOJHBIA
pacTBOp cuiMKarta HaTpus ¢ [TAA, B kKauecTse
CIIMUBATENS — BOJHBIN PACTBOP aI[eTaTa XpoMma [5].

HccnenoBanye BOJOHEPTAHOM SMYIbCUU
U T'e1€e00Pa3YIONIEro COCTABA HA OCHOBE
OPraHOMHHEPAIBHOI'O KOMIIIIEKCA ITO3BOJIUIIO
YCTAHOBUTB:

1. Jo6aska nonuMepa KMII 9B B nEHHBIH COCTAB IIPU
TeMmrieparype 25 °C ysennuusaet 3Hadenme ODPC c
1,77 no 2,29, a npu remneparype 90 °C — ¢ 1,01 no
1,40.

2. DKCHEPUMEHTBI C UCIIOIb30BAHUEM IIEHHBIX
COCTABOB C NOCJIEAYIOIUM UX JOKPEIUIEHUEM
MOJIMMEPHBIMU KOMIO3UIIUSAMU ITOKA32I1
HAWIYYIIHNE PE3YIBTATHIL. TaKKE YCTAHOBJIEHO
BJIMSIHUE MIOBBIIIIEHHOM TEMIIEPATYPHI HA
3(PPEKTUBHOCTD IA30U30IALUH.

3. Pe3ypTaThl S3KCIIEPUMEHTOB IIPU TEMIIEPATYPE
90 °C € UCMIONIB30BAHUEM I'e€JIE0OPAZYIOIETO
COCTaBa HA OCHOBE OPraHOMUHEPAJIBHOI'O
KOMIUIEKCA M IOJIMMEPHON KOMITO3UIIMU HA
ocHoBe pearecHTa NGT-Chem-3 nokaszanu
3HadueHUusg OPC 2,50 u 1,53 COOTBETCTBEHHO, UTO
HIKE, YEM Y IEHHOT'O COCTABA.

4. B cepuu (pUIBTPALTUOHHBIX 3KCIIEPUMEHTOB
npu remneparype 25 °C ¢ puMEHEHUEM
BOJOHE(PTAHOM 3MY/IbCHUU U T€IE00PA3YIOMIETO
COCTaBa HA OCHOBE OPIraHOMUHEPAJIBHOI'O
KOMIUIEKCA Hanoobmee 3HadeHne OPC nokasan
resaeo6pa3yommui COCTAB.

5. I1osy4EHHBIE PE3YIBTATDI 1)1 CEJIEKTUBHON
HU3O0JIALIMH I'd32 TIOKA3AJIH BBICOKUI TOTEHIA AT
METOJOB BO3JEUCTBHA I'€JI€00PAZYIOINUM
COCTAaBOM Ha OCHOBE OPI'aHOMHHEPAIBLHOTO
komIekca. 3HadeHue ODPC nocie 06padoTKU
MOJIEU COCTABUIIO 7,92 9TO ABASIETCS
CYIIECTBEHHBIM U CBUETEIBCTBYET O €T'0O
BBICOKOU 3(D(PEKTUBHOCTH.

1. CTpuxHeB K.B. PEMOHTHO-M30MLMOHHbIE PabOoTbl B CKBaXMHAX: Teopus 1 NpakTuka. — CaHkT-MNeTepOypr: Hegpa, 2010.-560 c.
2.11.A. Tomckas, U.WU. KpacHos, [I.A. Mapakos, U.C. Tomckuii, B.B.. UHSKMH. N30ngUMOHHbIE TEXHONOMMWN OrpaHNYEHUS ra3ornpUTOKOB B HEPTAHbBIX
CKBaXXWHax MectopoxaeHu 3anagHon Cnbunpw//XKypHan BectHuk CeBepo-BoctouHoro ceaepansHoro yHuBepcuteTta nm. M.K. AMocoBa,

BAK, 2016.

3. B.A. CtpuxHeB, A.KO.MpecHskos, A.l. Muxannos. MeTofbl M30MsL4MM NPOPLIBOB rasa Npu paspaboTke HedTAHbIX MeCTOPOXaeHWIA/HayuHo-

TexHnyecknn BecTHNK «HK «PocHedTb». —2010. - N2 4. - C. 36-39.

4. KpaTkuii 0630p METOLOB OFpaHUYEHNs Fra30MPUTOKOB B CKBaXKWMHbI, 3KCMTyaTupytowme HedTerasosble 3anexu/E.C. JlanytuHa, U.W. KpacHos,
[0.A. Mapakos, WU.C. Tomckui, B.B. VHsAKMH//AkageMuyeckimi xypHan 3anagHor Cubmpu. —Ne 6 (55). — Tom 10.—2014.

5. iccnepoBaHme 1 onTMMM3aLms 3MynbCMOHHOTO BO3AENCTBUS A1l CENEKTUBHOW ra3o- M BOAOU30NALMM B TPELLMHOBATBIX KonnekTopax/
M.IO. KoteHes, B.E. AHgpees, K.M. ®egopos, B.H. XnebHukos//YK 622.276.3. HecdTenpomeiciosoe geno. —2010. - C. 1-21.
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POCCUNCKWI TOCYAAPCTBEHHbIA YHUBEPCUTET
HEDPTN UTA3A vm. N.M. TYBKNHA

ba3oBhbii BY3 HedTerasoBoro komnnekca Poccum

VIl MEXXAYHAPOHAS (XVI BCEPOCCUNCKAS) HAYYHO-NPAKTUYECKAS
KOH®EPEHLNA «<HEPTENMPOMbICIIOBAA XUMUA»

cocroutca 24 ioHa 2021 ropa B PIY Hecd T/ n rasa (HUY) nmenn U.M. [yOkuHa
B OHNanH-popmare

B koHdepeHUnn Nnpegnonaraetcs y4actme npeacrasutenen HAN, By3os, npeanpuatnmn n
KOMMaHWI1, 3aHNMaoLMXCS pa3paboTKon, MPOn3BOACTBOM, MOCTAaBKOW U MPUMEHEHMEM
XMMUYECKNX peareHToB Ana HedTAHOW 1 ra30BOW MPOMBbILLIEHHOCTU Ha TeppuTtopun Poccnn n
crpaH CHI

YyacTHMKaM KoHdepeHLMM NpefoCcTaBseTcs BO3MOXHOCTb BbIIBUTb OCHOBHbIE TEHAEHUNN B
pPa3BUTUN MUPOBOIO U POCCUMCKOTO PbIHKA XMMNYECKUX PeareHTOB, yCTaHOBUTbL KOHTaKTbI U
nony4YmTb HeoOXoaAMMYIO MHDOPMAaLMIO O COBPEMEHHOM YPOBHE NMPOM3BOACTBA U MPUMEHEHMS
XMMUYECKUX peareHToB AJist He(hTAHOWM U ra30BOM MPOMbILLINEHHOCTW.

TEMATUKA KOH®EPEHLINW:
® peareHTbl Ans OypeHus, 3aKaHYMBaHUS Y PEMOHTA CKBaXMH;

® peareHTbl M TEXHONOMMU UX NPUMEHEHUS B NMpoLieccax NoBbiweHUs HedTeoTaaum Nnacros,
WMHTeHcUdUKaLMm obblumn HedTu;

NpYMeHeHWe XMMMYeCKMX PeareHToB Npu TpaHcrnopTe HedTU U HedTENPOAYKTOB;

pa3paboTka U NpMMeHEHWE COBPEMEHHBIX 3aLUMTHBIX MaTepuanos, bakTepuuMaoB U MHIMOUTOPOB
KOPPO3UMU, CONEOTNOXEHMS U NapatUHOOTIOXeHMs Npu Jobblde 1 TpaHcNopTe HedTU U rasa;

npMmeHeHne BOAOPaCTBOPUMbIX NOJIMMEPHbIX MaTepUanos B npoueccax skcnnyataunm HerTFIHbIX
MeCTOpPOXAEHNN;
NMOBEPXHOCTHO-aKTMBHbIE BeLLecTBa B HE(TSHOM 1 Fra30BOWN NPOMbILLAEHHOCTY;

husmko-xMMmnyeckmne nccineloBaHns HebTeln U peareHToB, MPUMEHSIEMBbIX A1 AOObLIYMN U
TpaHcnopTa Hed T U rasa;

3Konoru4yeckue acnekTbl MPOMU3BOACTBA U NMPUMEHEHUSI XUMUYECKUX peareHTOB B HeTAHOM 1
rasoBOW NMPOMbILLNEHHOCTY;

VIHq)OpMaLl,VIOHHOG obecneyeHuve n MapKeTUHI B obnactu npomnsesoacTea N NpMeHeHuUd
XUMNYECKNX peareHToB ans Heq}TﬂHOVI 1 ra3oBom MNPOMbILLNEHHOCTA.

Appec oprkoMmuTeTa KOHpepeHUnn:
119991, MockBa, JTeHNMHCKUI NpoCneKT, 4. 65, K. 1, PIY HedTn 1 rasa (HNY) numenn U.M. [yokmHa
E-mail: npch@gubkin.ru




AW OIL STATES

Energy Services

YHuBepcarnbHblil YCTLEBOWN NMPOTEKTOP

OnucaHue

YHuMBepcanbHbIM ycTbeBou npotekTop OSES
npeAHasHa4vyeH Ane 3aWuThbl YCTbA CKBAXXUHbI
OT BbICOKWX faBNieHUN 1 abpasmnBHbIX
XKXNAKOCTEW MPU 3aKadke Nog AaBneHneM.
Mpu HomnHanbHOM pgasneHunu go 1380 atm
(20 000 psi) npMeHeHMe NPOTEKTOPA MOXET
YCTPAHUTb HEOOXOAMMOCTb MOAEPHM3ALMN
YCTbSl CKBaXXUHbI C Y4€TOM JaBfieHUS pa3pbiBa
nnacTa BO BpeMsi NpoBeaeHus pabor.

Ha3HauyeHune

MoBbilwaeT 6e30MacHOCTb Ha CKBaXMHeE 3a
CYeT 3aWmnTbl NepcoHana 1 obopyaoBaHUs

OT BbICOKOrO AaBfIeHNs BO BPeMs NpoBeaeHNs
0bpaboTok Ha ckBaxkmHe. MpopgneBaeT

CPOK CNyX0bl YCTbsA CKBAXMHbI U KN1anaHoB,
NCMonb3yeMbiX MPY 3aKaHYMBaHUK, NPU
3aKauke nop AaBneHMEM, a TaKXKe CHUXaeT
HeobXoANMOCTb MMyLLIEHNS CKBAXMHbI NS
3aMeHbl 0bopygoBaHus. No3sonaeT NonyymTb

Oonblue BapuaHTOB NpoBeaeHNs obpaboTku PelueHus
3a CYeT yBeNnYeHUs AOMNYCTUMBbIX YCTbEBbIX . .
AaBneHuit. YHUBepCanbHbIA YyCTbEBOW NPOTEKTOP

pa3paboTaH Ans 3aWuTbl yCTbEBOIO

obopynoBaHMa OT NOBPEXAEeHUI B NpoLiecce

paboT no nHTeHcndrKaumm gobbiuu,

BO3HUKLIMX BCNIeACTBUE:

® BbICOKOIO faBneHuns oopaboTtku npwu Pl
(8o 1380 atm — 20 000 psi);

® 3p03MN, BbI3BaHHOW 3aKa4ykown H6onbLumnx
00beMOB npomnnaHTa NP1 MHOroCTaaNMHbIX
rPII;

® MHOrocTaaurHbix MPM ¢ Gonbwmnm
KONIM4eCTBOM CTaAuM N pacxogamu
XNAKOCTY;

: ® MOBPEXAEHWUN, BbI3BaHHbIX KOPPO3UOHHOM
. _ XXUAKOCTBIO.

¥ £

. -’ KoHTakTHasa nHdpopmaumnsa

TOO Temir Energy Central Asia

Ten.: +7 701 933-66-17

e TEMIR info@temir-energy.kz
I | EMERGY .
S exwTEAL Asia https://temir-energy.kz

OSES.com
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Torn meXxgyHapoaHOWN BbIiCTaBKU

«HEDTEIA3-2021»

Jlygmas BbICTaBKa Poccuu B HE(TEra30BOIM
orpaciu «Hegpmeezas-2021»' ycrenHo npoiiia ¢ 26 1o
29 anpeis 2021 roga B LIeHTPaIbHOM BBICTABOYHOM
koMmiuiekce «OKCITOLIEHTP». DTOT roj cTaa ajist
BBICTABKU I00UIEHHBIM. OHA IPOBOAWIACH B 20-11 pas.

AO «OKCITOLIEHTP» ¥ BICTABOYHA I KOMITAHISI
«Mecce Oioccenpaopd I'mo6X»> (Fepmanmst)
OPraHH30BATIH BBICTABKY IIPH HOAJICPIKKE
MuHHCTEPCTBA 3HEPrETUKU POCCUIICKOI
depepanuy, MUHHUCTEPCTBA IPOMBIIIJIEHHOCTH U
TOprosiu Poccurickort deepaniu, IpOQUIbHBIX
COIO30B, O] TATPOHATOM TOPrOBO-IIPOMBIIIEHHON
nanatel Poccuiickon depepanmu.

«Hedreraz-2021» crana JOATOXKAAHHBIM
COOBITHEM 1151 ODIIANTH-OOIIIECHH ST BEAYITUX
MIPOU3BOAUTEIIEN U TTOCTABIIHMKOB HE(PTErA30BOTO U
HedTenepepadbaThIBAIONIEIO OOOPYAOBAHMS.

B nepeMOHNH TOPYKECTBEHHOT'O OTKPBITHSA
BBICTaBKH «Hedreras-2021» npuHsIN ygyacTue
3aMECTUTEIb MUHUCTPA IPOMBIIUIEHHOCTUA U
TOprosnu Poccnnckorn ®egepanymn
Muxania UBaHOB, 1pe3uJeHT TOProso-
IIPOMBIIIEHHOM I1a1aThl POCCHIICKOM
Degepanuy, IpeAcesaTesib COBeTa JUPEKTOPOB
AO «DKCITIOLIEHTP»> Ceprei KaTsipuH,
MOMOIIHUK PYKOBOAUTENA AITMUHUCTPAILIUNA
npesunenTa Poccuiickon ®epepanny Kupuiia
MOJIOAIIOB, 3AMECTUTENDb PYKOBOJUTEIIA
denepasbHOrO ATEHTCTBA IO HEJPOIOIb30BAHHIO
Opecr Kacnnapos, npesnjieHT Cor3sa
HedTerazonpoMelIeHHUKOB Poccun 'eHHa et
IIIMmansk, npe3neHT POCCUICKOTO COI032 XUMUKOB
BuxrTop UBaHOB, I€HEPAIBLHBIN JTUPEKTOD
000 «Mecce roccenpropd MocksBa» I-H
Tomac IIITeH1e/Ib, BPHO I€HEPAIIBHOI'O INPEKTOPA
AO «DKCITOLIEHTP» Anekcest BAIKHH.

IToyeTHBIE TOCTH OTMETUIN BAKHOCTD
MEPOIPHUATHA AJIA JEMOHCTPAIIMA MTHHOBAITMOHHBIX
peneHn, NOJYEPKHYIN 3aMHTEPECOBAHHOCTD
B OOCYKJEHUHN ONTUMAJIBHBIX ITyTEN PEMIEHUA
NPUOPUTETHBIX 32444 HE(PTETA30BOU OTPACIU U
TJIOJJOTBOPHOM COTPYAHHUYECTBE.

IIpe3naeHT TOProBo-IpPOMBINIJIEHHOHN
nmajaarel Poccurickon degepanuu
Cepren KATbIPUH:

— TOILUIMBHO-3HEPreTHIECKH I KOMILIEKC
ABJISIETCA CTAHOBBIM XPEOTOM POCCHHCKOH
SKOHOMHKH, 2 BRICTABKa <HedTeras», B CBOXO
o4depenb, — OGHOM U3 ITITABHBIX TEXHHYECKHUX
BBICTABOK, KOTOPAs JEMOHCTPHPYET
BO3MOXKHOCTH POCCHHMCKHX KOMIIAaHHUH H
3apyOeKHBIX IIAPTHEPOB.

HEDTENA3-2021

HHE B TEEHONSTHM [N EeSTer KI0NGS

BricTynasimme 06paTuaIn BHUMaHHUE
H4 BHYIINUTEIbHBIN CIIUCOK Y4ACTHHUKOB
«Hedreras-2021» u3 6onee yeM 20 CTpaH, 4TO
TI'OBOPUT O 3HAYNMOCTH OTPACTH HEPTETA30BOT'O
MAITUHOCTPOEHUS JIISI U POKOT'O KPyTa
CIIELTUAJIICTOB.

3amMecTHTEe/Ib MHHHCTPA
IPOMBINIJICHHOCTH H TOPI'OB/IH
Poccurickoy Penepanu
Muxania UBAHOB:

— «OKCIIOIIEHTP» OpraHu3yeT BBICTABKY
Ha BBICIIIEM YPOBHE C COOJIIOIEHHEM BCEX
3MHUIEMHOJIOTHICCKHUX TPEOOBAHHUI.
BeicTaBKy M HanmmoHaIpHBIH He(Tera3zoBeri
(dopyM conpoBOKIAET OOUIHPHAA IETIOBAS
nporpamMmma. MHOI'Hue TeMbI, KOTOpBIE OyAyT
O0CYK/AATHC, HMEIOT BEICOKYIO AKTyaJIbHOCTb.
DTO0, HAIIPHMEDP, BOIIPOCHI dHEProiepexoaa,
BBE€/IC€HHE TPAHCIPAHHIHOT'O YIVIEPOTHOTO
HAJIOT'A, TEXHOJIOTHYECKOE PA3BUTHE H
Tpancdopmanusa TOK. MEHIIpOMTOPT
IUVIAHHPYET IPHHATH CAMOE€ AKTHBHOE YIACTHE
B IIPEACTOAIINX JHUCKYCCHAX.

Bo Bpems VIP-06xX01a yY9aCTHUKU U TOCTU
«Hedreraz-2021» 03HAKOMHJIMCB C IKCIIO3UIUEH,
OIIECHUJIN YPOBEHb OPT'AHU3AIUU BBICTABKHU U
Ka4ECTBO MPEACTABIEHHBIX IIEPEAOBBIX PA3PAOOTOK
He(MTEra30BOro O60PYyAOBAHMS.

KitroueBble KOMITAHUHY U TOCTOSIHHBIE YYACTHUKU
BBICTABKHU ObL1U OMIMEUEHbL NAMATIHOIMU
ounaomamu AO «KCIIOL]EHTP» 32 TIIOTOTBOPHOE
COTPYAHUYECTBO U AKTUBHOE YYACTHE B IIPOEKTE
«Hedreras».

BpHoO resHepajIbHOIO JTHPEKTOPA
AO «OKCIIOIIEHTP> Anekceri BAJIKHH:

— Hanra riomajgka npegocTaBisieT
BO3MOXHOCTbH HE TO/JIBKO ITIOKA3aTh JIYYIIITHEC
JocTH>KeHHuA B chepe HePrenepepadbOTKH,
HHHOBAITHOHHBIC IIPOAYKTHI, TCXHO/IOI'HH, HO 1
HAHNTH IIAPTHEPOB, 3AKJIIOYHUTH KOMMEPYECKHE
COIIAIIICHM A.

" CornacHo OBLLepoCccnncKoMy PENTUHTY BbICTaBOK, «<HedTeras» — nyylas BoicTaBka Poccum no TemaTuke «HedTb 1 ras» Bo Bcex HomuHaumsx. NoapobHee —www.exporating.ru
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JWTIOMBI 6BLIN BPYYEHBI IPEICTABUTEIAM
KOMITAaHU «BypHUHTEX>, «BosrorpajHedreMar,
«'aznipom», «3eHuT», <HKM3-I'pyni, «Cubupckas
MIPOMBIIJIEHHAS I'PyNNay, «O6beAUHEHHAS
JIBUT'ATEJIECTPOUTEIBHAS KOPIOPALIHS»,
«O6'bEJUHEHHAA METAIUTYPIUYECKAS KOMITAHU A,
«I'pancHedTh», «TMK», «<DMHUKOH>.

OcCoO6BI€ CI0BA OIATOAAPHOCTU OPraHU3ATOPBI
BBIPA3MJIU CIIOHCOPAM U TAPTHEPAM BBICTABKUA
«Hedreras-2021» 32 TOAAEPKKY B €€ IPOBEINCHUN.
B TOpKECTBEHHOIM OOCTAHOBKE OBIJIA BPY4YEHDI
aurioMel AO «OKCITOLEHTP» cnoHcopy
anekTpoHHOU peructpanuu OO0 «HTA-TIpom»,
naptHepaMm BbICTAaBKM OO0 «Dennkc KoHTakT
PYC», OO0 «CuHTEK», AO «He60KCAPCKU
NIEKTPOANITIAPATHBIN 3aBOJ», OO0 «TarpaC-
XonauHr», OO0 «HeOOKCAPCKAS ANEKTPOTEXHUKA
" aBTOMAaTUKa», OO0 «/IPET'EP» TemaTtnueckum
napTHepaM BeICTaBKU AO (OT31p — BepToneTHole
ycayrur, AO «TPOM MHXUHHUPUHT», TAPTHEPAM
Jestosor nporpaMmbel OO0 dIpocodT-CHUCTEMBI,
OO0 HIIO «MUP», «CUMEHC DHEPTETHKA»,

AO «9HEPI'OMAIII», AO <TEKKHOY>, AO J'K
«Onexkrpomut — TM Camapa», OO0 J'OsA
KOHCAJITHUHI», mapTHEPY BUAECOTPAHCIALIUN
LafargeHolcim, THHOBA1ITMOHHOMY ITAPTHEPY

BbICTABKU AO IIHerinep DIeKTPUK»,
IIAPTHEPY NPE3EHTAIUOHHON 30HBI
OO0 «CCT3HEPrOMOHTAXK>.

CTATUCTHUKA
* 449 KOMITaHUI U3 23 CTPAH;
* 357 POCCHUIICKUX KOMITAHHL;
¢ HaroHasibHbIC SKCITO3UITTH
l'epmanuuy, Yexny;
¢ 15001 KB. M — IJIOIIAIb HETTO;
¢ bosee 21 000 moceneHu .

SKCIIO3UIIUA

B aTOM roapy Ha ruiomaiu 6osee
15 000 XB. M CBOU JIOCTHUKCHU
IIPOAEMOHCTPUPOBAIN
449 xOMHIIaHUH U3 23 CTPAH MUpA.
HannoHanbHbIE SKCTIO3ULIAU NTPENCTABUAIN
¢dupmbl u3 'epmanuu, Yexun.

BricTaska «Hedreras-2021» cobpana
KJIFOYEBBIX UT'POKOB HE(PTEIA30BOH
orpaciu. Pa3paboTKH OTEUECTBEHHBIX
KOMITAHUU IPOAEMOHCTPUPOBAIN
«a3npom», «BbypuHTEX>, <IpaHCHEPTD»,
<I'MK», «<BOJIAH», <TopanTex»,
O6'bEeITMHEHUE IPOU3BOIUTENICH,
MOCTABIIUKOB U NOTPEOUTENICH
AJIIOMHUHUS (AJTIOMUHHUEBAS ACCOITUAIINS),
«CubbypMarr, <HTA-TIpom», <TEKKHOY>,
«OMUKOH», CUOUpCKas ITpOMBIIIICHHAS
I'pynma, Kpyc-3anagy, <OMK», Jea
Pedppuxepetinis Pyc», 3aBOIOyKOBCKHU
Mamzasog, <HKM3-T'pyri, «b+P
ITpoMBINIUIEHHASI ABTOMATU3AII US>,
<Total BocTok», OKB «3eHUT»,
«HedrecepBucpubop», «TsknpeccMari»,
«CM Iy, «DnexkTpomut Camapa», <IDTA»,
YDA3», «TexHOIUHAMMKA>, «O[JK», Kopriopaus
«BCMITO-ABHCMA», KactiuiicKuit TpyO6OIpOBOAHBIH
KOHCOPLUYM, «T'arpac XonauHr», KonoMeHCcKui
3asog, dIpocodr-Cucremspr, «CuHTeK», NOV Fidmash,
«BonrorpaanedremMant> ¥ Jpyrue.

B BBICTABKE IPUHSAIN YIACTHE BEAYIIINE
IIPOU3BOINTEIIHN U TIOCTABIIMKHI MIPOBOTO
HedTEra3oBoro pelHKa: Siemens, Schneider Electric,
Enotec GmbH, Phoenix Contact, H. BUTTING GmbH
& Co. KG, OO0 «Hydac International>, KAMAT GmbH
& Co. KG, Klspper-Therm Vertriebs GmbH, Leistritz
Pumpen GmbH, Medenus Gas-Druckregeltechnik
GmbH, Pleuger Industries GmbH, Rhyton Solutions
GmbH, Samson Controls OOO, Sorb® XT, VEGA
Grieshaber KG, Walther-Prizision, Sumitomo
Corporation, Enerpac BV, Draeger u npyrue.

MHorue 3apy6exHbIe KOMITAHUH IPEICTABUIN UX
POCCUIICKHE TAPTHEPBDL

B pamKax 0e1060ti npozpamms. BBICTABKU
«Hedreraz-2021» COCTOAMNCH NIPE3EHTALIUN
3KCIOHEHTOB, OO'bE/IUHEHHBIE B TEMATUYCCKUE
ceccun. OHU IPOXOAUJIU B CIIELIUATIBHO
OPraHNU30BAHHOM 30HE OU3HEC-TIPE3EHTALI NI

IIpecc-ciry:x6a AO «DKCIIOLEHTP>
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BEKTOP PA3BBUTHA

i

CUJIA MOPCKOIO BETP,

K 2050 rop,y'MopCKme BeTporeHepaTopbl

OOJIKHbI 6y,El,yT npon3BoanNTb HETBEPTDb

€BPONENCKON INEKTPOIHEPTNN.

MopCKast BETPO3HEPIETUKA CTAHOBUTCS B MEPE
BCe 60JIe€ BOCTPEOOBAHHON. [TONYIAPHOCTD SHEPI U
BETPa OOYCJIOBJIEHA TEM, YTO IIPU €€ UCIIOTIb30BAHUU
HE HY’KHO HU C)KUT'ATh MCKOITAEMOE TOILUIMBO, HU
YTUIU3UPOBATDH OITACHBIC PAJVOAKTUBHDBIC OTXO/IbI,
HU 32TOIUISIT [IECHHBIC 3eMIH. OJJHAKO €CTh Y HEE U
HE/IOCTATKH: BETPOTCHEPATOPHI MTYMSIT, TO3TOMY
BOJIM3HU JKHUJIbsI CTPOUTD UX HEXKEIATENBHO. Kpome
TOT'O, BETEP B ONPEJEIECHHOM MECTE IYET JAJIEKO HE
BCET/IA U €T'0O CUJIA IOCTOSIHHO MEHAETCs. O6€ 3TN
MIPOOGIEMBI TEOPETUYECKH MOYKHO PENTUTB, ECJIN
IIEPEHECTH BETPSIKN B OTKPBITOE MOPE — BETEP
TaM €CTb ITPAKTUYECKH BCEIVIA, /1A U IITYM JIIOZISIM HE
MEIIAET.

CornacHO IpOruo3am, Kk 2050 rogy MOpCKue
BETPOT'CHEPATOPHI IOJKHBI OYAYT IIPOU3BOJUTH

na CeBepHOro Mops 3Heprus BeTpsiHbIX TYpOUH

coctaBngeT okono 30 KBT-4/m? mopckon nnowaan

B roj, nepenaBaembiX B CETb.

YETBEPTD EBPOIENCKON AJIEKTPOIHEPTUN. MOPCKHE
BETPOBBIC PECYPCHI IO CBOUM MACIITA6aAM OI'DOMHBI,
HO CHJIBHO PACCPEAOTOYEHB], YYUTBIBAA OTHOIIEHNUE
TJIOIA/IY ITOBEPXHOCTH IVIAHETHI, [IOKPBITON
OKEAHAMU U MOPAMH, K IUIOIAH CylIn. I3BECTHO,
9TO CKOPOCTDB BETPA HA MOPE 3HAYHUTEIBHO BBIIIIE,
YeM Ha AHAJIOTMYHOU MIUPOTE HA CYIIE, N3-34
OTCYTCTBUS IIPEMSITCTBUH HA MOPE U O0JIEE€ HU3KOH
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MEPOXOBATOCTH IMTOBEPXHOCTHU BOABI IO CPABHEHUIO
C TAKUMH OCOOEHHOCTSAMH CYIIH, KAK JIECA WIJIN
CaBaHHA. DTOT (PAKT WLIIOCTPUPYETCA INMTOOATBHBIMUA
KapTaMU CKOPOCTHU BETPA, KOTOPBIE OXBATBIBAIOT KAK
OEPETOBBIE, TAK U MOPCKUE PATIOHBI, UCIIOJIb3Y O HH
U T€ K€ UCXOAHBIE TAHHBIE X1 METOOJIOTHIO.
MUPOBBIM JTUAEPOM B OO1ACTH OPIIOPHOM
BETPO3HEPIETUKMU ABJIsieTCA EBporna. IlepsBas
o(opHast BETPSAHASA NeKTpoCcTaHvA Vindeby 6bl1a
nocrpoena B lanuu B 1991 rogy. B 2009 rony
CpeHAA MACIIOPTHAA MOIHOCTD O(PIIOPHOI
BETPAHOM TypPOUHBI B EBpone cOCTaBsAIa OKOJIO
3 MBT, 2 MOIITHOCTB TYPOHH MIPEANONATraaoCh B
OyAyIIEM YBEIUYUTD O 5 MBT. K snBapio 2014 roga
B EBporie 65110 nocTpoeHo 69 MOPCKUX
BETPO3JIEKTPOCTAHIIUHA CO CPESHEN I'OAOBOM
YCTaHOBJIEHHOM
MOITHOCTBIO 482 MBT.
O611as1 yCTAHOBJICHHAS
MOIITHOCTb
MOPCKMX BETPSAHBIX
INEKTPOCTAHIINH B
E€BPOIEUCKUX BOJAX
jgocturia 6562 MBT. JIMAUPYOIUE TO3UITAH 3aHSLTN
BesmmkobpuTaHus ¢ yCTAaHOBJIEHHON MOIITHOCTBIO
3,681 MBr, [Tatust — 1271 MBt u Benibrust — 571 MBT.
Han601b11y10 U3BECTHOCTD B BEIMKOOPUTAHUN
MOJIYYMJIA BETPAHAA SJIEKTPOCTAHIINA B OTKPBITOM
mope London Array. OHa pacnionoxxeHa B CEBEpHOM
MOpE Ha pacCTOAHUH 120 KHJIOMETPOB OT GEPETOB
Anrmn. Ee MOITHOCTD ITOCJIE 3aBEPIIEHUS BCEX



NYCKOHATAJJOYHBIX Pa6OT COCTABUT 1,2 TUT'aBaATTA.
ITpOEKT ABIACTCA KPYNHEHIUM B Mupe. London
Array, KaK INIAHUPYETCS, OOECIIEYNT SHEPTUEN
750 000 TOMOB — OKOJIO YeTBEPTU BObIIIOro
JIoHIOHA — ¥ COKPATUT BpeJHbIC BHIGPOCHI CO,

Ha 1,4 MJIH TOHH B I'O/I.

BerposnepreTuka 3a 1oCjaeJHUE JECATUICTUS
U3 PA3PAJa SK30THKU IIEPEILIA B OCHOBHbBIE
MCTOYHUKU 3JIEKTprdecTBa. EC/in B cepenrne
JEBAHOCTBIX I'OJOB CYMMAPHAA MOLIHOCTD BCEX
BETPO3JIEKTPOCTAHIIUHA MHUPA HE IIPEBBIIIAJIA IECATKA

Yepes 30 neT Oonee 4eTBepTU EBPOMENCKON

noo6epexbsa Hupepnanaos. OTo 6y1eT KPYIHENIITNA
YHEPrOreHEPUPYIOMNI OObEKT. K MOPCKOMY IHY HA
1youHe ot 14 10 40 MeTPOB NPUKPENAT 94 TypOUHBL

BeTpsaHasa aMEKTPOCTAHIUA OOECTIEYUT
JIEKTPOIHEPIrUE MUJIMOH I'OJUIAHJCKUX CEME.

A ele — NpUOPEXKHBIE IPEATIPUATHSA, HATIPUMED,
HOBBIU JIEKTPOJIN3HBIN 32BOJ, 11 IPOU3BOACTBA
3KOJIOTMYECKH YHCTOI'O BOJOPOAA.

IIpu Bcem pa3Maxe CErofHAIHUX IPOEKTOB — OHU
JIMIIB KAIJIA B MOPE IO CPABHEHUIO C MACIITA6AMH
3aBTPAIIHETO AHA. BEKTOP pasBUTHA 33/1aH B HOBOU
«Ctpareruu EC B 061acTu
MOPCKHUX BO30OHOBJISIEMBIX
UCTOYHHUKOB S3HEPTUN»,
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JIEKTPO3HEPTIUN 6y,u,eT NMPON3BOAUTLCH B MOPE:. et ey
CeroAHs 3TOT NoKa3aTe b COCTABNAET NMNLLb 2% . JREEEIgSIees

TUTr'ABATT, TO B CEPEINHE HYJIEBbIX OHA [IEPEBAINIIA
3a 50 I'Br, a B 2016 rogy npubIu3mIach K OTMETKE
500 I'BT. DKCIIOHEHLIMAJIBHBIA POCT C BO3PACTAHUEM
MOIIHOCTEHN HA IIOPSAJIOK 33 KAXKIO0E JECATUIIETHE,
OUYEBH/THO, HE MOXKET OBITh IOCTOSIHHBIM, HO B
2018 rozny B CTPOM BBEJIH €€ IIOJICOTHU I'UI'aBATT
MOIITHOCTH, TO €CTBb CTOJIBKO K€, CKOJIBKO PA00TaIO
H4 BCEH IIJIAHETE B HYJIEBBIC I'OJbL

ITo MHEHMIO 3KCIIEPTOB, CPEAHUI ITOKA3ATE/Ib
CE6ECTOUMOCTH BEIPAOOTKHU MOPCKUX ITPOEKTOB
110 MHPY B HACTOSIITICE BPEMSI COCTABIISIET $78
Ha MBT4, TOoraa kax 10 yieT Ha3a/ OH IPEBbINIAT
$200. ITpuBeKaTEIBHOCTH MOPCKOH BETPOBOM
SHEPTETUKU OOECTIEYNBAETCA CHIKEHHUEM
CTOMMOCTHU TEXHOJIOTHI, KOTOPOE COCTABUIIO 67%
¢ 2012 ropa, a TAKKE BBICOKOU
IIPOU3BOAUTEIBHOCTBIO
COBPEMEHHBIX TYPOUH.

3aMCHICHNEC UMITIOPTHBIX
YIJIEBOIOPO/IOB, CO37IAHHE
HOBOTI'O IIPOMBINIJICHHOT'O ITIOTCHITMAJIA U «3CJICHBIX>
padouunx MecT. OxxuJaeTcs, 4yro yepes 30 et 6osee
4ETBEPTU EBPOIICHCKON JIEKTPOIHEPTUU OyJET
MIPOU3BOJUTBCS B MOPE: CET'O/IHS ITOT TOKA3ATEIb
COCTABJISIET JIMIIb 2%.

HMHBECTHUITUU B PA3BUTHUE OTPAC/IN OIPOMHBL
HepaBHO NOCTPOEHO MOHTAXHOE CYZTHO HOBOT'O
THIIA «ATIOJIJIOH». OHO IEPEBO3UT KOMIIOHEHTHI
TYPOUH MEXAY IOPTAMU X MOPCKHUMHU BETPSHBIMU
3JIEKTpOCTaHIUAMU. KoMaH/bI B TOPTY OCTEHE
B benbrun paboTaroT JHEM M HOYbIO, CEMb JTHEL B
HEJIEJIIO, 3aBEPIIAS OUEPENHYIO KDYITHYIO BETPSIHYIO
CTAHIIUIO B 45 KM OT 6epera. [Torpy3uTs JIOacTH
JIUHOM 81 METP Ha CY/THO HEJIETKO, OCOGEHHO B
BETPEHYIO IOTO/1Y.

HekoTopble HoBble eBponenckme NopTbl cpasy

IEEIOC NI PEEC T  CTPOSITCS C NPULIENOM Ha obcny>KnBaHmue

BETPSAHBIX TYPOHUH COCTABIAET
OKOJIO 30 KBT*4/M? MOPCKOH
IUIOWAAU B IO/, IEPEABAEMbIX
B CeTh. [TOTEHIINAJ TEXHUYECKU IPUTOHBIX

JUIS KICTIOJIb3OBAHMA PECYPCOB MOPCKOI'O BETPA
SIBJIAETCA NPOU3BOJHON OT CPETHEN CKOPOCTH

BETPA U ITTyOUHBI MOPSI, IOCKOJIBKY 3JIEKTPO3IHEPT U
BBIPAOATHIBACTCS 3AKPEIJIEHHBIMU HA JTHE
TypOUHaMU. B HacTOAIIEE BDEMS MOPCKUE BETPSHBIE
TYpPOUHBI C (PUKCUPOBAHHBIM (DYHAAMEHTOM MOKHO
YCTAHABIUBATE HA ITTy6uHe A0 50 MeTpOB. [ToMuMO
3TOTO, IPOEKTUPYIOTCA TYPOUHBI C INIABAIOMUM
(PYHAAMEHTOM, YTO NOTEHITUAIBHO ITO3BOJIUT UX
YCTAHOBKY Ha INIyOMHE IO OAHOTI'O KHuoMeTpa. Ha
OCHOBAaHUH AHATINU34 IPUEMIIEMON TTTyOUHBI BOABI U
CKOPOCTH BeTPa 60JI€E CEMU METPOB B CEKYHAY OBLIIO
MHOJCYUTAHO, YTO TEXHUYECKUH TOTEHIINAJ MOPCKUX
BETPOIHEPTETUUECKUX YCTAHOBOK COCTABIIAET OOJIEE
17 TepaBarT (TBT) TONBKO B 50 H3Y4EHHBIX CTPAHAX,
HE CYUTAA 60IBIIUHCTBO CTPaH ODCP, TAKNX Kak
ABcrtpanus, Anonus, CIIA ninm 3anagHas Espora.

B nacrosamee spemsa EBporia roTOBUTCA K ITYCKY
HECKOJIBKUX KPYITHBIX «3€JIEHBIX> 9HEPTOOOBEKTOB.
Cpein HUX — BETPAHASA ANEKTPOCTAHIUA Borssele
1 & 2 B CeBepHOM MODE, B 22 KMJIOMETPAX OT

O LLIOPHbIX BETPAHbIX CTAHLMIA.

HexoToprle HOBbIE EBPONEHCKHE TIOPTHI CPA3Y
CTPOATCS C PULIEJIOM HA OOCTYKUBAHHUE O(PIIOPHBIX
BETPSAHBIX CTAHIIUI, JPYTHUE, B YACTHOCTH, IIOPT B
Ocrenie, MOIEPHU3UPYIOTCSL.

Bcs torucTudecKkas HenouKa A0/KHA
00ECIIEYNBATE BO3MOXKHOCTD TPAHCIIOPTUPOBKHU
KPYHHOTI'aGapPUTHBIX JETAJIEH, KOTOPBIE
MU3rOTABIMBAIOTCS B PA3HBIX CTpaHax EC.

BerpsHble TypOMHBI CTAHOBATCS BCE KPYITHEE,
YTOOBI yZIOBJIETBOPUTD PACTYIIMIA CIIPOC HA
«3EJICHYIO» SHEPI'HIO. DTO O3HAYACT, YTO MOABJIAIOTCS
HOBBIE PA6OYUE MECTA, CTPOSTCH 3aBO/IbI, CO3AAIOTCS
MOHTaKHBIE TEPMUHAJIBL

TeXHONIOTNYECKUE PA3PAOOTKU BEAYTCS
IVIABHBIM OOPAa30M IPOMBIIIJIEHHBIMU TUTAHTAMH.
ORHAKO U MEJIKME HHHOBALIMOHHBIE CTAPTAIIbI
NPEAIAraloT HOBBIE METOBI SKCIUTYaTAIIUN
O(IIOPHBIX BO3OOHOBJIAEMBIX HCTOYHUKOB 3HEPIHU.
Hanpumep, KOrjja COJTHEYHbIE GATAPEU TOTIOTHEHDI
BEPTUKAJIbHBIMHU OCEBBIMU BETPSIHBIMU TYPOUHAMU.
Pa3paboTKa OJHOrO U3 TAKUX IPOTOTHUIIOB
npoduHaHcuposaHa EC. IToqo6HbIE S3HEPTETUYECKUE
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MOHTOHBI MOT'YT OBITh PA3MEIIEHBI B MOPE, HAIIPUMED,
JULSI HY>K/]T OIIPECHEHM A BOJBI B PA3BUBAIOIIUXCS
CTPaHAX U Ha MAJIBIX OCTPOBAX. CIIPOC HA TAKYIO
OPOAYKIIMIO OYEHD BBICOK.

I10 MHEHMIO 3KCIIEPTOB, SKOHOMUYECKUE
MOKA34TEIN CEKTOPA O(PIIOPHBIX BO3OOHOBISEMBIX
UCTOYHHUKOB S3HEPTUU ITIOMOKET YIYYIIUTh
OIITUMMU3ALIU IVTAHUPOBAHUA. By 1y BETpOnapK
Kriegers Flak pacnonoken Ha menbde Mexay Januen
u I'epmanunent. Ero nogK/IoyaoT K 3EKTPOCETAM
06€EUX CTPAaH, YTO MO3BOJIUT IOCTABJIATD SHEPTUIO
TYA4, TIE CIIPOC U [IEHA BBIIIE.

HekoTopele 3aTpaThl MOT'YT OBITh CHUKEHBI
Omarofapsi HOBBIM TEXHOJIOTHUAM, TAKUM KaK
IUIABYYUE BETPAKU. A UCITAHCKHUE PA3PAOOTINKU

norpeodyerca 800 MUJLINAPAOB EBPO NUHBECTULINM,

B OCHOBHOM OT YaCTHBIX KOMITAHWH. Pa3BUBATH
BETPOIHEPIETUKY HA MOPE COBMECTHO C /lannen
HaAMEPEH4, B 4aCTHOCTY, [Tosbmia. Ce6eCTONMOCTD
WHBECTULIMOHHOTO IIPOEKTA OLICHUBACTCSI IPUMEPHO
B 32 MJIDJZI €BPO.

MopcKast BETPOIHEPIETUKA C/IEIAJIA PBIBOK B
PasBUTHA TEXHOJIOTUH U CHUXKEHUH UX CTOUMOCTH,
HO B PO Takas renepanus IOKa HE IOSIBUJIACh.
OJIHAKO 3KCIEPTHI ACCOIMAIINY PA3BUTHS
BO300OHOBJISIEMOI SHEPIETUKU CIUTAIOT, 4TO Poccus
O6H3,Z[9.€T BBICOKHM ITOTCHIITNAJIOM B PA3BUTHUH 3TOI'O
THIIA BETPOI'€HEPAIUH, Y [ICPBOHAYAJIBHO JCNIAI0T
CTaBKY Ha ACTPaXaHCKYI0 061acTh ¢ Kacnuiickum
mopeM. ITonuTuka aAMUHHUCTPALIMU PErMOHA YKE

JKcnepTbl Accoumaumm pasBuTUa Bo3obHoBRSeMoM
SHEPreTUKM CYMTALOT, YTO Poccnst obnagaeT BbICOKUM

NnoTeEHUMANOM B Pa3BNTUN 3TOIO TUMa BETPOreHepaunu,
" nepBoHa4alJibHO AeNaloT CTaBKY Ha ACTpaxaHCKyIO

obnacTsb.

UCITBITAIA TEJIECKOINYECKUE OAITHU, KOTOPbIE
MOHTHUPYIOTCA 06e3 TSKEJTOBECHBIX CyOOB, IIO3BOJIAA
COKPATUTDb PACXOJbI HA TPETh.

B cexTOpe BETPAHBIX TYPOHUH CETOHA
3AHSTHI 62 THICSIYH CBPOIICHIICB, HIOTPEOGHOCTD B
KBATU(PHUIIUPOBAHHBIX CIIELITUATINUCTAX PACTET,
OCOOEHHO B IPUOPEKHBIX PAHOHAX.

MacCHUBHOE pacCIIMPEHNE O(PIIOPHOTO
BETPOIHEPTETUUYECKOTI'O CEKTOPA UMEET CBOIO
LEeHy: O pacdetam EBpoxomunccun, 0 2050 roga

obecrieyniia IpUuBICYCHUE 60IBIIOTO OObEMA
MHBECTULIMOHHBIX IIPOEKTOB I10 ITPOrPAMME
MOAJEPKKH BO3OOHOBIIAEMBIX UICTOYHUKOB 9HEPI'UH.
K 2024 romy 3mech 6yaet noctpoeHo 680 MBT
BETPOBBIX U COJIHEYHBIX ITAPKOB (377 MBT BOC 11

303 MBt COC). OfHAKO /15 pa3BUTUS IIOTEHI A1
BO300OHOBJISIEMBIX HICTOYHUKOB 9HEPI'UH, BKJIIOYAs
MOPCKYIO BETPO3HEPI € TUKY, HEOOXOIUMBI
MEXAHU3MBI TOCHO/IJIEPKKH, YYUTBIBAIOIIHE
OCOOGEHHOCTH O(PUIOPHBIX IIPOEKTOB.  ©




www.fidgroup.ru
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HHHOBALIHOHHOE OBOPYAOBAHHE

[E®EKTOCKOMN MMBKOWU HACOCHO-
KOMMPECCOPHOWU TPYbbI

OnpepeneHwe peanbHOro COCTOAHMUA TMOKOK
HACOCHO-KOMNPECCOPHOI TPyDbl HAa BCEX 3Tanax €€ MCnonb30BaHus

BoiaBnsaembie KoHTponupyemeie
nedexTbI: napameTpbl:

e OTBEPCTHSA, e Juametp,

® DaKOBWHBI, e TOMUWMHA CTEHKK,

® BMATUHbI, e 0BanbHOCTb,

e f0onepeyHble e TEMneparypa,
HapYyXHble/BHYTPEHHWE e Bubpauws,
TPELLMHBI. e [nWHa TPyOb!.
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Society of Petroleum Engineers

Poccumnckas HedpTerasoBas
TexHu4yeckas KoHcepeHuus SPE

12-14 okTabpsa 2021 | oorban

OTkpouTte ansi cebs He MMeKOLLYK aHanoroB nporpammy!

Conpeacegareny NnporpaMMHOrO KOMUTETa Cpeaw Aoknag4vkoB

Maxcum Kosank Hopwia MeTtpakos Hukonail CmupHoB Anexcanop Wakapeirve  KodcTawTiud CoSopHoB

CamapaHUNMWuedT™= LWDPA PetroGM Fasnpom BHUMMA3 Cegepo-Ypansckan
HedirerazoBan KoMNaHWA
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Poccumnckoe otgeneHume Accoumaumvum cnewymanncros
Mo KONTIOOMHroBbIM TEXHOJIOrMAM
M BHYTPUCKBAXXUHHbIM paboTam

Russian Chapter of the Intervention
and Coiled Tubing Association

= [CaTA
POCCHUAA

7] ‘-iﬂu b 11 1A

KoHTakTHaa nHdopmauma Contact information

MbpkeBCckM Nepeynok, 5, ctpoenune 1, odpnc 224
MockBa 119017, Poccunckasa depepauus
TenedoH: +7 499 788 91 24; +7 (916) 512 70 54
®dakc: +7 499 788 91 19

E-mail: info@icota-russia.ru

5/1 Pyzhevsky lane, Suite 224

119017 Moscow, Russian Federation

Telephone: +7 499 788 91 24; +7 (916) 512 70 54
Fax: +7 499 788 91 19

E-mail: info@icota-russia.ru

www.icota-russia.ru
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[CoTA
POCCHUA

Lenbio Accoumanmm cneumanmcTos no KoNTIOOWMHIroBbIM TEXHONMOMMAM

N BHYTPUCKBAXKMHHbIM paboTam fiBNSeTCs pa3BUTME BO3MOXHOCTEN

ANs NpogeccMoHanbHOro obLeHMs CNeunanmcToB, akKyMynsLns
TEXHMUYECKUX 3HaHNI, 0600LLEHME OMNbITa NPUMEHEHNS UHHOBALMOHHbIX
TEXHOJIOMMN, COOAENCTBNE BHEAPEHMIO HOBENLLINX Pa3paboTok B obnactu
KONTIOOMHIOBbIX TEXHONIOMUI U APYTrUX CErMEHTOB BbICOKOTEXHOSIOMMYHOIO
HedTerasoBoro cepemca 1 CTaHgApPTOB 6e30nacHOCTY NpoBeaeHUs PaboT.

Poccuinickoe otogeneHme Accoumanmm cneumanmcToB No KONTIOOUHIOBbIM
TEXHONOIMAM U BHYTPUCKBaXNHHbIM paboTam (ICoTA-Poccns) aBnsieTca
MHMOPMALMOHHOMN CTPYKTYPOU N OCYLLECTBSAET CBOIO AEATENBHOCTb

B cooTBeTCcTBMU ¢ CornaweHmnem o coTpygHu4YecTse, 3aKJIto4eHHbIM

Mexay Accoupraumen cneumanmcToB No KONTIOOMHIOBLIM TEXHOIOMUAM U
BHYTPUCKBaXWHHbIM paboTtam (ICoTA) n HekommepyeckuM NapTHEPCTBOM
«LleHTp pa3BuUTUS KONTIOOUHIOBbIX TEXHOIOTUN.

3AABJIEHUNE

Mpowy npuHATbL MeHs B YneHbl ICOTA-Poccus

damunums HanuncaHme no-aHrnnMmckm

Nwmsa HanuncaHue no-aHrMMmMckn

OTyecTBO

OpraHu3aumsi/koMmnaHusa/cTpykTypa

Lon>XHocTb

Appec 3neKTPOHHOW MOYTbI

TenedoH cnyxe6HbIN ®dakc

TenedoH MOOUIbHEIN

MoyToBLIV agpec Ans CBA3U

LHata Mopgnuceb

MoxanyncTa, oTnpaBbTe 3anonHeHHoe 3asBneHme no gakcy: +7 499 788 91 19
W cKaH 3aaBneHuns Ha e-mail: info@icota-russia.ru
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MeavannaH pacnpocrpaHeHVs XXypHana
«Bpems konTioOuHra. Bpemsa 'Pln»
Ha oTpadieBbiX meponpuaTnax B 2021 roay
BK N2 2/76, uioHb-2021

24-9 cneumanm3npoBaHHas BbictaBka «HEDTb.
FA3.XM.2021» (B pamkax XIl CapatoBckoro
WHOyCTpManbHoro opyma)

9-11.06.2021

Poccus, CapatoB

VIl MexayHapomHbI popyM 1 BbicTaBka «AMAJT
APKTNKA HEDTETA3»

29-30.06.2021

Poccus, TiomeHb

5-11 eXerofHbl MeXXAYHaPOOHbIN

WMHBECTULMOHHbBIN BOCTOYHBIN HedTera3oBbIn 7-8.07.2021 Poccusa, BnagrBocTok
POpYyM U BbICTaBKa
CeBepo-Kacnmmckas permoHanbHas BbiCTaBka
ATYRAU OIL& GAS — 202 1 4-6.08.2021 Poccus, HoBocnbupck
CIPE-2021 8-10.06.2021 Kutan, MNeknH
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Coiled tubin

BPEMSA KOJITHOBUHIA
BPEMA Iren

119017 r. MockBa, lMbixxeBcknm nep.,
4.5, ctp. 1, 0dbnc 224
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Joporue yntarenu!

Mopnncky Ha Hay4HO-MPaKTUYECKUI XypHan
«Bpemsi konTioOMHra»

Bbl MOXeTe 0(hOpPMUTb B JIOOOM oTaeneHmm
«Pocneyatn» B nepmop NpoBefeHUs NOAMMCHbIX
KaMnaHun.

MHOEKC B NOANMCHOM KATAJIOTE
«POCIIEHATU» —84119.

KomMnaHum moryT ohopMuTs rofoByio NOAMMUCKY
HernocpeacTBEHHO B pejakLUmn XypHana

(He meHee 4yem Ha 3 3k3emnnspa). Mognucka

B peAakuMm BO3MOXHa ¢ ntoboro mecsua roga.

MuHUManbHas CTOMMOCTb rofIOBOI NOANMMUCKU
(3 3K3. x4 BbIn.): 13200 pyo.
(skntoyas HOC 10%) + cToMMOCTb AOCTaBKM.

[Ona odbopmneHms nognmncku Yepes pegakumo
OTNpaBnsANTe 3aNpoc No agpecy:
cttimes@cttimes.org

For English-speaking readers we recommend
to subscribe for PDF-version of the Journal.

Please send your subscription request to:
cttimes@cttimes.org

Year subscription price for PDF-version: 80%.

®parmeHT kapTuHbl Knofa MoHe «KyBLIMHKMY»
Fragment of Claude Monet's painting "Water Lilies"
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JKypnan pacnpocTpaHsAeTcs 1o HOAIMCKe CPeiyt CIIelnaaicToB
He(Tera3oBbIX KOMIIAHWIT 1 IPOGMUIbHBIX HAyYHBIX MHCTUTYTOB.
OcymecTBnAeTCA MMpPOKas IMePCOHATbHAA PACCHITKA PYKOBOAUTENAM
NIepBOTO 3BEHa.

MaTepmaan, ABTOP KOTOPBIX HE YKa3aH, AB/IATCA IPOJTYKTOM
KOJIIEKTVUBHOM paéon COTPYAHMKOB PEAAKIINN.

IIpu mepemneyarke MaTepuanToB CChIIKA Ha )XyPHAT «BpeMst KONTIOOMHTa»
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MMapaenuyeckMia paspele Nnacra
Hydraulic fracturing

Yenyru ¢ yetaHoekamu F’HKT
Coiled tubing services

OcBoeHUe CKBaXXKWH a30ToOM
Well gaslifting

3aKaH4YMBaHWe CKBaXXuH
Well completion

MakepHbIA cepBUC
Packer service

NosunbHbie paboTbi
Fishing operations

Cynepeanzunndr npu TKPC, ocBoeHuM,
PO w rHKT

Workover, CT & fracturing supervising

- nakepHoe obopyaosaHue

- obopyaosanwme gna MHKT

- obopyposanue gna MIPI

* ppezepHbIi MHCTPYMEHT

* yCTbeBOe W CKBaXKMHHoe obopypnosaHue
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