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Conference topics:

* Coiled tubing technologies;

e 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;

e 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;

e Sidetracking;

e Jet drilling;

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

* New EOR technologies;

e Cement squeeze operations;

¢ Qilfield chemistry for high-tech oilfield
service (hydraulic fracturing
chemicals, EOR solutions,
cement squeeze mixes, etc.).
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CJIOBO PEJAKTOPA o

BoixoauT B CBET O4epeIHOMN, 79-11
BBIITYCK HAIIIETO JKYPHAJIA. DTO
BECEHHMI HOMED, U HOBYIO BECHY MBI,
KAaK OOBIYHO, BCTPEYAEM C HAJICKTAMU
U TJIaHAMA. OTHAKO OTUTHYECKAS
TIOT'0/IA CETOAHS CTOIb HENIPEACKA3yeMa, |
YTO JIFOOBIE ITPOrHO3bI CTAHOBATCS '
JIEJIOM HEOIATOJAPHBIM.

HoMmep OTKpPBIBAET UCCIIETOBAHNE
PYKOBOAUTENA AHATTUTUYCCKOM
rpynnbl RPI Baguma Kpasena «OT/I0KEHHbBIN
CIIPOC NOAACPKUT HEPTECEPBUCHBIF PHIHOK».

ABTOP, B 4aCTHOCTY, TUUIET: «OKUJACTCS, 9TO B
CPEAHECPOYHON NMEPCIEKTUBE PIHOK HE(PTH XK/JIET
MOCTENEHHOE BOCCTAHOBJICHUE, BO3OOHOBUTCS
peanu3ansa HOBBIX JJOOBIYHBIX IIPOEKTOB, IIPH 3TOM
TAKXKE CTAHET NOAICP/KUBATHCS JOOBIYA HA CTAPBIX
MECTOPOXKJECHUAX. B JaHHBIX CIIEHApPUAX CITIPOC HA
YCIIYTH KONITIOOMHTA B POCcHn 6yI€T IEMOHCTPUPOBATD
YCTOMYUBYIO OJIOKUTENBHYIO TIMHAMHUKY POCT4, 9TO
OOGYCJIOBJIEHO YBEJIMYCHHUEM BBO/IA TOPHU3OHTAIBHBIX
CKBaKMH, POCTOM 4ncia onepanuii I'PITu MI'PIT, a
Tarxoke onepanui KPC». IToxoxe, 9TO B UI3BMEHUBIIUXCA
YCIIOBHSIX 3TO 3ByYUT CJIUIIKOM OIITUMUCTHUYHO...

VBENM4YEHNE BBO/IA TOPU3OHTAIBHBIX CKBAXKUH
BJICYET BHEJPEHUE CAMBIX IEPE/IOBBIX TEXHOJIOT U,
OnbITOM OypPEHUS OOKOBBIX OTBETBICHUI HA
T'HKT c nomomrbio CHB54 aenuTcst HaYaabHUK
TEXHOJIOTUYECKOT'O OT/IEIA IPEATIPUATUSA
AxTtio6uHckPeMCepsrc OOO «TarpaC-PemCepBuc»
WMibaap AXMET34pOB. DTO OYEHDb IIEPCIICKTUBHAA U
MHOTI'OOOEIIAIONI A TEXHOJIOTHUS!

Maxkcum dazees, Ha4aIbHUK LIeHTpa TEXHUYECKOT'O
passutrsa OO0 «TarpaC-PemCepBHC», BBICTYIIAET
co crarbel «Lndposele pemenus s P>, B
KOMIIAHHHU OblJI Pa3pabOTaH HE UMEIOIINH AHAIOTOB
nporpamMmMmusbiii komruieke 1C-I'PIT, B KoTropoM
MPEYCMATPUBACTCS PA60TA KAXKAO0M CITYKOBI
U XpaHEHUE BCEH MH(POPMAITUH O 3aTPATAX U
IIPOBEICHHBIX ONEPAIIUAX.

Taxoxke B HOMEPE CBOU JOCTHKCHU A X HOBEHIIINE
Pa3pabOTKU IPEACTABISAIOT CEPBUCHAS KOMIIAHUSA
«BETEPAH» 1 HII® JTakep».

W o Hamert 60JIbIION NTeYann. B Havane 3Toro
ro/1a MBI IOTEPSIN IBOUX YWICHOB PEJAKITMOHHOTO
coBeTa XypHaia: IOpua Afipanerosruya basakmuposa
1 Bukropa Bnagumuposuya Jlanresa. Mel 6y/ieM
TTOMHHTB 00 3TUX BbIJIAIONTUXCS JTIOZAX.

Knznb npoporkaercsa. Haneocs, Tak 6yeT Beeraa.

Pon Knapr

" EDITORIAL

A regular issue of our journal has just been
published under number 79. This is a spring
issue, and it is common for us to welcome
spring with hopes and plans. However, the
political weather today is so unpredictable
that any forecast looks like something akin to
rolling the dice.

The opening article of the issue is 7he
Deferred Demand Will Support the Oilfield
Services Market, the research of Vadim

Kravets, the head of RPI analytical group.
Notably, according to the author, "In the
medium term, the oil market is expected to
recover gradually, new production projects will
resume, while production at old fields will also
be supported. In these scenarios, the demand
for coiled tubing services in Russia will show a
stable positive growth trend, which is due to an
increase in horizontal wells commissioning, an
increase in the number of hydraulic fracturing
and multistage fracturing operations, as well as
workover operations". Hopefully, this will be the
case.

The increasing commissioning of horizontal
wells results in the introduction of the most
advanced technologies. Ildar Akhmetzyarov,
head of the Process Engineering Department
at AktybinskRemService owned by TagraS-
RemService LLC, shares the experience of CT
drilling of side branches with the help of SNB54.
This is a very promising cutting-edge technology!

Maksim Fadeev, head of the Technical
Development Centre at TagraS-RemService
LLC, presents an article entitled Digital Solutions

Jor Hydraulic Fracturing The company has
developed a unique 1C-GRP software package
which encompasses the operations of each
service and ensures the storage of all information
on the expenses and activities performed.

The issue also gives floor to VETERAN service
company and SPF Paker which demonstrate their
achievements and most recent developments.

We also have some very sad news. Early this
year, we lost two members of our editorial
board, Yury Ayrapetovich Balakirov and Viktor
Vladimirovich Laptev. These prominent people
will always be in our hearts.

Life goes on. I hope it will.

Ron Clarke
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of the Russian Federation

KoudepeHIIusa COCTONTCS
17-18 HOAOPs1 2022 roga 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 TexXHOOoruu 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);

*  Kucnornabslie 06padoTKH (B T4 MaTpruaHble BCKO);

e PaguasibHOE BCKPBITHE IIJIACTOB;

¢ COBpEMEHHBIE METOABI F€O(PUINIECKOTO UCCIIEJOBAHUA
CKBAKMH, B TY. TOPU3OHTAJIbHBIX; JOCTABKA
reo(pu3nIeCKUX NPUOOPOB C IIOMOIMIBIO KOJITIOOMHIA 1
BHYTPHUCKBA>)KUHHBIX 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 BeCTHUCh CHHXPOHHBIHN IIEPEBO/.

MexyHapOaHAA HAYYHO-TIPAKTUYECKAA KOH(PEPEHIINA
«KonrrobuHrossle TexHOMOruy, I'PI1, BHyTPUCKBA)KUHHBIE
PabOThI» IPOBOJUTCS €3KET'OHO. DTO CTAPEHIIINHI B

The conference will be held
on November 17-18, 2022 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
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POCCHUA

Coiled tubin
«oliea Tuning

EBPFEME KONTHEMHTA
EFEPAE PN

23-1 MexpayHapoaHas Hay4HO-NpaKTn4ieckasa KoHdepeHuvsA
«KonTio6uHroBbie TexHonoruu, NP, BHyTpUCKBa)KMHHbIE PaboTbI»

The 23" International Scientific and Practical Coiled Tubing,
Hydraulic Fracturing and Well Intervention Conference

Mpu nopaepxke MyUHUCcTEpCTBa 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-Juzann-ITHID, «Berepan», I'pynna @M/, Serva Group,
«PUJIMAIIl», Welltec, PI'M, Jereh Group, BopoBUucKuii
KOMOHHAT OI'HEYTIOPOB U JIP.

IIporpamMmMa TEXHUYECKUX CEKLIUI TPAAHUIIUOHHO
(POKYCHUPYETCA HA CAMBIX IIEPETOBBIX TEXHOIOTUAX. BBl MOXETE
YOEAUTBCA B TOM, O3HAKOMHUBIIIHNCH C UCTOPUEI KOH(PEPEHIITNNU
I10 a/ipecy www.cttimes.org/conf/

Ha 23-11 kon(epeHIHN 6y1yT IPEIOCTABIECHBI BCE YCIOBUS
JUIA IPOJYKTHUBHOTI'O KaK (POPMATIBHOTO, TAK M HE(POPMATIBHOTO
KYJIyapHOT'O OBIIEHUA CIIELTUAIUCTOB B IIPOLIECCe KOope-
OPENKOB, (pypIIeTa ¥ TOPIKECTBEHHOT'O ITPHEMA. BBl CMOXeETE
OOCYANTD AKTYaJIBHBIE ITPOOGIIEMBI C KOJUIETAMH U3 BEAYIITUX
KOMITAHUI, IOOECENOBATD C AHIVIOA3BIYHBIMU YYACTHUKAMU
KOH(EPEHITNHU C TOMOMIBIO KBATH(PUILTUPOBAHHBIX
MIEPEBOJYNKOB.

BBI HE TONIBKO NOJIYYUTE UCYEPITBIBAIONTYIO TH(POPMALUIO O
CaMBIX CBEKMX TEXHUYECKUX U TEXHOJIOI'MYECKUX NTHHOBAIUAX
MHPOBOI'O U POCCHUHCKOI'O HEPTErA30CEPBUCHOI'O PBIHKA,

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
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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 23 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



OTNOXXEeHHbLIA CNPOC NOAAECPIKMT
Hed TeCepBUCHbIN PLIHOK

The Deferred Demand Will Support
the Oilfield Services Market

Baagum KPABEL, pyKOBOAHTEIb AHAJIUTHYIECKOH rpynisl RPI

PROSPECTS

Vadim KRAVETS, Head of Research RPI Group

Ilo cocmosaruro Ha oexabps 2021 200a 200060ti 00Bem 000biHLL Heh MU 1L KOHOeHcama 6 Poccuiickoti
Deodepariiit OUEHUBACA NPUMEPHO Ha )YPosHe 519 mar m, wimo Ha 1,2% npesviuiaen analo2uyiblii
noxasamens 2020 200a. Co211acHO 00CmUHYymoim 00208opertocmam OIIEKY 6 2022 200y Keomupyemuviil
06Bem 006br1u Poccuu 6yoem paser 524,8 mar monm, m. e. Ha 1,1% o6onviie, uem 6 1npeovloyusem 200y,

U ecnib 6ce OCHOBAMUA NOJLA2AIMND, 41O M K8OMA NOJIHOCIIBIO Pediu3)emcs. Taxum oopasom,
He2amueHasL OUHAMUKA 110 CHUNCCHUIO 00BeMda 000biMLL, HAOIOOABULAACA 8

2019-2020 200ax, oOKANCETNCA NEPESOMACHHOLL, U0 C OOJILULOLL CIMENEHBIO 6ePOAINHOCIIL 1N08.1e1eNt 3d
CO00IL OXCUBIeHIE CIAZHUDOBABULE20 00 MO0 HehMecePBUCHO20 PbHKA.

As of December 2021, the annual volume of oil and condensate production in the Russian Federation was
estimated at about 519 million tons, which is 1.2% more than in 2020.According to the agreements reached by
OPECH in 2022, the quota volume of Russian production will be equal to 524.8 million tons, i.e. 1.1% more than
in the previous year, and there is every reason lo believe that this quoia is fully implemented. Thus, the negative
dynamiics of a decrease in production volume observed in 2019-2020 will turn out to be broken, which with a

bigh degree of probability will entail a revival of the previously stagnated oilfield services market.

[IpencraBaeHHbIA HA pUC. 1 aHAIN3
HE(PTECEPBUCHOTO PHIHKA COOTBETCTBYET
CJIEAYIOMIEH €TO CTPYKTYPE. B UHC/IO0 PBIHOYHBIX
CETMEHTOB BXOJAT:

* 3KCITYATALIUOHHOE OyPEHUE;

* pa3BEJOYHOE OYPEHUE;

* 32pe3Ka HOKOBBIX CTBOJIOB;

* CONPOBOXJEHHUE OYPEHUS, B TOM YUCJIE OIIEPALIUU

MWD u LWD (TenemMeTpun U KapoTaxa BO

BpeMs OypeHUs), CEPBUCHI B3/l (BUHTOBBIX

3200UHBIX ABUTaTeNeN) 1 PYC (pOTOPHBIX

VIIPABJISIEMBIX CUCTEM), 4 TAKXKE [IPOYHE CEPBUCHI

CONPOBOXKJECHUS,

CEPBUC OYPOBBIX PACTBOPOB;

* JOJIOTHBIA CEPBUC;

* 3QKAHYMBAHHE CKBA’KUH;

* [IEMEHTHPOBAHUE CKBAKUH;

* KaIlMTAJIbHBIN PeMOHT CKBAXUH (KPC);

* TEKyIU (IIOA3EMHBIN) PEMOHT CKBAKHH,

* TU/IPOPA3PHIB IIACTY;

* METOJbI MHTEHCU(PUKAITUN HEPTETOOBIUM:
OIEPALMHU IO BO3IEUCTBUIO HA TPU3AO60MHYIO 30HY
ckBaxuH (T1I3C) 1 ONTUMH3AIUN PEKUMOB PAO6OTHI
CKBAXXHH;

* reo(pU3NYECKUE UCCIIENOBAHNA CKBAXKXNUH (T'HIC); }

* HACOCHBIE YCITYTH.

The analysis of the oilfield services market presented
in Figure 1 corresponds to the following structure.
Market segments include:

* production drilling;

 exploration drilling;

* sidetracking;

* drilling support, including MWD and L\WD
(telemetry and logging while drilling) operations,
DDM (screw downhole motors) and RSS (rotary
steerable systems) services, as well as other support
services;

service of drilling fluids;

drill bit service;

well completion;

» well cementing;

well workover;

current well production maintenance;

hydraulic fracturing;

methods of intensification of oil production:
operations to influence the bottomhole zone of wells
(floating fuel station) and optimize the operating
modes of wells;

» well logging;

* pumping services.

At the same time, the total assessment of the oilfield }

services market does not take into account:

Ny6nukauusa noaroToBreHa Ha OCHOBe [0KMaAa,
npepcTaBneHHoro B npouecce 22-1n MexayHapogHomn
Hay4HO-MpakKkTn4yeckon kKoHdpepeHuun «KonToOGUHroBble
TexHonorun, NP, BHyTpUCKBaXKMHHbIEe paboTbi»,
coctosiBwencsa 11-12 Hoa6psa 2021 ropa.

The publication is prepared on the basis of the report
presented at the 22 International Scientific and
Practical Coiled Tubing, Hydraulic Fracturing,

Well Intervention Conference held on
November 11-12, 2021.
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[TEPCITEKTHBDI

IIpu 3TOM CyMMapHast OLICHKA
He(PTECEPBUCHOT'O PBIHKA HE
YIUTBIBAET:

* CEUCMUYECKHE UCCIEIOBAHMS (HA
HUX [IPUXOAUTCA IIPUMEPHO 4—7%
He(PTECEPBUCHOT'O PBIHKA);

* OT/IEJIbHBIE, HE IPUMEHSAEMBIE

JIOCTATOYHO MHPOKO BU/IBI

UHTCHCU(PUKAITUU JOOBIYH

(CocTaBisAIOT MEHEE 5—7% OT

MPOAHATU3UPOBAHHBIX B 3TOM

pasnene metonos U/1);

IIPOU3BOACTBO OOOPYAOBAHUA,

UCIIOJIb3YEMOI'O IPU OKA3AHHUU

He(TECEPBUCHBIX YCIIYT.

CerMeHT KONTIOOWHI'A YUTEH B

cermeHTax 6ypenus, KPC u I'PIT

(TUAPOPA3PHIB IUIACTA), TAK KAK

3TOT TEXHOJIOI'MYECKUI METO]

UCIIONIb3YETCS IPU OYPEHMH,

CermMeHT KONTIOOWHra y4yTeH
B cerMeHTax bypeHus,
KPCu PN (rmpgpopaspbiB
nnacTa), Tak Kak 3ToT
TEXHONOrNYEeCKMN METOL,
NCcnonb3yeTca Npu dypeHuuy,
KanuTanbHOM peMOHTE
CKBaXXVH 1 NpoBefeHNn
onepauumn rmgpopaspbia
nnacra.

The coiled tubing segment is
accounted for in the drilling,
workover and hydraulic
fracturing (hydraulic
fracturing) segments, as

this technological method

is used in drilling, workover
and hydraulic fracturing
operations.

* seismic surveys (they account for
about 4-7% of the oilfield services
market);

* some, not widely used types of
production intensification (make
up less than 5-7% of the methods
analyzed in this section);

* production of equipment used in
the provision of oilfield services.

The coiled tubing segment
is accounted for in the drilling,
workover and hydraulic fracturing
(hydraulic fracturing) segments, as
this technological method is used
in drilling, workover and hydraulic
fracturing operations.

In contrast to previous years,
this article uses a scenario
approach when making forecasts.
The scenarios boil down to the

KaIIUTAJIbHOM PEMOHTE CKBAXKUH U
MNPOBEAEHNH ONEPAIUI THAPOPA3PhIBA
IUIACTA.

B ommane ot nnpeAbI AyIx JIET, B HACTOAIEN
CTaTbe NPU (POPMUPOBAHUU IPOTHO30B IPUMEHEH
CLIeHAPHBIN nToAXOoA. CLIEHAPUU CBOAATCA K
CJIEAYIOMIUM MPEAIONOKEHUAM U TPEATIOCBIIKAM.

* ONITUMUCTUYECKUH CLIEHAPUI: OTHOCUTEIBHO
OBICTPOE BOCCTAHOBJIEHNE OAJIAHCA CIPOCA
U IIPEAJIOKEHMA HA PBIHKE, COXPAHEHUE
KOTHUPOBOK HedTH Ha ypoBHE $60+ 32 Gappeiib B
CPENHECPOYHON NEPCIIEKTUBE, KAK CIIEACTBHE,
BBITIOJIHEHUE POccuern cornamenuni 06
OTrPAHUYEHUU JOOBIYH B «<MAT'KOM BAPUAHTE.

* HerTpanbHbIil (6a30BBII) CLIEHAPUN: OOJIEe
JUIMTEIBHOE BOCCTAHOBJIEHHE 6AIAHCA CIIPOCA U
MIPEIOKEHNA HA PBIHKE, COXPAHEHHE IIEHOBOT'O
ypoBHs $ 55—60 32 6Gappesib B CPETHECPOIHOL
MIEPCHEKTUBE, KAK CJIEACTBUE, BBITIOJTHEHUE
Poccuent cornamennii 06 OrpaHUYEHNH JOOBIYN
B IIOJTHOM COOTBETCTBUH C IOCTUTHYTBIMUA
JIOTOBOPEHHOCTSAMM.

* HeratusHbIN CLIEHAPUIL: HEBO3MOXXHOCTD
BOCCTAHOBJIEHHA OAJIAHCA CIIPOCA U IIPEAJIOKEHUA
Ha PBIHKE IIPH JEUCTBYIONUX YCJIOBUAX,
BBEZICHUE HOBBIX OTPAHUYEHNH HA JOOBIYY
HePTH, YXYALUICHUE TEKYIEH PBIHOYHOM [IEHOBOM
KOH'BIOHKTYPHI (LIEHOBOU IUAIA30H
$40-50 32 6appesib) B KPATKO- U CPEAHECPOYHON
IIEPCHEKTUBE, KAK CJIECTBUE, BBITIOJTHEHUE
Poccuent cornameHuit 06 OrpaHUYeHNH JOObIYY B
PaCIIMPEHHOM BAPUAHTE.

DTH CLIEHAPUU ABJIAIOTCA OCHOBHBIMH, 1, KAK
MOKa3aJ1 MOHUTOPHHI PHIHOYHON CUTYALUH,
peanbHbIC IOKA32TEIU (PYHKIIMOHUPOBAHUA
He(TEra3oBoro U HePTECEPBUCHOI'O PHIHKOB B
2020-2021 ropax copepuIaay KoJebaHus BHyTPU
KOPUOPA, 33/ITAHHOTO PAMKAMHU 3THUX TPEX
CIIEHAPUEB.

B 2005-2020 rogax CyMMapHbIF OObEM
POCCHUICKOT'O HE(PTECEPBUCHOI'O PBIHKA B Py6JIEBOM
BBIPAKEHUH UMEJI TTOJIOKUTEIBHYIO IMHAMHKY, 34
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following assumptions and
assumptions.

» Optimistic scenario: relatively quick restoration of
the balance of supply and demand in the market,
preservation of oil prices at $ 60+ per barrel in the
medium term, as a result of Russia's compliance with
the agreements on limiting production in the “soft
version”.

Neutral (baseline) scenario: a longer restoration of
the balance of supply and demand in the market,
maintaining the price level of $ 55—60 per barrel in
the medium term, as a result of the implementation
by Russia of agreements on production limitation in
full compliance with the agreements reached.
Negative scenario: the impossibility of restoring

the balance of supply and demand in the market
under current conditions, the introduction of new
restrictions on oil production, deterioration of the
current market price environment (price range of

$ 40—-50 per barrel) in the short and medium term, as
aresult of Russia's compliance with the agreements
on restriction production in an extended version.
These scenarios are the main ones, and as the
monitoring of the market situation has shown, the real
indicators of the functioning of the oil and gas and
oilfield service markets in 2020-2021 oscillated within
the corridor defined by the framework of these three
scenarios.

In 2005-2020 the total volume of the Russian oilfield
services market in ruble terms had a positive trend,
except for the crisis years of 2009 and 2020. Its average
annual growth rate during this period was 11.1%.

In 2009 and 2020, the decline in market volume
compared to previous years was 1.8% and 9.2%,
respectively. The reason for this in both cases was
adecrease in the investment activity of mining
companies.

In dollar terms, the average annual growth in the
volume of the oilfield services market in 2005-2020
was equal to 4.3%. In absolute terms, the market
volume grew from 8 9.58 billion in 2005 to $ 18.11
billion in 2020 (+ 89.0%). The main reason for the



UCKJIIOUYEHHEM KPU3UCHBIX 2009 1 2020 rojos. Temn
€ro CPETHETOIOBOIO POCTA B 3TOT IEPUOJ, BDEMEHHU
cocrasisin 11,1%.

B 2009 u 2020 rogax najicHUE O6'b€Ma PhIHKA
O CPABHEHHIO C IPEABIAYIIUMHU F'OAAMU OBLIIO
pasHO 1,8% 1 9,2% cooTBETCTBEHHO. [ [pUYMHON
3TOTr'O B OOOUX CJIYUIaAsIX HOCIYKUIO CHUXKEHNE
MHBECTUITUOHHON aKTUBHOCTH JOOBIBAIOMUX
KOMITAHHUM.

B 10/11apOBOM BBIPAXKEHHUH CPEJHETOIOBOI POCT
06'beMa HEPTECEPBUCHOTO pbIHKA B 2005-2020 rogax
ObL1 paBeH 4,3%. B aGCOMOTHBIX TU(PPAX OObEM
pBIHKA BEIpOC C $9,58 Mipa B 2005 roay a0
$18,11 mupn B 2020 roay (+ 89,0%). OCHOBHOT
NPUYUHOM 3aMEJIEHHOI'O POCTA PBIHKA B
JOJIJTAPOBOM MCUYHCJIEHUN OBLIO CHIKEHUE KypCa
Py6IIs1 IO OTHOWIEHUIO K AOJUIAPY. TaK CpeJHErOI0BOIM
Kypc pyonsa B 2005 rogy pasHaAuCs 28,29 py6iid 3a
OfUH posnap, a B 2020 rogy 3TOT apameTp JOCTUT
72,73 py6Jisi 32 OWH JJOJIAD.

OCHOBHBIMH JIDAUBEPAMH POCTA OOBEMA
HE(MTECEPBUCHOTO PhIHKA B 2005-2020 rogax,
uckiodast 2009 u 2020 rojpl, 6bIN CIAEYIONUE
CETMEHTBL
* 3KCIUTYaTALTUOHHOE 6ypPEHUE, BKIIIOYAsd

TOPHU30HTAJIBHOE Oy PEHICE;

* KAIIUTAJIbHBIA DEMOHT CKBA>KIH;

* 3ape3Ka 6OKOBBIX CTBOJIOB (35C);

* TUIPOPA3PHIB IIACTA;

* COIIPOBOX/ICHUE OYPEHUS;

e reo(pU3UYIECKUE UCCIENOBAHN CKBAXUH (I'MC).
Haunbonee BaXKHBIM IPABEPOM CPESU

IIEPEYUCIICHHBIX BbIIIE ObLII CETMEHT OYPEHU S,

KoTopbif B 2005-2020 rogax npereprert

CYHIECTBEHHBIE TEXHOJIOTNYECKUE U3MEHEH N,

TIOBJICKIIIHE 32 COOOH POCT €r0 OO6'bEMA B ICHEKHOM

BBIPAKEHHH.

B 2020 rogy cyMMapHbIit 00beM HEPTECEPBUCHOI'O
PBIHKA CHU3UJICS Ha 9,2%. [TafieH1E 3aTPOHYIIO
BCE CETMEHTBI PBIHKA, CPEIM KOTOPBIX Hanbosee
KPYIIHBIMU ABJISIOTCS:

* IKCIUIYATAIJMOHHOE OYPEHUE — CHIDKEHHUE OO'bEMA
B JICHEKHOM BBIPAKEHUU Ha 11,5% 110 CPAaBHEHUIO C
2019 rogom;

¢ KAIIUTAJIBHBIM PEMOHT CKBAXXUH — CHHKEHUE
Ha 9,1%;

* TU/IPOPABPHIB IJIACTA — CHIKEHUE Ha 6,9%;

* 3ape3Ka OOKOBBIX CTBOJIOB — CHHUXKEHHUE Ha 2,3%.
OTpHULATENbHAS JUHAMUKA B IIEPEUYHCICHHBIX

CETMEHTAX CTaJjla CJIEICTBUEM B IIEPBYIO OUEpPEb

najieHust 06’beMa padoT B (PU3NYECKOM BBIPAKECHUHU.

Taxk, B 2020 rofy KOJIU4€ECTBO BBEICHHbBIX
AKCITYATAITMOHHBIX FTOPU30OHTAIBHBIX CKBAXKUH
CHUBHJIOCH HA 5,7%, ¢ 3698 enuuuil B 2019 roxy
110 3487 enunuil B 2020 roay. YMCI0 BBEJIEHHBIX
HAaKJIOHHO-HANPABJIECHHBIX CKBAKUH YMEHBIITNIIOCH
Ha 2,2%, c 4781 equuuniy B 2019 roxy 10 4679 euHULL B
2020 rony. Konnuecrso onepanuiit KPC cokparuiocs
Ha 10,1%, ¢ 54,49 TeIC. B 2019 rony 710 53,01 THIC.

B 2020 rony. Yucno I'PIT Ha nepexogaiem PoH/E,

BKJIIOYAsI HEYCIICIITHBIE, YITAJIO HA 25,7%, ¢ 8,06 ThHIC.

B 2019 rogy 10 5,99 TeIC. B 2020 ropgy.

slowdown in market growth in dollar terms was the
depreciation of the ruble against the dollar. So the
average annual ruble exchange rate in 2005 was
28.29 rubles per dollar, and in 2020 this parameter
reached 72.73 rubles per dollar.

The main drivers of growth in the volume of the
oilfield services market in 2005-2020, excluding 2009
and 2020, were the following segments:

* production drilling, including horizontal drilling;
¢ well workover;

* sidetracking;

* hydraulic fracturing;

* drilling support;

» welllogging.

The most important driver among those listed above
was the drilling segment, which in 2005-2020 has
undergone significant technological changes, resulting
in an increase in its volume in monetary terms.

In 2020, the total volume of the oilfield services
market decreased by 9.2%. The fall affected all market
segments, among which the largest are:

* production drilling — a decrease in volume in

monetary terms by 11.5% compared to 2019;

» well workover — a decrease by 9.1%;
* hydraulic fracturing — decrease by 69%;
* sidetracking — a decrease by 2.3%.

The negative dynamics in the listed segments was
the result, first of all, of a drop in the volume of work in
physical terms.

So, in 2020, the number of commissioned horizontal
production wells decreased by 5.7% from 3,698 units
in 2019 to 3,487 units in 2020. Directional wells
commissioned decreased by 2.2% from 4,781 units in
2019 to 4,679 units in 2020. The number of workover
operations decreased by 10.1% from 54.49 thousand
in 2019 to 53.01 thousand in 2020. The number of
hydraulic fracturing jobs on the rolling stock, including
unsuccessful ones, fell by 25.7% from 8.06 thousand in
2019 to 599 thousand in 2020.

THE CRISIS WILL NOT LAST FOREVER

Due to the remaining high degree of uncertainty
about the future situation in the Russian oilfield
services market, the forecast presented in the article is
based on the three scenarios of oil production outlined
above. They, in particular, differ in levels of production
in old fields. These levels are directly dependent on
factors supporting production, such as:
» new drilling at old fields;
* sidetracking operations on old wells;
» workover operations;
¢ hydraulic fracturing operations on current declining
well stock;
various operations to enhance oil recovery and
stimulate production.
In these scenarios, the volumes of wells
commissioned in new fields, exploratory drilling,
and the number of hydraulic fracturing (including
multistage — multistage hydraulic fracturing) during
wells commissioning have different values.

They take into account the differences in such
segments as drilling support, well logging, pumping
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KPU3NC HE BEHEH

B ¢cBs131 € OCTAIOMIEHNCS BBICOKOM CTEIIEHbIO
HEOIPENETIEHHOCTU OyIyIIEr CUTYAII TN
HAa POCCUICKOM HEPTECEPBUCHOM PBIHKE
MPEJICTABIEHHBIN B CTAThE IPOrHO3 OCHOBBIBAETCS
H4 TPEX CLICHAPUAX HEPTEAOOBIUH, U3JIOKCHHBIX
BbIlIe. OHH, B YACTHOCTH, OTIIMYAIOTCS PA3TMYHBIMUA
YPOBHAMH JJOOBIYM HA CTAPBIX MECTOPOXK/ICHUSAX.
DTH yPOBHU HEMOCPEICTBEHHO 3aBUCAT OT (DAKTOPOB
HOAJIEPKAHUA JOOBIYH, TAKUX KAK:

* HOBOE OYPEHME HA CTAPBIX MECTOPOXKACHUAX;

* OIEPAIINU IO 33PEIKE HOKOBBIX CTBOJIOB HA CTAPBIX
CKBAXKUHAX;

e onepauuu KPC;

e onepanmu I'PIT Ha CKBAXKMHAX IEPEXOIAIIETO
onpa;

* Pa3JIMYHBIE ONEPALUH O MOBBIIEHUIO
HEPTEOTIAYH IIJIACTOB U UHTCHCU(PHUKAITHN
IOOBIYML.

B 3THUX CLIEHAPUAX PA3IMYHBIE 3HAYEHUS UMEIOT
O6'BEMBI BBOJIA CKBAXKUH HA HOBBIX MECTOPOXK/ICHUAX,
Pa3BefoYHOE OypeHUE, a TakKe yrucao I'PIT (Bkitodas
MHOrocraauriabie — MI'PIT) mpu BBOAE CKBAKUH.

B HUX y4TEHBI PA3/IMYUA B TAKUX CETMEHTAX, KaK
conpoBoxcHue 6ypenus, 'IC, HaCOCHBIE yCITyTH,
OypPOBBIE PACTBOPBHI, IEPBUYHOE X BTOPUYHOE
LEMEHTHPOBAHUE, TEKYIIUUA PEMOHT CKBAXKUH U
JOJIOTHBIX CEPBUC.

JleHeXHbIE OLIEHKU OO'bEMOB CEIMEHTOB PBIHKA
B IIPOTHO3HBIX CLICHAPUAX YUYUTBIBAIOT KAK
(PHU3UUECKYIO JUHAMHUKY TEX WU UHBIX ONIEPALU,
TA4K U IIPOTHO3HBIE CTOMMOCTH COOTBETCTBYIOIINX
YCJIYT, BBIPAXKEHHBIE B HOMHUHAJIBHBIX PYOJISX.

ITpu pOpMUPOBAHNHN IIPOTHO3HBIX CLICHAPUEB
YUUTBIBAJIOCH, YTO IIPY BBEAICHUH OI' DAHUYCHU
Ha 06'beM JJOOBIYM 13-3a cornameHus OITEK+
CAEPKUBAHUE OO'bEMA TOOBIYU MOXKET OBITh
JOCTHUTHYTO 34 CYET BAPbUPOBAHUS OOBEMOB
Oypenus, konudectsa onepannii KPCu 36C, a
TAK)KE YUCJIA OIIE€PALMI ITOBBIIIEHUS HE(PTEOTAAUN
IJ1IACTOB ¥ UHTEHCU(UKanu Jooerun (ITHIT u 1/T), B
yactHOCTHU oniepauyii I'PIT Ha nepexoasmeM pone
CKBA)XUH) — B UX B3AUMOCBS3U JPYI C JPYI'OM.

Ha pucyHKe 2 IOKa3aH IIPOrHO3 JUHAMUKH OO'bEMA
HedTecepBUCHOI'O pbIHKA HA 2021-2030 rossl 11o
HENTPATIBHOMY CLIEHAPHIO.

B HEHTPATBHOM CIIEHAPUH YMEHBIIIEHNE OObEMA
pbIHKA B 2021 rogy 1O CPaBHEHUIO C IPEABLAYIITUM
T'OJIOM COCTaBHUT 5,0%, Er0 BOCCTAHOBJICHHUE J]O
ypoBHs 2019 ropa gocruraercs B 2022 rony, u
K 2030 ropy cyMMapHBIH 00beM HEPTECEPBUCHOI'O
PBIHKA B HOMUHAJIBHBIX PYOJISX IIPEBBIIIACT
AHAJIOTHYHBIN oka3areab 2020 roga Ha 115%.

B pamKkax HEHTPaAJIBHOTIO CclieHapus B 2030
TOAY MATEPKA KPYITHENIITHUX CETMEHTOB BBITTIA/IUT
CIEYIOIMIUM OOPA30OM:

* 3KCIIYATAIIMOHHOE 6ypEHUE — HOJIS B OOIIEM
ob6beMe PhIHKA paBHA 21,0%;

* TPIT — 14,9%;

* CONPOBOXJAcHUE Oypenus — 13,4%;
* 36C - 10,7%;

* KPC -9,9%.
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Figure 1 — Dynamics saof the volume of the oilfield
services market in 2005-2020, billion rubles

services, drilling fluids, primary and secondary
cementing, well maintenance and bit services.

Monetary estimates of the volumes of market
segments in forecast scenarios take into account both
the physical dynamics of certain operations and the
forecast costs of the corresponding services, expressed
in nominal rubles.

When forming the forecast scenarios, it was taken
into account that when restrictions on the volume
of production were introduced due to the OPEC+
agreement, containment of the volume of production
can be achieved by varying the volume of drilling,
the number of workover and sidetracking operations,
as well as the number of enhanced oil recovery
and stimulation operations (EOR and production
intensification), in particular, hydraulic fracturing
operations on the current declining well stock) — in
their interconection.

Figure 2 shows the forecast for the dynamics of the
volume of the oilfield services market for 2021-2030.
under a neutral scenario.

In the neutral scenario, the decrease in the market
volume in 2021 compared to the previous year will
amount to 5.0%, its recovery to the level of 2019 is
achieved in 2022, and by 2030 the total volume of the
oilfield services market in nominal rubles exceeds the
same indicator of 2020 by 115%.

Under the neutral scenario in 2030, the five largest
segments are as follows:
 production drilling — the share in the total market

volume is 21.0%;

* hydraulic fracturing — 14.9%;



CyMMapHas 101 3TUX CeTMeHTOB B 2030 rony
cocTaBuT 69,9%.

B OITUMUCTHYECKOM CLIEHAPUU TA/ICHUE
HE(MTECEPBUCHOTO PBIHKA B 2021 TOly IO CPABHEHUIO
¢ 2020 rogoM paBHO 3,8%, a k 2030 rony o6bemM
HE(MTECEPBUCHOT'O PBIHKA IOCTUTHET 3,3 TPJIH
pyosert, 9To Ha 152% NPEBBICUT AHAJIOTUYHBIA
nokasaresb B 2020 roay.

B pamkax aroro cuenapus B 2030 rogy narepka
HauOO0JIE€ KPYITHBIX CETMEHTOB HE(PTECEPBUCHOT'O
PBIHKA IPEACTABIAECTCA CAEAYIOMIUM OOPA3OM:

* 3KCIUTyaTalITUOHHOE 6ypenue — 22,3%;
* CONpOBOXIEHUE 6ypeHusd — 14,3%;

o I'PIT — 14,1%;

e 3bC - 10,9%;

* KPC - 10,0%.

B 0611€e11 CIIOKHOCTH JIOJISI STUX CETMEHTOB
JOCTUTHET 69,1% OT Bcero o6bemMa HE(PTECEPBUCHOTO
PBIHKA.

B HEraTUBHOM CIIEHAPUU MTA/ICHUE PBIHKA
B 2021 rogy 1o cpaBHeHUIO € 2020 rofoM COCTABUT
7,3%. PBIHOK BOCCTAHOBHUTCA IO JOKPHU3HUCHOI'O
ypoBH# 2019 roga Tonbko B 2023 roay, a 8 2030 rogy
€ro 0O6'bEM IPEBBICUT ITOT OKA3aTe b 32 2020 rof,
Ha 89%.

B aTOM CcrieHapuy HAOIIOAAIOTCSI HANMEHBIIIHE
3HAYEHU A IIPOXOJKH B IKCILTyATAIIMIOHHOM OyPEHUU,
4 JOOBbIYA OAJIEPIKUBAETCA 34 CYET MAKCHUMAJIBHOTO
UCIIOJIb30BAHUSA CTAPBIX CKBA’KUH. DTO IPUBOAUT
K HEOOXO/IMMOCTH UCIIOJIb30BAHUA ITOTEHIINAJIA
Bcex MeToJi0B — 3BC, I'PIT Ha nepexopstieM poHie
U BCEX METOJJOB MHTEHCU(PUKALINU JOOBIYU. [Tpu
3TOM CTAHOBHUTCSA HEOOXOJUMBIM ITIPOU3BOJIUTD B
OOJIBIIEM KOJIMYECTBE JOPOrOCTOSIINE ONIEPALTUNA
reo(PU3NIECKUX UCCIIEJOBAHNI CKBAXKUH.

B aTOM ClIeHApUH TATEPKA HAMOOJIBIINX CETMEHTOB
pbIHKA B 2030 1oy CTAHOBHUTCS CJIEAYIOMICH:

* 3KCIUTYyaTAIMOHHOE 6ypenue — 19,7%;

» I'PIT - 15,5%;

* CONPOBOX/JAcHUE OypeHust — 11,4%;

* re0(PU3UYECKUE UCCIIEAOBAHMUS CKBAXKUH — 10,2%;
* 3ape3Ka OOKOBBIX CTBOJIOB — 10,0%.

CyMMapHasi 10151 9TUX CETMEHTOB B 2030 roany
cocTaBuT 66,9%.

YTO BYAET C KONTKOBUHIOM

B HacToOsAIIEE BpEMS IPUMEHEHUE KOITIOOMHIA
Ha POCCUHICKOM PBIHKE B [IEPBYIO OYEPE/b
cpokycupoBaHo Ha nposeeHun KPC, B Tom
4HCIe Ha 00paboTKe NpU3a60rHOM 30HbI (OI13),
noAaroToBke CkBakuH K I'PITu 36C, ocBoeHHN
ckBaxuH nocJie I'PITu 3bC, BBOJE B AKCILTyaTALIUIO
U PEMOHTE HATHETATENBHBIX CKBAKUH (OCBOEHHE
BHOBb IIPOOYPEHHBIX CKBA’KHUH) U JIPYIuX BUI0B KPC,
nposeaeHnu I'PIT u MI'PIT Ha HOBBIX CKBAKHMHAX.
HcnonbzoBanue 'HKT B gpyrux cermeHTax (bypeHue
1 3bC) ABJIAETCA AOCTATOYHO OI'PAHUYEHHDBIM (32
UCKIIOYEHUEM «CypryTHE(TEra3a»), 9T0 OCOOEHHO
3aMETHO B CPABHEHHNHU C MEXIYHAPOJAHBIM OIBITOM,
B I1epByIo ouepenan B CIIIA u Kanage.

PBIHOK KONTIOOMHIA B POCCHU HAYaJ1 PAa3BUBATHCS C
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Figure 2 — Forecast of the dynamics of the volume
of the oilfield services market in 2021-2030,
neutral scenario, billion rubles

o drilling support — 13.4%;
* sidetracking — 10.7%;
e workover — 9,9%.

The total share of these segments in 2030 will be
699%.

In the optimistic scenario, the decline in the oilfield
services market in 2021 compared to 2020 is 3.8%, and
by 2030 the volume of the oilfield services market will
reach 3.3 trillion rubles, which is 152% more than in
2020.

Under this scenario, in 2030, the five largest
segments of the oilfield services market are
represented as follows:

e production drilling — 22,3%;
* drilling support — 14,3%;

¢ hydraulic fracturing — 14,1%,;
* sidetracking — 10,9%;

e workover — 10,0%.

In total, the share of these segments will reach 69.1%
of the total volume of the oilfield services market.

In a negative scenario, the market decline in 2021
compared to 2020 will be 7.3%. The market will
recover to the pre-crisis level of 2019 only in 2023,
and in 2030 its volume will exceed this figure for 2020
by 89%.

In this scenario, production drilling is the lowest
and production is maintained by maximizing the use
of old wells. This leads to the need to use the potential
of all methods - sidetracking, hydraulic fracturing
on the current declining well stock and all methods
of production stimulation. In this case, it becomes
necessary to carry out a large number of expensive
well logging operations.

} In this scenario, the top five market segments in }

2030 become:
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1998 roga, HO OCOHEHHO HBICTPO OH IIPOTIPECCUPOBAT
KAa4ECTBEHHO U KOTU4YeCTBEHHO B 2007-2018 rofax, B
TEYEHUE KOTOPBIX KOTUIECTBO ONIEPATTHE BEIPOCTIO
Ha 153,9%, ¢ 8,6 ThIC. e/1. B 2007 rogy 10 21,8 ThIC. €. B

* production drilling — 19,7%;
* hydraulic fracturing — 15,5%;
» drilling support — 11,4%;

» well logging — 10,2%;

2018 rony.
B 2019 rogy nonoXuTeIbHbIA TPEH, CMEHUJICS
HUCXOJAIEA TUHAMUKON B CDABHEHWUH C
OPEbIAYIIUM roIoM Ha 19,1%. DTO 6BLIO
OOYCJIOBJIEHO COKPAIIEHUEM KOJIMYECTBA
onepauunii KPC — OCHOBHOM CEI'MEHT
npumMenennus 'HKT -y ITAO
«HK «PocuedTh> (Ha 33,0%, viu Ha
11,7 TBIC. €11. B AOCOIIOTHOM UCYHUCIICHUN).
B 2020 rogy nmageHue pbIHKA yCJIyT
¢ THKT npopomKniIocs U COCTaBHIIO
6,4%, NOCTUTHYB YPOBHs 16,5 THIC. €/1.
Ki1roueBbIM APariBEPOM BBICTYIIMIIO
U3MEHEHHE OObEMOB IPOBEAECHHBIX
KaIlUTAJIbHBIX PEMOHTOB CKBAKHH Y
ITAO «HK «PocHe(dTB> (Ha 13,7%, nnu HaA
3,2 TBIC. €]1. B A6COMIOTHOM UCUYHCIIEHUN ).
OOBEM HUCTIOIb30BAHMUS KOJITIOOMHIA
B HE(PTETA30JOOBIBAIOIINX KOMITAHUAX
3HAYUTEJIBHO OTIIMYAETCH, U 3TO

669%.

Ncnonb3oBaHune N'HKT

B APYrMX cCerMeHTax
(6ypenue 1 3bC) aBnseTcs
JAOCTaTOYHO OrPaHUYEHHbIM,
YTO 0COBEHHO 3aMeTHO

B CPaBHEHUU C
MeXAYHaPOAHbLIM OMbITOM,
B nepsyto ovyepeb B CLLIA
n KaHape.

The use of coiled tubing in
other segments (drilling and
sidetracking) is rather limited,
which is especially noticeable
in comparison with
international experience,

* sidetracking — 10,0%.
The total share of these segments in 2030 will be

WHAT WILL HAPPEN
TO COILED TUBING
Currently, the use of coiled
tubing in the Russian market is
primarily focused on workover,
including bottomhole treatment
(BHT), well preparation for
hydraulic fracturing and
sidetracking, well development
after hydraulic fracturing and
sidetracking, commissioning
and repair of injection wells.
(development of newly drilled
wells) and other types of
workover, hydraulic fracturing
and multistage hydraulic

CBSI3aHO MPEXKE BCETO C ITOJXOAO0OM
BHHK K cepBUCY: OAHN KOMITAHUN
BHE/IPUJIA U IPUMEHAIOT KOJITIOOMHT HA
BCEX CTAUAX CTPOUTENILCTBA, OCBOEHHU A
Y KAITUTAJIbHOI'O PEMOHTA CKBAKHH,
JPYI'H€ UCTIONB3YIOT KOJITIOOUHI OTPAHUYEHHO —
TOJIBKO JIJIS IPOBEAEHUS OIIPEAETIEHHBIX CEPBUCHBIX
onepanuil. B nesnom no crpane 1o 2010 roga
HICIIOJIb30BAHHUE KOITIOOMHTA ObLIIO CJICICTBUEM
yBenudeHus ynuciaa KPC, mpoOBOJUMBIX C ITOMOIIBIO
I'HKT, a HayuHas ¢ 2011 roga JOTTOTHUTEIbHBIN
HUMITYJIBC POCTY YHUCJIA ONIEPALUIL KOJTTIOOWMHIA
OBbUI IIPUJIAH 34 CYET PACHIUPEHUSA CIIEKTPA
HE(PTECEPBUCHBIX YCIYT € Ucnionb3oBaHueM [HKT,
B YACTHOCTH OINEPALUAMHU IIPU MHOT'OCTATUITHOM
TUAPOPA3PHIBE IIJIACTA U IIPH BBOJE B AKCIUIYATALIMIO
TOPU3OHTAJIbHBIX CKBAJKHH.
Ilo cocTosaHuIo HA
2020 rox HanboMbIIIEE
KOJIMYECTBO ONEPAIIUIA C
I'HKT 651710 IIPOBEAECHO B
3anaanort Cubupu — 69,4%
OT BCeX onepanun B Poccun
u Boiura-Ypane — 20,1%. 9to
BBI3BAHO TEM, YTO B ITUX
PErMOHAX PACTIONIOKEHDI
6ospInme (OHBI CTAPBIX
IKCILTYaTAIIMOHHBIX
CKBAKMH, HA KOTOPBIX
npoBOAATCA onepauyu I'PIT,
KPC u ocy1ecTBiseTcs
OypeH1Ee HOKOBBIX CTBOJIOB.
B neHexHOM BBIPpAKEHHU
06'bEM PBIHKA KOJITIOOMHTA
B 2007-2018 rogax eXerogHoO
YBEJIMYHMBAJICA KAK 32
CYET POCTA KOJIMYECTBA OIIEPAIUI, TAK U 32 CUET
BO3PACTAHUSA UX CTOUMOCTH (PHUC. 3).

Canada.

O6beM 1cnosb3oBaHUSA
KONTIOOWHra B

BUHK k cepBucy.
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primarily in the USA and

HedTerazogo0ObIBalOLLNX
KOMMaHUAX 3Ha4YUTENbHO
OT/INYAETCH, U 3TO CBA3AHO
NpeXAae BCero ¢ Noaxoaom

The volume of coiled tubing
use in oil and gas companies
differs significantly, and
this is primarily due to

the approach of vertically

integrated oil companies to
service.

fracturing on new wells. The use
of coiled tubing in other segments
(drilling and sidetracking) is
rather limited (with the exception
of Surgutneftegaz), which is
especially noticeable in comparison with international
experience, primarily in the USA and Canada. The
coiled tubing market in Russia began to develop in
1998, but it progressed especially rapidly in quality

and quantity in 2007-2018, during which the number
of operations increased by 1539%, from 8.6 thousand
units in 2007 up to 21.8 thousand units in 2018.

In 2019, the positive trend was replaced by a
downward trend in comparison with the previous year
by 19.1%. This was due to a decrease in the number
of workover operations — the main segment of CT
application — at PJSC NK Rosneft (by 33.0% or
11.7 thousand units in absolute terms).

In 2020, the decline in the market for coiled
tubing services continued and amounted to
6.4%, reaching a level of 16.5 thousand units.
The key driver was the change in the volume of
well workovers carried out by PJSC NK Rosneft
(by 13.7% or by 3.2 thousand units in absolute
terms).

The volume of coiled tubing use in oil and
gas companies differs significantly, and this
is primarily due to the approach of vertically
integrated oil companies to service: some
companies have introduced and are using
coiled tubing at all stages of construction,
development and workover of wells, others
use coiled tubing to a limited extent — only for
certain service operations. In the country as a
whole, until 2010, the use of coiled tubing was
a consequence of an increase in the number of
workovers carried out with the help of coiled tubing,
and, starting in 2011, an additional impetus to the
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Figure 3 — Annual volume of coiled tubing
operations in monetary terms in 2007-2020,
billion rubles

B 2019 roary 0TMe4asnoch IaJeHUe PeIHKA Ha 5,6%

C NOCJIEAYIOMIUM YACTUYHBIM BOCCTAHOBJIEHHEM B
2020 rony.

B 2020 rogy 06'6€M pBIHKA KOJITIOOUHTA B
JIEHEKHOM BBIPAKEHUH COCTaBUN 74,0 MIIpI pyo.
JpariBepamMu OJOKUTETBHON IUHAMUKU PBIHKA
Ha (pOHE NaAEHUS OOIIETO KOJIMYECTBA ONEPAITU
ABJAIOTCA cerMeHThI [PIT/MTIPIT, a Takke 6ypeHUsa U
3BbC.

B 2020 rogy camMbIM JOPOI'MIM B I€HEKHOM
BBIPAKEHUH ObLII CETMEHT onepanuii I'PITu MI'PTT —
€r0 BEJIMYUHA COCTaBWIIA 51,3 Mp/ pyo., 4TO PABHO
69,3% OT 061IETO O6'bEMA PHIHKA.

CoBOKyIIHBIN 06beM onepanmii ¢ THKT npu
KPC goctur 18,3 mnpp py6., unu 24,8%. Ha nonro
KONTIOOMHTA Tpu 6ypeHnu 1 35C B CyMMe NPUIIOCH
4.4 mnpp py6., unu 5,9%. KpynmHEUITUMU CETMEHTAMHU
konTio6mHra npu KPC B IEHEKHOM BBIPAKEHUH
ABJIAIACE:
¢ 00pabOTKA IPU3AO60MHON 30HBI I1JIACTA CKBAKHUHBI

U BBI3OB NIPUTOKA (6€3 yueTa ['PIT) — 9,2% oT obmiero

PBIHKA KOJITIOOWHT 4
* [IOATOTOBKA U OCcBOeHwue rtociie IPIT — 6,0%;

* IOATOTOBKA K OCBOEHUE ntocye 3bC — 3,3%;
* BBO/I B OKCIUIYATAIIUIO U PEMOHT HATHETATEIbHBIX

CKBaXXuH — 1,1%;

* ripoune Buzbl KPC — 5,2%.

BYAET JIM NOABEM
B nacrosmee BpeMst OCHOBHBIMU JIPAUBEPAMH

PBIHKA KOJITIOOMHTI'A ABJISAIOTCS:

e onepanyy MI'PIT u I'PIT Ha HOBBIX CKBAKUHAX;

« onepanuu KPC ¢ ucnonpzopanuem FHKT,
B yacTHOCTU OI13, BBOA B 3KCILIYATALIUIO
HATHETATEIbHBIX CKBAXKWH, TOATOTOBKA K ['PIT, 35C
" OCBOeHUE CKBAXKUHBI nocsie ['PIT u 36C;

» onepanuu 3bC, mpexie BCEro Npu CTPOUTEIBCTBE
T'OPU3OHTAJIBHBIX CTBOJIOB;

4

growth of the number of coiled tubing operations was
given by expanding the range of oilfield services using
coiled tubing, in particular, operations in multistage
hydraulic fracturing and commissioning of horizontal
wells.

As of 2020, the largest number of CT operations was
carried out in Western Siberia — 69.4% of all operations
in Russia and the Volga-Urals — 20.1%. This is due to
the fact that in these regions there are large stocks of
old production wells, where hydraulic fracturing and
workover operations are carried out and sidetracks are
drilled.

In monetary terms, the volume of the coiled tubing
market in 2007-2018 increased annually, both due to
an increase in the number of operations and due to
an increase in their cost (see Figure 3). 2019 saw a 5.6%
market decline followed by a partial recovery in 2020.

In 2020, the volume of the coiled tubing market
in monetary terms amounted to 74.0 billion rubles.
The drivers of the positive market dynamics against
the background of the decline in the total number of
operations are the hydraulic fracturing/multi-stage
hydraulic fracturing, as well as drilling and sidetracking
segments.

In 2020, the most expensive segment in monetary
terms was the segment of hydraulic fracturing and
multistage hydraulic fracturing — its value amounted to
51.3 billion rubles, which is equal to 69.3% of the total
market volume. The total volume of CT operations
during workover reached RUB 18.3 billion or 24.8%.
Coiled tubing for drilling and sidetracking accounted
for 4.4 billion rubles in total or 59%. The largest
workover coiled tubing segments in monetary terms
were:

« treatment of the bottomhole formation zone of

the well and stimulation of the inflow (excluding

hydraulic fracturing) — 9,2% of the total coiled tubing

market;
* preparation and development after hydraulic

fracturing — 6,0%;

* preparation and development after

sidetracking — 3,3%;

* bringing in and repair of injection wells — 1,1%;
* other types of workover — 5,2%.

WILL THERE BE A RISE?
Currently, the main drivers of the coiled tubing
market are:
» multi-stage hydraulic fracturing and hydraulic
fracturing operations on new wells;
» oworkover operations using coiled tubing, in
particular, BHT, bringing in injection wells,
preparation for hydraulic fracturing, sidetracking
and well completion after hydraulic fracturing and
sidetracking;
sidetracking operations, primarily during the
construction of horizontal shafts;
bringing in new wells, primarily horizontal ones,
and an increase in horizontal drilling.
Coiled tubing segments such as coiled tubing
while drilling (opening layers) and coiled tubing }
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* BBOJI HOBBIX CKBAKHH, IPEX/E BCETO
TOPU3OHTAJIBHBIX, 1 POCT TOPU3OHTAIBHOTO
OypeHuUs.

C 2016 rofa moay4Ymniiv paclipoCTPAHCHUE TAKHUC
CETMEHTHI KOJIITIOOMHTA, KaK
KOJITIOOUHT NPU 6yPEHUN
(BCKPBITUU IIACTOB) U
xonTioouHr npu 36C, B 2020
TOAY UX OIS B (DPU3UYECKOM
BBIPAKEHUH COCTABIIIA 3,6%,
MIPOJOIKUB MOJIOKUTENBHYIO
JAUHAMUKY (B 2019 rogy ux jois
cocrasisia 2,9%).

OIHAKO IVIABHBIM IPANBEPOM
POCTa KOITIOOUHI'OBBIX
onepanui B Poccuu B IEHEXXKHOM
BbIpKeHUH B 2007-2020 romax
obL1u onepanuu I'PIT, B
MEPBYIO OYEPEAb ONEPALTUN
MHOrocTaguHoro I'PIT Ha HOBBIX
CKBaKMHAX.

ITonoxwurenbHBINA POCT
onepanuii ¢ THKT Takske
HaomogaeTcs B cermeHTe KPC,

B 2020 rofy U3BMEHUJIACh CTPYKTYPA KOJITIOOMHTIA

npu KPC: Tak, onepanyu 1o O4UCTKE CTBOJIA U 32004

CKBaKMHBI OT NAPA(PHUHOIHIPATHBIX OTJIOKEHNH,

COJIEN, IECYAHBIX U TUAPATHBIX NTPOOOK ¢ THKT

BOUILIU B TOM-3 onepanuii KPC ¢ THKT, uto

06YCIOBIEHO U3MEHEHUEM KAYECTBEHHOI'O COCTABA

HePTEN B CTOPOHY BBLICOKONAPA(PHUHUCTBIX U

BBICOKOCEPHHCTBIX COPTOB.

HaunOobIne NePCHIEKTUBLI PA3BUTHA PBIHOK
KOJTIOOMHI'A UMEET B TEX CETMEHTAX HE(PTECEPBUCA,
I7i€ IIPOTHO3UPYETCA YCTOMYUBBIN POCT (ONEepaLin
I'PTT 11 MT'PIT, a Takke KPC).

OXHUIAETCA, 9TO B CPEJHECPOYHOM NEPCIIEKTUBE
PBIHOK HE(PTH XKJIET IMTOCTENEHHOE BOCCTAHOBJIEHHE,
BO30OHOBHUTCS PEAIU3ALIMS HOBBIX JJOOBIYHBIX
MPOEKTOB, [IPU 3TOM TAKXKE CTAHET NOAJEPKUBATHCS
JIOOBbIYA HA CTAPBIX MECTOPOXKAECHUAX. B JaHHBIX
CLIEHAPUAX CIIPOC HA YCIIYT'M KOJITIOOWHTA B
Poccuu OygeT AEMOHCTPHUPOBATD YCTOUYHBYIO
MOJIOKUTENBHYIO JUHAMUKY POCTA, YTO OOYCJIOBJIEHO
YBEJIMYEHUEM BBOJJA TOPU3OHTAJIBHBIX CKBAKHWH,
poctom uuncna oneparmii I'PITu MI'PIT, a Takoke
onepanuil KPC.

BospacTanue Konmu4decTsa ONeParuil B CErMEHTE
I'PIT 11 MT'PII CBA3aHO C BBOJIOM B IKCILIYATALIUIO
KPYIIHBIX MECTOPOXKAEHUN B BOJIbIIIEXETCKOMN
BIIAJIUHE, DBEHKUH M HA IOT'€ IIOJIyOCTPOBA SIMal.

B 2021-2030 rojax KOJTIOOMHI'OBBIE OIIEPALIHN
NPOJOKAT UHTEHCUBHO IIPUMEHATHCA IIPU
onepanuax KPC. DTo ABUTCA CI€JCTBUEM
ycrapeBaHus POHA JEUCTBYIOMUX CKBAXKUH, JJIs1
MOBBIIIEHUS 1 TOA/ICP/KAHUS ICOUTOB HA HUX OYET
IIPOBOIUTHCS 6OBIIIEE KOTUYECTBO PEMOHTHBIX
PaboT ¥ MTHBIX METO/IOB ITOBBIIICHUS HE(PTEOTAAYN
rtacta ¢ npumeHeHuem 'HKT, B 4aCcTHOCTH
yBeJIM4YeHUE Ynucjia onepaunuri 36C.

B cpenHeCcpOYHON NEPCIIEKTUBE IIPOU3OUIYT
3HAYUTEIbHBIE U3BMEHEHUS CTPYKTYPBI PHIHKA

2007-2020.
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MMaBHbIM ApanBEPOM pocCTa
KONTIOOUHIOBbIX Onepaumm

B Poccnm B peHeXXHOM
BblpaxxeHun B 2007-2020
rogax obinu onepauwnu 'PM,

B NepBYIO o4epeab ornepauum
MHoroctagumnHoro NPl Ha
HOBbIX CKBa>XMHaX.

Hydraulic fracturing

operations, primarily multi-
stage hydraulic fracturing .
operations on new wells were salts, sand and hydrate plugs with

the main driver of growth of
coiled tubing operations in
Russia in monetary terms in

during sidetracking have become widespread since
2016;in 2020, their share in physical terms was 3.6%,
continuing the positive trend (in 2019, their share was
29%).

However, hydraulic fracturing
operations, primarily multi-stage
hydraulic fracturing operations on new
wells were the main driver of growth
of coiled tubing operations in Russia in
monetary terms in 2007-2020.

Positive growth in coiled tubing
operations is also observed in the
workover segment; in 2020, the
structure of coiled tubing during
workover changed — so operations to
clean up the wellbore and bottom of the
well from paraffinic hydrate deposits,

coiled tubing were included in the top
3 workovers with coiled tubing. which
is due to a change in the qualitative
composition of oils towards highly
paraffinic and high-sulfur grades.

The coiled tubing market has the
greatest development prospects in those oilfield
service segments where steady growth is predicted
(hydraulic fracturing and multistage hydraulic
fracturing, as well as workover).

In the medium term, the oil market is expected
to recover gradually, new production projects will
resume, while production at old fields will also be
supported. In these scenarios, the demand for coiled
tubing services in Russia will show a stable positive
growth trend, which is due to an increase in horizontal
wells commissioning, an increase in the number
of hydraulic fracturing and multistage fracturing
operations, as well as workover operations.

The increase in the number of operations in the
hydraulic fracturing and multistage fracturing segment
is associated with the commissioning of large fields in
the Bolshekhetskaya Depression, Evenkia and in the
south of the Yamal Peninsula.

In 2021-2030 coiled tubing operations will continue
to be intensively used in workover operations. This
will be a consequence of the obsolescence of the
current declining well stock; to increase and maintain
production rates, a greater number of workover
operations and other methods of enhanced oil
recovery using coiled tubing will be carried out, in
particular, an increase in the number of sidetracking
operations.

In the medium term, there will be significant
changes in the structure of the coiled tubing market.
The growth of the “high-cost” segment is expected,
and, first of all, this will be associated with the growth
of hydraulic fracturing and multi-stage hydraulic
fracturing operations. The increase in the volume
of horizontal drilling will entail an increase in the
number of operations during well development,
logging on coiled tubing, as well as the use of new
EOR technologies, the implementation of which is
necessarily accompanied by the use of "coiled tubing".
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Figure 4 — Forecast of the volume of the coiled
tubing market in monetary terms in 2021-2030,
billion rubles

KOJITIOOUHTA. OKUAAETCA POCT cerMenTa high-

COSt, M IPEK/IE BCETO ITO OKAXKETCS CBA3AHHBIM C
poctom onepanyii npu I'PITu MI'PI1. VBenuuenue
06'BEMOB TOPU30OHTAIBHOI'O OYPEHUS TOBIEYET

32 COO0M POCT YUCJIA ONIEPALIUH IIPH OCBOCHUU
cxkBaxuH, [MC Ha KONTIOOHHTIE, 4 TAKXKE IPUMCHEHHE
HOBBIX TexXHOJorui [THIT,

NPOBEAEHNE KOTOPBIX O0A34TENBHO
CONPOBOXKAETCSA UCTIOTBb30BAHUEM
T'HOKOU TPYyOBI.

C y4eTOM NIEPEYUCIEHHBIX
(PaKTOPOB IPOTHO3 IMHAMHUKHN OO'bEMA
PBIHKA KOJITIOOMHI'A HA
2021-2030 roapl B ICHEKHOM
BBIPA’KEHUH MIOKA34H HA PUC. 4.

B mertrpasbHOM CcLieHApUU
JUHAMHKA CTOUMOCTH YCJIyT
YUUTBIBAET KAK UHQIALUIO 4% B
r'Ofi, C BO3MOYKHOCTBIO €€ BCIIIECKA
10 8,5% B I'OJI, TAK 1 BO3MOKHOE
YAEIIEBIEHHNE CTOUMMOCTH ONEPAIUA
BCJIEZICTBHE JIABJIEHN 3AKA3YUKOB Ha
HOJAPATIUKOB.

B HEATPAaIbHOM CLIEHAPHUH OOBEM
PBIHKA KONTIOOMHTA B 2021-2030 rogax
YBEJIMUHUBACTCS CO CPEHETOJJOBBIM TEMIIOM B 11,2%,
jpocrturaa kK 2030 rogy ypoBHA 215,2 MiIpa pyonert.

HaunboJee KPyITHBIM B IEHEKHOM BBIPAXKEHHH B
2030 rogy OKakeTca CErMeHT onepanu npu I'PI1/
MTI'PIT, ri1aBHBIM O6PA30M BCIEACTBUE UX CTOUMOCTH:
nosst korriobunra rpu [PIT/MIPII cocraBut 66%.

CermenT onepanut npu I'PITu MI'PIT B
HENTPAJIBHOM CIIEHAPUU BHECET OCHOBHOI BKJIA/I B
CYMMAapHBIA POCT PBIHKA KOJITIOOWHTI'A B IEHEKHOM
BbIpakeHUH B 2020-2030 ropax.

B OITUMHUCTHUYECKOM CLIEHAPUH OO'BEM PBIHKA
KonTIOOMHTa B 2021-2030 rogax 1eMOHCTPUPYET
MOJIOKUTEIBHYIO IMHAMHUKY POCTA CO CPEAHETOOBBIM

nepcnekTmee
npousonayT
3Ha4YUTENbHbIE

is expected.

B cpeaHecpoyHom

N3MEeHEHUs CTPYKTYpPbI
pbIHKa KONTIOOWUHTa.
OxunpaeTtca poct
cermeHTa high-cost.

In the medium term,
there will be significant
changes in the structure
of the coiled tubing
market. The growth of
the “high-cost” segment

Taking into account the listed factors, the forecast for
the dynamics of the coiled tubing market volume for
2021-2030 in monetary terms is shown in Figure 4.

In the neutral scenario, the dynamics of the cost of
services takes into account both inflation of 4% per
year, with the possibility of its surge to 8.5% per year,
and a possible reduction in the cost of operations due
to pressure from customers on contractors.

In the neutral scenario, the volume of the coiled
tubing market in 2021-2030. increases at an average
annual rate of 11.2%, reaching a level of 215.2 billion
rubles by 2030.

The largest segment in monetary terms in 2030 will
be the segment of fracturing/multi-stage fracturing
operations, mainly due to their cost — the share of
coiled tubing during fracturing/multi-stage fracturing
will amount to 66%.

The segment of fracturing and multistage fracturing
operations in the neutral scenario will make the main
contribution to the total growth of the coiled tubing
market in monetary terms in 2020-2030.

In the optimistic scenario, the volume of the coiled
tubing market in 2021-2030 demonstrates positive
growth dynamics with an average annual rate of 13.9%
to the level of 273.0 billion rubles in 2030.

In the negative scenario, the volume of the coiled
tubing market in monetary terms in 2020-2030 is
growing at an average annual rate of 8.8% and reaches
171.7 billion rubles in 2030.

PROSPECTS

HYDRAULIC FRACTURING
MARKET WILL SUPPORT
DRILLING

Over the past ten years, the hydraulic
fracturing market has split into two
segments — the single-stage hydraulic
fracturing market, including operations
on the current declining well stock and
new wells, and the multi-stage hydraulic
fracturing market, which developed
in Russia after about 2010. These
segments differ in the dynamics of their
volumes, as well as in their development
prospects.

In 2006-2019. the single-stage
hydraulic fracturing market
demonstrated stable growth in
monetary terms with an average annual
rate of 14.5% (see Figure 5). The largest increase was
observed in 2014 — 27% compared to the previous year,
which is associated with an increase in the number of
operations, as well as the cost of oilfield services, due to
the devaluation of the ruble. In 2020, due to the general
contraction of the hydraulic fracturing market in
physical terms, the market showed negative dynamics
in monetary terms — a decrease by 6% to 69.2 billion
rubles.

A different situation has developed in the multistage
hydraulic fracturing market. Multi-stage hydraulic
fracturing operations are a relatively new and rapidly
developing technology in the hydraulic fracturing }
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TEMIIOM B pazmepe 13,9%, 10 ypoBHS
273,0 mapa pyoseit B 2030 rogy.

B HEraTUBHOM CLIEHAPUU OO'BEM PBIHKA
KOJITIOOHMHTA B IECHEKHOM BBIPA’KEHUU B
2020-2030 rogax pacTeT CO CPENHETOAOBBIM TEMIIOM
B 8,8% u gocturaet B 2030 rogy ypoBHA
171,7 mnpp pybien.

PbIHOK PN BbITAHET BYPEHUE

PBIHOK ruipOpa3phIBa ILJIACTA B TEYCHUE
HOCJIEAHUX JECATH JIET PA3JEJINIICA HA 1BA CEIMEHTA:
H4 PBIHOK OHOCTaauHOoro I'PI1, BKiouas
ONEPAIMU Ha IEPEXOAAIIEM (POH/IE CKBAXKUH U HA
HOBDBIX CKBA’)KWHAX, U HA PBIHOK MHOI'OCTAJUHHOI'O
I'PI1, KOTOPBIF IOJIYyYMJI CBOE pa3sBuTHe B Poccuu
npumepHoO nocse 2010 roga. OTu CErMeHTbI
Pa3IUYaIOTCA JUHAMUKON CBOUX OO'bEMOB, 4 TAKKE
MEPCIEKTUBAMU PA3BUTUSA.

B 2006-2019 roiax pbIHOK OJIHOCTAJUHHOTO
I'PI1 B IEHEXKHOM BBIPAKEHUH IEMOHCTPUPOBAT
CTAOWJIBHBIN POCT CO CPESHETOJOBBIM TEMIIOM HA
14,5% (puc. 5). Hanbomapmui mpupoCT HAOMIONAIIC
B 2014 rony — 27% 110 OTHOMIEHUIO K IPEABIAYIIEMY
T'OAY, YTO CBA3AHO C POCTOM YHCJId OIIEPALIUHT, A
TAKKE CTOUMOCTU HE(PTECEPBUCHBIX YCIIYT, B CBA3H
C feBanbBanyeii pyoss. B 2020 rony, BCieicTBHE
OBIIEr0 COKPAIEeHUs pblHKA oniepaniuii ['PIT B
(PU3UYECKOM BBIPAKEHUH, B ICHEKHOM BBIPAKEHUU
PBIHOK ITOKA32J1 OTPULIATEIbHYIO JUHAMUKY —
cHIKEeHHE Ha 6%, 10 69,2 MiIpa pyo.

Jdpyrasa curyanus CJI0KHUIACh HA PbIHKE
muorocraannoro I'PIT. Onepanyyy MI'PIT —
CPAaBHUTEIBHO HOBAA M OBICTPOPA3BUBAIOIIAACS
TexHonorus B cermente I'PI1. MInpokoe npruMEHEHUE
onepanuu MI'PIT monyuniu ¢ 2011 roxga. B 2011-2019
rofax AMHAMHKA I'OAOBOI'O KOJIMYECTBA ONepaLuil
MTI'PIT B Poccuu JIEMOHCTPUPOBAIA CTAOUIBbHBIHA
POCT CO CPEAHETONOBBIM TEMIIOM 33,3%. B 2020 rogy
KOJIM4eCTBO onepanuii MI'PIT B Poccum ocTanocs
mpuMepPHO Ha yposHe 2019 roga — 2568 ornepariui,
MU3MEHEHM ITPOU3OIIN TOJIBKO B PETUOHAIBHOMN
CTPYKTYype onepanyii. B riesiom Tpens Ha
yBeandeHue onepanui MI'PIT cBsa3an ¢ pocTom
BBO/IA B OKCIUTYATALIUIO TOPU3OHTAJIBHBIX CKBAKHH,
4 TAKKE POCTOM YUCJIA ONEPALIMH 3APE3KU OOKOBBIX
TOPU3OHTAJIBHBIX CTBOJIOB.

OcobeHBOoCThIO onepannil MI'PII aBsieTcs

MOCTOAHHOE MOBBIIIEHUE UX TEXHOJIOTUIECKON
CJIO)KHOCTU. B HACTOAIIEE BPDEMS CPEJHEB3BEIIEHHOE
KOJIMYECTBO CTaan onepanuii MI'PIT npu sBBoze
CKBAKUH COCTABJISIET OKOJIO 7 e/ [Ipu aTOM
CpeHEE KOMUYECTBO CTAIUU IIPH ONEPALIUAX
HA FTOPU3OHTAJIbHBIX CKBAKMHAX U OOKOBBIX
TOPU3OHTAJIBHBIX CTBOJIAX OTIMYAETCA: HA
T'OPHU30HTAJIBHBIX CKBAXKUHAX B CDEHEM
IPOBOUTCS G—7 CTAIUH 32 ONIEPAITHIO, HA GOKOBBIX
I'OPU30OHTAJIBHBIX CTBOJIAX — 3—5 CTAIUH.
B 2021-2030 rogax OyzeT IPOUCXOANTD JaJIbHENIIEE
YBEJIMYEHHE JOJIN JOPOrOCTOAMUX oneparni MI'PIT
c 8—13 cTagusIMU U CcBBIMIE 13 cTa Ui,

OCHOBHBIMH HpI/ILII/IHélMI/I YBC/IMYCHUA KOJIM4YECTBA
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segment. Multi-stage hydraulic fracturing operations
have been widely used since 2011. In 2011-2019.

the dynamics of the annual number of multistage
hydraulic fracturing operations in Russia demonstrated
stable growth with an average annual rate of 33.3%. In
2020, the number of multi-stage hydraulic fracturing
operations in Russia remained approximately at the
level of 2019 — 2,568 operations, changes occurred
only in the regional structure of operations. In general,
the trend towards an increase in multistage hydraulic
fracturing operations is associated with an increase

in the commissioning of horizontal wells, as well as

an increase in the number of horizontal sidetracking
operations.

A feature of multistage hydraulic fracturing
operations is a constant increase in their technological
complexity. At present, the weighted average number
of stages of multi-stage hydraulic fracturing operations
during well commissioning is about 7 units.

At the same time, the average number of stages

during operations on horizontal wells and horizontal
sidetracks differs: on horizontal wells, on average,

67 stages are carried out per operation, on horizontal
sidetracks — 3—5 stages. In the period 2021-2030. there
will be a further increase in the share of expensive
multi-stage hydraulic fracturing operations with

8-13 stages and over 13 stages.

The main reasons for the increase in the number of
stages in multi-stage hydraulic fracturing operations
will be:

* increase in the length of horizontal sections of the
horizontal wells and horizontal ratholes;

» growing involvement in the development of hard-to-
recover reserves, first of all, shale oil.

During 2011-2019. the volume of the multistage
hydraulic fracturing market in monetary terms
increased at an average annual rate of 41.6%, however,
in 2020 this dynamics began to decline due to the
optimization of costs for this type of operations. Thus,
in 2020, the multi-stage hydraulic fracturing market in
monetary terms decreased by 8% and was estimated at
RUB 57.5 billion.

In the future, the multidirectional trends in the



craauil Ha onepanusax MI'PIT

OyAyT:

* YBEJIMYCHUE JJTUHBI
T'OPU3OHTAJIbHBIX y4aCTKOB I'C
u bI'C;

* PACTYIIEE BOBJICYECHUE B
paspaboTky TPU3, B nepByIO
o4depenb CIAHIEBOM HEPTU.

B Teuenue 2011-2019 rogoB
06beM peIHKAa MI'PII B ieHE)KHOM
BBIPAKEHUH yBEIUUUBAJICS
CO CPEJIHETOJIOBBIM TEMIIOM
Ha 41,6%, oqrako B 2020 roxy
JIAaHHAs JTUHAMMKA IIOILJIA HA CTIAJ]
BCJIC/ICTBHE OITUMU3ALUHU 3aTPAT
H4 IIPOBEICHUE JAHHOT'O BHU/1A
onepanuil. Takum o6pasom,

B 2020 roay peiHOK MI'PIT B

JICHEKHOM BBIPAXKEHUU COKPATHIICS

Ha 8% U OLICHUBAJICS

B 57,5 MJIPA PYO.

B nepcrexkruse
PA3HOHANIPABJICHHbBIE
TEHJICHIIUU JUHAMHUKH OObeMa
PBIHKA OJHOCTAJUMHOI'O
I'PIT 1 MT'PIT cOXpaHATCA.

PeiHOK OtHOCTaAUHHOTO ['PIT

B (PU3NYECKOM BBIPA’KEHUN

B cpeaHecpoyHom
nepcrnekTmse cermeHT MIPI1
OyneT AeEMOHCTPUPOBATL
NOSIOXUTENbHYIO

ANHaMUKY Ha poHe
BO30OHOBNSAIOLLErocsi pocTa
PbIHKA FOPU30HTAJIbHOIO
OypeHus, bypeHms BI'C

N yBENNYEHUs 4ONW
TPYyOHOU3BNEKAEMbIX
3anacos (TPU3) B pecypcHom
Gase 1 ycnoXXHeHus
TEXHUKO-TEXHONOMMYECKMX
peLLueHN M.

In the medium term, the
multi-stage hydraulic
fracturing segment will
demonstrate positive
dynamics against the
backdrop of the renewed
growth of the horizontal
drilling and sidehole drilling
market and an increase in
the share of hard-to-recover
reserves in the resource base
and the complication of

dynamics of the market volume for
single-stage hydraulic fracturing
and multi-stage hydraulic fracturing
will continue. The market for single-
stage hydraulic fracturing in physical
terms will continue to decline, and in
monetary terms it will grow slightly
due to inflation (see Figure 6). The
multi-stage hydraulic fracturing
market will continue to grow even
more, both in physical and monetary
terms.

In the long term, until 2030, for
all three development scenarios
(optimistic, neutral, negative), a
downward trend in the use of single-
stage hydraulic fracturing operations
on new wells is expected, which is
due to an increase in the proportion
of multi-stage hydraulic fracturing
operations that show the highest
efficiency. In addition, a decrease in
investment activity of companies
will contribute to a decrease in the
commissioning of new directional
wells, as a result, and a decrease in
the number of single-stage hydraulic
fracturing operations on them. The

PROSPECTS

NPOJOIKUAT COKPAIIATHCA, 4 B
JIEHEKHOM BBIPA’KEHUH HEMHOTO
BBIPACTET 34 CYET UHPIISAUN
(puc. 6). Porroxk MI'PIT craner ere
OOJIbIIIE YBEIMYUBATHCA KAK B (PU3UYECKOM, TAK U B
JIEHEKHOM MCUYMCJIEHUH.

B ponrocpounont nepcnexkruse 10 2030 roga
0 BCEM TPEM CLIEHAPHAM PA3BUTHUA
(OIITUMMUCTUYECKUI, HEUTPAJIbHBINA, HEraATUBHBII)
OXKMJAETCA HUCXOAAIINN TPEH/, IPUMEHEHUA
onepanuu ogHOCTaAUUHOrO I'PIT HA HOBBIX
CKBAKMHAX, YTO OOYCIIOBJIEHO YBETUYEHHUEM JIOJIN
npuMeHeHus onepanu MI'PIT, IOKa3pIBAIOMNX
HauOO0BITYIO 3 (HEKTUBHOCTD. Kpome Toro,
CHMKEHUE MHBECTUIIMOHHON AKTHUBHOCTH
KOMITAaHUH Oy/IET CIOCOOGCTBOBATD YMEHBIIICHUIO
BBO/Id HOBBIX HAKJIOHHO-HAIIPABJIEHHBIX
CKBAKMH, KaK CJIEICTBUE, U TTAJICHUIO YNCJIA
onepanuy ogHocTaauHoro I'PIT Ha HUX. Takoe xe
COKpAUIEHHE XKAET U ONEPALUN OJHOCTAUMHOTO
T'PIT Ha nepexoaseM (POHJE CKBAXKUH (HA CTAPBIX
CKBAXKMHAX).

HenTpanbHbIii CLIECHAPHH IPOrHO34 0O'bEMA
PBIHKA OJHOCTAAUMHOTIO I'PIT B IeHEKHOM
BBIPAKEHUH CBOJUTCA K ETO POCTY CO
CPEAHETOOBBIM TeMIIOM B 1,3% K 2030 roay, 1o
78,4 Muipg1 py6JIeH, TTTaBHBIM OOPA30M 34 CUET
UHOIAIUN. B ONTUMHUCTUYECKOM CLICHAPUU
€ro o6'beM JOCTUTHET 86,4 MiIpz pyosieit pu
CPEAHETOOBOM pOCTe B 2,2%. HeraruBHbBIN
CIIEHAPU IAET JPyTHE OIIEHKHU — OO'bEM
B 2030 roay 53,7 MAIpJ pyo., CPEAHETOJJOBOH POCT
B 2021-2030 rogax — 2,5%.

KauecTBEHHO JIpyras KapTHUHA CJIOKUTCS Ha

solutions.

technical and technological

same reduction awaits the operation of
one-stage hydraulic fracturing on the
current declining well stock

(on old wells).

The neutral scenario of forecasting the volume of the
single-stage hydraulic fracturing market in monetary
terms is reduced to its growth with an average annual
rate of 1.3% by 2030 to 78.4 billion rubles, mainly due
to inflation. In the optimistic scenario, its volume
will reach 86.4 billion rubles with an average annual
growth of 2.2%. The negative scenario gives other
estimates — the volume in 2030 is 53.7 billion rubles,
the average annual growth in 2021-2030. — 2.5%.

™.
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[TIEPCITEKTHBDI

PBIHKE MHOTrOCTaaunnoro I'PIT.

B cpennecpouynon nepcrekTuse cermenT MI'PIT
OyAET JEMOHCTPUPOBATD OJOXKUTENBHYIO
JUHAMMKY Ha (DOHE BO30OOHOBJIAIOMIETOCS POCTA
PBIHKA TOPU3OHTAJIBHOTO Oypenus, 6ypenus BI'C,
YBEJIMYECHU A JOIU TPYJHOUIBICKAEMbIX 3AI1ACOB
(TPU3) B peCypCHOM 0a3€ U YCIOKHEHUS TEXHUKO-
TEXHOJIOIHMYECKUX pereHui. K atum pakropam
MOXET NIPUOABUTHCS 6OBIIIEE PACHIPOCTPAHEHUE
noBTOPHBIX MI'PIT.

B pesynbrare B HEUTPAJIbHOM CLIEHAPUHU OO'BEM
ppiHKA MHOrOCTaauiHOro I'PIT B 2021-2030 rogax
B JICHEKHOM BBIPA’KEHUU OYIET JEMOHCTPHUPOBATH
pocrt 10 331,6 mupz py6Iieii pu CPEJHETOOBOM €O
TeMmrie B 19,2%.

B orrrumucTryeckoMm cienapuu B 2021-2030 rogax
IPOrHO3UPYETCS yBEIUYEeHHUE 06'’beMa peiHKa MI'PIT B
JEHEKHOM BBIPAXKEHUU CO CPEAHEIOJOBBIM TEMIIOM B
21,2%, 1 k 2030 rogy O6'b€M PBIHKA COCTABUT
394,1 muipz py6. B HEraTUBHOM CIIECHAPHUH 3TH
IOKA34TEJIN HUKE: OO'beM PbIHKA B 2030 rogry paBeH
296,4 Mapp pyod., 2 CPEIHETONOBOIM TEMIT POCTA B
2021-2030ropmax — 17,8%. ©

A qualitatively different picture will emerge in the
multistage hydraulic fracturing market. In the medium
term, the multi-stage hydraulic fracturing segment will
demonstrate positive dynamics against the backdrop
of the renewed growth of the horizontal drilling and
sidehole drilling market and an increase in the share of
hard-to-recover reserves in the resource base and the
complication of technical and technological solutions.
The wider spread of repeated multi-stage hydraulic
fracturing can be added to these factors.

As a result, in the neutral scenario, the volume of the
multistage hydraulic fracturing market in 2021-2030.
will demonstrate growth to 331.6 billion rubles with an
average annual rate of 19.2%.

In the optimistic scenario, in 2021-2030. an increase
in the volume of the multistage hydraulic fracturing
market in monetary terms with an average annual rate
of 21.2% is forecasted, and by 2030 the market volume
will amount to 394.1 billion rubles. In a negative
scenario, these indicators are lower — the market
volume in 2030 is RUB 296.4 billion, and the average
annual growth rate in 2021-2030is — 17.8%. ®

POCCUNCKUM PbIHOK

HeTenpomMbIiCNOBOro cepBuca

n 060pyAoOBaHUNA:

TeKyuee coctoaHue u nporHo3s ao 2030 roga

NuHenka OFS 0TYETOB COCTOUT U3 CNEAYIOWMX

CermeHTOB pblHKa:

Pocouiickuit pemon
HEGTENPOMBICACBOND CEPEHCE

H obopyaoBaHnR; .
TEHYLLEE COCTOAHME

W nporwoa ao 2030 roga

bypeHune CKBaMWH

» KanutanbHbll PEMOHT CKBaMMH

» ConpoBoMgeHue ropuaoHTansHoro 6ypesus (MWD / LWD)
» 3ape3ka 60KOBbIX CTBONOB

« [wapopaspbis nnacra

» KonTioGuHr

« Celcmuka

+ O6opynosanua ana MPA/MIPN

+ O6opyaoBaHuA AnsA TenemeTpum 1 kapotaxa (MWD / LWD)

e-mail: Daria@rpi-inc.ru
TenedoH: +7(495) 502-5433 / + 7 (495) 778-9332
www.rpi-consult.ru

In#a 3aka3a oTtdyeTa
unwu 3a 6onee nogpobHow nHopmaywen

o6pawantech kK UBAHLLOBOW IAPBE
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HEODTE
TPAHC
CEPBUC

000 «HedTeTpaHccepBUC» IBNSETCS OAHUM U3 BeAyLLUX OTeYeCTBEHHbIX pa3paboTynKoB
M Npou3BoaUuTenem XMMnN4eckux peareHToB Ans MHTeHcupUKauum aoobiun HepTu.
Hawa komnaHuns ocHoBaHa B 2006 roay. OCHOBHbIM BUAOM Hallen AesaTeNbHOCTH
ABNsieTcs pa3paboTka, NPon3BoACTBO, NOAGOP M NOCTaBKa XMMUNYECKUX peareHToB,
npepHasHa4YeHHbIX AN CONAHO-KNCIOTHDbIX 06paboTok (CKO),

a TaKxxe ang KncnotHbiX PN n matpunyHbix CKO.

B nepeyeHb NPOM3BOANMBIX HAMU peareHTOB BXOAAT:
—  WNHrmbutop knucnotHom koppo3unm «AS-CO»;
— [esmynbratop «AS-DA»;
— [wucnepraTtop «AS-Di»;
— CrabunusaTtop xenesa «AS-iR»;
— TNonumepHbIN KNCNOTHbIN 3arennBaTenb «MP»;
— becnonvmepHbIN KNCNOTHBIN 3arennBaTenb «AS-Si» (CAMOOTKJIOHAIOLMNCA KMCTOTHBIN COCTaB);
- DMynbratop KMCNoTHbIN «RQ» (HenTpanbHas 3MynbcMs OBPATHOro TUMNA C PEryMpyeMoi BA3KOCTbIO);
- MNeHoobpasosaTenu «MNCM» Ans KNCNOTHOW U BOJHOM OCHOBHI;
— CocTaB «SBK» gnsi nukBMAaLmMm NeckonposaBneHUs Ha OTKPbITbIX CTBOMAaX CKBaXXWH 1 KpenneHus M3[7;
— bBbnokupytowme coctaBbl «SX» ans Wagawero ryweHns U IMKBMAaLmMm NornoweHni bypoBsbix pacTBOPOB.

B koMmniekce ¢ NOCTaBKOM NPOU3BOANMbBIX XMMUYECKUX peareHTOB Mbl MPeaoCcTaBsieM NOJHbIA NepeyveHb yciyr no

MHXEHEPHO-TEXHNYECKOMY CONMPOBOXAEHMIO Ha BCeX dTanax NpMMeHeHUs npeanaraemMbiX TEXHONOMNN:

1) Mopbop 1 aHanu3 ckBaXMH-KaHAMAATOB.

2) MNpepocTaBneHne pekoMeHaauui no BbIGopy onTUMaNbHOM TEXHONOMMM MO KaXA0MY OObeKTY.

3) MNoaroToBka NpeABapUTENbHbIX PAacYeToB, COCTaBlieHMe aM3anHa o6paboTkK C NpUMeHeHMeM NPOrPaMMHOro
obecneyeHuns «StimPro», coctaBneHune nnaHa pabot Ha FTM.

4) MpoeeneHne nabopaTopHOro UccneaoBaHns o6pasLoB Hed TN U BOAbI U3 BbIGPAHHOW CKBaXUWHbI, Noabop
ONTMMaNbHbIX 4O3MPOBOK peareHToB A1 NPUroTOBNEHMA KMCTIOTHOrO COCTaBa, NpoBeAeHe TeCTUpoBaHMa obpasua
KMCIIOTHOIO COCTaBa Ha COBMECTUMOCTb € MNAcTOBbIM hIlOUA0M.

5) MocTaBKa cONAHOM KUCNOTbI C AOCTAaBKOW A0 MECTOPOXAEHUS.

6) Bble3g MHXeHepa-TeXHONOora Ha MecTopoXAeHWe AN KOHTPOJIA NpoLecca NPUroToBieHMs KUCNOTHOIO COCTaBa,
npoBefeHs NoJIeBOro TeCTUPOBaHUS MPUrOTOBIEHHONO KUCJIOTHOMO COCTaBa Ha COOTBETCTBME TpeboBaHUAM
3akasymka c opopmMiieHMeM NOMHOro oTyeTa.

7) CocTaBneHue MaT4YnHra no UToram npoBeaeHHo obpaboTkn, aHanm3 apdPeKTUBHOCTU 0OpPaboTKN.

KomnaHus pacnonaraeTt coocTBEHHOV NPOU3BOACTBEHHOM 6a3omn, pacrnonoXXeHHon
B ropopae OTpagHom Camapckon o6nacTu, akkpeaToBaHHOM XMMUYeckon naboparopuen,
COGCTBEHHbIMW KUCITIOTOBO3aMU B LLOCCEMIHOM U Be34eX0AHOM UCNONHEHUN, NPOrPaMMHbIM
obecneyeHuem ans npoBegeHUs moaenupoBaHus npouecca CKO u KIPM. LWtaT komnaHum
NOJIHOCTbIO YKOMMJIeKTOBAH BbICOKOKBaNMGULMPOBaHHbIMU ceuuanmctamMmum.

HALIN KOHTAKTbI:
Camapckasi obnacts, . TonbsiTTu, yn. UHaycTpuanesHas, g. 1, ctp. 61
TenedoHsbl: 8 (8482) 55-72-56, 63-36-97
E-mail: info@n-ts.ru
AppecB CeTn: www.n-ts.ru

Byoem paowst compyonuuecmay!
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WHHOBALMWOHHOE OBOPYAOBAHHE

NE®EKTOCKOMN rMBKOA HACOCHO-
KOMMPECCOPHOW TPYEb!

g —

OnpepneneHune peanbHOro COCTOSAHNA rMBKOM
HaCOCHO-KOMNPECCOPHOMN TPYObI Ha BCeX aTanax eé€ Mcnonb3oBaHus

BoisBnsembie KoHTponupyemsie
aetekThI: napameTphbi:

e OTBEPCTHS, e MaMeTp,

e DaKOBUHBI, e TONLMHA CTEHKM,

® BMATUHBI, e 0BaNbHOCTb,

e ONepeYHbIe e TEMNepartypa,
HapYHble/BHYTPEHHMe o BUbpauus,

TPELUUHBI. e [1nKHa TPyObbI.




LindppoBble pewueHus gns Pl

Digital Solutions for Hydraulic Fracturing

Maxcum PAJTEEB, HauansHHK IIeHTpa TEXHHYECKOT'o pa3BuTHA, 000 TarpaC-PemCepBuC>

Maksim FADEEYV, Head of the Technical Development Center, TagraS-RemService LLC

COBpEMEHHBIN MUD YK€ HE MOXKET CYIIECTBOBATD
6€3 IN(PPOBBIX TEXHOJIOTHUH, HEPTAHOU PHIHOK
HE ABJISIETCS UCKIIOYeHUEM. Bee 6oble
KOMITAHUH pa3pabaTeIBAIOT CTPATETUU ITU(PPOBOI
TpaHC(POPMALIUH, BHEAPSAIOT IU(PPOBLIE PEIIECHUS,
HANPABJIEHHBIE HA YBEJIMYEHHUE JOOBIYU HEDPTHU
CO CHUIKEHUEM 3aTPaT. CEPBUCHBIE KOMITAHUU
TOXE CTPEMSATCA 34 CUET LUPPOBBIX TEXHOJIOI U
YBEJIMYUTB CKOPOCTHU PA0OT, MUHUMHU3UPOBATD
NOTEPH. B JaHHOM CTaTbe OYAYT PACCMOTPEHDI
MIPUMEPBHI TOTO, KaK HU(PPOBU3ALIUS TO3BOJISAET
pewmars paj 3aja4 1npu npoussoactse I'PIT: cHUXaTb
TPYLO34TPATHI, ABTOMATU3UPOBATh PA60OYUE MECTA,
YIOPEXIATh OTKA3bl OOOPYAOBAHUA U CHUKATD
3aTPATHL

O6opynosanue jiis I'PI1 ABasieTCSA CaMbIM
BBICOKOTEXHOJIOTHYHBIM KOMILIEKCOM, KOTOPOE
MPUMEHSETCA HA OOBEKTAX 3AKA39HKA C LEJIBIO
HOBBIMEHUA 3(PPEKTUBHOCTH AOOBIYH, UMEET
CJIO’KHBIE Y3JIBL M arperaTsl. MHMOpManusa o pabore
060PYIOBAHUA PETUCTPUPYETCA MHOKECTBOM
JAaTYUKOB U OTPAKAETCA B CUCTEMAX COOpaA

The modern world can no
longer exist without digital
technologies, the oil market is
no exception. More and more
companies are developing
Digital Transformation
strategies, implementing digital
solutions aimed at increasing
oil production while reducing
costs. Service companies are also
striving to increase the speed
of work and minimize losses
through digital technologies.
This article will consider
examples of how digitalization allows solving a
number of tasks in the production of hydraulic
fracturing, namely, to reduce labor costs, automate
jobs, prevent equipment failures and reduce costs.

Fracturing equipment is the most high-tech
equipment used for well interventions. Injection, in
order to increase production efficiency, has complex
units and assemblies. Data on equipment operation is

Pucynox 1 — Komnaexc I'PITI OOO «TazpaC-PemCepeuc»
Figure 1 — Hydraulic fracturing complex TagraS-RemService LLC
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JaHHBIX. C L CJIBIO MUHHUMHU3AINU PUCKOB IIOJIOMOK
060PYAOBAHUSA NPOBOAATCA ITAaHOBbIE TO 1 3aMEHEI
Y3JI0B U IETAJIEN, B TOM YHUCJIE IEHTPOOEKHBIX
HACOCOB CMECUTEILHOMN YCTAHOBKU. Ha Kax b1
Y3€J1 yCTAHOBJIEHBI ONIPEEIEHHBIE TTOKA3ATEIN
HApaOOTKH, TAK IS LIEHTPOOEKHOTO HACOCA

JUISL 3MEHBI YCTAHOBJIEHA HApaboTKa 900 TOHH
npomnmnanTa. Ho yCI0BUs SKCITYyaTaAlluU ObIBAIOT
Pa3HBIE, M 339ACTYIO IPU IPOBEJIEHUU INTAHOBOTO
TO pecypc 060pyJOBAHUS ITO3BOJISIET EIIE
OPOJAOJIKUATB PA6OTY WX, HAI060POT, 060PYIOBAHUE
BBIXOJIUT U3 CTPOsI ITPEK/IEBPEMEHHO.

Tak Kak K€ HOHATbH, KOTJJd HEOOXOAUMO IIPOBOIUTh
3aMEHY LIEHTPOOEXKHOTO Koseca? C LIENIbI0
CHMIKEHM S PUCKOB U IPEAYIIPEKACHMS OTKA3a
060PYAOBAHUA HAMU ObLIA
pa3paborana nudposas
MOJIENb IPOTIHO34, KOI1A
HY>KHO OCYIIECTBIATD
3AMEHY LIEHTPOOEKHOI'O
Hacoca. [Iporpammuoe
0b6€eCTIe4eHNE PETUCTPUPYET
535 mapameTpoB. C [eIbIO
HCKITIOYCHU A HCHYKHbBIX
AJAHHBIX OHU OBIJT BHECEHBI
B ClickHouse — KOJIOHOYHYIO
aHanuTU4deCcKyio CYB]]

C OTKPBITBIM KOZIOM,
TIO3BOJIAIONIYIO BBITIOJITHATD
AHAJINTUYCCKUE 32IIPOCHI B
PEXMME PEATBHOI'O BDEMECHU
Ha CTPYKTYPHUPOBAHHBIX
OOJIBIIUX TAHHBIX. JlaHHAS
Ta6IM11A TIO3BOJINIA
HUCKJIIOYUTDH HCHYKHBIC
apaMETPHI 1 BbISIBUTH
MABJICHUC TN/IPABJIUKHA

U OOOPOTHI BPAIIECHUS /11 HEHTPOOEKHOI'O
HACOCA B 32BUCUMOCTH OT JJaBJICHUSI TIOATIOPA, 4
TAKXKE OIPEAEINUTD PaboTOCIOCOOHOCTH KIT]]
LEHTPOOEKHOI'O HACOCA.

TTocne uckaoyeHu s HCHYKHBIX JAHHbIX
CIIELIAJIMCTAMU OBLJIN OIIPOOOBAHBI BOCEMb
METOJIOB MAIIMHHOI'O OOYYEHUS 7151 CO3/IaHUS
UPPOBOK MOJE/IN LIEHTPOOEKHOI'O

HATHETATEJIbHOI'O HACOCA CMECUTEIBHOM YCTAaHOBKH.

Hawnydimmr pe3ynbpTaT oKasan MeToj Extreme
Gradient Boosting — TEXHHUKA MAIIMHHOI'O OOY4YEHU
JUIA 3371249 KIACCU(PHUKALIMU U PEIPECCUH, KOTOPASA
CTPOUT MOJIENDb IPENCKA3AHUA, CTPEMSACH K
MHHHUMU3ALNU CPESHEKBAPATHYHON ONTHOKL.
IIpu yBeTMYEHUN HAT'PY3KH T PABINYECKONA
CHCTEMBI HA TUIPOMOTOP X OOOPOTOB BPAIEHUA
JJIs1 PaOOTHI IEHTPOOEKHOI'O HACOCA TPOrpaMma
CUTHAIU3UPYET 00 OTKIOHEHUH, YTO SBJISCTCS
CHUTHAJIOM JIJI YIPEXK/ACHUS OTKA34, A UMEHHO
TpebyeTCs 3aMEHA pA6OYETO KOJIeCa WIIM KOPITyCca
LIEHTPOOEXKHOTO HACOCA. [To/TydyeHHbIE JAHHBIE
B OHJIAHH-PEXKUME OTCJICKHUBAET MEXAHUYECKAS
cnyx6a. ITposens OITP 1 OTYyYUB HOJTOKUTEIBHBIE
PE3YIBTATHL, 3aMEHA LIEHTPOOEKHOI'O KOJIEC
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Lmndpposusauua nossonsaet
peLaTb pag 3agay npu
npowussopactse [PI1:
CHWXaTb TPyAo3aTpaThl,
aBTOMaTU3MPOBATb
pabouure mecTa, ynpexaaTtb
OTKa3bl 00OpPYAOBaHMA U
CHWXXaTb 3aTpaThbl.

Digitalization allows solving
a number of tasks in the
production of hydraulic
fracturing, namely, to reduce
labor costs, automate jobs,
prevent equipment failures
and reduce costs.

Pucynoxk 2 - I'pagpux conocmaenenusn
OaHHBILX PAOOMBL UEHMPOOEIHCHOZ0 HACOCA
Figure 2 — Data comparison grapb for
centrifugal pump operation

recorded by a large number of sensors
and transferred to data acquisition
systems. In order to minimize the

risk of equipment failures companies
carry out scheduled maintenance and
replacement of assemblies and parts,
including centrifugal pumps of the
mixing unit. Specific run life indicators
are set for each component. For
example, the centrifugal pump should
be replaced after 900 tons of proppant.
However, there are different operating
conditions, and often a routine
maintenance can identify premature
failure or show that equipment can be
operated further.

So how do you know when to
replace the centrifugal wheel? To
reduce risks and prevent equipment
failure we developed a numerical
model to predict when a centrifugal pump needs to
be replaced. The software records 535 parameters. In
order to exclude unnecessary data have been entered
into ClickHouse — an open-source columnar analytics
DBMS that allows you to run real-time analytics
queries on structured big data. This table allowed to
exclude unnecessary parameters and identify the
pump efficiency, the hydraulic pressure and RPM
values based on back pressure as well as to identify
the performance efficiency of the centrifugal pump.

After eliminating unnecessary data, experts tested
eight machine learning methods to create a digital
model of a centrifugal pressure pump of a mixing
unit. The best result was shown by the “Extreme
Gradient Boosting” method, a machine learning
technique for classification and regression problems
that builds a prediction model, striving to minimize
the root-mean square error.

When the hydraulic system load on the motor and
the rotation speed increase, the program signals a
deviation providing the ability to prevent failure
and replace the impeller or the pump housing. The
data received is monitored online by the mechanical
service department. After the test run with a positive



OCYHIECTBJISIETCS HE IO HAPAOOTKE, 4
o KITJ rugpocucTeMbl. AHAJIOTUYHASA
CHUCTEMA MOXET IPUMEHATBCS U 115
HACOCOB MOJIa4Y U KUJJKOH XUMUHU.
Ce1yIOnUM 3TAOM U(PPOBLIX
pElIeHU ObLJIa ABTOMATHU3ALUSI
pabouero mecta Mmactepa I'PIT
U BCIIOMOT'aTEIBHBIX CITYXO.
B 6usHec-niporeccax I'PI1
OTCYTCTBYET IIPOTrPaMMa
ABTOMATH34a1IMH, BCE IPOBOIUMBIE
Oonepay OCYIECTBIAIOTCA BO
MHOKECTBEHHBIX IIPOTPAMMHBIX
KOMIIJIEKCAX U COXPAHAIOTCS B
(annbl Ha cTanMoOHApHBIX [TK, K
KOTOPBIM HET JOCTYNA /I CIIYKO,
3aMHTEPECOBAHHBIX B TH(POPMAIITUU
JaHHBIX (PAIIOB, TUOO (PaTiIbI
HE ObLIN BbJIOKEHBI B OO
JOCTYIL 3a4aCTYIO YYET BEJICS JTaXKeE
B PA3HBIX IIPOTPAMMAX, I7I€ HET
UHTErpallMM MEXAy HUMU. Bce 310
OTPAHUYUBAJIO PAOOTY IO BBIABICHUIO
MOTEPD, YCKOPEHHUIO IIPOLIECCOB
I'PIT 1 nprMEHEHU ONIEPATUBHBIX
YIPABJIEHYECKUX JeHUCTBUN. C LIEJIBIO
ABTOMATH3A1IMH yUYETA 32TPAT MBI

pa3paboTanu IporpaMMHBIN KOMILIEKC 1C-T'PTI,

B KOTOPOM IIPESYCMATPUBAETCA PA6OTA KAKAOM
CITy>KOBI M XPAaHEHUE BCEN MH(POPMALTH O 3aTPATAX
U IPOBEJACHHBIX OIlePALUAX. AHAJIOTY JaHHOU

MIPOIPAMMBI OTCYTCTBYIOT.

IlepBBIM PEMIEHNEM JJI ABTOMATHU3A1IUU PAOOTHI
macTepa I'PIT ABIAIOCH 3aIIOJTHEHUE TAOEIIA yUeTa
paboTel. PaHee CyTOYHBIN AKT BEJIU UHAUBUYAJIBHO

JULs Kaxkaou opuraael I'PIT gyto

HE J1aBAJIO UCTUHOU KaPTHUHBI

O nnepepaboTKe OTAEIBHOIO
akunaa I'PI1, To ecTh He OBLIO
MNOHATHO, KAKOY UMEHHO (PI0T
UMeEET NEPEePabOTKY IO YacaMm,

4 KaKOU (PJI0T HE BBIPAOATHIBACT
HOPMY. TAK)KE CYTOYHBII aKT BEJICS
MacTepOM Ha 6yMasKHOM HOCUTEIIE

U OTIIPABJIAJICSA IO AJIEKTPOHHON
o4YTe HOPpMUPOBIUKAM. B 1C MBI
pa3paboTany CyTOYHBIH aKT IO
sxunaxam I'PIT. Macrep Ha CKBaXKUHE
BHOCHUT JAHHBIE IO OTPAOOTAHHBIM
4acam 3a npoumeamue CyTku B 1C, u
MBI BUJJUM OIIEPATHUBHO IIEPEPAOOTKY
WJIN HEJOPAOOTKY, YTO MO3BOJISAET
JI€JIATh POTAIMIO SKUIIAXKEH,
TMOHHUMATh, KOT/Id HY’KHO 3KMIIAXK
OTHPABUTH HA OT/BIX, 4 KAKOM
3KUNAXK JOTPY3UTh PA60OTOI. Takoi
MO/IXO/T TTIO3BOJISIET CHU3UTD MIPOIEHT
nepepaboTKu nepcoHana. Ha fanHbIi
MOMEHT IIPOrpaMMa I0Pa6aATHIBAETCS
U OyJIeT CUHXPOHU3HUPOBAHA C
«CyOKOP» C 11EJIbIO (DOPMUPOBAHU S }

Tabnuua nossonuna
NCKIIOYNTb HEHYXKHbIE
NnapameTpbl 1 BbISBUTb
AaBneHe rmapaBInkKm
1N 060pPOThI BpaLLEHUS
ANsi LEHTPOOEXHOoro
Hacoca B 3aBUCMMOCTU

OT AaBNieHUsi NoAnopa,
a TakXXe onpeaennTb
paboTtocrnocobHocTb KM,
LLEHTPOOEXHOro Hacoca.

This table allowed to
exclude unnecessary
parameters and identify
the pump efficiency, the
hydraulic pressure and
RPM values based on

back pressure as well as to
identify the performance
efficiency of the centrifugal

pump.

result, the centrifugal wheel

is replaced according to the
efficiency of the hydraulic
system rather than the
operating time. A similar system
can be used for liquid chemical
feed pumps.

The next stage of digital
solutions was the automation of
fracturing supervisor workplace
and auxiliary services. There is
no automation program in the
business processes of hydraulic
fracturing, all operations are
carried out in multiple software
systems and are stored in
files on stationary PCs, which
are not accessible to services
interested in the information
of these files, or the files have
not been made available to the
public. Often, records were
kept even in different programs
where there is no integration
between them. All this limited
the work on identifying losses,
accelerating the hydraulic

TECHNOLOGIES

fracturing processes and applying operational
management actions. In order to automate cost
accounting, we have developed the 1C-GRP software
package, which provides for the operation of each

service and the storage of all information about costs

this program.

Mbl pa3paboTanu
NPOrpPaMMHbI KOMIMEKC
1C-TPIN, B kOTOPOM
npegycMaTpuBaeTcs
paboTa Kaxxaom cnyxobl

N XpaHeHne Bceun
MHPOpMaLMM O 3aTpaTax U
NPOBEAEHHbIX OnepaLusXx.
AHanoruv paHHom
NpPOrpaMmbl OTCYTCTBYIOT.

We have developed the
1C-GRP software package,
which provides for the
operation of each service
and the storage of all
information about costs
and operations performed.
There are no analogues of
this program.

and operations performed. There are no analogues of

The first solution to automate the work of the

hydraulic fracturing wizard

was to fill out a worksheet.
Previously, the daily act was
carried out individually for each
hydraulic fracturing team, which
did not give a true picture of

the processing of an individual
hydraulic fracturing crew, that

is, it was not clear which fleet

had processing by the hour,

and which fleet did not work

out the norm. Also, the daily act
was carried out by the wizard

on paper and sent by e-mail

to the rationing staff. In 1C,

we developed a daily act for
hydraulic fracturing crews. The
operator at the well enters the
data on the hours worked for the
past dayin 1C, and we see prompt
processing or shortcomings,
which allows us to rotate the
crews, understand when the crew
needs to be sent on vacation, and
which crew should be loaded

with work. This approach allows }
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Taonuya 1 — AHAAU3 CHUICEHUA MPYOa 3amPam Ha HeCeHUe OaHHbLX noce uedpenun 1C-I'PIT
Table 1 — Analysis of the reduction in labor costs for data entry after the introduction of 1C-GRP

DyHKLMS
Function

DyHKUMM B13HEeC-NpoLiecca
Business Process Functions

ABTOMaTU3aLMSA DYHKLNN
Function Automation

Kak ectb
As it is now

Kak byner
How will it be

Kak ectb

As it is now

Kak Oynet
How will it be

YactnyHas
Partial

MonHas
Complete

YactnyHas MonHas
Partial Complete

[naHvpoBaHWe NPoOn3BOLCTBA
Production planning

lpacbmk BbinonHeHws PI1

1.1. Hydraulic fracturing + +
schedule

CeteBow rpacuk [Pr1

1.2. | Hydraulic fracturing network + 4
diagram

CoCTOAAHWE BbINOIHEHUSA
1.3. 3a5BOK + +

Order fulfillment status

®DopMupoBaHHue MnaHa pabdot
Formation of a work plan

OnepatvBHasa csoaka PI1

Operational summary + +
of hydraulic fracturing

OTYETHOCTb MPOU3BOACTBA
Production reporting

Peectpbl 3aTpat Ha PI1

Hydraulic fracturing cost + +
registers

[leTanbHbIV OTHET MO 3aTpatamM
Detailed cost report

AHanNM3 TPaHCNOPTHbIX
pacxonoB + +
Analysis of transport costs

Yyet obopyaoBaHus LINMO

2.1. | Accounting for central software - +
equipment

29 YyeT nabopatopHoro 4
0bopynoBaHMs

KOHTpOﬂb ncnonHeHna
NpOon3BOACTBEHHbIX M/1aHOB

Monitoring the execution of
production plans

AHanu3 cocrosiHua PT1

Analysis of the state of the - +
hydraulic fracturing

BbanaHc paboyero BpemeHu

31 Working time balance

CBofika MacTepa
Wizard summary

MnaH-dakt Pr1

4.1 Fracturing plan

NTOTO
TOTAL

33pabOTHOM IJIATHL, YTO IO3BOJINUT CHU3UTD UJIN
BOOOIIIE UCKIIOYUTb PA60TY HOPMUPOBIITUKA.
Ciienyiomas rpyIma — 3TO y4eT MaTEPUAJIOB.
Panee MmacTep Ha 3JIEKTPOHHYIO I[IOYTY I1OIYYaJl
JU3AHH paboT, HA OCHOBAHUU KOTOPOT'O
3aKa3bIBAJI XMMUYECKHE PEATCHTDI CO CKIA/a.
Ha ganHbil MOMEHT gu3arit I'PIT 3arpyxaercs
B 1C aHAIUTUYECKOU CTyKOOM. B AU3akiHE yKe
YKa3aHbl HEOOXOJUMBIE TNIAHOBLIE JAHHBIE IO

22 Nel (079) Mapr/March 2022

you to reduce the percentage of staff overwork. At the
moment, the program is being finalized and will be
synchronized with Subcore in order to form wages,
which will reduce or even eliminate the work of a rate
adjuster.

Another area for automation is materials
accounting. Previously, the wizard received a design
of work by e-mail, on the basis of which he ordered
chemicals from the warehouse. At the moment



FRamsce

pacxoy XUMHHU C YUETOM
3araca. Macrepy HET
HEOOXOJUMOCTH BECTH
pacyeT HEOOXOITUMOTO
KOJIMYECTBA TOBAPHO-
MaTEPHUAIbHBIX LIEHHOCTEHN
(TMLI) a1 IPOBEACHUSA
IIPOLIECCA, OH IIOJIYYa€T 9TU
JIaHHBIE TTOCJIE HAXKATHUSA
KHOIIKHU «3aII0JIHUTD>.
[Tocne nposenenus I'PIT
JAaHHBIE II0 PACXOAY
TMII aBTOMAaTHYECKU
3aTPYKAIOTCA B JOKYMEHT
«pacxo]l XUMUU», TJI€ TIPH
HEOOXOIMMOCTH MACTEP
MOXKET UX CKOPPEKTHUPOBATD.
ABTOMATHYECKU
dopmupyercs
BEIOMOCTD HA CIIUCAHUE.
OTBETCTBEHHBIE JIMLA MOI'YT
B OHJIAH-PEXKUME OTCIEKNUBATD OTKJIOHEHHUS 110
MATEPHUATBHOMY OAJIAHCY, YTO NOBBIIIAET YPOBEHD
KOHTPOJIA IO HEAOCTAYE MATEPUAJIOB. Taxkxe
NPOrpaMMa MO3BOJIAET BUAETH OTKJIIOHEHUS IO
IPOAAXKAM: BCE JIM 3aTPATHI MBI IIPEbABIISAEM.

B mporpamMMe UMEETCA AITOPUTM IJIAHUPOBAHUA
paboT, a UMEHHO MECAYHAA 3arpy3Ka (PJIIOTOB
I'PI1, 9TO IO3BOIAET YKE HA TAIIE IINIAHUPOBAHUA
BU/IETh IOTPEOHOCTD B XUMHUH, B OOOPYJOBAHUU
U KaKas 6yieT BbIpabOTKA IIEPCOHAJIA 10 YacaM. B
MIPOTrPaMMY HNOATPYKAIOTCA TECTBI HA XKUJKOCTD, AKT
TOTOBHOCTHU CKBAKUHBI, TAKEPHBIN JIUCT. MacTep
YoKE HE 3aTPAYUBAET BPEMA HA COOP MATEPUAJIOB /1A
TOAIOTOBKH K BbIIOJIHEHMIO ['PIT.

B pesybraTe UCIIOIb30BAHUA IPOTIPAMMBI ObLIA
MOBBIIIEHA CKOPOCTH OOPabOTKH MH(POPMALIHUH TTO
3aTPATaM U BBIIIOJIHEHHBIM ONEPALAAM, CHUKEHEI
TPYAO3aTPATHI HA BBOJ HH(pOpManu. bonee
ONIEPATUBHO IIPUMEHAIOTCA YIIPABIEHUYECKHE
pELIEHNUA IIPH OTKJIOHEHUAX, COKPATUJIOCh BDEM Ha
MIPOBEJEHUE AHATTUTUKU.

ITocne NpOMBIIIEHHOT'O BHEAPEHHUA IPOTPAMMBI
1C-T'PI1 MbI HE 6yAEM OCTAHABINBATHCS HA
JOCTUTHYTOM. B HacToOdAImEE BpeMA IPOrpamMma
COBEPUIECHCTBYETCS B HAIIPABJICHUY PACIIUPEHU S
PYHKLUII. YKE ceiuac pa3padbarelBA€TCI MOAY/Ib
VAAJIEHHOH pa0OThI HA CKBAKHUHE B YCIIOBUAX
OTCYTCTBHSI MHTEPHETA, 3AIVIAHUPOBAHO
aBTOMaTudeckoe curucanue 'CM OoT JaTYHNKOB
pacxo/a TOIINBA, IIOCKOIbKY 060pyzaoBanue I'PI1
SIBJISIETCSI BBICOKOTEXHOJIOTMYHBIM U UMECT OOBSI3KY
OOJIBIINM KOJIMYECTBOM JATUUKOB, KOTOPBIE
CHHUMAIOT ITIOKA3aHUS IPU pab0Te TEXHUKH, TTOjaUe
XHUMUHU U T. 1. DTU JAHHBIE MOXXHO OATPYKATh
ABTOMATHYECKHU B Iporpammy 1C-T'PIL

MBI BUUM PEATTBHOCTD JJOCTHUXKCHU S
IIOCTABJICHHBIX LICJICH 1 32/1a4 34 CYET BHEAPCHUSA
MIPOTPAMMHOI'O KOMIIJIEKCA U PACHINPEHUH
GYHKIUIA IIPOTrPAMMBL.
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Figure 3 — Working panel of the bydraulic
Jracturing wizard

i S fran

the fracturing design is
uploaded to 1C by the
analytical service. The
design already includes

the data on the planned
chemical volume, taking
into account the volume

in stock. The wizard does
not need to calculate

the required amount of
inventory items (inventory
and materials) for the
process, he receives this
data after pressing the "Fill"
button. After the hydraulic
fracturing, the data on the
consumption of goods and
materials are automatically
loaded into the “chemical
consumption” document,
where, if necessary, the
foreman can correct them. A write-off statement is
also automatically generated. Responsible persons
can track material balance deviations online

thus increasing the level of control over the lack

of materials. The program also allows you to see
deviations in sales: whether we present all the costs.

The program includes an operation planning
algorithm which allows to estimate the monthly
workload for the fracturing fleet and evaluate the
personnel operating hours and the need for chemicals
and equipment.

The program allowed to increase the speed of
processing information on costs and performed
operations and reduce the workload in entering
data. Fluid tests, well readiness report, packer sheet
are loaded into the program. The operator no longer
spends time collecting materials to prepare for the
hydraulic fracturing,.

As a result of using the program, the speed of
processing information on costs and performed
operations was increased, labor costs for entering
information were reduced. Management decisions in
cases of deviations are applied more quickly, time for
analytics is reduced.

After the industrial implementation of the 1C HF
program, we will not stop there. In the meantime,
work has been underway to expand the program
functions: the module for remote operation in
locations with no Internet access, automatic write-
off of fuel and lubricants according to the fuel gages.
Since the hydraulic fracturing equipment is high-tech
and has a piping with a large number of sensors that
take readings during the operation of the equipment,
the supply of chemicals, etc. These data can be loaded
automatically into the 1C Hydraulic Fracturing
program.

We see the reality of achieving the set goals and
objectives through the introduction of a software
package and extensions of the program's functions.
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OnbIT 3KCcILTYyaTaituua CHb54

SNB54 - Operating Experience

H.®. AXMET3APOB, Ha4aIbBHHK T€XHOJOTHYE€CKOI'O OTAE/IA IPESIIPUATHA
AxTIo6HHCKPeMCepBuc OO0 TarpaC-PemCepBHC>

I.F. AKHMETZYAROY, head of technology department
at AktubinskRemServis, TagraS-RemServis LLC

B nocnenHue roasl o6 BeKTOp pa3paboTkm Ha In recent years, the general vector of field development in
MEeCTOPOXAeHNAX TaTapCTaHa CMeLLaeTCs B CTOPOHY Tatarstan is shifting towards carbonate fields considered as
MeCTOPOXAEHUI, CIOXEHHbIX KapOoHATHBIMW MOpoAaMN, hard-to-recover reserves with a total share of unrecoverable
OTHOCALMMUCS K KaTeropum TpyAHOM3BNeKaeMblix C 00LLEN reserves of 57%.

[0nen HeBOBMeYEeHHbIX 3anacoB 57%.

Tarrac TarpaC-PemCepBuc

HedTecepBHCHBIA
XOMLMHT

bypeHune bokoBbix oTBeTBNEHUN Ha THKT

AoKnag4uk
AxmeT3apos nbgap doaroeuy
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Onbrt 3xkciuryarannuu CHB54/SNB54 — Operating Experience

TECHNOLOGIES

Mpouecc pa3paboTKm faHHbIX NNACTOB OCNOXHSAETCS
HanM4MeM ecTeCTBEHHbIX TPELLMH, NPOCTUPAIOLLMXCA
B BEPTMKAIbHOM HanpaBfieHNW, OTCYyTCTBMEM
achdekTMBHOM cucTemsbl MM 1 BAN3KUM pacnonoXeHnem
BOA,OHACHILLEHHbIX M1AaCTOB, YTO B COBOKYMHOCTM
YBENNYMBAET PUCKW MPOPbIBA NIACTOBOM BOLbI, OCOOEHHO
NPV MHOFOYUCIEHHOM MPUMEHEHN METOA0B CTUMYNALMM
nnacra.

CnefyeT OTMETUTb, 4TO AN BALLKMPCKOro U TYPHENCKOro
APYCOB XapakTepHO HU3KOe MNacToBOe AaBleHne
(B cpeaHem 50—-30% oT HadanbHoro). MepedncneHHole
(haKTOpPbl OKa3bIBaOT HEraTUBHOE BVAHME Ha
KO3(PPULIMEHT M3BNEYEHNA YrIEBOLOPOAOB M Ha
NPOAYKTUBHOCTb CKBAXKMH.

Development of these reservoirs is complicated by the
presence of natural fractures that extend vertically, the lack
of effective pressure maintenance system and the close
proximity of water-saturated reservoirs. All of this increases
the risk of reservoir water breakthrough especially with
multiple applications of stimulation technologies.

It should be noted that the Bashkirian and Tournaisian
stages are characterized by low reservoir pressure (on
average 50-30% of the initial pressure). These factors have
a negative impact on the hydrocarbon recovery factor and
well productivity.

NHTEHCUNDUKALNA MPUTOKA N YBENTMYEHWUE HEDTEOTAAYN 3A OHY OMEPALINIO

BEypeHwe OTBETENEHWA NPOBOMMTCA M3
FOPW3IOHTANEHLIX CTEONOE CO CeayowMMm
napaMeTpamm:

*  KONWMECTEO DOKOBLIX OTBETBNEHWA — 1—4;

*  [AWAMETD OTBETENEHHA — 68 MM

*  MPOTAMEHHOCTE OTRETENEHWA — 20 100 m;

*  MaKCHMANLHAA MHTEHCHMBHOCTE Hatopa KPMBUIHL! —
0o 1882° Ha 10 m;

*  panuycBXofa . ropu3oHT—3045m.

Mocne Gypesna B CDOPMUPOBAHHOM OTEETBNEHWH

NPOROAWTCA AMHAMWYECKAA MAPOMOHUTODHAR

KMCNOTOCTPYIHAA Nepdopayma
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OnsbrT 3kcIiuryaranuu CHB54/SNB54 — Operating Experience

MocnenoBaTenbHOCTb PaboT BhIFMAAUT CliedyoWwmnm The sequence of work is as follows:
obpazom: « the whipstock is run in hole on the tubing and oriented,;
* Ha TexHonorudeckmx HKT cnyckaeTcs 1 opueHTUpyeTcs « the CTis run in hole with the assembly consisting of a
KJIMH-OTKJIOHUTENb; downhole drilling motor and a bit. A lateral channel is
* Ha MHKT cnyckaeTtca koMnoHoBKa, cocTosLan 13 B3 n drilled;
nornota, byputcsa 6okoBoe OTBETBIEHME,; « thejet nozzle is run in hole to perform acid-jet perforation
* CNYCKOM MAPOMOHNTOHOM HacaaKW NPOU3BOANTCS in dynamic mode.
KncnoTocTpymHas nepdopaumsi B AMHaAMUYECKOM Since the drilling was not oriented, the whipstock
pexmme. was directed in the opposite direction of the main
Tak kak BypeHue Oblno He OPUEHTUPOBAHHbBIM, KIMH- borehole.

OTKNNIOHNTENb HanpaBiAnca B NPOTUBOTMOIOXKHYIO CTOPOHY
HanpaBieHA OCHOBHOIO CTBOJ1a.

TEXHOJIOTMNSA CO34AHMA BEOKOBBIX OTBETBJIEHWN

VY T p—
S

*  CNYCH W OPMEHTHPOBaHWE
HAWHI-OTKAOHWTENA;

= BBIXOA, C KAMHA-
OTHNOHWMTENA W 3ape3ua
BOHOBOTO OTBETBAEHWA;

= =
s (o (i T,

=  @GypeHwe BoKoBOTD
OTBETB/NEHWA;

*  [MOPOMOHWMTOPHAA pe3Ka
HaHamna conAHOM HUCAOTOM.

e
et e o (osmore aneTR I

26 Ne1 (079) Mapr/March 2022



Tarrpac

HedTecepBUCHBINA
XONAWUHT

000 «TarpaC-PemCepBuc»

TECHNOLOGIES

OnbrT 3kcIiuryaranuv CHB54/SNB54 — Operating Experience

Hannydwme pesynbtaThl NoKasan MeTof co3faHuns bonee The method of creating longer channels of 100 m (328 ft)
NPOTSAXEHHbIX KaHanoB AnvHon 100 M — npupocT oebuta in length showed the best results — the flow rate increase
cocTasmn + 195%. was + 195%.

BaxxHoe 3HauyeHme C TOYKM 3peHus pe3ynbTaTMBHOCTA The important thing in terms of performance is to fully
MMeeT MNONHOLEHHas O4MCTKa KaHanoB OT HacTuL, clean the channels from the drill cuttings. Simple pumping
BbIOypeHHoM nopoapl. MpocTas 3akadka KMCIoTbl B of acid into the channel yielded less results compared to
KaHan nprHOCKNa MeHbLLNN Pe3ynbTaT No CPaBHEHMIO C water jet cutting at high pressure in the drilled channel. At
MOMHOLEHHOW M’MAPOMOHUTOPHOM Pe3KOV NMPM BbICOKOM the same time, with an increase in the specific volume of acid
LLaBNeHMN B NpoOypeHHOM OTBeTBREeHNM. [pur 3TOM C from 0,04 m3/m (0.43 ft3/ft) to 0,2 m3/m (2.15 ft3/ft) and
yBenu4eHueM yaenbHbIX 00beMOB KMCNOTbI the depth of "cutting” the rock, a significant increase in oil
€ 0,04 M*/M 0 0,2 M*/M 1 TNYOUHBI BO3LENCTBUS flow was observed.

«pe3aHnem» Nopobl HAbMOAANCS 3HAYUTENBHbIN MPUPOCT
nputoka HedTn.

BNVAHWE ANIMHbI NPOBYPEHHbLIX OTBETBNEHWNI HA EBUT

MpwpocT AefiTe KE4TH OT CyMMBPHON LNsHb! : MpvpocT gefnTa Heda OT LiHN
PpoBypeHHsn: kananos [2-x 1 Bonee) E KaHana
z s
<! =
2 g
E = 1958
3 |
L} a
a =
i e
40 70 70-120 w Banee 120 fa 50w -0 1 70-100 m
V Nprpoct gebuta HedTh YBENHUHBALTCA NPONCPUHOHANBHO ANHHE KIHANA — HE KONMYECTRY.,
3N CIARAOCTE P POCTA ARGNTA HEdTH OF it FACHMOCTh NPHPOCTa AelnTa nodTr 0T yaeasHaro
" TAPOMOHMTORHGR PR3N, el KEna T,
£ = Gea rim
2 ®
o £
g L +180%
T w
5 £
@ g
= 2
& 4
cC#® c 0,04 ¥ 0,07-0,08 s 0,1-0,17 mam
Corlkniopenme p A Yaeaprw@ PICKOS HHCAOTH Ha 1 M KIHANA
PesHE

v HaGnogaetca TeHaeHUMA YEENMYeHHA GefuTa HedTH NP YESAWYSHKK YOeNbHbIX 06 beMOB KMCADTEI M
coBMOOEHHN PEMHMA THOPOMOHHTORHON pE3kM,
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OnsbrT 3kcIiuryaranuu CHB54/SNB54 — Operating Experience

BaxkHbIM (hakTOpOM SBNSETCS OTKIIOHEHWE KaHana oT An important factor is the deviation of the channel
OCHOBHOTO CTBOMa. Hebonbluon cymMMapHbI oTxop 3a6os from the main borehole. Small total deviation of the
HOBOro KaHana ([0 5 M) AaeT He3HaYUTENbHbIV pe3ynbTaT channel bottom (up to 16.4 ft) gives insignificant result
MO CPaBHEHWMIO C KaHaNaMu, MMEIOLLIMMW OTX04, 5 M 1 in comparison with channels with deviation of 16.4 ft
Donee. Pa3HuLa B yBENIMYEHUM NMPUPOCTa AebuTa Hed T and more. The difference in increase of oil flow rate is
COCTaBNSAET COOTBETCTBEHHO + 95% 1 + 180%. respectively + 95% and + 180%.

BINAHWE YOANEHWNA OTBETBJIEHNA OT OCHOBHOIO CTBOJIA

— HabniogaeTeA xapaKTepHan TEHOEHLUMA
yEENMUSHKA OebKTa HedTH C oThaneHHeM
OTBETEBN2HWA OT OCHOBHOID CTBONS,

— NpeanaraeTca NpogonseHue GypeHma
OTBETENEHMA C MAKCHMMaNbHBIM OTAGO0M
OT OCHOBHOMD CTROAA.

+180%

+85%
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BbinonHeHo HeHanpasneHHoe OypeHne BOKOBbIX Non-directional drilling of lateral channels on 22 wells was
OTBETBIEHMM Ha 22 ckBaXMHax. MpobypeHo oT 1 o performed. From 1 to 4 channels was drilled in 1 well, the
4 oTBeTBMEHMA Ha 1 cKBaXXUHe, obLLee KoM4ecTBo total number of channels is 45. The length of one channel
orBeTBfeHnn — 45. OnunHa 1 otBeTBneHmns — ot 12 go 100 m. ranged from 40 to 330 ft.

IMpu BbINONHEHWUM PAabOT BO3HWKIIM ONACeHUs!, 4TO Npu During the operations, there were concerns that drilling
OypeHun HeynpasnsemMon KOMNOHOBKOW Npon3onaeT with non-directional assembly would cause an angle drop
nafeHue yrna v puck yxoaa B BOAOHOCHbIV FOPU3OHT, Ha and the risk of getting into the water-bearing reservoir.
2-X CKBaXKMHax 3TO NOATBEPAMNOCh, M MO pe3yfbTataM This was confirmed in 2 wells and based on the results
NPOMEXYTOYHOM MHKIMHOMETPUI CBOEBPEMEHHO PELLEHO of intermediate well survey it was decided in time to stop
npekpaTnTh OypeHne. drilling.

PelleHreM NpobreMbl ABASETCH OPUEHTMPOBAHHOE The solution to the problem is steerable drilling.
OypeHue.

PE3Y/IbTATbI BYPEHWSA BOKOBbIX OTBETBJIEHUA MAJIOTO ANAMETPA

ﬁmuuemo CHBaM¥MWH — 22 \

KonwyecTeo OOKOBBIX OTEETENEHWIA Ha 1 CKBaXMHE— OT1 00 4
Obuee KONWMYECTEO OTBETEBNEHIMIA - 45

OwameTp GOKOBLIX OTEBETBNEHWIA - 68 MM

[nvHa oTBETBNEHMI - oT12 00 100 M
O6Wwan gnWHa OTEETEBNEHWA — 2047 5m

)

BoinonHeHo BypeHue BOKOBLIX OTBETENSHME HA 22 CHBaMMHAX Ha mecTopoxaeHuax MAD «TatHedTb».

Mo pezyneTaty NpoeegeHHbIX paboT NPUHATO pelweHKe o HeoBX0AUMOCTH HanpaeneHHoro BypeHus.

Nel (079) Mapr/March 2022 29



Tarrpac

HedTecepBUCHBIN
XONAWHI

000 «TarpaC-PemCepBuc»

S
s
=
S
3
A,
%
83|
I

OnsbrT 3kcIiuryaranuu CHB54/SNB54 — Operating Experience

To improve the technology a series of meetings were held
with the specialists of NOVINKA Company, and in January
2019, a contract was signed to implement pilot operations
on the development of the assembly for steerable drilling on
coiled tubing — SNB 54.

So, a directional drilling assembly consists of:

A PDM with a bit, knuckle joint, check valve, swivel, MWD
module, emergency disconnect unit and connector. Surface
equipment: receiving-transmitting unit, power supply unit
and PC.

B npoLecce coBepLIEHCTBOBaHMS TEXHOMNOM W NPOBEAEH
psg coBellaHnn co cneumanuctamm C3A0 «<HOBUHKA»,

1 B AaHBape 2019 rofa 3akJilo4eH LOroBop peannsaumm
OMbITHBIX PabOT MO CO3AaHNI0 KOMMOHOBKM YNPaBiseMoro
OypeHus Ha THKT — CHB 54.

NTak, 4To cobom npeacTaBnseT KOMNOHOBKA AN
HanpaBneHHoro dypeHus.

3710 [3[] C 1ONOTOM, LapHKMP, 0BpaTHbIN KNanaH,
YCTPOMCTBO NOBOPOTHOE, MOAYIb TefleMeTpuni,
aBaPUHbBIVI pa3beanHUTENb U COenHUTENb. HazeMHoe
obopynoBaHue: Onok npremMa — nepefadn MHbopMaLn,
onok nutaxua u MNK.

YeTpoRcTea Knanan Lonoto

KomMNOHGEHS Mogyas i LUsnpraieg B3 54 man

COERHHHTENbHAEA TEAEMETER N

Odopyaoeasse

J[AnameTp KOMROHOBKN 54 tam
Tunopazsep npumeraenson I, MM 4445 x34
Cocras: Tun sanacosanmoro 8 [T kaGenn HOMIANE HE
HKomnoHoBKa AAA HanpasaeHMoro Gypenna CHE:
¢ HOMNOHOEHE CORAMHMTENSHAR — 1 W, JHCEPETHOCTE YCTPORCTEA NOBOPOTHOM, ° 30
MOKYAL TEARMETDHA — 1 W, Anvna Ges B3[ »n ponoTa 2800

YCTPOACTED NOBOPOTHOE = 1 WT.
Knanas ofipatHod — 1 wr.

wapHMp = 1 wr.

oﬁ-omrmlanne HAdEMHOE — 1 Kowna,
*  3MN-1 womnn.

Pacxog *MaKocTH HEpes KoMNOHOBKY, N/MuH

Tunopasmep venonssyemses HKT no MOCT 833-80
JIHameTp KNvH3-0TKNOHNTENA, MM 1207

& & o @ oW

CORANHWTEAD AYHOUHBIH =1 WwT.

MHCTpYMEHT AnA npoBeaeHMA TO CHE - 1 kowsana,
MHCTPYMEHT MOHTARHSIR CNEUMBNEHEIA = 1 HOMNA.
Havm-oTHnoOHMTE N — 1 WT.
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OnbrT 3kcIiuryaranuv CHB54/SNB54 — Operating Experience

ObecneyeHre NUTaHMEM U Nepefada AaHHbIX Power and data transfer from downhole sensors to the
OT A,aTYUKOB BHYTPUCKBAXKMHHOM KOMMOHOBKM Ha surface is provided by a cable inside the CT. The directional
MOBEPXHOCTb MPOM3BOAMNTCS MO Kabento, HaxoaaLeMycs drilling system is monitored and controlled by the surface
BHYTpW MHKT. KoHTponb hopmrpoBaHns 1 ynpasneHve equipment located in the control cabin.

CUCTEMOW HamnpaBneHHOro DypeHUs OCYLLECTBASETCSA C
MOMOLLbI0 Ha3eMHOIo 06OPYAOBAHMSA, PACMONOXEHHOTO B
KabuWHe bypunbLLMKa.

HA3EMHOE OBOPYAOBAHWE C KOMIMJIEKTOM NMPOrPAMMHOIO OBECIMEYEHNA

e ’ DyHHUMMN:

o5 @ * cGop AAHHBIX, XPRHEHHE W BUSYRNHEILMA;
* NOCTPORHHE NPOEKTHOR W darTHYeCHOH
TRBERTORMM;

* YIpaBAEHME TPAEHTOPHER BypeHMA;

* kaNHBPOBKE AATUMKOBR CHCTEMBI.

Cocran:
*  Grox npuema-nepedouu;
*  BAOK AUMOHLR;

' HOMILOMED,

OfecneyeHHe NHTAHMEM ¥ NEPEAAYE AAHHEX OT A8TUHNKOE BHYTPHCHEEMMHHON KOMNOHOBHM HE NOBEPXHOCTS
NPOMIBOAMTCA NO recduarueckomy kabeno sanacosaHHoro BHYTPE NTHKT koamoBuHrosod ycTaHoBKK,
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Omnbrr 3kciuryaranuv CHB54/SNB54 - Operating Experience

B 2021 rogy 66111 NpoBefeHb! OMbITHO-NMPOMbIC/IOBbLIE PaboThI: In 2021, pilot field operation was carried out: tests
NCMbITaHWS CUCTEMBI HarnpaBneHHoro bypeHns CHB-54 Ha AByx of the directional drilling system SNB-54 on two wells.
CKBaXkKMHax. HanpaBneHme KivHa-0TKIOHUTENS LieNeHanpaBneHHo The direction of the whipstock was purposefully chosen
BbIOMPAnoCk B MPOTUBOMOOXHYIO CTOPOHY HaMpaBieHNsi OCHOBHOIO in the opposite direction to the main borehole. This
CTBOMA. DTUM yAanocb obecnevmTb MakcMManbHbI 0TXoA B 54 M OT provided a maximum deviation of 54 m from the main
OCHOBHOrO CTBOSa. wellbore.

Jlyyqwiniz pesynbtat yBenvyeHns 0eduta CKBaxXmHbI: fO PEMOHTa The best result of increasing the flow rate: before the
coctaenan 1,1 7/cyT, nocne bypeHns GOKOBOro OTBETBEHWS workover the flow rate was 6.9 bbl/day, after drilling a
NpoTsixXeHHOCTbo 100 MeTpoB Ae0UT CKBaXMHbI COCTaBuUA 3,5 T/cyT lateral channel of 330 ft, the flow rate was 22 bbl/day
no cocTosHMio Ha 07.02.2022. InHaMM4ecknii ypoBeHb Npm as of 02/07/2022. The dynamic level of the submersible
paboTe NOrpy>KHOro Hacoca A0 BbINONHEHWs paboT — 1260 M, Ha pump before the operation was 4130 ft, to date — 2925
CerofHALHNA AeHb — 892 M. Pe3ynbtaTbl NpUpocTa Hed T Ha 218% ft. The results of 218% oil increment confirm that the oil
MOATBEPXKAAIOT XapaKTepHYIO TEHAEHLMIO YBENnYeHs AebuTta HedTn flow rate increases when the channel is as far away from
npu MakCcMarnbHOM OTLaneHN OTBETBIIEHNS OT OCHOBHOIO CTBOSA. the main wellbore as possible.

lNo pesynsTataM NpUMeHeHKs TexHonorum B 2022 rogy nnaHmpyeTcs Based on the results of application of the technology,
BbINonHeHMe paboT Ha 10 ckBaXMHax. 10 wells are to be completed in 2022.

Tak>Ke B MnaHax pa3BUTUA CUCTEMbI HanMpaBneHHoro bypeHms Also, in terms of development of the directional drilling
JanbHenLLIen TOHKOM pOCTa TEXHONOTMI HameTunm ans cebs byperne  system, a further growth point is identified — drilling
OOKOBbIX OTBETBIIEHN 13 0OCAXKEHHbIX FOPU3OHTANbHBIX CKBaXWH 1 of lateral channels in cased horizontal wells and the
BO3MOXHOCTb OypeHus 13 BePTUKaTbHbIX CKBAaXMH.  © possibility of drilling in vertical wells.  @®

PE3Y/IbTATbI BYPEHWSA BOKOBbIX OTBETBJIEHUA MAJIOTO ANAMETPA
CMPUMEHEHUWEM CUCTEMbI HATMPABJIEHHOIO BYPEHUA CHB-54

CpapHeHHe OCHOSHOTD B CHOPMMPOBIHHOND OTBETENEHHA
cuBammHa No 2*74
Wutepaan Gypenma 1391-1491 m

Nocne BHEAPEHMA W NPOBEAEHMA ONBITHO-NPOMBICN0BEY paboT Baroaoi cTaon 1 Dehonrmalt cTean
CcHCTEMBI HanpagnedHoro Bypexna CHE-54 Ha ckaanmHe Ttae . Rty e m::_m Dviwn, - on | Aimwr: s
Mg 2**4 pefuT CHBAMMHL A0 pEMOHTS cocTasann 1,1 Tioyr, B TPARIORA TRARTRLE = M PRATPAL MAS'TRRR  ormemna,
]
nocne Gypexua 1-ro Bonosoro CTEOAS NPOTAMENHOCTEIO 139041 79,11 142,06 -965.79 1390 79,11 140,56 -96543

135969 7883 15691 -967.5 1400 80,00 138,96 -967.28
1410,15 78,14 153,09 -9659.59 14100 8264 13796 -968,79
142005 78,69 156,04 -971.57 1420 2452 13575 -969.87

100 meTpos gebuT cHBaMMHE cocTagnn 3,5 7/cyT wa 03.08.2021.

Npumerenue TexHonorMi BypeHra BoHoenX CTEGN0E HMeeT 143046 79,79 161,06 -973.51 1430 B456 13383 -970.83
i G S S N YRR S G e DTSR GRS 1440 8414 13147 -97L80

1450,17 81,53 170,44 -9T76,72 1430 3489 12843 97284
€ MBHCHMANEHHM OTXOO0M OT OCHOBHOTO CTBONA. 1460,22 g2.84 176,31 -978,08 1460 8687 12738 -973.56

1469,89  B3.63 180,75 -979.21 1470 87,97 12653 -374.01
1420,13 84,84 18542 -580,23 1480 8868 12652 -974.31
149111 8591 191,65 -981,13 1330 90,00 127,21 -974.42
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Te3zucbl KondrepeHuMM NO KONTIOOMHIoBbLIM
TEXHOJIOrMSAAIM M BHYTPUCKBAYKMHHDbIM
paodoram SPE/ICOTA 2021 (uacts3)

SPE/ICOoTA Coiled Tubing & Well Intervention
Conference 2021 Abstracts (part3)

OrxoHuarue.

MencoyrnapooHasn KoHpeperysa o KOAMIOOUHZ08bIM
MeXHONO2UAM U 6HY MPUCKEANCUHHBIM PAOOMAM
SPE/ICOTA npoutna 8 6upmyansiom popmame
8 Byonenoce, wumam Texac, CLIA, 22-25 mapma
2021 200a. Kongepenuyus npo8oouUmca exce200Ho,
opeanusamopami Kongeperyuiu mpaouorHHo
goicmynuau Obuyecmeo urIcerepos-re@dmanurxos (SPE)
u Accoyuanus cneyuaiiucmos no Koamoounzo06oiMm
MEXHONO0ZUAM U BHYMPUCKBANCUHHBIM PAbOMaAM
(ICoTA).

Cexknusa 7. TOPU30HTAJIBHOE BYPEHHUE
H BYPEHHE C OTXOJOM OT BEPTHKAJIN

OnbIT OypEeHH A HA JEMPECCHH C
IIPHUMCHCHHECM KOJITIO6I/IHI‘3 AJIA IIOBBINNICHH A
IIpO,ZIYKTI/IBHOCTI/I CKBAKHH H YBCIHYCHHU A
He(dTEOTIAYH HA MATEPHUKOBOM I'a30BOM
MECTOPOKIACHHH C HU3KOIIPOHHITACMBIMH
KOJUIEKTOpaMHu, AGy-/1aou

AGpenpxakJlamusa, ADNOC Upstream; MaptuH KajieH,
Blade Energy Partners; A6xy/uia Baxur aixs Karupm,
daxan Mycrada Axmen anxb XocaHd, Ipam . [I:k.
DaMOHCTOH, Ab(oHCO ManTHIBsI, ADNOC Upstream;
Moxammen Axmen bacinar6, Uxad Moxammen Haouas,
®daBaj 3a¥id Ochu, Mapuam Axmen aapb XOCaHH,

Canem Caxex Aaxbmenxanan, ADNOC Onshore; AfiMaH 3,15
IIIaxat, ADNOC Upstream; ®yaa Aoaysa CauiaMm,

Xariram MoxamMmes, aab-XaTuo, @aysu Omap Aixb-IxadepH,
Xyzna anxp bemup, KesuH Ty MakHeian, ADNOC Onshore

TexHOoNOrNa OypeHUs Ha KOATIOOUHTIE€ OBICTPO PACTET
U PA3BUBAETCA HA IPOTSXKEHUU IBYX ITOCIEIHUX
JecsaTuneTui. Texnosorus 6bpl1a YCIENTHO IPUMEHEHA Ha
Anscke, B Kanaze, Omane u O6beJUHEHHBIX APA6CKUX
Dmuparax (mecropoxaenusa Caazxaa B Hlapaxe n
Myprawme B [ly6a€) 1 B APYTUX MecTax. Ha IpOTS>KEHUU
nocnegHux cemu et CaysoBCcKast ApaBus IPOBOAUT
KaMIIAaHHUIO, KOTOPAs TOKA3aJ14 YCIEIIHbBIC PE3YJIbTATHI B
ra30BbIX KOJJIEKTOPAX.

Komnanusg ADNOC Hauana npoeKT HpOOHOHU
SKCIUTYATAIUH KOJITIOOMHI'OBOI'O OYPEHUS Ha ICIPECCUN
B HU3KOIIPOHUIIAEMBIX I'dA30BbIX KOJUJIEKTOPAX HA
MAaTEPHUKOBOM MECTOPOXAEHUHU B AOGy-Z1abu, OAD.
Pa6oThI IO IPOEKTY HAYANIUCh 1 1ekabps 2019 ropa.
[Ipo6Has FKCIIyaATAUS OYIET BKJIIOYATh 3 CKBAXKUHBL.
Llenb UCIIBITAHUH — OLIEHUTB IPUT'OJJHOCTD TEXHOJIOI U
JULs1 GYPEHU S TUTACTOBBIX CEKITUM CKBAKUH HA 3TUX
MECTOPOXKAEHUSAX, 4 B IEPCIIEKTUBE — U HA [IPYTUX.
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The last part.

The Coiled Tubing & Well Intervention
Conference was beld online in Woodlands, Texas,
USA on March 22-25, 2021. The annual event
was traditionally organized by the Society of
Petroleum Engineers (SPE) and the Intervention
& Coiled Tubing Association (ICoTA).

Session 7. HORIZONTAL AND ERD
SOLUTIONS

Case Study of Underbalance Coiled
Tubing Drilling to Increase Well
Productivity and Ultimate Recovery
in Tight Gas Reservoir Onshore Field,
Abu Dhabi

Abdelhak Ladmia, ADNOC Upstream;
Martin Culen, Blade Energy Partners; Abdulla
Bakheet Al Katheeri, Fahad Mustfa Ahmed
Al Hosani, Graham F. J. Edmonstone, Alfonso
Mantilla, ADNOC Upstream; Mohamed Ahmed
Baslaib, Ihab Mohamed Nabil, Fawad Zain
Yousfi, Mariam Ahmed Al Hosani, Salem Saleh
Almenhali, ADNOC Onshore; Ayman El Shahat,
ADNOC Upstream; Fouad Abdulsallam,
Haitham Mohamed Al-Khatib, Fawzi Omar
Al Jaberi, Huda Al Beshr, Kevin Dean Mcneilly,
ADNOC Onshore

Coiled Tubing Drilling (CTD) has been
growing and developed rapidly through the last
two decades. There have been numerous highly
successful applications of CTD technology in
Alaska, Canada, Oman and the United Arab
Emirates (Sharjah Sajaa and Dubai Murgham
fields), among other places. Currently, Saudi
Arabia has undertaken a campaign for the last
seven years that has shown successful results in
gas reservoirs.

ADNOC initiated a trial Coiled Tubing
Underbalanced Drilling (CTUBD) project in
the onshore tight gas reservoirs in Abu Dhabi,
United Arab Emirates beginning operations
1-December-2019. The initial trial will consist
of three (3) wells. The purpose of the trial is to
assess the suitability of CTUBD for drilling the
reservoir sections of wells in these fields, and
further application in others.

The reason for choosing coiled tubing for
drilling the reservoir sections is based upon



IIprUYMHON BEIOOPA KONITIOOMHI'OBOI'O OYPEHUA
ABJIAETCA BBICOKOE COIEPKAHNE CEPOBOAOPOIA
B IJIACTOBBIX JKUJIKOCTAX, 4 TAKJKE BO3MOKHOCTD
MOBBICUTDb ITPOU3BOACTBEHHYIO O€30ITACHOCTD O1arogaps
HCIOJIB30BAHUIO CUCTEMBI 3AKPBITOT'O OYPEHUA BMECTO
TUIOBOU OTKPBITON CUCTEMBL.

Tpu CKBaKUHBI OyAyT IPOOYPEHBI, OOCAKEHBI U
3aIEMEHTUPOBAHBI JJO BEPXHET'O KOJIJIEKTOPA IIPU
TIIOMOIIY TUIIOBOY OyPOBOH YCTAHOBKH. Pa60OTHI ITO
3aKAHYMBAHUIO U YCTAHOBKE (POHTAHHOI APMATYPbI
NPOBEAYT HA 6yPOBOM YCTAHOBKE, KOTOPYIO 3ATEM CMEHUT
ycraHoBka THKT. Ha GOHTAaHHYIO apMaTypPy YCTAHOBAT
IPOTHUBOBBIOPOCOBOE OOOPYJOBAHUE KOJTIOOUHTI'A, 3ATEM
B CKBA’KUHY CITYCTSIT KOMIIOHOBKY JIJIs1 6y pEHU s OOKOBOT'O
CTBOJIA YEPE3 XBOCTOBUK.

CKBaXHHBI Oy1yT OYpUTHCS HA JCIPECCUU IJI51
MOBBIIIEHNA IPOAYKTUBHOCTHU INIACTA ¥ OOECTIEYUEHU
OYHMCTKHU CTBOJIA C BO3BPATOM OYPOBOI'O PACTBOPA ITO
3arpyonomMy npocrpanctsy HKT/THKT. JKupxocTb
HAIIPABAT B 3AKPBITYIO CUCTEMY CENTAPALIUH, IIPU
3TOM JJOOBIBAEMBII I'd3 U KOHJEHCAT HATIPABAT HA
IIPOMBICJIOBYIO YCTAHOBKY I1O BBIKUHOM JIMHUH,

TBEPABIE YACTULIBI COPOCAT B 3AKPBITHINA pe3epByap

Uy amoap, 2 OYpOBOU paCTBOP HAIIPABIT OOPATHO B
CKBAXXUHY. B KaueCcTBE OCHOBHOI'O OYpOBOI'O PACTBOPA
HCTIOIB3YIOT OYUIICHHYIO BOJY, O/IHAKO B OyAYIIEM
MOJKET ITOTPEOOBATHCA A30T, KOTOPBIM HEOOXOAMM /1A
IIPOJYBKH HA3EMHOI'O OOOPYLOBAHHUS BO BpEMS PabOTHI.
Taxske OyzeT HeoOXOogUuMa (PAKEIBbHAS YCTAHOBKA,
KOTOPas UCIIOJIb3YETCS B ABAPUIHBIX CJIy4asX U BO BpEMs
Hauya1a 6ypeHus. B ciryuae ycrexa NugoTHOIO IPOEKTA
Pa3padoTaoT JOJATOCPOYHBIN IVIAH Oy PEHUS.

IIpexgoTBpalICHHUE 3PO3UHU: IICPECTOBOH
onsbIT mpoBegeHus I'PII HA KOJITIOOHHTIE IO
3aTPyOHOMY IPOCTPAHCTBY

Kase Hexra, I:xetimu ®enBuk, Essential Energy
Services; KeBUH D/UTHOTT, [I:k0H A160, NOV Quality Tubing

Texnonorusa I'PIT Ha KOITIOOMHTE IO 3aTPYOHOMY
IIPOCTPAHCTBY UMEET MHOXECTBO IIPEUMYIIECTB
JULSL CKBAKMH C HETPAAULIMOHHBIMU KOMIIOHOBKAMH
3aKaHYMUBAHUS, OCOOEHHO 11 CKBAXKUH C AJIUHHBIMU
OOKOBBIMH CTBOJIAMH, 4 TAKXKE OOJIBITUM KOJTHYECTBOM
OPOAYKTUBHBIX 30H (4acTO 60see 100). CaMbIM ITTAaBHBIM
HEJOCTATKOM 3aTpyoHOro I'PIT aBiseTcs apo3us
KOJITIOOWHT'A U3-34 BO3/ICHCTBUS HA HETO 6YPOBOI'O
pacTBOpA N0/ BEICOKHM JIABJIEHUEM, KOTOPBIH COIAEPKUT
YACTUILBI IPOMITAHTA, IOBPEXKIAIOMME TPyOy. B aTOM
CTATbE OMUCHIBAIOTCA METOBI OOHAPYKEHHU SPO3UHU
I'HKT, KOTOpBIE IOMOI'YT OOECIEYUTD CTAOUIBHOCTD U
Ha/JIE>KHOCTD MNPOBOJIMMBIX PAOOT.

IIpy IPOEKTUPOBAHUN OOOPYAOBAHUA U HAITMCAHUU
MJIAHA PAOOT 11 OOGHAPYKEHUSA IPO3UHU ITPU ITPOBEJAECHUN
3arpyoHoro I'PI1 Ha KONTIOOMHTE€ HEOOXOAUMO YYUTBIBATD
TaKHUE (PAKTOPDL, KAK KOHCTPYKIIHA KOJIOHHBI KOTTIOOWMHTA
U CKOPOCTD IIOTOKA JKUAKOCTU Ipu nnposegeHuu I'PIT. C
TOYKHU 3PEHUSA CEPBUCHON KOMIIAHUH, THIPOAUHAMUKA
MEPEKAYMBAECMON JKHUAKOCTU MOXKET COLEPKATD
HEKOHTPOJIHUPYEMBIE IIEPEMEHHBIE, TAKHE KAK INIOTHOCTD
JKMJIKOCTH, BA3KOCTDb U IIUIAM IIPU CMEHE PEXUMA PAOOTHL.

W3-32 ONIMCAHHBIX BBIIIE OT'PAHUYEHUN HE BCETAA

the high H,S content of the reservoir fluids and
the premise that HSE can be enhanced by using
a closed drilling system rather than an open
conventional system.

The three wells will be newly drilled,
cased and cemented down to top reservoir
by a conventional rig. The rig will run the
completion and Christmas tree before moving
off and allowing the coiled tubing rig to move
onto the well. The coiled tubing BOPs will be
rigged up on top of the Christmas tree and
a drilling BHA will be deployed through the
completion to drill the reservoir lateral.

The wells will be drilled underbalanced to
aid reservoir performance and to allow hole
cleaning with returns being taken up the coiled
tubing / tubing annulus. The returns will be
routed to a closed separation system with
produced gas and condensate being primarily
exported to the field plant via the production
line, solids sparge to a closed tank or pit and the
drilling fluid re-circulated. The primary drilling
fluid will be treated water; however, nitrogen
may be required for drilling future wells in
the field and will be required regardless for
purging gas from the surface equipment during
operations. A flare will also be required for
emergency use and for start-up of drilling. If the
trial proves a success, a continuous drilling plan
will be put in place.

Avoiding Erosion: Best Practices
for Coiled Tubing Annular Frac
Operations

Kaveh Yekta, Jamie Fenwick, Essential
Energy Services; Kevin Elliott, John Albaugh,
NOV Quality Tubing

Annular Frac operations performed with
Coiled Tubing (CT) offer many advantages
for unconventional completions, particularly
wells with long laterals and many pay zones
(frequently in excess of 100 stages). The primary
disadvantage to annular frac is erosion of the
coiled tubing due to impinged, high pressure
fluids containing abrasive frac sand. This
paper will describe a methodology to detect
erosion of the CT to provide consistent, reliable
operations.

When designing equipment and writing
operational procedures to detect erosion
in annular frac through coiled tubing, the
following considerations may be considered:
CT string design and pumped fluid flow rate
when fracturing. From a CT service company
perspective, the fluid dynamics of the pumped
fluid may contain uncontrolled variables such
as fluid density, viscosity, and slurry from job-
to-job.

As a result of the limitations noted above,
the onset of erosion may be difficult to predict.
However non-destructive electromagnetic
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MOXKHO TOYHO IIPEACKA3ATh HAYaJIO 3PO3UM. 17151
ONIPEAENEHN BO3MOXHBIX MECT 9PO3HUH MOKHO
UCIIO/Ib30BATh HEPA3PYILIAIOII U 3JIEKTPOMATHUTHBIN
KOHTPOJIb. DTO MO3BOIUT PA3PAOOTATh <IIPOBEPEHHBIE
B IIOJIEBBIX YCJIOBUAX> PEKOMEH AU IO 3aKAYKE
JKMJIKOCTU B 33BUCHUMOCTHU OT Pa3MepPa TPYOBL

ONEKTPOMATHUTHBIN KOHTPOJIb C UCIIOIb30BAHNEM
JAaTYUKOB YTEUYKU MATHUTHOT'O ITOTOKA U/WJIH JATYUKOB
XoJ1a MOKET BBIABUTD YYACTKH U3MEHEHUSA TOIIUHEI
cTeHKH. OTHAKO OIHA 3T4 NUH(OPMALUA HE TAET YETKOI'O
IPEACTABICHUS O TOM, ObLIA JIU TPYyOA NOBPEXKICHA
3PO3UEN, TIOCKOIBKY OTCYTCTBYET TAJIOH JIJISI CDABHEHMUSL.
M3MeHEHUA TONMUHBI CTEHOK MOT'YT OBITh CBA3AHBI
C IPOLIECCOM ITPOU3BOACTBA TPYOBI MJIH C CAMON
KOHCTPYKIIUEN KOJIOHHHBI.

PexoMeH1yeTCs IPOBOJAUTH OCMOTP KOJIOHHBI KT B
HOBOM COCTOSTHHUH JIMOO B CAMOM Ha4aJI€ CPOKA CIIyKOBI.
Taxum 06pa3oM, IIPU CPABHEHUHU PE3YJIBTATOB U3MEPECHUN
NEKTPOMATHUTHBIMH METOAAMH MOKHO UCKJIIOYUTD
T€ U3MEHEHUA TOIIIUHEBL, KOTOPBIE IPHUCYTCTBOBAJIN HA
MOMEHT IIPOU3BOJCTBA. B JaHHOM CTAThE IPEICTABICHDI
PE3YABTATHI JIEKTPOMATHUTHOM MHCIIEKITUY KOJIOHH
KOJITIOOMHT'4, IIPOBEAEHHON B HOBOM COCTOSTHUH 1 IIOCJIE
UX CIIUCAHUA. TAKKE B CTATHE NPEACTABIEHBI IAPAMETPEI
3aKAYKHU JKHUJIKOCTH BO BpeMs paboT 110 3aTpybHOMY I'PIT)
BBITIOJTHEHHBIX C UCITOJIb30BAHUEM 3THUX KOJIOHH.

B cTaTbe ONUCHIBAETCA METOLOIOIUA IPOBEPKU
TOT'0, 4TO KONNOHHBI KT He 6bI/IN OABEPKEHBI 9PO3HUH
nociie nposeaeHus I'PIT 1o 3aTpyGHOMY IPOCTPAHCTBY.
HccnenoBaHne CKOPOCTH 3AKAYKU JKUJIKOCTH B
XOJI€ pabOT TAKIKE IIPENOCTABIAET IPAKTUYECKUE
PEKOMEHAIUH TI0 IPEAOTBPAIIEHUIO 3PO3UH
pu IposeieHny paboT no I'PIT o 3arpybHOMY
IIPOCTPAHCTBY.

TexXHOJIOTHA OUIEHTPHIHOTO (Ppe3epoBaHUA
IIO3BOJIAET BOCCTAHOBHTH 'OPH30HTAJIbHBIN
YYACTOK CKBAXKHHBI C TPYAHOHN3BJIECKA€MBIMH
3anacamu B Typuuu

9pHecTo PpaHko Jeasrago, Peaukc AH, Inam Berip,
Bpaiian Bproc, Hecrop Kappeno, Schlumberger

Bo BpeMs paboT O 3aKaHYMBAHUIO CKBA’KUHBI B
Typuuu npousotna fedopmanus 00CaJHON KOJIOHHBL
DTO CTAJIO CEPLE3HBIM OCIOKHEHUEM JIJIs1 ONIEPATOPA U
CEPBHUCHOU KOMITAHUH H3-34 IIOTEHLIUAIbHOMN ITIOTEPU
no4TH 70% ropu30HTANBHOIO y4acTKa. JJepopmaniys
HE TTO3BOJIs1/1a PACPPE3EPOBATH OCTABIIUECS TPOOKH.
JJ1s1 BOCCTAaHOBJIEHUA JOCTYIIA B TOPU3OHTAIBbHBIA
Y4aCTOK OBLIH IPUMEHEHBI OUIIEHTPUYECKUE (PPESBI U
[UPKYIAUOHHBIN KJIAIIAaH MHOTOKPATHOI'O IEVUCTBUAA,
BCTPOCHHBII BO (PPE3EPHBIN y3€EII.

AHaJIHU3 COCTOSIHUSA TPYO, MPOBEAECHHBIN NHXEHEPHONU
TPYIIION, TOKA34JI, YTO CHMMETPHUYHBIE (PPESBI HE OYAYT
3(pPEKTUBHBL 3aMEHA TPYOBLI HE PACCMATPHUBAJIACD.
[To3TOMY OBLIIO MPUHATO PEMIEHUE UCIIOIb30BATh
TEXHOJIOTUIO OULIEHTPUYHOTO (PPE3EPOBAHUSL. DTOT
METO/I 3aKJIIOYAETCSA B UCTIOTIb30BAHUHN CMENEHHBIX
dpe3s, KOr1a BpaleHHE 3aCTABIISAET PEXKYIILYIO TOTOBKY
OXBATBIBATb OOJIACTD, HOIBIIYIO, YEM (DPOHTAIBHAA
THOBEPXHOCTH (Ppe3bl. MUHYCOM JAHHOM TEXHOJIOTUU
ABJISIETCA BBICOKA BEPOATHOCTD 3acTpeBanus [HKT

36 Nel (079) Mapr/March 2022

inspection can be utilized to highlight possible
locations of erosion within CT strings to
develop "field-tested" guidelines for pumping
against tubing size.

Electromagnetic inspection using Magnetic
Flux Leakage (MFL) and/or Hall Effect Sensors
can highlight localized variations in wall
thickness. However, this information alone
does not give a clear indication if the tubing has
been damaged by erosion without a baseline
inspection to compare to, since there can be
variations in wall due to the CT manufacturing
process and the prevalence of tapered CT string
designs.

If the CT string is inspected either when new
or very early on in its life, a comparison of wall
variation by electromagnetic methods can "rule
out" wall thickness variations that were present
at the time of manufacturing. Evaluation of
CT strings with electromagnetic inspections
performed when new and after retirement
will be presented in this paper. The inspection
results will then be supplemented by pumping
parameters from annular frac jobs performed
with these strings.

This paper describes a methodology of
verifying that CT strings have not been subject
to erosion due to annular frac operations. An
exploration of pumping rates used on these
strings in operations also provides some "field-
tested" practical guidelines for avoiding erosion
when performing annular frac jobs.

Bicentric Milling Approach Enables
the Recovery of the Horizontal
Section of an Unconventional Well in
Turkey

Ernesto Franco Delgado, Felix Jahn,

Liam Weir, Brian Bruce, Nestor Carreno,
Schlumberger

During the completion phase of an
unconventional well in Turkey, casing
deformation represented a challenge to the
operator and Coiled Tubing (CT) service
provider due to the potential loss of almost
70% of the horizontal section. The deformation
obstructed the path to continue the milling
the remaining plugs. The implementation of
bicentric mills and Multi-Cycling Circulation
Valve (MCCV) incorporated in the milling
assembly allowed efficient recovery of the
horizontal section.

The tubing condition analysis done by the
engineering team showed that symmetric mills
would not be beneficial. Conformance tubing
was not an option. Bicentric milling approach
was deemed the most viable solution. This
approach consists of using offset mills where
rotation causes the cutting head to cover an area
larger than the mill's frontal face. However, this
approach could lead the CT pipe getting stuck



M13-32 OOJIBIIIOr'O KOJIMYECTBA MIIaMa. B pesynbrare
TEXHOJIOTUsI OULIEHTPUYHOTO (PPE3EPOBAHMS TOKA3AJ1A
YCIIENIHBIE PE3YJIBTATHI OJIATOAPsS UCIIOIb30BAHUIO
UPKYJIAITUOHHOIO KJIATTAHA MHOTOKPATHOT'O IEUCTBUS,
OTrPaHUYEHUIO YHCJIA PACPPEIEPOBAHHBIX IPOOOK

U CIIYCKY JIOBUJIBHOT'O HHCTPYMEHTA MEXKY CITyCKO-
MNOJBEMHBIMHU ONEPALUAMH IO (PPEIEPOBAHHUIO.

B cxkBaxkuny B Typrjuu 6bUI CITYIIEH XBOCTOBUK
17151 10-cTagutHoro I'PIT € AEBATHIO AIIOMUHHUEBBIMU
npo6kamu. B xoze I'PIT Ha ceapbMOM CTaiUM OBLIO
3a(PUKCUPOBAHO AHOMAJIBHOE MAJIEHUE TABJICHUA IIPU
COXPAHEHUHU TOU XKE CKOPOCTHU 3AKAYKU. DTO YKA3BIBAJIO
H4 BO3MOKHOE OBPEXJCHUE 0OCATHOM KOJIOHHBL [Toce
nposenenns ['PIT Ha Bcex CTaiUAX CEPBUCHAS KOMIIAHUA
NPUCTYNIIA K (ppesepoBanuio npodok Ha T'HKT ¢
IOMOIIBIO PPE3BI C HAPYIKHBIM JUAMETPOM 117,6 MM.
[Tocse ppe3epoBaHus TPEX NPOOOK ObLIIa OOHAPYKEHA
JedopManya KOJJOHHBL, O Y€M 'OBOPHUJIA MHOTOKPATHBIE
PE3KHE OCTAHOBKHU JIBUT'ATEIISI HA OJJHOM U TOM K€ ITTyOHHE.

[ ppe3epoBaAHUS yIACTKA CMATHUS TPYOBI ObLI CIIYLICH
KOJIOHHBIH KOHYCHBIN (Ppe3ep, HO NOCJIE HECKOIBKUX
4aCOB Pa0OTHI 6€3 IPOXOJKU UHCTPYMEHT ObLJI N3BJICYEH
H4 IIOBEPXHOCTB. Ha ppese OblIu OOHAPYKEHBI IPU3HAKU
n3HoCa Ha juaMeTpe 108,4 mm. 3aTeM 6511 CyiIeH (ppes
C HAPY>KHBIM JuameTpoM 101,8 MM, KOTOPBIH CBOOOHO
IPOLIEJI ITTYyOUHY CMSATHUS.

[ BBI6GOpA Hanbo1ee IPUEMIIEMOI'O PEIICHMU S ObLI
MIPOBEZEH AHAJIN3 KOHCTPYKIIUK IPOOKH U COCTOSTHUSA
006CaHOM KOJOHHBL. 151 PpeE3€pOBAHUS yIACTKA
CMATHA 6blIA pa3paboTaHa GULIEHTPHUYHAS (PpeE3a C
HAPY>KHBIM JuaMeTpoM 101,8 MM OTPEryJIHPOBAHHBIM
IKCLEHTPUCUTETOM JIJIL OOECIIEUEHM A OOJIbIIEH IO A1
KOHTAKT4. BbIJIO MPOBEAEHO TPU CITYCKA OULIEHTPHUYHOM
(PpeE3BI C OIPAHUYECHUEM B IBE IIPOOKHU 34 OJJMUH CITYCK JJIs1
npeaynpexaenus 3acrpesanus FTHKT n3-3a 60abmux
Pa3MepoB NIJIAMa, BBI3BAHHBIX ACUMMETPUE (ppe3sl.

Hepocratok nH(popManuu 06 UCIIONb30BAHNUHN
OUILIEHTPUYHBIX (Ppe3 114 Ppe3EPOBAHUA IIPOOOK
MOTPEOOBAT UCCJIEIOBAHUS HEONTYOIIMKOBAHHBIX PA60T
JUIA TAKUX CJIy4Ya€eB. B JTaHHOM CTAThE OIMUCHIBAETCA
TEXHOJIOTUS OUIIEHTPHUYHOTO (PpE3EPOBAHUS,
HCIIOJIb30BAHUE CMENIEHHBIX (Dpe3, A TAKIKE MEPHI IO
npegoTBpalieHuIo 3actpesanus F'HKT 13-3a 06pa3zoBaHus
KPYITHBIX O6JIOMKOB.

ITpmMeHEHHE MEeTOSA H3MEPEHH A
COIEPKAaHUA TBEPABIX YACTHIL H CKOPOCTH
OOPATHOIO MOTOKA B PEKHME PEATHHOT'O
BPEMEHH B XOJe Pa0oT 10 Ppe3epoOBAHHIO HA
KOJITIOOMHTE

Kase Hekra, Pait PyHr, benaxamuH CTIHT,

Tarurep Boritac, Essential Energy Services

Cpenu MHOTHX c(pep IPUMEHEHUS KOJITIOOMHTA
[JIABHBIMH SIBJIAIOTCS ABE: (PpE3EPOBAHUE TPOOOK U
MPOMBIBKA CTBOJIA CKBA’KHHBI OT MIECKA. B BBINOJTHEHNUH
3TUX 337124 MOT'YT 3HAYUTEJIbHO ITIOMOYb JJAHHBIE O
MEPEMELIEHUN TBEPABIX YACTUL] HA IOBEPXHOCTD, 4 TAKKE
MOHHUTOPUHT CKOPOCTH OOPATHOI'O NOTOKA. OOBIYHO
6pHUTraaa no KOHTPOJIIO OOPATHOI'O NOTOKA MIEPEAAET ITY
MH(OPMAIHUIO B KAOUHY YIIPABJIEHUS 1O 3aNIPOCY. ONHAKO,
UCIIOJIb3Ysl AKYCTUYECKUM HITYMOMED U YJIBTPA3BYKOBOM

due to big junk left. The use of a MCCYV, limiting
the number of milled plugs, and performing a
fishing run between milling runs were key to
the success of the bicentric milling approach.

The Turkish well was completed with ten
stages isolated by nine aluminum plugs. During
the fracturing of stage seven, an abnormal
pressure drop was observed while keeping the
same pump rate, indicating possible casing
damage. After all the stages were fractured, the
CT proceeded to mill the plugs using a 4.63-in
Outside Diameter (OD) mill. After three plugs
were milled, an obstruction was detected,
indicated by frequent aggressive motor stalls at
the same depth.

A tapered mill was run to perform a tubing
conformance, and after several hours of
unsuccessful penetration, the tool was
recovered. At the surface, the tool showed signs
of wear around 4.268 in. A 4.0-in OD mill was
used to drift this section, and it passed free.

An analysis of both the plug anatomy and
the casing condition was done to determine
the most viable solution. A 4-in OD bicentric
mill was designed to pass across the restriction
with an adjusted eccentricity to allow higher
contact area. Three bicentric milling runs were
made with the limit of 2 maximum of two
plugs per run to avoid a CT stuck situation due
to the larger cuttings as a result of the mill's
asymmetry.

The sparsity of information on using bicentric
mills for plug milling required research into
unpublished practices for such scenarios. This
paper documents bicentric milling approach,
the use of offset mills, and the mitigation
measurements taken during this project to
avoid a stuck situation due to large debris
generated.

TECHNOLOGIES

Application of Real-Time Solid
Measurement and Return Flow
Rate During Coiled Tubing Milling
Operations

Kaveh Yekta, Ray Phung, Benjamin Stang,
Tyler Woitas, Essential Energy Services

Among the many applications of Coiled
Tubing (CT) services, milling plugs and wellbore
sand cleanout are two of the major applications.
The transport of solids to the surface, as well
as monitoring the return rates, are two sources
of information which can have a significant
impact on the execution of these jobs.
Traditionally the flowback crew communicates
this information to the CT control cab upon
request. However, by utilizing an acoustic
monitor and ultrasonic flowmeter, it can
reduce the dependence on flowback operators
and provide real-time solid measurement and
return flow rate. The acoustic monitor is a
passive, non-intrusive device that is designed
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PacXOOMEP, MOKHO YMEHBIIIUTD BIHSHUE YEJIOBEYECKOT'O
(pakTOpa U IPEJOCTABIATD JJAHHBIE O IEPEMEIIECHHUH
YACTUL U CKOPOCTH OOPATHOI'O IOTOKA B PEATIBHOM
BpEMEHH. AKyCTUYECKUH IIYMOMED — 3TO ITACCUBHOE
HEUHTPY3UBHOE YCTPOHCTBO, 3AMEPSAIOLIECE AKYyCTUYECKUH
LIyM, BO3HUKAIOIIUH B CTEHKE TPYOBI IPU yape

TBEPABIX YACTHULL O €€ BHYTPEHHIOIO TIOBEPXHOCTb.
VIIBTPa3BYKOBOH PACXOJOMED MPEACTABISAET COO0MU
33KPEIUIIEMOE HA TPYOE yCTPOHUCTBO, OCHAMIEHHOE JJBYyM S
peoOpPa30BATENAMHU, KOTOPBIE BBITTOIHAIOT (DYyHKITHIO
HepEefaTINKa U MPUEMHMKA JAHHBIX.

J1711 ICTIBITAHU S JAHHOT'O METOZA OBLIIO IPOBEJEHO
AT 3TANOB PaboT. Ha nepsom aTane ycranoska 'HKT
ObLIIa CMOHTHUPOBAHA HA BEPTUKAJIBHON UCITBITATEIBHOM
CKBAXKMHE NIUHOH 150 M. O60pYyAOBAHUE BKJIIOYAJIO
yctaHoBKy THKT, Hacoc, ApOCCENbHBIN MAaHUMOIIB],

U1 AKYCTUYECKUU HIYMOMED. B UCTIBITATENIBHYIO
CKBA)KHHY 34Ka49aJIM ONIPEAETIEHHOE KOTUYECTBO
[IJIAM3, OCTABIIETOCA OT NPEABIAYIINUX (DPEZEPOBOYHBIX
paboT, a 3aTeM 6bpl1a IpoBeAeHa NpoMbiBKa HAa THKT.

C mOMOMIBIO ITYMOMEPA U3MEPUIN KOJIUYECTBO
TBEPABIX YACTULL HA TIOBEPXHOCTHU U IIPOBEIN AHAIU3
pe3yapTaToB. [Tociie 3TOro 06’b€M U3BJICYEHHBIX

YACTUL, CPABHUJIN C U3HAYAJIBHBIM OObEMOM U
COIIOCTABUJIM C IAHHBIMU C ITyMOMETPHUH. Ha BTOpoM
3TaIe MYMOMEDP UCIONIb30BAJICA HA MOJIEBBIX PA60TAX
o ppe3epoBaHmIo. Ha TpeTbeM 3Tane NpOBOAINCH
WUCIIBITAHUSA YIBTPA3BYKOBOI'O PACXOAOMEPA C
HUCIIOJIBb30BAHHUEM HACOCA U CUCTEMBI COOPA JAHHBIX JIJIA
TOT'O, YTOOBI OLICHUTD PA60OYU I JUATA30H PACXOJOMEPA.
3aTeM B XO/I€ YETBEPTOT'O ITAIA OBUIN ITPOBEIEHDI
MOJIEBBIE UCIIBITAHUA PACXOOMEPA HA PA6OTAX IO
(ppesepoBanuto. ITocaeTHUN 3TAI UCITBITAHUI ObLI
IIPOBEZEH Ha paboTax IO (PPE3EPOBAHUIO HA KYCTE

M3 5 CKBAKUH C OJJTHOBPEMEHHBIM IIPUMEHEHHUEM
AKYCTHUYECKOI'O IIyMOMEPA (M3MEPEHUE TBEPABIX YACTHIL)
U YJIBTPA3BYKOBOI'O PACXOJOMEPA (M3MEPEHHE CKOPOCTH
OOPATHOI'O ITIOTOKA).

Bce sa1h 3Ta110B NOATBEPANIN 3(P(PEKTUBHOCTD
U3MEPEHUSA TBEPABIX YACTHULL U CKOPOCTHU OOPATHOI'O
NOTOKA. KaKIbI N3 9TAIOB UCIIBITAHUH — IVIAHUPOBAHUE,
HCIIOJIHEHUE U AHAJIN3 Pa6OT — OBLJI CIIENIHO BBIIIOJIHEH.
[TomyyeHHbIE HA BCEX MATH 3TANAX JAHHBIE ObLIN
HCIIOJIb30BAHBI KAK BO BpEMS PAOOT, TAK U ITOCJIE UX
MIPOBEAEHUA. DTH JAHHBIE MOXKHO UCIIOJIb30BATH B
JJIBHENIIIEM B KA4ECTBE IIPAKTUYECKOT'O IIOCOOH A 11O
ONTHUMH3AIINH IIPOIIECCa.

ABTOMATHYECKOE U3MEPEHHUE TBEP/BIX YACTHUI] U
MOHUTOPHHT O6PATHOT'O NOTOKA B PEAJTLHOM BPEMEHU
11o3sosA0T oneparopy 'HKT npuHUMaTh OOOCHOBAHHBIE
pElIeHNs B X0/I€ OIlepaIuii o (ppe3epoBaHUIo U
MIpOMBIBKE. Ilepeiaya JAaHHBIX O BBIMBIBAHUH TBEP/ABIX
YACTUI] U CKOPOCTH OHPATHOT'O IIOTOKA B PEATTBHOM
BPEMEHHU JJA€T BO3MOXHOCTD OIIEPATOPY U MHKEHEPHOMU
I'PYyIIIE CEPBUCHOM KOMITAHUU TPOAHATN3UPOBATH
Y ONITUMU3NPOBATh BBIIIOJTHEHHE OIIEPAIINH 1O
(ppe3epOBAHUIO U OUYUCTKE OT IECKA.

Cexknusa 8. BHYTPUCKBAKHUHHBIE PABOTDBI B
CJIOZ?KHBIX YCJIOBHUAX

dddexTHBHAA YCTAHOBKA CIBOCHHOT'O
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to measure the acoustic noise induced into the
pipe wall as solids impact the inside wall of the
pipe. The ultrasonic flowmeter is a clamp-on
device that is designed with two transducers
that serve as both a transmitter and receiver.

In order to prove the concept, five stages
of trials were planned and executed. In stage
one, CT was rigged into a 150 m vertical test
well. The equipment included CT mast unit,

CT pump, choke manifold, and acoustic
monitoring device. Several debris piles from
previous milling operations were introduced to
the test well, and a CT cleanout was performed.
The acoustic monitor system measured the
amount of solid to surface, and the results were
evaluated. Solids retrieved were then compared
to the initial debris piles and correlated to the
data received by the acoustic monitor. On the
2nd stage, the acoustic monitoring device was
utilized in actual milling operation. The 3rd
stage was a yard trial of ultrasonic flowmeter
using a CT pump and data acquisition system to
evaluate the working envelope of this device,
followed by a field trial, in stage 4, utilizing

the flowmeter in actual milling operations.
The final stage of this trial was planned and
executed in milling operations on a five wells
pad, utilizing the combined applications of
acoustic monitoring (solid measurement) and
ultrasonic flowmeter (return rate) devices.

All five stages contributed to proof of concept
for the applications of solid measurement
and return flow rate devices. These trials were
successfully planned, executed, and evaluated.
The acquired data throughout the five stages of
these trials were utilized during and post job
operations as lessons learned to optimize the
process for future applications.

The real-time measurement of solids and
flow rate monitoring, independent of flowback
operators, enables the CT operator to make
informed decisions throughout milling and
cleanout operations. The real-time streaming
of solids to surface and return flow rate enables
the operator and service company’s Engineering
team to evaluate and optimize the execution of
milling and sand cleanout operations.

SESSION 8. INTERVENTIONS SOLUTIONS
IN CHALLENGING ENVIRONMENTS

Effective Zonal Isolation Straddle
Deployment in a Slim Deviated Well
using Electric Line Tractor/Stroker
Combination

Muhammad Nabil Bin Ghazali,

Kasim Selamat, PTTEP Sarawak Oil

Limited; Stuart William Murchie, Rosano F.
Sosrohadisewoyo, Altus Intervention; Matthieu
Billaud, Schlumberger

Due to sand production coming from the



IIaKepPa B CKBAKHHEC C MAJIBIM OTK/JIOHECHHEM OT
BEPTHKAIH C HCIIOIb30BAHHUEM KOMOHMHAITHH
TPAKTOPA U 5ICa HA Kabere

Myxammazn Ha6uas 6uH I'azanu, Kacum Cexamat, PITEP
Sarawak Oil Limited; Crroapt Yuibsam MepuH,
Pozauo ®@. CocpoxanuceBorio, Altus Intervention;
Martbe buiio, Schlumberger

W3-32 IeCKa, NOCTYIIAIONIETO U3 BEPXHETO HHTEPBAIA,
JIEOUT Ira30BOY CKBAKUHBI IPUIIIIOCHh YCTAHOBUTD HUXKE
YPOBHS MAKCUMAJIBHOI'O IEOUTA 6€3 MECKA. DTO IPUBEIIO
K CHHJKECHHIO 0O'beMa JOOBIYN. YCTAHOBKA KOMIIOHOBKHU
CIBOEHHOI'O MAKEPA B BEPXHEM UHTEPBAJIE OCTAHOBUIA
MHOCTYIIJIEHUE MIECKA, YTO MTO3BOJIMIIO OTKPBITH JPOCCEND
H4 YCThE U BEPHYTD JCOUT HA IPEKHUI ONITUMAJIbHBIN
YPOBEHB.

Panee ObLIO IPEANPUHATO HECKOJIBKO MOMBITOK
CIIYCTHUTD U YCTAHOBUTD C/IBOCHHBI ITAKEP HA TPEOYyEMOH
INIYOUHE C UCTIOIBb30BAHHUEM KAHATHON YCTAHOBKH.
OJIHAKO pabOTHI OKA3AIHUCh HEA(PHEKTUBHBIMU U3-3a
MPUXBATOB, BOZHUKABIIUX IIPU CITyCKE U3-32 TEOMETPUN
CKBA>KMHBIL: OTKJIOHEHUE TPAEKTOPUHU 72°, THTEHCUBHOCTD
HA60pa KpUBU3HBI 4,579°/30 M, MaJIBIF BHYTPEHHHUHI
auametp HKT 1 Mmansiil guamMeTp XBOCTOBUKA — 89 MM.
Kpome Toro, 151 BBIITOJTHEHUS PAOOT IO CTBIKOBKE,
MOCAAKE ¥ OCBOOOXK/IEHUIO, KOTOPbIE HEOOXOIHUMBI
JUIS1 YCTAHOBKH MTAKEPA, TPEOYETCA OOJIBIIOE OCEBOE
YCHUJIHE, KOTOPOE BBIXOAUT 32 NPEJIEJIBL JOITYCTUMOI'O
JUANIA30HA pAOOYEH HATPY3KHM HA KAHAT HA ITTYOUHE
YCTAaHOBKH NAKEPA. B pe3ynbTaTe B CKBAXKUHY Ha Kabee
OBLJI CITYIIIEH TPAKTOP MAJIOTO AUAMETPA — 54 MM B
COYETAHHUH C ANEKTPOTUIPABIUYECKUM ICOM OCEBOI'O
JercTBUA. TPaKTOP MO3BOJIMNII CITYCTUTH KOMIIOHOBKY
CIIBOEHHOTO ITAKePa C MaTPyOKaMU Ha LEJIEBYIO
INIYOUHY, 4 KOHTPOJIHPYEMBIE ITPOLECCHI TTO YCTAHOBKE
U OCBOOOXKJEHUIO KOMIIOHEHTOB ObLJIN BBIITOJIHEHBI C
MOMOIIBIO ACA. birarogaps IByHAINIPaBJIEHHOMY JEHCTBUIO
AC 06€eCIEYNBAN KaK TOJIKAIONIEE, TAK U TATOBOE YCUIINE,
HEOOXOJUMBIE JIJISI CTBIKOBKH, YCTAHOBKH U CPE3AHUA
ITUQTOB 1711 OCBOOOK/IECHHU I KOMIIOHOBKHU. TaKIKeE SIC
MOZKHO 6BLJIO UCTIOJIb30BATD B CJIY4Y4€ 3AKJINHUBAHUA
MHCTPYMEHTA IIPU CITYCKE B CKBAKUHY M3-34 CJIO)KHOH
r€OMETPUH U IIECKA B CTBOJIE.

Ilepen Hava1oM PaboT CEPBUCHAS KOMITAHUSA COBMECTHO
C OIIEPATOPOM TIIATEIBHO CIUTAHUPOBAJIA U IPOBEJIA
KOMIIJIEKCHOE UCITBITAHUE CUCTEMBL. B pAMKaX UCTIBITAHUN
OBLJIM IPOBEJEHBI PAOOTHI ITO CTBIKOBKE M YCTAHOBKE
naTpyOKa B y3€JI HUXKHET'O ITAKEPA, 4 TAKKE PA6OTHI 11O
CPE3aHMIO ITHUQTOB CITYCKOBOI'O MHCTPYMEHTA, KOTOPBIH
HCITIOJIb30BAJICA JJI1 YCTAHOBKU BEPXHETO Iakepa. [1pu
3TOM HUCIIBITAHUS ObLJIU IIPOBEJEHBI B TOPU3OHTAIBHOM
KOH(UT'YPALIMH, 4 TATOBOE M TOJKAIOIIEE YCHUIINA IIPU
WCIIBITAHWH TIPEBBIIIAIN 3HAYEHU S, KOTOPBIE TPEOYIOTCA
JUIS1 paboOT B CKBAXKUHE, YTOOBI OOECIICUYNTD HAJICKHOE
BBITIOJIHCHUE PAOOT.

Pa6oThI ObLIIN YCIIEHMIHO BBIIIOJIHEHBI B COOTBETCTBUHU
C HOBBIM ITJTAHOM, y‘-II/ITbIBaIOH_[I/IM OIIBIT, HOHY‘ICHHbII;I B
XOJI€ UCITBITAHUI. B 06111€11 CJIOKHOCTH OBLJIO IIPOBEIECHO
YeTHIPE CITyCKA C UCITOIB30BAHNEM KOMOMHHUPOBAHHOM
KOMIIOHOBKH TPAKTOPA U ACa 6€3 KAKUX-TUO0
OCJIO)KHEHHUH. AKTUBAIIHNS ITAKEPYIOIIMX 3JIEMEHTOB ObITa
BBITIOJIHEHA €O 100%-11 3(pPeKTUBHOCTHIO. [Tocie 3Toro

upper zone of a multizone monobore gas well
completion, the well production had to be
choked back to a flow rate below the well's
maximum sand free rate (MSFR). This resulted
in suboptimal production. A straddle packer
assembly was installed across this upper zone,
which isolated the sand production and,
therefore, enabled the choke to be removed and
the well production to be increased to its true,
optimal capacity.

Several previous attempts to deploy and
install the straddle components at their
required depth using the prescribed slickline
deployment method proved unsuccessful,
because of hold ups that occurred while
running in hole — due to a well trajectory of 72
degrees deviation and 4.579 deg/100 ft dog leg
severity, coupled with the small tubing inside
diameter (ID) associated with the slim 3 % in.
completion. Furthermore, it was found that
insufficient forces were available via slickline
deployment to execute the related stabbing,
setting and release actions required during in-
well straddle component installation, because
of the limited jar down weight available and
safe working load limits on the slickline at the
setting depth. As a result, a slim 2 ' in. electric
line tractor was utilised, in combination with
a 2 %4 in. electrohydraulic linear actuator
(stroker). The tractor conveyed the various
straddle packer and spacer elements (straddle
tubes) to depth and the stroker installed these
components in the well to confirm their
engagement and to ensure their controlled
and confirmed release. Being bi-directional by
design, the stroker provided both the upward
and downward forces required for component
installation — stabbing, setting, and pin shearing
to release. The stroker was also available in
the toolstring in case of any inadvertent tool
sticking encountered while running in hole due
to the well trajectory and produced sand debris.

A system integration test (SIT) was
meticulously planned and executed by the
relevant operator and service company
representatives before the operation. It was
used to confirm the stroker's capability to stab
and set the straddle tube into the lower packer
and to shear the running tool used to install
the straddle tubes and upper packer. This
included the installation of straddle tubes into
the lower packer section, done in a horizontal
configuration and completed using higher
setting and pulling forces than those expected
during the actual job to ensure more than
adequate forces would be available.

The operation was executed successfully
following the newly defined program, applying
the lessons learned from the SIT. A total of
four runs were carried out using the combined
tractor/stroker deployment string configuration
without any in-well deployment issues — the
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TEXHOJIOI'MU

CKBA)XHMHA ObIJIa BHOBB 3AITYIIIEHA B SKCILIYATAITUIO 1
JA€6UT yBETUYMIICA IPUOIU3UTENBHO € 28 000 M3 /cyTKHN
J10 85 000 M?/CyTKH, IPH 3TOM IIECKA HA IOBEPXHOCTH HE
Ha6J1I0AJI0Ch.

[1epBbIl ONBIT UCIIOJIB30BAHUA JJAHHOMN TEXHOJIOIUU
MOKa3aJI CBOIO 3(P(PEKTUBHOCTD IO YCTAHOBKE
CIBOEHHOI'O MAKEPA B HAKJIOHHBIX CKBAKMHAX C MAJIBIM
JUAMETPOM.

MexaHHCTHYECKOE MOJEC/IHUPOBAHHE
IIPOMBIBKH CTBOJIA B TOPHU30OHTAJIbHBIX H
HAK/IOHHBIX CKBAKHHAX

Puna dnsragmadpu, Pamagan Axmen,

Xamupapesa Kapamu, YHuBepcureT OKJIaXOMBI;
Mycrada Hacep, HoHenBaxug XyceiiH, Karapckuit
YHHUBEPCHTET

HeaddekTrBHASI IPOMBIBKA CTBOJIA CKBAXKUHBI U
HAKOILIEHHE B CTBOJIE CKBA’KUHBI IJIAMA, IIPOIIIAHTA U
JPYTUX TBEPIABIX YACTHULL MOXET 3HAYUTEJIbHO 3ATPYHUTD
paboTy HA CKBA’KUHE. B TAaHHON CTATbE NPEACTABICHA
HOBAas1 MOZIEJIb IIPOMBIBKHY CTBOJIA CKBAXKUHBIL, KOTOPAs
PACCYUTBIBAET KPUTHUYECKYIO CKOPOCTD IIEPEHOCA
(KCIT) B CTaHIAPTHBIX JKUJKOCTAX U BOJIOKHUCTBIX
cycneHsuax. Llenp ucciegoBanus — CO34aTh TOYHYIO
MEXAHUCTUYECKYIO MOJEIIb IS OIITUMU3ALUU IIPOMBIBKU
CTBOJIA CKBA’KMHBI B TOPU3OHTAJIbHBIX U HAKJIOHHBIX
CKBAXKMHAX.

Hosasa mopens KCIT cosmana A1 NpOrHO3UPOBAHUSA
HA4aJ/1a ABUXKEHU S YACTHULL IUIACTA BO BPEMS IIPOMBIBKMU.
BinsHue BOJJOKHUCTOU CTPYKTYPbI YU TBIBAECTCA B
MOZIEJIH C TIOMOIIIBIO CIIEIMATIBHOTO KOA(MPUITUEHTA
COIPOTUBJIEHUSA BOJIOKOH, KOTOPBIH OITUCBHIBAET
MEXAHUYECKOE U I'NAPOANHAMNUYECKOE ITIOBEACHUE
B3BEMIEHHBIX YACTULL U UX CETHU. [Ipu pazpaboTke
MOJIEJIH PACCMATPUBAINCH TPEOOIAAAIONIE CUJIHL,
JENCTBYIOIME HA OTAE/IbHYIO YacTuLy. Kpome Toro,

JULA IIOBBIIEH U TOYHOCTU MOZEJIN UCIIOJIb3YIOTCA
HOBEUIIME I'MAPABINYECKHE Koppeasanuu. C ux
IIOMOLIBIO PACCYNTBIBAETCA CPEAHEE HAIPAKEHNE
CJIBUTA IIJIACTA, KOTOPOE HEOOXOAUMO IS ONIPENETICHUSA
KCII. B ropu30HTAJIBHBIX U HAKJIOHHBIX CKBA)KUHAX
T€OMETPUSA CTBOJIA YACTO OBIBAET SKCLIEHTPHUYHOI, YTO
MNPUBOJUT K OOPA30BAHUIO 3ACTONHBIX 30H, KOTOPLIE
TPYAHO OYHUCTUTD. HanpskeHne CABUTA IUIACTA B TAKUX
30HAX YYBCTBUTEJBHO K €TI0 TOMIHHE. CyMECTBYIOINE
MO/IEJIN IPOMBIBKU CTBOJIA CKBA’KUHBI HE YYUTBIBAIOT
M3MEHEHUSA B HANIPSXKEHWH CJIBUT'A I11ACTa. [ToaToMy
IpY OOPA30BAHUHU 3ACTOMHBIX 30H TOYHOCTb MOJEJIEH
CHMXKaeTCa. HoBasg MOZENDb PEMIAET 3Ty IPOOIEMY,
UCIIONBb3YA TUPABINYECKHUE KOPPEIALUHA JIJIA yUETA
U3MEHEHUSA HATIPSAKEHUSA CABUT'A IUIACTA B 3aBUCUMOCTH
OT €TI0 BBICOTBL.

TOYHOCTBL HOBOM MOJIEJIU ITOATBEPKACHA
ONy6JIMKOBAHHBIMU U3MEPEHUAMU U CPDABHEHUEM C
TOYHOCTBIO CYIIECTBYIONIEN MO/ieIN. MICTIONb30BaHNE
KOppEIsuy KO3(PPUIIMEHTA COIIPOTHUBJICHU S BOJIOKOH U
HAIPSAKEHU CJIBUTA IIJIACTA IOBBICUJIO TOYHOCTD MOJIEJIN
U ITIO3BOJIMJIO YYECTD BKJIA]] BOJIOKHUCTOM CTPYKTYPHI
B IIOBBbIIIEHUE 3(PPEKTUBHOCTH IIPOMBIBKU CTBOJIA
CKBaKMHBL. B pe3ybTaTe NPOrHO3HBIE 3HAYEHU A 1A
BOJIOKHUCTBIX CYCIIEH3UU U CTAHJAPTHBIX JKUJIKOCTEN
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straddle component installation completed
with 100% operational efficiency. Following
this, the well was put back onto production
and the production rate increased from
approximately 1 million standard cubic feet
per day (MMscf/D) to 3 MMscf/D, with no sand
production observed at surface.

Having not been done before, this
methodology proved to be a successful option
for the operator for straddle packer assembly
deployment in deviated slim wells.

Mechanistic Modeling of Wellbore
Cleanout in Horizontal and Inclined
Wells

Rida Elgaddafi, Ramadan Ahmed,
Hamidreza Karami, University of Oklahoma;
Mustafa Nasser, Ibnelwaleed Hussein, Qatar
University

The accumulation of rock cuttings, proppant,
and other solid debris in the wellbore due to
inadequate cleanout remarkably impedes field
operations. This article presents a new hole
cleaning model, which calculates the Critical
Transport Velocity (CTV) in conventional and
fibrous fluids. The study is aimed to establish
an accurate mechanistic model for optimizing
wellbore cleanout in horizontal and inclined
wells.

The new CTV model is established to predict
the initiation of bed particle movement
during cleanout operations. The model is
formulated considering the impact of fiber
using a special drag coefficient (i.e. fiber drag
coefficient), which represents the mechanical
and hydrodynamic actions of suspended fiber
particles and their network. The dominant
forces acting on a single bed particle are
considered to develop the model. Furthermore,
to enhance the precision of the model,
recently developed hydraulic correlations are
employed to compute the average bed shear
stress, which is required to determine the CTV.
In horizontal and highly deviated wells, the
wellbore geometry is often eccentric, resulting
in the formation of flow stagnant zones that
are difficult to clean. The bed shear stress in
these zones is sensitive to the bed thickness.
The existing wellbore cleanout models do not
account for the variation in bed shear stress.
Thus, their accuracy is limited when stagnant
zones are formed. The new model addresses this
problem by incorporating hydraulic correlations
to account for bed shear stress variation with
bed height.

The accuracy of the new model is validated
with published measurements and compared
with the precision of an existing model. The use
of fiber drag and bed shear stress correlations
has improved model accuracy and aided in
capturing the contribution of fiber in improving



MPAKTUYECKU COBITAJIM C IKCIIEPUMEHTAIBHBIMHU
U3MEPECHHUSIMU U OKA32JIMCh 60JIE€ TOUYHBIMH, UEM
IIPOTrHO3HBIE 3HAYECHU S CYIIECTBYIOEN Moaenn. Hosas
MO/IEJIb ITIOKA3BIBAET 3AMETHOE CHUXKEHHE CKOPOCTHU
LUPKY/IALNHN )KUJAKOCTU B PE3Y/IBTATE OOABICHUS
HEOOIBIIOTO KoMnuecTBa BooKHA (0,04 BeCcOBOro
IIPOLIEHTA) B JKUJKOCTD. Kpome TOro, ucxonsa nu3
PE3YABTATOB, CYIIECTBYIOMAA MOJIE/b 3aBBIIIAET
IIPOTIHO3HYIO 9P (PEKTUBHOCTD IIPOMBIBKM KAK JIJ15
CTAHJAPTHBIX XKUJKOCTEH, TAK U 1J151 BOJOKHUCTBIX
CYCIICH3U.

HpI/IMCHCHI/IC METOgAa KOHCYHOI'O 9/ICMECHTA B
KOJITFOOMHTOBHIX Pa0oTax
Kase HMexra, Essential Energy Services

KomMepruanuzanusd U yIIpoleHHE IIEPEJOBOIO
IPOTrPAMMHOIO OH6ECIIEUEHUS IJIS1 MOACTUPOBAHUA
PaboT NPENOCTABIAIOT YHUKAIBHBI HTHCTPYMEHT /LIS
AHAJIN34 PA3JIMYHBIX 32/1a4 B HE(PTEra30BOM OTPACIIN.
[TakeThl IPOrpaMm pa3paboTaHbl TAKUM OOPA30M,
4TOOBI BBIIOIHATD CJIOKHOE MOJETMPOBAHUE U B TO XKE
BpeEMs 1aThb yJOOHBIN HHTEP(ENC. [Jonroe Bpems s
PabOTHI B TAKUX IPOrPAMMAX TPEOOBAIUCH YHUKAIBHBIE
HAaBBIKU. VIIYUIIIEHHBIN OJIb30BATCIbCKUI HHTEPGEIC
U PA3JIMYHBIE BU3YaJIbHBIE CPEACTBA TOBBICHIIN
Ka4€CTBO IPOTPaMM i1 MOAETUPOBAHUSA U YIIPOCTUINA
HUX UCMIOIB30BAHHUE. [IPUMEHEHUE TAKUX IPOTrPAMM
MO3BOJIAET NONYYUTDb ITOAPOOHBIE TAHHBIE JIJIS1 OOJIBIIOTO
KOJIHMYECTBA 327124 B C(pepe NPUMEHEHU A KOJITIOOHMHT 4.
IToctpoenue TpexmepHou (3D) Mmozgesu U1 aHAIN3a
HAIPSIKEHU 1 BUOPALTUH C LIEbI0 UMUTALIUN PEATBHBIX
CKBa’KMHHBIX YCJIOBUI ABJIAETCA OAHUM U3 IPEUMYIIECTB
HCIIOJIb30BAHUSA TAKUX IIPOIPAMM.

MeTon KOHEYHBIX 3/1eMEHTOB (MKD) — 310
MaTEMATUYECKHUI MHCTPYMEHT, KOTOPBIM UCIIOIb3YETCH B
KOMMEPYECKUX IIPOTrPAMMAX AJI1 MOAEIUPOBAHUA. MKD
06€eCEYNBAET BO3MOKHOCTD JIMHEMHOI'O U HETUHEHHOI'O
AHAJIN32 [T PEMIEHUS PA3TMYHBIX TUIIOB MEXAHUYECKUX
3a1a4. OOIMMUMH BBIXOJHBIMU JAHHBIMU JIJISI TAKOTO
AHAJIN32 ABJIAIOTCA HAIPAXKEHUA, IEPEMEICHUA U
pexuMbl BU6panuu. Hanpumep, MOJEITMPOBAHUE
HAPYHIEHUS FTEPMETUYHOCTH JIYHOUYHOI'O COEUHUTENA
M3-32 YPE3MEPHBIX HAI'PY30K HO3BOJIUIIO ONIPEAETUTD
JENCTBYIOIINE HATIPAKEHUA U CTENEHD e(POPMALTUHN
TPYOBI OIIPEJICIIEHHOM I'PYIIIIBI IPOYHOCTU. B Ipyrom
npuMepe 6bUIN IPOBEJEHBI MOJEIMPOBAHUE U AHAJIN3
BO3JEUCTBUS BUOPAIIMU yCTHEBOI'O OOOPYIOBAHU S
I'HKT. C moMOIIbIO METO/IA KOHEYHBIX 2JIEMEHTOB ObLIT
NPOBEJEH CTPYKTYPHBINM AHAJIN3 PEAJIbHBIX HATPY30K Ha
JIBA OCHOBHBIX KOMIIOHEHTA HA3€MHOI'O OOOPYJOBAHUA —
HAIIPAaBJISIOMYIO AYTY (I'y3HEK) 1 6apaban THKT.

MojenrpoBaHUE KAXKJOU padOTHI 1A€T BAXKHYIO
MH(OPMAIHIO, KOTOPYIO HEBO3MOXKHO ITOJIYYUTh APYTUMHA
CITIOCOOAMU M3-34 CJIOKHOM '€OMETPUN CKBAXKUHEBI B
HEKOTOPBIX CJIY4YaAX. B KaXK/IOM CIydae MOJETUPOBAHUE
c nomompio MKD npeocTaBiisieT TAKUE BAXKHBIC IAHHBIE,
K4K HAIIPSDKEHUE, PEXKMM BUOPALIMU U CMEIIEHUE. DTU
JaHHBIE MOKHO UCIIOJIb30BATh JJ1 OIITUMU3AL N
KOHCTPYKIIMH O60PYJIOBAHUA U ITOBLIIEHUA
3PPEKTUBHOCTH BHYTPUCKBAKMHHBIX PAOOT.

IIporpamMHOe obecnedeHue s 3D-mMonempoBaHus

wellbore cleanout. As a result, for fibrous and
conventional fluids, the predictions of the new
model have demonstrated good agreement
with experimental measurements and provided
better predictions than the existing model.
Model predictions show a noticeable reduction
in fluid circulation rate due to the addition of a
small quantity of fiber (0.04% w/w) in the fluid.
In addition, results show that the existing model
over predicts the cleaning performance of both
conventional and fibrous fluids.

TECHNOLOGIES

Application of Finite Element
Method in Coiled Tubing Services
Kaveh Yekta, Essential Energy Services

The recent development in commercialization
and simplification of advanced simulating
software provides a unique tool for analysis of
different challenges in the oil and gas industry.
These commercial packages are designed to
be user-friendly and yet be able to perform
complex simulations. For a very long time,
working with such simulating software required
a unique skill set. The enhanced user-interface
and different visual aid improved the quality
of simulator programs and reduced the level
of difficulty of using those programs. Applying
such simulating capabilities makes it possible
for a better understanding of a vast array of
challenges and problems in Coiled Tubing
(CT) Services. Building a three-dimensional
(3D) model for stress and vibration analysis to
simulate the real operational problem is among
the advantages of using such a program.

The finite element method (FEM) is
the mathematical tool that is used in the
commercial simulating software. The FEM
provides a linear and nonlinear analysis option
to solve different types of mechanical problems.
The common outputs for such analysis are
stress, displacement, and vibration modes. A
real-life example of a failed dimple connector
due to excessive force was simulated to find the
stress and displacement of a specific grade of
pipe. In the other case, the impact of vibration
of the CT stack on wellhead was simulated
and analyzed. The structural analysis of two
main components of Coiled Tubing surface
equipment such as Gooseneck and CT Reel
subjected to actual loads were modeled using
FEM.

The simulation of each case provides critical
information that could not be achieved by any
other means due to the complex geometry of
the problem in some cases. In each case, the
FEM simulation program provides essential
information such as stress, vibration mode, and
displacement. This information can be used to
optimize the design and enhancement of the
operating envelope of each case in the well
intervention operation.
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¢ MKD nipeiocTaBisieT THCTPYMEHT /J1s1 OLICHKH

Y AHAJIM34 BO3MOKHOT'O BIUSAHUA HATPY30K Ha

YCTBEBOE OO0OPYAOBaHUE. FICIIONB30BAHHUE ITOJOOHBIX
IPOI'PAMM B PA3JIMYHBIX OOJIACTAX, TAKUX KAK paO6OTHI

C KOJITIOOUHIOM, 3aKAHYUBAHUE CKBAYKUH U JPyTrHe
BHYTPHUCKBA)KHUHHBIE PAOOTBI, MOJKET CTATH HAJJEKHBIM
WHCTPYMEHTOM JIJIS 3TANOB IJIAHUPOBAHUA U
BBIIIOJIHEHU S PpA0OT, 4 TAKXKE IIPH OTKA3aX OOOPYJOBAHUS.
AHAJIMTHYECKOE IIPOIPAMMHOE O6ECTIEYEHNUA IS
MO/JIEJIMPOBAHM A MOKHO HCIIOIb30BATh BMECTO
JOPOTrOCTOAIMX ITOJIEBBIX U JIAGOPATOPHBIX UCIIBITAHUN.
B ciryyae HECOOXOUMOCTH IPOBEICHUS UCTIBITAHUN
PE3YIBTATHI MOJICIUPOBAHH I MOXKHO HCIIOJIb30BATh JJ151
OIITUMH3AIINHN paBMCH_[CHI/IH JATYHKOB. B paMKaX IATUX
IIAKETOB ,IIOCTYHHBI paanqule THIIbI MOI{el'II/IpOBaHI/IH,
TAKUE KAK PACYET U3HOCA TPYOBI, HETMHENHBII aHATTU3,
AHAJIN3 IEPEXOAHBIX IPOLIECCOB U AHAIN3 BIUSHUSA
PAa3JIMYHBIX (DAKTOPOB.

IIpoBegeHnE PAOOT IO YCTAHOBKE (DHIBTPOB
Ha THKT ¢ mOMOIIBIO CyZTHA CHAOKEHH S HA
meabde bopHEo

Cewnr Beit JI;xonr, iu Tsen Hour, IOcpu Azusan, Puuapy,
XammcoH, Halliburton; Pyazaricdu Aguszampu Xaa:x Ao,
Panmu, Xaipya AMuanH Myxammag, A1 I'ypmuH, Brunei
Shell Petroleum

Ha 1ByX MOPCKUX HEPTAHBIX CKBA)KMHAX B AKBATOPUU
BpyHes ObL10 3a(PUKCUPOBAHO CHUKEHUE JJOOBIYU
U3-34 IIECKOIPOSIBICHUN. B 06€ CKBa>KMHBI OBLIIU
YCTAHOBJIEHBI CyOTOPHU30OHTAIBbHBIEC T'PABUUHBIE (DUIIBTPBI
JUISL OTKPBITOr'O CTBOJA. CKBAXKUHBI OBLIIH OCTAHOBJICHBI,
TAK KaK OCTYHAIOMIUI IECOK MOT HAHECTH yIIepo
Ha3eMHOMY O60PYZAOBAHUIO.

B yC/I0BHAX OTPaHUYEHHOH IO AN IIIAT(HOPMBI,
OIPaHUYEHHO I'PY30MOBEMHOCTH KPAaHA XU HU3KOT'O
MIACTOBOT'O JIABJIEHUS ObLJIO IPUHATO PEMIEHUE IPOBECTH
pa6otsl ¢ 'HKT ¢ paszmenmenneM 000pyAOBaHU HA
cyJHe cHabxeHus. B xone paboT TpeboBaIOCh OUHUCTUTD
CKBaKHHBI OT [TECKA U YCTAHOBUTDb ITECYAHBIE CETYATHIE
(PHUIIBTPBI BJOJIb BCEHN CEKIITUU I'PABUITHBIX (DUJIBTPOB.

M3-32 HU3KOT'O MJIACTOBOTO JIABJICHUS IPOMBIBKA
ObLIa TPOBEJIEHA C A30TOM. [IpH 3TOM UCIMOJIb30BANIACH
CIIEIIUAIbHAS IPOMBIBOYHAS HACAJKA JIJIs COKPAIEHUA
TypOYJIEHTHOCTHU U ONITUMM3AIIUH BBIHOCA B HAKJIOHHOM
Y4aCTKE CKBAXKHUHBL KpoMe Toro, i1 (pUasTpanuu u
c60pa 60ABIIOTO KOIUYECTBA BBIHOCUMOT'O I1ECKA ObLII
HCIIOJIb30BAH IIECKOYJIOBUTED.

CIIYCK UTMHHBIX CEKIIHUH (DUIIBTPOB YEPES YCTHEBOE
060PYIOBAHUE JIJII KOHTPOJIA TABJICHUSA ObLI
HEBO3MOXKEH. [T03TOMY B KaueCTBe 6apbepa [y KOHTPOJIA
CKBa’KHMHBI OBIJIO IPUHATO PEMIEHUE UCIIOIb30BATh
OPOOKY U CTONO KUJKOCTHU. TAK)KE HA YCTHE OBLI
YCTaHOBJIEH MOOUJIBHBIA MOJIYJIbHBIN KPAH JIJIS CITyCKA
JUIMHHBIX CEKITUH (PYUIBTPOB B CKBA’KHHY IIEPE]] CITYCKOM
KOJITIOOMHTI'A.

3aTeM 6bLITH IPEAIPUHSITH MEPBI 110 TPEAYIIPEKICHUIO
aBapuiil. ITOCKOIbKY Onepanys JOIKHA ObLIa
IIPOBOJUTHCSI C UCIIONIB30BAHUEM CY/IHA CHAOKCHU S,
TPEOOBATIOCH OOECIIEYUTDH BO3MOKHOCTD ABAPHUHHOT'O
Pa3BEIUHEHUS MEK/1y CYZTHOM U IUIAT(POPMOH BO
BPEMSI ININTE/IBHBIX PA6OT IO IPOMBIBKE CKBAKHUHBI U
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Using the FEM/3D modeling package
provides a tool to evaluate and explore the
different impacts of loads on CT surface
equipment. Utilizing such programs in different
applications such as CT, intervention, and
completions can be a reliable tool during
design, execution, and failure analysis process.
Using analytical simulators could replace
costly physical testing. On the occasion that
the physical testing is required, using the
simulated results could optimize the better
planning of utilization of sensors for a different
position. There are more types of simulations
available within these packages, such as fatigue
modeling, nonlinear analysis, transient, and
impact analysis.

Challenging Catenary Coiled Tubing
Thru Tubing Screen Deployment
Operation Offshore Borneo

Seng Wei Jong, Yee Tzen Yong, Yusri Azizan,
Richard Hampson, Halliburton;

Rudzaifi Adizamri Hj Abd Rani,
Khairul Amilin Muhammad, Ian Gurmin,
Brunei Shell Petroleum

Production decline caused by sand ingress
was observed on 2 offshore oil wells in Brunei
waters. Both wells were completed with a
sub-horizontal openhole gravel pack and
were subsequently shut in as the produced
sand would likely cause damage to the surface
facilities.

In an offshore environment with limited
workspace, crane capacity and wells with low
reservoir pressures, it was decided to intervene
the wells using a catenary coiled tubing (CT)
vessel. The intervention required was to clean
out the sand build up in the wells and install
thru-tubing (TT) sand screens along the entire
gravel packed screen section.

Nitrified clean out was necessary due to low
reservoir pressures while using a specialized
jetting nozzle to optimize turbulence and
lift along the deviated section. In addition,

a knockout pot was utilized to filter and
accommodate the large quantity of sand
returned.

The long sections of screens required could
not be accommodated inside the PCE stack
resulting in the need for the operation to be
conducted as an open hole deployment using
nippleless plug and fluid weight as well control
barrier. A portable modular crane was also
installed to assist the deployment of long screen
sections prior to RIH with CT.

Further challenges that needed to be
addressed were the emergency measures.

As the operation was to be conducted using
the catenary system, the requirement for an
emergency disconnect between the vessel
and platform during the long cleanout



YCTAHOBKE (PUJIBTPOB. [17151 06ecriedeHns1 0€30I1aCHOCTH
paboT 6BII UCTIONB30BAH AOIIOJTHUTEILHBIN IIPEBEHTOD
JUIS CPE3aHMA TPYObI U TEPMETU3ALUHN YCThS U IPYToe
aABAPUITHOE OOOPYIOBAHUE.

Cexnua 9. OBGMEH 3HAHUSIMH HA
SJIEKTPOHHDBIX CTEHIAX EPOSTERS IV

HCcronb30BaHHUE TEXHOJIOTHHA
pacupeseI€eHHOIO BOJIOKOHHO-OIITHYECKOTIO
SOHIHUPOBAHHUA JJISA BOCCTAHOBJICHH A
IICJIOCTHOCTH CKBAKHMHBI 1 BOBOﬁHOBJICHI/I}I
3KCILIYATAIIHH

JIntns Hoy6u, Xero Puc, Tommu JIaHTrHEC,
IIpaxsromHa THpyBeHKaTaHaTaH, Lytt Ltd.

B ogHOI 13 HEPTAHBIX CKBAXKUH CEBEPHOT'O MOPSI
BO3HUKJIO [IOCTOSTHHOE JIABJIEHUE B KOJIBIIEBOM
OPOCTPAHCTBE, B PE3YJIBTATE YETO CKBAXKUHA
ObLIa OCTAHOBJIEHA IPUMEPHO HA 3 rofia. Bulio
OPEANPUHATO HECKOJIBKO MOMBITOK BBIABUTb IPUYUHY
MEPETOKOB B KOJIBLIEBOM ITPOCTPaHCTBE Mex 1y HKT u
06CaIHOU KOJIOHHOM, OTHAKO CTAHAAPTHBIC METO/IBI
BHYTPHUCKBA)KUHHBIX PAOOT HE YBEHYAJIHCh YCIIEXOM,
MECTO YTEUYKH HE ObIJIO U30JIUPOBAHO, U MIOCTOSIHHOE
3aTPYOHOE TABJICHUE COXPAHAIOCh. DTO IIPUBEJIO K
OCTAaHOBKE IOOBIYY HE(PTH U JIEHEKHBIM 3aTPATAM,
MOHECEHHBIM M3-32 HEYJJAYHBIX PA0OT IO YCTPAHEHUIO
HET€PMETUYHOCTH.

TTOCKOJIBKY CKBAXKMHA YK€ ObLIIa O60PYJOBAHA
MOCTOSTHHBIM OITTOBOJIOKOHHBIM Ka0€JIEM [IJI CBA3U
€ 3260MHBIM MAHOMETPOM, OH ObLII HCIIOIB30BAH
JUISL TEXHOJIOTHUH PACIPEIETIEHHOIO AaKYCTUYECKOTO
30HJUPOBAHUSA BMECTE C HOBEUITUMH METOIAMHU
pacno3HaBaHUA OOPA30B. DTOT NOAXOM OCHOBAH HA
OTAENEHNUH CUTHAJIA IBUXKEHHU A XKUJKOCTH OT (POHOBOT'O
IIyMAa X UCIOJIBb30BAHUH AJITOPUTMOB PACIIO3HABAHUA
06Pa30B I HOCTPOEHUSA KAPOTAKHOU AUATPAMMEBI

MOTOKA JKUIKOCTH IO BCEH INHE KA6€Is. DTO IIO3BOJISIET

OTOOPA3UTh I'PAPUK U3MEHEHU S ITYMA KU/IKOCTHU 1O
IJIYyOUHE U BDEMEHU.

B pesynprare aHa113a NONyYECHHBIX JAHHBIX 110
YCTBEBOMY U 3aTPYOHOMY JIABJICHUIO YTE€YKA ObLIA

o6Hapy>xeHa. [JaHHbBIE C PACIIPEAEIEHHOI'O AKYCTUUECKOT'O

30HUPOBAHUS [TO3BOJIMIIN OIIPEACTUTH TOUHBIC
[7TyGHHBI YTCUEK, A PE3Y/IBTATH MHTCPIIPETAITHNHN JAHHBIX
CO CTAHAAPTHBIX JATYUKOB — IIPUYNHBI HEY/[AUN
[IPOBEACHHBIX PAHEE BOJOU3OIIIHOHHBIX PAGOT.
[NonyyeHHast ”HOOPMAIIHS 271 BO3MOXHOCTD
Pa3paboTaTh HOBYIO CTPATETHUIO BOJOU3OSIITHOHHBIX
PabOoT ¥ U30IMPOBATH MECTA YTEUKH. [IpH 3TOM
IAJIBHEHIIIETO POCTA JABICHUS B KOJIBIIEBOM
[IPOCTPAHCTBE HE HAGTIOAAIOCE. B pesynbraTe
OIEPATOP CMOT BEPHYTD B KCIIIYATAIIUIO CKBAKHHY,
KOTOPAs 6bl/IA OCTAHOBJICHA B TCYCHHE TPEX JICT.
DTO MO3BOJIMIIO BOCCTAHOBUTB 1e6UT 6600 M3/CyT,
BOCCTAHOBUTD [TIEPBUYIHBIC GAPHEPHI CKBAXKHUHBI U

COKPATHUTD OIICPATUOHHBIC PACXObI 34 CYCT UCKITIOYCHU A

JAIBHENIINX PEMOHTHBIX PA00OT HA CKBAXKUHE.

JaHHAs TEXHOIOTHS IPE/IJIATACT HOBBIM METO/]
06pabOTKU AKYCTUYECKUX IAHHBIX C PACIIPEIEIEHHBIX
JIATYUKOB, KOTOPBI IPEIOCTABIISICT BAXKHYIO

operations and open hole deployment needed
to be considered as a necessary contingency.
Additional shear seal BOPs, and emergency
deployment bars were also prepared to ensure
that the operation could be conducted safely
and successfully.

Session 9. KNOWLEDGE SHARING
EPOSTERS IV

TECHNOLOGIES

Using Distributed Fibre Optic
Sensing to Recover Well Integrity and
Restore Production

Lilia Noble, Hugh Rees, Tommy Langnes,
Pradyumna Thiruvenkatanathan, Lytt Ltd

Subject North Sea oil producing well has
developed sustained casing pressure in the
A-annulus, resulted in well being shut-in for
around 3 years. Several attempts were made
to understand the source of the tubing-to-
annulus communication, however remediation
actions based on the conventional intervention
techniques were not successful, leak location
was not isolated and sustained annular
pressure remained. This resulted in deferral
of oil production and costs incurred due to
unsuccessful intervention and remediation
techniques.

As the well was already equipped with
the permanent fibre optic cable for the
communication with the downhole pressure
gauge, an alternative opportunity was taken to
detect leak location by repurposing the cable
for the use of Distributed Acoustic Sensing
(DAS) technology along with latest pattern
recognition techniques. This approach is based
on decoupling of fluid movement signature
from the background noise and use pattern
recognition algorithms to construct fluid flow
logs across entire length of the fibre, displaying
character and evolution of fluid noise through
depth and time.

Performed acquisition program allowed
to activate the leak, presence of which was
clearly visible on the wellhead and A-annulus
pressure data. DAS-based acoustic flow
logs allowed to clearly identify the exact
location of the leak points and additionally
provided an understanding to the reasons of
failure of remediation methods based on the
interpretation of conventional tool results.

Remediation strategy based on the insights
provided by DAS succeeded to isolate leak
points with no further pressure build-up
observed in the A-annulus. As a result, operator
was able to return to production the well that
has been shut-in for three years. This allowed
to reinstate 1mbod in production, restore
well primary barriers and reduce operational
spend through cancellation of further well
interventions.
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I/IH(pOpMQ.L[I/IIO I OHp@ﬂC]’ICHI/IH NCTOYHHUKA ITIOTOKA
SKHJIKOCTU U €TI0 HAIIPABJICHU S, YTO JJAET BO3MOXHOCTD
[10JIYy4aTh UH(POPMAITHIO O IEPETOKAX HA HECKOIBKUX
00CaJHBIX KOJIOHHAX.

OTKprTI/IC K/IaIlaHA U30JIAIIHNH IIIACTA
IMOCJI€E OTOUBKH NIIAPA ITyTEM BO3BPATHO-
IIOCTYIIATC/IbHBIX ,IIBPI)KCHI/Iﬁ AJICKTPHIECCKOIO
KJII0YA-TOJIKATEJIS HA ITYyOOKOBOTHOM
CKBa:KHMHE B MEKCHKAHCKOM 3a/INBE. AHAIN3
paoéor

Tomac MayuueH, JlamiaH KiaemeHnT, AManaa OJIHUBHO,
Schlumberger

B xo1€ pabOT HA CKBAKUHE B MEKCUKAHCKOM
3aJIMBE ObLI UCIIOIb30BAH HHHOBALITUOHHBIN METOJ, C
MPUMEHEHHEM IEKTPUUECKOT'O KJII0YA-TONKATEISA,
KOTOPBIY MO3BOJIUJI OIPEAETUTD TOUHYIO INTYyOUHY
KJIATIaHA U30JIALIMHU IJIACTA, 3aUTH B 3ALIETJIEHHE C
OPOQUIEM U YCIIENTHO OTKPITh KIAaH.

OmnpejeseHue TIIyOHUHBI yCTAHOBKU KJIAMAHA U30JAUH
MJ1ACTA U 3aLENICHUE C HUXKHUM NPO(PUIIEM SABIAETCSA
CJIO’KHOI ONEPAIIUEN, €CJIM UCTONB30BATh CTAHJAPTHBIE
KJIIOYU-TOJIKATE/IN HA KAHATE WJIN TEKTPUYECKOM
Kabese. B 3ToM ciydyae BEC MHCTPYMEHTA OOECIIEYUBAET
YCUJINE, HAIIPABJIEHHOE BHU3, [IO3BOJIAS KJIIOYY-
TOJIKATEJIO 3AUTH B 3ALEIVIEHUE C IPO(PUIIEM KIAIAHA.
Ha BeTMYMHY 3TOTO YCUINSA BIUAIOT PA3TUYHBIE
MapPAMETPBL: OTKJIOHEHHUE CKBAKHUHBIL, CUJIA TPEHHUA
MHCTPYMEHTA O BHYTPEHHIOIO NOBEPXHOCTb HKT 1
HaTsKEHUE Kabens. TouHoe onpeieeHue rIyOrHEBI
UHCTPYMEHTA SIBJISIETCS €111e 60JI€e CIOXKHONM 32/1a49€ B
ITyOOKOBOAHBIX CKBAKUHAX, TJI€ PACTYKEHHUE JUITMHHOTO
Kabesd MOKET IPUBECTHU K ITOIPEMTHOCTU B HECKOJIBKO
METPOB.

B 1anHOM paboTE UCIIOIB30BAJICS MHHOBAIMOHHBIH
METO/] C UCITOJIb30BAHHUEM MOAYJIENA TOJIKATEIA,
JIMHEVHOI'O IPUBO/A U aHKEPHOT'O KPETJIEHUA,
KOTODPBIE JAI0T BO3MOXXHOCTD BBITIOJIHATDH BO3BPATHO-
MOCTYIIATEIbHBIE ABUKEHUA HHCTPYMEHTA ITOCIIE
OTOUBKHU INIYOUHBI KIanaHa. [my6uHa mociae OTOUBKHU
HMCMONIB30BAJIACH B KAYECTBE OIIOPHON TOYKU JIJIA
TOYHOTI'O OIIPEJEJIEHU ITOJOKEHHU A KJTIOYA-TOJIKATEA
OTHOCHTEJIBHO NTPO(MMIIA. BO BpeMs IBHKEHHUA K
NPOMUIIO TOYHOE NOJIOKEHHUE KTI0Ya-TOIKATEA
MOCTOAHHO OTCJIEKUBAJIOCH C ITOMOMIBIO IMHEMHOT'O
npuBOAA. IMHENHBIN IPUBOJ, UMEET O PAHUYEHHDBIIN
X0/, OTHAKO €I'0O MOXKHO UCHOJIb30BATh B KOMOMHAIINHU C
JAPYTUMH MOAYJIAMH, YTO JAAET BO3MOXKHOCTb U3MEPUTD
nepeMeIeHre Ha 00JIee JJIMHHYIO JUCTAHIIUIO.
[TOCKOJIBKY KJIIOU-TOJIKATEJIb HAXOAUJICA HA OYEHD
OJIM3KOM PACCTOSIHUU OT NIPOQUIIS OTKPBITUSL
(HECKOJIBKO XOJIOB JIMHENHOTI'O IIPUBO/IA), OIIEPALINA
OKa3aJ1aCh YPE3BBIYANHO 3(PPEKTUBHOII.

[Tpy IOMOIIY 3TOI'O METOA PA00TA ObLJIA YCIIEITHO
3aBEPIICHA 32 HECKOJIBKO YaCOB. [IJaHHBIE 3a00MHBIX
U3MEPEHUI IIEPEABAINCH HA IOBEPXHOCTD B
pEXMME PEATBHOI'O BPEMEHH, YTO MO3BOJIMIIO TOYHO
KOHTPOJIHUPOBATD X0, PA60T ¥ IOCTOAHHO CJIEANUTD
32 OJIOKEHUEM HHCTPYMEHTA OTHOCHUTEIBHO
pOdUIIA OTKPBITUS KJIAlTaHA. BO BpeMs JBUXKEHU S
K IIPOMHIIIO TTOCJIE OTOUBKHU MAPA KIIOY-TOJIKATEb
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This technology offers a new method of
acoustic data processing on DAS that extracts
valuable insights to identify the source of fluid
flow and flow pathways, providing an ability of
capturing events behind multiple casing strings.

Inchworming After Tagging the
Ball Proves an Efficient Method for
Opening a Completion Isolation Valve
with Electric-Line Powered Shifting
Tool in Deepwater Gulf of Mexico:
A Case Study

Thomas Mauchien, Laplane Clement,
Amanda Olivio, Schlumberger

An intervention operation in the Gulf of
Mexico used a novel method with an electric-
line powered shifting tool to reliably locate and
latch onto the shifting profile of the intended
completion isolation valve successfully
completing the shifting operation.

Locating and latching onto the lower shifting
profile of a completion isolation valve is often
a challenging operation with slickline or
conventional electric-line shifting tools. It relies
on the weight of the downhole tool to provide
the downward force to drive the shifter to latch
onto the shifting profile. Numerous parameters
such as the well deviation, the friction force of
the shifter keys with the tubing, and the pull
from the cable highly affect this downward
force. Accurate positioning of the downhole
tool with respect to the completion is even
more challenging in deep water wells because
the long cable stretch can result in several feet
of uncertainty.

The novel method used in this operation
consisted of using the shifter, linear actuator,
and anchor modules to move in an inchworm
motion after tagging the closed ball valve. The
tag was used as a reference point to accurately
locate the position of the shifter with respect
to the valve opening shifting profile. While
moving toward the profile, the position of the
shifter was maintained at all times using the
accurate linear position measurement of the
tool. The linear actuator has a limited stroke,
but it can be compounded to achieve a much
longer measurement. Because the tag position
of the shifter was only a few linear actuator
strokes away from the opening profile, the
operation was extremely efficient.

The intervention operation was successfully
completed in a few hours using this method.
The signals were measured downhole and
reported in real time to surface, enabling
accurate monitoring of the progress and
indicating the position of the tool with respect
to the valve opening profile at all times. While
moving toward the profile after tagging the
ball, the shifter was used to probe for diameter
changes. This measurement provided an



(PHUKCUPOBAT UBMEHEHUS IUAMETPA. DTU JAHHBIE
MHOCJIYKHJIN JOIIOJTHHUTEIbHBIM HOATBEPKICHUEM
MNPOXOXKAEHHUS HHCTPYMEHTA uyepe3 npoduib. [Tocne
IPOXOXKAECHUS NPOPUIIA U U3MEHEHUS HATIPABJICHU S
JIBIKEHH ST KOHTPOJIUPYEMOE YBEJTUYEHHUE OCEBOTO
YCUINS IMHEUHOI'O IPUBO/A NOATBEPANIIO (PUKCAITUIO
Ha IPO(PUIIE OTKPBITUA. DTOT METOJ, TO3BOJIUII
32(PHUKCUPOBATb NPO(PUIIb OTKPBITHS U HOATBEPAUTD, YTO
KyJIAQYKH KJIIOYA-TOJIKATEIS 3AILIN B 3ALCTITIEHUE, IIPEXK/E
4eM HPUCTYIIUTD K YBEJIMUYEHHIO OCEBOT'O YCHUIIHN A JJI
OTKPBITHUA KJIanaHa. [Ipy OTKPBITUH HIAPOBOr'O KJIAMIaHA
OBbLIN 32(PUKCUPOBAHBI IAHHBIE IO OCEBOMY YCHUJIHIO U
JUIMHE CMEIEHU S, KOTOPBIE COBIAIN C XaPAKTEPHBIMU
3HAYEHUSAMH JJI1 OTKPBITHA IAPOBOTO KJIAMaH4, YTO
MOATBEPANIIO YCIIEITHOE 3aBEPIIEHHE ONIEPALINH O€3
HEOOXOIUMOCTHU MPOBEPKU IyTEM MIPOXOKACHHUS
MHCTPYMEHTA Y€PE3 KIIATAH.

DTO OblLIa TIEPBAST ONEPALUS ITO OTKPBITUIO
KJIAITaHA U30JIALMHU IIACTA IOCJIE OTOUBKU IIapa
MyTEM BO3BPATHO-IIOCTYIATENbHBIX JIBUXKEHUI
JUISL OTIPEAEIEHNU S TOYHOT'O TTOJIOKEHU S TPODUIIA
U 32LEIUIEHU. DTOT HOBBIX METO/ yCTPAHUII
HEONPEEIEHHOCTD, BO3HUKAIOMYIO IIPU UCIIOIb30BAHUHN
CTAHAAPTHBIX METO/JIOB, B KOTOPBIX JJI ITIOATBEPKIECHUA
3aLENIEHUS UCIIOIb3YETCA HATAKEHNE KAOEI .

ITOTHOCTBIO ABTOMATH3HPOBAHHBIE
HCIBITAHUSA IJIACTOUCIIBITATEIEM O0€3 Kaheis
Ha IIPUMEPE CEMUCTATHUMHON OII€ePpAUH HA
CaxaauHe

dnuac Temep, JeriBuHApaH CyOpaMaHHUAM,
Schlumberger

HIcIIbITaHUE CKBAXKUH SIBASCTCSI OJJHUM U3 BAXKHEHIIIX
3TANOB, HEOOXOJUMBIX JIJI51 IPOIHO3UPOBAHUS
MHBECTUIIMN B Pa3PA0OTKy MECTOPOXKACHUN. OJJHAKO
KOMITAHUU-OIIEPATOPHI CTATIKUBAIOTCSI CO MHOTUMU
npobIEeMaMU, TAKMMHU KaK COKPAICHUE KATTUTAJIbHBIX
BJIOKCHUH 1 OIO/[KETA HA PA3BEJOYHBIE PAOOTHI, 4 TAKXKE
MJIOXHE HOT'OJIHBIC YCIIOBH S, KOTOPBIE OTPAHUYUBAIOT
EPHUO/I, B TECYCHHUE KOTOPOI'O MOKHO IPOBOAUTH
UCTIBITAHUS CKBAKUH. ABTOMATU3UPOBAHHASI TEXHOJIOT U
JULSI UICTIBITAHUS CKBAXKUH ITO3BOJIMJIA IPEOJIONIETD
3TH TPYJHOCTHU U B PEKUME PEAJIIBHOI'O BDEMEHU
OTCJIEKUBATh U KOHTPOJIHUPOBATh HECKOJIBKO HHTEPBAJIOB
IPUTOKA 34 OUH CITYCK B PA3BEJJOYHBIX CKBA’)KMHAX B
OxoTcKkoM Mope B Poccun.

B maHHOM CTaThe NPEACTABIEHDBI IOCTABJIEHHBIE 34/1A4H,
3TN IJIAHUPOBAHUS PAOOT U ABTOMATU3UPOBAHHOE
BBIIIOJIHEHUE OIlEpA Ui 6€3 Ka6e1sl B HEOIATONIPUATHBIX
YCJIOBUSIX U B OTPAHUYCHHBIN IIEPUOJT BDEMEHU.
HICTIOIb30BAHUE CUCTEMBI TEJIEMETPUU JJ151 UCTIBITAHHUS
CEMU 30H CKBAKHUHBI IIO3BOJIWJIO IIOJIYYATh JAHHBIE B
PEXXHUME PEATBHOI'O BDEMEHU, VIIPABJISATH KJIIOUEBBIM
CKBA’KMHHBIM OOOPYAOBAHUEM U IEPE/IABATD JAHHBIE
B 0(pucC oneparopa B ropojie. B crarbe pacCMOTPEHBI
PA3JIMYHBIE NTOJIEBBIE PAOOTHI, KOTOPHIE TOKA3BIBAIOT,

K4K aBTOMATU3UPOBAHHBIN COOP JAHHBIX U

YHPAaBJICHUE CKBAXKMHHBIMHU OIEPALUSIMU ITO3BOININ
ONITUMHU3HUPOBATh PAOOTY KAK JIJISI CEPBUCHOM KOMITAHUH,
TA4K 1 JIJISI OIIEPATOPA.

additional confirmation of the position of the
shifter, which was able to sense passing through
the profile. Finally, after passing the profile
and reversing direction, a controlled increase
in the linear actuator axial force confirmed
the latch onto the opening profile. This seek
method enabled latching onto the opening
profile and confirmed without doubt that the
shifter keys were engaged in the profile before
proceeding to increase the forces to shift the
ball open. While the ball valve was shifted
open, the downhole measurements recorded
an axial force vs. displacement footprint that
is characteristic of the opening of the ball
valve, giving confirmation that the operation
was successfully completed without having

to physically pass through the ball valve to
confirm.

This was the first time that this method,
consisting of moving in an inchworm motion
after tagging the ball, had been used for locating
and latching onto the shifting profile of a
completion isolation valve. This novel method
eliminated uncertainty from conventional
methods that use the cable overpull and head
tension as a latch indicator.

Fully Automated and Wirelessly
Enabled Drillstem Tests: Seven-Zones
Campaign Case Study in Sakhalin

Elias Temer, Deiveindran Subramaniam,
Schlumberger

Well test is one of the crucial steps required to
forecast production investments of their fields.
However, the operators face many challenges
such as reduced capex, exploration budgets,
and bad weather conditions that limit the
well testing time window. To overcome these
challenges, an automated well testing platform
enabled a real time monitoring and controlling
more zones in a single run for appraisal wells in
the Sea of Okhotsk, Russia.

This article highlights the test objectives,
the job planning, and automated execution of
wirelessly enabled operations in very hostile
conditions and limited time period. The
use of a telemetry system to well test seven
zones allowed real-time data acquisition,
control of critical downhole equipment,
data transmission to the operator's office
in town. Various operational cases will be
discussed to demonstrate how automated data
acquisition and downhole operations control
has optimized operations for both the service
company and the operator.

Data-Driven Integration to
Delineate Zonal Isolation and Casing
Deterioration Using Advanced
Ultrasonic Technology - A Blueprint
to Well Integrity Evaluation }
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N CroIb30BAHHE HHTEI'PALIUH JAHHBIX
JIJISI OIIPEIEJICHUSI YIACTKA AedopManunu
00CAJHO KOJIOHHBI C IIOMOIIBIO IIEPETOBOM
YABTPA3ZBYKOBOM TEXHOJIOI'UH — IIJIAH OLLCHKH
IIE/IOCTHOCTH CKBAKHHBI

Moxammaz Pamrug XaH, Schlumberger, Xaccan Axmen,
Pakistan Petroleum Limited; AGayn Bapu, Schlumberger;
Kampan Pamng, Carien Joct Ainu, Pakistan Petroleum
Limited; Taxxa 3y6arip, YcMaH AHIKYyM, Schlumberger

COBPEMEHHOE IIEPEIOBOE YIBTPA3BYKOBOE
U3MEPEHUE C TIOMOMIBIO METO/A BU3YATIU3ALIUN BOJIH
JIsm6a (607ee U3BECTHOTO KAK AHAJIN3 YIIPYTHUX BOJIH)
OBLIIO IPEACTABJIEHO ITIOYTHU ABA ICCATUICTUSA HA3A /.

DTa TEXHOJIOTUS NMO3BOJINIA PACIIMPUTDL TPAHULIBI,

B IIPEJIE/IAX KOTOPBIX PA60TA KITACCUYECKUH
3XOUMITYJIbCHBIA METOJ]. TEXHONIOT U CTaIa IPOPHIBOM

B OLICHKE KAa4ECTBA [IEMEHTA 6IarOfaps KOMIIJIEKCHOMY
AHAJIN3Y, KOTOPBIN MO3BOJIAET MTOJIYUYUTD JAHHBIEC HE
TOJIBKO O I'PAHULIE PA3/IEId MEX/Y OOCATHON KOJIOHHOMU
M LIEMEHTOM, HO U O TPETHhEU I'PAHUIIE pa3zead. B JTaHHOM
paboTe NpeACTABIEH HOBBIN METO, OLIEHKHU LIEIOCTHOCTHU
CKBa’KUHBL, KOTOPBIA OOBbENUHSET IEPENOBLIE
TEXHOJIOTUHU YJIBTPA3BYKOBBIX BOJTHOBBIX UCCJIETOBAHUNA
U KJIACCUYECKU U 9XOUMITYJIbCHBIN NTOAXO7,. TaKKe B
CTaThE NPEJCTABIEHO MIPAKTUYECKOE IPUMEHEHNE

3TOTO METOJA B PA3BETOYHON CKBAXKUHE C AHOMAIBHO
BBICOKUM IIJIACTOBBIM JIaBJICHHEM. JJaHHBIN METO/T
MO3BOJIUT ONITUMHU3UPOBATH TEXHOJIOTUIO 3AKAHYHUBAHUSA
Ha IPYTUX CKBAXKUHAX. Ha nccienyemMor CKBaKMHeE O6bLIO
OOHAPYKEHO ITOTEHIIUAJIBHOE HAPYIIEHUE [IEJIOCTHOCTH
B PE3YIBTATE JIOBUJIBHBIX PA0OT U IEMEHTUPOBAHUSL.

[ pa3zpa®OTKU IUTaHA PAOOT ObLI HPUHAT
TPEXYPOBHEBBIN OAXO, KOTOPbIN HAYAJICA C
onpezeneHus NpooIeM, BOSHUKIINUX B PE3YIBTATE
NPOBEJIEHUA PA3INYHBIX PAOOT HA CKBAXKUHE.
3areM, UCXOAA U3 IIPETIONATAEMBIX IPOOIEM, OBLITA
PacCMOTPEHBI COOTBETCTBYIOIINE PEMIEHUS C YIETOM
TEXHOJIOTUHA U CTAHJAPTHBIX IIPAKTHK, UCIIOJIb3YEMBIX
B OTPACIN. 32TEM HAa OCHOBE JIBYX NPEABIAYIIUX 3TATIOB
OBLI MPUHAT UHTET PUPOBAHHBIN ITOJXO/], B KOTOPOM
HUCHONb3yEeTCSI KOMOMHAIINA 3XOMMITYJIbCHOI'O U
YIIBTPA3BYKOBOT'O METO/OB B JOIIOJIHEHUE K HECKOJIBKHUM
YoKE UCTIOJIb3YEMBIM METOAAM. B pe3ynbraTe KOMOMHAIINA
JIAHHBIX I10 3aTYXAHHIO BOJIH U AKyCTUYECKOI'O
UMIIEIAHCA IO3BOJIAET IMIPOBECTU KOMILJIEKCHYIO OLIEHKY
cpeapbl 32 06CaAHOM KOJIOHHOM C IOMOUIBIO I'PaUKa
«I'BEpAOE TEIO — KUJIKOCTD — I'a3». OJJTHOBPEMEHHO
MOJKHO KOJIMYECTBEHHO OLIEHUTD TOJIIUHY OOCAAHOM
KOJIOHHBI 1 U3MEHEHHE BHYTPEHHETO PAJINYCA C
IIOMOIIIBIO 3XOUMITYJIbCHOM AMIVIUTY/IbI U PE3OHAHCHOM
4aCcTOTHL. TaK)Ke IPOBOAUTCS AHANU3 «I' peThbert
MMOBEPXHOCTHU PA3JAENA» U ONIPENEIEHUS TEOMETPUN
KOJIBLIEBOTO IIPOCTPAHCTBA U ITOJIYYEHU A JAHHBIX 110
LEHTPHUPOBAHUIO OOCAJHOM KOJIOHHBI B INIACTOBBIX
YCJIOBUSIX.

IIpennoKeHHbIN IPOEKT OLIEHKHU 1IEJIOCTHOCTHU
CKBa>KUHBI COZIEPKUT KIIIOUEBBIE CTPYKTYPHBIE 6JIOKU U
METO[L OHpe,II@HCHI/IH IIOTEHIIUAJBbHbBIX MECT HleyHICHI/IH
LIEJIOCTHOCTHU. PE3ybTaThl IPUMEHEHU S STON METOTUKH
IIOKA434JIU BBICOKYIO 9(P(PEKTUBHOCTD JJISI OLIEHKU
Ka4eCTBa [IEMEHTA U COCTOSHHUS OH6CA/THOM KOJIOHHBL.  ©
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Mohammad Rasheed Khan, Schlumberger,
Hassaan Ahmed, Pakistan Petroleum Limited;
Abdul Bari, Schlumberger; Kamran Rashid,
Syed Dost Ali, Pakistan Petroleum Limited;
Talha Zubair, Usman Anjum, Schlumberger

State-of-the-art advanced ultrasonic
measurement through the Leaky-Lamb
wave imaging technique (more commonly
known as the flexural waveform analysis) was
introduced nearly two decades ago to expand
the envelope beyond which the classical pulse-
echo evaluation operated. This technology
has proven to be a game-changer in cement
evaluation through provision of an integrated
analysis which deconvolutes beyond the casing-
cement interface and investigates further into
the third interface. In this work, we integrate
the cutting-edge analysis provided by ultrasonic
flexural mode with the classical pulse-echo
approach to vield a novel well-integrity
evaluation blueprint. Subsequently, it is shown
how this workflow is applied to an ultra-high
pressure (UHP) exploratory well for integrity
evaluation which will aid in future optimization
of completion strategies and constitute a
continuous improvement cycle for other wells.
The subject well faced potential integrity related
uncertainties due to fishing and cementing
related issues.

A three-tier approach was adopted to develop
the blueprint, starting off with problem
identification with respect to the various
operations and incidents that occurred on this
well. Next, based on the anticipated problems,
associated solutions to evaluate the same were
investigated by considering the technologies and
standard procedures practiced by the industry.
Finally, based on the previous two steps, a multi-
physics approach was adopted that makes use
of a combination of pulse-echo and flexural
ultrasonic analysis, in addition to multiple well
integrity workflows. Consequently, combination
of flexural attenuation and acoustic impedance
allows for a comprehensive evaluation of the
medium behind the casing through the Solid-
Liquid-Gas map. Simultaneously, it is possible
to quantify casing thickness and internal radius
variations through pulse-echo amplitude
and resonance frequency characterization.
Furthermore, the Third-Interface-Echo analysis
is conducted to determine annulus geometry
descriptions and produce a unique in-situ casing
centralization measurement.

The proposed well integrity blueprint
contains various building blocks that are key
to evaluation processes and provide a linkage-
based approach to delineate potential problems.
Accordingly, application of this blueprint
illustrated the investigative approach it delivers
with respect to cement barrier classification and
casing condition assessment. ©



000 «BETEPAH»: B NOCTOAHHOM pPa3BUTUM
Hed)TerazoBoro cepemca 25 nert

O0HO u3 KpynHetiuux HegmecepsucrvLx npeonpusimuti Operoyp2ckoil oonacmu
OOO «BETEPAH» cmpemumcs 6ce2oa CmabuioHo U 3PHexmusHo eechiu ousHec 6 cgpepe
Hegpme2aszosuLx MexHOI02ULl U cepeuca. Komnamus op2anu3o8ala i 6bl6e1a Ha PulHOK
HECKOIKO 8ULO08 BOCMPEOOBAHHBLX U 8bLCOKOIPDEPEKIMUSHBLX YCIL)2, MAKUX KAK CePBUC
no obecneueruro CNeUUAIUSUPOBAHHOU HeBIMENPOMbLCI0BOL MEXHUKOLL, CEPBUC
10 NPUL0MOBIACHUIO TNEeXHOJIOZUHECKUX ICUOKOCMELL U 2I1YULEHUIO CKEANCUH, CEPBILC
1O XUMUHECKOLL 00DAdOMKe CKBANCUM, CePBUC 1O NPOBCOCHUIO KANUIMAILHO20
pemonma cxeaxcur ¢ 'HKT.

JT1anbl pa3BnTuda
OTcYeT TPyAOBOH ACSITETBHOCTH KOMITAHHUS B
dpopme OO0 «BETEPAH» HaunHaeT ¢ 1 mapTta

1997 roga. CHexTp ycayr (POpMUPOBAJICA IOCTENIEHHO.

C 1997 roga OO0 «BETEPAH» NO3UITUOHHUPOBAJIO
cebs1 Kak HepTenoopIBaIonast KoManusi. C
OpUXO0M B OpEHOYPICKYIO OOIACTb KOMIIAHHUU
THK-BP aktussl OOO «BETEPAH» 661111 IEpefaHEbL
B AO «Open6yprued1e». Komnanusa <BETEPAH»
ObLIA IEPEKBATU(PUIITMPOBAHA KAK CEPBUCHO-
TPAHCIOPTHOE NPEANPUATHE. B 3TOT IEPUO/, BIIOTD
1o 2009 roaa, konnekTus «BETEPAHa» 3aHMAaICS
OK43aHUEM TPAHCIIOPTHBIX YCIYT U YCIIYT IO
XPAHEHHUIO U TPAHCHIOPTHPOBKE TEXHOJIOTUYECKUX
KHUIKOCTEH.

B 2009 rogy KoMItaHnus BCTYIIUJIA HA HOBBINA 3TAIl
Pa3BUTHSA. BBIJIO IPHUHATO PpEMIEHUE 06 OPTAHU3ALTUHN
TEXHOJIOTUYECKOM CITYKOBI IO IVIYIIEHUIO CKBAXKHH.
B TOM k€ rofly OpraHU30BAHA TEXHOJIOTUUECKAS
ciy>k6a 110 06pabOTKE NPHU3a60MHON 30HBI IIACTA
CKBAXUH, JIJI] YETO ITPUBJIEKAJIUCH BEAYIIIUE
CHENUAINCTBI PEFHOHA, ObLIA CO3aHA XUMUKO-
AHAJIMTUYECKASA TA00PATOPHUS, ABTOMATHIECKUH
Y3€JI IPUTOTOBIEHU S KUCJIOTHBIX COCTABOB.
[TpoaHaIN3UPOBAB MOTPEOGHOCTD PBIHKA
HEPTECEPBUCHBIX YCJIYT, B3IB BO BHUMAHUE BA)KHOCTD
UMIIOPTO3AMENIEHN B HEPTECEPBUCHBIX YCITYTAX,

B 2013 rogy kommnanus «<BETEPAH» npro6pena
MEPBBINA YKOMILIEKTOBAHHBIN (pr1oT 'HKT. Ha
JAHHBII MOMEHT H4 BOOPYKEHUHU NIPEATIPUATHA
HUMEIOTCA IECATD ITOJTHOCTBIO O60PYAOBAHHBIX
¢pnotos 'HKT. TeXHONIOTrMs KONTIOOMHI' A OYE€HD
NEPCNEKTUBHA I HE(PTETa30BOI'O CEKTOPA

Poccumn. ITpy MCII0/1Ib30BAHMH JAHHOM TEXHOJIOI MU
COKPAIIAETCA MIPOLECC OYPEHM S, YTO MOJIOKUTEIBHO
CKAa3bIBAETCA HA CHUIKEHUH 32TPAT 110 OYPEHUIO.
IMpumenenne T'HKT no3sosseT NpoIINTh
IKCIUTYATALIUIO MECTOPOXIEHNH, HAXOAAINXCS HA
CTaJJU1 UCTOIIEHUA, 4 TAKKE PEAHUMUPOBATD CTAPBIN
(pOH/| CKBAKMH U BOBJIEYD B IIOBTOPHYIO PA3PaA0OTKY
TPYAHOU3BJIEKAEMBIE 3AI1ACHI YITIEBOJOPOJHOTO
CBIPbsL. CTPOUTENBCTBO CJIOKHBIX CKBAKUH TPeOyeT
Pa3pabOTKU U IPUMEHEHNA HECTAHAAPTHOI'O
060pynoBaHUs. OOIIETIPHUHATHIE CKBA)KUHHBIC
Oonepanuu yKe HE B COCTOAHHUM PENINTD TE 33/1a4U,
KOTODPBIE CTOAT NEPe HEPTEAOOBIBAIOIUMU

NPEANPUATUAMU. ECJIM PACCMOTPETH CUCTEMBI
3aKaHYUBAHUS CKBAKUH ¢ MT'PIT, To THKT —
OCHOBHOW MHCTPYMEHT, OTBEYAIONIUI COBPEMEHHBIM
Tpe6OBAHUAM. TaKKe AKTYaJIbHO IPUMEHEHHNE
KOJITIOOMHIOBBIX TEXHOJIOTUI HA 3PEJIBIX
MECTOPOXKAECHUAX C HU3KHUM IIACTOBBIM JABJIEHUEM.
C Ka>XXJbIM I'OJIOM JIOJIsI TAKUX MECTOPOXKIECHUH
TOJIBKO YBEJIMYUBAETCSA, YTO BEJIET K BO3PACTAIOMIEMY
CIIPOCY HA YCIYTH KOJITIOOUHTOBBIX YCTAHOBOK.

B HacTosI1IEE BpEMSI K OCHOBHBIM BHU/1AM
nesarenbHocTH OO0 «BETEPAH» OTHOCATCS ITYIIIEHHUE
CKBa)XXUH, 00pab0TKa IPU3a00HOM 30HHI (OI13)
IJIACTA CKBAXKUH, KAITUTAJIbHBIF PEMOHT CKBAXKHUH C
npruMeHenueM komiuiekca F'HKT (Tu6Kux HaCOCHO-
KOMITPECCOPHBIX TPYO), 4 UMEHHO: (PPE3EPOBAHIUE
MydT MI'PIT (MHOTrOCTaJUMHBIA I'MIPOPA3PLIB
rwuiacta), I'TITT (rugpornecKkoCcTpy iHas nepgopanms),
HOPMaJINU3a111s 320051 © OCBOEHHE CKBAKUH,
nposeaeHue OI13 Ha THKT, qenapapunuzanys mudra
HKT 1 BOCCTAaHOBJIEHUE IIUPKYIALINN CKBAKHH.
TTOMHUMO 3TOTO, IPEJOCTABIISIOTCS YCIYTH IO
XPaHEHUIO, IPUTOTOBJIEHUIO U TPAHCIOPTUPOBKE
TEXHOJIOTUYECKUX XKUJIKOCTEHU U TPAHCIIOPTHBIE
YCIIYTH.

T'eorpacdus yCayr, IpeIOCTABISIEMBIX KOMIIAHUEH
«BETEPAH>», 06IIUPHAs M OXBATHIBACT PeciyOIHKy
bamxkoprocTaH, XMAO, AHAO, Pecriyb6iiuky
Caxa (Akyrus), Camapckyto, CapaTOBCKYIO U
OpeH6yprckyio obnactu. CorpyaHuku «BETEPAHa»
BBITIOJIHSTH ONIBITHO-TIPOMBIIIJIEHHBIE UCTIBITAHUS
PA3MIMYHBIX TEXHOJIOTUH HA MECTOPOXKICHUAX
ITAO d'aznpom», [TAO «'aznipom He(PTh», ITAO
«HK «PocHe(TH», [TAO «TatHE(TH>, [TAO AHK
«bamHedTh», IO PE3YIBTATY KOTOPBIX IPOU3BOANIN
MPOMBIIJIEHHOE TUPAKMPOBAHUE NIEPEJOBBIX
TEXHOJIOTUH.

Ha reppuropuu OpeHOyprcKoit 061aCTU
OO0 «BETEPAH» okasbiBaeT ycayru no OI13 ais
AO «OpeHbyprueTh> (OCYIIECTBIIAA IIOJIOBUHY
onepanuil B 3TOM HAIIPABJIECHHU M), UCIIOJIHACT
(PYHKIIMH F'€HEPAJIBHOTO NOAPSAAYNKA IO TTTYIIEHUIO
CKB’KMH M OIIEPALTUN C TEXHOJIOTHYECKUMHU
JKUJAKOCTAMHU 151 AO «OpeHbyprueTh» U
OO0 d'a3npoMHeEPTb-OPEHOYPI», A TAKKE ONEPALTAN
c npuMmeHenueM komiuiekca I'HKT s
OOO daznpoMHePTb-OpeHOYPr» U
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AO «OpenbypraedTh». B cTaryce reHepaabHOIO
TIOAPATINKA KOMITAHUA IIPECAJIATACT PCIICHU A
MPOU3BO/ICTBEHHBIX BOIIPOCOB IIPOLIECCOB
JIOOBIYY HE(PTU U Ira3a. 32 3TU TOJbI PEATTU3OBAHO
MHOKECTBO COBMECTHBIX ITPOEKTOB U 3aITyIIECHEBI
MHHOBALITMMOHHBIC TEXHOJIOTH B o0IacTu TIIYyIICHUS
CKBAXXUH M OOPAO6OTKU PU3A60ITHON 30HBI IJIACTA.
C 2021 roga OOO «BETEPAH» OKa3bIBAET YCIAYTH
O UCHBITAHUIO TOPU3OHTAIBHOI CKBAXKUHBI
Ha KyTyJIyKCKOM JIMIICH3MOHHOM Y4Y4CTKE,
KOTOPAs ABJIAETCA IIEPBOU CKBAKHMHOU B PAMKAX
re0JIOrOPa3BEIOYHBIX PA6OT ITO U3YIEHUIO
TPYAHOU3BJIEKAEMBIX 33I1ACOB YIJTIEBOAOPOAOB
JIOMaHHUKOBBIX OTIIOKEHUIT OPEHOYPrCKOI OOJIACTH.
OOO «BETEPAH» aKTUBHO Pa3BUBAET BCE BUJIbI
CEPBUCHBIX YCJIYT, OKA3bIBAEMBIX Ha OOBEKTAX
34K434YUKOB , YTO IMO3BOJINJIO MPEAIPUATHIO
MEPEUTHU HA HOBYIO CTYIIEHD PA3BUTHA B OOJIACTH
HeTEra30BbIX TEXHOJIOTUM. B iporiecce

TEXHOJIOTMYECKOT'O COBEPIIEHCTBOBAHUS HE
OCTAIOTCS 0€3 BHUMAHUSA IPOU3BOACTBEHHASA
JUCLIUIUIAHA U OXPAaHA TPYZAA, KOHTPOJIb 32
TEXHOJIOTMYECKUMH NIPOLIECCAMU. Pe3ybTaTom
CJIAKEHHOM PAOOTBI KOJUIEKTUBA ABJIAIOTCA IPAMOTEI
OT T€HEPATIBHBIX 3a4KA34YHUKOB:

o Jlyumas noApsaaHass OPraHU3a1us 110 00paboTKe
IPU3A00MHON 30HBI I1J1aCTa», [TAO «HK «PocHedTh»,
2018 rog;

* Jly4masa noapsagHas OPraHU3ans 10 OKA3aHUIO
YCIIYT C IPUMEHEHUEM T'MOKOI HACOCHO-
KOMIIPECCOPHOU TPyObI», [TAO «HK «PoCHEDPTH>,
2018 rog;

* Jlyunias CEpBUCHAS KOMITAHHUA 1O
COMYTCTBYIOMUM onepanuam npu BCP o
YCIIYTE ITTYIIEHUE CKBAXXUH 1 IIPUTOTOBJIEHUE
TEXHOJIOI'MYECKUX KUAKOCTEN»,

OO0 drasnpomuedTL-OpenHdypr», 2020 rog.
KoMnaHusa He COOGMPAETCA OCTAHABIUBATHCA
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Ha JOCTUTHYTOM: IPOJIO/IKAET PEAIU3OBLIBATH
AKTYaJIbHbIE MHHOBAITUOHHBIE IPOEKTHI JIJIS1
yBenn4ueHUs 3(P(PEKTUBHOCTU ONEPALTUI U
HOJIEPKAHN S KOHKYPEHTOCIIOCOOHOTO YPOBHS

B cepe He(PTETra30BbIX TEXHOJIOTUN U YCIIVT,
pacHIupsAET reorpaduio CBOEro NpUCyTCTBUL. i1
OCYIIECTBJIEHUS IIJIAHOB U PEMIEHUS ITIOCTABIECHHBIX
3aga49 OO0 «BETEPAH» uMeeT Bce HEOOXOIMMbIE
peCypChl (IPOU3BOACTBEHHBIE, UHTEIIEKTYAIBHBIE,
(PUHAHCOBBIE).

28 peBpaiis 2022 roga B TOPKECTBEHHON
O6CTAHOBKE IPUKA30M MHUHUCTEPCTBA
MPOMBIIIJIEHHOCTU U 3HEPTeTUKH OpeHOYPIrcKot
06J1aCTU 32 6OIBIION BKJIAJ, B PA3BUTHE OTPACIIH,
BBICOKHE ITOKA3ATEINU TPOU3BOICTBEHHON
JIEATENIBHOCTU T€HEPAIBHOMY JUPEKTOPY KOMITAHUU
[.E. CrenaHoBy ¥ IPpYI'UM COTPYAHHUKAM
OOO «BETEPAH» Ob1111 Bpy4eHBI 6J1aTOJapCTBEHHBIE
MHUCbMa MUHHUCTPA IPOMBIIIIEHHOCTH U SHEPTETUKH
OpeHOYPrcKkou O6IACTH.

YBa)kaemblie konneru!

CeppeydHo no3ppasnsem c 25-netunem!

YeTBepTb Beka — 3T0 6onbLion nyTb, n komnaHusa «BETEPAH» npolusna ero gocTonHo,
HenpepbIBHO HapaLllMBas CBOIO MOLLb, BHeAPSAS NPorpeccMBHblIe TEXHOMOrnn, Npusnekas
HOBENLUYIO TEXHUKY, PacLUUpPSs CMEeKTP OKa3biBaeMbIX YCIyT.

KomnaHuns xopoluo n3sectHa 3akasymkam U3 MHOrMx permoHoB Poccmm Bbicoyanuvm
Ka4yeCcTBOM NPOoU3BoAUMbIX paboT. Korga Hy)KHO 06CnyXNUTb caMble CJI0XKHbIE CKBaXXKUHbI,
30ByT «BETEPAH». B )kypHane «Bpemsi konTiobuHra. Bpems M'PI» perynsipHO NosiBNsOTCA

ny6nmkaumnm o6 onbiTe NCNONIb30BAHUSA KONTIOOGUHIoBbIX TexHonorum «BETEPAHom».

31a uHdopMaLus C OrPOMHbIM NHTEPECOM BCTPEeYaeTCs POCCUNCKUM UH)XKEHEePHbIM
COO6LLLEeCTBOM U CMOCOGCTBYET Pa3BUTUIO BCEro OTEHECTBEHHOIO CerMeHTa
HedTerazoBoro cepsuca.
C cepebpsiHbIM l0OUuneem, aoporon «BETEPAH»!
HoBbIx cBepLUeHNN, TEXHONOrMN, 3aKka34ynkoB! HoBbIX NMaHOB 1 NepcrneKkTyB —
Beab 25 net — coBceM He BeTepaHCKM Bo3pacT!
YcnexoB u npouBeTaHus!

Pepakuus Hay4HO-MpakKTUYECKOro XypHasna «Bpems kontiobuHra. Bpems Pl1»
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HAYYHO-NPOW3IBOOCTBEHHARA ©UPMA

OKTABPBCKMIA ==

NAKEP ()

hEME

[TakepHble TeEXHONOrMK 1 0OOPYAOB
aJanTMPOBaHHbIE K MPOBEAEHUIO Pe

C npumMeHeHnem [ HKT

I.C.TPEYHMIITHHUKOB, By M HHKEHEP-TEXHOJIOT CJY>KOBI PAa3BUTHA TEXHHUKH M TexXHoJIoruu OO0 HII® Jdlakep»

TToBBIIIEHUE TPOAYKTUBHOCTU
HEMTAHBIX U I'A30BbIX CKBAXKUH
MECTOPOXKIEHUN, HAXOIAIUXCS
HAa ITO3AHEN, 3ABEPIIAIOINIEN
CTaJUU IKCIIYATAI MU UIIN
3KCIUTYATUPYIOIIUX TIJIACT
C HU3KOIIPOHUIAEMbIM
KOJUIEKTOPOM, HANIPSIMYIO CBSI3aHO
C BHEJ]PEHUEM I'M]/IpOPA3PBIBA
rmnacra (IPIT). Ilpu nposeaeHuu
onepanuu I'PIT B npr3aboiHOIM
30HE NPOAYKTHUBHOI'O IIACTA
06pa3yeTCs Pa3BETBIECHHAS CUCTEMA
JPEHUPOBAHUS 34 CUET MO AYH
I1O/1 BBICOKUM /IABJICHHUEM paboydeit
JKUAKOCTHU. BaskHBIM (DAKTOPOM,
onpeaensaomuM 3P@PEKTUBHOCTb
BEJIEHUS TEXHOJIOT'MYECKOTO
IIPOLIECCA, SIBJISIETCS HAJICKHOCTD

CepsBuc HN® «Makep»

DETERPBCHAA

> NAKEP

MH)XeHepHble peLieHus

- Pazpabortka TexHonorui 4obbium,
MNJ 1 pemMoHTa CKBaXWH

- Pa3pa6oTka cxeM noa3emMHoro
obopynoBaHus

- Pazpabotka nnaros pabotr
Ha BHEJPEHVe 1 13Bfieverme
obopynosaHus

- Mpoun3BoACTBO pacHeToB Ans
BHeapeHnsa obopyaoBaHMsa

- OueHka pUckoB

- CobcTBeHHOE NPorpaMMHoe
obecneveHe

Pucynox 1 — Cepeuc HIID Ilaxep»

PaboTel BHYTPUCKBA)KUHHOI'O OO0PYIOBAHMS, B
OCOOGEHHOCTH NAKEPOB, MPUMEHEHNE KOTOPBIX
HEOOXOAMO, YTOOBI OOECIEYUTD 1IEJIOCTHOCTD

IKCILTYATAITMOHHON KOJIOHHBI.

OOO HIT® Jlakep» 06pa3zoBaHo B 1992 rogy
U HA CETOAHAIIHUI JJEHD ABIAECTCA HETPEPBIBHO
Pa3BUBAIOIIENCA MAIITMHOCTPOUTEIBHOMN
KOMITAHHEN — JINIEPOM HA BHYTPEHHEM PBIHKE
IAKEPHO-AKOPHOT'O OOOPYAOBAHUA U CTPAH
CHI KoMmaHus 3aHUMAETCA PA3PAOOTKOH,
IIPOU3BOACTBOM, IOCTABKOI U CEPBUCHBIM
06CIy’>KMBAHUEM BHYTPUCKBAXKUHHOT'O
MOJA3EMHOI'O O60PYIOBAHMA IIPAKTUYECKH JJI BCEX
NpPEeANPUATHI HEPTEra30BOr0 KOMILIEKCA Poccum
U OJIMKHETO 3apyOexbs. [IpeAnpusaTue NpoOus3BOAUT
060pYIOBAHUE, TPUMEHAEMOE ITPAKTUYECKHU
BO BCEH HOMEHKJIATYPE BHYTPUCKBA’KUHHBIX
padoT, B TOM YMCJIE U pa6OT IO IIPOBEJIEHUIO
IUApopaspbiBa I1acTa. Pazpaboranusie OOO HITD
«[Takep» KOHCTPYKTHUBHBIE PCUICHUS, TIO3BOJISIIOT
IIPOBOANTD TAKHUE TEXHOJOTMUECKHE ONIEPAITHH,
KaK O0JIbIIICOO'HEMHBIN 1 MHOTOCTATUHMHBIN
TUAPOPA3PHIB IIPH AaBjieHUH 40 100 MITa.

[IpOn3BOAUTEID OCYIIECTBIIACT IOJTHBIN

KOMILJIEKC pa6OT 1O MHKEHEPHOMY

CONPOBOXKAECHUIO O60PYJOBAHUSA U TEXHOJIOT U
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€ro NPUMEHEHU S, IPOMU3BOJUT PEMOHT U
MIOCTrapaHTUIHOE Ob6CyxuBaHue. [pu
NIPOU3BOACTBE UHXKEHEPHOT'O COIIPOBOXK/ICHUSA
MPUMEHAETCA COOCTBEHHOE IMPOIPAMMHOE
obecrnieueHre APTeC. OgHOM U3 ero (PyHKITUI
ABJIAETCA PACYET HATPY3KHU I YCTAHOBKH U CPBIBA
MAKEPOB IO (PAKTUYECKUM JJAHHBIM CKBA’KHMHBI U
IIpUMeHsIEMOro 060pyA0BaHUs. C noMoIbio APTeC
BBITIOJTHAIOTCA I'MJIPABJIMYECKHE PACYETDI, KOTOPBIE
MO3BOJIAIOT IIOBBICUTD YCHEIIHOCTD onepanyy I'PTT
U NIPESYCMOTPETH HEOOXOAUMBIE TPEOOBAHMS K
060PYZIOBAHUIO.

ITakepst muHenkUu [TPO-AMO4-AT4 pa3padoTaHbl
creruaabHo Aj1s1 cermenTa I'PIT v KOJITIOOMHIOBBIX
TEXHOJIOTUN. FIX 06/1aCTh IPUMEHEHU S —
MHOT'OKPATHOE MPOBEICHUE 60JIbIIIE06bEMHOTO I'PIT
32 OJJHY CITyCKO-TIOJIbEMHYIO OIIEPALIHIO, IPOBEJACHUE
T'PII B XBOCTOBUKAX CKBA’KUH MaJIOI'O IUAMETPA,
KUCJIOTHAsI O6pabOTKA MJIACTA IO/] JABJICHUEM U
JIPYTH€ TEXHOJIOTUYECKHE ONEPAITUH.

KOHCTPYKTUBHOM OCOOGEHHOCTBIO JAHHOM IMHENKU
SIBJISIETCST YBEJIMYEHHBIH IPOXO/HOM KAaHAT — 76 MM
JIIS TIAKEPOB, IPUMEHSEMBIX B OKCIIYATAI[MOHHbBIX
KOJIOHHAX @ 140—146 MM, 88 MM [I/1s TAKEPOB,
[IPHUMEHSEMBIX B KOJIOHHAX @ 168 MM, 1 100 MM
JUIs1 OOOPYAOBAHUSA, IPUMEHSIEMOT'O B
IKCIUIYATALUOHHBIX KOJIOHHAX @ 178 MM.




HAJIEKHOCTD CLETIIEHUS AKOPS CO CTEHKAMH
KCILTYaTAIIMOHHOM KOJIOHHBI CKBA’KHUHBI U JIETKYIO
pacrakepoBKy 6€3 IPUMEHEHU JJOTIOJTHUTEITbHON
PACTATUBAIOIIEN HATPY3KU;

* [MAKEP YCTAHABJIMBAECTCA B CKBAJKMHE MEXAHUYECKHU
MYTEM OCEBBIX IEPEMEMEHNT KOJIOHHBI TPYO
(me Tpebyet Bpamenus HKT), npusBoguTcsa
B TPAHCIIOPTHOE IMOJIOKEHUE HATAKEHUEM
KOJIOHHBI TPYO. ITpy og'bEME KOJIOHHBI BBEPX
MAKEP aBTOMATUYECKU PACITAKEPOBBIBAETCA U
BO3BPAIAETCA B TDAHCIIOPTHOE ITOJIOKEHHE;
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Pucynox 2 - Haxep IIPO-AMO4-AT4

CyIIECTBYET TAKKE MAJIOPA3MEPHAA MOJIENb TAKEPA
JUISI IPOU3BOJICTBA TEXHOJIOIMYECKUX ONEPAITUT

B XBOCTOBHKAX @ 114 MM C IPOXOJHBIM KAHAJIOM

55 MM. YBEJIMYEHHBIN IIPOXOAHON KAHAJI ITAKEPA
PaBEH IPOXOAHOMY JUAMETPY TEXHOJIOIMYECKOM
WJIH SKCIUIYATALMOHHOU TPYOBIL, YTO MO3BOJISET
HCIIOJIb30BATh BCE IPEUMYIIECTBA IPU IPUMEHEHUN
KOJITIOOHMHTA C UCHIOIB30BAHUEM HHCTPYMEHTOB
TUAPABIUYECKOTO IEUCTBUS YEPES3 KOJIOHHY TPYO

U IPOBOJUTD IIPAKTUYECKU BCE HEOOXOIHNMBIC

ONEpaIK U TUTIBI PEMOHTA CKBAXWH. B CBA3M Pucynox 4 - Axops zuopasruneckuis Ar4
cteMm, 9To I'PIT ¢ UCIIOIB30BAHUEM IIPOIIIIAHTA

JUII THTEHCU(PUKAIIUY JOOBIYH SBJIAETCS * VAEPKUBAHMIO ITAKEPA OT IIEPEMENIEHUSA BBEPX
HauO0JIe€ MUPOKO NPUMEHAEMBIM METOZIOM B CIIYKUT BEPXHEE TUPABINYECKOE 3aAKOPUBAIONIEE
He@PTEra30400bIBAIOININX PETHOHAX M0 BCer Poccuy, YCTPOMCTBO — ' PABIMYECKHH IKOPb, KOTOPOE
O4YHMCTKA CTBOJIA CKBAKUHBI 110Cj1€ I'PIT — 310 IPUBOAUTCA B IEHCTBHE IIOCJIE ITAKEPOBKU
Haubo0see BOCTPEO6OBAHHLBIN B padoT Ha THKT, u CKBAXKHUHBI ITyTEM CO3/JaHHS BHYTPUTPYOHOT'O
KOHCTpyKIud nakepa [TPO-AMO4-AI4 no3sonseT JlaBJICHUS,

MHOJIYYUTh 3HAYUTENBHYIO 3KOHOMUIO BDEMEHHU U .
PECYPCOB 34 CYET COKPALLEHHA BCIIOMOI'ATE/IbHBIX

Oorepanuun.
KOHCTPYKTHUBHBIE OCOOEHHOCTH CEPUU

[MTPO-AMO4-AT14:

* B KOHCTPYKIIUU AKEPA UMEETCSA LETBHBIN IITOK
6€3 MEXAHUYECKUX BBIPAOOTOK, YTO ITO3BOJISIET
IIPUMEHATb O60PYJOBAHUE ITPU ITOBBIIEHHOM

Pucynox 5 - Y3en ynaomnenua naxepa
ITPO-AMO4-AT4

KOHCTPYKLIHA IJIAIIEK THAPABINYECKOIO

SAKOPs T4 MUHUMU3UPYET PHUCK 3AJTUIIAHUA

YUIM 3aKJIMHUBAHUS U3-32 BO3/ICHCTBUSA
TEXHOJIOTMYECKUX XKUJKOCTEH X MEXAHHUYECKUX

IIPHUMECEN.
KoHCcTpyKIya 060pyA0OBAHUAA IIPEAYCMATPUBAET
Pucynox 3 — Axoposmexanuueckuii AMO4 MHOT'OKPATHOE JICHCTBHE 34 OJHY CITYCKO-
MIO'EMHYIO OIIEPALIHIO.
JasyieHuH 10 100 Miia, rapaHTHupysd HAJEKHOCTD U DPPEKTUBHOCTD KOHCTPYKIIUH [TAKEPA
IIPOYHOCTD YCTPOUCTBA, IOJITBEPIK/ICHA CKBA)KMHHBIMU UCIIBITAHUSIMU
* KOHCTPYKIIMA IIJTAIEK OOECTIEYMBAET ITOBBIIIEHHYIO B YCJIOBUAX MECTOPOXKAeHU ITAO «TaTHEPTH», }
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2 NAKEP KomnioHOBKa 3amuThl ajjantepa 11TPOK-MTPIT

Makepb! ans PN (puc. 7) IpUMEHAETCA I 3AINUTHL OT

oy
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=
/M
=
23

OpHoNakepHas KOMMoHoBKa ans [P TI'UJPOAUHAMHYECKOTO BO3ZAEHUCTBHS IOJIBECKU
1NPOK-IPMNB XBOCTOBMKA IIPU TPOM3BOACTBE I'PIT CKBAKMHBI
Knanan ypashmrensr i C GOKOBBIM CTBOJIOM. KOMIIOHOBKA O6€CIIEYrBAET
O KYM Mpeumyuecrsa: .
A i\lfﬁ;“ CERIE SN * BblOepkurBaeT nepenaf AasneHvs go 100,0 MMa; NPOXOIHOM KaHAT 76 MM anst HKT-89 1 100 mm
O * WMPOKMIt AManasoH And 3/k ot 140 go 178 Mm; g HKT-114, yzen (pukcanmu npegynpexaeT
| HPOAMO-Ar(@) " nerkas pacnakepoera 6naronaps ypasHuTensHomy NPEXIEBPEMEHHYIO YCTAHOBKY MAKEPA TTPH CITyCKO-
« 6e30MaCcHOCTL NPOBEEHUS PaGoT GNaroaaps yany TIOABEMHBIX OIICPAITHAX, A TUAPABINYCCKUU AKOPb
Besonacrocty; VAEPKUBAET OT HE3ATVIAHUPOBAHHOU PACIIAKEPOBKU.
PGS T eaTE KomnoHoBKa usonsnuu agantepa 1TTPOK-CHAT
* yCrelHbI onbIT npuMeHeHns: NAO «PocHedTb»,
MAO «Jlykoin», MAO «[a3npom HedTb», (puc. 8) npegHaA3HAYCHA /IS U30JISIUU

MAO «TatHedTb», «PH-TPM», «PH-CepBuc» 1 gpyrne

KOMMaHI HET'EPMETUYHOCTH MOJIBECKH XBOCTOBHUKA A/ATITEPA

1 OBECIICYNBACT BOCCTAHOBJICHHE [€PMETUIHOCTH
Pucynox 6 - Komnonoexa 111POK-TPIIb Ha OJHY CIIYCKO-IIOJTb€MHYIO OIIEPAIIHIO, COXPAH A
IIPU 3TOM IIPOXOAHOE ceueHue 100 MM /115 CITyCKa

ITAO HK «PocHedTb», [TAO «['a3npoM HEPTH»,

ACIIOJIOKEHHBIX B TaTapcrane, 3anaJHON OUTREGRLCH
I():I/I6I/I DI, 2 TAKKE yCHCH_Ii BIM OHI:ITOMH N3onauns HerepmeTUYHOCTM aganTtepa e NNAKEP

IKCIUTYaTAIUN HEPTErA30400BIBAIOTUMU U
CEPBHUCHBIMU KOMITAHUAMU cTpad CHIL

KomnoHoBka usonsuumv apantepa

U3 CIerUaIu3UPOBAHHOI'O OGOPYIOBAHUS 1MPOK-CUAT
n
HpOI/I3BO,HCTBa OOO HHCD «HaKCp» CO6I/Ipa}OTCH aﬁae#r}—é?jBaHa‘-leHa ANa n3onauny HerepMeTnMHHOCTM NoABeCKN XBOCTOBUKa

KOMIIOHOBKH JJIS1 IPOU3BOJCTBA OIPEAEIEHHBIX
PaboT Ha CKBAXKUHE, KJIIOUYEBBIM 3/1eMeHTOM KITO
SAIBJIAETCS ITAKEP.

KOHCTPYKTHUBHOH OCOOEHHOCTBIO ITAKEPA JIJIs1
I'PIT muuenku [TPO-AMO-AL(D), BXOAAIIETO B
coctas KoMoHOBKH 1TTPOK-TPIIB (puc. 6),
ABJIAETCA HAJTUYUE 3AIUTHI IITOKA U
TU/IPABIMYECKOI'O IKOPSA OT PA3MBIB4, UTO

* BOCCTaHOBJIEHWE repPMeTUYHOCTM NoABECKM XBOCToBMKa 3a 1 CTMO;
* MPUMEHEHME B 3KCMYaTaLMOHHOM KONOHHEe 178 MM;
* rvapaBnnyeckas ycraHoBKa;

* COXpaHeHVe MPOXOAHOro ce4eHnsd KoMnoHoBkM 100 MM ana cnycka
NHCTPYMeHTOB Ha HKT nnn THKT;

CoKpalleHue 3aTpat Ha PUP.

MO3BOJIAET IPOKAYUBATD YEPES ITAKED IO
600 TOHH nponmanTa 32 oneparuio. Kimaman
YPAaBHUTEJIBHBINA MEXAHUYECKOT'O IEUCTBHUA

Pucynox 8 - Komnonoerxa 1I1IPOK-CHAI

(KYM), npeiHa3Ha4YE€HHbBIN JJI BBIDABHUBAHNA UHCTPYMEHTOB U TPOBecHUA paboT Ha HKT n
JABJICHUA HA/JI- ¥ IIOAIIAKEPHOT'O IIPOCTPAHCTBA 34 I'HKT. YCTaHOBKA KOMIIOHOBKH IIPOU3BOJUTCS
CUYET PETYIUPYEMOTO YCUIUA PACTAXKEHNUA U CKATUA TUJPABINYECKHUM CIIOCOOOM, YTO I'APAHTUPYET
KOJIOHHBI TPY6, 06€CIIeYnBAET O€30I1ACHOCTD T€PMETUYHYIO IIOCA/IKY U YCIIENMTHOE BLITIOJTHEHUE
CHATHA ITAKEPA IIOCJIE TIPOBEAECHNA ONIEPAITUN 1O OIIEPALUU B TOPUZOHTAIBHOM YYACTKE CKBAKHMHBIL.
THUIPOPA3PBIBY IVIACTA. W3 BBIIEN3IOKEHHOI'O CJIEAYET, YTO

BOCTPEGOBAHHOCTD TEXHOOT U I'M/IPOPA3PHIBA
r1acTa B PO 0cTaeTcs Ha BICOKOM YPOBHE
R Y CHUJKEHUE B GIIMIKAIINE TO/IBI HE
3awwTa apantepa npy npounssoncree NP = IAKEP | mranmpyercs, cieoBarensHo, pacrer
AKTYAJIbHOCTH TEXHOIOTU I KOITIOOMHTA
1 060PY/IOBAHYS, A/IATITUPOBAHHOTO K
PUMEHEHUIO 3TUX TEXHOJIOTMH.

KomnoHoBKa 3aLmnTbl apanTtepa

1MPOK-MTIPIN

MpenHa3HadveHa 4515 3aLMTbl MOABECKM XBOCTOBMKA Mpu Npon3soactae P

* 33lMTa afanTepa oT MMAPOANHAMIYECKOro Bo3aencTeus [PM; OOO HII® dTaxep» BISICTCS

e * BblOepXuvBaeT nepenaf Aasnexns go 100,0 MMMa; TIPOU3BOAUTCIICM YKA3AHHOT'O
* NPOXOAHOW KaHan KOMMOHOBKM 76 MM ans HKT89 1 100 mm ana HKT114; 060py/TOBAHMST, OOECTICYNBAET TOJIHBIH
¢ BblAepXMBaeT 06beM Npokayky nponnaHTa bonee 900 TOHH;

SKU3HEHHBIN ITHUKJI HpOI/ISBOI[I/IMOﬁ

| * y3en urKcaLMm NpeaynpexaaeT npexaeBpeMeHHyI0 yCTaHOBKY nakepa BO .
2 gpemsa CMO; HOMEHKJIATYPBI U3/IC/INHI OT pa3paboTKU
* MMAPaBAVHECKNI AKOPb YOEPXXMBAET OT He3annaHMPOBaHHOW pacnakepoBKy. pi(e] pCBI/IBI/IH Y BOCCTAHOBJICHUSI, BKJIIOYA S

I10/I00P MO, KOHKPETHBIE CKBAXKUHHbIC
YCJIOBUS, Pa3PAO6OTKY NOPSIKA IPOBECHH
U COITPOBOXK/ICHUE PA6OT, FAPAHTHUHHBIN

Pucynox 7 - Komnonosexa 1IPOK-MI'PIT M TIOCTTAPAHTH AP CEPBHC 1
OOCJIYKMBAHUE.  ©
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0 Ha PbIHKE NAKEPHO- OKTAEPLCKMIA
é i AKOPHO20
) Lemne obopydosaHus n A K E P

HAYYHO-NPOW3BOOCTBEHHAA ®UPMA

Mpurnawaem B Hawy KoMaHay!

Mbl ULLEM MHULMATUBHBIX, A0OPbIX M SHEPTUUHBIX NHOAEN, YMEHOLLMX
paboTaTb B KOMaHae, AymMaTb M Y4UTb APYrUX MbICIUTb, 4OBOAUTL CBOM
M YyXKME MAEU A0 PEaNnbHOro pesynbrara

Ham TpebytoTcs

B C/TY)XBY PA3BUTUSA U BHEAPEHWUSA TEXHONOMMI:

— PykoBoautenb HanpasneHusa P

— PykoBoagutenb HanpasneHuss MIPTT u HUXHEro 3akaHYMBaHUSA

— Pykosoautenb HanpaeneHusa FMHKT

— PykoBoauTenb Hanpasnenus Jobbiya rasa m MNXr

— PykoBogutenb HanpasneHus MexaHMsnMpoBaHHas A00bIYa

— PykoBoautenb HanpasneHus lasnudTHaa aobbiua

— Pykosogutenb HanpasneHus KPC u ABapuitHbie paboTbl

— PykoBoauTtens 6yposoro o6opyaoBaHus U TEXHONOIMA ANs bypeHus
— CepBMCHbIM UHXeEHep

B C/TY)XXBY MAPKETUHTA:
— MapkeTonor

KHura 06 YHHKaNbHOM OnbiTe

NOCTPOEHHA KYNLTYPL NPOM3BOACTES
B POCCHACKOR KOMNaHHH

E! MonHbIM CNMCOK

BaKaHCHiA Ha caiiTe: “"ﬂpﬁl]p»
b § i A

T

” = - “ |‘hﬂ3hH

¥3Hare noapobHee o kHure
W npHoBpecTu:
npf-pakerru/skazki/




ALL
FOR
OIL

ALL FOR OIL

aceoafo
Cepren Kosanes

Ecnu Bbl fep>kunTe B pyKax XypPHan Uan YNTaeTe ero OHMavH,
TO, CKOpee BCero, Bbl yXe paboTaeTe B HedhTerasoBom
CeKTope WnM MnaHuWpyeTe HayaTb paboTaTb B HemM B
onuxaniiee Bpems. Yxe Mo 3TON MPUYMHE Halla CTaTbs
OyneT Ans Bac nosesHa, Tak Kak Mbl CO34anu YHUKaNbHbIN
IT-npoayKT Ong HedrerasoBoro pbiHka Poccum U BCero
Mupa.

ABCOMIOTHO HEBaXxHO, OnepaTop Bbl WAW CepBUCHas
KOMMaHWs, Npon3BoAMTeNlb 000PYLOBaHWA UMK AuNep, BaC
00beMHsAET 0HO — Bbl TOYHO KaX bl [eHb:

e obcnyxnsaeTte obopynoBaHue,

e MoKynaeTe UM NpofaeTe 3anacHble 4acTy;

® OKa3blBaeTe ycnyrm mnm nuete nx;

e cpaete obopynoBaHWe B apeHdy WM apeHmyete, a
BO3MOXHO, Bbl fleflaeTe BCE OJHOBPEMEHHO.

YTO TAKOE ALL FOR OIL CAMbIMW MNPOCTbIMU
C/IOBAMMA

ALL FOR OIL — 3T0 web-nporpamMma 3akynok, npofax
1 06CnyXmnBaHns HedTerazoBoro 06opynoBaHuUs.

Mocne perucTpaumm Bbl NoflydaeTe JOCTYN K eXefHEeBHO
0BHOBNIIEMOMY:

e 3MEeKTPOHHOMY KaTanory obopynoBaHuWs, 3anyacten u
CEepBUCOB;

e 0a3e NOCTaBLIMKOB M MOKynaTenemn;
*  HOBbIM 3aiBKaM M 3aKa3am;

*  Yek-NMMCTaM — NNCTaM MNPOBEpKM U 0BCIyKMBaHUS
obopynoBaHus;
TEXHWYeCcKown

e 3MeKTPOHHOM oubnuoTteke

IOKYMEeHTaLUW.

B ALL FOR OIL MoxHo paboTaTb ogHOMY, BABOEM U Aaxe
OonbLLIVMMYM OTAENaMM C AeCATKaMN MeHeAXepoB.
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3AKYINKU | NPOAAXKU | APEHADI | OBCNYXXUBAH

HE@TErA3SOBOIo O6OPYLAOBAHHMA

YTO OENAET CUCTEMA ALL FOR OIL:

e HenpomaeT v He MOKYMaeT, a CO3[aeT BO3MOXHOCTb A9
Bac (nokynartenu 1 NoCTaBLLUMKIN) HANTX OPYr Opyra.

e XpaHuT 1 OOHOBNSIET 3MEKTPOHHBIV KaTanor ToBapoB.,
0a3y nOCTaBLUMKOB W MoKynatener HedTerasoBoro
PbIHKa Ha aHTIMNCKOM, PYCCKOM, MCMaHCKOM, apabckom
f3bIKax.

*  KOHTponuvpyeT BCe 3Tanbl 3aKymnok — OT CO3AaHMs 3asBKM
[10 NONy4eHNs ToBapa Ha cknag,.

* KoHTtponupyert BCe 3Tansbl npomaxm -
OT NPenoCTaBNEHUs KOMMEPYECKMX MNpPeaoKeHNIA
[l0 OTrpy3KM TOBapa nokynaTesnio.

e Tlo3BonsieT ChopPMNPOBATL 3asBKM Ha TOKapHbIE YCIyri
C BO3MOXHOCTbIO OTMPABKM YepTexen U TeXHUYeCKMUX
3a4aHunn.

e [lomoraet KOHTPONINPOBAaTh BbIMOJIHEHME MNNAaHOBOIO,
BHern/jaHoOBOro TexHM4eCckKoro O6CJ'Iy>Kl/IBaHl/IF| Ballero
o6opyp,osaH|/m C KOHTpONIeM CcnncaHma 1 NonoJiHeHUA
cKNafa 3anyacTem.

 T[poaBuWraeT Ballu TOBapbl 1 YCIyrn NyTeM YCKOPeHHOM
NpoAaXU.

e [loka3blBaeT BallUu TOBapbl BCeMY MUPYy W BCeEM
nocTaBLWMKaM.

e BemeT 3MeKTPOHHyl0  OMBNMOTEKY — TeXHUYeCKoM
JOKYMEHTALMN — UHCTPYKLK, 4epTeXN, CMPABOHHMKMN.



KOMY NOAOWIET ALL FOR OIL

B ALL FOR OIL npekpacHO NOHMMaIOT, @, .qq@
4To Becb OW3HeC [Aepxutca Ha 7

KOHTpone (aBTOMaTM3aLMN) . .
Ou3Hec-npoLeccos % 5:-:.:_0
ONTUMM3ALMK  3ATPAT.  To "“?

3TOM MpUYMHE CUCTEMA  WOeaslbHO 0 g0
nooxoout kKak Aans B2B-cermenTa
(6unsHec ong 6ursHeca), Tak 1 ona B2C
(bnsHec ons notpebuTens).

@ALLFOROIL

Ecnn Bbl KOMNaHWA UM YaCTHOE L0 W

Tonbko rnokynaeTe | OT OAHOW 3a5BKW B HELENIO — arperaTop
ALL FOR OIL 6yneT oTnM4HbIM MOMOLLIHNKOM, MO3BOMSIOLLMM
YBUAETb BCE BO3MOXHOCTW MOCTaBLUMKOB C MOSyYEHNEM
MacCbl KOMMEPYECKUX NPeanoXeHUN. Bbl He orpaHuYeHbl B
3asBKax, BCe nokynatenu paboTtatoT B 6ecnnaTHOM pexume.

Tonbko npopaete | ALL FOR OIL oTkpbiBaeT ans Bac asepu
KO BCEM HedTerasoBbiM KOMMNaHUAM B POCCUM 1 He TOMbKO.
B oAnH KKK Bbl MoOXeTe BblOpaTb NocTaBisieMble OpeHabl
WNW TOBapbl, CTPaHbI, C KOTOPLIMK Bbl paboTaete, — Aanee
cnMcTeEMa HavHeT opMmMpoBaTh 3akasbl Ans Bac. Kaxzabin
Mecal Mbl JapyM ABa nvaa (3akasa), 4To Mo3BonuT BaMm
onpoboBaTb paboTy NporpamMmbl B 6ecnnaTHoOM pexmnme.

Tonbko obcnyxumeaete obopynosaHue | ¢ nomoulbio ALL
FOR OIL BblI cMOXeTe cnenTb 3@ COCTOAHMEM 1 NPOBOAUTb
pernaMeHTMpOBaHHOE W BHemnaHoBoe 06CNyXnBaHWe
Ballero obopyaoBaHWs Ha Da3e roToBbIX YeK-NIMCTOB. DTO He
TONbKO aBTOMOOUNBbHBIA TPAHCMOPT, HO U BHY TPUCKBAXXNHHOE
obopynoBaHue, rmapasnMka — BCe TO, YTO TpebyeT peMoHTa.

Bbl nokynaeTe | npopaeTe | 06cnyxmBaeTe obopynosaHue |
nporpammMa ALL FOR OIL 6yaeT ans Bac apdekTmBHa, Tak
Kak BCe TpW AeNCTBUSA Bbl MOXeETe [ienaTb B paMKax OfHOro
NINYHOrO KabuHeTa.

KAK 3TO PABOTAET

Mocne perMcTpaumnm B NporpaMMe 1 3anosHeHus npoduns
BaM OTKpbIBAeTCs BbIOOp, B Kakon obnactu Bectn paboTy:
3aKynka | npopaxa unu obcnyxmnsaHve 0bopynoBaHNs.

PaccMOTPUM Kax bIi U3 HMX nodpobHee.

3AABKN | CozpaHme 3a8BKM Ha 3aKymnKy C BO3MOXHOCTbIO
BKJIIOYEHUA B Hee pasfivyHbIX rpynn ToBapos. CucTema
ALL FOR OIL camocTtosTenbHO pacnpefennt 3asBky Mo
NpoMUbHLIM  MOCTaBLMKaM.  Hanpumep:  QuUAbTPbI,
NOALWMMHWKY, — BHYTPUCKBaXWHHOe — obopyfnoBaHWe U
TOKapHbIM CepBMC MOryT OblTb B OLHOW 3asiBKe, Hall
arperatop CamMOCTOSATENIbHO HamnpaBWT 3as8BKY Ha POLHOM
A3blKe NPOMUITIbHOrO KOHTPareHTa.

Mpwu nobasneHMM BaWmMxX NOCTaBLIMKOB B CUCTEMY BO Bpems
cnepytowimx 3akasoB ALL FOR OIL aBToMatuyecku oTnpaBuT

3aABKY BalllM MOCTaBLUNKaM.

BHYTpW BGnoka 3asBOK BO3MOXEH MPOCMOTP KOMMepYeckmx

I'Ipe)J,J'IO>KeHVIlZ, Bbl60p NnocTaBUMKa, nolyd4eHne CHeToB U
oTcnexmBaHMA JOCTaBKN.

3AKA3EI | B aTom Bnoke Bbl BUAMTE BCE HOBbIE 3aKa3bl OT
nokynatenemn, Npu 3avHTEPEeCOBAHHOCTY NpefoCTaBnseTe
KOMMepYeckoe npeanioxeHue, OTNpaBnseTe cyeta WUnn
MHpOopMaLmMIo No oTrpy3ke. Bce 3Tanbl No npopaxe Bbl
BefeTe B Nnporpamme ALL FOR OIL.

OBCNY)XMBAHMWE OBOPYOOBAHUA | 3tor 6nok
Oynet noneseH TeMm, KTO XO4YeT KOHTPONMPOBATb
TeXHUYeCcKoe COCTOSIHME MOBEPXHOCTHOro, HaBeCHOro u
BHYTPUCKBaXXMHHOIo 0bopyaoBaHNs. Ha Da3e roToBbIx Hek-
JINCTOB Bbl NONy4yaeTe:

M rpacpMK TeXHN4eCKOoro O6CJ'Iy)KI/IBaHI/IF| cobCTBEHHOTO,
apeHgoBaHHOIO N CEPBNCHOTO o6opy)10|3aH|/|ﬂ;

* KOHTPOJIb obbema BbinonHsemMbix TO;
. ﬂOTpe6HOCTb M pacxod 3amnacHbIX YacTew;

e BO3MOXHOCTb npoBefieHns TO Ha yCTpPOMCTBaX
(koMnbloTepe, NnaHwweTe, TenedoHe);

* CornacoBaHme nposeneHHOro O6Cﬂy)KI/IBaHI/Iﬂ;

* 33ka3z HeoOXOOMMbIX 3amnyacTel M MaTepuanoB Ha
nnatgopme ALL FOR OIL.

OBBABNEHMA | [daHHbin  Onok  nopownper  And
nonb3oBaTefier, XenawLWmx ynyylwnTb NpPoaaxXu nyTem
nyénmkaumm TOBAapPOB Ha OCHOBHOW CTpaHuue ALL
FOR OIL B 6rokax «Jlyylive npepnoxeHus» u «HoBble
TOBapbl». [lonb3oBaTeNny, UMeloLiMe HeBOCTpeOOoBaHHbIe
nnu GbiBlMe B ynoTpebneHWn ToBapbl Ha ckniamdax, ¢
NerkocTbio MOMyT NMOKa3aTb MX HedTerasoBoMy MUpy Hepes
00BbABNEHMS UV NOCTaBsIeMble TOBapbI.

Bbl Bcerma MoxeTe CBA3aTbCs CO CNyxXOoM TexHU4eckom
noaaep>KKM, Mbl MOACKaXeM, KaK nyylie NpofaaTe Hy>XHoe
1 HeHy>XHoe obopynoBaHume: p.veber@a-f-o.ru

KATAJTION | TyT Mbl XpaHUM Bcé obopymoBaHMe, 3an4acTtu,
CEepBUCHI, MMeloLLMecs y Hac B cucTeMe. Mbl OTKPbITO
MOKa3bIBaeM KONMMYECTBO MOCTABLUMKOB, PEUTMHI TOBapa,
OT3bIBbl APYrvX nosib3oBaTtenen. Bbl MoOxeTe 0CTaBUTb
3aBKY Ha 3arpysky Ballero OpeHpa v obopynoBaHwus.
KomaHpga ALL FOR OIL coBmecTHO C BamMu onpefenut
LieneByto ayAUTOPUIO N 3arpy3nT TOBapbl Ha YeTbIpeX s3blKax:
QHMINNCKOM, PYCCKOM, MCMaHckoM, apabckoM. OcTaBbTe
3asBKY Yepes CalT N HanmwmuTe HaM Ha upload@a-f-o.ru.

ALL FOR OIL CErOaH4
40 171 ToBap

552 6peHpa

1670 nocTaBLMKOB
www.a-f-o.ru

ALLFOROIL
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HEDTEITPOMBICJIOBAA XMMUWA

MHHOBALIMM B OBJIACTIN
PENMOHTHO-N30JIALLIMOHHDbIX PABOT

INNOVATIONS IN REMEDIAL
OPERATIONS

HOBbIE MOAXOAbl K COMPOBOXAEHNIO
PEMOHTHO-UN30JTAUMOHHbIX PABOT

K.B. Imurpues, huananx 000 JIYKOWI-UHKHHAPHHT>
JlepmHUIINHEPTH>

O6paboTKa 6OIBITIUX OO'BEMOB BOJIBI SIBJISICTCS
JIOPOTOCTOSIIIIUM HPOILIECCOM, U HEOOXOIUMOCTD HOAOOHBIX
paboT BEI3BAHA <KU3HEHHBIM» [TUKJIOM CKBAKHUHBL
KOHTPOIBb JOOBIYU BOZBI BAPBHUPYETCS OT OTHOCHUTENBHO
OPOCTBIX ONEPALINH IO U30JIALIMN HIXKHUX HHTEPBAJIOB
JI0 60JIE€E CIIOKHOTO U30UPATENIBHOTIO CHIKEHU S (PA30BBIX
IIPOHULIAEMOCTEMN.

HeoquHaKOBOCTB NPUYHUH BO3HUKHOBEHUS IPOPHIBA
MOCTOPOHHUX BOJ B IPOLIECCE IKCILIYATAIIUU CKBAKUHBI
MO3BOJISAET UCIIONb30BATh €IMHBIE ITOJIXO/IbI K PEMIEHUIO 3TUX
npoobieM.

V4auThIBASA PA3JINYUSA B PEIIECHUH IPOOIEM OOBOTHEHUS,
0COO0€ BHUMAaHUE NHKEHEPOB-PA3PAOOTUNKOB IPUKOBAHO
K XUMHYECKHUM METOZAM OTPAHUYEHHS IIPOPBIBA BOJBI U
ra3a, ¥ BAXKHYIO POJIb B TOBBIIIEHUH KA4ECTBA IIPOBEICHUS
PEMOHTHO-U3OMALUOHHBIX padoT (PUP) 1 CHUKEHUA 3aTPaT
HA PEAM3ALNIO MATO3(P(PEKTUBHBIX TEXHOJOTUH UTPAET
3TAI NPOBEACHUA TIAOOPATOPHBIX UCCIEAOBAHUIL B CBA3M C
3TUM AKTYAJIBHBIM SIBJISIETCS JOCTOBEPHAA U KOMILJIEKCHAS
OLIEHKA PEATEHTOB U TEXHOJIOTUI.

B 1anHOM paboTe OCHOBHOE BHUMAHUE OYAET YACICHO
(PUIBTPAITUOHHBIM UCIIBITAHUAM, XUMUKO-AHAJTUTUYECKUE
HCCJIEJOBAHUA OYAYT 3aTPOHYTHI BCKOJIb3b.

He cymecTByeT €IMHBIX CTAHAAPTOB K IPOBEJEHUIO
(PUIIBTPAIMOHHBIX UCITBITAHUI. [IpH H3ydEHUU TPYIOB
OTEYECTBEHHBIX U 3APYyOEKHBIX UCCIENOBATENEN MOXKHO
OTMETHUTD, YTO JJ1 TA6OPATOPHOI'O MOAECTUPOBAHUA
HCIIOJIb3YIOTCS PA3HBIE MOJIE/IN IOPUCTBIX CPEJ] PA3ITUYHBIX
r€OMETPUYECKUX PAZMEPOB.

B ¢pummane OO0 <JTYKOWMI-UHKUHUPUHT»
lepmHUITHHEDTH> B I. [lepmu peanusyercs [IporpamMmma
HAYy4YHO-WHKEHEPHOI'O COIPOBOXKAEHU A OIBITHO-
MPOMBIIUIEHHBIX PA0OT, BKJIIOYAIOMAd XUMHUKO-
AHAIMTUYECKHE UCCIIENOBAHUA, (DUIIBTPAIIMOHHBIE
WCITBITAHUSA HA KEPHOBBIX MOJIENIAX B MOZAEIUPYEMBIX
TEPMOOAPUYECKUX YCIIOBHUAX U MHKEHEPHOE
CONPOBOXK/EHHUE IIPU IPOBEAECHUU PAO6OT HA CKBAXKUHAX [1].

3a BpeMs PYHKIIJMOHUPOBAHUS [IPOI'PAMMBI ObLIN
pa3paboTaAHbI U BHEAPEHBI KOMIUIEKCHBIE METONUYECKUE
PYKOBOZCTBA 1O TECTUPOBAHHUIO PEATEHTOB B 3aBUCUMOCTU
OT LI€JIM IPUMEHEHU: BBIDABHUBAHUE IPOMUIIA
MNPUEMUCTOCTH, OTPAHUYEHHE BOAOIIPUTOKA B JOOBIBAIOMIX
CKBAKMHAX, JIMKBUJALUA 3aKOJIOHHOU LIUPKYIALUN U
HET€PMETUYHOCTU SKCIUIYATAIIMOHHON KOJIOHHBL.

J1J11 KOMILZIEKCHOU OLIEHKH PEATEHTOB HA IIEPBOM ITAIIE
UCCJIEAOBAHUN ITIPOBOJATCA XUMUKO-AHATUTUYIECKUE
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NOVEL APPROACHES TO
REMEDIAL OPERATIONS

K.V. Dmitriev, PermNIPIneft, LUKOIL-Engineering
LLC branch

Processing large volumes of produced water is
an expensive operation. The need for such work is
caused by the “life cycle” of the well. The operations
for controlling water production ranges from
relatively simple operations to isolate the lower
intervals to more complex operations to selectively
reduce phase permeabilities.

The heterogeneity of the reasons for water
breakthrough during the well operation allows for
using unified approaches to solving these problems.

Given the differences in approaches for limiting
water and gas breakthrough, the special attention
of development engineers is focused on chemical
methods. The laboratory research stage plays an
important role in improving the quality of remedial
operations and reducing the cost of implementing
inefficient technologies. In this regard, a reliable and
comprehensive assessment of chemical reagents
and technologies is relevant.

This paper focuses on filtration tests, chemical-
analytical studies will also be mentioned.

There are no uniform standards for filtration
testing. Analysis of domestic and foreign papers
shows that different models of porous media of
various geometric sizes are used for laboratory
testing.

"PermNIPIneft" (branch of <LUKOIL-Engineering»
LLC in Perm city) is implementing a program of
scientific and engineering support for field trial,
including chemical and analytical researches,
filtration tests on core models in simulated
thermobaric conditions, and engineering support
during field operations [1].

During the program, comprehensive
methodological guidelines for testing reagents
were developed and implemented depending
on the purpose of the application: conformance
control, limiting water inflow in production wells,
eliminating behind-the-casing flow and production
string leakage.

For a comprehensive assessment of reagents, at
the first stage of research, chemical-analytical tests
are carried out, including the determination of
physical and chemical properties, thermal stability,
the influence of formation fluids, etc.

If the reagents meet the established criteria, the



UCIIBITAHUS, BKJIIOYAIOUIUE ONIPEIe/IEHUE (PUBHUKO-
XUMUYECKUX CBOUCTB, TEPMOCTAOMIBHOCTH, BIHUSHUSA
TJIACTOBBIX (DJIIOUJIOB U JIP.

B ci1ydae COOTBETCTBUS PEATEHTOB YCTAHOBIECHHBIM
KPUTEPHUAM CIEAYIOMUM ITATIOM Uy T UCCIEAOBAHUSA B
MOJIEJIMPYEMBIX IITIACTOBBIX YCIOBUSAX.

AHJIOTMYHO XMMHKO-aHAIUTHYECKUM UCCIEJOBAHUAM
B 3a4BUCHUMOCTH OT LieJIE TPUMEHEHUS PEATEHTA
BBIINOJIHAIOTCS (PUIBTPALTUOHHBIE UCITBITAHUS.

OO611M IS BCEX BUJIOB (PUIBTPALIMOHHBIX UCCJIEJOBAHUNA
ABJIAETCS UCIOJIb30BAHUE PEATIBHOIO KEPHOBOI'O
MaTepuana u QIIOUAO0B C INTAHUPYEMBIX OOBEKTOB OITBITHO-
MPOMBIIUIEHHBIX PA0OT, 4 TAKKE TIIATEIbHBIA BEIOOD
M IIOJITOTOBKA MOJAEEH T1acTa. B KauecTBe Moaeneit
IIACTA UCTIONB3YIOTCS KEPHOBBIE MOJIEJIHN U/WJIH MOJIEIN
C UCKYCCTBEHHO CO3J4aHHOM TPEIMHON (LLEMEHTHBIE UJIN
KEPHOBBIE).

HeobxoanuMOoCTh IPUMEHEHU ST MOJEJIEH C UICKYCCTBEHHOMU
TPEIMHOBATOCTHIO 32494CTYIO OOYCJIOBJIEHA OTCYTCTBUEM
KEPHOBOI'O MATEPHAIIA, PEAJIBHO OTPAKAIOMIETO
(PUIIBTPAIMOHHBIE CBOMCTBA OOBEKTA, U IPOOIEMAMH,
KOTOPBIE IOJIKHO PEMUTD IPUMEHEHUE TEXHOJIOT U

B 3aBUCUMOCTH OT HAIIPABJIEHHOCTH PEATEHTA B
Ka4€eCTBE MOJZIEJIEN C UICKYCCTBEHHOM TPEIUHOBATOCTBIO
UCHOJIB3YIOTCS KEPHOBBIE OOPA31bI C A6COIIOTHON
NpOHULAEMOCTBIO MeHee 0,001 M/ nin ieMEHTHBIE
O6pAa3IIbL

Tpemmnna co3aeTCs Iy TEM IIPOAOIBHOTO PACITHIIA

06pas1ia Ha paBHBIC YACTH. 1J1s TPEIOTBPAIICHUS CMBIKAHUS

TPEIUHBI IPU MOZICIMPOBAHUN TEPMOOAPUIECKUX YCIOBUH

ITOJIYYHUBIIHUECS YACTH 0OPA3I]A CMEIAIOTCS IO OCH TPEITUHBI

JPYyT OT Apyra Ha 5 MM, TOPILIEBBIE IOBEPXHOCTH O6pa31ia
NOABEPralOTCA MIIU(POBKE 10 YpOBHA £0,05 MM. [lanee Ha
TIOJIyYUBIIHECS YACTU OO6PA311a HAHOCATCS OOPO3/bI B
MPOJOIBHOM U ITOTIEPEYHOM HATIPABJIEHUHN ITTyOUHOM
1o 15 Mm.

AHAIU3MPys COOCTBEHHBIN OIIBIT, JTUTECPATYPHBIE
UCTOYHUKHU U 3(PPEKTUBHOCTD HA CKBAXKUHAX, ObLIIA
BBIABJIEHA IOTPEOHOCTD B yTOYHEHUH HECKOIBKUX
(HaKTOPOB: IEPBOE — ITO U3yYEHUE OTBEPIAEBAHMSA/
reJIE00PA30BAHUS B IIPUCYTCTBUH OY(PEPHBIX KHUIKOCTEN
U IIJIACTOBBIX (DIIIOU/IOB, BTOPOE — MAKCUMAJIBHOE
MOJEIMPOBAHUE BCETO TEXHOJIOIMYECKOT'O IIPOIeCcca paboT
Ha CKBAXKUHAX.

J1J11 MAKCUMAJIBHOT'O MPUOJIMKEHUSA K TEXHUYECKOMY
IIPOLIECCY HA CKBAXKUHAX O6blJI Pa3pab0TaH HOBBIH IOAXOT,
C MCNOJIb30BAHUEM (DHUIIBTPALIMOHHON AYENKHU. SJerika
MIPEJCTABIIAET COOOU HACBHIITHYIO MOJIENb, COCTOAITYIO
U3 IE3UHTEIPUPOBAHHOIO KEPHOBOI'O MATEPHUAIA C
epPOPHUPOBAHHON IKCILIYATALUOHHOM KOJIOHHOH.
IIpoBeneHne UCIIBITAHUN IIJIAHUPYETCA B CIIEAYIOIEHA
MOCIENOBATEIBHOCTH:

* MOJIEJIMPOBAHUE UHTEPBAJIA HETEPMETUYHOCTH
(OGBOJHEHUE SAUCHKN);

* 32Ka4Ka COCTaBA B COOTBETCTBHU C TEXHUYECKHUMU
YCJIOBUSIMUY;

* BBIJICPKKA HA OTBEP/IEBAHUE/TEICOOPA30OBAHUE B
IIPUCYTCTBHHU IUIACTOBBIX (PIIOMIOB U Oy(PEPHBIX
KUIKOCTEH;

* Pa30ypUBAHUE FKCIUIYATALIMOHHON KOJIOHHH;

* TIOATBEPKIECHUE F€PMETHYHOCTH SKCILTyaTallMOHHOMN
KOJIOHHBL.

next stage is research under simulated reservoir
conditions.

Similarly to chemical-analytical studies, filtration
tests are performed depending on the purpose of
applying the reagent.

For all types of filtration tests, it is common to use
field core samples and fluids from the planned trial
job locations. It is also important to carefully select
and prepare reservoir models. Core models and/or
models with an artificially created fracture (cement
or core) are used as reservoir models.

Models with artificial fracturing are often
used due to the lack of core samples that show
real filtration properties of the reservoir and the
problems that the technology should solve.

Core samples with an absolute permeability of
less than 0.001 mD or cement samples are used as
models with artificial fracturing depending on the
direction of the reagent.

The fracture is created by sawing the sample
longitudinally into equal parts. To prevent fracture
closure when simulating thermobaric conditions,
the parts of the sample are displaced from each
other along the fracture axis by 5 mm, the end
surfaces of the sample are polished to a level of £0.05
mm. Further, grooves are applied to the parts of the
sample in the longitudinal and transverse directions
with a depth of up to 1.5 mm.

Analysis of PermNIPIneft experience, literary
sources and well performance showed that it was
necessary to clarify several factors: the first is the
study of solidification / gelation in the presence of
buffer fluids and reservoir fluids, the second is the
maximum simulation of the entire technological
process of wells.

In order to accurately simulate well conditions, a
new approach was developed using a filtration cell.
The cell is a bulk model consisting of disintegrated
core sample with a perforated production string.
Testing is planned to be conducted in the following
sequence:

« simulation of the leak interval (watering

of the cell);

* injection of the composition in accordance with
the technical conditions;

« simulation of solidification/gelation in the
presence of reservoir fluids and buffer fluids;

« drilling out the production string;

« confirmation of tightness of the production
string.

Due to the complexity of the process, this type
of experiment is supposed to be carried out after
obtaining positive results on single models and in
no case is considered as a replacement for real core
samples.

The main result of using such models will be
the maximum approximation to the treatment
procedure on wells with the assessment of
composition solidification in the presence of
reservoir fluids and buffer fluids and possible risks
of leaks when drilling out the production string.

The proposed approach will make it possible to
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3akayka cocTaBa
Fluid injection

form a comprehensive conclusion on

the remedial reagents’ effectiveness

both for isolation of a watered reservoir,

Flush fluid

BydepHas xnakocrb

and for elimination of behind-the-
casing flow and leaks in the production

string.

SKCMyaTaUmMoHHas KONoHHa
Production string
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grated core sample from the
well for remedial operations

KomnnekcHbI noaxop K nabopaTopHbIM
NCCNefoBaHNAM XMMUYECKUX PeareHToB,
NpYMeHsieMbIX i PerynmpoBaHuns oxeaTta
nnacroB 3aBogHeHuneM//HedTaHoe
xo3amncreo. — 2017.

WHTepBanbl nepdopaLmm
Perforation intervals

LIGHTWEIGHT CORROSION-
RESISTANT CEMENTING

SOLUTION FOR HIGHLY

TaMMOHaXHbIN COCTaB
Cementing composition

PERMEABLE ROCKS WITH
AGGRESSIVE FLUIDS

Fresras

Pucynok 1 — Cxema punsmpauuOHHol aueixu
Figure 1 - Filtration cell schematic

BBUAY TPYAOEMKOCTHU IIPOLIECCA TPOBEAEHHUE JAHHOI'O
BH/]A 9KCIIEPUMEHTOB MPEIIOIATAETCS OCIIE MOIYICHUS
MOJIOKUTENBHBIX PE3YIBTATOB HA OTMHOYHBIX MOJIEAX U HU
B KOEM CJIY4YA€ HE PACCMATPUBAETCH, KAK 3AMEHA PEATTBHOMY
KEPHOBOMY MATEPUAJLY.

OCHOBHBIM PE3YIBTATOM UCIOIB30BAHM A TOJOOHBIX
MOjIesIE OyEeT MAKCUMAJIBHOE NMPUOINKEHNE K IPOLIENYPE
06pPa6OTKH HA CKBAKMHAX C OLICHKOI OTBEP/ICBAHU S
COCTAaBa B IPUCYTCTBUH IIJIACTOBBIX (DJIIOUIOB U 6y(DEPHBIX
JKHJIKOCTEN M BO3MOXKHBIX PUCKOB BOSHUKHOBEHU A
HETEPMETUYHOCTHU IIPH PA3OYPUBAHNH SKCILTYATALIMOHHOM
KOJIOHHBL.

IpeIoKEHHBIIN OAXO/] TO3BOIUT C(POPMUPOBATD
KOMILIEKCHOE 3aKII0UEHUE 06 3(PPEKTUBHOCTH
pearenToB PUP kak Ipu NPOBEAECHUH PAOOT IO U30JIALIUN
OOGBOAHEHHOTO IJIACTA, TAK U MO JIMKBUIALITUU 3AKOJIOHHOM
LUPKY/IAIIUA U HETEPMETUYHOCTH 3KCIUIYATAIITHOHHOM
KOJIOHHBL.

OBJIEMMEHHAA KOPPO3MOHHO-CTOUKAA
TAMIMOHAXHAA CMECb AJ14 KPETUJTIEHAA
BbICOKOIMNMPOHULUAEMbIX TOPHbIX TTOPOA,
BMELWAIOLWWNX ATPECCUBHBIE DJTIOUAbI
C.B. KameHnckux, H.M. YViaamiesa, A.M. Boponuk, ®I'Oy BO
«YXTHHCKHH IrOCyJapCTBEHHBIH TEXHHYECKHH YHUBEPCHTET>

Kpenenue 06CaHbIX KOJIOHH B UHTEPBAIAX
BBICOKOITPOHUIIAEMBIX TOPHBIX IOPOJ], BMEIMAIONINX
cepoBoznopop (H,S) n yrnekucieii ras (CO,), JOBOJBHO
YaCTO COMPOBOXKJAETCSA MOITIOMEHUSMU TAMIIOHAKHOT'O
PacTBOPA, 3aKOJIOHHBIMU U MEKILIACTOBBIMU ITIEPETOKAMH,
YCKOPEHHBIM PA3PYLIEHUEM LIEMEHTHOI'O KAMHSL.

Bce 310 mpenonpenensaeT NEPECMOTP TPASULIMOHHBIX
MHOAXOJOB K KPETIJIEHUIO CKBAXUH U PA3PAOOTKY
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S.V.Kamenskikh, N.M. Ulyasheva,
A.M. Voronik, Ukhta State Technical
University

Cementing of casing strings in the intervals of
highly permeable rocks containing hydrogen
sulfide (H,S) and carbon dioxide (CO,) is quite
often associated with losses of cementing solution,
behind-the-casing and interzonal flows, and
accelerated cement destruction.

All this predetermines the revision of
conventional approaches to cementing and the
development of new formulations of cement
solutions that can simultaneously prevent losses
in highly permeable rocks and form a corrosion-
resistant and durable cement stone in aggressive
environments.

A formula for a lightweight corrosion-resistant
cement solution (RU No. 2741890 C2) was
developed at the Drilling Department of USTU
[1, 2]. This solution includes Portland I-G SS-1
(binder) cement, granulated foam glass — GPS
("TIGI Kramer" LLC), expanding additive — DR-
100 (specifications 2458-077-97457491-2012) and
gas blocker — gas block (specifications 2458-055-
40912231-20009).

Portland I-G SS-1 cement contains a small amount
of free CaO (0.3%) in clinker, which does not cause
expansion of cement stone samples leading to its
destruction. This cement helps to reduce the rate of
hydrolysis of the structure of stone elements when
exposed to aggressive media [3—5]. The low content
of calcium aluminates and alkaline compounds in
the mineralogical composition of the cement gives
the stone corrosion resistance. According to [3], the
limitation of the tricalcium aluminate phase and the
amount of free CaO contributes to an increase in
the corrosion resistance of sulfate-resistant cement
under conditions of hydrogen sulfide aggression.
Portland I-G SS-1 is a pure clinker cement which
is compatible with most reagents that allow to
provide the required technological and rheological



HOBBIX PELIENITYP TAMIIOHAKHBIX PACTBOPOB U CMECEH,
CIIOCOOHBIX OJJHOBPEMEHHO NPEAYIIPEXKJATH ITOITIOMECHUS
B BBICOKOIIPOHUIIAEMBIX TOPHBIX IOPOJAX U (POPMHPOBATH
B AIPECCUBHBIX CPEAAX KOPPO3ZUOHHO-CTOUKUN U
JOJTOBEYHBIM 1IEMEHTHBIN KAMEHb.

Ha kadenpe 6ypenusa YI'TVY [1, 2] pagpaboTraHa penentypa
06JIErYEHHON KOPPO3UOHHO-CTOUKOU TAMITIOHAKHOW CMECH
(RU Ne 2741890 C2), B COCTaB KOTOPOU BXOAAT LIEMEHT MAPKU
T I-G CC-1 (BAXKYIIMNHI MATEPUAIT), TPAHYTUPOBAHHOE
neHocTekIo — I'TIC (OO0 «TUT'M KpaMep»), paclupsomas
no6aska — JP-100 (TV 2458-077-97457491-2012) u
ra3o610KaTop — ra3onok (TVY 2458-055-40912231-2009).

HemenTt mapku [THT I-G CC-1 cogepkuT Maioe
KOMU4uecTBO cBOOOHOrO Ca0 (0,3%) B KIMHKEPE, UTO HE
BBI3BIBAET PACHIUPEHNE OOPA3IOB [IEMEHTHOI'O KAMHH,
MIPUBOJAIIEE K ETO PA3PYIIEHUIO, U CIIOCOOCTBYET
YMEHBIIEHUIO CKOPOCTU THIPOIN3A CTPYKTYPBI
3JIEMEHTOB KAMHS IIPU BO3JIEUCTBHUH AT PECCUBHBIX CPEJT
[3—5]. Huskoe copgepranue aTIOMUHATOB KAJIbIIUA U
IIEJIOYHBIX COEJUHEHU B MUHEPATIOTUIECKOM COCTABE
LEMEHTA HAZIENAET KAMEHD KOPPO3UOHHOM CTOUKOCTBIO.
ITo jaHHBIM [3], OrpaHUYeHHE (PA3BI TPEXKAIBIIUEBOT'O
AJIIOMUHATA U KOJIMYECTBA CBOOOIHOr0 CaO CIOCOOCTBYET
YBEJIMYEHUIO KOPPO3UOHHOU CTOMKOCTH CYJIb(PATOCTOUKOTO
LIEMEHTA B YCJIOBUAX CEPOBOJJOPOTHOM arPECCUH.

SIBASISACH YMCTO KIMHKEPHBIM 1ieMeHTOM, [THT I-G CC-1
COBMECTHM C GOJIBITMHCTBOM PEATEHTOB, KOTOPBIE
MO3BOJAIOT OOECIIEYUTD TPEOYEMBIE TEXHOIOTUIECKHE U
PEOIOrNYECKUE XAPAKTEPUCTUKH TAMIIOHAKHOI'O PACTBOPA.

Haunbonee 3(pPpeKTUBHBIM CLIOCOOOM YBEIUYECHUS
KOPPO3UOHHOM CTOMKOCTH IIEMEHTHOI'O KAMHS ABJIAETCA
CHIKEHME €T0 IIOPUCTOCTU U IIPOHUIIAEMOCTH [3—5], B TOM
YMCJIE Ty TEM UCTIOIb30BAHUA I'A300JI0KATOPOB, B KAYECTBE
KOTOPOI'O UCIIOJIb3YETCA I'A30JI0K, ITPEACTABIAIONINI COOOM
peareHT Ha OCHOBE CHHTETUYECKHUX CYJIb(PHPOBAHHBIX
OJIMMEPOB. AHAJIN3 PE3YJIBTATOB UCCIENOBAHUI [1]
TIOKA3bIBAET, YTO TAMIIOHAKHBIE CMECH, OOpPA6OTAHHBIE
peareHToM razbiiok, 06/1a4a10T IOHUKEHHON (PUIIBTPAIIUEH
Y TIOBBIIIEHHOM IPOYHOCTBIO 10 OTHOMEHHUIO K 6A30BOMY
nemeHTy ITIT I-G CC-1. IIpu pacTeKaeMOCTH LIEMEHTHOI'O
pactBopa ITLT I-G CC-1 c razéaokom 19,75-23,25 cm
BOJOOT/AEJIEHUE IPAKTUYECKHU OTCYTCTBYET, UTO
CBUJIETENLCTBYET O BLICOKOU CEJUMEHTAIIMOHHON U
CydP(PO3HON yCTONUYHUBOCTH JAHHOH TAMIIOHAXXHOU CMECH.
DTO OOYCJIOBJIEHO CIIOCOOHOCTBIO BBICOKOJUCIIEPCHBIX
YaCTUL T'A36JI0KA CTPYKTYPUPOBATh 3HAYNTE/IbHBIC
06'bEMBI CBOOOAHOM BOJBI (KUJIKOCTH 3aTBOPCHU )

HA PAHHUX CTAJUAX TUPATANUNA. DTUM 3(PPEKTOM
OOBSICHACTCS U CHUXKEHUE (PUIIBTPALIUN LIEMEHTHOM CMECH.
Huskoe copeprxkanne CBOOOAHOM BOABI (IIOHUKEHHOE
BOJIOOT/IEJICHHUE) 6IATOIIPUATHO CKA3bIBAETCS HA
I'AAPABIMYECKON U3O/ALIMHI IIPU LIEMEHTUPOBAHUY,
06€eCIIeUYnBACT IIPEACKA3YEMOE IIOBECHUE B TEYEHUE BCETO
BPEMEHU 3aKa4YKHU U IPOJJABKU, UCKJIIOYAs CEAUMEHTAITUIO
U PACCJIOEHHE, OOECTIEYNBAs BBICOKYIO IIPOYHOCTB, [A30- U
BOJJOHENIPOHHUIAEMOCTD.

I'panynmuposanHoe neHoctekso (I'TIC) ucrnonb3yercs B
Ka4eCTBE OOJIETYAIONIEH JJOOABKU U OOECIICYNBAET HE TOJIBKO
CHMIKEHHE IIJIOTHOCTH, HO U 3(P(PEKTUBHYIO KOTBMATAITUIO
BBICOKOITPOHHUIIAEMBIX FTOPHBIX TOPOJ,. C LIEIBIO YCHIICHUS
KOJIBMATHUPYIOWIETO 3(pPEKTA U UCKIIOYEHUS YCATAKHU
(KOHTPAKIIMH) [IEMEHTHOI'O KAMHS TAMIIOHAKHBIH PACTBOD

characteristics of the cement solution.

The most effective way to increase the corrosion
resistance of the cement stone is to reduce its
porosity and permeability [3—5] by using gas
blockers based on synthetic sulfonated polymers.
Analysis of research results [1] shows that cement
solutions treated with gas block reagent have
reduced filtration ability and increased strength as
compared to the base Portland I-G SS-1 cement.
When Portland I-G SS-1 cement solution is poured
on the gas block with the spreadability of
19.75-23.25 cm — there is practically no water
separation which indicates a high sedimentation
and suffosion stability. This is due to the ability
of highly dispersed particles of the gas block to
structure significant volumes of free water (mixing
liquid) in the early stages of hydration. This effect
also explains the decrease in the filtration of the
cement solution. Low free water content (reduced
water separation) is beneficial to hydraulic isolation
during cementing. It also provides predictable
behavior throughout the injection and displacement
eliminating sedimentation and separation and
providing high strength, gas and water permeability.

Granular foam glass is used as a fluxing additive
that provides not only a decrease in density, but
also an effective clogging of highly permeable
rocks. In order to enhance the clogging effect and
exclude shrinkage (contraction) of the cement
stone, the cement solution is additionally treated
with an expansion additive (DR-100). As a result,
the research provided the patterns of changes in the
main technological parameters of cement solutions
-concentration (6—12%) and dispersion (0.1-1.0 um)
of the foam glass [6]. The corrosion resistance of
the cement stone was evaluated with the corrosion
resistance coefficient [5]. The experiments [7]
established that the following grades of cement
solutions have the highest strength and increased
corrosion resistance coefficient: Portland I-G CC-1,
gas block and expansion additive with 6 and 8%
granular foam glass with a dispersion of 0.1-0.3 and
0.25-0, 5 um.

The results of studies [8] made it possible to
determine and evaluate the physical and mechanical
properties of the cement stone. Analysis showed
that the stone has a relatively low porosity and
permeability that slightly exceeds the parameters of
the base Portland I-G SS-1 cement without additives
which has a positive effect on the corrosion
resistance of the cement stone to all mineral
aggressive media according to [3—5]. Functional
relationships have been established between the
physical and mechanical parameters of the cement
stone thus enabling to determine and predict the
current cement characteristics (strength, porosity,
permeability) in the annulus according to logging
data (acoustic cement logging and electrometry in a
cased well) [9]. This provides the ability to evaluate
the quality of cementing and make timely decisions
on the current workover operations.

Thus, the studies established that the cement
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JIOTIOJTHUTEIBHO OOPA6ATHIBACTCS PACHIHPSIIONICH J06ABKOM
(AP-100). B pesynbrare npoOBEAECHHBIX UCC/IEAOBAHNUNI
YCTAHOBJIEHBI 3aKOHOMEPHOCTH U3MEHEHU I OCHOBHBIX
TEXHOJIOTMYECKUX MTAPAMETPOB TAMIIOHAXXHOM CMECH OT
koHrieHTpanuu (6—12%) u gucniepcaoctu (0,1-1,0 MKM)
[TIC [6]. KOppO3UOHHAsT CTOMKOCTh KAMHS OIICHUBAIACH
KO3((PUILTHEHTOM KOPPO3UOHHOM cTOUKOCTH (KKC) [5].
ITpoBeEeHHbBIC IKCIIEPUMEHTHI [ 7] ITO3BOJIMJIA YCTAHOBUTD,
4TO HAUOOJIBIIEN TPOYHOCTBIO U NOBBINIEHHBIM KKC
001a/1a€T TAMITIOHAKHBIN KameHb cmecei: [T T I-G CC-1,
ras36;0K 1 JIP ¢ ro6askamu 6 u 8% I'TIC AUCIIEpCHOCTHIO
0,1-0,3 1 0,25-0,5 MKM.

Pe3ynbrarsl UCCIIEA0OBAHM [8] IO3BOJINIIN OIIPEIETIUTD
Y OLIEHUTD (PUBUKO-MEXAHUYECKHUE CBOMCTBA IIEMEHTHOTO
KaMHS. AHAJIU3 PE3YJIBTATOB [IOKA34JI, YTO KAMEHDb OOIaJaeT
OTHOCHUTEJIBHO MaJIOX MOPHUCTOCTBIO U MIPOHULIAEMOCTBIO,
HECKOJIBKO ITPEBBIMIAIONIEN ITApaAMETPBI 0a30BOTO
nemenTa [TUT I-G CC-1 6€3 106aBOK, YTO, COITIACHO [3—5],
MOJIOKUTENBHO BIUAET HA KOPPO3UOHHYIO CTOUKOCTD
KaMHS KO BCEM MUHEPAIBHBIM aTPECCUBHBIM CPEfaM. MexXay
(PU3UKO-MEXAHUYECKMMH MAPAMETPAMHU LIEMEHTHOT'O KAMHS
YCTAHOBJIEHBI (DYHKIIMOHAJIBHBIE CBS3U, KOTOPBIE IO3BOJIAIOT
ONPENENATh U IPOTHO3UPOBATH TEKYIIUE XAPAKTEPUCTUKH
KaMH$ (IIPOYHOCTD, IOPHUCTOCTD, IPOHULIAEMOCTD) B
33aKOJIOHHOM ITPOCTPAHCTBE IO JAHHBIM IeO(PU3UYECKUX
UCCIEOBAHNN (AKYCTUYECKAA IEMEHTOMETPUA U
NEKTPOMETPHA B OOCAKEHHOM CKBA’KHUHE) [9], 9TO jaeT
BO3MOKHOCTB OLIEHUTD KA4ECTBO [IEMEHTUPOBAHUA U
NPUHHUMATh CBOEBPEMEHHBIE PEMIEHUSA O IIPOBEICHUN
TEKYIIETO PEMOHTA CKBA’KHUHBL.

TakuM 0Opa30M, IIPOBEICHHBIE UCCJICIOBAHUS IIO3BOIUIN
YCTAHOBHUTb, YTO LIEMEHTHBIN KAMEHD PA3pA00TAHHOM
TAMIIOHAKHOM CMECH 006J1a/1A€T KOPPO3ZUOHHOM CTOHKOCTBIO,
MOHWKEHHOI IJIOTHOCTBIO ¥ ITIPOHUIIAEMOCTBIO. DTO
MO3BOJIAET UCIIONb30BATD €€ MPH LIEMEHTUPOBAHNH
BBICOKOITPOHHIIAEMBIX TOPHBIX IIOPOJ, BMEIIAIOMNX
arpeccusHbI€ (paronabl. Hanbospiien KOppO3UOHHOM
CTOMKOCTBIO OO/1/1A€T COCTAB C fo6aBKaMu 6 u 8% I'TIC
aucnepcHoOCTrIo 0,1-0,3 1 0,25—0,5 MKM. YCTAHOBJIEHHBIE
(PYHKIIMOHAJIBHBIE CBA3U TEXHOJOI'MYECKUX ITAPAMETPOB
LEMEHTHOTI'O KAMHSA OT KOHIIEHTPALIUU U IMCIEPCHOCTHU
I'TIC IO3BOJAIOT OIIPEJEIISATH U IIPOIHO3UPOBATH TEKYIUE
XAPAKTEPUCTUKN KAMHSA B 3aKOJIOHHOM IIPOCTPAHCTBE 11O
JaHHBIM IreO(pPU3NIECKHX UCCIIETOBAHN.

PA3PABOTKA KOMMNO3NUMUOHHbIX
MATEPWAJIOB BOAOWN3O0NAUNOHHOIO
HA3SHAYEHWNA N UX TIPUMEHEHWNE .
B YCJTOBUAX BEJTOPYCCKNX MECTOPOXAEHNN

A.B. AHTYyCéBa, PYII JIPOH3BOJACTBEHHOE OO0’ TUHEHHE
BbenopycHed1p», <beHUIINHeDTH>; E.@. KyauHa, BeJopycckurit
TOCYyAapCTBEHHBIH YHHBEPCHUTET TpaHcopTa; [I.B. Tkaués,

PYII JIpOHU3BOACTBEHHOE OO0'befuHEeHHE beopycHed1h>,
bexrHUIINHeDTH>

B CIIOKHBIX Te€ONOro-(PU3NYECKUX YCIOBUAX
HE(MTEHOCHBIX 3aJIE3KEN OEJIOPYCCKUX MECTOPOXKIAECHUN
(BBICOKAS1 (PUIBTPAIIUOHHASI HEOGHOPOAHOCTD, CJIOXKHOE
CTPOEHHUE TYCTOTHOI'O IPOCTPAHCTBA, HU3KOIIPOHUILIAEMBIE
HE@MTAHBIE KOJUIEKTOPBI) NEPCIIEKTUBHBIM CIIOCOOOM
OCYIIECTBIEHHS BBICOKOA(D(PEKTUBHBIX PA6OT C LIEJIBIO
YBEITMUYEHUA HE(PTENOOBIUH ABSAETCA IPUMEHEHNE
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stone of the developed cement mixture has
corrosion resistance, reduced density and
permeability which enables to use it for cementing
in highly permeable rocks containing aggressive
fluids. The composition with the addition of 6 and
8% of foam glass with a dispersion of 0.1-0.3 and
0.25-0.5 pm has the highest corrosion resistance.
The established functional relationships between
the technological parameters of the cement stone
and the concentration and dispersion of the foam
glass provide the ability to determine and predict
the current characteristics of the cement stone in
the annulus according to logging data.
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resIeo6pasyIonmnuX MaTEPHUAIOB HA OCHOBE AUCIIEPCHOT'O
rugpocuaunkara Harpud (AI'CH). II'CH — peareHr,
KPYITHOTOHHAKHO BhINTyCKaeMbIA B Pb (OAO «[JOMaHOBCKUIA
IPOU3BOACTBEHHO-TOPI'OBBIN KOMOUHAT», TV BY
200101299.003-2009), 06maa01ul 60J1€€ BBICOKOM
TEXHOJIOIMYHOCTBIO, OOECIEYNBAIONINU YIIPOIIEHHE
PabOTEI C €€ KOMIOHEHTAMU IPU TPAHCIIOPTUPOBKE,
XPAHEHUH, B TOM YUCJIE B 3MMHEE BPEMS I'OJja, IO CPABHEHUIO
C U3BECTHBIMH aHAJIOTAMU. JIOCTOMHCTBAMU COCTABOB
SBJIAIOTCA BBICOKAS IIPOHUKAIONASI CHOCOOHOCTb PACTBOPOB
KOMITO3UITUN U TEPMOCTOMKOCTDb OOPA3YIONUXCS I'eJIEH.
[TpenMyImecTBaMH JAHHBIX MATEPUAJIOB ABJIAETCS BBICOKAS
MPOYHOCTDb OOPA3YIOLIETO I'esis, 4 TAKXKE JOCTYIHOCTD U
HU3KASI CTOUMOCTBb UCXOAHOTO CBIPBSL.

IIpuMEHEHUE B COCTABE KOMITO3UIIUU B KAUECTBE
MOAN(PUKATOPOB KUCIOT MO3BOJISET PACIIUPHUTD
(PYHKIIMOHAJIBHBIE BO3MOXKHOCTH I'€JIEU HA OCHOBE BOZHOT'O
pactBopa AI'CH, o6ecrieunBas (pOPMUPOBAHUE T'eNE
C OAHOPOIHOM PABHOMEPHOI CTPYKTYPOH B YCJIIOBUAX
BBICOKMX TEMIIEPATYP U MUHEPAJIU3ALUH IITACTOBBIX
BOJI IPU PETYJIMPYEMOM BPEMEHU I'eJIEOOPA30BAHHSL.
VCTAaHOBJIEHA NIEPCIIEKTUBHOCTb IPUMEHEHUA IS
MOJIYYEHU I HOBBIX BOAON3OIUPYIOMNX MATEPUAIIOB
MOJU(PUITMPOBAHHBIX OMHAPHBIX PACTBOPOB HA OCHOBE
ATI'CH u cynb(aMUHOBOM KUCJIOTHL. OHAKO BBEJICHUE
B K44E€CTBE MOJU(PHUKATOPOB KHUCJIOT CIIOCOOCTBYET
06pPa30BAHHIO IIPOYHOI'O, HO B TO K€ BPEMSA JOCTATOYHO
XPyHnkKoro Mmarepuana. Coaep:kaHue B COCTABE KOMIO3UITUH
OPraHHUYECKOT'O OIUMEPA MTO3BOJIAET CHU3UTD XPYIIKOCTh
(pOopMUPYEMBIX KDEMHETEJIEN U OOECIEUNUTD IJIACTUYHOCTD.

ITokazaHa 3(pPEKTUBHOCTD IIPU BBEJJCHUU B
COCTAB resie06pas3yronie KOMIIO3UIIMU B KAYECTBE
OPraHUYECKOrO MOANMPUKATOPA BOJOPACTBOPUMBIX
MOJIMMEPOB, B Y4CTHOCTH, HAUOO0JIEE PACTIPOCTPAHEHHBIX
noaruakpuaamMmuioB (ITAA), MUPOKO NPUMEHAEMBIX B
TEXHOJIOI'MAX IOBBIIIEHUA HE(PTEOTAAYHN IIJTACTOB.

Ienpro paboTh OBLIIO UCCAEJOBAHUE BIHSHUS
THIIA U KOHIIEHTPAITUN OPTAHUYECKUX ITOJIMMEPHBIX
MOAN(PHUKATOPOB HA PUNKO-XUMHUUECKUE U MEXAHNYECKHE
CBOMCTBA KOMITO3UIIMOHHBIX MATEPUAJIOB HA OCHOBE
pacTBOPA AUCHEPCHOTO TUAPOCUIIMKATA HATPUA U
MOJIyYE€HUE CTAOMIBHBIX MHOTOKOMIIOHEHTHBIX BOAHBIX
PacTBOPOB, 9P(PEKTUBHBIX B TEXHOJIOIUAX ITOBBIIICHU S
HePTEOTAYN IUIACTOB B YCJIOBUAX ITOBBIIEHHBIX
TeMreparyp (1o 100 °C).

B KauecTBE OPraHNYECKUX MNOJIMMEPHBIX MOAN(]PUKATOPOB
reJIE00PA3YIOIINX KOMIIO3UITU I BBIOPAHBI IIOJIHAKPUIAMU/IbI
npoussoacTsa kKomanuu SNF Floerger (Ppaniys),
OTJIMYAIOMUECH CTPYKTYPHBIMHU U (PU3UKO-XUMUYIECKHUMHU
XAPAKTEPUCTUKAMHU (PA3JINYHAS MOJIEKY/ISIPHAS MACCa,
CTEIEHb AaHHOHHOCTH, TUIT MOHOT€HHOI'O AKPHUJIOBOTO
MOHOMEPA), BBEJEHHBIE B KOMITIO3UIITMOHHBIN BOJHbBIMN
PAaCTBOD B OIIPEAEICHHBIX KOHIICHTPALIMOHHBIX
cooTHoeHUAX. Mcronb3ys ITAA, oTMyaronuecs no
CTPYKTYPE U XMMHYECKHUM CBOMCTBAM, MOXHO PETYIMPOBATH
TEXHOJOTUYECKHE U CTPYKTYPHO-MEXAHUYECKUE
MOKA3aTENN T'eJI€00PA3YIONINX MATEPHUATIOB U UX
TEPMHUYECKYIO YCTOMYHUBOCTb.

IIpeacTaBieH NOAPOOHBIN CITIOCOO MPUTOTOBICHUS
KOMIIO3UITHOHHOI'O MATEPUAIA IIPU ITOTYYEHHUU ATPETATUBHO
YCTOMYHUBOI'O PACTBOPA CBA3YIOLIEI'O X OAHOPOLHOI'O
resIeo0pasyIoieEro CoOCTaBa.

BelNIPIneft; E.F. Kudin, Belarusian State University of
Transport; D.V. Tkachev, RUP Production Association
Belorusneft, BeINIPIneft

In difficult geological and physical conditions
of oil deposits of Belarusian fields (high filtration
heterogeneity, complex structure of the pore space,
low-permeability oil reservoirs), a promising way to
carry out highly efficient operations and increase oil
production is the use of gel-forming materials based
on dispersed sodium hydrosilicate (DSHS). DSHS is
areagent produced on a large scale in the Republic
of Belarus (Domanovsky Production and Trade
Plant JSC, TC BY 200101299.003-2009), which has
a higher manufacturability. The DHSH components
are easier to be transported and stored in the winter
as compared with other known analogues. The
resulting gels have high permeability and thermal
stability. The advantages of these materials are:
high gel strength, availability and low cost of the
feedstock.

The use of acids as modifiers in the composition
makes it possible to expand the functionality of
gels based on an aqueous DSHS solution. Acids
provide gel formation with a uniform flat structure
under conditions of high temperatures and salinity
of formation waters with a controlled gelation
time. Modified binary solutions based on DSHS
and sulfamic acid can be used for preparation of
new water-shutoff agents. However, using acids as
modifiers results in a strong, but at the same time
brittle material. Organic polymer in the composition
enables to reduce the fragility of the formed silica
gels and ensure plasticity.

Introduction of water-soluble polymers (in
particular, the most common polyacrylamides
(PAA) which are widely used in enhanced oil
recovery technologies) into the gel-forming
composition as an organic modifier is proven to be
effective.

The objective was to study the effect of the type
and concentration of organic polymer modifiers on
the physical-chemical and mechanical properties
of composite materials based on a solution of
dispersed sodium hydrosilicate and to obtain
stable multicomponent aqueous solutions that are
effective in enhanced oil recovery technologies at
high temperatures (up to 100 °C).

Polyacrylamides manufactured by SNF Floerger
(France) were chosen as organic polymer
modifiers for gel-forming compositions. These
modifiers with different structural and physical-
chemical characteristics (different molecular
weight, anionicity, type of ionogenic acrylic
monomer) were introduced into the composite
aqueous solution in certain concentration ratios.
Polyacrylamides with different structure and
chemical properties provide the ability to control
the technological and structural-mechanical
parameters and thermal stability of gel-forming
materials.

The paper presents a detailed method for
preparation of a composite material for aggregative
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IIpuBEEH CPABHUTEIBHBIN AHAJIN3 BIIUSHUSA
THUIA HOJIUMEPHBIX MOJU(PUKATOPOB HA U3MEHEHUE
3(pPEKTUBHOMN BAZKOCTU ITPH PA3IUYHON CKOPOCTH C/IBUT'A
(1-100 ¢!") KOMHNO3ULIMOHHOI'O PACTBOPA U CTPYKTYPHO-
MEXAHUYECKUX CBOUCTB OOPA30BAHHBIX MATEPHUAJIOB.
VCTAaHOBIIEHO, YTO Haubosee 3(PPEKTUBHBIM ITOTUMEPHBIM
MOAN(PUKATOPOM IIPOLIECCA TENEOOPA3ZOBAHUS PACTBOPA
JTI'CH npu OJTy4YE€HNH I'efist C BBICOKUMHU (PU3HUKO-
MEXAHUYECKUMU CBOUCTBAMU, YCTOUYUBBIM I1PU
BBICOKMX TEMIIEPATYPAX, ABJISAETCSA BOAOPACTBOPHUMBII
HOJIHUAKPHUIAMU], CYy/Ib(POHUPOBAHHOI'O THUIIA.

ITory9EHBI COCTABBI I'eJIE0O6PA3YIOMNX KOMIO3UITUH
U YCTAHOBJIEHBI ONITUMAJIbHBIE KOHIIEHTPALIUHU
MHOJIMMEPHBIX MOJU(PUKATOPOB, KOTOPBIE OOECTIEYUBAIOT
3(pPEKTUBHOCTD TPH IPUMEHEHUH B T€OJIOTO-
(PU3UYECKUX YCJIOBUAX OEJIOPYCCKUX HEPTAHBIX
MECTOPOXKACHUN. DKCIIEPUMEHTAJIbHO YCTAHOBJIEHO, YTO
HAUOO0JIEE BBICOKAS IPOYHOCTD I'eJIs JOCTUTAETCA ITPU
MOAN(PULIPOBAHUU COCTABA ITOJIMMEPOM B KOJINYECTBE
0,1%. MongupuUIIMPOBAHHUE I'eJICOOPA3YIONICH KOMIIO3UIIUU
MO3BOJAET YBETUMYUTH IPOYHOCTD C(POPMUPOBAHHOTO
rend 70 3910 I1a, 9o Ha 5% BBIIIE IIPOYHOCTHU UCXOAHOI'O
resi (3770 I1a 1py IPOHUKHOBEHUY MHAECHTOPA HA
IyouHy 4 MM). JJayIbHEHIIEE OBBIIEHNE KOHIIEHTPAIIUH
MOJHMAKPHUIAMAJA B COCTABE KOMITO3UIIUU IIPHUBOJUT K
CHMIKEHUIO IPOYHOCTH I'eJig HA OCHOBE JJUCIIEPCHOI'O
TUAPOCHUIIMKATA HATPUSA U CYIb(PAMUHOBOM KHUCJIOTBL

SPHEKTUBHOCTH BOJOU3OIHUPYIOMIETO AEHCTBUA
Pa3paboOTAHHOI'O COCTABA MOATBEPKICHA PE3YIBTATAMU
(PUIBTPAIMOHHBIX 9KCIIEPUMEHTOB Ha BOJJOHACHIIEHHBIX
KEPHOBBIX MOJIEJIAX KAPOOHATHOTO IIJIACTA. YCTAHOBJIEHO,
4TO I'HJIPO3KPAH, (POPMUPYIOMUICA IPU TPOKAYUBAHUHN
KOMIO3UIIHN Y€PE3 MOJIEIIb IIJTACTA, OKA3bIBAET BBICOKOE
OCTAaTOYHOE CONIPOTUBJIEHNE (DUIBTPALIUU BOJBI (3HAYEHHE
ODC 73-157) u BbIAEPKUBAECT 3HAYUTEIbHBIA I'DAAUEHT
JassieHus (Jo 114,88 MITa/m) npu 06eCrie4eHNH BBICOKOI'O
TUPOU30IUPYIoNero adpdexrra 98,6—99,4%.

C y4ETOM ITOJIOKUTEBHBIX PE3YJIBTATOB CTATUYECKHUX
U JUHAMUYECKUX JTAOOPATOPHBIX UCCJIEJOBAHUNA COCTAB
PEKOMEHIOBAH K OIBITHO-IIPOMBICJIOBBIM UCITBITAHUAM IIPH
NPOBEAEHNHU PEMOHTHO-U3O0JIALMOHHBIX PA60OT B CKBA’KMHE
31r CygOBUILIKOI'O HE(PTAHOI'O MECTOPOXKACHU . B iepuoy,
¢ 24.01 o 04.02.2021 B CKBOXXUHY 3aKa4aHO 15 M3 cocTaBsa.
B xX0o/1€ TPOBECHUS TPOMBICIOBBIX PA60T YCTAHOBJICHA
TEXHOJIOTMYHOCTb U 6€30MACHOCTb IPUTOTOBJIEHUS U
33aKaYMBAHHUA KOMIIO3ULIMOHHOTO MATEPHUAIA C HIOMOIIBIO
UMEIOHIETOCS HEPTENMPOMBICIOBOTO OOOPYAOBAHUS.

3aKaYMBAHUE KOMIO3ULINH B IIJIACT CONPOBOX/AATIOChH
POCTOM JABJIEHUS BILIOTH JJO NPEJEIBHO JOMYCTUMOTO
sHavyeHwus (P = 18 MIIa). [Tocsie BhIICPKUBAHUSA HA
res1Ie06pa30BAHNUY, IPU UCIIBITAHUU HA IPUEMUCTOCTD,
JUHAMIKA CHUKEHUS TaBIeHus cocTasuiaa 0,16 MITa/MuH,
4TO FOBOPUT O 6OJIEE YEM JOCTATOYHOM CHUKEHUHN
OPUEMHUCTOCTH IJIACTA NIEPE]] YCTAHOBKON LIEMEHTHOT'O
MOCTA. B IIJIACTOBBIX YCJIOBUAX OOPA30BAJICS
HPOYHBIN I'HIPOIKPAH, OTBEYAIONINI TPEOOBAHUAM
K BOJJOU30JIMPYIOIIHM COCTABAM, OOECTIEUNBAIOII NI
KAa4ECTBEHHYIO YCTAHOBKY H30JUPYIOMIETO [IEMEHTHOI'O
MOCTQ, 9TO ITO3BOJIUJIO OCYIIECTBUTD PAO6OTHI IO IEPEXOAY
HA BBIIIEJIEXKANTUE OTIOXKEHHN S IETPUKOBCKOI'O TOPU30OHTA
JUIs 60J1E€€ IOTHOM BBIPAOOTKH OCTATOYHBIX 3411ACOB
HepTH. ©
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stability of a binder and a homogeneous gel-
forming composition.

The paper shows a comparative analysis of the
effect of different types of polymer modifiers on
the change in effective viscosity at different shear
rates (1-100 s™1) of the composite solution and the
structural and mechanical properties of the formed
materials. It has been established that water-soluble
sulfonated polyacrylamide is the most effective
polymer modifier for the gelation process of a
DSHS solution with high physical and mechanical
properties stable at high temperatures.

The studies provided the formulas of gel-forming
compositions and the optimal concentrations of
polymeric modifiers that proved to be effective
in the geological and physical conditions of the
Belarusian oil fields. It has been experimentally
established that the highest strength of the gel is
achieved when the composition is modified with
a polymer in an amount of 0.1%. Modification of
the gel-forming composition makes it possible to
increase the strength of the formed gel to 3910 Pa,
which is 5% higher than the strength of the original
gel (3770 Pa when the indenter reaches a depth
of 4 mm). A further increase in the concentration
of polyacrylamide in the composition leads to
adecrease in the strength of the gel based on
dispersed sodium hydrosilicate and sulfamic acid.

The water-shutoff efficiency of the developed
composition is confirmed by the results of filtration
experiments on water-saturated core models
of a carbonate reservoir. It has been established
that the hydraulic screen that is formed when the
composition is pumped through the reservoir
model has a high residual resistance to water
fileration (Residual Resistance Factor 73-157) and
withstands a significant pressure gradient (up to
114.88 MPa/m) while providing a high water-shutoff
effect 98.6—99,4%.

Considering the positive results of static and
dynamic laboratory studies, the composition is
recommended for pilot field tests during remedial
operations in well 31r at the Sudovitskoye oil field. In
the period from January 24 to February 4, 2021, 15 m?
of the composition was pumped into the well. As a
result, preparation and injection of the composite
material using the existing oilfield equipment was
carried out in a simple and safe way.

During injection of the composition into the
reservoir pressure increased up to the maximum
acceptable value (P, = 18 MPa). After waiting
on gelation and testing for injectivity, pressure
decreased with a rate 0.16 MPa/min which indicates
a sufficient decrease in formation injectivity
before the installation of the cement bridge
plug. This provided a strong hydraulic screen in
reservoir conditions that meets the requirements
for water-shutoff compositions enabling high-
quality installation of the cement bridge plug. The
operation provided the ability to transfer production
to the overlying deposits of the Petrikov horizon for
enhanced recovery of residual oil reserves. ©
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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 npepnaraer
npoBegeHNe ceMUHapPOB NMop, KoY
no cnegylowWmmM TeMaTuKkam:
1. MpnmeHeHune 'HKT B KanntanbHOM peMOHTE U
CTpoOUTENbCTBE CKBAXWUH;
2.BBepeHune B I'PI;
3. BBegeHue B Directional Drilling.
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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 coTpygHudyecTsy!

NHdopmMaLms no ceMmrHapaM 1 NporpaMMam ceMmMHapa
BbICHINAETCS MO 3anpocy.
KoHTakTHOE nnuo:
ncnonHuTenbHbIn anpekTop ICoTA-Poccns,
LVPEKTOP MO PA3BUTUIO
. 000 «Bpems konTiobOMHra» Mprbos Aptem Hnkonaesmy
E-mail: Artem.Gribov@cttimes.org
Ten.: +7 (495) 481-34-97 no6. 101




Booopog: ctath nepBbiM!
Hydrogen: Come to the Top!

o
~
=
~
Q
2
A
o9
2
R
5
a0

Bonopon — nepsbI aneMeHT [leproandecKom Hydrogen is the first element in the Periodic Table.
CHCTEMBL DTO IIEPBEHCTBO EMY JIAHO, MOXKHO CKA34Th, This superiority was given to him, one might say, by
OPOUCXOKAcHUEM. HO KOT/Ia KITMMATHYECKAs IIOBECTKA origin. But when the climate agenda demanded a
noTpebOBAIA IEPEXO/IA B YITIEPOAHO-HEUTPATIBHOE transition to a carbon-neutral state, when the concept
COCTOSIHUE, KOT/IA MUIIETCS KOHLIENIN 6€3YITIEPOJHON of a carbon-free energy of the future is being written,
3HEPreTHUKU OyyIIETO, BOAOPOAY NIPEACTOUT CTATh IEPBLIM hydrogen will have to become the first by vocation.
10 NIPU3BAHUIO. Ha 3TOT 3JIEMEHT YeJI0BEYECTBO HAJICETCA Mankind hopes for this element as a universal source
KaK Had YHUBEPCAIbHBIM HICTOYHUK SHEPI'UU [/ MHOI'UX of energy for many industries and almost all types of
OTPACJIEA IIPOMBIIIEHHOCTH U IIPAKTUYECKH BCEX BUJIOB transport, as well as a source of electrical and thermal
TPAHCIIOPTA, 4 TAKXKE KAK HA UCTOYHUK JIEKTPUYECKON U energy.

TEIUIOBOY SHEPIUH. Hydrogen varies. Its color gradation is based on the

Bopopop 6bIBacT pa3HbI. Ero iBeTOBasA rpajanus methods of obtaining. The main types of hydrogen are
OCHOBAH4 HA CIIOCO0AX NOTy4eHuss. OCHOBHBIE BU/IBI "blue", "green" and "turquoise”.

BOZOPOJA: <T'OMYOOI», «3€JIEHBIN» U «OMPIO3OBBIL». There is a public consensus that green hydrogen

CyIIeCTBYET OOIIECTBEHHBIN KOHCEHCYC, UTO B will play a major role in the long term. Currently,
JONTOCPOYHOI IEPCIEKTUBE OCHOBHYIO POJIb OYIET about 70 million tons of hydrogen are produced in
UI'PATD «3€JIEHBIN> BOOOPOZ. B HacTOALIEE BpEMS B MUPE the world, but only less than 2% is produced in an
IPOM3BOAUTCS OKOJIO 70 MJIH TOHH BOJOPO/A, HO JIMIIb environmentally friendly way — by electrolysis of
MeHee 2% MPOU3BOANTCS IKOJIOTMYECKH YUCTBIM CIOCOOOM water, when it decomposes into two components -

— IIYTEM JIEKTPOJIN3A BOIBL, KOIJd OHA hydrogen and oxygen — after
pasaraeTcs Ha B€ COCTABIISIONIUE — BOAOPOL, B JONrocpoy HOM applying an electric current.

Y KUCTIOPOJT, — TIOCJIE TIOJAYH 3JICKTPUIECKOTO rnepcneKTusee If electricity for electrolysis is
TOKA. EC/IM 351IeKTpO3sHEprus A1 3/1eKTPOoIn3a OCHOBHYO POJib produced using renewable energy

TIPOU3BOJUTCA C UCIIOIB30BAHHUEM sources (wind, solar, hydropower.
B§306HO§HHCMBIX HWCTOYHHUKOB SHEPIUNA 6y,u,eT 1 FQaTb etc), the(n “gre,en” h}ydeogerllj is ,
(Betpa, ComHLa, 'DC U T. 11.), TO OTYyYAETCS NEH S IR R =10/ 0] O[O2IB 1 ined. That stake is made on
«3€JIEHBIN» BOJOPOA,. UMEHHO HA HETO JENTAETCA Green hyd ro gen WI | | EEiS \;erzf typz of hydrotgen irtlh

0 - r
CT4BK4 B CTPATETMYECKUX JOKYMEHTAX 1O p| ay a major r olein estra eg1c. pcumen sonthe
sHepronepexony 'epmannn u EC. Cornacso the lona term energy transition of Germany and
IIPOTrHO3aM, IIOTPEOIECHUE HU3KOYITIEPOJHOI'O g . the EU. Low-carbon hydrogen
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Bojopoaa B l'epmanuu k 2030 rogy gocturseT 100 TBr. Tlpu
3TOM HPEATIONIATAETCS, YTO OOJIBIIAA YACTh BHYTPEHHETO
CIIPOCA HA «3€JIEHBI» BOJOPOJ] OYIET OOECTIEYNBATHCA 34
CYET UMIIOPTA.

Okcneptol BloombergNEF (BNEF) B tokiage Hydrogen
Economy Outlook (2020) OTMETHIN, 9TO TOJTYYEHHBIH C
MOMOIIIBIO AJIEKTPOJIN3A «3ETIEHBIN» BOAOPO/ IPH HATUYNUU
HEOOXOIUMBIX MEP MOTUTHYIECKON NOAJEPHKKU MOKET
COKPAaTHUTD K 2050 rofy IMo6a/IbHbIE BHIOPOCHI
TAPHUKOBBIX I'A30B JIO 34%.

OIHAKO 3JIEKTPOIN3 BOJIBI — BECbMA
JOPOroCTOAIMIA Crioco6 nonydenus H,. ITosromy
«3€JIEHBIN» BOJOPOZ, CTOUT IIPAKTUYECKU B TPU
pa3a IOPOXKE «roNIyboro» U NOKa, OUEBUHO,
HEPEHTAOEIIEH.

CeropiHss OCHOBHAs MaCCa BOJOPOAA
MIPOU3BOJUTCSA B OCHOBHOM U3 UCKOMAEMBIX
MUCTOYHHUKOB, KAK IPABUJIO, U3 IPHUPOJHOTO ra3a
(MeTaHa) nyTem pudopMuHra. Ha cnenyiomem
3TAIE IPOUCXOAUT ACKAPOOHUIALINA TPOSYKTA
YTEM YIABIUBAHUSA YITIEKHUCJIOTO I'a34 C
nomolbio cucreM CCS (carbon capture systems).
[Mocne ymasauBanus CO, OCYIECTBISAETCS €ro
3aXOPOHEHHE, B KAYECTBE OCHOBHOI'O METOZA
KOTOPOT'O PACCMATPUBAETCS 3AKAYKA B 3EMJIIO, HAIIPUMED,
B BBIPAOOTAHHBIE HE(PTAHBIE U F'A30BBIE MECTOPOXKICHUSL.
CeropiHs o BCEMY MUPY PabOTaIOT 15 3aBOJIOB,
yaaBnauBaromux okoao 9000 TouH CO, B o,

1o BCEV BEPOSTHOCTH, B OJIMDKANUIIEM OYIyIIEM
OCHOBHBIM METOZOM IIPOMBILIIEHHOI'O IIoy4YeHus H,
OyZ€eT UMEHHO PU(POPMHUHT METAHA, U HANOOJIBIIIEE
PacrpoCTPaHEHUE NTOTYUYUT «T'ONMyO0H» Bogopos. Ho moka
YaIIEe [OJIYYAETCA «CEPBIA» (75%) — TEM XK€ IIYTEM, YTO U
«ro1y601», HO 6€3 ynapauBanus CO,, KOTOPIA OCTAETCA
HEXEIATEIHBIM IIPOLyKTOM.

B xomnanum «<PUTOK» pa3dpabOTaHa THHOBAITMOHHAS
TEXHOJIOTUS BHYTPHUILIACTOBON F'€HEPALIMU BOIOPO/A,
KOTOPAsi MO3BOJIAET IPEBPAIIATh HEKOMMEPUYECKUE 3ATTACHI
METAHA B MECTOPOXKAeHUA H,. DTOT BADMAHT CYUUTACTCS
HEZOPOTIHM U 3KOJIOTHYHBIM, IOCKOJIBKY UCKJIIOYAET
HEOOXOIUMOCTD 3AXOPOHEHMUS YITIEKUCJIOTO I'a34.

«BUPIO30BBIN» BOAOPO/ MOIYYAETC U3 IPHUPOJTHOTO
raza METO/IOM NHUPOIN3a. [IPUPOAHBIN a3 IPOXOAUT
4epe3 PACIIABICHHBIN METAJIT U PA3JIEIAETCA HA
BOZOPOZ, ¥ TBEPIBIN YITIEPO/, KOTOPBIH B JA/IbHEHIIIEM
MOJKET UCMOJIb30BATHCS B KAYECTBE ChIPbA IS IPYTUX
TEXHOJIOTUYECKHUX IPOLECCOB. TEXHOIOr U ABJIAETCS
YIVIEPOAHO-HEUTPAJIbHOM.

O603HaY€EHDI U JIPYTHE (IBETA» BOAOPOoAa. [TonydyeHue
©KEJITOTO» UM «OPAHXKEBOI'O» BOIOPO/IA TPEOYET
MNPUMEHEHUS AaTOMHOU 3Heprun. [ockopriopanus
«PocaTom» COOMPAETCA MPOU3BOAUTD BOJOPO], U3
YIVIEBOAOPOIOB (110 TEXHOJIOI'MH MTUPOJIN3a,/TIaPOBOM
KOHBEPCHUU METAHA) HA CIIELNUAIBHBIX AaTOMHBIX
SHEPrOTEXHOJOTMYECKUX CTAHIUAX C UCMTOJIb30BAHUEM
TEILIA BHICOKOTEMIIEPATYPHBIX I'A300X/IAK/1a€MbIX
peakTopoB. TaKKe CTAHIMH ITO3BOJIAIOT 1OJy4aTh H, 6e3
BPEAHBIX BBIOPOCOB B ATMOC(EDY.

«BypBIft» BOJOPOA IPOU3BOAUTCA ITyTEM ra3U(PUKALINNU
VIJISL.

I'To maHHbBIM MeXXAyHAPOAHOI'O S3HEPIre TUYECKOI'O
ArE€HTCTBA, 11 TTOTYYEHUS BOJOPOAA UCIIOIb3YETC OKOJIO

B komnaHum «PUTIK»
pa3paboTaHa
MHHOBALIMOHHas
TexHonorus
BHYTPUNIAaCTOBOM
reHepauum BOAoOpOAa.

RITEK has developed
an innovative
technology for
intrastratal hydrogen
generation.

4

consumption in Germany is projected to reach 100 TW
by 2030. At the same time, it is assumed that most of
the domestic demand for "green" hydrogen will be met
through imports.

BloombergNEF (BNEF) experts in the Hydrogen
Economy Outlook (2020) report noted that “green”
hydrogen produced by electrolysis, with the necessary
political support measures, can reduce global
greenhouse gas emissions by up
to 34% by 2050.

However, water electrolysis is
avery expensive way to produce
H,. Therefore, "green" hydrogen
is almost three times more
expensive than "blue" and so far,
obviously, is unprofitable.

Today, the bulk of hydrogen
is produced mainly from fossil
sources, usually from natural
gas (methane) by reforming,

At the next stage, the product

is decarbonized by capturing
carbon dioxide using CCS
systems (carbon capture
systems). After capturing CO,, it is buried, the main
method of which is injection into the ground, for
example, into depleted oil and gas fields. Today, there
are 15 plants around the world that capture about 9.000
tons of CO, per year.

In all likelihood, in the near future the main method
of industrial production of H, will be methane
reforming, and "blue" hydrogen will be most widely
used. But so far more often it turns out "gray" (75%) —
in the same way as "blue", but without capturing CO,,
which remains an undesirable product.

RITEK has developed an innovative technology
for intrastratal hydrogen generation, which makes it
possible to convert non-commercial methane reserves
into H? deposits. This option is considered inexpensive
and environmentally friendly, as it eliminates the need
to store carbon dioxide.

"Turquoise" hydrogen is obtained from natural gas by
pyrolysis. Natural gas passes through the molten metal
and is separated into hydrogen and solid carbon, which
can then be used as a feedstock for other technological
processes. The technology is carbon neutral.

Other "colors" of hydrogen are also indicated. Getting
"yellow" or "orange" hydrogen requires the use of
atomic energy. Rosatom State Corporation is going
to produce hydrogen from hydrocarbons (using the
technology of pyrolysis/steam conversion of methane)
at special nuclear power plants using the heat of high-
temperature gas-cooled reactors. Such stations make it
possible to obtain H, without harmful emissions into
the atmosphere.

"Brown" hydrogen is produced by coal gasification.

According to the International Energy Agency,
about 6% of global gas and 2% of coal production are
used to produce hydrogen, which leads to significant
greenhouse gas emissions.

Currently, 94% of all hydrogen produced in the
world is used as a raw material for the chemical and oil
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6% MUPOBOTO IIPOU3BOICTBA I'A32 U 2% YIVIS, UTO IPUBOIUT
K CYIIECTBEHHBIM BEIOPOCAM TAPHUKOBBIX I'A30B.

B Hacrosmee Bpems 94% BCEro nponu3BOIMMOIO
BOJIOPOJIA B MUPE CITYKUT CBIPHEM JIJISI XUMUYECKOU U
HedTENEPEPA6ATHIBAIONICH NPOMBIIIIEHHOCTH. B 6y1ymem
2K€ C PA3BUTHEM TEXHOJIOTUH BOJOPOJ, MOXKET CTATh
YHHBEPCAJIBHBIM UICTOYHHUKOM 3HEPIHUU 1 UCTIOIb30BATHCS
B TPAHCIIOPTHON OTPACIIH, /IS OTOIJIEHUS OTAECIBHBIX
OOBEKTOB C TIOMOIIBIO MUHU-KOTEJIBHBIX. OH CMOXET
HOTPEGIATHCA METAJUTYPTUUECKUMU NTPEANIPUATUAMU,
KOTOPBIE OTKAXKYTCA OT KOKCOXUMHUYECKHX U JIOMEHHBIX
MPOLECCOB U NEPEUAYT HA MIPIMOE BOCCTAHOBJIEHHE
JKeJesa.

B ¢BA3U € OBICTPOPACTYIIUM CIIPOCOM HA 3TOT
BHJ] TOIIJINBA BA2KHO CO3/1ABATh U PA3BUBATh
MHHOBAIIMOHHBIE TEXHOJIOTUH IOJIYYEHHS,
AKKYMYJIMPOBAHUS, TPAHCIOPTUPOBKU
U IIPUMEHEHM BOAOPOA. B pazpadoTke
HAXOJATCS TAKXKE KOHLIENTYAIbHBIE PEIIECHUA
JUIS PEAKTOPOB (TUIA3MEHHBIE, KATATUTHUIECKHE
Y1 HEKATAIUTUYECKUE), OTHAKO UX TEXHUYECKAS
npopadbOTKA ITOKA HE MMO3BOJIAET BHEAPEHHE HA
MPOMBIIIJIEHHOM YPOBHE.

B 2020 rony B Mupe Ha BOGJOPOLHYIO TEMATUKY
6BUIO TIOTPAYCHO OKOJIO $ 2 Mitpa. 67% 3Tux
CPEACTB NPUIIIOCh HA PA3JIMYHBIE ITIPOEKTHI
B 006acTH TpaHCIopTa, ete $ 300 MiTH ObLIO
MOTPAYEHO HA UH(MPPACTPYKTYPHBIE IPOEKTHL, U
TOJBKO $ 200 MJTH OBLJIO BJIO’KEHO B IIPOEKTHI IO
Pa3BUTHIO HETTOCPECTBEHHO IIPOU3BOJCTBA BOJOPO/A.

Bomoposa Kak OTpaciib OTKPBIBAET JOCTATOYHO MHOT'O
BO3MOKHOCTEH 11 KOMITAHWUI PA3JIMYHOIO MPOMUIIA
IO BCEH LETTOYKE CBOEH CTOMMOCTH. DTO KACAETCS
WH KUHUPWHT'OBBIX U IPOU3BOJICTBEHHBIX CTPYKTYD
KOMITAHUI, OCYIIECTBIIAIONUX TPAHCIIOPTUPOBKY U
xpanenue H,, a TakKe IPpOM3BOACTB, HOTPEOIIAIONIMX
ITOTI'a3.

OJHNM U3 KJIIOYEBBIX KOMIIOHEHTOB YCIIEXA PA3BUTUSA
BOJIOPOJHON 3HEPTETUKU SABJIACTCS NOAACPKKA
rocyapcTsa. bonee TpUALATH CTPAH YKE ONPEACTININ
CTPATErHIO UCIIOAb30BAHMs H, (KaK IPABUIIO, «[OJy60ro»
U «3E€JIEHOT'0») B SHEPI'E€THUKE. AKTUBHO BEIETCS CO3JJAHHE
napKa TPAHCIOPTA Ha BOAOPOJIHOM TOILIUBE. B
nePENOBUKAX 3/1eCh [epmanus, Anonus, Kanaga, Hopserus.
DOPMUPYIOTCS HALTUOHAJIbHBIE CTPATETUU
Pa3BUTHA KAK CAMOI'O TPAHCIIOPTA, TAK U
UH(PPACTPYKTYPHI JJ151 HETO.

Cnenyet OTMETUTD, YTO BOAOPOAHBIE
CTPATETUH CTPAH — IKCIOPTEPOB YIVIEBOJOPOJOB
U CTPAH-UMIIOPTEPOB PA3TUYAIOTCS
OPUHIUNHAIBHO. TaK, B CTPATETUAX CTPAH-
3KCIOPTEPOB BOAOPO]] OLIECHUBAETCS KAK
MEPCIEKTUBHOE HATIPABJIEHUE JIJIs1 BHEIITHEN
TOPTOBJIH, OOJIBIIOE BHUMAHUE YEISAETCA
Pa3BUTHIO KOMIIAHUH, OCYIIECTBIISAIONINX
MPOU3BOJICTBO BOAOPO/A, A TAKXKE BHEIPEHUIO
BOJIOPOJA B IPOU3BOJCTBEHHBIE IIETIOUYKHU
KPYIHBIX TPOMBIIIJIEHHBIX IPEANPUATUI. Takoe
HAaIpaBJIeHUE [ cebs BeIOpanr Hopserus,
Kanapa u ABCcTpanus.

CTpaH — UMIIOPTEPOB IHEPTOPECYPCOB,
C(POPMUPOBABIINX BOJOPOJHYIO CTPATETHIO,
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bonee TpnauaTtn
CTpaH yxe
onpeaenmnu
cTpaTervio
ncnonb3oBaHus H,
B JHepreTuke.

More than thirty
countries have
already defined a
strategy for the use
of H, in the energy
sector.

BopopoaHbie
cTpaTerum CTpaH —
3KCNOpPTEPOB
yrneBogopoaos m
CTpPaH-UMMNopTepoB
pa3nuyatoTcs
NPUHUMNNANbHO.

Hydrogen
strategies of
hydrocarbon
exporting countries
and importing
countries differ
fundamentally.

refining industries. In the future, with the development
of technology, hydrogen can become a universal source
of energy and be used in the transport industry, for
heating individual objects using mini-boilers. It will

be able to be consumed by metallurgical enterprises,
which will abandon coke-chemical and blast-furnace
processes and switch to direct reduction of iron.

Due to the rapidly growing demand for this type of
fuel, it is important to create and develop innovative
technologies for the production, storage, transportation
and use of hydrogen. Conceptual solutions for reactors
(plasma, catalytic and non-catalytic) are also under
development, but their technical
development does not yet allow
implementation at the industrial
level.

In 2020, about $ 2 billion was
spent on hydrogen around the
world. 67% of these funds were
spent on various projects in
the field of transport, another
$ 300 million was spent on
infrastructure projects, and only
$ 200 million was invested in
projects for the development of
direct production hydrogen.

Hydrogen as an industry opens
up a lot of opportunities for
companies of various profiles
along the entire value chain. This applies to the
engineering and production structures of companies
that transport and store H,, as well as industries that
consume this gas.

One of the key components of the success of the
development of hydrogen energy is government
support. More than thirty countries have already
defined a strategy for the use of H, (as a rule, “blue”
and “green”) in the energy sector. The creation of a
hydrogen-fuelled transport fleet is actively underway.
Germany, Japan, Canada, Norway are among the
leaders here. National strategies for the development of
both the transport itself and the infrastructure for it are
being formed.

It should be noted that the hydrogen strategies of
hydrocarbon exporting countries
and importing countries differ
fundamentally. Thus, in the
strategies of exporting countries,
hydrogen is assessed as a
promising direction for foreign
trade, much attention is paid to
the development of companies
engaged in the production
of hydrogen, as well as the
introduction of hydrogen into
the production chains of large
industrial enterprises. Norway,
Canada and Australia have chosen
this direction for themselves.

There are more energy importing
countries that have formed a
hydrogen strategy - Japan, South



oonbiie — Anonus, KOxxnasa Kopes, ®pannus, lepManms,
TTopryranusg, Huaepnanabl 1 MHOrue apyrue. OHu
(POKYCHUPYIOTCS HA O6ECTIEYEHUH COOCTBEHHOM
3HEProOe30MACHOCTU. UX MHBECTHUIIUH OYAYT HANIPABJICHEI
HAa PA3BUTHUE KOHEYHBIX IOTPEOUTENEN BOZOPOAA —
ABTOTPAHCHOPT U MUHU-KOTEJIBHBIE JIJIS1 YACTHBIX JIOMOB,
paboTaromye Ha BOOOPOIE.

PasHMIIa MEXK/Ty OITUCAHHBIMU CTPATETUAMHU TAKXKE BH/THA
B YPOBHE UHBECTULIMHY, BBI/IC/IAEMBIX IPABUTETBCTBOM
JUISL Pa3BUTHA BOIOPOAHOMN S3HEPIE€TUKU. FIMITIOPTEPDI
3aKJIAJBIBAIOT B CBOU CTPATErUU OIOXKETDL, HA IIOPSJIOK
MIPEBOCXO/ISIIITUE OIO/IKETHI AKCHOPTEPOB. Tak, Kanazga
IUIAHUPYET NOTPATUTD 10 2030 roga Ha pa3BUTHE
BOJIOPOJHO SHEPTETUKU OKOJIO $ 1,5 MIIp/, TOT/IA KaK
T'epmanwus B 10 pags, a SAinonus B 20 pa3 6osbiie. [Tpyu
3TOM SIIIOHNA NPEANONArAET HE CTOJIBKO
MPOU3BOJUTD, CKOJIBKO UMIIOPTUPOBATh
Bozopoz. Ceexas ungopmanus: Suisa Frontier,
MEPBBIM B MUPE TAHKED, IPEIHA3HAYCHHBIN I
MEPEBO3KU CKIPKEHHOI'O BOAOPO/A, B3I KYPC U3
ABCTPAJIMUCKOI'O ITIOPTA BUKTOPHA HA ATIOHCKUH
nopt Ko6e. Bomopo/i B TAHKEPE «OyPHhIii»,
MOJIYYEHHBINA ITyTEM I'a3U(PUKALITUUA OyPOTO YIJIA
¢ MecTOpoxaeHu: JIaTpo6-Bammmn. O6beM rpysa
— 1250 Ky60MeTPOB CKUKEHHOTO H,.

K 2050 rony MUpOBOX BOLOPOLHBIA PBIHOK
JocTUrHET $ 3-4 TPpH — GOJIBIIIE, YeM TEKYIITUH
PBIHOK HE(PTH. [TOTEHIINAIBHBIM JIN/IEPOM
MHUPOBOM BOAOPOJHOM OTPAC/IN CTAHOBUTCS
Kwuran. CrpaHa yxKe ABIACTCA KPYTHEHIITUM
IIPOU3BOAUTENIEM BOIOPOAA B MUPE
(22 MJIH TOHH), OJHAKO J0JIS 3KOJIOI'MYECKU
4HCTOI'O BOJOPO/A B IIPOU3BOACTBE
COCTABJIAET BCET'O OKOJIO 3%. B 1OroCpOYHOMI
nepcrekTuBe Kurai rmaHupyeT OBbICUTS JIOJIIO
3KOJIOT'MYHOI'O BOJOPOa 10 70% U yBEJIMYUTD
€MKOCTb BHYTPEHHET'O PhIHKA BOJOPOIA }

reach

K 2050 rogy mupoBou
BOAOPOAHbIN PbIHOK
aocTurHet $ 3-4 TpnH —
Oonblue, YeM TekyLUI
PbIHOK HE(PTW.
MoTeHuManbHbIM
nMpepomM MMpPOBOM
BOAOPOLHOW OTpacnu
cTaHoBUTCA KnTtan.

By 2050, the global
hydrogen market will
3—4 trillion,
more than the current
oil market. Chinais
emerging as a potential
leader in the global
hydrogen industry.

Korea, France, Germany, Portugal, the Netherlands and
many others. They focus on ensuring their own energy
security. Their investments will be directed to the
development of end consumers of hydrogen — motor
vehicles and mini-boilers for private houses, powered
by hydrogen.

The difference between the described strategies is
also visible in the level of investments allocated by the
government for the development of hydrogen energy.
Importers include budgets in their strategies that are
an order of magnitude higher than the budgets of
exporters. So Canada plans to spend about $ 1.5 billion
on the development of hydrogen energy by 2030, while
Germany is 10 times, and Japan is 20 times more. At
the same time, Japan intends not only to produce, but
to import hydrogen. Update:
Suisa Frontier, the world's first
liquefied hydrogen tanker, has
set sail from the Australian
port of Victoria to the Japanese
port of Kobe. The hydrogen in
the tanker is "brown", obtained
by gasification of brown
coal from the Latrobe Valley
deposit. Cargo volume — 1250
cubic meters of liquefied H,.

By 2050, the global hydrogen
market will reach $ 3—4
trillion, more than the current
oil market. China is emerging
as a potential leader in the
global hydrogen industry. The
country is already the largest
producer of hydrogen in the
world (22 million tons), but
the share of environmentally
friendly hydrogen in
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B 40 pa3: c $ 44 muipn 8 2019 rony 1o $ 1,7 Tpnn
B 2050 rony.

T'epMmanusa — (py1arMaH €BPONECKON
BOJOPOAHONM 3KOHOMMKHU — INIAHUPYET CTATh
HETTO-UMIIOPTEPOM BOAOPO/A: BHYTPEHHUI
crpoc crpanbl B 2030 roy OLIEHUBACTCS
B 3 MUIH TOHH, 13 KOTOPBIX Ha UMIOPT NPUJETCS
2,6 MJIH TOHH. KpynHenmmum ocTaBuuKoM
BOZOPOAA B [€pMAHMIO MOXKET CTATb MapPOKKO
32 CYET MACHITAOHOT'O PA3BUTHS COJTHEYHOM
SHEPIETUKU.

B OPT ceroans yxe JEUCTBYIOT AECATKHU
KOMIIAHUM, 3aHUMAIOIUXCA BOJOPOIHOMU
SHEPIrETUKON, TOIZIA KaK B Poccru — equHUIBL
CoracHO onpocam, npoBeaeHHbBIM KPMG,
TOJIBKO 3% POCCUUCKUX YNHOBHUKOB CYUTAIOT,
9TO H, CTAaHET aKTUBHO MUCTIOJIb30BATHCS /IS
I'€HEPALIUU AIEKTPOIHEPIUuu. OCTaIbHbIE
OCTAIOTCA IIPHU MHEHUH, YTO 3TOT I'd3
OyAET IPUMEHSTHCS JINIIb B KAYECTBE
BCIIOMOI'ATEJIbHOI'O B IPYI'UX TEXHOJIOTUYECKHUX
nponeccax. COOTHOMEHUE BEPAIINX U HE
BEPSIIUX B IEPCIEKTUBBI HCIOIb30BAHUS
BOZOPOZA HA TPAHCIIOPTE MOKHO IIPEACTABUTD
Kak 50:50.

B xonre 2019 roga EBpoco1o3 onnyoIuKoBal
HOBYIO IIPOIpaMMmy «3eJieHbIN Kypc EC»

(EU GreenDeal), KOTOpast CTABUT LIEJIBIO
JOCTUKEHUE KIIMMATHYECKON HEUTPAJIbBHOCTU
K 2050 rogy. CueHapui yCKOPEHHOM
JEKAaPOOHU3AIUH IPEAYCMATPHUBAET MTOJIHYIO
NEPECTPOUKY SHEPTETUYECKOI CUCTEMBI EBPONIBI 1
3HAYUTEJIbHOE COKPAIIEHNE UCIIOIb30BAHNA UCKOITAEMBbIX
UCTOYHHKOB. [TO HEKOTOPBIM IPOIHO3aM, CIPOC Ha ra3 B EC
MOMKET yKE

K 2030 rogy yractb Ha 20%, a K 2050 rofy, 1o OIj€HKe
DefepasbHOIro BEAOMCTBA 110 OXPAHE OKPYIKAIOIIEN CPEbL
OPT, noTpedneHue ra3a B 'epMmaHuU JI0JIKHO U BOBCE
COKPATUTBHCA HA 90%.

s Poccun, SBISIOMIEHUCA BAKHEUIITUM MOCTABITHKOM
3sHEpropecypcos B EC, 3TO HECET OYEBHU/THBIE
3KOHOMHYECKHE PUCKH. OJHAKO S3HEPTETUUECKUI IEPEXOT,
OTHIOJb HE O3HAYAET, 4YTO Poccusa norepsaeT BO3MOKHOCTH
JUUI BKCIIOpTa 3Hepruu B EBporty. JJae B Cry4yae IOIHOM
YIVIEPOJHOM HEUTPATBHOCTH EC € 60/IBIION BEPOATHOCTBIO
OyZIET ITOKPBIBATh 3HAYUTEJIBHYIO YaCTh CBOETO
BHYTPEHHETO SHEPTONOTPEOIEHMN 34 CUET UMITOPTA
3Hepruu. Tem He MEHEE NTOAPA3YMEBAETCH, YTO 3TA SHEPI U
OyZIET KIIMMATUYECKU HEUTPAILHOM.

B 3T0M CBA3M IEPCIIEKTUBHBIM BAPUAHTOM PA3BUTUSA
POCCHUICKO-EBPOIIEUCKOI'O SHEPIeTUYECKOI'O
COTPYAHHUYECTBA MOXKET CTATh SKCIIOPT B EBpony
3KOJIOTUYECKH YUCTOT'O BOJOPOAA. [IJIs1 TPAHCIIOPTUPOBKHA
H, mmaHupyeTcst 3a/1IeiCTBOBATH CYIECTBYIOIINEC
ra3onpoBOAbL OJHAKO JJI PA3BUTHS «BOJOPOJOIIPOBOIOB>
HEOOXOIUMO CO3JaHUE COOTBETCTBYIONIEH
UH(PPACTPYKTYPBEL

B BBICIIMX 3111€/I0HAX BJIACTU €CTh IOHUMAHUE
NEPCIEKTUBHOCTU PA3BUTUA OTPACIN. B HacTosAmEee
BpeMA PO aKTUBHO BBICTPAUBAET B3AUMOAECHCTBUE C
T'epmanwueit B 0651aCTH BOAOPOAHOM cTparerun. B 2020 ropy
onyonMKOBaHa JIOPOXKHAS KAPTA IO PA3BUTHIO BOJOPOAHON
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MepcnekTUBHLIM
BapuaHTOM

Pa3BUTUSA POCCUNCKO-
€BpPOMNenckoro
3HepreTn4eckoro
coTpygHM4ecTBa
MOXEeT CTaTb 3KCNOPT B
EBpony akonorun4yeckmu
4YMUCTOro BOAOPOA.
[ns TpaHCNOpPTUPOBKU
H, nnaHnpyeTcs
3a0e1CTBOBaTb
cywecTBytowme

rasonpoBojbl.

A promising option
for the development
of Russian-European
energy cooperation
could be the export
of environmentally
friendly hydrogen to
Europe. It is planned
to use the existing
gas pipelines for H,
transportation.

production is only about 3%.
In the long term, China plans
to increase the share of green
hydrogen to 70% and increase
the capacity of the domestic
hydrogen market by 40 times:
from $ 44 billion in 2019 to

$ 1.7 trillion in 2050.

Due to the rapidly growing
demand for this type of fuel,
itis important to create and
develop innovative technologies
for the production, storage,
transportation and use of
hydrogen. Conceptual solutions
for reactors (plasma, catalytic
and non-catalytic) are also
under development, but their
technical development does not
yet allow implementation at the
industrial level.

Dozens of companies engaged
in hydrogen energy are already
operating in Germany today,
while in Russia there are only
a few. According to surveys
conducted by KPMG, only 3% of
Russian officials believe that H,
will be actively used to generate
electricity. The rest remain of
the opinion that this gas will
be used only as an auxiliary in other technological
processes. The ratio of believers and non-believers in
the prospects for the use of hydrogen in transport can
be represented as 50:50.

At the end of 2019, the European Union published
anew EU Green Deal program, which aims to
achieve climate neutrality by 2050. The accelerated
decarbonization scenario calls for a complete overhaul
of the European energy system and a significant
reduction in the use of fossil sources. According to
some forecasts, the demand for gas in the EU may fall
by 20% by 2030, and by 2050, according to the German
Federal Office for the Environment, gas consumption
in Germany should be completely reduced by 90%.

For Russia, which is the most important supplier
of energy resources to the EU, this carries obvious
economic risks. However, the energy transition does
not mean that Russia will lose opportunities to export
energy to Europe. Even in the case of full carbon
neutrality, the EU is likely to meet a significant part
of its domestic energy consumption through energy
imports. However, this energy is meant to be climate-
neutral.

In this regard, a promising option for the
development of Russian-European energy cooperation
could be the export of environmentally friendly
hydrogen to Europe. It is planned to use the existing
gas pipelines for H, transportation. However, for the
development of "hydrogen pipelines" it is necessary to
create an appropriate infrastructure.

In the highest echelons of power there is an



3HEPreTHUKHU, COITIACHO KOTOPOI K 2035 rofly JOJZKHBI OBITh
CO3/JaHBI MOIITHOCTH 151 SKCIIOPTA 2 MJIH TOHH BOJJOPOAA
(vtu $ 6 MIIPJ, UTO COOTBETCTBYET 1,5% O'T 3KCIIOpTa

2019 ropa). ComIacHO 3HEPreTUYECKOM CTPATETUU
Poccurickon Pepepanny, crpaHa K 2030 rogy CMOXKET
YIOBJIETBOPUTD CIPOC EBPONENUCKUX M BHYTPEHHUX
norpeburenei B pazmepe 10,5 MJIH TOHH, 4 HOTCHITUAJIbHbBIC
06'BEMBI IKCTIOPTA BOAOPO/IA HA MUPOBOI PBIHOK K

2050 rogy MOI'yT COCTaBUTD 10O 34 MJIH TOHH.

Poccus pacrionaraet KpynmHENITUMU PECYPCAMHU U
TIOYTH I10 BCEM BUJIAM «3€JIEHOM» SHEPrUr. TEXHUYECKU
MOTEHIINAJI IPOU3BOACTBA BO3OOHOBIIEMBIX HICTOYHUKOB
SHEPI'MU B CTPAHE B 35 Pa3 IPEBBIIIAET €KETOLHOE
MPOU3BOJICTBO NIEPBUYHOI 3HEPrUK. HasmaskeHo
BHYTPEHHEE MPOU3BOJCTBO COTHEYHBIX U BETPOBBIX
YCTAHOBOK C BBICOKUMH NTOKA3ATENAMHU 3(PPEKTUBHOCTH.
Hama cTpaHa MMeET BBITOTHOE reorpapuiecKoe
MOJIOKEHUE JJIS TOCTABKU «3€JIEHOIO» BOOPOAA B EBpory.
Kpowme Toro, d'asnpom» MOXET, HAIIPUMEP, IOCTPOUTD
B EC 3aBOJ] ITO ITIPOM3BOACTBY «3EJIEHOTO» BOJOPOAA U3
CBOETO I'a34, HO I'APAHTUI €TI0 OKYIAEMOCTH HUKTO HE
JIACT, IOCKOJBKY BCE MMPOEKTHI C «3EJIEHBIM> BOOPOIOM
B EC peanusyioTcs NHCKIIOUUTENBHO HA CYOCUUHN
MPABUTEJIBCTB.

3aMeCTUTENIb MUHHUCTPA SHEPTETUKNA
PO ITaBesr COPOKHMH OTMEYAET, YTO <«B
HACTOSIIEE BPEMS PIHOK BOJOPOJA KAK
3HEPIrOHOCUTEIA B MUPE OTCYTCTBYET,
XOTA TPEH/, Ha HU3KOYITIEPOJHBIE
WCTOYHUKH SHEPIUU U YCUIIHJI ETO
NEPCHEKTUBBI HA MEXYHAPOJHOM DBIHKE
IHEPreTUIECKUX PECYPCOB. [INarna3on
OLIEHOK IIEPCIIEKTUBHOI'O PBIHKA BOJOPOA
3HAYUTEJIEH, K IPUMEPY, IO OLIEHKAM
BloombergNEF, 10151 BOIOPOAAa B MUPOBOM
SHEPreTUIECKOM OAJIAHCE B JOITOCPOYHOM
NEPCIIEKTUBE MOXKET COCTABUTD OT 7%

(187 mutH T) 110 24% (696 mutH T) B 2050 ropy npu
PEAN3AIIUN PA3IIMYHBIX CLIEHAPUEB AEKAPOOHUALINNA
MHUPOBOH S3KOHOMMKHU. JIPyTH€ OLIEHKU IIPU 3TOM ABJIAIOTCA
3a494CTyI0 60s1€€ KOHCEPBATUBHBIMU. Kakum OyzeTr
XAPAaKTEP PBIHKA BOOPOAA — OYAET JIM OH ITIOOAJIBHBIM C
KPYIHOTOHHAKHBIMH [IEPEBO3KAMU BOAOPO/A OT LIEHTPOB
MPOU3BOJCTBA K LIEHTPAM IOTPEGJIEHUA 11O AHAJIOTUH C
priHKamu Hep Ty 1 CIIT 1In ske IpUoOPETET JTOKAIBbHBIA
XApaKTEP, IIPHU KOTOPOM IIPOU3BOACTBO U NOTPEOICHUE
OyyT COCPENOTOYECHBI B PAMKAX OJJHUX U TEX K€ CTPAH
WY HEOOIBIINX PETMOHOB, — IIOKA CIIPOTHO3UPOBATH
CJIOXKHO. B OJIB3Y ITTOGAIBHOI'O XAPAKTEPA PHIHKA
I'OBOPHUT HAJIMYHE CPEAY CTPAH — JIUJIEPOB PA3BUTUSL
BOJIOPOJHOM 3HEPI'E€TUKHU I'OCYAPCTB, KOTOPbIC HE
0671a/JAI0T JOCTATOYHBIM [TOTEHITUATIOM BO30OOHOBIISIEMBIX
UCTOYHNKOB 3HEPI'UHU /IJIS YIOBJIETBOPEHUS CBOUX
MIOTPEOGHOCTET B BOJJOPOJIE, TPONU3BE/IEHHOM 6€3 BHIOPOCOB
TTAPHUKOBBIX I'A30B».

Kax 651 CJIOKHO HU OBIO IPOTHO3UPOBATD 1A IbHENIIINI
MIyTh BOIOPO/1a HA OJTUMII TOIUVIMBHOT'O 6AJIAHCA, YKE
CETOIHS SICHO OJTHO — OH CTPEMUTCS ITOAHSATHCS HA BBICIIYIO
CTYHNEHDBKY ITEECTAIA U CTATD IIEPBBIM.

CJ10XKHO.

AHaIUTAYECKAs I'PYIIIIA SKyPHAIA
«Bpemst koaTroounra. Bpems I'PI»

Kakum Oynet
XapakTep pbIHKa
BOAOPOAA, NOKa
CNPOrHO3NPOBaTh

It is still difficult to
predict what will be
the nature of the
hydrogen market.

understanding of the prospects for the development
of the industry. Currently, the Russian Federation is
actively building cooperation with Germany in the
field of hydrogen strategy. In 2020, the Roadmap for
the Development of Hydrogen Energy was published,
according to which, by 2035, capacities should be
created to export 2 million tons of hydrogen (or

$ 6 billion, which corresponds to 1.5% of exports in
2019). According to the energy strategy of the Russian
Federation, by 2030 the country will be able to satisfy
the demand of European and domestic consumers

in the amount of 10.5 million tons, and the potential
volume of hydrogen exports to the world market by
2050 can reach up to 34 million tons.

Russia has the largest resources in almost all types
of green energy. The technical potential of renewable
energy production in the country is 35 times higher
than the annual production of primary energy. The
internal production of solar and wind installations with
high efficiency rates has been established. Our country
has a favorable geographical position for the supply of
“green” hydrogen to Europe. In addition, Gazprom can,
for example, build a plant in the EU for the production
of "green" hydrogen from its own gas,
but no one will guarantee its payback,
since all projects with "green" hydrogen
in the EU are implemented exclusively
on government subsidies.

Pavel Sorokin, Deputy Minister of
Energy of the Russian Federation, notes
that “at present, there is no market for
hydrogen as an energy carrier in the
world, although the trend towards low-
carbon energy sources has strengthened
its prospects in the international
energy market. The range of estimates
of the promising hydrogen market is
significant, for example, according to BloombergNEF,
the share of hydrogen in the global energy balance in
the long term can range from 7% (187 million tons) to
24% (696 million tons) in 2050, if different scenarios
of global decarbonization are implemented economy.
Other estimates are often more conservative.

What will be the nature of the hydrogen market —
will it be global with large-tonnage transportation of
hydrogen from production centers to consumption
centers, similar to the oil and LNG markets, or will it
acquire a local character, in which production and
consumption will be concentrated within the same
countries, or small regions, it is still difficult to predict.
In favor of the global nature of the market is the fact
that among the countries leading the development of
hydrogen energy are states that do not have sufficient
potential in renewable energy sources to meet their
needs for hydrogen produced without greenhouse gas
emissions.”

No matter how difficult it may be to predict the
further path of hydrogen to the Olympus of the fuel
balance, one thing is already clear today: It strives to rise
to the highest step of the podium and become the first.

Analytical group of the Coiled Tubing Times
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ANpaneToBnyY

banmakupos

IOpuit AripaneToBud bajmakupos poguics
3 dpeBpansg 1928 roga B baky. OKOHYNI
A3epOaiKAHCKUN MHCTUTYT HEPTU U XUMUU
uM. M. A3u3bekoBa. [IpopaboTan Ha HEPTAHBIX
MIPOMBIC/IAX 601e€ 25 JIET, TOKA HE COCTOSIICS KAK
CHELUAIHCT B O6JIACTU UCCIIENOBAHUS HE(PTETA30BbIX
3AJIEKEU, ONITUMU3AIUU PAOOTHI CKBAKUH
Pa3IUYHBIMU CIIOCOOAMU IKCILTYATAI UL

B 1967 roay 66Ut IPUHST HA PAGOTY B
VkprunpoHMHMHe)Th B JOKHOCTH 3aBEAYIOIETO
otaenoM. C 1973 o 1997 roj paboTa1 HA4aJIbHUKOM
OT/IEA TEXHUKU U TEXHOJIOTUU JOOBIYM HE(PTH, I'a32
Y KOHJIEHCATa UHCTUTYTA «YKprunpoHMHepTh>.
C 1997 ropa — BULIe-TIPE3UAECHT MEXYHAPOTHOI'O
HAYYHO-TEXHUYECKOI'O YHUBEPCUTETA
uM. FO.H. Byraga (MHTY), nupexrop HUU
HE(PTEra30BbIX UHHOBAITUOHHBIX TEXHOJIOT UL
C 2004 roga — HavanpHUK otena I «Haykanedreras»
HAK «Hedreras Ykpannep. C 2008 roga u
MNPAKTUYECKHU JIO OCJIETHUX JHEN —
3aMECTUTENb JUPEKTOPA IO HAYKE U TEXHUKE
MEXyHapOoaHOM kommaHnuu «fOr-Hedreras»
Private Limited.

KaHaAUIATCKYIO TUCCEPTALNIO 3AMUTHUT
B 1962 roay, ZOKTOPCKYIO — B 1977 rogy B MOCKBe.

Co37271 HOBBIE TEXHOJIOTUYECKUE U
TEXHHUYECKHE CPEJCTBA JOOBIYU HEPTHU
HACOCHBIMH U I'a3/IM(PTHBIMHA KOMIIPECCOPHBIMHA
1 6ECKOMIIPECCOPHBIMHU CKBAKMHAMU,
HOBBIE 3(PPEKTUBHBIE CIIOCOOBI TH/IPO- 1
TEPMOJUHAMHNYECKHUX UCCIEAOBAHUI CKBAKH

HeBoCImorTHUMAaA yTpara

Yiuuim u3 >KM3HHU 1Ba
YJICHA PEJAKITMOHHOI'O
COBETA HAIIIETO >KypHAJIA —
ABTOPHUTETHECHIIIHUM
CIIEITHUATTHCT HE(PTETra30BOH
orpaciau I0Opun
A¥ipanrerou4d ba1akupos
U BBIJAIOIITHUCS
POCCHHCKHH reo(PpU3NK
Bragumup BUKTOpOBHY
Jlamres.

U IUIACTOB B YCJIOBUAX CTALIMOHAPHOIO U
HECTALMOHAPHOT'O IPUTOKOB (DJIIOHUJIOB IIPH
PAa3IUYHBIX PEKHMMAX TEILIOBOT'O ITIOTOKA U
COCTOSHUA IMIPUTOKA (PJIIOMJIOB C TOYKU 3PEHUSA
SHTAJIBIIMU U SHTPOITHH TEPMOJUHAMUYECKOIO
MOTEHIHAA IUIACTA, TETUIONPOBOJAHBIX ITAPAMETPOB
IUTACTOBOM CUCTEMBI B IIPOLIECCE BRIPAOOTKH
HEPTEra30BOIO KOJIJIEKTOPA.

B 061acTh HAYYHBIX ¥ IPOU3BOJCTBEHHBIX
nnrepecos IO.A. bajmakupoBa BXOJUIN TAKKE
UCCJIEA0BAHMS B O0JIACTH PEHTAOEIBHOCTU
IKCIUIYATALUN MATIOACOUTHBIX HEPTAHBIX CKBAXKUH,
COBEPIIEHCTBOBAHUA PAOOT IO MHTEHCU(PUKALTAN
IIPOU3BOAUTEIBHOCTU HEPTAHBIX U I'A30BbIX
CKBAXKUH U JIP.

Paspaborannblie IO.A. BalakupoBbIM
MHHOBA1IMOHHBIC TEXHOJIOI'MH BHEPEHBI HA
MECTOPOXIAECHUAX YKpauHsbl, [Tonbu, Poccuu,
Bonrapum, Typkmenucrana, Cupum, Kuras, Mpaka,
CHIA m 1p.

IO.A. BasmakupoB CO3,aJ1 HAYYHYIO HIKOJY:
NoAroTOBUN 11 KAaHAUAATOB HAYK U TPEX TIOKTOPOB
HAYK I10 CIEIUAJIbBHOCTHU «Pa3pPa00TKA HEPTETA30BbIX
MECTOPOXIAECHUI». TPH KAHAUAATA HAYK pA6OTAIOT HA
MeCTOPOXAeHUAX Cupuu U KyObl; 1Ba JOKTOPA HAYK
Tpyaarca B Kurae u Cupuy; octajbHble — B Poccun,
Bbenapycw, Y36ekucrane, AzepoariKaHe.

3aC/Ty>KECHHBIH ICATEIb HAYKU U TEXHUKU.
HarpaxxJeH opAaeHaMU U MEAAISIMU, B TOM YHUCIIE
«32 106neCTHBIN TPY/ B Benukoi OreyecTBEHHOM
BOIiHE 1941-1945 rr», noueTHbIN HePTAHUK CCCP 1
YKpauHsL.

AxKajeMUK AKaJJEMUH TOPHBIX HAYK YKPAUHBI,
VKPaMHCKOM HE(PTEra30BON AKAJEMUU HAYK U
MeXxyHApOAHOM aKAJEMUU HAYK BBICIICH IIKOJIBL.

ABTOD 24 MOHOI'padUN U KHUT, CBbILIE 350 HAY4YHO-
TEXHUYECKUX NYOIUKAIUH, Gosiee 160 n306peTeHmi
U [IATEHTOB.

Vien us xxu3Hu 28 ausaps 2022 roaa.



Brmagumup
BukTOopoBuY

JlarreB

Brapumup Bukroposud Jlanres poauiIca
5 okTs6pA 1937roga B Ceizpanu CaMapCKOU OOIACTH.
B 1960 rosy okOHYHII MOCKOBCKHI HHCTUTY'T
HEPTEXUMHUYECKON U IA30BON IIPOMBIIIIIEHHOCTHU
uM. .M. Ty6KMHA IO CNIEUATIBHOCTHU «MHKEHEP-
reo(pU3UK».

B 1960-1967 rogax pa6oTan B Kyi6eimesBHUN
HEPTAHOM IIPOMBIIIIECHHOCTH UHKEHEPOM,
MJIAJIINM U CTAPIIMM HAYYHBIM COTPYAHHUKOM.

B 1967 rozy 3aiuTHI IUCCEPTAITHIO Ha COUCKAaHUE
YYE€HOH CTEIICHU KAHANATd TEXHUYECKHUX HAYK.

B 1967-1970 rogax o KoHTpaxTy ¢ [1O
«3apyodexunedTr> (Munnedrenpom CCCP) paboran
B AJDKHUPE 3KCIIEPTOM B I'OCYAAPCTBEHHON KOMITAHHUH
SONATRAC.

C 1971 roga noCTynu/I B KA4ECTBE 3ABEAYIOMIETO
JIabOPaTOPHEN KOMIUIEKCHOU UHTEPIPETAIIUU
BO BHMHMHedTenpomreopusuky. C 1971
110 1988 rop nmponies 1y Th OT 3aBEAYIOMIETO
JIaGOPATOPHEN, 3aBEAYIOMIETO OTIEIOM,
3aMECTUTEIA JTUPEKTOPA IO JUPEKTOPA
BHUWHMHedpTenpomreopusuku. B 1991 rony ogHUM
13 MOCJIETHUX NPUKA30B MUHUCTEPCTBA UHCTUTYT
110 nHU1MaTuBe B.B. JlanTeBa 6611 IPEOOPA30BAH
B HAYYHO-IIPOU3BO/ICTBEHHYIO (pupmy «HIID
Jeodusukar. K MomeHTy yxX0/12a B.B. JIaniTesa B
2004 rogy ¢ 1OCTa reHEPAIBHOI'O JUPEKTOPA
OAO HIT® Jeodrsuka» ABIAIOCh KPYITHEHIITNM
B Poccuu MEOrOnnpo@uibHbIM pa3padoTIUKOM
U IIPOU3BOAUTEIIEM CKBA)KMHHON U HA3€EMHOM

reo(pu3n4YeCcKon TEXHUKU. OObEM IIPOJAXK JOCTUT AT
1,5 mipg py6. B rog. OT€4eCTBEHHBIM CEPBUCHBIM
KOMITAHHAM ITOCTABJIAIACH KOHKYPEHTOCIIOCOOHAA
TEXHUKA I OTKPBITOr'O CTBOJIA, KOHTPOJIA
Pa3paboTKU MECTOPOXKAECHUNA U TEXHUYECKOTI'O
COCTOSHHSA CKBAXKUH, T€0JI0TO-TEXHUYIECKNUX
UCCIEJOBAHUN, UCTIBITAHUA IVIACTOB HA OY PUIBHBIX
TPyOaX, METPOJIOTUYECKOE OOOPYAOBAHUE, CTAHITUN
I'TH, KapOTa’KHbIE NOEMHUKHU C PA3JIMYHBIM
THIIOM IIPUBO/IA. DTO O60PYAOBAHHUE IIO3BOJISIIO
YCIIEMHO KOHKYPUPOBATH C KOMITAHUAMM «OOJIBIION
YETBEPKID.

B.B.JIarrTeB akTUBHO 3aHHUMAJICSI OOIIECTBEHHOM
padorou. C 2010 roja — IepBbI BULIC-TIPE3UACHT
EBPO-A3HATCKOI'O re0(pU3NIECKOIO OOIIECTBA
(MOO EATO) u ¢ 2014 roja — IpeCceRaTeIb
KOOPAWHAIIMOHHOTO COBETA Ire0(PU3UUIECKOIO
Kacrepa «KBaHT>. 3aC/IyKEHHBIN 1€ TEIb HAYKH
U TeXHUKU Bamkupckor ACCP, 3aCiTy>KEHHBIH
paboTHUK MUHTOIISHEPTO PO.

HarpaxxjeH 3HaKoM «OTIMYHUK HEPTIHOMN
HpOMbIH_UICHHOCTI/I», IIPaBUTCIBCTBCHHBIMU
Menanamu «Betepan Tpyaar, «3a 4OOJIECTHBIN TPYI.

ABTOp 6051€ee 150 neyaTHLIX TPYAOB, 9 N300pETEHNN
(5 paboT ONyOGIIMKOBAHKI 32 PYOEKOM).

Ve us3 xxusnu 7 ¢pespaiist 2022 ropa.

IOpui1 AnpaneroBuu
" Baragunmup BUKTOpOBHY
ObLTH WICHAMH
PETAKITHOHHOI'O COBETA
M AKTUBHBIMH ABTOPAMH
HAIIIEr'o >KypHAaJIa.
HNx 3aMedarejabHbIC CTATHH,
KOHIICHTPHUPOBABIIHE
OI'POMHBIH OIIBIT,
BOOPYKATHA YUTATECIbCKYIO
AyJIUTOPHIO IIPOPHIBHBIMHU
HUAEAMH, KOTOPHBIE e1e
TOJITO OYAYT IIPHUIABATH
HMMIIY/IbC PA3BUTHIO
He@dTEeraszoBoro CepBHCA.

CBeTrias naMAaTh
o IOpuu AvipaneroBuye
U Bragumupe Bukroposmuue
HABCEIIAa COXPAHUTCA
B HAIIIUX CEpPIIiaX.
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Poccumckasa HedTerasosas
TexHu4yeckaa KoHdpepeHuua SPE
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—

[Mpurnawaem Bac NPUHATb y4YacTue B
HedTerasoBom BbiCTaBKe

MpoAeMOHCTPUPYUTE peLueHna U YCAYri Ballei KOMNaHMM Ha
KOHdepeHUuMn U BbicTaBke SPE.

3auem Yy4acTBOBATb B BbICTaBKe?
lNpeacTaBbTe HOBbLIE pelweHna U yonyru

MpoaeMOHCTPUPYITE NEPeaoBble TeXHONOMMK, HoBelLMe pa3paboTku K ceoto
IKCNEepPTU3Y

NnyHo BCI'F}EHEIHTECID C NoTeHUuWaneHbIMKA M HACTOALWMMK KAWEHTaMM

YCTaHOBUTE U YKpenure y3HaBaemoCTb Ballero EDEH,EI,E W OTHOWEHWA C KAK4HYEBbIMM
norynarenamm

MoapobHas uHdpopmaumsa: go.spe.org/22rptc-ct




MeavannaH pacnpocrpaHeHVs XXypHana
«Bpems konTioOuHra. Bpemsa 'Pln»
Ha oTpadieBbIX MeponpuaTnax B 2022 roay
BK N21/79, mapT--2022

CeBepo-Kacnumckas perroHanbHas BbiCTaBka «Atbipay HedTb
nlas—-2022»

06-08.04.2022

KazaxcraH, Atbipay

10-a exerofHas KoHpepeHLMs «HedTtexmmus Poccum n CHIM»

07-08.04.2022

Poccus, Mocksa

21-3 MexpayHapoaHas BbicTaBka «ObopynoBaHue
1 TeXHONOTMN [/19 HepTEra3soBoro KOMrieKcar.
«HedTeraz-2022».

18-21.04.2022

Poccusa, Mockea

8-11 HaumoHanbHbIn HedTerazosbin hopym — 2022

19-21.04.2022

Poccusa, Mockea

X Poccumnckmm MexyHapoaHbIN SHePreTnieckinin hopym.
PM3®-2022

26-28.04.2022

Poccus, CaHkT-TeTepOypr

Workshop — Extreme Well Intervention

24-25.05.2022

OA3, Aby-[abun

«[a3. HedTb. TexHonorum — 2022»

24-27.05.2022

Poccus, Yda

17-5 MexayHapofHasa Hay4HO-MpakTnyeckas KoHdepeHums
«CoBpeMeHHble TEXHONOTNM CTPOUTENBCTBA M KannTanbHOro
PEMOHTa CKBaXWH. [epcnekTVBHbIE METOAb! YBeNNYEHUS
HeTeoTAa4M NNacToB»

06-11.06.2022

Poccus, Co4m

VI Poccumnckmim Hedprera3oBbivt IT-caMMuT «AHTennekTyanbHoe
MecTopoXaeHue»

15.06.2022

Poccusa, Mocksa
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119017 r. MockBa, MbixxeBcknmn nep.,
4.5, ctp. 1, 0dbnc 224
Ten.: +7 499 788 914, ten./dakc: +7 499 788 91 19.

Joporue yntarenu!

MoAnuncky Ha Hay4YHO-MPAKTUYECKUIA XXYpHan
«Bpemsi konTioOMHra»

Bbl MOXeTe 0(hOPMUTbL B NTOOOM OTaeNneHUmn
«Pocneyatn» B nepuno npoeeaeHUs NOAMNNCHbIX
KaMMaHum.

MHAEKC B NOANMMCHOM KATAJIOTE
«POCTIEHATU» —84119.

KomMnaHum MmoryT ohopMuTs rofoBYIO MOAMMCKY
HenocpeacTBEHHO B pejakumn XypHana

(He meHee Yyem Ha 3 ak3emnnspa). Mognucka

B pefaKkLmMm BO3MOXHa C Nioboro Mecaua roga.

MuHUManbHasa CTOMMOCTb roJ0BOI MNOANMUCKU
(3 3k3. x4 BbIN.): 13 200 pY6.
(skntoyas HAC 10%) + cToMMOCTb AOCTaBKM.

[nsa opopmneHns Nognnckn Yepes pegakumio
OTNpaBnANTe 3anpoc Nno agpecy:
cttimes@cttimes.org

Orioct Penyap. «Becennuii 6yket»/Auguste Renoir. "Spring Bouquet"

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$.

B neyatHom Bepcum «BK» N2 78 Ha c. 30 BMecTo Ha3BaHuWs Aoknada «CkBaxyHHas kamepa 1
BW3yanbHas aHanuTMKa ANs peLleHrs 3aay No AnarHocTke» cnemyet Yutatb «Mepsbii MITPI
Ha POCCUNCKOM LLENbdE: KOMMNEKCHBIN MOAXOL, K MHTEHCMDUKALIMIN anTCKUX 3anexen.
PeflakLms MPUHOCUT CBOU M3BMHEHWS 3a OLLMOKY.

In the printed version of “CCT” No. 78 on page 30, instead of the title of the report “Downhole
Camera and Visual Analytics for Inspection”, one should read “The first multistage hydraulic frac-
turing on the Russian shelf: an integrated approach to the intensification of the Aptian deposits”.
The editorial board apologizes for the mistake.
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JTropmuna l'onyapoBa — 113aiiH 1 KOMIbIOTEPHAS BEPCTKA;

JKypHan pacipocTpaHsieTcs 10 HOAIICKE CPey CIIeLaliCTOB
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OcyuecTBIsAeTCS UIMPOKAsi [IEPCOHAIBHAS PACCHIIKA PYKOBOLUTENIAM
MIEPBOTO 3BEHA.

Marepuassl, aBTOp KOTOPBIX He YKa3aH, AB/ISIOTCS IPOJYKTOM
KOJUIEKTUBHO pabOTbl COTPYAHUKOB PefaKIIMIL.

IIpu nepemneyarke MaTepuaIoB CChIIKA Ha )XyPHAT «BpeMs KonTIOOMHTa»
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Poccumnckoe otgeneHume Accoumaumvum cnewymanncros
Mo KONTIOOMHroBbIM TEXHOJIOrMAM
M BHYTPUCKBAXXUHHbIM paboTam

Russian Chapter of the Intervention
and Coiled Tubing Association
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KoHTakTHas nHgpopmavums 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
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Telephone: +7 499 788 91 24; +7 (916) 512 70 54
Fax: +7 499 788 91 19
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