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CJIOBO PEJAKTOPA

Jpy3b4, 22-a MeKyHapOIHAsL
HAYYHO-TIPAKTUYECKAS KOH(PEPEHITUSA
«KOTIOOUHTOBBIE TEXHOJIOTHH,

I'PIT, BHyTPUCKBA)KMHHBIE PA6OTHI»
COCTOSIIACh TOYHO I10 IVIAaHY B MOCKBE.

5 6€3MEPHO pajl, 9YTO KOH(MEPEHITU
Pa3BUBAETCS, HECMOTPS HA OTPAHUYEHUS,
KOTOPBIE HA HAC HAKJIAJbIBAET TAH/IEMHSL.
B aToM rogy nporpaMmma BMECTHIIA

43 nok1aa — HEOGBIBAIOE KOJTUYECTBO!
JBYX/THEBHOE MEPOIIPUATHE COOPATIO
OYEHB NPEACTABUTEIBHYIO AyJUTOPUIO,

4 Cy4eTOM OHJIAMH-YIaCTHUKOB
(KOH(EPEHIIHNA TPAHCIUPOBAIACh B MHTEPHETE) — U BOBCE
HEOOBATHYIO. DTO 6bLIA TOJITOXK/IAHHAS BCTPEYA KOJUIET,
SKOKAYIUX TTOACTHUTHCA CBOUMHU TPO(MECCUOHATBHBIMH
JIOCTHKEHUSAMHU. A JIMYHO JI7I1 MEHSI €ITIE U BO3MOXKHOCTD
MONPAKTUKOBATHCA B PYCCKOM S3bIKE. [IPH3HAI0CH, OCO3HAJ,
4TO Y MEHS €€ MHOT'O PA6OTHI Hd TOM (DPOHTE...

Harmra KoH(epEHITUA HEU3MEHHO OYEPYUBAET NTEPEAOBYIO
JIMHUIO BBICOKUX TEXHOJIOTUI HEPTETA30BOI'O CEPBUCA.
Crapmuri conpeacenaresib ICOTA CrioapT Mapuu,
BBICTYITMBIINI HA KOH(PEPEHIIUM OHJIANH, IPYIIIUPYET UX
MO YETBIPEM HAIPABICHUSM: HA/ICKHOCTD TEXHOJIOTUH,
onepanoHHasa 3(PPEKTUBHOCTb, MUHUMU3ALIUA
BO3JEHUCTBUA HA OKPYKAIOIIYIO CPENY U LIM(PPOBUBALIHA.
Bce coBpeMeHHbBIE TEXHOIOTMU TAK WU UHAYE JEHUCTBYIOT
B JTAHHBIX KOOPAMHATAX, HO CAMBIM 3AMETHBIM TPEH/IOM
CTAaHOBHUTCS LH(PPOBU3ALTHL. Bce 601bIIE CEPBUCHBIX
KOMITAHUI BHEJPAIOT HOBBIE IIU(PPOBLIE PEIICHUS,
HAIPABJICHHBIE HA MOBBIIIEHUE 3(P(PEKTUBHOCTUA PAOOT U
CHITKEHHUE 32TPAT. DTO YETKO IIPOCIEKNUBATIOCH B TEMATHUKE
KaK LEJIBIX JIOKJIAJJ0B KOH(PEPEHIIUH, TAK U UX OTJAEIbHBIX
4aCTen.

W3 TPEX COCTABIIAIONNX HA3BAHUS KOH(PEPEHITUH
HanO0JIEE MHTEHCUBHO PA3BUBACTCA CETMEHT ['PT1,
aTouHee, MI'PIT, cTaBIIMI OCHOBHBIM JIPAUBEPOM POCTA.

C yBeJIMYEHHEM ITPOTKEHHOCTU TOPU3OHTAIBHBIX CTBOJIOB
pacreT CTaguitHOCTD. B cpegHeM OHa COCTABIAET

7—8 cTaauii, HO CJ1y4aroTcs U 30+ CraiuiHbIe
TUIPOPA3PLIBLL BCE 60bIIIE TPOU3BOJUTCA PEPPAKOB,
KAK 51 ¥ IPEJICKA3BIBAJ ITAPY JIET HA3a[,

PBIHOK KOJITIOOMHT'Aa HA COBPEMEHHOM 3TAIIE CJIETKA COABUIT
060poTHL B roj B Poccuu Mpou3BOATCSE OKOMIO 16,5 ThICSd
KOJITIOOMHI'OBBIX OIlepalivif. OJHAKO PAAYyeT TO, YTO B UX
4uCse BCE OOIBIIE CIOXKHEHIINX, BKIIOUAs KOITIOOMHTIOBOE
OypeHHE. ABTOPUTETHBIE SKCIIEPTHI ITOIATAIOT, YTO PIHOK
I'HKT o6maaeT 3HaYUTEIbHBIM IOTCHITUATIOM POCTA
K 2030 rogy — HOYTH ABYKPATHBIM B ICHEKHOM BBIPAKCHU.
OH 6y1eT OOYCJIOBJIEH YBEJIMYEHUEM HE TOJIBKO KOJIMYECTBA
OIepalyi, HO U C€6€CTONMOCTH OTJEIBHBIX ONIEPAITHI B
CB$I3H C ITOBBIIIIEHHUEM TEXHOJIOTUYECKON CIIOKHOCTH.

A eme BIieyaTssgeT, 4TO B POCCHMM OTKPBIBAIOTCS BCE HOBBIE
KOHKYPEHTOCIIOCOOHBIE IPEIPHUATUSA IO IPOU3BOACTBY
TUOKOU TPYOBL DTO 3HAYUT, YTO KOITIOOMHIOBBIE
TEXHOJIOTUH ITEPCIIEKTUBHEI, 4 JIIOOBIE CIIA/IbI HA PHIHKE
BPEMEHHBL.

B HOBOM BBITYCKE «BpeMeHU KONTIOOMHT 4. BpemeHn
I'PIT» BBI HaMIeTE NOAPOOHYIO MH(POPMAITHIO O
22-11 KOH(PEPEHIINY, O3HAKOMHUTECH KAK C yKE
C(POPMUPOBABIINUMHUCS, TAK U C €[JB4 HAMETUBIIINMHCH
B OTPACTH TPEHAAMHU, KOTOPBIE, BO3MOXKHO, CTAHYT
OCHOBHBIMU Y€PE3 IO/l WM /1BA, O YeM OYZIET JOJIOKEHO Ha
HOBBIX KOH(pepeHIUAX «KONTIOOGMHTOBBIC TEXHOIOTIUH, ['PIT,
BHYTPUCKBAKUHHBIE PAOOTHI, KyZA 51 BAC IPUIJIAIILY.

Pon Knapx

EDITORIAL

Dear friends, the 227 International Scientific
and Practical Coiled Tubing, Hydraulic Fracturing
and Well Intervention Conference has been held
in Moscow just as scheduled. I am happy that
the Conference keeps expanding in spite of the
limitations imposed on us by the pandemics. This
year, the Conference program has encompassed
43 reports, which is an unprecedented number!
There has been a nice turnout here for the two-
day event; many online attendees (due to Internet
streaming) also contributed to its scope. It was a
long-awaited meeting of colleagues eager to share
their professional achievements. As for me, it was
also an opportunity for practicing my Russian and
realizing a lot of work to do on that front.

Our Conference always outlines the forefront of
the high-technology oil and gas service. According
to Senior Chairman at Intervention and Coiled
Tubing Association (ICOTA) Stuart Murchie who
spoke online at the Conference, the main trends
were grouped in four areas: Mission certainty,
Operational efficiency, Footprint minimization, and
Digitalization. All modern technologies eventually
have these coordinates, with digitalization
becoming the leading trend. More and more service
companies introduce new digital solutions intended
for the enhancement of operating efficiency
and cost saving. There were many reports at the
conference which, whether in whole or in part,
explicitly followed this pattern.

Out of the three components making up the
name of the Conference, the hydraulic fracturing
segment, or rather multistage hydraulic fracturing,
is the one featuring the most intensive development
and becoming the main growth driver. The stages
multiply in parallel with the increasing extension
of horizontal shafts. Hydraulic fracturing has, in
average, from 7 to 8 stages, but sometimes the
number of stages exceeds 30. As I predicted a couple
of'years ago, refrac activities become more and more
common.

Today, the coiled tubing market has lost its
steam a bit. Approximately 16.5 thousand coiled
tubing operations are performed in Russia every
year. However, it is exciting that the percentage of
complex operations, including coiled tubing drilling,
increases. Competent experts believe that the coiled
tubing market has a significant growth potential, it
is expected to increase almost twofold in money
terms by 2030. This increase will be caused not only
by the growing number of operations, but also by
the rising of certain operating costs because of the
higher technical complexity. It also seems inspiring
that new competitive enterprises producing coiled
tubing keep springing up in Russia. It means that
coiled tubing technologies are still rewarding and
any recession at the market is temporary.

In the new issue of Coiled Tubing Times, you will
find details of the 227 Conference and read about
the industry trends, both those well-developed
and those only taking shape which may enter
the mainstream in a year or two and become the
subject for reports at new Coiled Tubing, Hydraulic
Fracturing and Well Intervention Conferences
where I am going to invite you to.

Ron Clarke
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22-a Medxcoynapoonasn Hayuno-npaxmuuecrKasn Kongphepenuust
«Koamroounzoevie mexnonozuu, I'PII, snympuckeancuntsie paoomao»

2274 International Scientific and Practical Coiled Tubing, Hydraulic Fracturing
and Well Intervention Conference

22-a MexXyHapOIHAA HAYYHO-TIPAKTUYECKAS
KoHdepeHI1Hs «KomTIOOUHTOBbIE TEXHOMOT UM, I'PIT,
BHYTPHUCKBAXKUHHBIE PAOOTHI» COCTOSIACH 11-12 HOSAOPs
2021 roga Ha IIPUBLIYHOM MeCTe, B «<HoBOTEIE MOCKBA
CuTu», 1 Ha BCEH IIJIAHETE, IIOCKOJIbKY BEIACh IIPAMAs
TPAHCIAUA B CETHU MHTEPHET.

OpranusaropaMu MEPOIPUATHU TPASHULIMOHHO
BBICTYIIU/IA POCCUHCKOE OTAENEHUE ACCOLIMALINY
CHENUATNICTOB MO KOJITIOOMHI'OBBIM TEXHOJIOTUAM
Y1 BHYTPUCKBAKUHHBIM padoTtaM (ICoTA-Poccus) u
PEeAAKLMA HAYyYHO-TIPAKTUYECKOI'O )KypHaJIa «Bpems
KonTIOOHHTA. Bpemsa I'PIT». OuUIinaibHyIO NOAAEPKKY
KOH(PEPEHIINU OKA34710 MUHUCTEPCTBO S3HEPTETUKU
Poccuiickon @epepanmum.

Cnoncuposanu meponpusatue I'pynmna P u
NOV FIDMASH (30/10TbIE CIIOHCOPBI), KOMIIAHUU
JIlmomb6eprxke», ESTM u «I[Takep Cepsuc». [TapTHEpOM
BBICTYNWI Hay4HBIM HEHTP MUPOBOI'O YPOBHA
«PaniMOHa/IbHOE OCBOEHUE 3AI1ACOB KUIKHUX
YIJIEBOJIOPOJOB IIaHETh» PI'Y HEepTU 1 ra3a
uM. .M. T'yOKkuHa.

MexIyHapOHAA HAYYHO-TIPAKTUYECKAA KOH(pEepEHIINA
«KonTio6nHroBsble TeXHONOruY, I'PI1, BHYy TPUCKBA>KUHHBIE

paboTel» — cTapemmni B Poccun
dopym, INIABHOE COOBITHE B KAJIEHAAPE
poccuiickoro oraeneHust ICOTA.
MeponpuaThe KasK/AbIH I'Ofl COOUPAET
CBOIO LIEJIEBYIO ayJJUTOPHIO —
MIPEACTABUTEIICH HE(DTEIA30CEPBHUCHBIX,

OcoOeHHOCTbIO HbIHELLIHEN
KOH(pepeHL M CTano
¢peHoOMeHanbHoe
KonnyecTBo AoKnagos —43!

The 2274 International Scientific and Practical
Coiled Tubing, Hydraulic Fracturing and Well
Intervention Conference was held on
11-12 November 2021 at its usual venue, Novotel
Moscow City, and all over the world due to the live
streaming in the Internet.

The event was organized, as always, by the
Intervention & Coiled Tubing Association (ICOTA-
Russia) and the editorial board of the Coiled
Tubing Times scientific and practical journal. The
conference was officially supported by the Ministry
of Energy of the Russian Federation.

The event was sponsored by the FID Group and
NOV FIDMASH (golden sponsors), Schlumberger,
ESTM and Packer Service. The World-Class
Research Center Efficient development of the
global liquid hydrocarbon reserves of the National
University of Oil and Gas "Gubkin University" acted
as a partner.

The International Scientific and Practical Coiled
Tubing, Hydraulic Fracturing and Well Intervention
Conference is the longest standing Russian forum
and the highlight in the calendar of the ICOTA
Russian branch. Every year the
event attracts its target audience,
including the representatives of
oil and gas service companies,
oil and gas producers,
manufacturers of equipment

HedTErazoo06bIBAIOIINX, [IPOU3BOASIIIX The distinctive feature of this and materials for the high-

060PYJOBAHUE U MATEPUAJIBI 15
BBICOKOTEXHOJIOTMYHOI'O HE(PTETA30BOTO
CEPBUCA KOMITAHU.

B 22-i1 BCTpEUe NIPUHSIIN yIaCTHE
(O(1aiiH ¥ OHJIANIH) JICJIEraThl U3 PA3HBIX PETUOHOB
Poccurickort Pepepanun, CIIA, Kurtas, benapycy,
I'epmanyy. OHU IPEACTABIISIN KOMIIAHUU «["a3IIpoM»,
«ragnpomued T HTLp, «['a31pOMHEPTH-3AII0NSAPHE»,
Takep CepBuc», «<bBT», «<bBT-BOoCTOK», «HOBATIK>,
«CypryrHedreras», llmoméepxe», «TarpaC-
PemCepsuc», «JlennHoropckPemCepsuc», «®@pax/xer-
Boura», Baker Hughes, <benopycuedTb», «<BeTepan»,
«Hedrerpanccepsuc», «Koriin-CepsBuc,

ITK® «THC HedrrecepBuc», «KoraabiMHETET€OPU3UKD»,

«Meccosxanedreras», «MTHK», I'pynina O,

NOV FIDMASH, NOV Completion Tools, NOV Oilfield
Services Vostok, «Pumepar, «<PHAT», «MMOTOPPA»,
«PH-BamHUTINHePTH>, Welltec, HTIO «ITakep»,
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conference is a phenomenal
number of reports —43!

technology oil and gas service.
The 22" meeting was
attended (offline and online)
by the delegates from
different regions of the Russian Federation,
the US, China, Belarus, and Germany. They
represented Gazprom, Gazpromneft Science &
Technology Center, Gazpromneft-Zapolyarye,
Packer Service, BVT, BVT-Vostok, Novatek,
Surgutneftegas, Schlumberger, TagraS-RemService,
LeninogorskRemService, FracJet-Volga, Baker
Hughes, Belorusneft, Veteran, Neftetransservice,
Coil-Service, GIS Nefteservice Production and
Commercial Firm, Kogalymneftegeofizika,
Messoyakhaneftegaz, Irkutsk Oil Company,
FID Group, NOV FIDMASH, NOV Completion
Tools, NOV Qilfield Services Vostok, Rimera,
RIAT, MMotorRa, RN-BashNIPIneft, Welltec, Paker



XuMnpom», Altus Intervention, Coiled Tube Resource
Management, Bico Drilling Tools, Schoeller-Bleckmann
Darron Russia, «Bunepen», CoilDRILLING Consultancy,
«Hxuedremanr, HK «fOrpanedrenpom», «BelIporn»,
The WellBoss Company, ESTM , SHINDA, Tenaris,
«Mapnun Onn Tyns», «Crap TIO6HHT» U .

Kondepennuio oTkpsLn npeacenaresb ICOTA-Poccus,
K. T. H. Koncmanmun Bypoun: <PaJ NIpUBETCTBOBATH
YYaCTHHUKOB O4EPETHOM, 22-1 KOH(PEPEHIIUN.
3a 6onee yeM ABAJUATHIETHIOIO UICTOPUIO OHA
cobpasna cCoOOBIIECTBO AKCIIEPTOB, IPOGHECCUOHATIOB
CBOETO Jiesa. 3[1eCh IPUCYTCTBYIOT IPOU3BOIUTEIH
KOJITIOOMHT'OBOT'O O60PYIOBAHM A, OOOPYAOBAHUSA
Juta I'PIT, BHYTPUCKBA>KUHHBIX PA0OT, CTUMYJIALIUA
CKBa’KMH, KOTOPBIE TPEACTABAT CBOU PA3PAOOTKH.
[TpUCYTCTBYIOT NPEACTABUTENN CEPBUCHBIX KOMIIAHUIA,
KOTOPBIE OYAYT JETUTHCSA ONBITOM CBOMUX YCIIEITHBIX
paboT. [IPUCYTCTBYIOT HAIIIX YBAXKAEMBIE 3AKA3YUKU,
KOTOPBIE 324AI0T TOH, CTABAT 33/1a49H, PAJJU KOTOPBIX MBI
BCE paboTaeM, BHEJIPAEM TEXHOJIOTUU, BOCTPEOOBAHHBIE
PBIHKOM>.

C NPUBETCTBEHHBIM CJIOBOM BBICTYIIAIN TAKXE
NPEJCTABUTENIHN 30JI0OTBIX CIIOHCOPOB KOH(DEPEHITNN —
I'enepanbnbiii supexkrop NOV FIDMASH
Anexcandp Paiixaun v Unen Cosera I'pynnsr PH]
Amumpuii I pubanosckuii.

OCOOEHHOCTHIO HBIHEMTHEN KOH(PEPEHITNHN
CTA10 (PEHOMEHAIBHOE KOJINYECTBO JJOKJIA/I0B — 43!
TpasAuIIMOHHBIE IECTb CEKIIUA €/]BA CMOIJIM UX BMECTHUTD.

OTKPBUI IPOrPAMMY CTPATETMUECKUH IOKIAT]
PYKOBOAUWTEIISI aHATUTHYECKOU rpyIiel RPI Research &
Consulting Baduma Kpaseua «Texyujee cocmosnnue
u 6yoywee Ppoccuiickozo negpmecepPeucrozo
Dpoinka, exarouan e2o cezmenmost — KOAMIOOUH2
u I'PIT». I1pOaHann3npPOBAB CUTYAITUIO ITOCIEAHUX
OJIyTOpAa JIeT, KoMnanus RPI mpuiia K BBIBOAY, 4TO
OCHOBHBIM (PAKTOPOM, KOTOPBIH IIPUBEJI K HETATUBHBIM
MOCJIEACTBUAAM HA HE(PTECEPBUCHOM PBIHKE,
SIBJISJIOCH OI'PAHUYEHUE 110 JOObIYE HEPTH,
HasioxeHHoe OPEC.

B 2019 rogy o6’beM 106619H HEPTU B Poccru
cocTtasui 560 MsiH TOHH, 2 B 2020 rofy 32 cYeT
orpanundeHur OPEC u majieHus CIipoca B CBS3U C
MaHJEMUEN A00bIYA Y1414 10 512 MJIH TOHH.

B TekymeM roqy, CornacHo nporao3y RPI o6bvem
JOOBIYY COCTABUT OKOJIO 519,3 MJTH TOHH.

IIpu cocTaBieHNN CLIEHAPUEB PA3BUTUSA
HeTECEPBUCHOT'O PBIHKA YIYUTHIBAJICS IPOTHO3
JIOOBIYH, IPOTHO3 KOJIMYECTBA HE(PTECEPBUCHBIX
olepanui, 0COOEHHOCTH UCIIOIb30BAHUS
060PYAOBAHMSA U CAHKIITUOHHBIE OI'PDAHUYECHUSL.
BbLIH COCTABJIEHBI TP CLIEHAPHUSI 1OObIYN HEDTH
(OITUMHMCTHUYECKUI, HEUTPAJIbHBIN U HETATUBHBIN)
U, COOTBETCTBEHHO, TP CLICHAPHS PA3BUTHUA
He(dTECEPBUCHOTO PIHKA. MOHUTOPHHT MOCTIETHUX
MOJIYTOPA JIET TIOKA34JI, YTO HEUTPATIbHBIN
CIIEHAPUI OYEHB CJIOKHO IIPEyTrafaTh. PeanbHas
CUTYAIUS KONEOIETCS B HEKOM «KOPUJIOPE» MEKIY
HEUTPANbHBIM U HETATUBHBIM CIICHAPUSMIL

B goksazie 6p11a TIOKA3aHA PETPOCIEKTHUBHAS JUHAMUKA

POCCHICKOIo HE(PTECEPBUCHOI'O phIHKA B 2008-2020 ropax.

OCHOBHBIMU ﬂpaﬁBCpaMH pOCTa B 3TOT IICPUO/ ABJIAINCH

Science and Production Firm, Khimprom, Altus
Intervention, Coiled Tube Resource Management,
Bico Drilling Tools, Schoeller-Bleckmann Darron
Russia, Vileren, CoilDRILLING Consultancy,
Izhneftemash, NK "Yugranefteprom", WellProp,
The WellBoss Company, ESTM , SHINDA, Tenaris,
Marlin Oil Tools, Star Tubing, etc.

The Conference was declared open by
Komnstantin Burdin, CES, the Chairman of ICOTA-
Russia, "I am happy to welcome the participants
of the regular, 22" Conference. Over the twenty
years of its history, it has gathered a community of
experts and leaders in their profession. We can see
here the producers of coiled tubing equipment,
hydraulic fracturing equipment, equipment for well
intervention and well stimulation, which are ready
to introduce to us new solutions. The attending
representatives of service companies will share
their successful experience. Our highly respected
customers, who set the pace and issue challenges
and for whom we all work and introduce
technologies required by the market, are also here".

There were also welcoming speeches from the
representatives of the golden sponsors of the
Conference, Aleksandr Raikblin,
the General Director of NOV FIDMASH, and
Dmitry Gribanouvsky, Member of the Board
of the FID Group.

The distinctive feature of this conference is
a phenomenal number of reports — 43! The six
traditional panels could hardly fit them all.

The meeting bagan with the strategic report
of the head of the analytical group, RPI Research
& Consulting Vadim Kravets “Current state
and future of the Russian oilfield services
market, including its segments — coiled tubing
and bydraulic fracturing”. Having analyzed
the situation over the
past year and a half, RPI
came to the conclusion
that the main factor
that led to negative
consequences in the
oilfield services market
was the restriction on
oil production imposed
by OPEC. In 2019. The
volume of oil production
in Russia amounted to
560 million tons, and
in 2020 due to OPEC
restrictions and a drop
in demand due to the
pandemic, production
fell to 512 million tons.
This year, according to
the RPI forecast, the volume of production will
amount to about 519.3 million tons.

When drawing up scenarios for the development
of the ailfield services market, the forecast of
production, the forecast of the number of oilfield
service operations, the specifics of the use of }

PROSPECTS

Baanm KpaseL,
Vadim Kravets
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[TEPCITEKTHBDI

AKCIUTYyATAIMOHHOE 6YPEHHE, BKIIIOYAsI TOPU3OHTAIBHOE,

KAMUTAJIbHbINA PEMOHT CKBAXWH, 3aPC3KaA OGOKOBBIX

CTBOJIOB, THIPOPA3PHIB ILIACTA, COIPOBOXKCHUE GYPEHUS,

reopU3NICCKUE UCCICTOBAHMS CKBAKUH.

B npomnioM rogy He(pTECEPBUCHBII PBIHOK ITPOCETT

B /JIEHEKHOM OTHOIIIEHWH HA 9%, B TOM 4YHCJIE OO'bEM

onepanuii I'PIT Ha nepexoasamneM (POH/E yIaa 60jee 4em

Ha 25%. B 3TOM rogy CUTyanysa He HAaMHOI'O JIy4IIIE.
YTO KaCAeTCA PACIPENETIEHU JOJIEN CETMEHTOB
HE(MTECEPBUCHOTO PBIHKA (O6'BEM BCET'O PBIHKA —
1317 mnpp py6.), TO B 2020 rO1y CAMBII 6OIBIION
cermeHT — I'PIT (9,7%, mnm 127 mipp py6.) poc
BBICOKMMH TEMITAMH 32 CUET ONEPAIIMUA BEICOKOTO
11eHOBOrO cermenTa — MI'PIL IIpoucxonur
HEINPEPBIBHOE YBEJIMYEHHUE CTAAUHHOCTH.
B HacTosmEee BpeMs CPeHASA CTATUUHOCTD
JUIS 6OJIBIIOTO TOPU3OHTAIBHOI'O OYPEHUA
COCTABJISIET IPUMEPHO 7—8 CTa U, 17151 OOKOBBIX
TOPU3OHTAJIBHBIX CTBOJIOB — 3—4 cragun. Havan
WHTEHCUBHO PA3BUBATLCA CETMEHT BTOPUYHOT'O
MTPII. ITo OLIEHKAM 3KCIIEPTOB, 3TO 220 onepanuu,
3P PEKTUBHOCTD KOTOPBIX IIOKA CJIOKHO OLICHHUTb.
IIporunosHas AMHAMHKA POCCUHCKOI'O
He(MTECEPBUCHOTO PhIHKA B 2021-2030 rogax
O HEUTPAJIBHOMY CLIEHAPUIO TIPEATIONATAET,
4TO CHOBA IIPOMU3OUJET NPOCAIKA PBIHKA
NpUOIU3UTEIBHO Ha 5%, HO B 2022 rony
OyZET BOCCTAHOBJIEH CIIPOC, IOTOMY YTO, IO
paspemeHHbIM faHHBIM OPEC, 06'beM J0OBIYHN
BBIPACTET 10 524 MiIH TOHH. COOTBETCTBEHHO,
BBIPACTET YMCJIO OIIEPALINH ITO BBOAY CKBAKUH B
akcruryaranuio v I'PI1. HapamusaTe 06'b€M OOBIYH

OyAyT IIOOBIMHU JOCTYIIHBIMU CPEJICTBAMU, IIPEXKE BCETO

JTOPOTHUMH METO/IAMU IOOBIYH.

B nepcniekruse pazsutue I'PIT OygeT 3aBUCETD OT BBO/A
CKBAKMH B KCILTYaTAUIO. BOIbIINE HAEK Al CBA3AHEI
C KJIACTEPOM Ha TariMbIP€E, HOBBIMU MECTOPOXKACHUAMU
B OBEHKHU U MpKyTCKOH 061acTH. [10 HEUTPAIBHOMY
cueHapulo K 2030 roapy cermenT I'PI1 6yaer 3anumars 14,9%

He(TECEPBUCHOTI'O PBIHKA.

YTO KacaeTcst ppIHKA KOJITIOOMHI'OBBIX OIIEPALIII, TO B
2007-2010 rogax cTOMMOCTB padoT ¢ npumenenuem 'HKT
B Poccuu exXerogHo yBeamumnBaiachk. POC M caM pbIHOK

KOJITIOOMHTIA B IEHEKHOM BBIPA’KEHU .
CpeIHEro0BOM TEMIT POCTA COCTABUII
19,7%. B 2019 rogy OTMe4anoch naJlcHue
PBIHKA B ICHEXKHOM BBIPAYKEHUH Ha 5,6%
C IOCJIEIVIOIINM BOCCTAHOBICHHUEM

B 2020 roay. B @pHU31M49E€CKOM BBIPAXKEHUN
HaJICHHUE COCTABUIIO 4%.

Ceropus peiHOK 'HKT niepexuBaeT He
Jlydiiye BpeMeHa, B 2022 rogy OxXHUaeTcs
HEKOTOPAs CTAOUIN3AIIMS B CBSI3U C
OTJIOKEHHBIM CIIPOCOM. B (pusmueckom
BBIPAKEHUH HAUOOBIITYIO JOTIO PHIHKA
I'HKT cocrasnsioT onepanyu npu KPC
(62%), Tp¥ 3TOM B JICHE)KHOM BBIPASKEHU U
OHH COCTABJISIIOT BCETO 25%. O6paTHAsI KAPTUHA

HaomogaeTcsa B cermenTe I'PTT u MTPIT. B pusznueckom
OTHOILIEHUHU UX J10J11 B 2020 rony cocrasuiia 35%, TOrga Kak
B JICHE’KHOM 3TOT CEIMEHT 3aH I IIEPBOE MECTO 1O OOBEMY

(69%).

8 Ne4q (078) exabpb/December 2021

PbiHok THKT obnapaeTt
3HaYUTENbHbIM
noTeHUManom pocrta

K 2030 rogy — 190% B
AEeHEXHOM BblpaXKeHUM.

The CT market has
significant growth
potential by 2030 — 190%
in monetary terms.

equipment and sanctions restrictions were taken

into account. Three scenarios of oil production

(optimistic, neutral and negative) and, accordingly,

three scenarios for the development of the oilfield
services market were drawn up . Monitoring of
the last 1.5 years has shown that it is very difficult

MNpoucxognT HenpepbIBHOE
yBeJIN4YeHME CTaANNHOCTMW.
B HacTosiLee Bpems
cpenHsa CTaauMHOCTb

Ansa bonbloro
rOpU30HTaNbHOro OypeHus
COCTaB/ISIET MPUMEPHO

7—-8 ctagun, ana 6oKoBbIX

FrOPU30OHTAJIbHbIX CTBOJ10OB —

3-4 ctapnwn.

There is a continuous
increase in staging.
Currently, the average
staging for large horizontal
drilling is approximately
7-8 stages, for horizontal
sidetracks — 3—4 stages.

to predict the neutral scenario. The real situation

fluctuates in a kind of
a “corridor” between
neutral and negative
scenarios.

The report showed
the retrospective
dynamics of the Russian
oilfield services market
in 2008-2020. The
main growth drivers
during this period were
production drilling,
including horizontal
well workover,
workover, sidetracking,
hydraulic fracturing,
drilling support, and
well logging.

Last year, the oilfield
services market sank in
monetary terms by 9%,
including the volume
of hydraulic fracturing

operations on the carryover fund fell by more than
25%. The situation is not much better this year.

As for the distribution of the shares of the oilfield

services market segments (the volume of the entire

market is 1317 billion rubles), then in 2020 the
largest segment — hydraulic fracturing (9.7% or
127 billion rubles) - grew at a high rate due to the

operations of the high price segment - multistage

hydraulic fracturing. There is a continuous increase

in staging. Currently, the average staging for large

horizontal drilling is approximately 7—8 stages, for
horizontal sidetracks — 3—4 stages. The segment of
secondary multi-stage hydraulic fracturing began
to develop intensively. According
to experts, these are
220 operations, the effectiveness
of which is still difficult to assess.
Forecast dynamics of the Russian
oilfield services market in 2021-
2030 under the neutral scenario
assumes that the market will
again fall by about 5%, but in 2022
demand will be restored, because
according to the permitted OPEC
data, the volume of production
will grow to 524 million tons.

Accordingly, the number of well
commissioning and hydraulic fracturing operations

will increase. The volume of production will be
increased by any available means, primarily by
expensive methods of production.

In the future, the development of hydraulic



PeiHok THKT o6magaeT 3HA4YUTE/IbHBIM IIOTEHIIUAJIOM
pocra k 2030 rony — 190% B J€HEKHOM BBIPAKECHUU.
PocT 6yzneT 06yCIOBIEH YBETNUYEHUEM KOJTMYECTBA
onepanu, ce6eCTONMOCTH OTAECIBHBIX ONEPALUI B
CBSI3U C MOBBIIIEHUEM TEXHOIOTUUECKON CJIOKHOCTH.
OIHOBPEMEHHO B CBA3U C NOSABJICHUEM POCCUUCKUX
IPOU3BOACTB TMOKUX TPYO MOXKHO OXKUAATD CACPKUBAHUS

CTOMMOCTHU OIIEPALIUM.

CermenT I'PIT uMeET IEPCIEKTUBY B CBA3U C OKH/IACMbIM
BBOJJOM B 3KCIIYATALIUIO HOBBIX MECTOPOXKAECHUI.
B nepnog 10 2030 rofa OCHOBHBIM JJPAUBEPOM
pocra cranert cermeHT MI'PIT, KOTOPBIH yaKe B 2022
roAy IIpeB3oHAeT OfHOCTAAuNHbIE ontepaunu ['PIT B
COBOKYIHOM O06'beMe phIHKA I'PIT 1 IEHESKHOM BBIPA’KEHUU
BBUZY POCTA TEXHOJIOI'MYECKOM CIIOKHOCTH

U ce6eCTONMMOCTH onepanuit MI'PIT.

B ¢poxyce - o60pymoBanHue
3aMECTUTEID JUPEKTOPA
I'pynmsr ®HJI 110 THHOBAIIMOHHBIM
npoekTam Hean ITupu 1pe10CTABUI
Kpamyro ungpopmauuio o
I'pynne ®@H/], 06 be JUHAIOMEN
POCCHUICKUE U 6ETIOPYCCKUE
MIPEATIPUSATHSL, KOTOPBIC PA3BUBAIOT
HE@MTEra30BbI€ TEXHOJIOIUU U CO3/AI0T
MHHOBAIIMOHHOE OO0PYIOBAHUE
JUIS TIOBBIIEHU A 3(P(PEKTUBHOCTU
JIOOBIYH YITIEBOLOPOJHOIO CHIPbSL.
I'pynma @M/ 661712 06pa3oBaHa
B 1989 rony nog arupo Pouga
U300PETATENBCKON ICATEIBHOCTH.
Ha ceroguamumuii nens I'pynna G/
peanusyeT psag MHHOBAIIMOHHBIX

IPOEKTOB: KOMIIEKCHI /1151 I'PIT, KOITIOOMHIOBBIE
KOMIIJIEKCH], HATHETATEIBHOE U [IEMEHTHPOBOYHOE
0060PYAOBAHNE, KOMILJICKCHI JIJIS1 HAIIPABJIEHHOI'O

IIAXTHOI'O ¥ IOBEPXHOCTHOT'O OypPEHUH,
BHYTPHCKBAKUHHOE OOOPYAOBAHUE U
TEXHOJIOI'MH. B OCHOBE BBICOKOI'O
Ka4eCTBA IPOAYKIIN —

COOCTBEHHBIE PA3PAOOTKHU U
BBICOKOKBAJIM(PUITUPOBAHHBIE
KOHCTPYKTOPCKHE KaapblL Ha

BCE CO3/1aBAEMbIE OO'BEKTHI
WHTEJUIEKTYAJIbBHOU COOCTBEHHOCTH
npeanpuaTys I'pynmer @H/] nonry4daoT
COOTBETCTBYIOIIUE ITATEHTHI U
CBUJIETEJIBCTBA. B 4aCTHOCTH, NOTYy4EHO
CBUJIETEJIBCTBO O PETUCTPALIH
MPOrPAMMHOIO OOECTIEYEHUA

CHUCTEMBI yIIpaBieHUsA (iotTom I'PIT
VisualFrac B HanpoHanbHOM LIEHTPE
MHTEJUIEKTYAJIbHOM COOCTBEHHOCTH.
CO6CTBEHHBIE IIPOU3BO/ICTBCHHBIC
MOIIHOCTH IIPEATIPHUATHUNA OXBATBIBAIOT
BCE OCHOBHBIE IEPEIEIBI U
06€CIIEYNBAIOT CTAOMIBHOCTD KA4ECTBA
HA BCEX 3TANAX IPOU3BOACTBA. Kaxkaasa
€IMHUIIA CO3/1ABAEMOI'O OOOPYAOBAHUA
MPOBEPAETCA HA ATTECTALTMOHHBIX
CTEH/AX JJIs1 CTOIPOLIEHTHOI'O }

fracturing will depend on the commissioning of
wells. Great hopes are associated with the cluster
in Taimyr, new fields in Evenkia and the Irkutsk
region. According to the neutral scenario, by 2030
the hydraulic fracturing segment will occupy 149%
of the oilfield services market.

As for the coiled tubing market, in 2007-2010 the

PROSPECTS

cost of work with the use of coiled tubing in Russia

has been increasing every year. The coiled tubing
market itself grew in monetary terms. The average
annual growth rate was 19.7%. In 2019, the market
fell by 5.6% in monetary terms, followed by recovery
in 2020. In physical terms, the decline was 4%.
Today, the CT market is going through hard
times, with some stabilization expected in 2022 due

to deferred demand. In physical terms, the largest
share of the CT market is workover

MBaH Mvpy
Ivan Pirch

operations (62%), while in monetary
terms, they account for only 25%. The
the reverse is true in the segment of
hydraulic fracturing and multi-stage
hydraulic fracturing. In physical terms,
their share in 2020 was 35%, while in
money terms this segment took the
first place in terms of volume (69%).
The CT market has significant
growth potential by 2030 — 190%
in monetary terms. The growth will
be due to an increase in the number
of operations, the cost of individual
operations due to an increase in
technological complexity. At the
same time, in connection with the

emergence of Russian production of

lpynna ®UM peannsyet

PS4, UIHHOBALIMOHHbIX
NPOEKTOB: KOMIMNEKChI

ans MPM, konTioObuHrosble
KOMIMJIEKCbl, HarHeTaTenbHoe
N LEMEHTUPOBOYHOE
obopyaoBaHMe, KOMIMEKChI
ANS HanpaBneHHOro
LUAXTHOIO 1 NMOBEPXHOCTHOIO
OypeHus, BHYTPUCKBAXXMHHOE

o6opy,u,OBaH|/|e N TEXHOJIOIrnNI.

FID Group implements a
number of innovative projects,
including hydraulic fracturing
units, coiled tubing units,
injection and cementing
equipment, units for surface
drilling and shaft drilling,
downhole equipment and
intervention technologies.

flexible pipes, one can expect a containment of the
cost of operations.
The hydraulic fracturing segment is promising

due to the expected
commissioning of new fields. In
the period up to 2030. the main
driver of growth will be the
multi-stage hydraulic fracturing
segment, which already in

2022 will surpass single-stage
hydraulic fracturing operations
in the total volume of the
hydraulic fracturing market
and in monetary terms due

to the growing technological
complexity and cost of multi-
stage hydraulic fracturing
operations.

Focus on equipment
Tvan Pirch, the deputy
director for innovative projects
of FID Group, presented a
summary description of
FID Group which incorporates
Russian and Belarusian
enterprises involved in the
development of oil and }
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THOATBEPKACHUS 3A5IBJICHHBIX XAPAKTEPUCTHUK.
ITyckoHamaJOYHBIE PA6OTHI, O6YUYEHUE U IIOTHBIN

KOMIIJICKC CCPBUCHBIX YCIYT ITO3BOJIAIOT I'APAHTUPOBATH

HAJIC’KHOCTD IKCILTyaTALUH OO0PYJOBAHM HA

OPOTAKEHUH BCET'O €0 )KU3HEHHOTO NuKia. C 2015 roaa
I'pynmna @/ ABas€TCA OPULTUATBHBIM IPEJCTABUTEIEM

KoM1iiaHuu SPM (CHIA) 110 IOCTaBKE OPUTMHAJIBHBIX
3amyacrel, a ¢ 2019 roga — cepTUuUIIIPOBAHHBIM
CEPBHCHBIM LIEHTPOM SPM € IPaBOM IPOBEACHU A

KaIMUTAJIbHBIX PEMOHTOB HACOCOB BBICOKOTI'O JABJICHU A.

Biarogaps nporpamMmme o MOJAEPHU3AUN U
KaIIUTAJIbBHOMY PEMOHTY OOOPYIOBAHM S ObLIN
MPOBEAEHBI MOJEPHU3ALUS U KAIIPEMOHTHI 6051€€e

MIECTHU/IECCATH €IUHUI] OOOPYAOBAHMS, BBITYIIICHHOTO

Kak npegapudatuamu I'pynmns PH], Tak U APDYTUMU

npoussogutTenasamu. B 2020 rogy Ha 6a3e OO0 «MamOrin,
JouepHero npeanpuaTus 'pynmer @/, 6b11a cO3/1aHA

IIPOU3BOACTBEHHAA IIOWIAJKA HA TeppuTopun PO
(. AAp1ieBO CMONIEHCKOM 061ACTH) JJ151 OOECTICUCHHU S

CEPHUITHOTO BBITYCKa HE(PTECEPBUCHOTO OGOPYIOBAHHUS.

BeCcHOM TEKYIIETO TO/1a TaM ObLJIA BBIITYIECHA IIEPBAsA
KOJTIOOMHIOBAs yCcTaHOBKA YHT1, KoTOpas yxe
HCIIOJIb3YETCA IO HA3HAYEHUIO HA OO'BEKTAX

OOO Jasnpom [TXI» B 6nmkaiein NeEpCIeKTUBE Ha

3TOM NPOU3BOJCTBEHHOI IIJIONAJKE OyIET BBIITYIICH

P YCTAHOBOK (KOJITIOOMHI'OBBIX, HACOCHBIX, 430THBIX

KPHUOT'€HHOTI'O THIIA U T. I1.), 4 TAK)KE O60PYIAOBAHIE

KomIiekca i I'PIT) B TOM uymciie 11 BBICOKOPACXOAHOTO.

Hoxknan «Omeuecmeennble mexnuuecKue

pewmenun omIpynnot PH/I kax ocHo8a pa3eumusn
KOJMIOOUHZ06BLX MEeXHOI02UTE» O3By ITIABHBII
KOHCTPYKTOP YIIPABJIEHUA NIEPCIEKTUBHBIX TEXHOJIOIUH

Cepezeii Cepzuensn 1 3AMECTUTEIDL JUPEKTOPA IIO
MApPKETUHTY U CObITY FOPuii benyzun.

Ceprei1 CeprueHs 1aj1 KpaTKUi 3KCKypC UCTOPUU
CO3/1aHUS KOMIOOUHZ08020 000P)Y006aAHUA B
I'pynne OM/I, KOTOpast HACYUTBIBACT O0JIEE IBYX
JECATUNICTUN, HAYMHAS C IPOEKTA «KOITIOOMHI»,
craprosasuiero B 1998 roay. B 2021 ropy npoexT 6611
rnepesanyueH. B mapTe 6b11a IPOU3BEIEHA IIEPBAs
KOJITIOOMHT'OBAA yCTAHOBKA JIEFKOT'O KJIACCA HA
Teppuropun Poccuiickorit depepanunu. B Hacrosee
BPEMS B IIPOLIECCE TPOU3BOACTBA HAXOAATCA
JIBE YCTAHOBKH TAXKEJIOI'O KJIACCA: C UHKEKTOPOM
TATOBBIM YCHJINEM 36 T U C MH)KEKTOPOM TSTOBBIM
ycuauem 45 .

JOKIaJ9rK NOAPOOHO PACCKA3A O
KOJITIOOMHTOBBIX YCTAHOBKAX HA OTHOU
TpaHCcHOpTHOU O0asze. I'pynna O npegiaraer
TPH KJIACCA TAKUX YCTAHOBOK: JIETKUM, CDEJTHUMN U
TAXKEIBIN. KOMIIOHOBKA HA OJHOM TPAHCIIOPTHONU
6a3€ UMEeET CJIEIYIONIE TPEUMYIIECTBA: BBICOKAS
HNPOXOAUMOCTD 6;1ar0/1apst TOJTHONPHBOJHOMY
IIACCH, COKPAIIEHUE BPEMEHU PA3BOPAUYUBAHU HA
CKBA’KHHE 32 CYET BO3ZMOXKXHOCTU TPAHCIIOPTUPOBKHU

MHIKEKTOPA B HAKJIOHHOM IIOJIOKEHUU C 3aIIPaBICHHOM
B uH>keKTOp 'HKT. YCTaHOBKU CEPUITHO KOMILIEKTYIOTCS

pepexrockonom I'HKT.
B HacTos1ee BpeMst HAN60JIe€ BOCTPEOOBAHBI

YCTAHOBKH C TAT'OBBIM YCHJIEM HHXKEKTOPa 36 T THKT

auamMeTpoM 44,45 MM, a4 TAKKE YCTAHOBKHU C TATOBBIM

ycunnem uHxekropa 45 T u T'HKT quamerpom 50,8 MM.
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gas technologies and the creation of state-of-
the-art equipment to improve the efficiency
of hydrocarbon production. FID Group was
established in 1989 under the aegis of the Fund of
Inventive Activities (FID). Today,
FID Group implements a number of innovative
projects, including hydraulic fracturing units,
coiled tubing units, injection and cementing
equipment, units for surface drilling and shaft
drilling, downhole equipment and intervention
technologies. The high quality of the products
is based on the proprietary solutions and the
expertise of the design personnel. FID Group
obtains the relevant patents and certificates for all
of its intellectually property items. For example,
a certificate of registration of the Hydrofrac Fleet
controlling software has been obtained from the
National Intellectual Property Center. The in-house
facilities operated by the enterprises cover all core
manufacturing processes and ensure consistent
quality at all stages of the production cycle. Each
item of the equipment produced goes through
qualification tests for 100% certification of the
claimed performance. Start-up and commissioning
works, training and a full range of services
guarantee the reliable operation of the equipment
throughout its life cycle. Since 2015, FID Group has
been the official representative of SPM (US) for the
supply of original spare parts; since 2019, it has been
operating as the SPM certified repair center entitled
to carry out the overhaul of high-pressure pumps.

Due to the equipment modernization and
overhaul programme, more than sixty items of
equipment produced by FID Group enterprises and
other manufacturers
were updated and
overhauled. In 2020,
an industrial site was
opened in the Russian
Federation (Yartsevo,
Smolensk Region) on the
basis of MashQOil LLC, a
subsidiary of FID Group,
for the purpose of mass
production of oilfield
service equipment. This
spring, the first UNT1
coiled tubing unit was
manufactured there and
has already been put in
operation at the facilities
of Gazprom PKhG
LLC. The short-term
production schedule of this industrial site includes
a number of units (coiled tubing units, pumping
systems, nitrogen cooler units, etc.) and equipment
for the hydraulic fracturing units, including those
for high-volume hydraulic fracturing.

The report "Domestic technical solutions
Jrom FID Group as a basis for development
of coiled tubing technologies" was delivered by
Sergei Sergienya, Chief Designer of Perspective }
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YCTAHOBKHU YCTAHOBKH YCTAHOBKH
KOATHOBUHIOBBIE HACOCHbBIE A30THbIE
KPUOTEHHbIE

20 net onbiTa aBTOMAaTN3MPOBAHHOE
NPOEKTUPOBAHNA

ynpaBneHue
1 NPOM3BOACTBA
KOMNNEKCHBIE NOATBEPKAEHHOE
DeLLEHNS Ka4ecTBo
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JIB€ TaKUE YCTAHOBKH, HAXOAAMUECA B CTAJUU
MPOU3BOJCTBA, BBITOJHO OTIUYAIOTCS TEM,

YTO B CJIYY4€ BBIXO/IA U3 CTPOSI OCHOBHOM
TUAPOCTAHIIUU WUJIU IBUTATENS IIACCHA Y HUX
OPELYCMOTPEHA BO3MOKHOCTD MO KIIOUEHUS
BHEIIHEN I'MAPOCTAHLIUY, YIIPABJIAIOIIECHCS U3
KaOWHEI onlepaTopa. Tak:Ke Co3aHa CUCTEMA
YIPAaBJIECHUS, TO3BOJIAIONIAS B ABTOMATHYECKOM
pexume criyckaTb THKT Ha HEOOXOAUMYIO
[JIyOUHY.

V4auTBIBAA CYIIECTBYIOMYIO TEHACHITUIO HA
YBEIUYEHHE TUIIOPA3MEPA UCIONb3yeMbIX 'HKT,
MHOTHUE 32/JJa4U, CTOSIIIINE IEPE]T CEPBUCHBIMU
KOMMAHUSAMH, HE TTIOKPBIBAIOTCSA UCTIOIb30BAHUEM
YCTAaHOBKH HA OJJHOI TPAHCIIOPTHOU 6a3€. DTO
CBSI3aHO C OTPAHUYEHUAMU IACCH, KOTOPOE
HE MOXKET B3ATb HA OOPT HEOOXOAUMOE
KOJIHUYECTBO 'UOKOM Tpy6bL ['pyna G/ npeaiaraer
KOJTIOOMHTOBYIO YCTAHOBKY H4 JIBYX TPAHCIOPTHBIX
6a3ax, KOTOpasA MO3BOIUT O0Jiee 3PPEKTUBHO pabOTATH
C TpyH6aMHM PA3IUIHOrO JuaMeTpa. ITpeienbHble
BO3MOKHOCTH YCTAHOBKH HA OHOM mmaccu — THKT
JuamMeTpoM 50,8 MM 1 MAKCUMAJIBHOM JUTMHOH 5,5 KM.
[IpeononeTs 3TU OrPAHUYEHN A
CITOCO6EH KO TIOOUMHTOBBIF KOMILIEKC
MOJYJIBHOT'O THIIA, PA3MEIIEHHBIIN HA
JBYX TPAHCIIOPTHBIX 6a3aX. B kayecTBe
TPAHCIOPTHON 0a3bl KOJITIOOMHIOBOM
YCTAHOBKH UCIIOJIb3YIOTCS
CEPUIHBIE YETBIPEXOCHBIE MACCH.

Ha cieniaibHOM MOJIYIIPULIETIE
YCTAHABIUBAETCA Y3€JI HAMOTKHU C
I'HKT. YCTaHOBKY MOXXHO U3I'OTOBUTD
B IIOJIHOM TPAHCIIOPTHOM I'd0apuTe,
YTO UCKJIIOYUT HEOOXOTUMOCTD
OIIATHI IIPOE3/1A IO AOPOraM

o06IIero rnoJjb3oBaHusI. OCHOBHOM
TUTIOC IJAHHOW KOMITOHOBKU BUUTCA
B €€ YHUBEPCAJIBHOCTH 34 CYET
MNOAJIEPKAHNA I'AMMBI ITOJIYIIPULIETIOB
C 3apaHee NOATOTOBJIEHHOI MO/
KOHKPETHBIE TEXHOJIOIMYECKHE ONEPALAH, BKJIIOYAA
HAaIIpaBJIEHHOE OypeHne Ha TMOKOI Tpyoe. B noknage
JEMOHCTPUPOBANACh KOMOUHanuu guamerpos F’HKT n
UX JJIUH, KOTOPBIE OYAyT JOCTYITHBI [IPU UCTIOIb30BAHNH
KOJITIOOMHI'OBOI'O KOMILJIEKCA HA ABYX TPAHCIIOPTHBIX
0azax.

brun nipeicTaBiieH NOAHBIA TUIOPA3MEPHBINA P
MEXAHU3MOB I1OJIA4M TPYObI — MHKEKTOPOB (OT 12 10 45 T),
OCBOEHHBIX I'pynnoit @M /1. 3HAYUTENbHASA 9ACTh JOK/IA/1a
KaCaJ1aCh BCIIOMOTATEBHOI'O OOOPY/IOBAHMUS: YCTAHOBOK
HACOCHBIX 1 230THBIX KPUOT'€HHOI'O THIIA. Bbly1a NOAPOO6HO
OXAPaKTEPHU30BaAHA CUCTEMA KOHTPOJISA U ABTOMATHU3AIINU
KOJITIOOMHT'OBOT'O KOMIIJIEKCA — AKOCUCTEMA,
O6BEAUHSAIONTAS CUCTEMY YIIPABJICHUS BCEMH €T0 YACTIAMY,
TO3BOJIAIONIAS U3 €IMHOTO LICHTPA KOHTPOJIHUPOBATH
BECH IPOIECC C BO3MOXKHOCTBIO PETUCTPAIINHU TAHHBIX
U YAAJIEHHOTO JIOCTYIIA K HUM Ha BCEX YCTAHOBKAX.

Bbl1a JaHa NOAPOOHAS XaPAKTEPUCTHKA CUCTEMBI U €€
KOHKYPEHTHBIX IPEUMYVIIIECTB.

IOpuem beryruHbIM 66114 IIPEICTABIEHd HOMEHKIIATYPA

UHCMPYMEHMA U MEeXHON0ZUTL 0151 KOIMIOOUH2A

IOpuin benyruH
Yuri Belugin
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lpynna ®UM npepnaraet
KONTIOOMHIOBYO YCTaHOBKY
Ha ABYX TPAHCMOPTHbIX
basax, koTopasi No3BONIUT
bonee a¢phekTUBHO
paboTtaTb ¢ Tpybamu
pa3nnUYHoOro guameTpa.

FID Group offers coiled
tubing unit on two
chassis allowing more

efficient operations with
coiled tubing of different
diameters.

Technologies Department,
and Yuri Belugin, Deputy
Director for Marketing and
Sales.

Sergei Sergienya gave
a brief outline of the
history of coiled tubing
equipment at FID Group
which spans over two
decades starting with the
"Coiled Tubing" project
launched in 1998.In
2021 the project was
relaunched. The first light-
class coiled tubing unit
in the Russian Federation
was manufactured in
March. Two heavy-class units are currently in the
manufacturing process: one with an injector with
a pulling force of 36 t and another with an injector
with a pulling force of 45 t.

The reporter described in detail the coiled tubing
units on a single chassis. The FID Group offers
three classes of these units: light,
medium and heavy. The advantages
of a single-chassis unit are as follows:
high all-terrain mobility due to all-
wheel drive chassis, reduced rig-up
time due to the ability to transport
the injector in an inclined position
with the coiled tubing pulled into the
injector. All the units are equipped
with a CT flaw detector.

Currently the most in-demand
units are: unit with an injector with
a pulling force of 36 tons and coiled
tubing of 1.75-in diameter, and unit
with an injector with a pulling force
of 45 tons and coiled tubing of 2-in
diameter. The two units currently in
the manufacturing process have the
main advantage: if the main hydraulic power unit or
chassis engine fail, there is an option of connecting
an external hydraulic power unit controlled from
the operator's cabin. A control system has also been
developed to automatically run the coiled tubing to
the target depth.

Considering the current trend to larger CT sizes,
many challenges faced by service companies
cannot be handled by units on a single chassis. This
is due to the limitations of the chassis that cannot
transport the required weight of coiled tubing.

FID Group offers coiled tubing unit on two chassis
allowing more efficient operations with coiled
tubing of different diameters. The maximum CT
size of a single-chassis unit is a CT with a diameter
of 2-in and a maximum length of 5.5 km. The
modular coiled tubing unit on two chassis is able
to overcome these limitations. Serial four-axle
chassis are used for this coiled tubing unit. A CT
spool is mounted on a special semi-trailer. The
unit can be manufactured within the permissible



ot I'pynimisl @PH/T — OT IIPOCTOrO BHYTPUCKBAXKUHHOT'O
UHCTPYMEHTA (COEJUHUTEIHN, PA3bEAVUHUTEIIN, KJIAIIAHBI,
HACA/JIKH, JIOBUWIBHBIA MHCTPYMEHT U T. I1.) IO CAMOI'O
CJIOJKHOTO (CUCTEM HAIIPABJIEHHOI'O OYPEHU ).

Ioapo6HO OXAPAKTEPUIOBAHO OOOPYAOBAHUE
JULSL TOCTABKU reO(pU3NYECKUX TPUOOPOB
(ronosku kabenbHble KC151, KC153 1 KC171, KC173).
IIpogeMOHCTPHUPOBAHA (B TOM YMCJIE HAIVIAIHO — HA
CTEH/[IE) CUCTEMA BKEKTOPHOU OYNCTKU CKBAXKUH,
NpeAHA3HAYECHHA I BBIIIOJIHEHU S OlIEPALI U
IIPOMBIBKHU B TOPU30HTAJIbHBIX CKBAKUHAX ¢ AHIT 1
BBICOKUM ITIOIVIOIEHUEM KUJKOCTH.

IIpencTaBaeHo OOOPYAOBAHUE 111 KUCIOTOCTPYMHOTO
oypenus (coenuHuTenb ¢ THKT, MHKIMHOMETP,
YAJUHUTEIb, yCTPOUCTBO IIOBOPOTHOE, YCTPOHNCTBO
OTKJIOHAIOLIEE, HACAJKA TMIPOMOHUTOPHAA),
MO3BOJIAIONIEE TPOU3BOJUTH HAMBIB OOKOBBIX CTBOJIOB
B KAPOOHATHBIX KOJUIEKTOPAX. TaKkass KOMIIOHOBKA
MO3BOJIAET TAKKE IIPOU3BOAUTD CEJIEKTUBHYIO
06pPabOTKY CKBAKUH. ABTOHOMHBIHF CKBA>KUHHBIN
UHKIUHOMETP MCA1, KOTOPBIA MOXET OBITh BKIIOYEH B
COCTAB KOMIIOHOBKH /151 KUCJIOTOCTPYHUHOI'O OypEHMH,
MO3BOJIAET IPOU3BOAUTD 3AIIHCh JAHHBIX O TPAEKTOPHUH
nepememennsa KHBK. /Jannabie ¢ MTHKIMHOMETPA
CUUTBIBAXOTCA IIOCJIE €r'0 OABEMA HA IIOBEPXHOCTD C
TIOMOIIIBIO CIEIIUAJIBHOI'O YCTPOUCTBA. HOBast pazpaboTKa
I'pynnsr @I — KOMIIOHOBKA JJ1 YIIPABJIAEMOI'O
KUCJIOTOCTPYUHOTIO 6ypeHUs. [JaHHbIE C THKJIMHOMETPA
KOMIIOHOBKH NEPEIAIOTCA HA IOBEPXHOCTD IO
Ka0€JIbHOMY KaHAJTy CBA3U. C UTHKJIMHOMETPOM
CBSI32HO I'NIPABINYECKOE IIOBOPOTHOE YCTPOKCTBO,
49TO AAET BO3MOXKHOCTD B PEXUME PEATIBHOI'O BDEMEHH!
BHU/JIETD ITOJIOKEHHE OTKJIOHAIOMIETO YCTPOHUCTBA
C TUPOMOHUTOPHON HACAAKOM. KOHCTpYyKI M
OTKJIOHAIOMIETO YCTPOMCTBA MTO3BOJIAET OCYHIECTBIIATD

IIPOBOJKY CKBA’KMH HE TOJIBKO I10 PAJUYCHOM TPAEKTOPHH,

HO U IIPSIMBIC YYACTKH.

Korza knaccudeckoe OypeHue TepseT
3P PEKTUBHOCTD, IEIECOOOPA3HO IPUMEHSITH
Oypenue Ha KonTioounre. I'pynina OH T
MIPEIAraeT CUCTEMY HAIIPABJICHHOI'O 6yPEHUS
CHE89-76M ¢ kabeIbHbIM KAHAJIOM CBSI3U U
CHUCTEMY HallpaBjeHHOro 6ypenus CHB54,
OCHOBHOE OTIHYHNE KOTOPOH, IOMUMO
MEHBIIIETO JUAMETPA, COCTOUT B TOM,
YTO UHKJIMHOMETP JJAHHOHU KOMIIOHOBKH

HoBast pa3spaboTka

transport dimensions,

prn nel ®U[ - thus eliminating the
KOMMNOHOBKa AN need to pay tolls for
ynpasndaemoro public roads. The main
Kuncn OTOCprVI HOro advantage of this unit is
6yp eHus. its versatility due to the
ability of using different
BHA for guided acid- semi-trailers pre-
RGP i Pl Preparcd for specific
operations including

Group development. perat U
directional drilling on

the coiled tubing. The
report described combinations of CT diameters and
lengths that would be available with a CT unit on
two chassis.

All types of injectors (from 12 tons to 45 tons)
developed by the FID Group were also presented.
A significant part of the report was focused on the
support equipment: pumping unit and cryogenic
nitrogen unit. The control and automation system
for coiled tubing equipment was described in detail.
This ecosystem integrates all units allowing to
control the whole operation from a single center
with data recording and remote access for all units.
The system and its competitive advantages were
described in detail.

Yuri Belugin presented the range of CT tools
and technologies from simple downhole tools
(connectors, disconnects, valves, nozzles, fishing
tools, etc) to high-tech technologies (directional
drilling systems).

Equipment for running logging tools (cable heads
KS151, KS153 and KS171, KS173) was described in
detail. The speaker demonstrated (also by visual
demonstration on the bench) well ejector cleanout
BHA designed to perform cleanout operations in

horizontal wells with low
formation pressure and high
fluid loss.

The report also covered
acid jet drilling equipment

f‘! (CT connector, inclinometer,
> extension joint, swivel,
- deflector, jet nozzle) for
';;'“ sidetracking in carbonate
reservoirs. This assembly

W

M3IOTOBJICH HA 643€ TBEPJOTEIbHBIX &
I'MPOCKOIIOB, KOTOPBIE ITO3BOJIAIOT
MIPOU3BOANTH OPUEHTUPOBAHUE KOMIIOHOBKU
B OOCA’KEHHBIX CKBAXXUHAX. 1151 paGOTHI C
TAKOM KOMIIOHOBKOM JIOCTATOYHO UMETh CAMYIO
BOCTpeboBaHHYIO cerogHsa THKT nuameTpom
44,45 MM.

IOpuit BesryruH paccKasan Takxke O
OYPEHUH CKBAKHH C HCIIOJIb30BAHUEM
CTIELIMAIbHOM BPAIIAIOMENCs TUAPOMOHUTOPHOM
HACA/IKH, IO3BOJIAIONIEN UCKJIIOYUTD UCTIONL30BaHue B3/]
U YBEJIUMYUTD CKOPOCTD IMPOXOAKH.

3aK/IIOYNTENBHAS YACTh IOK/Ia/a OblIA IOCBSIIECHA
3KOCHUCTEME aBTOMATH3a1uHU onepaniuii FHKT.
[lepcriekTHBa — CO34aHME TEXHOJOIMYECKOM IIAT(OPMBI
JUIS MOJIEJIMPOBAHMSA, YIIPABJIEHUA U KOHTPOJIA OllepaI i

.'..:
L Y

N

EneHa lpnbaHoBckas !
Elena Gribanovskaya

4

also allows for selective well
treatment. Autonomous
downhole inclinometer ISA1
allows recording data on the
trajectory of acid-jet drilling
BHA. A special tool is used to
read the inclinometer data
after pulling to the surface.
BHA for guided acid-jet

drilling is a new FID Group development. Data
from the inclinometer is transferred to the surface
via a cable. A hydraulic swivel is connected to the
inclinometer. This allows to identify the position
of the deflector with a jet nozzle in real time. The
design of the deflector allows to drill both angle-
build sections and tangent sections.

4
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I'HKT, BK/IIOUAsI HAIIPABJIEHHOE OYpEHHE.
Joxknan «Hoeoe noxoenue omeuecmeeHnozo

uemenmupPogounozo o6opyoosanun omIpynnot

DH/]. HHHO6AUUOHHAA CUCEMA YNPABNEHUA
— HOGBOLIL YPOBEHb IMOUHOCINU U HAOCIHCHOCINU

npouecca» npejcrasuna Enena I'pubanoséckas.
I'pynma ®H/I nnpejiaraeT KOMIUIEKCHYIO ITIOCTABKY
LIEMEHTHPOBOYHOT'O O60OPYJOBAHUSA U PA3TINYHBIE

pemeHrA 11 HEMCHTHUPOBAHUA. bBbL/I1 1TOKAa3aHbI CXEMBI

TCMCHTHPOBOYHBIX q)IIOTOB: KiTaCCHU4YCCKaA

(18 eguHM1 TEXHUKHY, 20 YEJIOBEK IEPCOHANA), (PIIOTOB
Ha 643€ CMECUTENIBHO-HATHETATENIBHOM IBYHACOCHOMU
YCTAHOBKH (3 €AMHUIIBI TEXHUKUY, 6 YEIOBEK IICPCOHAIIA)

U HA 623€ CMECUTENBHO-OCPEJHUTEIBHON
YCTAHOBKH U HATHETATEIBHON JIByHACOCHOU
YCTAHOBKH (4 €AUHUIIBI TEXHUKU, 8 YETIOBEK
nepcoHana). [IoHATHO, YTO J1Ba NOCIETHUX
($10TA rOPA3/I10 SKOHOMHUYHEE B UCITOJIb30BAHUH.
Janee TOKIaJIUK OCTAHOBIWJIACH HA [IBYX
MHHOBAIIMOHHBIX pa3padoTkax I'pyner U/
YCTAHOBKAX CMECUTEIbHO-HATHETATEIBHBIX
JIBYHACOCHBIX U YCTAHOBKAX CMECUTEIBHO-
ocperHUTENBHBIX (Batch mixers). YcTaHOBKA
CMECUTENBHO-HATHETATEIbHAS IByHACOCHAA
NpeIHA3HAYEHA JUIS IPUTOTOBJICHUSA
TAMITIOHAKHOI'O PACTBOPA U €T'0 3aKAYKH IO/
JaBJIEHHEM B CKBAXXUHY IIPU LIEMEHTUPOBAHHNH,
4 TAKXKE MIPU IPOBEJEHNH JPYTUX IPOMBIBOYHO-
PO/ABOYHBIX PAOOT HA HEPTAHBIX M I'A30BbIX
CKBKMHAX. MAKCHMAJIBHOE IOCTUT'AEMOE
nasieHue — 73,2 MIla, MAKCUMaJIbHBIN
CYMMAPHBIHN Ppacxo — OKoJo 3100 j1/MUH.
VCTaHOBKA NO3BOJIAET IPUTOTABINBATH PACTBOP
IJIOTHOCTBIO 10 2700 Kr/M?. O TIIMYUTEIbHAS
OCOOEHHOCTB — PACTBOP NPUTOTABIHUBAETCS
B IIOJTHOCTBIO aBTOMATUYECKOM PEKUME C
HOrpeHOCTEIO 20 KI/M?. Bplia IpeAcTaBacHa
(PYHKIIMOHAJIBHAS CXEMA PA6OTHI yCTAHOBKU,
0CO00€ BHUMAaHUE ObUIO OOPAIEHO HA €€
BAXKHBIN y3€JI — CTPYHUHBINA CMECUTED.
VCTaHOBKA CMECUTENBHO-OCPEAHUTEIbHAS
(Batch mixers) npegHazHaueHA [J15
ABTOMATUYECKOTI'O CMEIINBAHUS U
OCPEIHEHUS PACTBOPOB IPU NPOBEICHUH
LIEMEHTHPOBOYHBIX PA0OT HA PA3JIMYHBIX TUITAX

CKBAKUH. bt PEACTaBJICHBI OCHOBHBIC TCXHHUYCCKHC
XAPAKTCPUCTUKU YCTAHOBKH, OXAPAKTCPU3OBAHBI CC

BO3MOXHOCTH, IOKA3aHA (PYHKITMOHATBbHAS CXEMa
PaboTHL.

Ha ycTaHOBKaX 33/ICHICTBOBAHA CUCTEMA YIIPABJICHUS

COBCTBEHHOI pa3padoTku I'pynmbet U, OHa

NO3BOJISAET IPUT'OTABINBATH TAMIIOHAKHBIN PACTBOP B
TNOJTHOCTBIO ABTOMATHYECKOM PEXKMME C OUEHb HU3KUMH
NOrPEMHOCTAMA. CUCTEMA NUMEET UHTYUTUBHO HOHATHBIN

uHTepderic. BazoBble U3BMEPEHU IPOU3BOJIATCA B

ennnuIax CH. Bela mpeacTaBieHa O0mmas CTPYKTYPHAs

CHUCTEMA YIIPABJICHU .
B 3axmodenue E. 'pub6aHOBCKas OuepTUiIa
MEPCHEKTUBHOE HAIIPABJIEHNE Pa3BuTUsL. Llean —

MAKCHUMAJIbHAA dBTOMATHU3AI M ITPOIICCCA U TICPEXO K

MIPAKTUYECKU OE3I0THON paboTeE.

«20 1eT Ka4eCTBAa 1 HHHOBAIIUH» — TaK HA3bIBAJICS
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Coiled tubing drilling is used when conventional
drilling is not efficient. FID Group offers directional

drilling system SNB89-76M with a cable and

directional drilling system SNB54. Besides smaller
diameter the main difference of the SNB54 system,
is that solid-state gyroscopes in the inclinometer
allow BHA orientation in cased holes. This BHA can
be operated with the most common 1.75-in coiled

tubing.

Yuri Belugin also described a special rotary

YcTaHOBKa cMecuTeNbHO-
HarHeTaTeNbHas
ABYHacoOCHas
npegHa3HayeHa

ANS NPUroTOBNEHNS
TaMMOHaXXHOro pacTBopa
N ero 3akayku nog
[ABJIEHVEM B CKBaXMHY
NPV LeMeHTUPOBaHNW,

a Tak>XXe Nnpv NpoBeaeHUN
LPYrMx MPOMbIBOYHO-
NpPoAaBOYHbIX PaboT Ha
HedTAHbIX 1 Fa30BbIX
CKBaXKMHaXx.

A mixing and compression
double-pump unit

is designed for the
preparation of cement
slurry and its squeezing into
the well during cementing
works and during other
preflush and overflush
operations at oil and gas
wells.

jet nozzle which eliminates the use of PDM and
increases the rate of penetration.
The final part of the report was focused on

the ecosystem of CT
operations automation.
The future prospect is

to create a technological
platform for simulation,
management and control
of CT operations, including
directional drilling.

The report "A new
generation of the
bomemade cementing
equipment from FID
Group. Innovative
operating system moves
the process to a new
level of accuracy and
reliability" was presented
by Elena Gribanovskaya.
FID Group offers the
package supply of
cementing equipment
and a range of cementing
solutions. The following
cementing fleet schemes
were demonstrated: a
classic fleet (18 units of
equipment, personnel
of 20 people), a fleet on
the basis of a mixing and
compression double-pump
unit (3 units of equipment,

personnel of 6 people), and a fleet on the basis of a

double-pump batch mixer (4 units of equipment,
personnel of 8 people). It is obvious that,

economically, the two latter fleets are more viable.
Further, the reporter gave more details of the

two innovative solutions of FID Group: mixing and

compression double-pump units and batch mixers.

A mixing and compression double-pump unit is
designed for the preparation of cement slurry and
its squeezing into the well during cementing works

and during other preflush and overflush operations

at oil and gas wells. Maximum achievable pressure

is 73.2 MPa; maximum total flow is approximately
3,100 1/min. The unit makes it possible to
prepare slurry with a density of 2,700 kg/m?3. The

peculiar feature is that the slurry is prepared fully

automatically with an accuracy of 20 kg/m?. The

operating scheme of the unit was demonstrated,



JIOKJIA]] HA4aJIbHUKA YIIPABJIECHUS IPOAAXK U
npoaswxenusd npoaykuuu NOV FIDMASH
Buxmopa Epueniko.

B HBIHEMIHEM TOly IPEATIPUATUE OTIIPA3LHOBAIO
cBoe 20-netue. Komnanus «PYIMAII» 66112
obpazosana B 2001 roay B pamMkax I'pynnbsr P/

U CPOKYCUPOBAHA HA CO3[JAHHUU KOJITIOOMHIOBBIX
yCTaHOBOK. B 2005 rony kopniopanys NOV, onieHuB
MEPCIEKTUBY PA3BUTHSA JIAHHOI'O HAITPABIEHUS,
BBIKyIIHI4 80% aKUui KOMIIAaHUH, 4 B 2012 rogy
BBIKYITMJIA KOMIIAHUIO IOJTHOCTBIO.

B pokaze 6pu1a NPENCTABIEHA PETPOCIIEKTUBA
pa3BUTHA IPOAYKTOBOM JIMHENKH NOV FIDMASH.

B HacTosmee BpeMs KOMITAHUA CEPUITHO BBIITYCKAET
YETBIPE BU/IA KOJITIOOMHTOBBIX YCTAHOBOK. [17151
reo(pU3NIECKUX UCCIIETOBAHUH, OOCTYyKUBAHUS
Tpy60npoBoAOB U ITXT mpeTHa3HAYEHBI YCTAHOBKH
sierkoro xiacca (MK10). 111 peMOHTHBIX OIlePaLui Ha
HEMTYOOKUX CKBAXKUHAX MPEJHA3HAYEHBI yCTAHOBKH
cpeaHero knacca (MK20). CaMori NOy/IApHOM ABJIACTCH
YCTAHOBKA TAXKEJIOT O Ki1acca MK30, cozpannasn s
PEMOHTHBIX ONIEPALTNH HA ITTyOOKHUX CKBAXKMHAX U
CIIOCOGHAS MPOU3BOAUTD IMIPAKTUYECKH BCE BU/IBI PA6OT
HA HUX.

C 2018 roga npeanpusaTUE HAYAJI0 CEPUITHO BBIITYCKATD
yCcTaHOBKY MK40, pegHa3HavYeHHYIO /114 ONIEPALI B
BEPTUKAJIIBHBIX M TOPU30HTAIbHBIX CKBAXKUHAX, MI'PTI,
3apE3KH OOKOBBIX CTBOJIOB. DT4 YCTAHOBKA YHHUBEPCAIBbHA.
C HEM MOXKHO ITPOU3BOAUTD OTKPBITHUE/3AKPBITHE
npeMuanbHbIX My(PT, Plug & Perf B ropr30OHTaIBHBIX
ckBaxxyuHaXx, [T, KOnTIOOMHIOBOE OypPEHNE, 3APE3KU
OOKOBBIX CTBOJIOB, 4 TAKXKE BCE PAOOTHI, KOTOPBIE
BBITIOJIHAIA YCTAHOBKH MJIAJIINX KJIACCOB.

KoMnanusa npemiaraet KOJATIOOMHI'OBYIO YCTAHOBKY JIJIS
PaBoTHI C THOKOM TPYOOT irameTpom 50,8 MM, 60,3 MM
U C XOPOIIEH TPOXOAUMOCTBIO, CMOHTUPOBAHHYIO HA
HECKOJIBKUX TPAHCIIOPTHBIX 6a3aX (mmaccu 10x10 unu 8x8)
C KaOMHOI OIIEPATOPA, UHKEKTOPOM TATOBBIM YCHIJIMEM
33 T; TPEXOCHBIH NOJTYIIPULIEI C Y3JIOM HAMOTKH JIJIS
6000 M THKT guameTpom 50,8 MM HJTH YETBIPEXOCHBIH
TIONYTIPUIIETI C y37I0M HAMOTKH 151 6000 M THKT
auameTpom 60,3 M.

HoBas pa3paboTKa — yCTAaHOBKA IIOBBIIIIEHHOM EMKOCTH,
COCTOAMAA U3 [IBYX IATHOCHBIX ITOJTYIIPHUIIENIOB U
ocHarerHast THKT guamerpom 60,3 MM JTuHOM 7300 M.
O6muit Bec ycranoBku ¢ THKT — 7o 8O T.

Ocob6as ropgocte NOV FIDMASH — KONTIOOMHI'OBBIE
WHKEKTOPBL. B HacTOsIIEE BpeMs UIET yoKE IIECTAS CEPUS
UHXXEKTOPOB NOV.

Joxna 6bl1 IPOAOIIKEH UHPOPMALIUEH O
KOJITIOOMHI'OBOM KOMIIJIEKCE (YCTAHOBKM KOJITIOOMHI'OBAS,
HACOCHA, 430THAA KPUOT'€HHOI'O TUIIA) C IIOAPOOHOIM
XAPAaKTEPUCTUKON HACOCHBIX M A30THBIX YCTAHOBOK.

KoMnaHUsA NpeAIaraeT TakxXe MOMHBIN (PIoT
ob6opyaoBanusd 111 I'PIT B 11060M TPAHCIIOPTHOM
UCIIOJIHEHUH U KOMIUIEKTAITUH O/ KOHKPETHBIC
NOTPEOHOCTH 3aKA34YHKA.

3aKJII0YNTENBbHAS YACTD JJOK/IA/a ObLIA ITOCBAIICHA
OTIMYMUTENBHBIM YepTaM Kommanuu NOV FIDMASH
U €€ KOHKYPEHTHBIM IIPEUMYIIIECTBAM, 4 TAKKE
WHHOBAIUAM OT Kopriopauinu NOV: ruokoi Tpyoe ATP u
anekrpudeckomy oty I'PIT Ideal Frac. }

Buktop Ep4eHko
Viktor Yerchenko

with special attention
being given to the jet
mixer as its crucial
element.

A batch mixer is
designed for the
automatic mixing
and homogenization
of mud during
cementing operations
at different types of
wells. Main technical
characteristics of the
unit were presented, as
well as its capabilities
and operating scheme.

The units are
operated through the proprietary controlling
system of FID Group. It makes it possible to prepare
cementing slurry fully automatically with a very
high accuracy. The system boasts an intuitive
interface. The baseline indicators are measured
in ST units. The overall control structure was also
demonstrated.

In conclusion, E. Gribanovskaya has outlined
the prospects for development. The target is the
maximum level of automation and switching to
virtually unattended operations.

"20 years of quality and innovations" was
the title of the presentation delivered by
Viktor Yerchenko, Head of Sales and Product
Promotion Department of NOV FIDMASH. This
year the company celebrated its 20th anniversary.
NOV FIDMASH was established in 2001 as a
part of FID Group. The company is focused on
manufacturing coiled tubing units. In 2005
NOV Corporation, having evaluated the prospects
of development of this field, purchased 80% of
shares of the company, and in 2012 the company
was bought out in its entirety.

The report presented a retrospective of
NOV FIDMASH product line development.
Currently the company manufactures four types of
coiled tubing units. The units of light class (MK10)
are designed for logging operations, pipeline and
UGSF servicing. MK 20 unit is designed for workover
operations in shallow wells. The most popular unit
is the heavy class MK30, designed for workover
operations in deep wells. This unit can be used for
almost all types of workover operations.

Since 2018 the company started serial
manufacturing of the MK40 unit designed for
operations in vertical and horizontal wells,
multistage fracturing, sidetracking. This unit
is versatile. It can be used for opening/closing
premium sleeves, Plug&Perf operations in
horizontal wells, jet perforating, CT drilling,
sidetracking and all operations performed with
light class units.

The company offers a unit for coiled tubing with
adiameter of 2-in and 2 3/8-in and all-terrain travel
capability. The unit is mounted on several chassis }

PROSPECTS
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[TEPCITEKTHBDI

ATP — HoBuHKA oT NOV Quality Tubing. &To 'HKT
C YCOBEPIIEHCTBOBAHHON TEPMOOOPAOOTKOM,
MHHOBAITMOHHBIA IIPOLECC KOTOPOU BKJIIOYAET B CEOA 1BA
[IMKJIA HATPEBA YePE3 [IUKJI OXJIAXKIEHUA (AYCTEHU3AI U —
34KaJIKA — OTIIYCK), YTO NIPUIAET MATEPHUAITY ITOBBLIIIEHHYIO
MIPOYHOCTD. YJAJIOCh JOOUTBHCS XKU3HU TPYOHI (Coil life) kak
MHHHMYM B/IBOE OOJIBIIECH, YEM Y TPYO, BBIITYCKABITUXCS

panee. ATP, HICIBITAHHAA B YCJIOBUAX
Kparinero Cesepa, IOJIy4uiIa
XOPOIIUE OT3bIBbL.

(10x10 or 8x8) with an operator's cabin, injector
with a pulling force of 33 t; a three-axle semi-trailer
with a spool for 6000m of 2-in coiled tubing or a
four-axle semi-trailer with a spool for 6000m of
2 3/8-in coiled tubing.

The new development is a high-capacity unit
consisting of two five-axle semi-trailers with

2 3/8-in coiled tubing of 7300 m length.

PomaH LLep6uH
Roman Shcherbin

The total weight of the unit with coiled
tubing is up to 80 tons.

I1aBHBIA KOHCTPYKTOP
ob6opygoBanusd I'PIT I'pynmer PH/]
Poman Ilepo6un pacckazaio
KOMNIAEKCHBLX Peuenusx ona
evicoxkopacxoonsLx I'PII TTovick
ONTUMAJIBHBIX TEXHOJIOTUYECKUX
pENIEHNH B OOIACTH Pa3pPa0OTKU U
IKCIUTYaTAUN TPYAHOU3BIEKAEMBIX
34I14COB MOBBIIMIAET UHTEPEC K
TEXHOJIOI'MHU BBICOKOPACXOJHOT'O
I'PIT. Onilepanuu BBICOKOPACXOTHOI'O
I'PIT xapakTepr3yIOTCs BHICOKUM
TEMIIOM 33aKa4KH (0T 10 M?/MUH,
OOJBIINMU OOBEMAMHU 3AKAUKU
(o010 500 M?) HU3KOBA3KOHN
KuaKoCTH I'PIT ¢ MeHee BBICOKMMU
KOHIICHTPALUSMHU IIPOINMIAHTA.

JIOKJIaIYUK OXAPAKTEPHU30BAT 3(PPEKTUBHOCTD
BBICOKOPACXOAHBIX onepanui I'PIT, npOU3BOgUMBIX

NOV FIDMASH is particularly proud
of its coiled tubing injectors. The sixth
series of NOV injectors is currently in the
market.

The report further described the coiled
tubing equipment (coiled tubing unit,
pumping unit, nitrogen cryogenic type
unit) with detailed characteristics of
pumping and nitrogen units.

The company also offers a complete
fleet of hydraulic fracturing equipment in
any transport design and configuration to
meet specific customer needs.

The final part of the presentation was
dedicated to the distinctive features
of NOV FIDMASH and its competitive
advantages as well as the innovations from NOV
Corporation: ATP coiled tubing and electric
fracturing fleet Ideal Frac.

OO'BEJUHEHUEM HECKOIBKUX (DJIOTOB CTAHJAPTHOTO
o6opynosanus [PIT (puMepHO 36 eAUHULL) KaK
JOBOJIBHO HU3KYIO. DTO CBA3aHO C TEM, YTO NOAOOHAA

cxeMa TpebyeT IPUBJIECYEHUA
OOJBIINX TEXHUYECKUX

PECYPCOB, 331€UCTBOBAHUSA
3HAYUTEJIBHBIX IUIOMAEH
KYCTOBBIX IUIOIIAJIOK, JOCTATOYHO
CJIOKHOU TEXHOJIOTMYECKOM
CXEMBI YBSI3KU 060pyaoBanus ['PI1,
CJIOKHOU CUCTEMBI YIIPABJIEHUA
060PYAOBAHNEM U AJITOPUTMOB B
HEN.

M36€exaTh IEPEYNCIEHHBIX
npo6JIeEM IPHU3BAH
CIENUATU3UPOBAHHBIN (QJIOT
I'PIT, mpenHa3HAYEHHBIN JJ1A
MPOBEAEHHUA BBICOKOPACXOJHBIX
ornepanun. B Hem BMeCTO
36 eIUHUTT O60PYIOBAHUS
OyZAET 33IENCTBOBAHO MEHEE
20. [ToMUMO MUHUMU3AITUU
(PMHAHCOBBIX PACXOJOB HA
MOOUIU3AIUIO TAKOTO (PJIOTA,
COKPAMIAIOTCA TAKXKE ILUIOM AN
PacCTaHOBKH OO0OPYJOBAHMUA HA
MECTOPOXKIEHNH, CHUKAIOTCA
TEXHUYECKHE PUCKH U ITOBBIIIAETCA
©€30MACHOCTB BBITIOJIHEHUA PA0OT
34 CYET CHUKEHU A KOHLIEHTPAIIUHA
IEPCOHAJIA U OOOPYIOBAHUS ITIPU
nposegenuu onepanuii I'PIT.

I'pynna @V npearaer

bbina npeacrasneHa
CpaBHUTENbHasa cxema
pacnonoxeHns obopyaoBaHms
npuv nposegeHun NP1 c Temnom
3aKkaydku go 16 M3/MunH npu
MCNoNb30BaHUM CTaHOAPTHOIO
¢dnota Pl v cneunanbHoOro
BbICOKOMPOU3BOAUTENBHOIO
obopynoBaHua gns
BblcokopacxogHbix [Pl n3
KOTOPOM BUAHO CyLLECTBEHHOE
COKpaLLeHme KonmnyecTea
eanHUL, TEXHUKW 1 NepcoHana.

The report presented a

comparison of equipment layout
for fracturing operations with an

injection rate of up to 16 m*/min
using a standard fracturing fleet
and special high-performance
equipment for high-rate
fracturing operations. This
comparison shows a significant
reduction in the number of
equipment and personnel.
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ATP is a new product from NOV Quality Tubing.
It is a coiled tubing with state-of-the-art thermal
processing process that incorporates two heating

cycles followed by a cooling
cycle (austenitizing — quenching
— tempering) which gives the
material increased strength. The
service life of the ATP coiled
tubing is at least twice as long as
that of previously manufactured
CT. The ATP CT was tested in the
extreme north conditions with
good reviews.

Roman Shcherbin, Chief
Designer for fracturing
equipment at FID Group,
presented integrated solutions

Jor bigb-rate fracturing. The
search for optimum solutions
for development and operation
of hard-to-recover reserves
facilitates attention to high-rate
fracturing technology. High-
rate fracturing operations are
characterized by high pumping
rate (from 10 m?/min), large
volumes (from 500 m?) of low-
viscosity fracturing fluid with
lower proppant concentrations.

The speaker described high-
cost fracturing operations
performed by combining several
fleets with standard hydraulic



3aKA34YMKAM IIOJIHBINA CIIEKTD
060pY/TOBAHMS JJIs1 BRICOKOPACXOHOTI'O
I'PIT. Blia npeacTasieHa cCXeMa
PACTIONIOKEHUS CIIEITUAJIBHOTO
obopynoBanusd paota I'PIT npu
BBICOKOPACXOJHBIX OICPAITHIX

C TEMITOM 3aKa9Ku 0 16 M3 /MuUH.
[TpeanaraioTcsl yCTAaHOBKH HACOCHBIE C
MOIIHOCTBIO ABUTraresiss 2500 u 3000 1. c.
W MaKCHMaJbHOM TIPOU3BOAUTC/IBHOCTBIO
3950—5353 J1/MHH, yCTAHOBKA

HACOCHAs MOITHOCTBIO 2250 71.C. C
HArPY3KOI Ha OCh HE Gostee 6 TOHH.
VYCTAaHOBKM CMOHTHPOBAHBI HA
CIICITNAJIBHBIX YCTBIPCXOCHBIX

LeHTpanbHbIM arperatom
BblcokapacxogHoro Pl
ABNSAETCA yCTaHOBKA
cmecnTenbHas (bneHaep).
MNpon3BoaUTENLHOCTb YCTAHOBKM
— 10 24 M3*/MWUH 1 MaKCMManbHOMN

NnPoun3BOANTEJIbHOCTbIO NMoAa4un

nponnaHTta 12 000 Kr/MUH.

Fracturing blender is the central
unit in the equipment layout for
high-rate fracturing. The blender
capacity is up to 24 m3/min, the
maximum proppant injection rate

fracturing equipment
(approximately 36 units)

as low-efficient operations.
This is due to the fact

that this scheme requires
vast technical resources,
increased footprint area,
complicated fracturing
equipment layout, complex
control and algorithm
system.

A specialized fracturing
fleet designed for high-cost
operations is designed to
avoid these problems. This

PROSPECTS

HOJIYIIPULIENAX C IIOAPYIUBAIOIIEH
OCBIO [IJIs1 YBEJIMYEHU I MAHEBPEHHOCTU
B YCIIOBUSIX 6€3/10POXKbs, UTO
06eCeYnBACTCA CUCTEMOI N3MEHEHU S KIUPEHCa. 13
MHHOBALIUI TAKXKE 3AIIyCK YCTAHOBKU 3JIEKTPOCTAPTEPOM
U CHUCTEMA 3aITYCKA TUAPABINYECKHUM CTAPTEPOM C
BO3MOKHOCTBIO UCIOIb30BAHU A BHEIIHET'O UCTOYHUKA
T'UJPABINYECKON SHEPI UL

LeHTpaabHBIM AI'PETATOM BBICOKOPACXOAHOTO I'PIT
SIBJISIETCS] yCTAHOBKA CMECUTENbHAS (OJIEHED).

is 12.000 kg/min.

C 2004 roaa BeinyiieHo 10 €IUHULL TAKOTO OO0OPYIOBAHUSL.

B HacTosmee BpeMs yCOBEPIIEHCTBOBAHHBIN

6J1eH/1ep NPOXOAUT IIHUKJI TYCKOHAIA/IOYHBIX PpA0OT B
«benopycuedru». [IpOM3BOANUTEIBHOCTD YCTAHOBKU —
J10 24 M?/MHH 1 MaKCUMAJIbHOI IPOU3BOJUTEIBHOCTBIO
nogayu npomnmanTa 12 000 kr/MuH. beuiu
OXAPAKTEPHU30BAHBI KOHCTPYKTHUBHBIE OCOOCHHOCTH
onenpaepa ot I'pynns @U /I 1 IpEICTABICHA
(PYHKIIMOHAJIbHAS CXEMA PA6OTHI
060PYAOBAHUSA CO CMECUTEIBHON YCTAHOBKOM
B LIEHTPE.

JIOKJIATYHK OXAPAKTEPHU3OBAJ TAKKE
YCTAHOBKH JJO3MPOBAHUS XUMPEATEHTOB C
MIECTHAATDIO JO3UPYIOIUMHU IMHUAMHA
C PAa3/IMYHBIMU TEMITAMHU 3AKAYKHU JIJIS
MEPEKPBITHSA BCETO CIIEKTPA PadoT,

KOTOPBIE MOT'YT ITOHAJOOUTBCS 3aKA34YHKY,
TUAPATALHMOHHBIN KOMILIEKC, B KOTOPOM
YCTaHOBKA BEICOKOU IMMPOU3BOANUTENBHOCTH
3aMEHSET ABE OOBIYHBIE THAPATALMOHHBIE
YCTAHOBKH, MAIITMHBI MAHU(POIBA0B, CKY 1
JPyrye COCTABJIAIONINE BEICOKOPACXOHBIX
¢noros I'PIT. HIMPOKUIT CIEKTP
MPONITAHTOBO30B JIJIS1 BLICOKOPACXOJHOI'O
I'PIT no3BossieT co3aTh 10 185 T 3a1macoB
MNPOMITAHTA.

ABTOMATUYECKAS CUCTEMA YIIPABJIEHUA OOECIIEUUBAET
IPUTOTOBJIEHUE I'eJIs C 33JTaHHON BA3KOCTBIO.

151 c60pa JAaHHBIX U YIIPABIEHUA OOOPYAOBAHUEM
33JIEMCTBOBAH IPOTPAMMHO-AMITAPATHBINA KOMIIJIEKC
VisualFrac (pyCCKOA3BIYHBIN HHTEPQENC, UBMEPEHU B
eqnnunax CH) paspaborku I'pynnsr GH]I,

Joxnan nupexkropa OO0 «Bunepen» FOpus IlImaxoéa
«Brympucreancunnviti uncmpymenm. Hoeote 6uowvt
nPooyKuuY u nepcnexmusHsie Paspadomxu»
MOJIHOCTBIO COOTBETCTBOBAJI CBOEMY HA3BAHHIO. BbLT
NPEACTABIEH UHCTPYMEHT JUUIA YAAJIEHUA MaPA(PUHOBBIX
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fleet will include 20 units
instead of 36. In addition
to minimizing the costs
of mobilization, this fleet reduces the equipment
footprint at the well pad, reduces technical risks
and increases operational safety by reducing the
concentration of personnel and equipment during
fracturing operations.

The FID Group offers customers a full range of
equipment for high-rate fracturing. The report
presented a comparison of equipment layout for
fracturing operations with an injection rate of up
to 16 m3/min using a standard fracturing fleet and
special high-performance equipment for high-rate
fracturing operations. This comparison shows a
significant reduction in the number of equipment
and personnel. The FID Group offers pump units
with 2500 and 3000 hp engine
power and a maximum rate of
3950-5353 1/min, a pump unit
with a capacity of 2250 hp with
an axle load not exceeding 6
tonnes. The units are mounted
on special four-axle semi-
trailers with air suspension
and steering axle for increased
maneuverability in off-road
conditions, and the clearance
adjustment system. Other
innovations include electric and
hydraulic starter systems with
the option to use an external
hydraulic power source.

Fracturing blender is the
central unit in the equipment
layout for high-rate fracturing.
10 blenders have been manufactured since 2004.
At present the improved blender is undergoing
the commissioning works at Belorusneft. The
blender capacity is up to 24 m?/min, the maximum
proppant injection rate is 12.000 kg/min. The
speaker described the design features of the FID
Group blender and the equipment layout with a
blender in the center.

The speaker also described chemical dosing
units with 16 dosing lines with different injection
rates to cover the whole range of operations a

fOpun LLTtaxos
Yury Shtakhov
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[TEPCITEKTHBDI

npo6ok u3 HKT 6e3 npumenenus B3/l — napadpunopes
Bpamaomuiics ITPB-57. VCTpoHCTBO paboTaeT 1o
OPUHIIUITY (PPE3BL [IpH MPOKAYKE KUIKOCTU YEPES
napaHUHOPES €ETO PEXKYIAS FOJTOBKA BPAIIAECTCS 34 CYET
IHEPTUU CTPYH KUAKOCTH, BBIXOAMIUX MO IPSAMBIM
YIJIOM K F'OJIOBKE NTapapuHopesa. Ha TOI0BKE pacoNoKeH
HOX, IPU BPAIEHUU CPEZAIONTUTL CJION Mapa(PUHOBON
OPOOKHU.

OTKJIOHHUTEJIb TUAPABINYECKUN yIIpaBisaeMbll YKII-
55 NIpeAHA3HAYEH JIJI CO3/TAHU S
OOKOBBIX CTBOJIOB B KAPOOHATHBIX
KOJUJIEKTOPAX C IOMOIIBIO
KUCJIOTHO-TUAPOMOHUTOPHON
06pabOTKH, a4 TAKXKE CITYCKA B
OOKOBBIE OOCAXKEHHBIE CTBOJIBI
JULS IPOBEJIEHUS PA3JIMYHBIX
TEXHOJIOTMYECKUX ONIEPAITA.
OCHOBHOE OTIIMYUE YCTPOUCTBA —
TO, YTO OHO MOXET PabOTATh B IBYX
peXUMax: NPSIMOM U OTKJIOHEHUS.

BpLu npeiCcTaBiIeHbl YCTPOUCTBO
MOBOPOTHOE TUPABINYECKOE,
COEJIMHUTENb I€O(PHU3UIECKUT
KOMOWHHPOBAHHBIH,
NPEIHA3HAYEHHDBIN 71 IPOBENECHUA
I'YIC, a TAaKKE IIPOEKT TPydopesa
TUAPOMEXAHUYECKOTO JJ1A
06CaJHBIX KOJIOHH U KOHAYKTOPA.

MaBen KanyctH
Pavel Kapustin

customer may require, a high-capacity hydration
unit that replaces two conventional hydration units,
manifolds, SCU and other components of high-rate
fracturing fleets. A wide range of proppant trucks
for high-rate fracturing allows creating up to

185 tons of proppant stock.

An automatic control system ensures that the gel
is prepared with the specified viscosity.

The hardware-software complex Visual
Frac (Russian language interface,
measurements in SI units) developed by
FID Group is used for data collection and
equipment control.

The report by Yury Shtakbov, Director
of Vileren LLC, "Dowmnbole tools. New
types of products and advanced
developments' was fully consistent with
the title. The report presented the tool for
removal of paraffin deposits from tubing
without PDM — rotating paraffin cutter
PRV-57. The tool functions as a mill. When
pumping fluid through the tool its cutting
head rotates due to the energy of fluid jets
exiting at right angles to the cutting head.
There is a blade on the cutting head that
cuts off layers of paraffin deposits during
rotation.

Hydraulic controlled

Brnympucxeancunnoe ooopyoosanue NOV
onsn paoom na FHKT nipesicTaBui
Ilasen Kanycmun, periOHAJIbHBINA PyKOBOJUTED
jgenapramenTa «O6opynosanue 111 'HKT, Poccus
u CHI» NOV Qilfield Services Vostok. ITocnegaue
[ISTh JIET TPEH/BL, HAOIIOAAI0NUECS B 3A11aJTHOM
MOJIYIIAPUH, CBUJETEBCTBYIOT O TOM, UTO
YBEJIMYHBAIOTCA JUAMETPBI CKBAXKUH, CTAHOBATCA
6o0J1e€e MPOTAKEHHBIMH TOPU3OHTAJIbHBIE
ctBOJTHI (€ 1600 M 710 4000 M), 1, COOTBETCTBEHHO,
ysenuuubaercs guamerp 'HKT (c 2" o 2 5/8"),
JUTHA TPYOHI (C 6700 M 10 7600 M) 1 pazmep
KOMIIOHOBOK /111 PA6OTHI B TAKMX CTBOIAX.
YMEHBIIAETCA KOJTUYECTBO OIEPAIINH, 34 KOTOPBIE
34K434YMK JKEJIA€T BBIIIOJIHUTD paboThL PacreT
YHCIIO MAKEP-TIPOOOK, KOTOPbIE HEOOXOJUMO
npodpeseposats 3a ogHy CIIO, pacTeT pacxop
U pa3Mep NyJabCALIAU JABJICHUM U AMIUIATY/,
CO3/1AaBAEMBIX OCITHJUIATOPAMIL

NOV kak 17106a/1bHA51 KOPIIOPAL U pab0TACT HAJL
TEM, 4YTOOBI OOOPYAOBAHIE ITO3BOJISIO BBIIIOIHATD
CaMBbI€ CJIOXKHBIE PAOOTHI OBICTPEE U KAYECTBEHHEE,
MIPOXOAUTD CKBAXXUHBI CO CJIOKHBIM IPOUIIEM,
CIPABIATHCS C COBPEMEHHBIMU HAT'PY3KaAMH,
BO3HHUKAOMMUMU 11pu pabore ¢ THKT.

JIOKJIaTYHK OXAPAKTEPHU30BAT HECKOJIBKO
Moaupukanui ocuyiATopos Terra Pulse or NOV,

KOTOPBIE ITOKA34JIM BBICOKME PE3YJILTATHI IPH PAOOTAX B
OGOKOBBIX CTBOJIAX. BbLIIN IPE/ICTABICHBI BBIIIOJHEHHBIE

U TEKYIIHUE IPOEKTBI UHCTPYMEHTA Terra; COeIMHUTEIb

I'HKT Terra Link, ABOMHOI O6paTHBIA CTBOPYATBIH KJIallaH
Terra Seal, pe3p6OBOH T'NIPABINYECKUN PA3bEJUHUTEID

Terra Lock, B3] Terra Drill, a Taxoxe Terra Wave Agitator

System — cucrema, Co3/aromas KojIeO6aHus pa3HbIX 4aCTOT }
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MocneaHwe NaTb NeT
TPeHAbl CBUAETENbCTBYIOT
0 TOM, YTO YBENMYNBAIOTCA
AMaMeTPbl CKBAXWH,
CTaHoBSATCA Oonee
NPOTAXEHHbIMM
rOPU30HTasIbHbIE CTBOJIbI,
ANVHa TPYObl U pa3mep
KOMIMOHOBOK.

Over the past five years,
trends indicate that well
diameters are increasing,
horizontal wellbores

are becoming longer,
coiled tubing diameter is
increasing , as well as the
length of the CT and the
size of the assemblies.

whipstock UKP-55 is
designed for sidetracking
in carbonate reservoirs
with acid-jetting as well
as for running the tools
into the cased sidetracks
for different intervention
purposes. The main
feature of the tool is

the ability to operate in
two modes: direct and
deflecting.

The presentation also
described hydraulic
rotary tool, combined
logging connector and
hydromechanical casing
cutter.

Downbole equipment
NOV for CT operations
was presented by
Pavel Kapustin, Product
Line Manager, Coiled

Tubing Tools — Russia & CIS, NOV Oilfield Services
Vostok. Over the past five years, trends in the
Western Hemisphere indicate that well diameters
are increasing, horizontal wellbores are becoming

longer (from 1600 m to 4000 m), and, accordingly,
coiled tubing diameter is increasing (from 2"

to 2 5/8"), as well as the length of the CT (from 6700 m
to 7600 m) and the size of the assemblies for
working in such shafts. The number of operations
for which the customer wants to perform work is
reduced. The number of packer plugs that need to

4
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Juts 6o5ee 3(PPEKTUBHOM 60PLOBI C CHHYCON/IAJIbHBIM U
cnupanbHeIM ckpyunBanueM 'HKT. C 1ie1b10 OBBIIEHU S
HAJIEKHOCTU OBIJIO CO3/1aHO OOOPYIOBAHHUE [T
UCIBITAHUSA OCHUJUIATOPOB U B3] 11 pa3dpaboTaHBbl A1 HUX
HOBBIE CHUJIOBBIC TAPBL

3aKJTIOUYHTEbHAS YACTD JIOK/14/1a ObLIa TIOCBSIIEHA
YHHUKAJIBHOMY UHXXKEHEPHOMY LIEHTPY B HOBOCOTE 65113
XpIoCcTOHA (1rTaT Texac), rae Co3/1aHbl BO3MOXKHOCTH

be milled in one trip is growing, the flow rate and
the size of the pressure and amplitude pulsations
created by the oscillators are growing.

NOV, as a global corporation, is working to ensure
that the equipment allows you to perform the most
complex works faster and better, to drill wells with
a complex profile, to cope with the modern loads
that arise when working with coiled tubing.

[TEPCITEKTHBDI

JUISI BCECTOPOHHMX UCIIBITAHUN OO0PYIOBAHUS 151
I'HKT. JokJIag9uK NOPOOGHO
OCTAaHOBUJICS] HA UCTIBITAHU X
ocungTopos Terra Pulse B aTOM
LIEHTPE.

Ilepewbie pe3yrsmamuot
npumenenun KadGeabHOL
202108Ku PKI-60x3 0aaTTHKT ¢
3anaco8anHbIM MPexXHCUILHBIN
zeopusuueckum kaoenem
NPENCTABUII BEAYIITNUH
UHXXEHEP-KOHCTPYKTOP OPUT
«benHUITMHeDTh> Amumpuii
Tpemvarxoe. KabenpbHas TOIOBKA
NpEAHA3HAYECHA JIJI51 OOECIICYCHUSI
TIPOBEICHUS 3AKIIOUHUTEIBHBIX

The speaker described several modifications

of NOV's Terra Pulse oscillators, which
showed good results when working

in sidetracks. Completed and ongoing
projects of the Terra tool were presented;
Terra Link coiled tubing connector,

Terra Seal double check valve, Terra Lock
threaded hydraulic disconnector, Terra
Drill PDM, and Terra Wave Agitator System
— a system that generates oscillations of
different frequencies to more effectively
combat sinusoidal and spiral coiled tubing
twisting. In order to improve reliability,
equipment for testing oscillators and PDM
was created and new power pairs were
developed for them.

[OMuTpun TpeTbskoB

KapOTaXXeH B CYyOTOPU3OHTAIBHBIX Dmitry Tretyakov

U TOPU3O0OHTAIBHBIX CKBAKMHAX HA
I'HKT, OCHa1meHHON TPEXKUIbHBIM
KabeneMm; Jy1d CHUXKEHU A aBAPUIHOCTH IIPU ITPOBEAEHUN
KAPOTAXKEN B OTKPBITBIX CTBOJIAX 92—83 MM Ha

cxkBaxxuHax ¢ HITJ; ist o6ecriedeHust IpUCOCTUHEHU S
CTAH/IAPTHBIX '€O(PU3UIECKUX IPUOOPOB OIIPEAECICHHBIX
TUIIOB U O60pyRoBaHus A1 Plug & Perf, OCHaImeHHbIX
TPEXKUIBHBIM Ka0€JIEM.

BplIM IEpPEYHCIEHBl JIEMEHTHI KAOEIbHOMI I'OJIOBKH
(BaJIBLIOBOYHBIN IEPEBO/THUK, Y3€JI (PUKCAIIUS KAOECIIs,
y3es repmetusannu nonoctu F’HKT, 6710k 0OpaTHBIX
KJIAIIAHOB, y3€JI ITEPMETU3AIINH JKHUJI KAO€JIs1, ABAPUITHBIN
Pa3beAUHUTEND, MOAYIIb IPUCOEAUHEHUA T€O(PUNIECKHIX
NPUOOPOB) U €€ TEXHUYIECKHE XAPAKTEPUCTUK.

Pesynbprarsl IPOMBICIIOBBIX UCIIBITAHUN
MHOATBEPANUIN, B YACTHOCTH, BO3MOXHOCTD JJOCTABKU B
CYOroOprM30HTAIBHBIN CTBOJI CKBAKHUHBI I'€O(PU3UUECKUX
IPUOOPOB HAPYKHBIM AuameTpom 42 mm 1 60 mm Ha THKT
AuaMeTpoM 50,5 MM € TPEXKUIBHBIM I€O(PHU3UYECKUM

The final part of the report was devoted
to the unique engineering center in
Novosota, near Houston, Texas, where
opportunities for comprehensive testing of CT
equipment were created. The speaker elaborated on
the tests of the Terra Pulse oscillators at this center.

The first results of using the RKG-60x3
cable bead for coiled tubing with a stored
three- core geophysical cable were presented
by Dmitry Tretyakov, leading design engineer at
ORIT BelNIPIneft. The cable head is designed to:
perform final logging operations in sub-horizontal
and horizontal wells using coiled tubing equipped
with three-core cable; reduce failure risk while
logging in open holes of 92—83 mm in wells with
low formation pressure; provide connection of
standard logging tools of certain types and Plug &
Perf equipment with three-core cable.

Elements of the cable head (roll-on connector,
cable fixing unit, CT sealing unit, check valve unit,

Kabesem.

C 1ok1agoM «Cucmemuulii
1700X00 K UCNONB306AHUIO
B3/] c uncmpymenmom
MHOZOKPAMHOU aKxmueauuu
00Xx00a ONAMAKCUMANLHOZO
nosesluenun IPPexmuenocmu
pabomst u npoonrenusn cporxa
cayacost THKT» BBICTYIII
Dapxao Xamuoose, MCHEKED
10 PA3BUTHIO ITI0OH6AIBHOTO
6uszHeca BICO Drilling Tools Inc.
TTOBBIIIIEHUE COXKXHOCTH paboT
BJICUET 32 COOOM HEOOXOAUMOCTh
PACHIMPEHUS AKCITYATAITMOHHBIX
OI'PAHUYECHUI. 34 IIOCJICITHUE
JIECSITD JIET KOJTMYECTBO
MIPOBOAVMBIX B Poccum
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cable cores sealing unit, emergency disconnect
unit, logging tool connection module) and
technical characteristics were listed.

Results of the field tests confirmed the
possibility of running logging tools
of 42 mm and 60 mm outer diameter in
the subhorizontal wellbore on a 2-in CT
with a three-core logging cable.

"A systematic approach to using
PDM with a Multiple Activation
Bypass Tool to maximize operational
efficiency and extend CT life'" was
presented by Farbad Kbamidov,

Global Business Development Manager,
BICO Drilling Tools Inc. An increase

in the operations complexity requires
expansion of operational limits. The
number of hydraulic fracturing operations



onepanui ['PI1 BBIPOCIIO NOYTHU B 1BA PA34, B CBA3H C
4eM TPeOyeTCs NOBLITEHHE 3(PHEKTUBHOCTH PAOOT IO

¢ppeseposanuio. CEPBUCHBIE KOMITAHUH OYEHD HYK/IAI0TCS

B MHHOBAIJMOHHBIX TEXHOJIOTUAX PA30yPUBAHUA U
(dpes3epoBanus. PaboThl 1O PPE3EPOBAHUIO ITAPOB, CENIET
U MY(PT B TOPU3OHTATIBHBIX CKBAXKUHAX U CKBAXKHAX

C 6OJIBIIUM OTXO/IOM OT BEPTHUKAJIN BKJIIOYAIOT
3HAYUTEBHOE KOJIMYECTBO OMEPALINH O MAOGIOHUPOBKE
CTBOJI4, YTO BBI3BIBAET U3HOC OOOPYAOBAHUSA U

IPUBOIUT K POCTY HETPOU3BOACTBEHHOI'O BDEMEHH.
HOBBI1 CMCTEMHBIN MTOAXO/T C UCIIOJIb30BAHUEM B3]

o1 BICO Dirilling Tools u ycranoBineHHoro B KHEK
UPKYJIAIIMOHHOI'O NeEpeBOAHNKA PBL® — aBTO3aTBOPHONI
OANIIACHOI CUCTEMBI MHOTOKPATHOM AKTUBAIIUH —

MPU3BAH COKPATUTD BPEMS BBIIIOJIHEHUS JOPOTOCTOSIUX

CITyCKO-TIOJTbEMHBIX ONEPAIIUI, TOBBICUTH
3PHEKTUBHOCTD PA6OT HA KOJITIOOUHTI'E U TPOJIJIUTh
JKM3HB TPYOHI (Coil life).

LlenTpaabHas YaCTh IPE3EHTAIINH ObLIA TOCBAIIEHA
B3 or komnanuu BICO Drilling Tools, nx 0CO6€HHOCTSIM
U IpeuMymecTsam npu padore ¢ THKT. Ogaum
M3 KOMIOHEHTOB B3/l ABJ151€TCSI BBICOKOTOYHBI
NpOPUIMPOBAHHBIN CTATOP C 3nacTromepom Evenwall®
ot komnanuu ¢ Kaechele (I'epmanus). CTaTOpEI
SpiroStar 06eCcreYnBaIOT BEICOKYIO IPOYHOCTD B
PE3YABTATE NIPUMEHEHM S B HUX PE3UHOBBIX YIIJIOTHEHUH
PaBHOMEPHOU TOJIIIUHBL. DTA PEBOTIOITMOHHAA
KOHCTPYKLHSA YIBAUBAET MOITHOCTD TP (PAKTUYECKOM
YCTPaHEHNHU rucTepesnca. Kapoua-sonbppamMmoBoe
MHOKPBITHE 3AMIUIIAET POTOP OT TSXKEJIBIX COJIEBBIX
pactBOpOB. HINUHJENb yCUIIEH PAAUATBHBIMUA
TBEPAOCIIJIABHBIMU OIIOPAMH.

O guobpavuu u npexncoespemenHoM 6b1.xX00e U3
cmpoa HKT pacckazan Xopxe M. Bynze, crapiinii
MEHE/IKED IO pa3pabOoTKE IPOAYKTOB KOMIIAaHUM Tenaris
Coiled Tubes. ITpe3eHTanys cCofepskana YEThIPE pa3aeia:
XAPAKTEPUCTUKU OTKA30B, MATEMATUYECKHUE MOJIE/TN
U CUMYJISILIAY, TA6OPATOPHBIE UCTIBITAHUSA
U BBIBOZBL. PaccMaTprBaeMBbIil MEXAHU3M
oTka30B 'HKT cTa/1 u3BeCTEH B HOCAEJHUE
TPU — NATh JIET. [IONOOHBIE OTKA3BI U ITIOJIOMKH
CJIY4aIOTCs B HUXKHEN TPETHU KOJIOHHEBI B
pE3yaAbTaTe BUOPALIUH BHYTPHUCKBAXKUHHOT'O
WHCTPYMEHTA U BO3HUKAIONIErO 3(pdeKrTa
pesonanca. KoMObnHanysa BBICOKOLIMKIMYHBIX
Y HU3KOIIMKJIMYHBIX HATPY30K IIPHUBOJAUT K
CHHKEHUIO PECYPCA THOKOM TPYOBI.

HavaJbHUK yIIPABIEHUA IPOJAXK ACTIAPTAMEHTA
3aKaH4YUBaHUA CKBAXXUH ¢ MT'PII TK «Pumepa»
Admumpuii Masypery 038y In1 JOKJIA
«Hmnopmosameuwenue KaxK ycmouuueas
cmpamezua pa3zeumusn 3aKaHUUCAHUS
poccuiickux ckeadxcun». I'pynia KOMIIaHU
«PuMepa» akTUBHO passusaeTcs. B 2019-2021
rojjlax B MOJEPHHU3AIINIO MOIHOCTEN OBbLIIO
MHBECTUPOBAHO 1,5 MiipA py6sieil. Beipyuka o
uroraMm 2020 rozga coCTaBua OKoIO 14 Mmipa pyoiier.
KoMIaHus aKTUBHO PACHIUPSET PBIHOK CObITA. B PO
PAa3BEPHYTA HIMPOKAS CETh CECPBUCHBIX 0a3.

bBpliu pecTaBaeHbl TEXHOJOIMY 3aKaHYnBaHuA ['K

«Prmepa» 1 KJII0YEBBIC XAPAKTEPUCTUKU JIOKAJTN30BAHHBIX

pemennit g MI'PIL Ipeanaraiorca MHOIOPa3oBble,

Omutprn Masypelt
Dmitry Mazurets

in Russia has almost doubled in the last ten years,
necessitating more efficient milling operations.
Service companies need innovative drilling and
milling technologies. Operations for milling balls,
seats and sleeves in horizontal and extended-

reach wells involve a significant amount of drifting
operations that result in equipment wear and
increase in non-productive time. BICO Drilling
Tools presented a new systematic approach using
positive displacement motor (PDM) and circulation
sub PBL® with multiple activation automatic bypass
system installed in the BHA. This system is designed
to reduce the time required to perform costly
operations, increase operational efficiency and
extend coiled tubing life.

The middle part of the presentation was
dedicated to the features and advantages of BICO
Drilling Tools' PDMs used with coiled tubing.

One of the PDM components is a high-precision
profiled stator with Evenwall® elastomer from
Kaechele (Germany). SpiroStar stators offer high
durability due to uniformly thick rubber seals. This
revolutionary design doubles the power while
virtually eliminating hysteresis. The tungsten
carbide coating protects the rotor from heavy saline
solutions. The spindle is reinforced with radial
hard-alloy bearings.

The reporter showed a number of case studies
of the use of DSI PBL Multiple Activation Bypass
Systems and the operational data from well clean-
out operations using this system.

Jorge M. Bunge, Senior Product Development
Manager, Tenaris Coiled Tubes, spoke about
coiled tubing vibration and premature
Jailure. The presentation was divided into four
sections: failure characteristics, mathematical
models and simulations, laboratory tests and
conclusions. Coiled tubing
failure mechanism under
consideration has become
known in the last three to
five years. Similar failures
and breakdowns occur in
the lower third of the string
as a result of vibration of
the downhole tool and the
resulting resonance effect.
The combination of high-
cycle and low-cycle loads
results in reduced coiled
tubing life.

Dmitry Mazurets — Head
of Sales Department, MSHF
Completion Department,
Rimera Group of Companies
— presented a report on

"Import substitution as a sustainable strategy
Jor the development of injection of Russian
wells". Rimera Group is growing rapidly. 1.5 billion
were invested in upgrading the operational capacity
from 2019 to 2021. Revenue by the end of 2020 was
about 14 billion rubles. The company is actively }

PROSPECTS
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[TEPCITEKTHBDI

aJJAITTUBHBIE, C BBICOKO! CTEIICHBIO
HAJIC’KHOCTH U IIPAKTUYHOCTH
IIPUMCHCHUWA B pOCCHﬁCKHX YCIIOBUAX
TEXHOJIOTMHU. B TOoKI1a/1€ 6bLI JaH
0630p psi/ia MIAPOBBIX TEXHOJOTUN U
060PYJOBAHUS JIJISI UX OCYIIECTBIICHUSL
OXapaKTEPHU3OBAHDI C/IBHKHBIE
CHCTEMBI aKTUBAUK MyDT I'PIT C
MOMOIIBIO MHCTPpyMeHTa Ha HKT nu6o
I'HKT, CUCTEMBI CEJIEKTUBHBIX ITAKEPOB
¢ I'TITL, ruapasnudeckue Mmy@Tol I'PI,
PacTBOPUMBIC CUCTCMBI.

Omxpoimue Ho8020
npouzeoocmea ' HKT na 1oze
Poccuu, ezo neppcnexmusoLu
HO6ble PbinKy ObLIN IPE3EHTOBAHBI
B JIOK1aJic Braoumupa Pyonesa,
reHepanabHOro JupekTopa OO0 «Crap TrIO6UHT».

Bnagumnp PyoHes
Vladimir Rudnev

expanding distribution markets. An
extensive network of service bases has
been set up in Russia.

The report covered Rimera's
completion technologies and the
key features of localized solutions
for multistage fracturing — reusable,
adaptive and highly-reliable
technologies that can be applied
in Russia. An overview of ball
technologies and equipment was
presented. The report also described
the systems for activation of sliding
sleeves using shifting tools on tubing
or coiled tubing, selective packer
systems with a sand-jet perforation
option, hydraulic toe sleeves and
soluble systems.

KpynHbI# MTHBECTULIMOHHBIA IIPOEKT 110 CTPOUTENLCTBY
npousBoacTsa 'HKT 6bu1 peanin3oBaH HA TEPPUTOPUH
CTaBpPONOIBCKOIO UHYCTPHUAIBHOIO MAPKa «MacTtep».
TOpKECTBEHHOE OTKPBITUE KOMITAHUHU «CTap ThIOOUHI»
COCTOANIOCH 3 OKTAOPA 2021 roga. KOMIIIEKC TPyOHOTO
NpOou3BOACTBA «CTap ThIOOUHI» ITO3BOJIAET BBIITYCKATh
BBICOKOTEXHOJIOTMYHYIO ITPOAYKIIHIO, ITOJTHOLIEHHO
3ameHsaonyo FTHKT UMIIOpTHOTO TPOU3BOACTBA.
Joctynnueirt coptuMmenT 'HKT — ot 25,4 MM 10 73 MM.
Hcnonbayercs cranb A606 grade CT 70 — CN110 KOMITAaHHH
ArcelorMittal (PpanHuys). B nepcnekTuBe NIaHUPYETCA
HCIIOJIb30BAHUE CTAJIU OTEYECTBEHHBIX TPOU3BOAUTEIEL.
BeIrojHOE reorpapudecKoe NoNM0KEHUE IPEJOIPEAEIAET
Jut «Crap ThIOOMHI» XOPOIINE JIOTUCTUYECKHE

The opening of a new CT production
Jacility in the Soutb of Russia, its prospects
and new markets were presented in a report
by Vladimir Rudnev, General Director of Star
Tubing LLC. A large investment project for the
construction of a coiled tubing production facility
was implemented on the territory of the Stavropol
industrial park "Master". The grand opening of Star
Tubing took place on October 3, 2021. The Star
Tubing CT production complex makes it possible to
manufacture high-tech products that fully replace
imported coiled tubing. Available assortment of
coiled tubing ranges from 25.4 mm to 73 mm. Used
steel is AGOG grade CT 70 — CN110 by ArclorMittal

BO3MOXHOCTH. (France). In the future, it is planned to use steel
from domestic producers. The favorable geographic
Jpa mudppoBudanuu location provides Star Tube with good logistic

Kamuas 3axupoes, 11pe/icejaTenb COBETA JUPEKTOPOB
Hudposoit nnatdopmel DKO, BLICTYIHII C JOKIAI0M
dlugpposoe oypenue. Texnonozuu 6yoyusezo
cez200na». ITnardopma DKO — 3TO IPOrpaMMHO-
AMNIMapaTHOE PEUIEHUE, KOTOPOE COCTOUT U3 YETBIPEX
4aCTeN: NUII03 (IIPOMBIIICHHBIN KOMIIBIOTED),
COOUPAIONIHNI TAHHBIC U3MEPEHUH IATIYNKAMH I'€OJIOTO-
TEXHUYECKUX UCCJIEJOBAHNI, OypPOBOI OpUTa/Ibl U
TEJIEMETPHUH, OOPAOATHIBAIONINI UX U TICPEIAIONTNI HA
O6JIAYHBIN CepBEP; 00MaAKO — DKO-cepBep — MHCTPYMEHT
VIIPABICHUS JAHHBIMHU

opportunities.

The era of digitalization
Kamil Zakirov, Chairman of the Board
of Directors at Digital EKO Platform made a
presentation on "Digital drilling. Technologies
of the future today". The EKO platform is a hard
and software solution that consists of four parts:
a gateway (industrial computer) that collects
measurement data from geological survey, drilling
crew and telemetry sensors, processes
(pPENO3UTOPHH 3HAHUN); YAAJIEHHOE : S and transmits data to the cloud server;
YIPaBIEHNE, OCYIECTBIIAIONIEE / “% Kamilzakiov cloud — ECO server — data management
ONEPATUBHBIN KOHTPOJIb U : = tool (knowledge repository); remote
CYNEPBAN3UHT OyPOBBIX OPUTAJ, management that performs operational
4 TAKJKE UI'PAIoLIee POJIb control and supervising of drilling crews,
KOOPAWHAITMOHHOT'O LIEHTPA, that also functions as a coordination
YAAJIEHHBINI MOHUTOPHHT, center; remote monitoring that tracks
OTCJIEKUBAIONUI IPOEKTHI projects and compliance with accepted
U COOTBETCTBHUE IPUHSATBIM quality standards. The system requires
CTAH/IAPTAM KadecTBa. Cucrema almost no additional hardware, services,
MPAKTUYECKU HE IPEJIIOIATACT etc. Only industrial computer (gateway)
JIOTIOJTHUTEJIBHOT'O «KEJIe3a», is installed on site. Cloud can be a
JIOTIOJTHUTEIBHBIX CEPBHUCOB U T. I1. commercial one (Yandex, Mail.ru) or
Ha 06'bEKT CTABUTCS TOJBKO internal client server. Remote drilling
MPOMBIIUIEHHBIA KOMITBIOTED management center is used for remote
(1uTI03). B Ka4ecTBE O6IaKA MOXKET control.
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BBICTYTIATh KA4K KOMMEPUYECKOE OOIAKO («IHAEKC», Mail.
ru), TAK ¥ BHyTPEHHUN CEPBEP KJIMEHTA. YIAJIEHHOE
IT0JIB30BAHUE — ITO YAAJICHHBIN [IEHTP YIIPABJICHUS

The heart of the EKO system is a dynamic digital
well twin. This is a physic-mathematical simulation
that calculates the mechanics and hydraulics of the

OypeHueM.

Cepaue cucreMbl ODKO —
JUHAMHYECKUH TUPPOBOH
JIBOMHHK CKBA’KHUHBIL. DTO
(PU3UKO-MATEMATUYECKAS
MO/IEJIb, KOTOPAS
PACCUYUTBIBAET MEXAHUKY
U TUJIPABJIMKY CKBA>KHHBI,
YUUTBIBAS BCE TEKYIIINE
nponeccol. Ludposoit
JBOMHUK KAJTUOPYETCA
O/ TEKYIIEE COCTOSTHUE
CKBa’KMHBI, OCHOBBIBAsICh HA
MOKA3aHUAX JATYUKOB HA
MOBEPXHOCTH.

Kamnip 3aKnpoB pacckasan
O TOM, KaK U(PpoBa

well, considering all current processes. The digital

Cepaue cuctemnbl KO -

AVHaMUYeCKU uygpoBomn

JABOVHUK CKBaXWHbI. ITO
dbU3nKo-MaTemMaTmyeckasn
MOAENb, KOTopas
PaccYNTbIBAET MEXAHUKY
N rMAPaBNMKY CKBaXMHbI,
YyUYMTbIBasA BCE TEKyLLME
npoLeccol.

The heart of the EKO
system is a dynamic digital
well twin. This is a physic-
mathematical simulation

twin is calibrated to the current state of the
well, based on sensor readings at the surface.
Kamil Zakirov described how the digital
EKO platform is used in drilling and how
it can be used in coiled tubing drilling. The
algorithm of actions in case of violations
and the principles of drilling efficiency
management were also described. Another
advantage of the system are automatically
generated reports and summaries. Data
are generated by the program without the
possibility of adding comments and remarks.
The system is also capable of analyzing drilling
tools fatigue and defining and reevaluating
the drilling roadmap.
The EKO system is already applied in a

PROSPECTS

watdopma OKO npuMeHaeTcs

B OYPEHNU U KAK OHA MOXKET that calculates the

OBITb UCTIOJIb30BAHA B OYyPEHNH mechanics and hyd rz_aulics
of the well, considering all

Ha KOJITIOOMHTE. BblJI NOKA3aH
AITOPUTM AEHUCTBUM IIPU
HAPYIEHUAX, PACCKA3aHO
O IPUHIIUIAX YIIPABJIECHUSA
3(pPEKTUBHOCTBIO 6ypeHus. Eie 0THO MPEUMYIIECTBO
CHCTEMBI — ABTOMATUYECKH FT€HEPUPYEMBIE OTUYETHI
Y CBOJIKMU. JJaHHBIE TEHEPUPYIOTCS IPOTPAMMHO, 6€3
BO3MOKHOCTH JJOOABJIIEHUA KOMMEHTAPHUEB U PEMAPOK.
Cucrema TakKe ClIOCOOHA AHAJIM3UPOBATD YCTATOCTHBIN
HU3HOC OYPOBOI'O UHCTPYMEHTA, OIIPEJAENIATD U
MEPEOLIEHUBATD JOPOXHYIO KAPTY Oy PEHMUSL

Cucrema DKO yrxe 33/1cICTBOBAHA B PSJIE CTPAH.
Ha ssuBapp 2022 roja 3aIVIaHUPOBAH €€ TECT
B KOMIaHUU Saudi Aramco Ha IISITH 6y POBBIX
CcTaHKaX. Takxe oHa OyJIeT IPEAYCTAHABINBATCS
B KOJITIOOMHTOBBIE YCTAHOBKH, IPOU3BOAHMBIE B
P® u nnpeiHa3HAYEHHBIE JJ151 KOITIOOMHI'OBOI'O
OypeHusL.

JIOKJIa/l ITTAaBHOT'O CIIELMAJIMCTA OTAEIIA
Pa3pabOTKU IIPOEKTOB reOMeXaHUKU U I'PIT
OOO «PH-bamtHUITNHeDTH> HPpunbL
2Kenmoeoii 6b11 TIOCBAIICH pa3padbomxe u
6HeOPeHUIO OMmeuecmeéeHnozo nPozZPammnozo
obecneuenus ONAMO0CAUPOSAHUA U
anaau3a onepauuii c 2uOKUMU HACOCHO-
Komnpeccoproimu mpyoamu. LleHTpaTbHAS
TEMA BBICTYIIJIEHUS — Pa3pabOTKa U BHEJPEHHE
oredecTBeHHOro cumynaropa 'HKT. B <Pocued >
exeronHo aenaercs 3000+ onepanuii ¢ THKT,
IIPU 3TOM JIJIsI MOJICJTMPOBAHUS, IIPOEKTUPOBAHUS
U1 O6PABGOTKHU IAHHBIX JJO HE/ITABHET'O BPEMEHU
UCIIOJIb30BAJIOCh UCKIIOYUTENLHO 3apyoexxHoe I1O. Bee
MPOMBIIUIEHHBIE CUMYIATOPBI THKT TpebyioT permenus
KOMIIJIEKCA (DU3UKO-MATEMATHUYECKUX 3a/1a4. Takon
CUMYJIATOP BKJIIOYAET MOJIECJIU TIO PACYETAM HAI'PY30K,
MHOT'O(MA3HON T'MIPABIMKU U YCTAJIOCTHOI'O U3HOCA,
KaK/Jas1 U3 KOTOPBIX COAEPKUT IOJMOJIEIH.
B cumMynsaTope npeayCMOTPEHBI TAKXKE JOTIOTHUTEIbHEIE
(PYHKIIMOHATBHBIE OJIOKH.

current processes.

VprHa Xenosa
Irina Zheltova
!

number of countries. It is scheduled to be
tested in Saudi Aramco on five drilling rigs in
January 2022. It will also be pre-installed in
coiled tubing drilling units manufactured in
Russia.

The report of Irina Zbeltova, Chief
Specialist of Geomechanics and Hydraulic
Fracturing Projects Development Department,
RN-BashNIPIneft LLC, was devoted to
development and implementation of domestic
software for modeling and analysis of
operations with coiled tubing. The central
topic of the presentation was the development and
implementation of a domestic CT simulator. Rosneft
performs 3,000+ CT operations annually, while
until recently only foreign
software was used for
modeling, design and data
processing. All industrial
CT simulators require
solving a complex of
physical and mathematical
problems. This simulator
includes models for load
analysis, multiphase
hydraulics, and fatigue,
each of which contains
submodels. The simulator
also provides additional
functional blocks.

The set of models that
are calculated in the
created CT simulator was
considered in detail. At
present, the domestic simulator "RN-VEKTOR" is
being introduced in the company "RN-GRP". This
CT simulator has successfully passed testing to
compare the results of calculations with the best
simulators-analogues, and in the part of hydraulics
of gas-liquid flows, more advanced calculation
models have been implemented.

The model of collection, processing and }
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BbL1 TOJIPOGHO PACCMOTPEH
Ha60p MOJIETIEH, KOTOPBIE
PACCUUTBIBAIOTCS B CO3/JAHHOM
cumynarope 'HKT.

B Hacrosmee BpeMsa UJET
BHE/IPEHNE OTEUYECTBEHHOT'O
cumynaTopa «PH-BEKTOP» B
koMmnanuu «PH-I'PIT». [lanHBIT
cumynarop THKT ycnemno
POIIE TECTUPOBAHUE HA
CONIOCTABJIEHUE PE3YIBTATOB
PacCyY€eTOB C JIY4IINMHU
CHUMYIATOPAMU-AHAJIOTAMH,
4 B YaCTH TUAPABIUKHA
ra30KUJKOCTHBIX TEYEHU
pP€Eann30BaHkbI boJiee
NPOJBUHYTBIE MOJEN
pacyeTos.

Mopenb c60pa, 06pabOTKH U BU3YAJIN3AIIUH JAHHBIX
craHumu ynpasnenus «<PH-BU30P> npoxoaur
BHE/IPEHME CHJIAMU BHYTPEHHETO cepBUca «PocHeEDTH>
no I'PITu THKT. ITposegeno 1500+ 3anucer JaHHBIX 110
KOHKPETHBIM PaOOTaM.

C noxnagom «ugbposesie pewenusn ona I'PIT»
BeICTYIUI Makcum Padeed, HadabHUK LITP
OO0 <«TarpaC-PemCepBHUC».

Oo6opynosanue gy I'PIT aBnasercs Haubosee
BBICOKOTEXHOJIOTUYHBIM KOMIIJIEKCOM U3 IIPHUMEHSAEMBIX
Ha 00beKTax. MHdopManus o pabore 060pyLOBAHU S
PETUCTPUPYETCA MHOXKECTBOM JJATYUKOB M OTPAKAETCSA
B CUCTEMAX c60pa JaHHBIX. C HEIbI0 MUHUMU3AITUN
PHCKOB IOJIOMOK O60PYIOBAHMA IIPOBOJAATCA
n1aHoOBbIE TO U 3aMEHBI y3JI0B U JIETAJIEH, B TOM YHUCIIE
LEHTPOOEKHBIX HACOCOB CMECUTEJIBHOM YCTAHOBKH. Ha
KaK/IbIF y3€J1 yCTAHOBJIEHBI ONIPE/IE/IEHHBIE IOKA3ATEN
HApaOOTKH, TAK JJIs1 LEHTPOOEKHOI'O HACOCA JJ151 3AMEHBI
YCTAaHOBJIEHA HApa6oTKa 900 TOHH nponnanTa. Ho
YCIOBHA KCIUTYATALIUU OBIBAIOT PA3HBIE, U 3a9ACTYIO
IIPU NPOBEAECHUH IIJIAaHOBOI'O TO pecypc 060pyAOBAHM S
IIO3BOJISIET €IIIE IIPOJOJIKUTH PA6OTY UK, HA060POT,
060PYJOBAHUE BBIXOAUT U3 CTPOS IPEXKAEBPEMEHHO.

Bruia pa3zpadoraHa nu@poBast MOJIEIb IPOI'HO34,

KOI'ZJa Hy’>KHO OCYHIECTBJIATD 3aMEHY LIEHTPOOEKHOIO
Hacoca. [IporpaMmMHOe o6ecriedyeHe PETUCTPUPYET

535 napamMeTpoB, KOTOPBIE 661K BHECEHBI B ClickHouse.
JanHas TabI111a TO3BOIMIIA UCKJIIOYUTh HEHYKHBIE
MMapaMeTPHI U BBISIBUTD JIABICHHE TUPABINKH U OOOPOTHI
BpAIEHUS JJ151 IIEHTPOOEKHOT'O HACOCA B 3aBUCHMOCTH OT
JIaBJICHUS ITIOJTIOPA, 4 TAKXKE BBIABUTH PA60OTOCIIOCOOHOCTD
KIT[I 11eHTpO6EKHOTO HACOCA.

IIpy yBeIMYeHNM HATPY3KU I'UAPABIMYECKON CUCTEMBbI
Ha FU/IPOMOTOP U O60POTOB BPAIIECHUS 17151 PAOOTHI
LEHTPOHEKHOTIO HACOCA TPOTPaMMa CUTHAJIU3HUPYET 06
OTKJIOHEHMU, YTO SIBJISICTCSA CUTHAJIOM JIJISI YIIPEKACHU S
OTKa33, 4 UMEHHO TPEOYETCS 3aMEHA PAO6OUYETO KOIECa UIIN
KOPITyCa IIEHTPOOEKHOI0 Hacoca. [TonyyeHHbIe JAHHBIE
B OHJIAIH-PEXXHUME OTCICKUBACT MEXAHUYECKAS CIIYKOA.
[Tocne nposeaenusa OITP € HONOXUTENBLHBIM PE3YILTATOM
3aMEHA LIECHTPOOEKHOT'O KOJIECA OCYIIECTBIISIETCS HE
110 HapaboTKe, a 110 KIT/] rugspOCuCcTEMBL. AHAJIOTUYHAS
CHCTEMA MOXET IPUMEHSTHCS U 711 HACOCOB O/IA4U
SKHUJKOU XUMUH.

Makcnum O
Maksim Fad
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visualization of data from the RN-VIZOR
control station is being implemented by

the internal service of Rosneft for hydraulic
fracturing and coiled tubing. Conducted 1500+
job-specific data records.

Maksim Fadeev, Head of the Technical
Development Center, TagraS-RemService LLC,
delivered the report "Digital Solutions for
Hydraulic Fracturing".

Fracturing equipment is the most high-
tech equipment used for well interventions.
Data on equipment operation is recorded by
alarge 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.

A numerical model has been developed to predict
when a centrifugal pump needs to be replaced. The
software records 535 parameters that have been
entered into ClickHouse. This table allowed to
exclude unnecessary parameters and identify the
pump efficiency, the hydraulic pressure and RPM
values based on back pressure.

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 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. Another area for automation
is materials accounting. 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. A
write-off statement is also automatically generated.
Responsible persons can track material balance
deviations online.

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. Management decisions in cases of deviations
are applied more quickly, time for analytics is
reduced.



CIleyIOmuM 3TAaIIOM
U(PPOBBIX PELICHUI CTAJIA
4ABTOMATHU3AIIHS pAOOYEro
mecra macrepa I'PITu
BCIIOMOTATENBHBIX CIIYKO. Eme
OJJHA I'PYIIIIA — YUYET MATEPUAOB.
Jusarin I'PI1 3arpyskaercs B
1C aHATUTHUYECKOI CITYKOOM.

B nusarine yxxe ykasaHbl
HEOOXOAUMBIE IIJIAHOBBIC
JIAaHHBIE 10 PACXOy XUMUH
Cy4eToM 3amaca. Taxkxe
ABTOMATHUYECKU (POPMUPYETCA
BEOMOCTD Ha CIIUCAHUE.
OTBETCTBEHHDIE JINLIA MOI'YT B
OHJIANH-PEXHME OTCIEXKUBATD
OTKJIOHEHM S TIO MATEPHUAIBHOMY
OanaHcy.

B nporpamme UMeETCs ANTOPUTM IJIAHUPOBAHUS PAOOT,
4 IMEHHO MeCA4YHasA 3arpy3Ka (potos I'PI1, 4TO NO3BOIAET
YoKE HA 3TAIE INTAHUPOBAHUA BUAETh TOTPEOGHOCTD B
XHMHH, BOOOPYAOBAHUH U KaKas OYAET BBIPAOOTKA
MEPCOHAJIA IO YACAM.

B pesynbraTe NCOMb30BAHUA IIPOrPAMMEBI ObLIA
MOBBIIIEHA CKOPOCTb O6PA0OTKH
UH(OPMALIUH 10 3aTPATAM U
BBINIOJTHEHHBIM ONEPALNAM, CHUKEHDI
TPYAO3aTPATHI HA BBOJ NUH(POPMALTUH.
Bonee oneparuBHO NPHUMEHAIOTCA
YIPaBIEHYECKUE PEMIEHU IIPH
OTKJIOHEHUAX, COKPATUIIOCh BDEMS HA
NPOBEAECHUE AHATTUTUKH.

B HacTosmiee Bpemsa nporpaMma
COBEPIIEHCTBYETCSA B HAIIPABJIECHUN
pacmupeHusa QyHKITAL:
pa3padaTeIBAETCA MOAYIID YAAJIEHHOMN
PabOoTEI HA CKBAKHHE B YCIIOBUAX
OTCYTCTBUSA MHTEPHETA, 3AIJIAHUPOBAHO
aBTOMaTHU4ecKoe crimcanue 'CM ot
JAaTYUKOB PACXO/A TOILIUBA.

Cepren ATpyLUKeBUY
Sergei Atrushkevich

Cucrema gMarHoCTUKuM
COCTOSIHMSA K1larnaHoB
HB[ npeaHa3HayeHa gns
OLIEHKW TEXHNYECKOIO
COCTOAHUA KlarnaHHoW
napbl HB/ c uensto
npenoTBpaLLeHns ee
aBapUMNHOro pa3pyLueHus
N CHUXXEHMS 3aTpaT Ha
3KCnayaTaumio.

Diagnostic system for
high-pressure pump

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.

SergeiAtrusbkevich, Chief Designer
for well intervention equipment at FID
Group, presented technical methods for
conirolling the state of the coiled tubing
and fracturing equipment. The report
addressed two topics: coiled tubing testing
equipment (flaw detector, which has long
been in use and is constantly being improved)
and an innovative diagnostic system for high-
pressure pump valves, which is at the final
stage of development.

CT flaw detector DT2 is designed for
evaluation of technical condition of coiled tubing
of four sizes (1.25 in, 1.5 in, 1.75 in, 2 in), flaw
detection and assessment and measuring geometric
parameters. The speaker listed the main technical
characteristics of the DT2 and design features.
Tailor-made software which is constantly being
improved provides for recording and displaying the
received data. Further actions of the
flaw detector designers will be aimed
at finalizing the hardware in terms of
analytics automation.

Diagnostic system for high-
pressure pump valves is designed
for evaluation of valves condition in
order to prevent failures and reduce
costs for pump operation. High-
pressure pumps require periodic
valve replacement. Currently such
replacement is performed as a
preventative maintenance rather
than upon failure. The analysis
showed that usually the valves have
60—65% wear. Consequently, the

O mexnuuecxkux cpeocmeax
KOHMPOAA COCMOAHUA

MexXHON02UUeCK020 000PY008anUA

THKT u I'PIT pacckasas IJIaBHBIHN

valves is designed for
evaluation of valves
condition in order to
prevent failures and

valves service life can be extended.
Using a system for monitoring and
predicting the valve couple condition
can extend the service life by up to 85

KOHCTPYKTOP BHYTPHUCKBAKMHHOI'O
ob6opynosanus I'pyrner G
Cepzeti Ampywkesuu. B 1oxnane
YETKO IIPOCIJIEKHUBAIUCH JIBE TEMBL:
ob6opynosanue wia rectuposanusa 'HKT (nedexrockor,
KOTOPBIH [JABHO YK€ UCTIOIb3YETCA U IIOCTOAHHO
COBEPIIEHCTBYETCA) U MHHOBAIIMOHHAA CUCTEMA
JAUATHOCTHUKU COCTOSAHMA KJIAIIAHOB HACOCOB BEICOKOT'O
JasieHus (HB/I), KoTopast HAXOAWUTCs Ha 3aBEPIIAIONIeH
CTAaA1H Pa3padoOTKHU.

Hedexrockon THKT AT2 npegHa3HAuEeH JJ1s1 OLICHKU
TEXHUYECKOTIo cOCTOSIHUS 'HKT ueThIpex TUIIOPA3MEPOB
(31,75 MM, 38,1 mm, 44,45 MM, 50,8 MM), BBISIBJICHUS U
OIIEHKH JIe(DEKTOB U U3MEPEHUS T€OMETPUUECKUX
apaMeTPOB. BBl IEPEUUCTIEHBI OCHOBHBIC
TEXHUYECKUE XaPaKTepUCTUKHU T2, mpeacTaBieHo
€ro yCTPOHCTBO M KOHCTPYKTUBHBIE OCOOEHHOCTH.
CrnennasibHO paspadoraHHoe 10, KOTOPOE NOCTOSTHHO }

operation.

reduce costs for pump

to 90%. In addition, the system will
be able to signal an emergency valve
failure. The system is monitored by
cavitation and leakage parameters
based on the readings from sensors for measuring
pressure, vibration, crankshaft rotation speed, and
plunger position. Sergei Atrushkevich described in
detail each type of sensors and presented the data
analysis procedure.

Equipment diagnostic allows to monitor the
equipment wear, thus optimizing the service life
and preventing emergencies during operation.

Amndrey Glyatsevich, Chief Designer of NOV
FIDMASH, made a presentation on "Automation
and the Human Factor". Studies show that
70-80% of incidents in different areas are somehow

related to human error, which creates the need to }

minimize the influence of the human factor. In
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COBEPUIECHCTBYETCSL, 0OECIIEYNBAECT 3AIIUCh 1
OTOOPAKEHHNE TTOTYYEHHON HH(POPMALIUU.

JanpHedmue 1ecTBUS co3aaTencii 1epeKTOCKOIa
OyAyT HAIIPABJICHBI HA IOPA0OTKY AMIIAPaTHOMH
4aCTU OOOPYAOBAHUS B IIJIAHE ABTOMATU3ALIUHU

AHAJTIUTHUKH.

CucremMa JUarHOCTUKU COCTOSHUS KJIAIIaHOB
HB/I npegHazHaveHa Jj1s OLEHKH TEXHUYECKOTO

COCTOSAHMS KJIaITaHHOM ntapsl HB/I ¢ 1iesbio

IIPEOTBPAINEHHUS €€ ABAPUITHOT'O PA3PYIICHUS

U CHVMDKEHMA 3aTPAT Ha 3KCIuryaTanuio. HBJT

TPEGYIOT IIEPUONUECKONM 3AMEHBI KITATIAHOB, HO
B HACTOSIITIEE BPEMSI TAKAsI 3AMEHA ITPOUBBOJIUTCS

HE I10 BBIXOAY U3 CTPOS, 4 B TAK HA3BIBAEMOM
IUIAHOBO-NIPEAYIIPEJUTEIBHOM MTOPAIKE.

AHanus TIOKA3aJI, YTO IIPH 9TOM KJIAITAHbI UMCIOT

B OCHOBHOM H3HOC 60—65%. CJIeTOBATETHHO,

CYIIECTBYET BOBMOKXHOCTbD IIPOJIJIEHUS BDEMEHH UX
CITy>K66L. CHUCTEMA KOHTPOJIS Y IIPOTHO3UPOBAHUS

COCTOSTHUS KJIAIMTAHHOM Naphbl CIIOCOGHA

06€CIIEYUTh BO3MOXKHOCTb ITPOJIJICHUS CDOKOB €€
IKCITyaTANU 10 85-90%. Kpome Toro, cucrema

CMOXCT CUTHAJTNU3VUPOBATH O BHCIVIAHOBOM

ABAPUUHOM pPa3pPylI€eHNH KJIaITaHOB. KOHTPOJIb

B CUCTEMC OCYHUICCTBJIACTCA 1O ITApAMETPaAM

KABUTAITNH U YTCYKU HA OCHOBAHUU MOKA3aHUM

KOMILJIEKTA JATYUKOB JIABJICHU S, BUOPAIIUY,
CKOPOCTH BPAIIEHUSI KOJICHYATOI'O BAJI4,

MOJIOKEHUSA ILTYHXKEPOB. Ceprert ATpyIIKEBHUY

OAPOOHO OCTAHOBUJICS HA KAXK/JJOM TUIIE

JATYHKOB M IIPEJCTABUII IIPOLEAYPY AHAIN32

JIAHHBIX.

Jrarnoctuka 060pyAOBAHUA B IIPOLIECCE
IKCILTYaTALIH IO3BOIAET OTCIIEKUBATD
JAUHAMMKY €TO U3HOCA U TEM CAMBIM
ONTUMH3HUPOBATH CPOKU UCTIOIB30BAHUA U
MIPEOTBPAIATD ABAPUIHBIC CUTYAITUH [TPH
POBEICHUU PAOOT.

I'maBHBII KOHCTPYKTOP NOV FIDMASH

Anopeii Inayeeuy O3ByINI IOKIA] «AGmomamusauus
u uenoeeueckuti paxmop». ViccnenoBaHUs IOKA3BIBAIOT,

410 70—80% MHIIMJIEHTOB B PA3HBIX
006JIACTAX TAK UJIM UHAYE CBI3aHbI C
4EJI0BEYECKOM OMINOKON, 4TO (popMUpyET
HEOOXOAMMOCTb MUHHUMU3AIIUU BIHUSHUS
4eJI0BEYECKOTro (pakropa. B mocnegnue
HECKOJIBKO JIET CTAJIO IIOHSTHO, YTO 34
4EJI0BEYECKOM OMINOKON, KAK IIPABUIIO,
CTOUT 60JIEE ITTYOOKAsI CUCTEMHAS
npo6sieMa. bpl1o JAHO OIIpee/ICHHUE
CJIOKHOM CUCTEMBI U ITIOSICHEHO, [I0YEMY
OH4 BBIXOJUT U3 CTPOs1, 4 TAKXKE CIIOCOOHA
JIM AaBTOMATH3a1HM s IIPOLIECCOB N30ABUTH
OT BJIMSIHU S YEJIOBEYECKOT'O (PaKTOpA.
BrisiesieHb! (PYHAAMEHTATBHBIE TPOOIEMBI
ABTOMATHU3a1IMU NTPpOo1eccoB. COOOIIECHO,
K4KME YPOBHU aBTOMATHU3AI[UH IPUHATHI
B Kopriopauuu NOV, IpuBeJEHbI
KOHKPETHBIE IPUMEPBI AaBTOMATHU3AI[UH
060pyAOBaHUA TPONU3BOICTBA NOV
FIDMASH (KOITIOOMHTOBBIX, HACOCHBIX,
430THBIX YCTAHOBOK), OX4PAKTEPU30BAHA }
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AHzpen Mauesny
Andrey Glyatsevich

Anmac OpblIHranves
Almas Oryngaliev

the past few years, it has
become clear that there is
usually a deeper systemic
problem behind human
error. The definition of a
complex system was given
and it was explained why it
fails, as well as whether the
automation of processes

is able to get rid of the
influence of the human
factor. The fundamental
problems of process
automation are highlighted.
It was reported what levels
of automation are accepted
in the NOV corporation,

specific examples of automation of equipment
manufactured by NOV FIDMASH (coiled tubing,

pumping, nitrogen plants)
are given, the control
system of the facilities

is characterized. The
philosophy of management
systems of the FIDMASH
brand is presented.

Almas Oryngaliev,
head of the training
department of FrakJet-
Volga LLC, highlighted the
application of a coiled
tubing unit simulator
Jor training drillers
in orderto reduce the
accident rate of work
on wells. The full-size
and functional simulator
simulating the operator's

console of the MK30T coiled tubing unit is a

TpeHaxkep npegHa3Ha4vyeH
ANS NPaKTN4eCcKoro
00y4eHus paboTe Ha

KONTIOOMHIOBOM YCTaHOBKE

C MOJENMPOBaHNEM
npoLecca cnycka B
peasibHylo CKBaXXUHY
C OMNUMOHAaNbHO
nporpamMmmMmpyemMbiMm
yCJIOBUSIMM.

The simulator is intended
for practical training in
coiled tubing operation
with simulation of the
process of running into a
real well with optionally
programmable conditions.

unique development. The simulator is intended
for practical training in coiled tubing operation

with simulation of the process
of running into a real well

with optionally programmable
conditions (oil or gas well,
plugged or with wellhead
pressure), with simultaneous
control of pumping and
nitrogen units. A detailed
description of the simulator
and its interfaces was given, the
modeled emergency situations
were listed, and the main stages
of exercises for students were
described.

His Majesty Frac
Kirill Mironenko, head of
hydraulic fracturing laboratory

BelNIPIneft, shared his
experience in multistage
bigh-rate bydraulic }
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CHCTEMA YIIPABJIEHUS YCTAHOBOK. IIpeicTaBneHa
punocodus CuCTeM yrpasiIeHUs OpeHa
FIDMASH.

IIpumenenue mpenasicepa
KOMIOOUNHZ0B801 YCMAHOBKU 0151
10020MOBKU OYPUNBULUKOG C UeEbIO
CHUMICeHUA asaPuiinocmu padbom na
CK8aNCUHAX OCBETUJI PyKOBOJUTED
yue6HOro otaenaa OO0 «Dpak/xeT-Boara»
Anmac Opvinzanues. [I0THOPA3ZMEPHBIN U
(PYHKIIMOHAJIBHBIA TPEHAXKED, UMUTHPYIOIIUL
MOYJIBT OEPATOPA KOITIOOUMHI'OBOI YCTAHOBKU
MK30T, sBsi€eTCS YHUKAIBHOU pa3pabOTKOM.
TpeHaxxep NpPeJHA3HAYEH /I IPAKTUYECKOTO
06y4deHUs paboTe HA KOITIOOMHTOBOM
YCTAaHOBKE C MOZETUPOBAHHUEM IIPOLIECCA
CITyCK4 B PEATIBHYIO CKBAKHHY C
OINIIMOHAJIBHO IIPOTPAMMHUPYEMbBIMU
YCIOBUAMU (HEPTAHAA CKBAKUHA WIH
Ta30Bas, 3a17TyIICHHAA NI C YCTbCBBIM
JIABJIEHUEM), C OJHOBPEMEHHDBIM
YIIPABJICHUCM HACOCHBIM 1 430THBIM
arperaraMmu. beluna gana nogpooHas
XAPAKTEPUCTUKA TPEHAXKEPA U
€ro UHTEP(GENCOB, IEPEUYNCICHBI
MOACTNPYEMBIC HCHITATHDBIC CUTYAITNH,
PAaCCKa3aHO OO OCHOBHBIX 3TAIaX
YIPaKHEHUN JIIs1 OOy 9aIOMIUXCAL.

Ero Bexnuecrso I'PII

Onostmom npoeeoenus
MHO20CMAOUTHO20
8bicoKOoPpacxoonozo I'PIT no
mexnoaozuu Plug & Perfua

KapOoOHamHbLX KOANEKMOPax HempPaouyuoHHozo
muna niogenica Kupuan Muponenxo, 3aBeyomnun

naboparopueit I'PIT «benHUTTMHEDTH>. [JOKIATINK
JJI XaPAKTEPUCTUKY TPYAHOUSBIEKAEMBIM 3AI1ACAM
[Mpunsgrckoro nporutda (Pecniybnuka benapyce). K
HETPAJUITUOHHBIM KOJUIEKTOPAM 3/1ECh OTHOCSTCS

Knpwvnn MupoHeHko

Kirill Mironenko

MnaHnpyeTca yBenninTb
pacxog HarHeTaHus

00 18-20 M3/MUH ¢
NMOMOLLIbIO HOBOIrO
BblCOKOpacxogHoro gnota
['PI1, 3akynneHHoroy
Mpynnel PN,

It is planned to increase
the injection rate to
18-20 m*/min using a
new high-flow hydraulic
fracturing fleet purchased
from the FID Group.

KapOOHATHBIE OTIIOKEHUS C BBICOKOH ITIMHUCTOCTBIO (JIO

40%) u KpaifHe HU3KOW NPOHUIIAEMOCTBIO

(0,1-0,0001 mT). Ha HawanbHOM 3Tane B 2013-2018 rogax
Ha ITOTOKE CTOs1JIa TeEXHOJIOTHA MI'PIT ¢ NCrio/sib30BaHUEM

IIAPOBBIX KOMIIOHOBOK. XOTS IEPBBIH 3TAN BHEAPEHUS

TEeXHONIOIuu MI'PIT MOKHO CUHUTATD YCIICIIHDIM,
OJJHAKO HCIIOJIb30BAHHE TEXHOJIOI MU

Ball & Drop nokazano HU3KYIO 3(p(PEKTUBHOCTD HA
HETPAJULUOHHBIX YJIBTPAHU3KOIIPOHULIAEMBIX
KOJJIEKTOPaX. Ha BTOpOM 3Tarie 66110 PEMEHO
OIPOOOBATH TEXHOJIOI'HIO BLICOKOPACXOIHOIO

I'PIT Plug & Perf. lok1aJuuK HOAPOOHO

PaCCKa3aJ1 O PE3yJIbTATAX IPUMCHCHUSA

3TOMN TEXHOJIOI'MM HA YETHIPEX CKBAXKUHAX 1
NOAEIUJICA IPONU3BOACTBEHHBIMU ¥ HAYYHO-
UCCJIEA0BATEIbCKMMU IUIAaHAMU. B 9acTHOCTH,
IUTAHUPYETCA YBEUYUTD MACCY IPONITAHTA U OObEM
JKMJIKOCTH Ha KJIACTEP, TONPOOOBATH UCIIOIb30BATh
(PPAK-TIECKH, A TAKKE YBEJTUYUTD PACXOZ,
HAar"eTaHus 1o 18-20 M?/MUH C TOMOIBIO HOBOT'O
BBICOKOPACXOAHOrO (p1oTa I'PI1, 3aKyIIJIEHHOTO
I'pynmsr OUL.
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Jracturing using Plug
& Perftechnology
on unconventional
carbonate reservoirs.
The speaker gave a
description of the hard-
to-recover reserves of the
Pripyat Trough (Republic of
Belarus). Unconventional
reservoirs here include
carbonate deposits with
high clay content (up to
40%) and extremely |
ow permeability
(0.1-0.0001 mD). At the
initial stage in 2013-2018
the flow was equipped
with multistage hydraulic fracturing
technology using ball assemblies.
Although the first stage of
introducing multistage hydraulic
fracturing technology can be
considered successful, the use of Ball
& Drop technology has shown low
efficiency in unconventional ultra-
low-permeability reservoirs. At the
second stage, it was decided to test
the Plug & Perf high-flow hydraulic
fracturing technology. The speaker
spoke in detail about the results of
the application of this technology
in four wells and shared production
and research plans. In particular, it
is planned to increase the proppant
mass and fluid volume per cluster, try to use
fraction-sands, and also increase the injection rate
to 18-20 m’/min using a new high-flow hydraulic
fracturing fleet purchased from the FID Group.
Daniyar Argynov, Schlumberger CT Service
Technical Engineer working in Kazakhstan,
reported on the remediation of the leak
through multistage liner with Premium Ports
by setting througb tubing expandable patch
on ACTive CT. The operation was performed in
the Caspian region, the task was to plug the leak
through multistage

HaHnap AprsiHos
Daniyar Argynov

liner with Premium

Ports by setting through
tubing expandable
patch on ACTive CT.
The customer uses
multistage completions
to produce oil from
target pay zones,
effectively perform
acid treatment, and be
able to inject isolation
compositions in
case of gas or water
breakthrough.

The drilling crew was
unable to run the lower



Aanuap Ap2otnoe, TeXHU4eCKHUI UHXEHED
«IImom6eprke» o cepsucy 'HKT, paboraromuii
B Kazaxcrane, 10710X1I 00 ycmpanenuu
HezePpMemuuHOCMU MHOZOCIMAOUIIHOZ0 X60CMOBUKA
C npemuym-nopmamnus C ROMOUbLIO YCMaHO8KU
pacumupaemoii 3anaamxu na ACTive THKT. PaGoThl
OBbLIH IPOBEJEHBI B KACMUIICKOM PETHUOHE U 3AKJIIOYAIUCH
B YCTPAHEHNH HETEPMETUYHOCTH MHOTOCTAJUHHOTIO
XBOCTOBHMKA, OCHAIIEHHOT'O IPEMUYM-TIOPTAMH, C
MOMOMIBIO YCTAHOBKH PACIIUPAEMON 3ATJIATKH HA
ACTive THKT. 3aka34uK IpUMEHSAET
MHOT'OCTA/IMIHOE 3aKAHUYNBAHHUE,
4TOOBI UMETb BO3MOKHOCTD

MHKT cnyckaeTcs Ha

completion assembly to the target depth. The top
swell packer was above the production casing shoe,
which caused fluid to be trapped in the tubing
annulus.

The coiled tubing was run to the bottomhole.
A baseline well temperature profile was obtained
within three hours. Next, the fluid (stabilized
oil) was injected into the annulus between CT
and the tubing with the ongoing temperature
recording. Temperature changes showed that the
cold fluid enters the annulus and
extends up to the 5th pay zone. The
boundary corresponds to the depth

NO6BIBATH HE(PTH U3 EEBbIX Llenesyto rybuHy, roe of the previously identified more
NPOAYKTUBHBIX HHTEPBAJIOB, gelelZiclzloyilZpy@zNor-lepfc (0l Gl permeable interval in the Sth pay
3P HEKTUBHO TPOU3BOAUTH KUCIOTHYIO pacwmpaem Ou 3anjlaTku. interval. The leak path was thereby

CTUMYJIAITHIO, 4 TAKIKE UMCTH OCHOBY

determined and it was confirmed

JUIs1 9P(PEKTUBHOI'O PA3MENICHUS The CTis run to the that the two swell packers above the

M3OJIAIMOHHBIX COCTABOB B CJIyYae target depth, where 5t pay zone 5 do not hold pressure.

[POPBIBA I'A3a UJIN BOJIBL. the expandable patch is In order to achieve the selective
Bo BpeMs CITyCKa KOMITOHOBKH activated. stimulation goal, it was decided to

HIDKHETO 3aKAaHYUBAHUA OYPOBas
OpHraga He CMOIVIA JOBECTH €€ JJO
MPOEKTHOM INTYOUHBL BEpXHUI pa36yXarOmUi ITaKep
OKa3aJICSA BBIIIE 6AMIMAKA 3KCILTyaTAIIMOHHOM KOJIOHHBI,
YTO MPHUBEJIO K 3AMUPAHUIO JKUJKOCTH B 3aT1py6e HKT.

KONTIOOMHT pa3zMeCcTUIN Ha 326011 CKBAKUHBL. BbLI
MOJIy4€H 6A3UCHBIN TEMIIEPATYPHBII IPOMUIL CKBAXKUHEI
B T€YEHHE TPEX YACOB. Jlasiee Obl1a IPOM3BESEHA
34Ka4Ka )KUJIKOCTH (CTAOUIN3UPOBAHHON HE(PTH) B
3arpy6 mexy 'HKT 1 HKT. I1Ipu 3TOM IPOAOIKAIACH
34MHCh TEMIIEPATYPHBIX MPOMUIIEH, IO AUHAMUKE
U3MEHEHNI KOTOPBIX OBLJIO OIIPEAETIEHO,

YTO XOJIOJHBIHN (DPOHT 3AXOUT B 3ATPYyOHOE
MPOCTPAHCTBO U IIPOCTUPAETCA BILIOTD JJO
5-ro IPOAYKTUBHOI'O TOPU30HTA. 'panuna
NPOCTUPAHUA COOTBETCTBYET INIYOMHE PAaHEE
OIIPENIENIEHHOI'O O0JIEE TIPOHUIIAEMOTO
MNPOIIACTKA B 5-M IPOLYKTUBHOM UHTEPBAJIE.
Taxum 06pa30M OBLI OIIPEJEIICH Iy Th YTEYKHU U
MOATBEPKAECHO, YTO 1BA PA30YXAIOMUX MAKEPA
BBIIIE 5-TO MPOJYKTUBHOI'O MHTEPBAJIA HE
JIEPIKAT ABJICHUE.

151 TOCTUKEHUS 1IN IO CEJIEKTUBHOM
CTUMYJIALIAM ObLIIO PEMIEHO YCTPAHUTD
HEIrepMETUYHOCTD. O1HA U3 ONIINHA
3AKJ/II04YAJIACh B yCTPAHEHUHN YTCUKU
MyTEM YCTAHOBKHU IIEMEHTHOI'O MOCTA B
32TPyOHOM IIPOCTPAHCTBE OT BEPXHETO
Pa36yxaIouero nakepa 10 NPOCTPETOYHBIX
OTBEPCTUH, HO 3TOT Iy Th TAUI B CEOE PsIJ
HEeOIIpe/Ie/IEHHOCTEN Y PUCKOB.

Bbl1a BBIOpaHa ONIIMS YCTAHOBKU PACIINPSIEMON
3ariaTkuy. B npouecce 'HKT criyckaeTcst Ha LIEJIEBYIO
[JIyOUHY, I7I€ IPOU3BOAUTCS PACIIAKOBKA PACIINPAEMON
3AIUIATKU. MTHCTPYMEHT ISl TOCAAKU 3AII/IATKU
MPEACTABIISIET COOOH MOOUEPETHO PA3AYBAIOMIUICS 1
CIyBaIOIIUIICS HA/TyBHOH 3JIEMEHT.

Bplna npeacrapieHa CliequpUKALN PACIIUPAEMON
34IIATKY, IEPEUYMCIEHBI OCHOBHBIE ONITMOHHBIE PUCKU
IIPHU €€ YCTAHOBKE (HETOYHOE NO3ULIMOHUPOBAHUE 1O
my6uHe, cMmaTre Bo Bpems KI'PIT mnu Bo BpeMs pas3bl }

eliminate the leakage. One option
was to installing a cement plug in
the annulus interval from the top swell packer to
the perforation holes, but this option had a number
of uncertainties and risks.
It was decided to select the expandable patch
installation option. The CT is run to the target
depth, where the expandable patch is activated. The
setting tool is an inflating and deflating element.
The speaker presented the specification
of the expandable patch and the main risks
(inaccurate depth positioning,
buckling during fracturing
e TR AT or production stage) and
~ Konstantin Alegin approaches to minimize these
risks. Successful installation of
the expandable patch ensured
effective acid stimulation and
fracturing in all target pay
zones with a pressure-tight seal
provided by the patch.
Konstantin Alegin, Chief
Geologist of VETERAN LLC
has revealed the secrets of acid
Jracturing technology with
the RAPTOR packer as an
alternative to the standard
Plug & Perftechnology.

The use of Plug & Perf
technology over the past
few years has been an excellent alternative to
standard layouts, since it is the most cost-effective
and promising multi-stage horizontal drilling well
completion technique. Plug & Perf technology is
successfully used by the country's leading oil and
gas companies.

The search for alternative solutions to improve,
accelerate the implementation of technological
processes and reduce their cost lead to the
emergence of new technological solutions for
conducting operations, that would seem relevant }
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JIOOBIYN) U CITIOCOOBI UX MUHUMU3AITUH.
YcnenrHas nocaika pacuunpseMo 3aJIaTKH
rapaHTUPOBaIA 3(PHEKTUBHOE NPOBEICHHE
KUCAOTHOU cTUMYIAunU 1 KI'PIT Ha Bcex
LEJIEBBIX IPOAYKTUBHBIX MHTEPBAIAX, IIPU
3TOM I'€pPMETUYHOCTD 3ATIATKH HE ObLIA
HapyIIeH4.

Koncmanmun Anez2un, I1aBHBIA TE€OIOT
OOO «BETEPAH», paCKpBLI CEKPETHI
mexnoaozuu KI'PII c naxepom RAPTOR
Kak ansmepHamuesbl Cmanoapmuo
mexnoaozuu Plug & Perf VIcrionb3oBaHNne
TexHonoruu Plug & Perf na npoTsskeHUN
MOCJIEAHUX HECKOJIDKUX JIET SABJIAIOCDH
OTJIMYHOU AJIBTEPHATUBOM CTAHJAPTHBIM
KOMIIOHOBKAM, IIOCKOJIbKY 3TO CaMast
3KOHOMMUYECKU BBII'OJIHAA U IEPCIIEKTUBHAA
METOANKA MHOI'OCTAAUHHOI'O 3aKAHYNBAHUSA
CKBa’KMH I'OPU30HTAIBHOIO OypeHus. TeEXHONMOorus
Plug & Perf ycnienmHo NpUMEHAETCA BEAYIIUMUA
HEPTEra30400BIBAIONIUMH KOMITAHHUAMU CTPAHBL

ITonCKM abTEPHATUBHBIX PEIIEHWH /I Iy 4YIIEHM,
YCKOPEHUA IIPOBEAEHUA TEXHOJIOI'MYECKHX ITPOLIECCOB 1
CHMKEHUS UX CTOUMOCTH IIPHUBOJAT K ITOABJIEHUIO HOBBIX
TEXHOJIOI'MYECKHX PEMIEHUM IIPOBEAECHUS ONIEPALINI,
K43aJIOCh Obl, aKTYaJIbHBIX U IEPCIIEKTUBHBIX HA
CETOJIHSIHUMU JICHD.

B 3TOM JOKIa/1€ OBLI IPUBEJEH YCIIEIHBIA PE3YIBTAT
NPUMEHEHU A JAHHOU TEXHOIOTNM nposeaenus I'TITT
C MCTIOJIb30BAHUEM (PPAK-APMATYPHI C 3AIUTHBIM
nporexropoMm 'HKT (mposenenue KI'PIT 6e3 nogbema I'T).

Hoxnap «llepewiii MI'PIT na poccuiickom menvgpe:
KOMNACKCHBIIE NO0X00 K UHmMeHcCuPpurauuu
anmcKux 3anexnceit» O3ByInIn
MEHE/PKED TI0 PA3BUTHUIO OM3HECA
Hanun IIpuwena i pyKoBOJAUTEb
HanpasieHus THKT
Pagpuc Illapunoe, komnanus Baker
Hughes. Bpu1 IpecTaBiieH NOAXO/,

K nepBbIM oniepanuam MI'PIT Ha
Y44CTKE ONBITHO-TIPOMBIIIIIEHHON
akcruryaranuu (OI1D) 3anexu
AITCKOI'O BO3PACT4, KOTOPAA ABJIAETCA
MEPCIIEKTUBHBIM OO'bEKTOM JIJIS
pa3padoTku cnoco6om MI'PTI,
YUYUTBIBAA CTPOEHUE Pa3pesa. PaboThl
MPOBOAMJIUCH HA MECTOPOXK/IECHUHN
uM. PHUIOHOBCKOI'O.

BpuIM OXapaKTEPHU30BAHBI I'€OJIOTO-
TEXHUYECKHE OCOOEHHOCTH IPOEKTA. B yacTHOCTH,
IPOTSXKEHHOCTb TOPU3OHTAJIBbHBIX CEKIIMH JOXOAUIA
210 1900 M, cpeaHssa IPOTIKEHHOCTD 'OPU3OHTAJIBHOM
CeKIMu cocTasisiia 1654 m.

Pa3paboTKa HU3KONpoHHUIaeMoro (3 m/I)

KOJUIEKTOPA OCJIOKHAIACH HAJTUYUEM I'A30BOI IIATIKA

U NIOJCTHJIAIONMEN BOABL ITOCKOIBKY 3a71€Kb AIlTa
MIPEACTABJICHA CJIA00CLIEMEHTHPOBAHHBIMU ITIECYAHUKAMH,
KOMIIOHOBKA 3aKaH4YUBaHUsA MI'PIT Tpe60oBa1a HOBOTO
TEXHHUYECKOI'O IIOJX0/1a: HE TOJIBKO BKJIIOUCHUS IIOPTOB
MTPIT, HO U IPUMEHEHM A IIPOTUBOIIECOYHBIX (PUIBTPOB C
MEXAHUYECKUMU My(PTAMU C YCUJICHHBIM YIVIOTHEHUEM.
Taxske TPe6OBAJIOCH O PEJETUTD ONITUMAIBHOE
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Pacpuc LLlapunos
Rafis Sharipov
i

MpoTsaXXeHHOCTb
FrOPU30HTaNbHbIX CEKLI
poxoauna oo 1900 m,
CpeAHss NPOTAXEHHOCTb
rOPU30HTaNbHOM CEKLINM
cocTtasnana 1654 m.

The length of horizontal
sections reached up to
1900 m, the average
horizontal section length
was 1654 m.

and promising today.

This report provides a
successful result of the
application of this technology
for gas treatment with the
use of fracture valves with
a protective coiled tubing
protector (acid fracturing
without lifting the CT).

The report "The first
multistage bydraulic

Jracturing on the

Russian shelf: an
integrated approach

to the intensification

of the Aptian deposits"

was presented by Danil
Prischepa, Business Development Manager,

and Rafis Sharipov, Coiled Tubing Operations
Manager, Baker Hughes. The presentation described
the approach to the first multistage hydraulic
fracturing operation at the pilot production area of
Aptian deposit. This reservoir is a promising site for
development with hydraulic fracturing due to the
geology structure. The operations were carried out
at the Filanovsky field.

The geological and technical features of the
project were described. In particular, the length
of horizontal sections reached up to 1900 m, the
average horizontal section length was 1654 m.

The low-permeability (3 mD) reservoir
development was complicated by the presence
of a gas cap and underlying water. Since the

Aptian reservoir is composed of
semi-consolidated sandstones, the
completion assembly for multistage
fracturing required a new approach —
not only fracturing sleeves, but also
the use of sand control filters with
mechanical sleeves with reinforced
seal. It was also necessary to determine
the optimum number of fracturing
stages and proppant volume for both
the injection and production wells.

The basic option was to perform
eight fracturing stages in each well.
Different options of proppant
volume per stage were considered —
from 15 to 40 tons. Another option
included different scenarios with various number
of fracturing stages. Combined options were also
proposed using simulation data. As a result, it was
decided to choose the option of ten stages with
30 tons of proppant per stage for production
wells and six stages with 20 tons of proppant per
stage for injection wells. In terms of cumulative oil
production this option was comparable with more
intensive stimulation options, but this option had
lower water cut risks.

The main challenge in terms of coiled tubing was
the CT size. The well was equipped with a 5.5-inch
tubing and the liner of the same diameter. Several



KOMU4YeCTBO Tpenmud MI'PIT 1 06'beMa IPONITAHTA KaK
JIJIs1 HATHETATEAbHBIX, TAK U JIJIs1 JOOBIBAIOIINX CKBAXKUH

yuacTka OIID.
B kauecTBE 6230BOT'O OBLI PA3PAOOTAH BAPHUAHT

NPOBEJIECHUS HA KAKJAO0U CKBAKMHE IO BOCEMb CTAJUN
MTPIT. BbLJIM pACCMOTPEHBI PA3TUYHBIE BADUAHTBI OObEMA
OPONMAHTA HA TPEMUHY — OT 15 10 40 TOHH. B kauecTBe
ONTUMH3UPOBAHHOI'O MOAX0O/(A OBLIN PA3PAOOTAHEI
pas3/IM4YHbIE BApUAHTHI I1poseneHus MI'PI, oTnnyaromuecs

KOJIMYECTBOM CTa/INH. Taxkke 6bIN NPEJJIOKCHBI
KOMOHMHHUPOBAHHBIE BAPUAHTHL [IpOBOINIIOCH

MOJIEJIMPOBAHUE HA CUMYIATOPAX. B UTOre OBUI IPUHSAT

BAPUAHT PA3MEIIEHUA 10 JECATD CTAJUN
MTI'PIT ¢ 30 T mponmnaHTa Ha CTAUIO JIJIA
JIOOBIBAIONINX CKBAKWUH U IO MIECTh CTA/IUH
MTI'PIT ¢ 20 T nponmaHTa HA CTAHUIO JIJIA
HAT'HETATE/IbHBbIX CKBAKUH. [JAHHBIN BADUAHT
COIIOCTABUM I10 HAKOIVIEHHOH I06bIYE
He(MTH C BAPUAHTAMHU 6OJIEE UHTCHCHUBHOM
CTUMYJIALUH, HO IIPU 3TOM XAPAKTEPUIYETCA

MCHBIINMHU PUCKAMM I10 O6BOIIHCHHOCTI/I. —

OCHOBHO BBI30OB € TOUKHU 3peHus THKT
COCTOS B pa3dmepe TPYOBL C yCThbs CKBAXKUHEI
obL1a cnymena HKT quameTpom 5,5 grorMma,
XBOCTOBHUK OBLII TAKOT'O JKE JUAMETPA.
HeCKONMbKO OTIAENBHBIX CEKITUI CKBAKUHBI
OBbLIHA O60PYIOBAHBI MHOTOLIMKINYHBIMUA
nopramu I'PIT 1 IpOTHUBOIIECOYHBIMU
YHOpaBageMbIMU (PUABTPpaMu. Jusaia THKT
OBLJI IOAOOPAH /AJ151 IOBEICHU S JOCTATOYHOMU

HATPY3KH IIPU MAHUITYJIALAN CIBHMKHBIMUA MY(DTAMI.
OCHOBHA4 331244 — OOECIIEYUTh HEOOXOJAUMYVIO JUIMHY.
JIJ1st CAMOH ITTMHHOM U CJIOKHOM CKBKHUHBI (4651 M)
ucnonbzosatack 'HKT pnmnaort 5000 m. Caegyromas

Ipo6sIEMA — JOBEICHUE HATPY3KH C TOUYKH 3PEHUS

ynpasyieHusa nopramu MI'PIT v npoTHBONIECOYHBIMU

punsrpamu. Eie oiHa — OrpaHUYEHME 110 BECY
y3J1a HAMOTKHU. B pe3ybrare 1eTaJIbHOrO aHAIN34
psga Tunopasmepos 'HKT o Hauxyamemy
IIPOTIHO3Y PA3BUTH S COOBITUH ObLII BBIOPAH
tunopasmep I'HKT 2 5/8 (66,6 MM), KOTOPBII
MO3BOJINJI IPOBEJEHUE PAOOT C TOYKH 3PEHUA

JIOBEJICHUSI HAI'PY3KH U I'PY30I10//bEMHBIX JIUMUTOB

KpPaHa U I1aTPOPMBL
BbUI peann30BaH IJIAH OYUCTKU CKBAXKUHEI
C IIOMOIIBIO CTPYHUHOIM CUCTEMBI BLICOKOT'O
JaBjeHrs. MUHHMMAJIbHOE PACCTOSTHUE MEXKY
CABMDKHBIMU My TamMu puasTpos u MyPt I'PIT HE
ITOMENIAJIO YCTIENTHO BBIITOJTHUTD MAHUITYJIALIAN
B YCJIOBHAX OCIIOKHEHUMN. [1J1 OUMCTKH CKBAXKHUH
MIPUMEHSINCh KOMITOHOBKY THKT UMITyIbCHO-
POTOPHOM U POTOPHO-HAIIPABJIEHHOU CUCTEM.
Anopeii Punamoe, THXCHED OT/Ie/ICHUS
Hay4HOro ieHTpa MUPOBOT'O yPOBHS
«PalIMOHAILHOE OCBOEHUE 3AMACOB JKUJKUX
YIJIEBOJIOPO/IOB IIJIAHEThI», O3BYYHJI JOKIA]]
«PaspabomKa u ucciredosanue HuoKocmu
pa3puiea na ocnoee mooupuuupPoeannvLx
1n0GEPXHOCHO-AKMUBHBLX 6€ULECME».
OnHUM U3 COBPEMEHHBIX HANIPABJICHUH B O0JIACTH
pa3zpaboOTKU peareHToB /I TUAPABINYECKOTO
Ppa3pbIBa IJIACTA ABISAETCS Pa3paboTKa 1 }

AHppen OunatoB
Andrey Filatov

separate sections of the well were equipped with
re-usable frac ports and sand-control filters. The
task was to select the coiled tubing size to provide
sufficient load for shifting of the sliding sleeves and
ensure reaching the target depth. A 5000 m CT was
used in the longest and most difficult well (4651 m).
The next challenge was to provide sufficient load

PROSPECTS

for shifting of the sliding sleeves and sand filters.

Another challenge was the limitation on the

spooling unit weight. As a result of detailed analysis
of a number of CT sizes under the worst-case

scenario it was decided to select a 2 5/8 (66.6 mm)

size that met the criteria for the

load transferred to the shifting
tool and weight limits for the

1 crane and the platform.

»

_

A well cleanout operation
was performed using a high-
pressure jetting system. The
short distance between the
sliding sleeves and the filters did
not prevent successful shifting
under complicated conditions.
The pulse-rotor and rotary-
steerable CT assemblies were
used for wellbore cleanout.

Amndrey Filatov, engineer of
the department of the world-
class scientific center "Rational

development of the planet's
liquid hydrocarbon reserves", made a presentation

on "Development and research of fracturing

SJluid based on modified surfactants". One of
the modern trends in the development of reagents
for hydraulic fracturing is the development and
study of non-polymer fracturing fluids based on

XXnakoctun Pl Ha ocHoBe
BYIAB 3Konorm4Hebi,
NPOCTbI B UICMNONb30BaHUN,
a 3a CYET CaMOoAeCcTPyKLNMU
obecneynBaloT
NpPaKTN4eckn NosiHoe
BOCCTAaHOBNEHME
NPOBOAMMOCTU
00pa3oBaHHbIX TPELLMH U
NpPOonNMaHTHOW Navyku nocne
npoBeAeHUa onepaunn.

Hydraulic fracturing

fluids based on VES are
environmentally friendly,
easy to use, and due to self-
destruction, they provide
almost complete restoration
of the conductivity of

the formed fractures and
proppant pack after the
operation.

viscoelastic surfactant
solutions (VES).
Hydraulic fracturing
fluids based on VES
are environmentally
friendly, easy to use, and
due to self-destruction,
they provide almost
complete restoration
of the conductivity of
the formed fractures
and proppant pack
after the operation. In
addition, these systems
have an oil-washing
effect and are capable
of stabilizing clayey
rock. However, most
surfactants that are
capable of forming
gels of the required
structure are produced
using organochlorine
compounds. These
compounds can
subsequently pass }

Ne 4 (078) Iexa6ps/December 2021 31



[TEPCITEKTHBDI

UCCJIEJOBAHME OECIIOIMMEPHBIX XKUJIKOCTEN Pa3phIBa
Ha OCHOBE BA3KOYIIPYI'UX PACTBOPOB IOBEPXHOCTHO-
axKTUBHBIX BewecTs (BYITAB). JKugkoctu I'PITHa
ocHOBE BYTTAB 3KOJIOrMYHBL, IIPOCTHI B UCTIOJIB30BAHUY,
433 CYET CAMOJECTPYKIIUU
06eCeYnBAIOT NPAKTUYECKH

MOJIHOE BOCCTAHOBJIEHHE
IPOBOAMMOCTH OOPA30BAHHBIX
TPEIVH U HIPOHITAHTHOU NAYKN
MOCJIE NPOBEAEHHU onepanuu. Kpome
TOTO, IAHHBIE CUCTEMBI OOJIATAIOT
HE(MOTEOTMBIBAIOIINM JEUCTBUEM

U CIOCOOHBI CTA0MJIM3UPOBATH
ITIMHUCTYIO nopoay. OgHAKO
60nbMUHCTBO ITAB, KOTOpBIE
CIIOCOOHBI OOPA30BBIBATH I'€JIU
HEOOXOAUMOU CTPYKTYPEL,
IPOU3BOAATCSA C UCTIONIb30BAHHUEM
XJIOPOPTAaHUYECKUX COEJUHEHUI.
DTHU COEJUHEHUA BIIOCIENCTBUHA
MOTYT HEPEUTH B IIJTACTOBBIE (DJTIOU/IEI,
YXYAIIASA TOBAPHBIE KAYECTBA HE(PTH
Y HETATUBHO BJINAA HA LIETTOCTHOCTD
HedTenepepadbaThIBAIONIEIO OOOPYAOBAHMSL.

B paMmkax 1aHHOM pabOThI NCCIEIOBAINCH CUCTEMBI Ha
OCHOBE OECXJIOPHOI'O TeEMUHAIBHOTO [TAB.

B crpykrype gannoro ITAB npucyTCTByIOT Cpa3y B4
YITIEBOJOPOJHBIX PA/IUKANIA, YTO CHOCOOCTBYET O0JIce
UHTEHCHUBHBIM I'H/IPO(POOHBIM B3AUMO/ICHCTBHSAM, U, KAK
CJIEICTBUE, OOPA3YETCA BBICOKOCTPYKTYPUPOBAHHBII
resib. B kauectse ITAB-reneo6pa3oBaTest UCIIONb3yETCS
MIPOU3BOAHOE TEXHUYECKOM OJIEMHOBOU KUCJIOTHI,

YTO MOXKET 3HAYUTENBbHO yemeBHUTh Iporecc I'PIT Ha
JIAHHBIX cucTeMaX. CIIOCOOHOCTb yIEPKUBATH IIPOIITAHT
HCCJIEYyEMBIE KOMIIO3ULIUH IPOABJIAIOT IIPH HOPMAJIbHBIX
¥ TIPH TTOBBIINIEHHBIX TEMIIEPATYPAX BIUIOTH 10 60 °C.

ITo OTHOMIEHUIO K ITTMHUCTOM ITIOPOJIE JAHHBIE CUCTEMBI
NPOABJAIOT CTAOMIM3HUPYIOIIHE IEUCTBUE 34 CIET
ancop6bumu [TAB Ha NOBEPXHOCTH IVIMHBL Mccienyemble
COCTABBI ITOJBEPIalOTCA CAMOAECTPYKIIUHN IIPU KOHTAKTE
C YIJIEBOJOPOAAMH, YTO BBIABIEHO
IIPU CMENIEHHUU COCTABOB C HEPTBIO B
Pa3IMYHBIX COOTHOIMIEHUAX.

Onvim npumenenusn 6 PO
opyxnarKepPHolt KOMNOHOEKU O
noemopnwitx I'PIT ocsetun Hukuma
Bezeentrox, NOV Completion Tools LLC.
K HacTosmemMy BpeEMEHH HAKOIIUJIOCh
KOJIOCCAJIBHOE KOJIMYECTBO
HOCTpOCHHbIX I‘OpI/ISOHTQ_HbeIX
CKBAXUH C IpoBeaeHubM MI'PIT u
OKOJIO 45% UX ABASIIOTCS KAHIUIATAMU
Ha IOBTOPHBIN I'PI1. TOJIBKO B
3anagHoi CuéHMpH HAKOITHIIOCH
O0J1€e€e THICAYN TAKUX CKBAKUH.
Komnanus NOV Completion Tools
CHEIUATU3UPYETCS HA OOOPY/IOBAHNH 3aKAHYHUBAHU
CKBAKMH U JIJI TEXHOJIOTMH NOBTOPHOTO I'PIT. KoMnanuei
Pa3paboTaAHBI U IPEAIATAIOTCS TPH TEXHOJIOTUU:
XUMUYECKUE OTKIOHUTENHN (OJIOK-TTAYKH), IPUMEHEHUE
PEMOHTHBIX HAKJIA/IOK (TIJTACTBIPEH) U KITIOUEH 15
OTKPBITUS1/3AKPBITUA, IBYXITAKEPHBIE KOMIIOHOBKU. NOV

Hukuta be3seHiok il
Nikita Bezvenyuk

A

[ByxnakepHsble
KOMIMOHOBKMW ANs
MOBTOPHbIX [P

Double-packer

assembilies for re-
fracturing have shown
high performance and
efficiency.
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noKasanu BbICOKYIO
pPaboTOCNOCOOHOCTL
" 3pPeKTUBHOCTb.

into formation fluids, degrading the commercial
qualities of the oil and negatively affecting the
integrity of the refinery equipment.

Within the framework of this work, systems
based on a chlorine-free geminal
surfactant were investigated. The
structure of this surfactant contains
two hydrocarbon radicals at once,
which contributes to more intense
hydrophobic interactions, and, as a
consequence, a highly structured gel
is formed. A derivative of technical
oleic acid is used as a surfactant-gelling
agent, which can significantly reduce
the cost of the hydraulic fracturing
process on these systems. The studied
compositions exhibit the ability to
retain proppant at normal and at
elevated temperatures up to 60 ° C. In
relation to clayey rock, these systems
exhibit a stabilizing effect due to the
adsorption of surfactants on the clay
surface. The investigated compositions
undergo self-destruction upon contact with
hydrocarbons, which was revealed when mixing
the compositions with oil in various ratios.

Nikita Bezvenyuk, NOV Completion Tools
LLC, highlighted the experience of using a
double-packer assembly forre-fracturing in
the Russian Federation. To date, a huge number
of constructed horizontal wells with multi-stage
hydraulic fracturing have accumulated, and about
45% of them are candidates for re-fracturing. More
than a thousand of such wells have accumulated
in Western Siberia alone. NOV Completion Tools
specializes in well completion equipment and re-
fracturing technology. The company has developed
and offers three technologies: chemical diverters
(block packs), the use of repair linings (plasters)
and keys for opening / closing, two-packer
arrangements. NOV Completion Tools
pioneered the use of two-packer assemblies
in Russia.

The details of the Cup-2-Cup assemblies
(cup packers) and the innovative Packer-
2-Packer assemblies, a hydraulic packer
system with a number of advantages, were
discussed in detail. The technological
differences between these two types of
layouts are given, as well as the composition
of each of them and the sequence of their
activation during use.

The speaker highlighted the experience of
pilot testing in Russia at four wells. Double-
packer assemblies for re-fracturing have
shown high performance and efficiency.
During the pilot project, equipment and procedures
were improved.

Artem Zmeu, Head of Well Technologies
Development Service, NPF Packer LLC, presented
the report on technologies for reliable
protection of the string and liner adapter for



Completion Tools ABIAETCS POJOHAYAIBHUKOM
UCIIOJIb30BAHUS [IBYXITAKEPHBIX KOMIIOHOBOK B
Poccun.

BpLIO NOAPOOGHO PACCKA3aHO O KOMIIOHOBKAX
Cup-2-Cup (4alIeyHbIX TAKEPAX) U 00
HMHHOBAIIMOHHBIX KOMITOHOBKAaX Packer-2-Packer
— CUCTEME T'UIPABIUYECKUX ITAKEPOB, KOTOPAs
06J1a1aE€T PSJIOM IPEUMYILIECTB. [IpHUBeEHEI
TEXHOJIOTMYECKUE OTINYUSA ITUX JIBYX BUJIOB
KOMIIOHOBOK, 4 TAKXKE COCTAB KAX/JJOM N3 HUX
U MOCJIEA0BATEIBHOCTD UX AKTUBALIUU IIPH
UCIIOJIb30BAHUML

Joxmaamnk ocseTr onblT nposegenus OITP B
Poccun Ha YeTBIPEX CKBAXKMUHAX. [IByXIIAKEPHbBIE
KOMIIOHOBKH 151 HOBTOPHBIX I'PIT HoKasanu
BBICOKYIO PA0OOTOCHOCOOHOCTD U 3(P(PEKTUBHOCTD.
B nporecce OITP 060pyI0BAaHUE U IPOLIEAYPHI
OBLIH YCOBEPIIEHCTBOBAHBL

Texnonozuu HAOEHCHOU 3AUUMBbL KOJIOHHBL U
adanmepa x0cmosura onsa npogeoenualIPITu
MTIPII ipencrasun Apmem 3mey, pyKOBOJIUTEND CIIYKOBI
Pa3paboTKU CKBAXKUHHBIX TeXHOJIOru OO0 HITD
Takep». CTpOUTENBCTBO CKBAKUH C 3aKAHYMBAHUEM
OOKOBBIMH U TOPU3OHTAIBHBIMU CTBOJIAMH C
MOCJIEAYIOINUM ITPOBEJJEHUEM
I'PIT 1 MT'PIT npyuHOCUAT
YBETUYEHNE YPOBHA JOOBIYU
JUIsL He(PTErazooObIBAIONIETO
npeanpuaTua. OMTHOBPEMEHHO
C 9TUM BO3HHUKAET HEMAJIO
CJIOKHOCTEU, CBA3AHHBIX
C OO€ECIIeYeHHEM 3AITHUTHI
3KCIUIYATALUOHHOM KOJIOHHDI
OT BBICOKUX JIABJICHUH U
HEJOIYIEHUA IOBPEXKACHUNA
CKBAXKUHBL [IprMeneHune
TEXHOJIOI'UH U OO0PYAOBAHU S
npounssogcTsa HITO JTakep»
00€ECIIEYNBACT HAZIEKHYIO
3AIUTY 3KCIUTYATAITMOHHOMN
KOJIOHHBI U AJANITEPA, OTCEYEHUE
IIOPTOB 1 OOECIIEYUBACT
0€30I1ACHOE IIPOBEJCHUE
33aKa4KU TPeOyeMOro 06’b€Ma IPOIIAHTA.

Muxaun Kyncm, pyKOBOJAUTEND OT/IEJIA TIPOJBHUKEHUSA
XUMHUYECKUX PEATEHTOB LI I'UIPOPA3PHIBA IIACTA
OO0 XHUMIPOM», TOCBATHJI CBOE BBICTYILJICHUE
ansmeprnamuénoim cucmemam oaal'PII u
cunmemuuecrxomy norumepy Hydra GELX.
CrienuaJuCTaMyu HAyYHO-UCCJIEOBATENBCKOIO LIEHTPA
OO0 XuMNIpoM» pa3zpaboTaHa AJIBTECPHATUBHAS
KUAKOCTD I'PIT Ha OCHOBE CUHTETUYECKOTO
resieobpaszosaresns Hydra GEL SW. B ycinoBusax
BO3PACTAIOIMINUX TPEOOBAHUH K YUCTOTE TPEUTUH
U BO3PACTAIONIETO 06'beMA PAOOT pa3paboTaHHAA
CHUHTETUYECKAS CUCTEMA SIBJISIETCS IEPCIIEKTUBHBIM
HAMPABJIECHHUEM JIJIS1 TPOMBIIIIECHHOI'O ITPUMEHEHU S B
HedTEeJOOBIBAIOIEH OTPACIH. B1aroaps UCIOAb30BAHUIO
CHUHTETUYECKHUX I'€JIEBBIX CUCTEM MOKHO IIPEO/IONIETh
HEJOCTATKHU KJIACCUYECKOM KkugkocTH I'PIT Ha
OCHOBE I'yapOBOH KAMEU: YMEHBIIUTD 3aTPSA3HECHUE
IUIACTA, YBEIUYUTD YUCTOTY TPEHIUHEI U ITIOBBICHUTH }

Aprem 3vey
Artem Zmeu

Mwuxaun KyHcr
Mikhail Kunst

bydraulic fracturing
and multi-stage
bydraulic fracturing.
Drilling wells with
sidetracks and horizontal
completions followed

by multistage hydraulic
fracturing increases
production for operators.
At the same time, there
are many challenges
associated with protecting
the production string
from high pressures and
avoiding damage to the
well. Technologies and
equipment from NPF
Packer ensure reliable protection of the production
string and adapter, effective zones isolation and safe
injection of the required proppant volume.

Head of the Department of Promotion of
Chemicals for Hydraulic Fracturing Khimprom LLC
Mikbail Kunst devoted his speech Alternative
systems for bydraulic fracturing. Synthetic
polymer Hydra GEL SW. The specialists
of the Khimprom Research Center have
developed an alternative hydraulic fracturing
fluid based on the synthetic gelling agent
Hydra GEL SW. The developed synthetic
system is a promising direction for industrial
application in the oil industry considering
increasing requirements for the cleanliness
of cracks and an increasing volume of work.
The disadvantages of the classic guar-
based fracturing fluid can be overcome
through the use of synthetic gel systems. The
abovemenshioned systems reduce formation
contamination, increase fracture cleanliness
and improve oil recovery efficiency. It should
be noted that the developed system was
created within the framework of import
substitution, the implementation of Russian
developments and the development of
domestic production.

Canwe finally control fracture beight
growth? Martin Rylance, Frac-Pup Chief
Engineer, IXL Qilfield Consulting, answered
this question. Consideration of a range of
previously applied height-growth approaches
will demonstrate how they attempted to fool or
fudge height growth creation mechanisms. With
this clarity, we can consider what advances in
completion technology may offer in terms of
delivering height growth control. The paper will
suggest that with technology and approaches that
are available today, that height-growth control
is finally within reach. The paper will go on to
describe a multi-well Pilot program, in deployment
and execution in 2021 in Western Siberia; where
billions of barrels remain to be recovered in thin
oil-rim, low permeability sandstone reservoirs
below gas or above water. The case presented will

PROSPECTS
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3P HEKTUBHOCTD U3BJICUYCHUS HEDTHU.
CTOUT OTMETUTD, YTO PA3PAOOTAHHAA
CHCTEMA CO3/1aHA B PAMKAX
UMIIOPTO3AMEIICHU S, PEATU3ALIUHN
POCCUNCKUX Pa3pa00OTOK U PA3BUTH S
OTEYECTBEHHOI'O IPOU3BOJCTBA.
BO3MOMCHO 1tk KOHMPOAUuPosams
evicomy mpeusun zuopopaspuiea
naacma? Ha 3TOT BOIIPOC OTBETUIL
Mapmun Paiinanc, 1/1aBHbINA
umxeHep Frac-Pup, IXL Oilfield
Consulting. AHaIM3 TPUMEHABIINXCS
paHee TEXHOJIOTU KOHTPOIIA
BBICOTBI TPEMIUH MOKA3aJI, YTO OHU

UX 06pa30BAHMA. BBIIN PACCMOTPEHBI
TTOCJIETHUE JTOCTUKEHUS B OOJIACTU

3aAKAHYMBAHUS CKBAXKUH /111 KOHTPOJSA POCTA TPEITUH
Y BBIZIBUHYTO IIPEATIONOKEHHUE O TOM, UTO C [IOMOIIBIO
TEKYIUX TEXHOJIOTHI KOHTPOIUPOBAHNE POCTA TPEITUH

MapTiH PavinaHc
HCIMIPABUJIbHO OITHMCBHIBAJIN MCXAHW3MbI Martin Rylance

be self-evident and offers a unique
approach that honours and maintains
the integrity of the underlying

equations.

This presentation offers a
comprehensive assessment of the
myriad of height-growth approaches
that have been utilized over the last
70 years, but in each case
demonstrates the fallibility and
limitations of each of these. However,
rather than leave the reader with
the interpretation that such control
is not achievable, instead the paper
will provide a mathematically sound
approach, along with field data

and evidence. The paper will also

TUAPOPA3PHIBA CTAJIO HAKOHEL BO3MOXXHBIM. TaK:Ke B within reach.

JIOKJIaJI€ ONIUCAHA IMTUJIOTHASA IPOTPAMMa CTPOUTENBCTBA
pAnA CKBAXKHUH, KOTOpasA 6yeT peann3osana s 2021
roay B 3anaHoi Cuoupu. B paMKax 3TOM IPOrpaMMBbl

IPEAIIONAraeTCs JOObIYA MUJIINAPJOB Oappeici
M3 TOHKOH HE(PTAHOI OTOPOYKH,
HU3KOIIPOHUIIAEMBIX IECYAHBIX
KOJUIEKTOPOB HHZKE T'A30HOCHOTO
IJIACTA WM BBIIIE BOAOHOCHOTO.
IIpencTaBlIeHHBIE PE3YIBTATHI AHAIN34
NPEIATAIOT YHUKAIBHBIN OAXO/, IIPU
KOTOPOM NOJTHOCTBIO BBIIIOTHAIOTCS
YHOMSAHYTEBIE paHEE 6A30BbIE
YPaBHEHUAL.

IIpexncraBnenHas pabora
MPEIIATAET BCECTOPOHHIOIO OLIEHKY
OT'POMHOI'O KOJIMYECTBA MTOAXOI0B
K OINPEJEIEHUIO BBICOTHI TPEMUH,
KOTOPBIE UCTIOIb30BAINCH B TEYEHNE
nocneaaux 70 net. ITo kaxaomy U3
HUX [IPOAHAIIM3UPOBAHBI OIIIMOKH
U HETOYHOCTU. Kpome Toro, 114
HOATBEPKACHUS BO3MOXHOCTH
TAKOI'O KOHTPOJIA IIPEACTABIIEHDI

AHTOH becnanos
Anton Bespalov

MaTeMaTUIECKOE OOOCHOBAHUE 32Ja4YH U TTOJIEBBIE
JIaHHBIE. TAK)Ke IPEATIONATAETCS, YTO JOCTKECHHU S
nocnegaux 10—-15 geT crnoCoOOHBI BOILIOTUTD 3TY MOJIEJIb B
PEANBHOCTD VKE B OIIMKAHIIIEE BPEMS, T.€. PEATHU3AIUS HA

MIPAKTUKE HAKOHEL] CTAJ14 BO3MOXKHA.

Anmon becnanog, CienyanncT 110
peanusanuu CEPBUCHBIX yCIyT «JlmomMoepxe»,
BBICTYTIWJI C JIOKJI2/10M «HO8bLE 100X00 K
peanuzauuu mexnonozuii I'PII kcomnanuu
Inomoéepace» — SPARK 6usnec-mooenv»,
KOTOPBII ObLI NOCBAIIIEH HOBOMY IOAXOY
KOMITAaHUH B O6JIACTU peann3anuu ycayr I'PIT.

PeiHoOK I'PIT B HacTOsAIIEE BPEMS HECTAOMIICH,
BCJIEJICTBHE Yero «I1noMbepxe» U3bICKUBACT
pa3HBIE CITIOCOOBI TPETOCTABICHHS
TEXHONOIMH. Bo3MOXHO npegocrasieHue I'PIT
HE KAK ITOJIHOI'O KOMIIIEKCA, 4 KAK OTJEIbHBIX
BM/IOB YCJIYT, TAKUX KAK CIIEIIUAJIU3MPOBAHHOE
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demonstrate that completion advances over the
last 10—-15 years make this approach a reality in the
present day; and that field implementation is finally

Amnton Bespalov, Schlumberger Service
Implementation Specialist, made a presentation
"A new approach to the implementation

of bydraulic fracturing technologies by
Schlumberger — SPARK business

model.", which was dedicated to
the company's new approach to
the implementation of hydraulic
fracturing services.

The hydraulic fracturing market
is currently unstable, as a result of
which Schlumberger is looking for
different ways to provide technology.
It is possible to provide hydraulic
fracturing not as a complete complex,
but as separate types of services,
such as specialized equipment,
hydraulic fracturing according to the
company's technologies, engineering
and laboratory support, specialized
software, and special chemicals.

The speaker introduced the
principle of the SPARK cooperation

SPARK paeT BO3MOXHOCTU
KOMMaHMAM, UMEIOLLNM
cobCTBEHHbBIN hnoT

['PI1, nonyunTb goctyn K

TexHonorusam «LUnomoepxex:

HiWAY, HiVis u FiberFRAC.

SPARK enables companies
with their own hydraulic
fracturing fleet to gain access
to Schlumberger technologies:
HiWAY, HiVis and FiberFRAC.

model and listed the types of cooperation in it with
the provision of specific technologies. In particular,
SPARK enables companies with their own hydraulic
fracturing fleet to gain access to Schlumberger

technologies: HIWAY,
HiVis and FiberFRAC.
The work is carried

out in collaboration.
The features and
advantages of these
advanced technologies
implemented within the
SPARK approach were
listed.

The company is also
ready to provide special
CRFD blocks. This is
a multistage hydraulic

4



KOMIMAEKCHBIE
rPYNNA o
WHHOBALIMOHHOE L‘IEGPFADEAHI& PEI'I"EH“H MH

TMAPABAUYECKOIO
PA3PbIBA NNAACTA

,_;~;_- 5 > :'j'_' e~ . ﬁng"DUp.rU

YCTAHOBKU YCTAHOBKMU YCTAHOBKH
HACOCHBIE CMECUTEABHBIE AO3UPOBAHUA
XUMPEATEHTOB
10
@ @€
20 net onbiTa BOMMOLLIEHWE uaeu PeLeHNs Ha OCHOBE
NPOEKTUPOBAHMSA B rOTOBYO nepeoBbIX

1 NPOM3BOACTBA KOHLIENLH TEXHOMOMN




[TEPCITEKTHBDI

obopygoBanue, I'PIT IO TEXHOIOTHUAM KOMIIAHUH,
UHKEHEPHO-1A00PATOPHOE CONPOBOXKICHUE,
CIIEIMATTU3UPOBAHHOE IIPOTPAMMHOE
06€eCTICYEHUE, CIICIUATIBHBIC XUMPEATCHTHL

JOKIa YUK OPEACTABIII IPUHITUI MOJICTNA
corpygHudecTBa SPARK 1 nepeuncinia BUjbl
COTPYAHUYECTBA B HEN C IPEAOCTABICHUEM
KOHKPETHBIX TEXHOJNIOIUM. B vactHOCTH, SPARK
JlaeT BO3MOKHOCTU KOMITAHHUSM, UMEIOIITUM
co6¢TBeHHBIH Q10T I'PIT, OMy49UTh JOCTYI
K TeXHOJIOTUAM «IIImombepske»: HIWAY,

HiVis u FiberFRAC. Pa60OTHI BEINOJTHSIIOTCS

B KOJUIAOOpAIUU. BbUIH ITEPEUYNCIEHBI
OCOOEHHOCTH U NPEUMYIIECTBA JAHHBIX
POTrPECCUBHBIX TEXHOJOTU, PEATTN3YEMBIX B
pamkax SPARK-niogxoaa.

KoMIaHusi TOTOBA TAKKE IIPEIOCTABUTD
crenraabHbIe 6JI0K-TIadKky CRFD. DTO TeXHOJIOTUS
nposegenna MI'PIT ¢ MCrmonb30BaHUEM OTKIOHAIOMINX
OJIOK-IIAYEK /15 OCYIIECTBICHHUS IOCTAAUNHON 3aKAYKU B
npouecce MI'PIL BoLio 1aHO TOJPOOGHOE OIIUCAHUE OIOK-
nayku CRFD u o61acTert eée 1puMEHEHUSL.

beuna npeacrasieHa Texnonorus WellWatcher STIM,
06J1ACTH €€ IPUMEHEHM S U ITO/IXO/ K pAOOTE C HEU B
pamkax SPARK 6usHec-MOIe/IH.

KoO/JITIOOMHIOBBIE TEXHOJIOTHH H JIPyTHE
BHYTPHCKBAKHHHBIE PAOOTHI

Jkcnept LleHTpa KOMOETEHIU IO TEXHOIOTUAM
CTPOUTENBCTBA U PEMOHTA CKBAXKUH OJIOKA SKCIIEPTU3BI
U (PYHKIJMOHAIBHOTO pa3sutus OO0
«JasnpomuedTe HTLl» Cepzedi Cumarxoas
PAacCKa3al O TOM, KaK KOAMIOOUHz
omxpwieaem Hogy1o cmpanuuy 6 lasnpom
Heghmb». B ToKnazie GBI IPE/ICTABIICH B
OPOLIEHTHOM COOTHOIIEHUH IMUPOKUH CIEKTP
PabOT, BBINOIHSEMBIX C KOJITIOOMHIOM.
32 MCTEKIIIHNE /1BA I'O/1a OBLIN PEATN30BAHBI
HOBBIE TEXHOJIOTUYECKHUE PEMIEHNUS,
TAKHE KAK Pa/IMAJIbBHOE BCKPBITHE I1J1ACTA,
KUCJIOTOCTPYHUHOE TYHHENUPOBAHHE, 4 TAKXKE
KOJITIOOUHIOBOE OYpPEHUE.

JIOKJIATYUK IPEICTABUI JUATPAMMY,
OTPAXKAIOMIYIO OOIINH IIPOOGET» IO TPyHaM
BCEX (PJIOTOB KOHTPATEHTOB, PA6OTABIINX
B riepuMeTpe I'PI1 B nepuog ¢ 2017 no 2021 roa.
BblIM CYMMapHO B34THI Y3JIbl HAMOTKH C JUIMHAMUA
npuMensaeMblXx THKT 1 konudecTBo TPyd npu
UCIIOIb30BAaHUN. CPEAHETOJOBOM MMPOLIEHT POCTA
cocTtasu 3,6%. B IPOIIIOM rofiy IO OOIIEMY KHJIOMETPAXKY
ucnonbzyeMblx FTHKT Habm01271aCh IPOCAAKA U3-3a
OI'PAHUYEHNHN, HAJTO)KEHHBIX Ha ['TIH .

Yro KacaeTcs oTAeAbHbIX fuaMeTpos 'HKT, To
OTMEYEHO YMEHBIIEHUE UCTIONb30BAHUA TPYOHRI 38,1 MM.
Ee Bce yae 3ameHseT Tpyoa 1uaMeTpoMm 44,5 MM, HO €CThb
OT/IENIbHBIE ONIEPALINH, B KOTOPBIX 38-4 TPy6a HE3AMEHUMA.
B 9aCTHOCTH, 3TO HENPOTAKEHHBIE TOPU3OHTHI, 4 TAKXKE
CKBaKMHBI JIJIA IO JIEPKAHUA IJIACTOBOT'O JIABIECHUSA
C OI'PAaHUYEHUEM I1O IIPOXOJHOMY AuaMeTpy. Tpyba
JauameTpom 44,4 MM IOIy4nUIa B KOMIIAHUH U POKOE
npUMEHEHUE (45%).

[ TpyOsl jruameTpoM 50,8 MM TAKKE HAOIIOLACTCS
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Ceprert CMakoB
Sergey Simakov

OTmMeyYyeHOo yMeHblUeHue
NCronb30BaHUs TPyObl
38,1 mm. Ee Bce vawue
3aMeHseT TpyOa
AnameTtpom 44,5 mm.

A decrease in the use of
38.1 mm CT was noted.
It is increasingly being
replaced by a CT with
a diameter of 44.5 mm.

fracturing technology using
diverting packs for staged
injection into the multistage
hydraulic fracturing process.
A detailed description of the
CRFD stack and its areas of
application was given.

The WellWatcher STIM
technology, its application
areas and approach to
working with it within the
SPARK business model were
also presented.

Coiled Tubing and
Well Intervention

Sergey Simakov,
expert of the Competence Center for Block Well
Construction and Workover Technologies expertise
and functional development Gazpromneft STC,
spoke about how coiled tubing opens a new
page in Gazprom Neft. The report presented in
percentage terms a wide range of works performed
with coiled tubing. Over the past two years, new
technological solutions have been implemented,
such as radial formation penetration, acid jet
tunneling, and coiled tubing drilling.

The speaker presented a diagram showing the
total CT mileage of all fleets of counterparties that
worked within the hydraulic fracturing perimeter
from 2017 to 2021. In total,
the winding nodes were
taken with the lengths of the
coiled tubing used and the
number of tubes in use. The
average annual growth rate
was 3.6%. Last year, there was a
drawdown in the total mileage
of coiled tubing used due to
the restrictions imposed on
Gazprom Neft.

With regard to individual
CT diameters, a decrease in
the use of 38.1 mm CT was
noted. It is increasingly being
replaced by a CT with a diameter of 44.5 mm, but
there are some operations in which the 38th pipe
is indispensable. In particular, these are non-
extended horizons, as well as wells for maintaining
reservoir pressure with limited bore diameter. The
44.4 mm tubing is widely used in the company
45%).

There has also been a slight increase in usage for
the 50.8 mm CT. Its special orientation is noted:
horizontal sections exceeding 1000 m. This tubing
is indispensable for work when milling under the
so-called rated value. This is the 95th cutter when
working in 114 shanks with a 734 PDM. Also, the
44" tubing is out of competition when closing and
opening ports, when a lot of effort must be applied
to the transmitted loads.

The company plans to use a CT with a diameter of



HEOOJIBIIION POCT UCIOIb30BAHUSL.
OTMeuaeTcs €€ CrieluaibHa s
HAMPABIECHHOCTD: TOPU30OHTATbHBIE
y4aCcTKH, npespimaromue 1000 M. Ora

44-51 TpyOa BHe KOHKYpPEHLMHA
NPV 3aKPbITUN-OTKPbLITUN
NopTOB, Korga no
nepepasaeMbIM Harpyskam

60.3 mm. She already participates
in 5% of the total number of
coiled tubing operations. This
standard size will be actively used

Tpy6a HE3aMECHMMA IIPH PA60TAX, KOIZa HY>KHO NPUNOXUTb (5%0)) | NMle)-0 by Gazpromneft Zapolyarye,

(Ppe3€EPYIOT MO/ TAK HA3BIBAEMBIN
HOMUWHAJL. DTO 95-11 (ppe3 npu pabore
B 114 xBOoCcTOBHKAaX C 73-M B3/I. Tak:ke
44-g Tpy6a BHE KOHKYPEHIIUH IPU
3aKPBITHU-OTKPBITUH IOPTOB, KOTJA
O NEPENABAEMBIM HATPY3KAM HYXKHO
IPUIOKUTH OOJIBIIOE YCUIHE.

B KOMITaHNM IIJTAHUPYETCH
MIPUMEHEHUE TPYOBI JUAMETPOM
60,3 MM. OHA VKE YIACTBYET B 5% OT OBIIETO YHUCIa

KOJITIOOMHTOBBIX ONEPALU. JJaHHBINA TUTIOPA3MED O6y1yT
AKTHBHO UCIIONb30BATh B «['a3IPOMHEMPTH 3aMONIAPbE»,

TaC eCTb I‘JIY6OKI/IC CKBAKHUHBI C TIPOTAKCHHBIMA
TOPU3OHTAJIbHBIMU YIACTKAMH.

IIpu paboTax 4aCTO HEOOXOAMMO OBIBAET UCTIONb30BATh

TSOKEITYIO KPAHOBYIO TEXHHUKY, AapEHAA KOTOPOI

COCTABJIACT SHAYUTC/IIbHYIO YACTb 3ATPAT Y KOHTPATI'CHTOB.

CHM3UTD 9TU 3aTPATHI, 4 TAKKE COIKOHOMMUTD JI0 25%

BPEMEHH, 3aTPAYNBAECMOT'O HA PA6OTY HA CKBAXKUHE, MOIJIO
ObI OBICTPOBO3BOJUMOE NOABEMHOE COOPYKEHUE, HA
Pa3paboTKy KOHCTPYKLIUU KOTOPOTro HajetoTcs B ['TTH.

Eme 0JHO aKTyaJIbHOE HAIPABJIEHUE — ITPOOIEMA
cBapHoro msa Ha T'HKT, korga cBapO4HbIE PA6OTEI

IPOU3BOAATCA BHE IIPOU3BOICTBEHHBIX YCJIOBUH. [Ipun
MPOBEAEHNH CBAPKH HA MECTOPOXKAEHUHN )KU3Hb TPYObI
(coil life) TepseT no 50%. [Ipo6iaeMy MOIJIO ObI PEMINUTH
CO3/IAaHUE TAKOI'O IIPUOOPA, KOTOPBIN OyZieT MOOHIIEH,

4 C €ro NOMOUIBIO MOXKHO Oy/IET yOUPATh OCTATOYHOE
HANPSKENE U BBIPABHUBATD CTPYKTYPY IIBA, IPUABAS
MPU 3TOM EMY IUIACTUYHOCTD, IPAMO HA MECTOPOXIEHUH.
Taxoro npubopa O4EHb HE XBATAET, [IOCKOJIbKY CETOIH S
K4a4€CTBO CBAPKU I'MOKOH TPYOBI IIPOLIEHTOB HA CEMBJICCAT

3aBHUCHUT OT YEJIOBEYECKOI'O (paKTopa —OT

ycinume.

The 44% tubing is out of
competition when closing and [ElESEAsEeehIgEBienhs

opening ports, when a lot of
effort must be applied to the
transmitted loads.

where there are deep wells with
long horizontal sections.
When, it is often necessary

the rental of which constitutes a
significant part of the costs from
contractors. A quick-mounting
lifting structure could reduce
these costs, as well as save up to
25% of the time spent on work on the well. That is
why Gazprom Neft hopes for such a divice to be
designed.

Another topical area is the problem of the welded
seam on coiled tubing, when welding is performed
outside of production conditions. When welding in
the field, the coil life loses up to 50%. The problem
could be solved by creating such a device that will
be mobile, and with its help it will be possible to
remove residual stress and level the structure of
the seam, while giving it plasticity, right in the field.
Such a device is very lacking, since today the quality
of welding a coiled tubing depends on the human
factor by seventy percent - on a particular welder.

President Middle East Asia Pacific, EVP
Technology Commercialization at Altus
Intervention/Senior Chairman at Intervention and
Coiled Tubing Association (ICOTA)

Stuart Murchie made a presentation on
Technologies and Trends in Well Intervention.
The main trends were grouped in four areas:
Mission certainty, Operational efficiency, Footprint
minimization, and Digitalization. All trends are
interconnected, and each has been

-

KOHKPETHOT'O CBAPIINKA.

C noxnanom «Texnonozuu u
meHnoeHuul GHYMPUCKEANCUHHBLX
paobom» BrICTYIIVI
Cmiroapm Mapuu, 1pE3UJCHT KOMIIAHUN
Altus Intervention no birxHeMy BocTOKy
U A3MATCKO-TUXOOKEAHCKOMY DETUOHY,
UCIIOJIHUTEJIbHBIA BULIE-TIPE3U/IEHT 110
KOMMEPLIMATIU3AL NN TEXHOJIOIU B Altus
Intervention/CTapimm COnpeaceaTeab
Intervention and Coiled Tubing
Association (ICOTA). OCHOBHBIE TPEH/IBI
OBLIIN CTPYIIIMPOBAHEI 10 YETBIPEM
HaIPaBJIECHUAM: HAJIEKHOCTb TEXHOJIOTUH,
onepanruoHHaA 3PPEKTUBHOCTD,
MHHHUMHU3AIUS BO3ACHCTBUS Ha
OKPY>KAIOIIYIO CPEY U IIM(PPOBU3AITUSL.
Bce TpeHIbI B3aUMOCBSI3aHbI MEXAY
COBGOM, U KAXK/IBIH ObLTT PACCMOTPEH C TOYKHU 3PEHUS

TEXHOJIOTUH, p360‘-II/IX TIPOIECCCOB U YCJIOBCYCCKOI'O

¢axropa.

ITpeacrasurens KoMnanuu Jdllnomoepxe» Epmer
Kaunog BeICTYIIII C JIOKJI1A]IOM «MOOUNBHBLIL KOMNIEKC
oceoenua oasn oypenua na oenpeccuu c THKT». [lokna

Epmek Kannosy
Yermek Kai .

™ considered in terms of technology,

process and human factors.

Yermek Kaipov, Schlumberger
representative, made a presentation
titled "Mobile stimulation unit
Jorunderbalanced coiled
tubing drilling". 1t was focused
on underbalanced drilling and the
surface equipment. The operations
were performed in Saudi Arabia,
but there is a demand for similar
operations (underbalanced drilling
of lateral holes in carbonate
formations with stimulation from
surface) in the Russian market
as well. The speaker described
numerous challenges of carbonate
reservoirs development in Eastern
Siberia and Orenburg. These challenges are mainly
associated with the efficiency of wellbore contact
with heterogeneous reservoir.

Underbalanced drilling with well stimulation is
used to handle these challenges. In underbalance
drilling two main parameters are measured: d}
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OBLI IIOCBAIIECH 6YPEHUIO HA IEIPECCUN
U AKLIEHTUPOBAH HA HCIIOJIb3yEMOM
MIOBEPXHOCTHOM OOOPYAOBAHUU. Pa60THI
MIPOBOAUINCE B CayJOBCKOI ApaBUU, HO
CIIPOC Ha NOJOOHBIE onepanuu (bypeHue
Ha JIENPECCUU GOKOBBIX CTBOJIOB B

K2p6OHaTHbIX T1ACTAaX C BBISOBOM ITPHUTOKA

H4 IIOBEPXHOCTH) ECTh U HA POCCUNCKOM
PBIHKE. [JOKIaYNK OXAPAKTEPHU3OBAT
BBI30BbI, BO3HUKAIONUE IIPH PA3PAOOTKE
KapOOHATHBIX MECTOPOXKIECHUH,
KOTOPBIX MHOI'O B BocTounoi Cubupu u
OpeHOYPrcKoM peruoHe. OHU CBSI3aHBI B
OCHOBHOM C 9(p(PEKTUBHOCTBIO KOHTAKTA
CTBOJIA CKBA’KUHBI C HEOJJTHOPOHBIM
KOJITIEKTOPOM.

151 pemenns npo6aeM IPUMEHAETCS

GypEHHE HA AEIPECCHUH C BBI3OBOM IIPUTOKA.
[Tpu 6ypeHuH Ha IETIPECCUH U3MEPSIOTCS 1B
OCHOBHBIX IAPAMETPA: 3A60HHOE NaBICHUE

U Ae6UT ra3a HA YCTHE TOCJIE CCIAPATITHL.
Ha ocHoBe 3THUX JAAHHBIX OIIPCACTACTCA
IPOAYKTHUBHOCTD CKBAKHUHDBI BIOJIb €€
CTBOJIA.

B CaynoBckor ApaBuU OyPHUIU OOKOBBIE

CTBOJIBI U3 CTAPBIX T'A30KOHACHCATHBIX
CKBAKHH U ITIOJIYy49a/IX HA BBIXO/ZIC I'A3 U

KOHJICHCAT. BCce yCTaHOBKY NTOATIOTOBKH (DIIOH/1A HA
HOBEPXHOCTHU YCTAHOBJIEHBI HA IACCH U IIEPEMEITAIOTCA OT
CKBAKHMHBI K CKBAKUHE, MOOMIBHBIN KOMIIJIEKC COCTOUT
U3 OCHOBHBIX YaCTEH, NPEJHA3HAYCHHBIX /IJ151 IEPBUYHOI'O

OnbIT NOKasar, YTo, HeCMOTpS
Ha TO 4TO OypeHne BOKOBbIX
CTBOJIOB Ha AeNpeccnu ¢
BbI3OBOM MNPUTOKa MOXET
ObITb OPOXKE DypeHUs ¢
nomoLuubto KPC, ¢ Toukn
3peHNsi NPOAYKTUBHOCTM
pa3paboTka MecTopoXaeHUs
OKas3sblBaeTcs B 2—3 pa3a Bbllle,
yeM ecniv Obl bOKOBbIe CTBONbI

3ape3aJinCb Ha penpeccnin.

Case study has shown that
in terms of productivity

field development with
underbalanced drilling

of sidetracks with inflow
stimulation turns out to be
2-3 times more effective as
compared to overbalanced
drilling despite the fact that it
may be more expensive than
workover drilling.

bottomhole pressure and
gas rate at the wellhead
after separation. Based
on these data, the
productivity along the
wellbore is determined.

In Saudi Arabia
sidetracks were drilled
in old gas-condensate
wells and provided gas
and condensate inflow.
All surface fluid treatment
units are mounted on
chassis for transportation
from well to well. The
mobile unit consists of
main parts for primary
and secondary solid phase
extraction, separation,
solid phase treatment, oil
storage and export, water
storage, water flushing
system, chemical injection
and flare systems.

Case study has
shown that in terms
of productivity field

development with underbalanced drilling of
sidetracks with inflow stimulation turns out

to be 2—3 times more effective as compared to
overbalanced drilling despite the fact that it may

Y BTOPHYHOI'O OT/IEJICHNS TBEPAO (DaA3bI, CENaAPALINH,

06pabOTKH TBEPAOHU (Pa3bl, XPAHEHUA U
3KCNOPTA HEPTH, XPAHEHUSA BOADL, CUCTEMBI
MPOMBIBKH BOJIOH, 3aKAYKH MTHTUOHUTOPA,
CHCTEMBI OTXKUTA.

OMBIT NOKA34J1, YTO, HECMOTPSA HA TO YTO
OypeHHuEe GOKOBBIX CTBOJIOB Ha JICTIPECCHUU
C BBI30OBOM IIPUTOKA MOXKET OBITH JOPOXKE
Oypenus ¢ nomoubio KPC, ¢ Touku 3peHus
NPOAYKTUBHOCTH Pa3PaboOTKA MECTOPOXKIEHUA
OKA43bIBACTCS B 2—3 Pa3a BBIIIIE, YEM €CJIU Obl
OOKOBBIE CTBOJIBI 3APE3AJIMCh HA PEIIPECCUU. 32
KOPOTKHIT CPOK JIEGUT BBIPOC /10 6 pa3, GypeHue
[IJIO 6€3 OCJIOKHEHUI U C BBICOKOHM CKOPOCTBIO.
Kommiekc ocsoenust u THKT nokasanu
BBICOKYIO 3(P(PEKTUBHOCTD. JJAHHBIN METO[
PEAILHO YBEJIIMYUBAET JOObIYY, OCOOGEHHO B
TPEIHMHOBATHIX KOJJIEKTOPAX.

O6 yseauuenuu 3016l 0X8AMA CKEANCUHDBL

T'HKT o5 3a0a4 padouanisHozo 6CKPuLmusi naacma
pacckazain axcnept 1o T'HKT, pyKoBOgUTEIb HATIPABICHUA

BHYTPUCKBAKMHHBIX pa6OT

OO0 dasnpoMmHePTh-3aNI0NAPbe> AHamoauit Kuuuzun.
Ha ogHOM U3 MECTOPOXKICHUN, XaPAKTEPUIYIOIUXCH
KaK HU3KOIIPOHUIIAEMBII KAPOOHATHBIN KOJJIEKTOP,

Ha6110/12J1aCh C1a6as1 BOBJIEUEHHOCTD 3AITACOB B

IKCILTYATAITHIO. bbun PaCcCMOTPEHBI PA3TTUIHBIC MCTO/IbI

nHTeHCcU(puKanuu. IlpeanoyreHue ObII0 OTAAHO
paguaIbHOMY BCKPBITHIO I1acTa (PBIT). s PBIT

be more expensive than workover drilling. Within
a short period of time the
flow rate increased up to 6
times, drilling was performed
at high penetration rate
without complications. The
mobile unit and coiled tubing
showed high efficiency. This
method increases production,
especially in fractured
reservoirs.

Coiled tubing expert, head
of downhole operations at
Gazpromneft-Zapolyarye
LLC Anatoly Kichigin
spoke about increasing the
coverage area of the CT
well for the tasks of radial

Jormation penetration.

In one of the fields, characterized as a low-
permeability carbonate reservoir, there was a weak
involvement of reserves in production. Various
methods of intensification were considered.

The preference was given to radial formation
penetration. For fracturing, two wells were
proposed, one of which was located in the zone of
a low-permeability carbonate matrix, and the other
was located in an area with a locally developed
"corridor" fracture.

AHaTonun KnimrH
Anatoly Kichiginsms®

ObLITU NPEAJIOKCHBI IBC CKBAKUHBI, OJHA M3 KOTOPBIX
HaxXoamnJacCb B 30HC CJIa6OHpOHHLIaCMOﬁ K3p6OHaTHOfI
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The report gave a brief description of the radial
formation penetration technology. A lightweight



MaTPHULIBL, 4 JpyTas Oblia
PACIIOJIOXKEHA B 30HE C JIOKAJIBHO
Pa3BUTOMN «KOPUJOPHOL»
TPEIMHUHOBATOCTHIO.

B noksaze 66110 JaHO KPATKOE
onucaHue Texnosaoruu PBIT.
7151 paboT NCONB30BAIACDH
KOJITIOOMHI'OBAsI yCTAHOBKA
JIETKOT'O KJ1acca. B kauecTBe
pabodet JKUAKOCTHU
ucnonbzosaiacs HCI
KOHIEHTpa1nuen 15%. PaboTsl
1y B ¢TBOJIE O 100 M. AHATOIUI
KuuuruH noipo6HO NpeACTaBUII
MHOPSAIOK UX IIPOBEJICHUS,
OCTAaHOBHBIIHNCH HA ITATIE
(ppe3epoBaHMS KOJJOHHBI U
BCKDBITUU PA/IMAJIBHOI'O KAHAJIA.
Bb11 0600111EH ONBIT IPOBEJECHUST
JIAHHBIX PA0OT, IPUBE/ICH AHAJIN3
UX 3(PPEKTUBHOCTH.

B noxnane Epaana
Hccabexosa, 1peCTABIABIIETO
«LnroMGepiKe», «CKBANCUHHAA
Kamepa u eu3yaisnan
AHADUMUKA ONLA Pettenus
3a0au no ouazHocmure»

ObLIA PACCMOTPEHA AIIapaTypa
OPTIS INFINITYTM uee
BO3MOKHOCTH B IUATHOCTHKE
NPUYUH PA3JIMYHBIX COOBITHUA.
Arnmmaparypa BKJIIOYAET B

cebs1 CTAHJAPTHYIO KaMEPY
HIDKHETO BU/IA U YETBIPE KAMEPBI OOKOBOT'O BU/JA.
Kamepy MOKHO CITYCKAaTh HAa BCEX BO3MOXKHBIX CIOCO6aX
JoctaBky, HO 'HKT — Haunbosee nonynaspHbIH Criocob.
TaxoKke Ba2KHO UMETb BO3MOKHOCTDb BU3YaJIbHON
aHAMUTUKU. OHA COYeTaeT B ce6€ HOBEHIIYIO
BU3YAJIbHYIO IMATHOCTUYECKYIO MH(POPMALTUIO C
NEPEJOBBIMUA METOJAAMHU BBIYUCTIUTEIBHOTO AHAJIN34,
KOTOPBIE HEOOXOUMBI JIJI ITOJTyYEHN A KAYECTBEHHBIX

U KOJIMYECTBEHHBIX JJAHHBIX O COCTOAHUH CTBOJIA
CKBAKUHBI. BO3MOXHBIX BAPUAHTOB BU3yaJIbHOU
AHAJIUTUKHU CYIIECTBYET MHOI'O. DTO MOI'YT OBITh CJIY4au
KOPPO3UH, ITECKOIPOABIEHU, ITEP(POPALTAH, CYKEHUA

U T. I1. B fOoKI1a1e 6pIM MPUBEAEHBI KOHKPETHBIE IPHUMEPDI
PabOoTeI KAMEPBI, KOI/1d ObIJIO O6GHAPYKEHO, B YACTHOCTH,
MOBPEXKAECHUE HEPETYIIAPHOU (POPMBI B XBOCTOBUKE. C
TTOMOIIY KAMEPBI CTAJI BO3MOKHBI BU3YAJIbHBIN AHAJIN3
apdexrusHOCTH Nepdopanuii npu I'PIT, BKaodas
MIOJITBEPIK/ICHUE PACTIONOXKEHH S IIPOIIAHTA, OLIECHKY €TI0
pacnpejesieHus, OIITUMH3ALHIO JU3aHHA (PpaKa, A TAKKE
NPOBEPKA OTKPBITUs/3aKPhITUA MydT I'PTL

«Hccaeoosanue mexHuuecKxoz0 COCmosaHuA
CK8aNCUH C NOMOULBIO CUCTEM MeNeUHCREeKUUN
(3abotinoii Kamepwt)», TAK HA3BIBAJICS JJOKJIA/]] [TTABHOT'O
reosiora OOO «BETEPAH» Koncmanmuna Anezuna.

B HacToOsIIeE BpEeMs IIPU BBIITOJIHEHUHY IIJTAHOBBIX
re0JIOrO-TEXHUYECKUX MEPOIIPUATHE 6OJIBIIOE UX
KOJIMYECTBO IIPUXO/INTCS HA KAITUTAJIBHBIN PEMOHT
ckBaxuH ¢ npuMeHeHneM I'HKT. [IpumeHeHue (aoTa
I'HKT npu nposeaeHun KPC yke nogpasyMeBaeT CJIOKHO

EpnaH Mccabekos
Yerlan Issabekov

co4yeTaeT B cebe

MHGpOopMaLMIO C

BusyanbHaa aHanutuka

HOBEWLLYIO BU3YaNbHYIO
AVArHOCTUYECKYHO

nepenosbiMmm MeTogamMm
BbIHUCJINTENIbHOIO aHalln3a.

Analytics combines state-
of-the-art visual diagnostic
information with advanced
computational analysis
techniques.

4

coiled tubing unit was used for the work. HCI
with a concentration of 15% was used as a
working fluid. The work went in the shaft up
to 100 m.

A. Kichigin presented in detail the procedure
for their implementation, stopping at the
stage of cutting the column and opening the
radial channel. The experience of carrying
out these works was summarized, an
analysis of their effectiveness was presented.

In the report of Yerlan Issabekov, who
represented Schlumberger, "Dowmnbhbole
camera and visual analytics for
solving diagnostic problems', the OPTIS
INFINITYTM equipment and its capabilities
in diagnosing the causes of various events
were considered. The hardware includes
a standard bottom view camera and
four side view cameras. The camera
can be lowered on all possible delivery
methods, but CT is the most popular
method. It's also important to have visual
analytics capabilities. It combines state-
of-the-art visual diagnostic information
with advanced computational analysis
techniques to provide qualitative and
quantitative wellbore data. There are
many options for visual analytics. These
can be cases of corrosion, sanding,
perforation, narrowing, etc. In the
report, specific examples of the camera's
operation were given, when it was
discovered, in particular, damage of an
irregular shape in the shank. With the help of the
camera, it became possible to visually analyze
the effectiveness of perforations during hydraulic
fracturing, including confirming the location of the
proppant, assessing its distribution, optimizing the
tailcoat design, as well as checking the opening /
closing of hydraulic fracturing sleeves.

"Well testing. Analysis of the technical
condition using teleinspection systems
(bottom-hole camera)" was the title of the
report of the Chief Geologist of VETERAN LLC
Konstantin Alegin.

Currently, a large number of planned logging
while drilling activities fall on the well workover
using coiled tubing. The use of a coiled tubing
fleet during workover already implies a complex
well profile (long horizontal section, great depths,
workover on a working well, abnormal pressure of
aworking well, etc)) and in case of complications
during the workover process, reliable information
is required about the state of the bottom of the well,
production casing, tubing hangers.

To date, an effective technological solution to this
problem is downhole teleinspection (downhole
camera).

This report provides a successful result of using
an online downhole camera to determine the
technical condition of the production string, the
current bottom at a depth of more than 3600 m.
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HOCTPOEHHBIN NPO(DUIb CKBAKHUHBI (TIPOTKEHHBIA
TOPU3OHTAJIBHBIN Y4aCTOK, OOJIBIINE ITTyOUHBI,
nposeaeHue KPC Ha paboraroniert ckpakune, ABIT]
paboTaIomEl CKBAKUHBI U I1P.), U IPHU BO3HUKHOBEHUN
OCJIOKHEHUU B IPOLIECCE PEMOHTA HEOOXOAMA
JIOCTOBEPHAsI UH(POPMAITHSL O COCTOSTHUU 320051
CKBaKMHBI, SKCILTYATAlIMOHHOI KOJIOHHBI, NOoABECKU HKT.

Sergei Kurtsev, head of CT Service, Packer
Service LLC, presented a new look at bottom-
bole formation support. The work was carried
out at the Vostochno-Messoyakhskoye field in
the Cenomanian part of the Pokurskaya suite,
which is characterized by a high degree of lateral
heterogeneity and vertical dissection. The main

Ha cerogusamuuni 1eHb 3(p(PEKTUBHBIM
TEXHOJIOIHYECKHUM PEMICHUEM JJTAHHOU
POOJIEMBI SIBISCTCA BHYTPUCKBAXKUHHAS
TEJICUHCIICKIMS (3A00MHAS KaMepa).

B noksaze Ob11 IPpUBEIEH YCIEITHBIN

problems were the abnormally
low ratio of oil: water mobility

coefficients — 1:30. A very high-
viscosity oil was developed in a
weakly consolidated sandstone

PE3YIBTAT IPUMEHEHM I 3200MHOM
OHJIANTH-KAMEPHI 711 ONIPENEICHUA
TEXHUYECKOTI'O COCTOAHUA

BKCHHYQTQHHOHHOﬁ KOJIOHHBI, TCKYIICT'O

326051 HA TITYy6HHE 6071ee 3600 M.
Hoeblil 6322100 Ha Kpenaenue
II3II ipencrasun Cepzeii Kypues,
pykoBoauTenb cnyk0oul THKT
OOO Takep CepBUC». PabOTEI

IIPOBOJJUJINCH HA BOCTOYHO-MeCCOAXCKOM
MECTOPOXKJEHNH, HA CCHOMAHCKOM YaCTH
ITOKYPCKOM CBUTBHI, XAPAKTEPHU3YIOMICICS

BBICOKOM CTEIEHDBIO JIATEPAJIbHOM
HEOJHOPOJHOCTH U BEPTUKAJIBHOM

pac4yieHEHHOCTH. OCHOBHBIE ITPOOJIEMBI 3aKJIIOYAJIUCh
B AHOMAJIbHO HU3KOM COOTHOIIEHNUH KO3(PPUIIUEHTOB
HOABUKHOCTH HEPTH:BOAA — 1:30. PazpabarpiBanach
O4YEHB BBICOKOBA3KAS HEPTh B CJIAOOKOHCOIUJUPOBAHHOM
MECYAHUKE C HU3KMMHU Je(POPMALTMOHHO-TIPOYHOCTHBIMHA
CBOMCTBAMH, HA MaJION I1ybuHe 3aieranus 750—-800 M.
IIpu pa3paboTKe MECTOPOK/ICHUS BCJICICTBUE TOOBIYU
MPOMU3ONLIO ECTECTBEHHOE PA3PYIIEHHE CKEJIETA IIJIACTA,
CBSI3aHHOE C BBIMBIBOM LIEMEHTHUPYIOIIETO MAaTEPHUAIA
MOPOJBI TOTOKOM UCXOAAMIEN ) KUJIKOCTH, X OCBIITAHUE
NOPOABI B (PUIBTPOBON YACTHU TOPU3OHTAIBHBIX Y4aCTKOB
CKBaKMH, YTO IIPHUBEJIO K 3a4KYIIOPKE ¥ CHUKEHUIO 1€OUTA.
CymecTByeT psijy 0CO60 NPOOIEMHBIX CKBAKHUH, KOTOPBIE
HE MOT'YT BBIHTH HA IVIAHOBBIH PEXKHUM PAOOTHL, IIOCKOJIBKY
POUCXOAUT 3a0UBAHUE IECKOM UX (PUIIBTPOBOI
4aCTHU. 3AKA34YHK [IEPENPOOOBAT PA3TUIHbBIE BADUAHTDI
3AKPEIJIEHUA IIECKA B CJTAOOKOHCOIN/IUPOBAHHBIX
NECYAHUKAX, HO HeygauHOo. Komnanwus «[Takep CepBuc»
IIPUMEHNIIA K IIPOOIEME NMHXXEHEPHBIH TOAXO0. C
HOPMAIH3AITUEN 326051 — C OUMCTKOM CKBAKUHBI
OT IJTACTOBOT'O MECKA, BBIHOCAIIETOCS B IIPOLIECCE
IKCIUIYATAL U, OBLIIU CBA3aHBI 29% paboT. KaueCTBEHHYIO
U 3(PPEKTUBHYIO OUHUCTKY 32009 Y AJIOCh IIPOBECTU
HUCKJIIOYUTEIBHO 61arosiaps npumeneHuo F’HKT.

Brl1a nogo0bpaHa TEXHOJIOTUS —
HOHI/IMCpHQ_H ,IIBYXKOMHOHCHTHH.H
KOMITO3UIIUS, B TOTOBOM COCTOSTHUH

MIPEACTABIIAIONAS COOOM ITIOPUCTYIO IIEHY.
Ee OCHOBHOE OTJIMYME OT IPEABIAYIINX

pENIEHNH — TO, YTO B COCTABE

KOMITOHEHTOB €CTh IOPOOGPAZ0BATENb,
KOTOPBII TO3BOJISIET CO3/IATh TOPOBBIE
KaHAJIbI, 06ECIICUNBAIONIHE (PUIBTPAIHIO

4epes3 JAHHBIA XUMUYECKUI COCTAB.
Tax:Ke y Hee HIMPOKUH INAIa30H

TIPHUMCHCHHA B IIPOMCIKYTKE IVTACTOBBIX
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Cepren Kypues
Sergei Kurtsev

tubing.

KauyecTBeHHyto U

3P PEKTUBHYIO OHYNUCTKY
330605 yganocb NpoBecTu
NcKNoYnTENIbHO bnarogaps
npumeHeHuo NHKT.

High-quality and efficient
bottomhole cleaning was
carried out exclusively thanks
to the use of coiled tubing.

with low deformation and strength
properties, at a shallow depth of
750-800 m.

During the development of the
field, as a result of production,
a natural destruction of the
formation skeleton occurred,
associated with the washing out of
the cementing material of the rock
by the flow of the outgoing fluid,
and the crumbling of the rock in
the filter part of the horizontal
sections of the wells, which led to
blockage and a decrease in debit.

There are a number of particularly problematic
wells that cannot reach the planned operation
mode, since their filter section is clogged with sand.
The client has tried various sand fixing options in
weakly consolidated sandstones, but failed. Packer
Service took an engineering approach to the
problem. Bottom hole normalization — cleaning

of the well from formation sand carried out during
operation, was associated with 29% of the work.
High-quality and efficient bottomhole cleaning was
carried out exclusively thanks to the use of coiled

The technology was selected — a polymer two-
component composition, in the finished state
representing a porous foam. Its main difference
from previous solutions is that the components
contain a blowing agent, which allows you to create
pore channels that provide filtration through a
given chemical composition. It also has a wide
range of applications in the interval of reservoir
temperatures from plus 15 °C to plus 90 °C. The
porous structure itself is quite strong in terms of
qualities, withstands stress loads, anchors the rock
skeleton and retains oil permeability.

Sergey Kurtsev spoke about
the experience of applying
the technology on a specific
well, where sand consolidation
operations were performed
and a long-term positive effect
was obtained. It was concluded
that fixing the sandstones of
the bottomhole formation
zone is the most rational way to
control sand occurrences. The
successful experience of using



TeMmIieparyp — ot mwioc 15 °C go wmoc 90 °C. Cama
MHOPHUCTAS CTPYKTYPA O KAYECTBAM IIOTyIaETCs
JIOCTATOYHO IPOYHAS, BBIICPKUBAET CTPECCOBBIE
HATPY3KH, 3AKPEIIAET CKEJIET OPOABI U COXPAHAET
HPOHUILAEMOCTB JJ151 HEPTHU.

Cepreti KyprieB pacckaszasi 06 OIbITE IPUMEHEHU S
TEXHOJIOTMU HA KOHKPETHOU CKBAXKUHE, T/IE ObLIN
BBIIIOJTHEHBI ONIEPAIIUHU IO 3AKPEIJIEHUIO IECKA U
HOJIyYECH JJIUTEIbHBIN HOJTOXKUTEIBHBIN 3(P(EKT.
BbLII clIeTaH BBIBOZ, YTO KPEIUIEHUE IECUAHUKOB
1311 sBIsI€ TCA HAUOOJIEE PALTMOHAIBHBIM CIIOCOOOM
OOPBOBI C TECKOIPOABICHUSMU.
VCIEMHBIN ONBIT IPUMEHEHU A
KOHIIENTYa/IbHO HOBOTI'O
XUMHUYECKOT'O METOAA KPETITIEHU A
IT3IT OTKPBLI HOBBIE TOPU3OHTDI
IKCILTYaTAIUH MECTOPOXK/ICHUS.
PeKOMEHIOBAHO THPAKUPOBAHUE
HOBOTI'O XUMHUYECKOT'O
METO/A HA OO'BEKTAX CO
CI1a6OKOHCOMUAUPOBAHHBIMH
MECYAHUKAMI.

[maBHBINA NHXKEHED 1O
Pa3paboTKE MECTOPOKICHUN
KoMnianuu J1lmomoepxe»
Epmex Kaunoe
paccKasan o npumenenuu
8BLCOKOUACMOMHBIX
uzmepenuii na nogePxHocmu
O onmumu3auuu npoyecca
OUUCMKU CINEONA CKEANCUHDBL
noce Cmumyaauuu,
OZEIUBIINCE OIIBITOM U
JIAHHBIMH, IIOJIYYEHHBIMU BO
BPEMSI IIPOLIECCA, U ITIPE/IJIOKUB
IyTU UX UCTHIOJIb30BAHUSL.

BpLIn N3J105KEHBI OCOOCHHOCTH
PaboT IO OCBOEHUIO CKBAKHUH
nocsie MI'PIT, B yaCTHOCTH,
ONITHUMMU3ALUHU ITPOLIECCA
OYHCTKH CKBAXKUHBI C LIEJIBIO
coxpanenus Tpemunsl I'PIT. BeCKOHTpOIbHAA OYUCTKA
CTBOJIA CKBAXKUHBI MOXKET OBITH HETIOJHOU. OCTABIINICS
B XBOCTOBHKE IIPOIITAHT CO3/4ACT JOIIOJHUTEIBHOE
COIIPOTHUBJICHHUE BO BpeMs JOOBIYU. Bropas npoodnema
— 06pa30BaHME O€3 IIPOIIIAHTA 30HBI, KOTOPAs 6yAeT
CMBIKATHCS BO BPEM S IKCILIYATALUH, BCJIEJCTBUE YET'O
OyJeT TEPATHCA CBA3b TpemuH 'PIT CO CKBA>XHMHOM U B
JaJbHENIIEM IOTPEOyeTCs pePpakK.

Bo Bpems pa6oTel ¢ THKT CKOPOCTD 3aKaYKU U3BECTHA.
151 n3MepEHNsI CKOPOCTH BO3BPATA KHUJIKOCTH B
MHOI'0(Pa3HOM IIOTOKE HA BBIXOJE ObLJI yCTAHOBJICH
MHOro@asHbIi pacxogoMmep Vx. Mjest: mpoBecTr
BBICOKOYACTOTHBIC U3MEPEHUS,

4 TIOTOM, 3HA5I CKOPOCTB 3aKAYKHU JKHU/IKOCTH U CKOPOCTH
€€ BO3BPAT4, a TAK)KE KOHIICHTPAIIMIO IPOINMIAHTA,
paccumuTaTh 6ATAHCOBBI IEOUT — PACXOJ, KOTOPBIH
IIO3BOJINT IIOHATS, JEIIPECCHUS UJIU PEIIPECCHUS CO3/4A1ACh
Ha 3200€ C YYETOM N3MEHEHUSI OO'bEMA 34 CUET JBUKECHU S
I'HKT, 11 OCyIIECTBUTh KOTUYECTBEHHBII KOHTPOJIb HAJ|
COCTOSIHHEM JICTIPECCUU /LIS TPEIOTBPAIECHI S BHIHOCA
MIPONIIAHTA. }

MpumeHeHne

O4YNCTKU CTBOJ1A

CKBa>XXUHbI.

BbICOKO4YaCTOTHbIX
OaHHbIX BO BpeMA

CKBAXXWUHbI HE TONIbKO
AaeT BO3MOXHOCTb
coxpaHuTb TpeLwunHy P,
HO 1 rno3BonseT NpPoBecTU
pacyeT pacnpegeneHus
npormnaHTa B TpeLwMmHax,
YTO MOMOXET paccymTaTb
NPOAYKTUBHOCTb

The use of high-frequency
data during wellbore
cleaning not only makes

it possible to preserve the
hydraulic fracture, but also
allows the calculation of
the proppant distribution
in the fractures, which

will help to calculate the
productivity of the well.

a conceptually new chemical method for securing
the bottomhole formation zone has opened up new
horizons for the field's exploitation. Replication of
the new chemical method on objects with weakly
consolidated sandstones is recommended.

Ermek Kaipov, Chief Fields Development
Engineer at Schlumberger, spoke about the
use of high-frequency mmulti-phase
surface measurement to optimize the post-
stimulation clean-out with coiled tubing,
sharing experience and data obtained during the
process and suggesting ways to use them.

The features of well development work
after multi-stage hydraulic fracturing were
outlined, in particular, optimization of the
well cleaning process in order to preserve
the hydraulic fracture. Uncontrolled
wellbore cleaning may not be complete.
The proppant remaining in the liner will
create additional drag during production.
The second problem is the formation of a
zone without proppant, which will close
during operation, as a result of which the
connection of hydraulic fractures with
the well will be lost, and refraction will be
required in the future.

During coiled tubing operation, the
injection rate is known. To measure the
rate of liquid return in the multiphase flow,
a Vx multiphase flowmeter was installed
at the outlet. The idea is to carry out
high-frequency measurements, and then,
knowing the rate of fluid injection and the
rate of its return, as well as the proppant
concentration, calculate the balance debit —
the flow rate, which will make it possible
to understand whether drawdown or
repression was created at the bottom, taking
into account the volume change due to the
movement of coiled tubing, and carry out
quantitative control over the state of the
underbalance to prevent proppant recovery.

The CT operator can monitor all the critical Vx
multiphase meter data: proppant flow, fluid return
rate, net return, injection rate into the well. The use
of high-frequency data during wellbore cleaning
not only makes it possible to preserve the hydraulic
fracture, but also allows the calculation of the
proppant distribution in the fractures, which will
help to calculate the productivity of the well.

Luciya Davletshina, Ph.D., Associate
Professor of the Department of Technology of
Chemical Substances for the Oil and Gas Industry,
The I.M. Gubkin RSU of Oil and Gas, made a
report "Colloid-chemical research in the
development of acid compositions".

The depletion regime is characterized by a
decrease in the productivity of wells, which occurs
not only due to a decrease in oil saturation of the
reservoirs, but also due to clogging (pollution)
of the bottomhole zone of the well. Under these
conditions, one of the most common technologies }
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Omneparop THKT MOXeET OTC/IC)KUBATD
BCE Ba>KHEUIITHE JJAHHBIE MHOT'O(DA3HOT'O
pacxopomepa VX: BBIHOC NPOMIIAHTA,
CKOPOCTB BO3BPATA JKUJKOCTH, YUCTHIA
BO3BPAT, CKOPOCTB 3AKAYKU B CKBAXKUHY.
[TprM€EHEHNE BBICOKOYACTOTHBIX JAHHBIX
BO BPEM S OYUCTKH CTBOJIA CKBAKHUHBI HE
TOJBKO JIA€T BO3MOXKHOCTb COXPAHUTD
Tpemuny I'PIT, HO 1 TO3BOJIAET IPOBECTU
pacyeT pacnpeneaeHns NPOIINAaHTa B
TPEIMHAX, YTO IIOMOKET PACCYUTATD
OPOAYKTUBHOCTD CKBA’KHHBL

Jhouua lasremmuna, K. T. H., JOLICHT
Kadeapbl TEXHOJIOIUH XUMHUYECKUX
BEIIECTB 11 HEPTAHOH U ra30BOU
MNPOMBIIUIEHHOCTU PI'Y HE(DTH M ra3a uM.
W.M. T'yOK1HA, BBICTYIINUIA C JOKIAIOM
«KOAnoUuoHO-xumuueckKue uccieoo8anusi npu
pa3zpadbomre KUCIOMHBIX COCMABOE».

PexMM HCTOMEHUA XAPAKTEPU3YETCS
CHMKEHUEM IPONYKTUBHOCTH CKBAXXHUH, YTO
MPOUCXOAUT HE TOJBKO 32 CYET YMEHDBIIEHUSA
HEMTEHACHITEHHOCTH IUIACTOB, HO U 32 CYET
KOJIBMATALIUH (3ATPA3HEHNN) IPU3a60MHON
30HbI CKBAKUHBL. B 3THX YCJIOBUAX OAHOM 13
CAMBIX PACIPOCTPAHEHHBIX TEXHOJIOIUI HA
MECTOPOXJIECHUAX HAPANY C TUIPABINYECKUM
Pa3pPBIBOM ILJIACTA ABJISAETCA KUCIOTHAA
06paboTKa.

HeobxoarMO yYHUThIBATh (PUBUKO-XUMUYECKUE
MPOLECCHL, TPOUCXOAANINE B IVTACTE HA TPAHULIAX
Pa3IUYHBIX CPEJ: IOPO/IA — IIACTOBBIE (PIIIOM/IBI
(HE@TD, IIJIACTOBAA BOA4, T'a3), HEPTH — BOJA
(TI1acTOBAs UJIU 3AKAYMBAEMAs), IVIACTOBbIC
PIIONABI — TEXHOJIOIMYECKUE X KUIKOCTHU
(XMMUYECKHUE PEATEHTDI, 3aKAYMBAEMBIE B IIACT B
MPOLECCE CTPOUTENIBCTBA U PEMOHTA CKBAKHUH),
OPOJA — TEXHOJIOTUYECKHE KUJKOCTH. X
B34MMHOE BJIMAHHE MOXET IPUHOCUTD HEMAJIO
pobaeM, CHUXKAIOIUX 9P(PEKTUBHOCTD
MPOBOJAUMBIX MEPOIIPHUATHHA B IUTACTE.
Hcnonb30BaHHUE METOOB KOJIJIOUJHOM XUMHUU
IIO3BOJISIET HOJIEE ITTyOOKO UCCIIENOBATD JJAHHbBIE
MPOLECCHI U JAET BO3MOXHOCTD IIPOJBUHYTHCA
JJIBIIIE B PEMIEHUAX 10 COBEPIIEHCTBOBAHUIO TEXHOJIOI MU
KHUCJIOTHBIX OOPa00TOK U Pa3pabOTKE HOBBIX KUCIOTHBIX
COCT4BOB.

CoueTaHue BO3MOXKXHOCTEHN, KOTOPBIE MOT'Y T
NPEJOCTABUATD KOJITIOOMHIOBAS yCTAHOBKA U KUCJIOTHBIE
COCTABBI, IPEJIOKEHHBIE /I KOHKPETHBIX IVIACTOBBIX
YCJIOBUH, IIO3BOJIUT IOBBICUTD 3(PPEKTUBHOCTD
TEXHOJIOTUH KUCJIOTHBIX OOPAaGOTOK.

MutaIunii HAyYHBIU COTPYAHUK OTAe/IeHU s HayaHOro
IEHTPA MUPOBOI'O YPOBHS «PaITOHAJIBHOE OCBOCHUE
3aI1aCOB XUJIKUX YITIEBOJOPOOB IUIAHETH> Burkmopus
Komexoea 03Byunia JOKIa] «Paspadomxa
u uccreoosanue uHzubumopPa KoPppo3uu
KOMNAEKCHOZO Oeticmaus». Koppos3us METATNYECKOTIO
060PYAOBAHUSA — ITO IPOOIEMA, C KOTOPOH CTAITKUBAIOTCS
HAa BCEX 3TaNax He(PTErazof00bIYy, IO3ITOMY pa3padboTKa
KOMIIIEKCHOT'O UHTMOUTOPA KOPPO3UU ITPEICTABIISIET
COOOM aKTYAJIbHYIO TEMY UCCJIEAOBAHNI. OCHOBHBIE

42 Ne4 (078) exabpn/December 2021

NMiouma OasneTiuvHa
Luciya Davletshina

CoyeTaHue
BO3MOXHOCTEW, KOTOpble
MOTyT NPeaoCTaBUTb
KonTioObMHroBas ycTaHOBKA
M KNCNOTHbIE COCTaBhbl,
npeanoXeHHbIe Ans
KOHKpPETHbIX MIacTOBbIX
yCNOBUIN, NO3BONUT
MOBbICUTb 3PPEKTUBHOCTb
TEXHOSIOMMN KUCNOTHbIX

in the fields, along with hydraulic
fracturing, is acid treatment.

Itis necessary to take into
account the physicochemical
processes occurring in the reservoir
at the boundaries of various
media: rock — reservoir fluids (oil,
reservoir water, gas), oil — water
(reservoir or injected), reservoir
fluids — process fluids (chemicals
injected into the reservoir in
the process of construction and
workover of wells), rock — process
fluids. Their mutual influence can
bring many problems that reduce
the effectiveness of the measures
taken in the reservoir. The use of
colloidal chemistry methods allows a deeper study
of these processes and makes it possible to move
further in solutions to
improve the technology
of acid treatments and the
development of new acid
compositions.

The combination of
the capabilities that can
be provided by the coiled
tubing unit and the acid
compositions proposed
for specific reservoir
conditions will increase
the efficiency of acidizing

o6pa60T0|<. technologies.
. - Junior Researcher of the

The Comb ination of the Department of the World-
capabllltles that can be Class Scientific Center
provided by the coiled "Rational Development
tubing unit and the acid of the Planet's Liquid
compositions proposed for e EasealruRE St
specific reservoir conditions [
willincrease the efficiency [,

T . "Development and
of acidizing technologies. research of a complex

action corrosion

inbibitor". Corrosion of metal equipment is a
problem that is faced at all stages of oil and gas
production, therefore the development of an
integrated corrosion inhibitor is a relevant research
topic. The main corrosion damage occurs during
the operation of metal equipment in corrosive
environments containing organic and mineral
acids, as well as in mineralized water saturated with
dissolved gases, in particular, carbon dioxide.

One of the best known methods of corrosion
protection is the use of inhibitors. Most of the
corrosion inhibitors used are aliphatic or aromatic
surfactants containing nitrogen, sulfur and oxygen
atoms in their functional groups. These organic
molecules can adsorb on the surface of the metal,
forming a bond between the nitrogen atoms and
the metal through the presence of a w-bond and a
lone pair of electrons, thereby reducing corrosive



KOPPO3UOHHBIE IOBPEKICHUS
BO3ZHUKAIOT IIPU IKCILIyATAI[UU
METAJTUYECKOTO OOOPYAOBAHUSA
B ATPECCUBHBIX CPEAX,
COZIEPKAIUX OPraHUYECKUE U
MUHEPAIbHBIC KUCIOTHI, 4 TAKXKE
B MUHEPATUZOBAHHOI BO/JIE,
HACBIIEHHOU PACTBOPEHHBIMU I'd3AMH,
B YACTHOCTHU JUOKCUZIOM YITIEPOJA.
OpHUM 13 HANOOJIEE N3BECTHBIX
METOJOB 3aIUTHI OT KOPPO3UU
SIBJISIETCS MUCIIOJIb30BAHUE
WHTHOUTOPOB. BOIBIIMHCTBO
HCIIOJIb3YEMBIX HHITHOUTOPOB
KOPPO3HUHU NIPEACTABIAIOT COOOH
AMU(HATUYECKUE WIH APOMATUYECKUE
TOBEPXHOCTHO-AKTHUBHBIE BEIICCTBA,

coziepKaIre B CBONX (DYHKITMOHAIBHBIX I'PYTITAX ATOMBI
430Ta, CEPBI ¥ KUCJIOPO/A. DTU OPTaHHUYECKHE MOJICKYJIbI

MOT'YT 2/ICOPOHUPOBATHCS HA [IOBEPXHOCTU METAJLIA,
06pa3ys CBA3b MEXK/TY ATOMAMH 430T4 ¥ METAJLJIOM 32
CUYET IPUCYTCTBUS @-CBI3U U HETIOZICTICHHOM APl
3JIEKTPOHOB, TEM CAMBIM YMEHBIIAsI KOPPO3UOHHOE

BozzaercTeue. Cpeji MHOTOOOPA3Us A30TCOACPKAIIX
UHI'UOHUTOPOB KOPPO3UU HIUPOKOE IPUMEHCHUE UMEIOT
UHT'UOHUTOPBI UMU/IA30JIMHOBOI'O KJ1aCcCa. MHIUoUpyolee
ﬂCﬁCTBHC UMHUIA30JIMHA 1 €T'0 IIPOU3BOAHBIX OCHOBAHO
H4 a/ICOPOLHY HA I'PAHUILIE PA3/iea MeTAJI/pacTBop. OHU
M POKO UCTIONB3YIOTCS IS 3AIATHI METAJJIMYECKOT'O

060PYyJOBAHMUA U3-34 UX BBICOKOI HHI'HOUPYIONIEN
3(PPEKTUBHOCTU U SKOJIOTUYHOCTH.

B pesynbrare npoBeIcHHOIO 0630pa pOCCUMCKON
U 3apPyOEKHOM JINTEPATYPBI ObLIA ONPEEIEHA

AKTYaJIbHAA TEMA PA3PAOOTKHA MHI'MOUTOPA KOPPO3UHU

KOMIILJIEKCHOTI'O JICUCTBU . Ha OCHOBaHUM
MOJIYYEHHBIX JJAHHBIX ObUIH PAa3PaOOTAHbI
WHIMOUPYIONUE KOMITO3UIINH, COJEPKAIIE
B CBOEM COCTABE AHMOHHBIN 1 HEMOHOT'€HHBIN
ITABBI, pacTBOPUTENDL U AKTUBHYIO OCHOBY —
MMM/1a30/I1H. [TpeICTaBIEHHBIE KOMITIO3ULIHN
HUMEIOT JOITYCTUMYIO CKOPOCTDH KOPPO3UH B
MUHEPATUIOBAHHOM MOJIEJIBHOM I1JIACTOBOM BOJIE,
HACBIIEHHON YITIEKUC/IBIM IA30M B KOHIIEHTPALTUU
60 M1/11, KOTOpast ObIIA OIPEC/ICHA Ha
ocHoBaHuU 3Havenut KKM. B conanorn kuciore
B IMANIA30HE KOHIIEHTPALNI OT 5 10 15% mac.
JIYYIIUM 33U THBIM IEHCTBUEM OOJIa/1aET
KOMIIO3UIIMA C JOOABIEHUEM aHUOHHOIO [TAB, a B
Cy/b(PpaMHUHOBOM KHUCIOTE JOOUTBHCS TPEOYEMOIO
CHMKEHHUS KOPPO3UOHHON AKTUBHOCTH YAAJIOCh
IIPY BBEJIEHUH JOITOJIHUTEIbHBIX KOMIIOHEHTOB —
NOAN/IA KAIHA U THOMOYEBUHBL

Takum 0Opa3om OblIa pa3padboTaHa

I/IHI‘I/I6I/Ipy10H12_H KOMIIO3UIIU I KOMIIEKCHOT'O JICUCTBUS,

MIPOSABJIAIONIAs] BBICOKUE 3AIIUTHBIE CBOMCTBA B
YIJIEKUCIIOTHOM Cpeie, HU3KOKOHLIEHTPUPOBAHHOMN

COJISTHOUM KHCJIOTE, 4 TAKXKE B Cyan)aMI/IHOBoﬁ KHCJIOTE

BO BCEM HCIIOIb3YEMOM JHAITA30HE KOHIICHTPAIIHIL.
HU3KOTEMIIEPATYPHBIE CBOMCTBA IIOJIHOCTHIO

COOTBETCTBYIOT TPEGYEMBIM 3HAUEHISIM: TEMIIEPATYPA

34CTBIBAHUS IIOJIYYEHHBIX PEAr€HTOB HIDKE -50 °C.
00 acnexmax pusuKo-xumunuecKozo

BukTopus Kotexosa
Viktoria Kotekhova

KoHctaHTH Mepanakos
Konstantin Merzlyakov

effects. Among the variety of nitrogen-
containing corrosion inhibitors,
inhibitors of the imidazoline class

are widely used. The inhibitory effect
of imidazoline and its derivatives is
based on adsorption at the metal/
solution interface. They are widely
used to protect metal equipment due
to their high inhibitory efficiency and
environmental friendliness.

As a result of the review of Russian
and foreign literature, a topical
topic of the development of a
complex action corrosion inhibitor
was identified. Based on the data
obtained, we developed inhibitory
compositions containing anionic
and nonionic surfactants, a solvent and an active
base — imidazoline. The presented compositions
have a permissible corrosion rate in saline model
formation water saturated with carbon dioxide at
a concentration of 60 mg/1, which was determined
based on the CMC values. In hydrochloric acid in
the concentration range from 5 to 15% wt. the best
protective effect is possessed by a composition
with the addition of an anionic surfactant, and in
sulfamic acid it was possible to achieve the required
decrease in corrosive activity with the introduction
of additional components — potassium iodide and
thiourea.

Thus, an inhibitory composition of complex
action was developed, exhibiting high protective
properties in a carbon dioxide environment,
low-concentration hydrochloric acid, as well as
in sulfamic acid in the
entire concentration range
used. Low-temperature
properties fully correspond
to the required values: the
pour point of the obtained
reagents is below -50 °C.

Konstantin
Merzlyakov, engineer
of the department
of the World-Class
Scientific Center
"Rational Development
of the Planet's Liquid
Hydrocarbon Reserves",
spoke about the aspects
of physical and
chemical modeling
of bydrochloric acid
treatments in carbonate reservoirs. The
complex mineral composition of carbonate
reservoirs and their heterogeneity create difficulties
in modeling acid treatments. The report presented
scenarios of the interaction of acid with carbonate
rock. It’s ideal, when, having spent the minimum
amount of acid, it is possible to create a dominant
wormbhole — a highly conductive channel. The
aim of the study was to study the interaction of
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MOOCAUPOBAHUA CONAHOKUCIOMHBLX
00pabomox 8 KapoonammosLx
Koanexkmopax pacckazan Koncmanmun
Mep3naxoe, urxeHep oraesieHus HayaHoro
LIEHTPA MUPOBOT'O YPOBH4 «PalITOHAIBHOE
OCBOEHHE 3AI1ACOB JKHUJKHX YITIEBOAOPOIOB
IIAHEThD>. CJIOKHDBIN MUHEPAJIbHBIN
COCTaB KAPOOHATHBIX KOJIJIEKTOPOB U UX
HEOJHOPOAHOCTD CO3/AI0T TPYAHOCTH IIPH
MOJIEIMPOBAHUU KHUCJIOTHBIX OOPA6OTOK.
B mok1aie 6pUIN IPEICTABIEHBI CLIEHAPUN
B3aUMO/ICHCTBH S KUCJIOTHI C KAPOOHATHOH
OPOJOHN. MIeanbHO, KOraa, 3aTpaTus
MHUHHUMAJIBHOE KOJTUYECTBO KUCIOTBHL, yIA€TCA CO34ATh
JOMHHAHTHYIO YEPBOTOUYHHY — BBICOKOIIPOBOIUMBIH
KaHaJL LIeIbI0 NCCIIeTOBAHUS ABISJIOCh UCCIIEJOBAHUE
B3aUMO/ICHCTBH S KUCJIOTHBIX COCTABOB C KAPOOHAHTHOM
NOPOJOI TPU HU3KUX TEMIIEPATYPAX, MOAECTUPOBAHUE
JJAHHOI'O B3aUMOJICICTBUSA U CONOCTABIEHUE PDE3YJIBTATOB
C OJTYyYEHHBIMHU HA (DUIIBTPALIMOHHON YCTAHOBKE.
IIpHUMEHAICA I'PABUMETPUYECKUI METOI UCCIIEAOBAHUI.
HccnemoBanmich Ba KUCJIOTHBIX COCTABA: HA OCHOBE
BBICOKOKOHIIEHTPHUPOBAHHOM CONMAHOU KUCIOThI (HCI 18%
MacC.) U Ha OCHOBE YKCYCHOM KUCJIOTBL [TI0Ka3aHo,
4TO YKCYCHASI KUCJIOTA B3AUMOJECUCTBYET B
pasbl MEAJIEHHEE, YEM COJIAHASA, 4 TIOBBIIIEHNUE
TEMIIEPATYPBI 3HAUUTEIBHO YCKOPAET CKOPOCTD
peaknuu. beuta npecTaBieHa KUHETUKA
PaCcTBOPEHMA ITOPOJADL, A TAKIKE MATEMATHYIECKAA
MO/IE/Ib KMCJIOTHOM O6Pa6OTKU. BBLJI C/IE1aH BBIBO/,
4TO MATEMATUYECKOE MOJEIMPOBAHUE ITOJIEZHO
IIPU KUCJIOTHBIX OOPA0O0TKAX, 4 JIJISI IOJIYyIYECHU S
ONTHUMAJIBHOI'O 3(P(PEKTA BAXKHO OOpAIATh
BHUM4HHE HA CKOPOCTD 3AKAYKU ¥ KUHETUYECKHE
XAPAKTEPUCTUKH KMCJIOTHOT'O COCTABA.

Hccneoosanuto ckopocmu Koppo3un 2uorKux
HACOCHO-KOMNPECCOPHBIX MPYO 8 KUCABLX
cpeodax ObL TIOCBAIICH JJOKIAT AeKcanopuol
TI'anxunoti, nxenepa otaenenus Hayanoro
LEHTPA MUPOBOI'O YPOBH#A «PaIiMOHAIBHOE
OCBOEHME 34TTACOB JKHUJIKUX YITIEBOJOPOJIOB
IJIAaHETB. KUCIOTHBIE OOPAOOTKHU SIBJISIIOTCS OJJHUM
U3 OCHOBHBIX BUJJOB MHTEHCU(PUKAIUU HEPTETOOBIUN.
OHHU ITOMOTaI0T BOCCTAHOBUTD IIPOHUIIAEMOCTD U
CTUMYJIMPOBATD IUIACT U3-32 O6PA30BAHNA HOBBIX
BBICOKOITPOBOJAIIMX ITOPOBBIX KaHAIOB. Hanbosee
PacCIpOCTPAHEHO HUCIIOIb30BAHUE CONISTHON KUCJIOTHI, OJHAKO
€€ MEPCHEKTUBHOMN 3AMEHOM ABIAECTCA CYIb(PaAMUHOBASA
KUCJIOTA M3-32 601€€ ITTyOOKOU IPOHUKAIOIIEHN CIIOCOOHOCTH,
HU3KON KOPPO3UOHHOM aKTUBHOCTHU, IIPOCTOTHI XPAHEHU S
U TPAHCTIOPTHUPOBKMU. [IprMEHEHNE KOITIOOMHTOBBIX
YCTAHOBOK I1PH IIPOBEAECHNUH KUCIOTHBIX OOPab0TOK
NOJTYYHJIO HIMPOKOE PACIPOCTPAHEHUE KaK B Poccuu, Tak u
3a pyoesxoM. Mcnionb3oBanue THKT nmeeT psaj IpeUMyIecTB:
TO3BOJISACT MIPOBO/IUTH HENPEPBIBHBIE OIIEPAITUN 6€3
IJIYIIEHUS CKBAXKUHBI, PABHOMEPHO U CEJIEKTHUBHO
pacpeensaTh TEXHOIOTHYECKUE JKUIKOCTH. OTHAKO OJHUM
U3 OCJIOKHEHUI IIPU IIPOBEJIEHUN KMCJIOTHBIX 0OPa60TOK
SIBJISIETCSI KOPPO3US KAK CTAJIBHOI'O O60OPY/IOBAHMS, TAK U
I'HOKHX HACOCHO-KOMIIPECCOPHBIX TPYO.

B paboTe IpOBOJMINCH UCCIEAOBAHUA MO OLICHKE
cxopocTu kopposuu 'HKT 6e3 106aBaeHNs HHTMOHUTOPA
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NpeanbHo, Koraa, 3aTpatme
MWHUMaNbHOE KONMMYEeCTBO
KMCNOTbI, yAAEeTCA co3a4aThb
BbICOKOMPOBOANMbINM KaHar.

It's ideal, when, having spent
the minimum amount of acid,
it is possible to create a highly
conductive channel.

T ———

acidic compositions with
carbonant rock at low
temperatures, to model
this interaction and to
compare the results
with those obtained
at the filtration unit. A
gravimetric research
method was used. Two
acid compositions were
investigated: based on
high-end hydrochloric
acid (HCl 18% wt.) And
based on acetic acid. It was shown that acetic acid
interacts several times slower than hydrochloric
acid, and an increase in temperature significantly
accelerates the reaction rate. The kinetics of
rock dissolution was presented, as well as a
mathematical model of acidizing. It was concluded
that mathematical modeling is useful for acidizing,
and to obtain an optimal effect, it is important to
pay attention to the injection rate and the kinetic
characteristics of the acid composition.

The report by engineer
of the department
of the World-Class
Scientific Center
"Rational Development
of the Planet's Liquid
Hydrocarbon Reserves
Alexandra Galkina
was devoted to the
study of investigation
of’the CT corrosion
rate in acidic media.
Acid treatments are
one of the main types
of oil production
intensification.
They help to restore

permeability and
stimulate the formation
due to the formation of new high-conductive pore
throats. Hydrochloric acid is the most common,
however, sulfamic acid is a promising substitute.

It has higher permeability, low corrosivity and it

is easy to store and transport. The use of coiled
tubing units for acid treatments has become
widespread both in Russia and abroad. The use of
coiled tubing (CT) has a number of advantages. It
allows continuous operations without killing the
well. It allows a uniforal and selective distribution of
process fluids. However, one of the complications of
acidizing is corrosion of both steel equipment and
coiled tubing.

In this work, studies were carried out to assess the
corrosion rate of coiled tubing both without adding
an inhibitor to the acid composition, and with it
installed. ST80 tubes manufactured by ESTM were
selected as the object of research. Aggressive media
were 5, 10 and 15% wt. hydrochloric and sulfamic
acids. We chose Invol-2A (conc. 0.5% wt.) and



B KHUCJIOTHBIM COCTAB U B €I'0 IIPUCYTCTBUU. B KauecTse
OO'BEKTA UCCIIETOBAHNI OBLIIU BEIOPAHBI TPYOBI MAPKU
ST80, npousseicHHbIC KOMITaHUEN ESTM. ATpecCUBHBIMU
CpenaMHu ABIAINCSH 5, 10 1 15% mac. consaHaa u
Cynb(PaMUHOBAS KUCIOTBL [IJ151 CHUXKEHU I KOPPO3ZHOHHOM
ArpeCCUBHOCTHU OBbLIN BBIOPAHBI UHTUOUTOPBI HBOI-2A
(xoH11. 0,5% mac.) u MTuBon-2b (koHir. 0,4% mac.). CKOpOCTb
KOPPO3HUHU ONPENENANIACh I'PABUMETPUUECKHUM METOLOM
C IIOCJIEIYIONIEN OIIEHKOM 3a1UTHOTO 3 dekra. B
KOHIIEHTPAUAX 5% 1 10% Mac. MAKCUMAJIbHBIN 31U THBIA
3P EKT TOCTUTAETCA C TEYCHUEM BpeMeHU. Hanbosplas
UHTUOHUTOPHAS 3amuTa 115 15% mac. HCl o6ecrieunBaeTcs
yoKe 32 6 9aCOB U B JAJIBHEHUIIIEM OCTAETCI HEM3MEHHOI. B
Cynb(PaMUHOBOU KUCIOTE 3(PPEKTUBHOCTD HHTUONUTOPA
JIOCTATOYHO BBICOKA BO BCEM JIMAMIA30HE BDEMEHU.

KonnuecTBO M Ka4eCTBO AOKIAJOB 22-1 MeXyHAPOAHOU
HAYYHO-TIPAKTUYECKON KOH(pepEHIINH «KONTIOOMHI'OBBIE
TeXHONOIuH, I'PI1, BHyTPUCKBAKUHHBIE PAOOTHD
BIIEYAT/IAET. 3aKPBIBAsA MeponpudaTue, Koncrantul bypann
OTMETUI: «OYEHD CUIBHBIE JIOKJIA/IbI OBbLIIN O3BY4YEHHL. S
Ha 3TON KOH(pepeHuH 6b1Ba10 ¢ 2000 roga. B HpIHEITHEM
TOAY MEHA MTOPAJOBAJIO, YTO MHOT'O MOJIOJBIX PEOAT CIO1A
MPUEXAJIH BIIEPBBIE. Y HAC 34 IUVIEYAMU 3aMEYATEIbHASA
MOJIOZIEXK b, KOTOPAA UAET HAM HA CMEHY. DTO paayeT! Hama
KOH(PEPEHIIUA — ITO HE TOIBKO OOMEH OITBITOM, 3TO OOMEH
KOHTAKTAMH, BO3MOKHOCTD ITOJTyYUTD JIEJIOBBIX ITAPTHEPOB.
XOTS MBI, CEDBUCHUKU, IBJISIEMCSI KOHKYPEHTAMH, HO TAKHE
BCTPEYH, KAK HAIlld KOH(PEPEHIMS, HAC BCEX OOBEAUHSIOT
U IIPUHOCSAT HaM OOJIBIIYIO IOJb3Y. [IoBephTE, 32 /1B
JIECATUNIETUSI KOH(PEPEHIUSI IIPUHECIA OIPOMHYVIO I10JIb3Y B
IPOABMXKEHUHU U IIPOJAKAX TEXHOJIOIUI U OOOPYAOBAHMS.
DTO OYEHD MOMIHBIN HHCTPYMEHT, TOYKA KOHTAKTA,
OO'BEAMHAIONASI HAC B IOTOKE BPEMEHUY.

Jo BcTpeun Ha 23-11 MeX/TyHapOJHOM HAYYHO-
IPAKTUYECKON KOH(pepeHINU «KOJITIOOMHIOBBIC
TexHosoruy, ['PI1, BHYTPUCKBAXKUHHBIE PA6OTh»!  ©

AHaIHTHYECKA IPYIIA HAYIHO-IIPAKTHIECKOrO JKypHaIa «<Bpems
KOoaATIOOHUHTA. Bpems I'PII»

Invol-2B (conc. 0.4% wt.) inhibitors to reduce the
corrosiveness. The corrosion rate was determined
by the gravimetric method with subsequent
assessment of the protective effect.

At concentrations of 5% and 10% wt. the
maximum protective effect is achieved over time.
The greatest inhibitory protection for 15% wt.

HCl s provided already at 6 o'clock and remains
unchanged thereafter. In sulfamic acid the
effectiveness of the inhibitor is quite high over the
entire time range.

The quantity and quality of the reports delivered
at the 22 International Scientific and Practical
Coiled Tubing, Hydraulic Fracturing and Well
Intervention Conference is impressive. In his
closing speech, Konstantin Burdin pointed out,
"We have heard very sound reports.  have been
the participant of this Conference since 2000. This
year, I am happy to see lots of young people who
have come here for the first time. We have a great
new generation following us, we have somebody
to give place to. This is good news! Our Conference
is not only about sharing experience, but also
about sharing contacts and getting an opportunity
to find business partners. Although we, those
working in the service sector, are competitors, such
meetings as this Conference make us stand together
and are to our advantage. Believe me, over two
decades this Conference has been a great booster
for the promotion and sales of technologies and
equipment. It is our powerful tool and our point of
contact which makes us feel united throughout all
this time".

Hope to see you at the 23 International Scientific
and Practical Coiled Tubing, Hydraulic Fracturing
and Well Intervention Conference! ©

Analytical Group of the Coiled Tubing Times
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TEXHOJIOT'MHU

TexHOJIOrMU U TEHJICHITUU
BHYTPUCKBAKUHHBIX PAOOT

Technology and Operational Trends
in Well Intervention

Cmiroapm Mapuu, npezudenm xomnarnuu Altus Intervention no Bauxcremy Bocmory uA3uamcko-TuxooKeancKomy peeuory,
UCNOSIHUMEIbHBLIL 8ULe-NPE3UOEHIN N0 KOMMEDUUANUIAYUL mexHo02ull 8 Altus Intervention/cmapuiuti conpeoceoamens
Intervention and Coiled Tubing Association (ICoTA)
Stuart Murchie, President Middle East Asia Pacific, EVP Technology Commercialization at Altus Intervention,/Senior Chairman at
Intervention and Coiled Tubing Association (ICoTA)

CrioapT Mapuu mpopaboTaa B HedTEra3oBoH oTpaciau 6osee 30 JIET B PA3TMIHBIX
JIOJIKHOCTSIX, CBA3dHHBIX C ONIEPAITMOHHOM JIESITEIBHOCTBIO, PA3PA60TKOMN TEXHOJIOTUH
U CTPATETMYECKUM MEHEIKMEHTOM B A3un, EBpornie u CeBepHO AMepuke. CTioapT
ABJIAETCA NPE3UIEHTOM KOMIIAaHUHU Altus Intervention o biimxkHeMy BOoCcTOKy 1
A31aTCKO-TUXOOKEAHCKOMY PETMOHY U UCTIOJIHUTEJIbHBIM BULIE-TIPE3UEHTOM
KOMITAHHH 10 KOMMEPLIMATU3ALUU TEXHOJIOIUU. OH TAKXKE ABJIAETCA MIAAIIUM
npencenarenem ICOTA Global, a B koHIIe MapTa 2022 rosa 3afiMeT TOJIKHOCTD CTAPIIETO
npeaceaarens. CTIOapT HOJTYYHII CTENEHD 6AKAIABPa (C OTIMYUEM) B OOJIACTH
MAaImMUHOCTpOoeHuA B YHuBepcurere Janau, Hlotmmanaus.

Stuart has had a career in the upstream oil & gas Industry spanning more than 30 years,
having held a diverse range of assignments covering operational, product development
and business strategic aspects within Asia, Europe and North America. Stuart is the
President for Middle East Asia Pacific and EVP-Technology Commercialization for
Altus Intervention. He is also the Junior Chair for ICOTA Global, assuming the Senior
Chair position at the end of March. Stuart holds a BSc (Honors) Degree in Mechanical
Engineering from the University of Dundee, Scotland.

CerogHsa MHOTHE 3KCIIEPTHI U
KOMITAHHWH IIBITAIOTCA OIIPEAC/IUTD
OMKANIINE, CPESHECPOYHBIE
U JIOITOCPOYHBIC IEPCIICKTUBbI
BOCCTAHOBJICHHSI 9KOHOMHUKN
IOCJIE MAHAEMHH U OLIECHUTD
BJIVMAHMC ITAHACMHWH HA MHpOBOfI
CIIPOC Ha SHEPTOPECYPCHL

Hac uHTepecyer cripoc Ha
HE@Th U I'a3, IEHBI HA CBIPbE
1 YPOBEHBb aKTUBHOCTH
IIPOU3BOJICTB, 4 TAKKE CTEIICHD
BJIMAAHHUA 3TUX (PAKTOPOB HA
06'BEM MHBECTUIIUI B OTPACIIb.

Tekyias fTMHAMHKA POPMHUPYET IMO3UTHUBHBIN HACTPOH HA TO, YTO PACIIPOCTPAHEHUE BAKITUH
ITO3BOJIUT CHSITh OTPAHUYCHHUS, CBI3AHHBIC C JIOK/TAYHOM, 1 YCKOPHT BOCCTAHOBJICHUE SKOHOMUKH,
KOTOPOE MOXKET HAYATbHCs BO BTOPOU nososuHe 2021 roaa.

There are many experts and organizations trying to plot the near-, mid- and long-term outlook associated
with an economic recovery following the ongoing pandemic, and the impact that will have on global
energy denand.

Specific to us is the demand for Oil & Gas, the commodity pricing and activity levels within the industry,
and how that may impact investment in the sector.

The consensus seems to be a positive sentiment that the ongoing vaccine rollout will provide a release
from the extensive lockdown restrictions, and in turn spur a recovery that could start in the second half of
2021.
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E Tronsit
The role of Oil & Gas

TaxoKe B CBA3U C KIMMATHYECKIMU U3MEHEHUSIMU OOJIBIIOE BHUMAHUE VACISAECTCA MEPEXORY K
AJIBTEPHATHUBHBIM HCTOYHHKAM 3HEPIHH — [IEPEXO/Y OT BBICOKOM 3aBUCHMOCTHU OT UCKOITAEMBIX
BHU/IOB TOILJINBA K AJIBTEPHATUBHBIM BO30OHOBIISIEMBIM UCTOYHHUKAM 3HEPTUH C HU3KHUM COJEPKAHUEM
YIVIEPOAA, TAKHM KaK BETEP, COJIHILIE, TUAPOIHEPTUA U T€OTEPMAJIbHAS SHEPT UL

Bomnpoc B TOM, KAKUMH TEMITAMU U B KAKOH CTENEHU OYAET IPOUCXOAUTD ITOT Iepexo. Ceryac B
OTPACIN OTUYETINBO (POPMUPYETCS BBIBOJ, YTO CIIPOC HA PA3JIMYHBIE UCTOYHUKU SHEPTUH COXPAHUTCS —
IIPU 3TOM CIPOC HA HE(PTH U T'a3 OCTAHETCS HA BBICOKOM YPOBHE €IIIE€ B TEUEHUE MHOTUX JIeT. HEKOTOpbIE
3KCHEPTHI JAXKE MIPETIONATAIOT, UTO «<HEPTh MOXKET 3AKOHUHUTHCS PAHBIIIE, YEM MBI IEPECTAHEM B HEH
HYXKJIATbCS>.

CHHM>KEHHE YPOBHA 3aTPA3ZHEHHH IIPH IIPOH3BOACTBE HCKOMAE€MOT'0 TOILIMBA CTAHOBUTCS BCE
60J1€€ BaKHBIM BOIPOCOM. IIpHr 3TOM BCE GOJIBIIEE YUCIO KOMITAHUN U IPABUTEIBCTB PA3HBIX CTPAH CTABAT
repej CO601 aMOUITMO3HBIE L€ MO JOCTHKEHUIO YITIEPOJAHON HEUTPAIBHOCTH, ITI€ 3HAUYUTEIbHYIO
PpOJIBb OYAYT UT'PATh TEXHOJIOTUUYECKHE HHHOBAIIUH. PDAKTUUECKH MBI Y2KE BUJJUM IPU3HAKH 3TOI'O B
06JIACTU BHYTPUCKBA’KUHHBIX PA06OT, IOCKOJIBKY JOOBIBAIOIINE KOMIIAHUHU CTABAT IIEPES, COOOMU, IEPE]T
IPOU3BOAUTENAMU OOOPYAOBAHUA U IIEPE]] MOCTABIIUKAMU YCJIYT 32449y MOMCKA PEIMEHUI C MEHBIITUM
BO3/JIEICTBUEM Ha OKPYKAIOIIYIO CPELY.

Bospioe BHUMaHME OyJIET YAEIATBCA BCEMY IPOLIECCY PA3PAOOTKH U AKCILTYATALIUU MECTOPOXKICHUM:
Pa3BEJIKE, IKCILTYyATALUH, DEMOHTY U JIMKBUJJAIIUH CKBAXKHH. TEXHOJIOI'MHU U METOABI BHYTPHUCKBAKUHHBIX
PaboT yKe UTPAIOT B 3TOM 3HAYUTEBHYIO POJIb, U 3TA POJIb, BEPOATHO, OYIET BO3PACTATD B IEPEXOIHBINA
MIEPUO.

In addition, there is a lot of focus and action associated with the climate driven Energy Transition, and
the timing and impact of the resulting shift from a high dependence on fossil-based fuels to alternative low
carbon renewable energy sources such as wind, solar, hydro, and geothermal.

It is now considered no longer a matter of if, but more at what pace and to what extent this transition will
happen, and the growing pragmatic realization that a mix of all energy sources will need to be maintained
—with Oil and Gas remaining a significant contributor to the global energy demand portfolio for quite some
years yet. Some are even suggesting “we could run out of oil before we no longer need it.“

Improvements in the cleanliness of fossil fuel energy with respect to associated emissions has become
an increasingly important matter, with aggressive carbon neutral targets being set by a growing number of
companies and governments. Technology innovation can and will have a significant role to play in achieving
these targets. In fact, we are already seeing signs of that in well intervention, as operators challenge themselves,
equipment manufacturers and service providers to seek solutions that have a lighter environmental footprint.

While these aspects play out, reliance on Oil and Gas exploration and production, and the maintenance
and the eventual P&A of the related well infrastructure, will continue. Well intervention technologies and
techniques already play a significant role in this, a role that will likely grow through the transition.
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S crpynnupoBas TEXHOJIOTUH U TEXHOJIOTUYECKUE TPEH/BI B O6JIACTU BHYTPUCKBAKUHHBIX
PaboT O YETHIPEM HANIPABJIECHUAM: HAJIEKHOCTDb TEXHOJIOTUM, ONIEPAIMOHHAS 3(P(PEKTUBHOCTD,
MHHUMM3ALUS BO3IEUCTBUS HA OKPYKAIOIMIYIO CPENY U TU(PPOBUBALIUSL.

5 He pacCMaTpPUBAIO 3TU TPEHBI OTACIBHO. BCce OHU B3aNMOCBA3aHBI MEXAY COOOI, M KAXK/ABIH
PACCMATPUBAETCA C TOYKH 3PEHHS TEXHOJIOTUI, pAOOUHUX IPOLIECCOB U YETIOBEYECKOTO (PaKTOPA.

[TaBHBIMUY 335a9aMU OCTAIOTCS OBBIIIEHHE KAYECTBA, 6€30MACHOCTH, 3(PPEKTUBHOCTHU U
PEHTAOENBHOCTH BHYTPUCKBAXKUHHBIX PAOOT.

OnucaHHBIE TPEHBI OyIyT CLIOCOOCTBOBATD BBITIOTHEHHIO 3TUX 33/]a4, 4 TAK)KE CHHUKEHUIO
BO3Z/JICUCTBHS HA OKPYKAIOIIYIO CPENY 34 CYET 3(P(PEKTUBHBIX BHYTPUCKBAXKUHHBIX PA0OT U
MIPOAJIEHHS CPOKA CJIYXKOBI CYIIECTBYIOMIETO (POH/IA CKBAKHUH.

My keynote will focus on the technology and operational trends associated with the intervention
business. I have grouped these trends into four: Mission certainty, Operational efficiency, Footprint
minimization, and Digitalization.

You will see from my presentation I do not consider these as isolated aspects. More so they are totally
inter-twined, involving technology, process, and human factors.

Continued attention to, and improvements in Safety and Service Quality remains a mainstay, as does
the improved efficiency and cost effectiveness of all and any intervention operation.

Far from conflicting, the trends will all contribute positively towards these as well as towards a
reduced environmental impact — of the interventions themselves and through extending the life of, and
production from, the vast existing well stock.
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JlaBHO NPOIIIU BPEMEHA TECTOB, TPOO U OITUOOK IIPU ITPOBEICHUN CKBAKMHHBIX PA6OT.

¢ Cenuac J06bIBAIOINE KOMIIAHUH TPEOGYIOT NOBBIIIEHHOTIO YPOBHS HAJIEKHOCTU BHYTPUCKBAXKUHHBIX
paboT 1 60JI€E€ TOYHOM OLIEHKU Pecypcos, Bpemeni U 3ampam, a TAKKE OLLEHKHU YUCTOH TEKYIIEH
CTOMMOCTH JIJIS1 PACYETA KAMUTAIBHBIX 3aTPAT U COCTABJIEHUS HHBECTUIJMOHHOTO ITaHA. TakuMm
06pPA30M ONPEAECIAETCA PEHTAOEBHOCTS, 4 CIEA0BATENBHO, U 3(P(PEKTUBHOCTD IPOEKTA.

* TmaTenbpbHOE MIAHUPOBAHUE NTO3BOJIAET NPABUIBHO NIOAOOPATH U ONITHMU3UPOBATH TEXHOJIOTHIO.
Certuac nepes Ko paboToM IPOBOAATCS CIAEAYIONIUE 3TAIBL: MOACTUPOBAHUE PAOOT, AHAIN3
OMACHBIX (PAKTOPOB U PUCKOB, UCIIBITAHUS IIEPE]], CITYCKOM.

¢ VCOBEPIIECHCTBOBAHNE KOHCTPYKIIMU 3a00MHBIX MHCTPYMEHTOB U UCIIOJIb30BAHUE TEXHOIOT U
Iepeavu 3a00MHBIX TAHHBIX OOECIIEYUBAET OUYCHK) COCIIOARUL UHCIMPYMEHNA 8 CKBANCUNHE U
ynpaeaenue 3a00inoll KOMNOHOBKOL B PEKUME PEATIBHOTO BPEMEHI.

Panee nepesiaya JaHHBIX B PEAJIBHOM BDEMEHH ObLIIA BO3MOXKHA TOJIBKO IIPU IPOBEAEHUH PAOOT

Ha Kadete. Cefyac 3Ta TEXHOIOT U JOCTYITHA HA KOITIOOWHTIE, 4 C HEJABHETO BDEMEHU U HA KAHATE.

OcHameHue 3260MHBIMH JATYUKAMU, IEPEJAYA JAHHBIX B PEAJIbBHOM BPEMEHU Y TUTAHUE 3200 HBIX

HHCTPYMEHTOB MTO3BOJIAIOT HOBBICUTD 3(PPEKTUBHOCTD PAOOT HA KA6€EJIE U KOJITIOOMHTE. B HEKOTOPBIX

CJIy4asiX CaM MEXAHMU3M CITyCKAa MHCTPYMEHTOB UCIIOIb3YETCA JJI U3MEPEHUI — HAITPUMED,

TEXHOJIOTHS PACNIPENEIEHHBIX U3MEPEHUIT HA OIITOBOJIOKOHHOM Ka0eJIe.

Ilepenaya JAaHHBIX B PEAJIBHOM BDEMEHH TAKXKE AAET BO3ZMOXHOCTb BHOCUTb KOPPEKTUPOBKHU IPU

OTKJIOHEHUHU CKBA’KUHHBIX YCJIOBHUU, UTO MTO3BOJIAET IPUHUMATD OOBEKTUBHBIE PEIICHUS.

Long gone are the days of trial and error with regards to well interventions.

* Operators are now requiring an increased level certainty on intervention operations so they can
better estimate the associated resources, time, and costs, and assess the NPV for capital budgeting and
investment planning — In doing so determining the profitability, hence viability, of a project.

* Robust planning is improving the selection and optimization of the solution. Detailed job program
design, including HAZOP analysis for anticipated challenges, coupled with thorough pre-job System
Integration Testing, have now become commonplace in well intervention.

» Improvements in downhole tool design with increased levels of instrumentation, coupled with surface to
downhole data communications, is providing in-well visibility of tool status and real-time fool adjustment
control during operations.

Having been available from the outset with electric-line logging, for quite some time on Coiled Tubing,
and most recently on slickline, sensor instrumentation and its real-time connectivity is now available on
the range of powered mechanical intervention technologies that are deployed on electric line and coiled
tubing. In some cases, the deployment mechanism itself has become instrumented, an example being
distributed fibre optic measurements from the line.

These real-time measurements are also providing the ability to adapt the operation to the downhole
conditions encountered if they are to differ from those expected, enabling objective data driven decisions
to be taken.
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TEXHOJIOT'MHU

— QOperationol effidency —

Combsnabylity
Integration
One Team

Ele OJHUM TPEHOM SIBISETCA COKPAIIEHUE KOTUYECTBA CITYCKO-IIOJ/bEMHBIX OIIEPAIIUH, HEOOXOANMBIX
TSI PETIEHU S PA3TUYHBIX 32/124, YTO ITO3BOJISIET 3HAYHTEIBHO IMIOBBICUTH 3(P(HEKTHBHOCTH PabOT.
J17151 TOTO UCHOJIBb3YIOTCS 3A00MHBIE JATYUKHU U TEXHOJIOT U IEPEIAYH JAHHBIX B PEAJIBHOM BDEMEHH,

4 TAKXKE BHEAPACTCS APXUTEKTYPA OTKPBITBIX CUCTEM. [IpH 3TOM OOBbEANHEHNE PA3IMYHBIX 3A001MHBIX
UHCTPYMEHTOB U BBIIIOJTHEHHE PA3JIHIHEIX 32424 32 OGHY CITYCKO-TIO'bEMHYIO OII€EPAITHIO
CTaHOBUTCSI HOPMOM. [IpH 9TOM Nepejadd JTAaHHBIX B PCAJIBHOM BPEMCEHU [TO3BOJISIET ONIEPATUBHO OTCIIEIUTD
BBINIOJIHEHHWE KAKJOM 32/Ia4U.

IIpuMepsr:

* Ornepariyis 1o JUKBU/IAITUN CKBAXKUHBI C TAKUMU PA6OTAMU, KAK «<yCTAHOBKA IIPOOKH — IIPOOHBAHUEC

OTBEPCTHIH — pe3Ka TPYOBI» BHITIOTHACTCA 34 OTHY CITYCKO-TIOBEMHYIO OIIEPATTHIO.

* Mcnomb30BaHMUE KABEPHOMEPA IS HOATBEPKACHUS OTKPBITHS/3AKPBITHS JIEMEHTOB KOMIIOHOBKH
3AKAHYMBAHUS, IEPEIAYA TAHHBIX O TTOJIOKEHHUHT MTHCTPYMEHTA MEPEKITIOUCHUS U YCUTUHU CIBUTA.

Kpome TOro, B HACTOSIIEE BPEMSI HEKOTOPBIE JOOBIBAIONUE KOMITAHUHU TPEOGYIOT MHOTOIIPO(PUIBHYIO
KBaJIM(PUKAITHIO IEPCOHAIA U UHTETPUPOBAHHYIO PA0OTY HECKOJIBKUX CEPBUCHBIX KOMITAHUI. 10 cioBam
OJTHOT'O M3 OIIEPATOPOB, 3TO «€AUHBIF KOMAHJHBIH MOAXO0J K BHY TPHCKBAKHUHHBIM PA00OTAMY,
HecMOTpst Ha TO 4TO CEPBUCHBIE KOMITAHUH MO-IIPEKHEMY KOHKYPHUPYIOT MEXY COOOI, CEHYAC OHU
BCE YaIlle COTPYAHUYAIOT ITO HHTETPHUPOBAHHBIM IPOEKTAM JIJIS IIPEIOCTABICHHUS ONITUMU3HUPOBAHHBIX
PEIIeHUI A1 BHYTPUCKBAXKHUHHBIX PA60T. B TAKUX MPOEKTAX YIACTBYIOT HE TOIBKO HEOOIIBIIINE
TIOCTABITUKHU Y3KOCTIEITUATU3UPOBAHHBIX TEXHOJIOTUIL, HO 1 MEXYHAPOIHBIE KOMIAHUH, KOTOPHIE
OO'BENNHSAIOT CBOH TEXHOJIOI'MH U YEJIOBEYECKHE PECYPCHL.

Another trend is to remove the need for sequential tool deployments when executing the multiple tasks
often required in well intervention programs, and in doing so creating significant operational efficiency
gains. Sensor instrumentation, open system architecture design and real-time connectivity is enabling this
combinability within and across companies. With that, tool Integration, simultaneous task management and
single run/multi-function execution is fast becoming the expected norm. This combinability is also
providing better real-time verification of task completion.

Examples of this are:

. executing a plug set — pipe punch - pipe cut P&A operation with one run in hole.

integrating a caliper device with a completion manipulation toolstring, providing completion component
status information pre- and post-shifting to augment the stroke position and force measurements of the
actuator tool.

Furthermore, personnel multi-skilling and service company integration whilst not a new desire, is

now being demanded by some operators — as one operator calls it “a One Team Approach to well
intervention”. Whilst still competing, service companies are now increasingly collaborating to deliver an
optimized intervention solution via an integrated delivery model. This is happening not only with the smaller
niche technology providers, but also amongst regional and global service companies, integrating both human
resources and technology.
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CokpatieHre pabodei IO AN IPU IPOBEICHUH BHYTPHUCKBAXKUHHBIX PAOOT:

* pasmep O6OPYAOBAHUS U KOTMYECTBO €AUHMULL,
* KOJIMYECTBO NEPCOHAIA,
* JIOTUCTHUKA OOOPYAOBAHUS U IEPCOHATA

IIPUHOCUT OYEBUJIHBIE IIPEUMYIIECTBA: HOBBIMIEHUE 3(P(HEKTUBHOCTH PAOOTHI U CHUXKEHUE
PHCKOB, B HEKOTOPBIX CJIYYasIX OTHOE UCKITIOUEHUE PUCKOB. DTO OCOOEHHO aKTYAJIBHO /11 MOPCKUX
MECTOPOXKACHUI. KpoMe TOro, MPOBEICHUE «ONEPALIUI C MUHUMAIBbHBIM BMEIIATETbCTBOM»>
MPEAIOYTUTENIBHEE, KOITIA ECTh OMACEHUS, YTO ONEPALINA MOXKET OKA34Th BPDEJHOE BO3/ICHCTBHE HA TIJIACT
WU OCJIOKHUTD MOCJIEAYIONNE PAO6OTHL

DTOMY CIIOCOOCTBYET JOCTYITHOCTb TEXHOJIOTUH C MEHBIIIEH IJIOMAbI0 PA6OT, KOTOPBIE IO3BOIAIOT
COKPATUTB BEIOPOCHI MAPHUKOBBIX I'A30B IIPU IPOBEACHUU PAOOT, YTO ABIAETCS OJHUM U3 BAXKHEUIINX
HAIIPAaBJIEHUU B HEPTErA30BOM OTPACIN U B MUPE B LIEJIOM. B pesynbrare JOObIBAIOINE KOMIIAHUH
BCE Yallle OTAAIOT NPEAIOUYTEHHUE TAKUM TEXHOJIOTUYECKHUM PEMIEHUSAM U MHOT'HE M3 HUX ITPU3BIBAIOT
CEPBUCHBIE KOMITAHUHY PACIIUPATH I'PAHUIIBI BO3MOKHOCTEHN TEXHOJIOTUH JIJIS PEMIEHU 6OJIEE MHUPOKOTO
CIEKTPA 33/1a4.

JOCTHXKEHUSA B PA3PA6OTKE U U3TOTOBJIEHUH HHCTPYMEHTOB B COYETAHHU C KOHTPOJIBHO-
U3MEPUTEIBHBIMU IPUOOPAMHU, KOHTPOJIEM B PEKUME PEATTBHOTO BDEMEHH U MTEPEJAUEH JAHHBIX 10
BCEMY MECTOPOXKAEHHUIO — BCE 3TO MO3BOJIAET IJIAHOMEPHO U KOHTPOIHUPYEMO PACIIUPATH OOIACTD
IPUMEHEHUS TEXHOIOI M.

Conducting well intervention operations with a reduced footprint, with regards to
e equipment size and quantity
* personnel manning levels, and
* equipment and personnel logistics

brings obvious benefits with regards to operational efficiencies and risk reduction, and to some extent risk
elimination. This is particularly so in offshore locations. Furthermore, conducting a less invasive “keyhole
surgery” style of intervention is preferred when there is concern about the operation possibly having a
detrimental impact on the reservoir, or any subsequent interventions that are expected to follow.

The availability of lighter solutions is facilitating this, and by default is having a positive impact on reducing
intervention generated greenhouse gas emissions — a critical focus across the O&G industry and the world at
large. As a result, preference is increasing amongst operators for the lighter technology solution, with many
encouraging service companies to push the capability boundaries of the technologies so as to leverage their
beneficial impact across a broader and more demanding range of intervention scope.

Advances in tool design and engineering, coupled with instrumentation, real-time operational visibility
and control, and connectivity beyond the wellsite are all enabling a measured and controlled scope
expansion.
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TEXHOJIOT'MHU

ITo Mepe yBeTUYeHUs OObEMA JJAHHBIX, [IOJYYAEMBIX OT HHCTPYMEHTOB U OO0OPYJOBAHM, 4
TAKKE COBEPIICHCTBOBAHM I BICOKOCKOPOCTHOI'O NOJKIIOUEHUS B PEKUME PEATIBHOI'O BDEMEHH,
XPAaHEHUS JAHHBIX U OOJIErYEHHN JOCTYIIA K HUM Oy1yT PEAIM30BAHbBI BCE IPEUMYIIECTBA IU(PPOBOU
TPaHC(POPMALIUU B OOIACTU BHYTPUCKBAKUHHBIX PAOOT.

Ha MECTOPOXK/IEHUSAX YKE JABHO UCIIOJIb3YIOTCA TEXHOJIOTUH IEPEAAYH JAHHBIX C JJATUHUKOB B
PEXUME PEATTBHOTO BPEMEHHU HA CTAHIIUH COOPA JAHHBIX HA YCTHE, 4 3ATEM Ha IPYTUE OOBEKTHI IS
YAAJIEHHOT'O IPOCMOTPA, OOMEHA, MUHTETPALIUH U aHAIN34. OJJHAKO MOCIEAHHE JOCTUXEHHUS B OOIACTH
MOTOKOBOY NEPEJNAYN JAHHBIX, OOJIAYHOT'O XPAHEHUSA U JOCTYNA K IAHHBIM TTO3BOJIUJIA 3HAUYUTEIBHO
YIOPOCTUTb PAOOTY C JAHHBIMH U IPUBJIEYb 60JIEE MIUPOKYIO AyAUTOPUIO NPO(PUIBHBIX SKCIIEPTOB
B CEPBUCHBIX U IOOBIBAIOIINX KOMITAHUSAX, 4 TAKIKE TPETBU CTOPOHBL. BO3MOXXHOCTB UCIIONIB30BATh
JIAHHBIE JJIS1 YIIPABJICHU S, AKTUBAIIUU U IIPOBEPKU OIEPAITHIL, ITI€ H KOTZA 3TO HEOOXOJHMO, TAKKE
MOMOTraeT IPUHUMATD PEMIEHUS U TO3BOJISIET OBICTPEE U3YUUTD TEXHOJIOTHIO.

Kpowme Toro, nu(ppoBrU3aI U 3aKIAAbIBAET OCHOBBI 7151 IOBBIIIEHH S YPOBHS ABTOMATHU3A1IUH
BHYTPHCKBAKUHHBIX H YCTBEBBIX ONEPAIUI, 4 TAKIKE JIJIS IPUMEHEHHN S TAKMX HOBBIX TEXHOJIOTHH, KAK
MAaIIMHHOE OOYYEHHUE U UCKYCCTBEHHBIN NHTEIIJIEKT.

As the extent of data available from intervention tools and equipment increases, along with the
improvements in real-time high bandwidth connectivity, data storage and the ease data access, the full
benefits of Digital Transformation in intervention will be realised.

Sensor instrumentation within intervention technologies, and the real time transmission of the data
to the surface acquisition unit at the wellsite is not new, nor is the transmission of that data to other sites
for remote viewing, sharing, integration and collaboration. However, recent advances in data streaming,
cloud storage and data access has hugely impacted the ease with which this can happen and is facilitating
full stakeholder collaboration amongst a wider audience of subject matter experts (SME) within the
service companies, 3rd parties, partners, and operators. This growing ability to use data to control, activate
and verify an operation from where and when required or desired, is also aiding decision making
and facilitating accelerated learning,.

This Digitalization also lays the foundations for increased automation of both downhole and surface
related tasks, as well as the application of machine learning and artificial intelligence, something that is
already starting to appear on the horizon.
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B 3axmoyenue, HOCKONbKY
MBI )KHBEM B 3IIOXY
In conclusion HEOIPE/ICTIEHHOCTH, 51 XOTEI Gbl
CIeIaTh O0JIEE OIITUMUCTUYHBIHN
BBIBO/JI, YTO CEMYAC HACTAJIO BPEMS
OOJIBIINX BO3MOXKHOCTEH A5
. Digtd CEKTOPA BHYTPUCKBAKUHHBIX
paodorT.

i SUMW Ilepexoa K HOBBIM
HCTOYHHKAM YHEPIHUH.
ITepexo K HOBBIM UICTOYHUKAM
SHEPTUU OTKPBIBAET
MU POKHUE BO3MOKHOCTH
JUIS UCTIOJIb30OBAHU S
HU3KOYIVIEPOJHBIX METOAOB U
TEXHOJIOTMH BHYTPUCKBAKUHHBIX
PaboT, KOTOPBIE TO3BOJISIIOT
KOMITAaHHUAM JJOOUTBCA OCYIIECTBIEHUA AMOHUITMO3HBIX IIEJIEH IO JOCTUKEHUIO YITIEPOJHOM HEUTPAJIBHOCTHA
U IIOBBICUTD ITPOAYKTUBHOCTDb CKBAKHH. DTO, B CBOIO OYEPE/]b, TOBBICUT JOXOJHOCTb UHBECTULINH,
HEOOXOAUMBIX /I [IEPEXO/A HA IPYTUE UCTOYHUKH SHEPTUU.

udpossie TEXHOIOrHH. [IOTHOIIEHHOE NCIOIb30BAHUE JIAHHBIX IIO3BOIUT ITIOBBICUTD 3(D(HEKTUBHOCTD
BHYTPHUCKBAXKUHHBIX PAOOT C TOYKH 3PEHUA HAJIEKHOCTH, O6E30ITACHOCTU U YPOBHA BO3JICUCTBUSA HA
OKPY’KAIOIIYIO CPENY.

YcrortauBOCTD. Hanta oTpacib pacnonaraeT (peHOMEHAIbHBIM OOBEMOM 3HAHUI 1 THHOBAITUOHHBIX
TEXHOJIOTMH, MBI 4AAIITUBHBI M YCTOMYHUBBL Sl ONTUMHUCTUYHO CMOTPIO HA TPAHC(POPMALTUIO YCIYT B OTPACIIH:
HOBBIE HABBIKH, BBICOKHUE TEMITBbI BHEIPEHHN A TEXHOJIOT UL, TPUMEHEHHUE [IUMPPOBBIX TEXHOJIOIUH. Y HAC
€CTb IPEJIOKEHNUE, KOTOPOE MPOJOIIKAET MOJIb30BATHCA CIIPOCOM M 3HAYEHHE KOTOPOTO GyJIET PACTH.
Tpanchopmanms AEHCTBUTENBHO ECTh, U 51 BEPIO, YTO C PA3BUTHUEM KOMMYHHWKAIIUI HAIIIN YCJIYTA CTAHY T
60J1e€ MOHATHBIMH 32 IIPE/ICTIAMH OTPACIIH, IOTOMY IIPU3BIBAI0 PA3BUBATH HABBIKH U, YTO €IIe O0JIEE BAXKHO,
IIPUBJICKATb HOBBIC K4/[PHI.

OTBETCTBEHHOCTB. OTBETCTBEHHOCTD 32 3(P(PEKTUBHYIO INKBH/IAITUIO CTAPEIONIEro (POH/1a
CKB2>KHH SIBJISICTCS CEPbE3HBIM 005132 TEIbCTBOM JIJIs1 IOOBIBAIOIINX KOMITAHUH. METObI 1 TEXHOJIOTUH
BHYTPUCKBAKHUHHBIX PA0OT OYAyT UI'PATh BCE OOJIEE BAXKHYIO POJIb B 3TOM IIPOIiecce, a boiiee
WHTEJUICKTYAIbHBIC THHOBAITHOHHBIC TEXHOJIOTUH ITO3BOJISIT OIITUMHU3HUPOBATH ICHEKHBIC [IOTOKH,
OBBICUTB 3(P(PEKTUBHOCTD PA6OT U CHU3UTD 3aTPATHI.

Taxum 06pa30M, MBI AEUCTBUTEIBHO IEPEKUBAECM TPYAHBIE BDEMEHA, HO BIIEPEIU CBETJIOE OYAYIIECE,
KOTOPOE HEBO3MOKHO 6€3 BHYTPHUCKBAXKUHHBIX PAOOT.

3
g
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In conclusion, as we find ourselves in another cycle of disruption and uncertainty, I would like to offer a more
optimistic line of thought that suggests it is a time of great opportunity for the well intervention sector.

Energy Transition: The Energy Transition offers a huge opportunity for Well Intervention, with the
sector providing low carbon techniques and technologies that will help the operators meet their tough de-
carbonisation targets while maximising recovery from their existing Oil & Gas assets This in turn will improve
the ROI that the energy companies will use to fund the change in energy supply.

Digital: Fully operationalizing the use of data to further improve the planning and execution of well
interventions with regards to operational certainty, efficiency, safety, and environmental impact will deliver
huge value in present and future applications.

Sustainability: We are an industry rich with phenomenal skills and innovative technologies, we are adaptive
and resilient. I am extremely optimistic in what I see happening in the transformation of our service delivery —
with new and evolving skills, a high pace of technology adoption and our embracing the power of digital. We
have an offering that continues to be in demand and will grow in importance. This progress is real and I believe
with improved communication and understanding it will become better understood outside the industry — lets
retain and develop our skills, and importantly attract new talent.

Responsibility: The requirement and responsibility to bring the ageing well infrastructure to rest at the end
of its life through Plug & Abandonment is major undertaking for the operators. Well Intervention techniques and
technology will play an increasingly valuable role in this, with smarter processes and innovative technologies
bringing improved task and cost certainty, optimising cash flow in a responsible manner.

So yes, we are in challenging times, but the future is bright, and the future needs Well Intervention.
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TexHnonorusa KI'PI1 ¢ makepom

RAPTOR Kak ajbT€pHATUBA
cTaHgapTHON TexHonoruu Plug & Pert

K.H. AJIETHH, ri1aBHbIH reosor, 000 «Berepan»
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Hcnonb3oBanue Texnonoruu Plug & Perf nposenenreM KI'PIT B o6beMe 50 M? ¢ u3oaa1ue
Ha IPOTAKEHUH IIOCJIEJHUX HECKOIBKUX JIET HIDKEJIEKAINX MHTEPBAJIOB OIITUMAJIbHBIM
SAIBJISJIOCh OTJIMYHOM AJIBTEPHATUBON CTAHAAPTHBIM BAPHUAHTOM OblJ1a CTAHJAPTHAS TEXHOJIOT U
KOMITOHOBKAM 3aKaHYMBAHHUA CKBAXKUH, TAK KAK 3TO Plug & Perf ¢ yCTaHOBKOH INTyXHUX IIPOOOK.
caMasi 53KOHOMUYECKH BbIT'OZHAS U IEPCIEKTUBHASA OJHAKO 11 UCKIIOUEHUSI HETATUBHOTO 3(hdekTa
METOAWKA MHOI'OCTAUHHOI'O 3aKAHYNBAHUSA (ppe3epOBAHUS MAKEP-ITPOOOK HA NPOYKTUBHBII
CKBaKMH F'OPU30HTAIBHOIO OypeHus. TexHnonorus ILIACT, 4 TAKIKE C LEJIbIO COKPALIECHU BDEMEHU HA
Plug & Perf ycriemno NpuMeHAETCA BEAYITUMHA CITO u B IEZIOM HA CKBAXKUHO-ONEPALHIO OBLIIO
HEPTEra30400BIBAIOMUMH KOMITAHHUAMU CTPAHBL MIPUHATO PEIIEHUE O MIPUMEHEHNUH TAKEPHO

C L1€JIBIO YCOBEPIIEHCTBOBAHUA TEXHOIOI U CHCTEMBI Raptor ¢ UCNIOIb30BAHUEM (PPAK-APMATYPbI
JUISL CHUDKEHU S MATEPUAJIBHBIX ¥ 9KOHOMHUUYECKUX ¢ 3amuTHBIM npotekropoMm I'HKT (mposeaeHue
34TpPaT, YCKOPEHUS IIPOBEACHUS TEXHOIOTNYECKOI'O KI'PI1 6e3 nogbema I'T). lanHAas cUCTEMA
POLECCA OBUTH PAa3PabOTAHBI HECKOIBKO HOBBIX MHOI'OPAa30BOI'0 UCHOIb30BaAHM (10 20 ITIOCATOK
TEXHOJIOTMYECKUX PEMIEHUN 10 IPOBEIEHUIO 32 opHy CIIO) 1103BOJAET OTCEKATD HUKEJIEK AU
onepauuii Plug & Perf. HHTEPBAJI ¥ IIPH 3TOM BOCIIPUHHUMAET BBICOKOE

OJHY U3 TAKUX TEXHOJIOTUH ONTPOOOBAIA nuddepeHnnanbioe aasaeHue (700 aTM), TaKxKe
komniaHust OO0 «BETEPAH» Ha BOCTOYHOM Y4aCTKE HMEETCA BO3MOXXHOCTD CITYCKA OHOBPEMEHHO C
OpeHOYPrcKOro HE(PTEra30KOHJEHCATHOTO nepdopannonHon cucreMod (TTII, KyMyIATHBHAS,
MECTOPOXKICHUSL. T'UJPOMEXAHNYECKASA).

CkBaxxnHa Ne 1399 gBjigeTcs YyHUKAJIbHOU A1
CBOEI'O PErMOHA, TAK KAK 3TO €JUHCTBEHHAA OCOGEHHOCTH
CKBAKMH4, KOTOPAsi UMEET PABHOIIPOXOAHON * BoazmoxxHOCTD BbinoiHeHud ITITT/T'PIT ninn
TOPHU30HTAIBHBIA Y4AdCTOK CTBOJIA IPOTAKEHHOCTBIO KHUCJIOTHOU 06paboTku 32 ogHy CITO.

2000 m. ¢ TlepexmoueHue 6€3 cOpoca NapoB WIH

JJ1A peann3anuu 3a1a499 110 IPOBEJEHUIO 7 LUPKYJIALNN.

craaui nounrepsaabHou I'TII ¢ nocaenyommum * KucIoTOCTOMKOE UCIIONIHEHHE (TIPU
HEOOXOAUMOCTH).

* 30—-50 MUHYT Ha CTAIUIO
I'TIIT u janee nposegenue I'PIT

O e —— e 6€3 No’beEMA MHCTPYMEHTA HA

E“h’ﬁ' e S T TTOBEPXHOCTbD.

- ' - IIpu peanmnsanuu 3a1a44 110
CENEKTUBHOMY IPOBEAECHUIO
I'TIIT coBmecTHO ¢ KI'PIT

Ha KOKAYIO CTAAUIO ObLIN
BBIIIOJIHCHBL:

* 1-a cragua I'TIIT Ha TmyOHHE
3064 M, B KA4eCTBE
a6pa3uBHOrO
MaTEpUaIA IPUMEHSICS
KBaPILIEBBII IECOK (PpaKIueit
100 Mesh, 3arpy3ska 100 kr/m?,
Q — 400 n1/mun, PH=390 arM,
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s MO | 22600 | 24109 | 42660 MO Ind | Arim TWods || Mvam i ] 3
'lml 17060 | 17184 | 17795 [Niocnnsimet sisnwp| 42521 | 87.7 | 430 | 17793 ||ant 20015 V=215 m? 1ipu Pp =435 arm,
MD | 22545 4255,0 2238 Mporssswasatod | 4266 (882 ( 430 | 17798 || Ocrasocs 00 — .
VOS5 | 17068 17798 | -1703,1 Pk=440 atm;
o 2-g cragus ['TII1 Ha r1yOHHE
Pucynox 1 — Cxeaxcuna Ne 1399 ¢ pasnonpoxoonsin 2955 M, B KA4€CTBE A6PA3UBHOI'O
20PU3OHMANBHBIM YUACIMKOM CIE0NA NPOMANCEHHOCIBIO 2000 .m MaTEpHaIa IPUMEHSIICS
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MepdopaLMOHHbI

KoHHektop LleHTpaTtop natpybok faBneHnm

KnanaH ypaBHvBaHus  MHOMopa3oBbiv nakep oceBoro  MarHutHas
Y nencrauvs Hacagka

recok (ppaxmueit 100 Mesh,
3arpyska 100 kr/m?,
Q —400 n/muH, PH=380 arMm,

RECE

Hb =]

= — AR

Px =350 arm. KI'PIL: HCI — 12%
BV =50 M’ c npogaskoit H,0 B

BEALET

Pucynox 2 — Ilaxkepnasn cucmema Raptor — oowan ungpopmavus

KBAapILIEBbIN NTeCOK (ppaknueii 100 Mesh, 3arpyska
100 xr/m?, Q — 400 51/mMuH, PH = 370 at™, Pk =340 aT™m.
KI'PIT: HCI - 12% BV = 50 M* ¢ npogasko# H,O
BV =209 M? tipu Pp =440 atm, Pk =440 arm;

¢ 3-g craaua I'TIIT Ha rry6uHe 2812 M, B KAYECTBE
a0pa3MBHOI'O MaTEPHUAJIA IPUMEHSJICA KBAPLIEBBII
necok (ppaknueit 100 Mesh, 3arpyska 100 kr/m?,
Q —400 n/mun, Pa =380 atM, Pk =350 atm. KIT'PIT:
HCl - 12% BV =50 M* c npogaskoit H,O BV = 20,1 m?,
npu Pp =430 atMm, Pk =435 aty;

1 2 3 4

obuee
mm (0 mmm (MN == KPMN = Hacraguio

Pucynox 3 — Ilnanoeoe gpems npu cmanoapPmuoii

Plug & Perf

N in  Hm

obLee

== (Mo == [T == KIPM === 3 qaguio

Pucynox 4 - @axmuuecrxoe épema Plug & Perfc

KOMmnonoexoii Raptor

e 4-s1 crapgms [T Ha mry6uHe 2651 M, B Ka4ecTBe
a6pa3uBHOrO MATEPHAJIA IPHUMEHSJICS KBAPIIEBbI
necok (ppaknueit 100 Mesh, 3arpyska 100 kr/m?,

Q —400 n/mun, Pa =380 arM, Pk =350 atm. KT'PIT:
HCI - 129 8V =50 M* c npogaskort H,O BV = 19,2 M?,
upu Pp =430 arm, Pk =440 arm;

e 5-st craams [T Ha ry6uHe 2609 M, B KA4eCTBE
a6pa3UBHOrO MATEPHAJIA IPUMEHSJICS KBAPIIEBBI
recok (ppaknueit 100 Mesh, 3arpyska 100 kr/m?,

Q — 400 n/muH, PH = 390 at™, Pk = 360 at™m. KI'PIT:
HCl - 12% BV =50 M* c npogaskor H,O BV =89 m?,
upu Pp =130 atm, Pk =170 aTm;

e G- cragus [Tl Ha r1youHe 2419 M, B Ka4ECTBE
a6pa3uBHOrO MATEPHAJIA IPUMEHSJICI KBAPIICBBI

- PRE = 115
E y = 40
‘2‘ ) 20
o m = B A~ [ mE
5 6 7

. HAKOMUNTESTBHO

i m lm -
6 7

e HAKOMNTENTBHO

V=178 M’ ipu Pp = 180 arM,

Pk =180 aTwm;

o 7-g cranus ['TIIT Ha
mryouHe 2310 M, B Ka4eCTBE
40pa3MBHOIO MaTEPUAJIA IPUMEHSJICA KBAPLIEBBIA
necok (ppaknuert 100 Mesh, 3arpyska 100 kr/m?,

Q — 400 n/mun, Pa = 300 at™, Pk = 260 atm. KT'PIT:

HCl - 12% BV =50 M* c npogaskor H,O BV = 17,2 m?,

npu Pp =180 arm, Pk = 180 aTm.

Huxe NpeiCTaBIEHBI PACYETHI BDEMEHH IPU
NPOBENEHNUH 7 CTAAUN NOUHTEPBAIBbHOU [TIIT C
nocnaegyomuM nposejgenrem KI'PIT B o6beme 50 m?

C U3OJIALIMEN HUIKEJIEXKAIUX HHTEPBAJIOB I10

TexHosoruu Plug & Perf ¢ yCTaHOBKOH ITTyXHX

npoOoK (puc. 3). B janHoM pacuere

HE YYUTBIBAETCA JONOTHUTEIBHOE

BpEM:I Ha TPOBEAECHUE (DPE3EPOBAHUSA
ey IYXUX POH6OK. TaKkKe Ipe/iCTaBIeH
Gl rpaduk PaKTHIECKU 3aTPAYCHHOTO

ee BPEMEHH Ha IIPOBE/ICHNE PA6OT C

MIPUMEHEHUEM ITAKEPHOU CUCTEMBI Raptor

C MUCHOJIBb30BAHUEM (PPAK-APMATYPHI

C 321U THBIM IpotekTopom 'HKT

(mposenenue KI'PIT 6e3 nogpema I'T)

(puc. 4).

W3 rpapMKOB aHAIN32 BDEMEHU
BH/IHO, YTO IPUMEHEHUE TAKEPHOI
KOMIOHOBKH Raptor O3BOIUT
CYILIECTBEHHO COKPATUTD BPEM S
HA IIPOBEAECHUE BCET'O KOMIUIEKCA
PadoT (B 2 pa3a), 4TO MOJOKUTEIBHO
CKa’KETCS HA CPOKAX BBOJA CKBAXKWH B
20 IKCILTYATAMIO. FICTIOIb30BAHME JJAHHON
KOMIOHOBKH UCKJIIOUUT PAOOTHI ITO
(PPE3EPOBAHUIO ITTYXUX TPOOOK, UTO
HOJIOKUTENBHO CKAXKETCS HA 3P deKTe
O UHTEHCU(PUKAITUU IIPUTOKA IIOCJIE
KI'PIT. UCcXO/151 U3 BBIIIECKA3aHHOI'O
CIeAyeT OTMETUTD HAJIMYHE
3KOHOMMYECKOU LIENECOOOPA3HOCTH IO
MPOBEAEHHUIO JAHHBIX PAOOT, TOCKOIBKY
SKOHOMUYECKUN 3P eKT OyieT
He MeHee 30%.

ITpu NOAIOTOBUTENBHBIX PA6OTAX IIEpe] 3-H
CTaAMEN TTIOTYYNIN HETEPMETUYHOCTD ITaKepa Raptor.
[TprnynHa — HAJIMYHE KBAPLIEBOT'O IIECKA B Y3JIAX
nakepa. s JaJapHenero npoBeAeHus paboT 66110
MPUHATO PEIMIEHUE YMEHDIIUTD BPDEMS PE3KH C 8 10
6 MUHYT U YBEJIUIHTD BPEMSI IPOMBIBKH ITAKEPHOI
CHCTEMBI ITOCJIE KAXKJOU COBMECTHOM CTA N
I'TIIT u KI'PIT. ITocneayromuye CTa iy IPOULIn 6€3
OCJIOKHEHUT.

ITo pe3ynbraTaM IPOBELEHHBIX PAOOT U AHAINU3A
34TPA4EHHOI'O BDEMEHU TEXHOIOTrUIo Plug & Perf
C IMMAKEPHOU CUCTEMOU Raptor MOXXHO IIPU3HATH
YCIIEITHOM ¥ PEKOMEH/IOBATD K TUPAKUPOBAHUIO. ©

50
40
30
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Te3zucbl KondrepeHuMM NO KONTIOOMHIoOBbLIM
TEXHOJIOrMAIM M BHYTPMCKBA)KMHHDbIM
paocoram SPE/ICOTA 2021 (uacrs2)

SPE/ICoTA Coiled Tubing & Well
Intervention Conference 2021 Abstracts (art2)

MexncoyHapoorasn Kongeperia no Koam0oOUH206bIM
MEXHONOZUAM U 8HYMPUCKBANCUHHBIM Dabomam SPE/
ICOTA npowina 6 eupmyansrom popmame 6 Byonenoce,
wmam Texac, CIIIA, 22-25 mapma 2021 200a. Kongpeperuuisa
1POBOOUINCSL €IHCe200HO, OPLAHUAMOPAMU KOHPEePeHUUL
mpaouyuorHo ebicmynusiu Oouecmeo uHIcerepos-
negpmanuxos (SPE) u Accoyuaijus cCneyuaiiucnos no
KOAMIOOUH20BBIM MEXHONOSUAM U 8HYIMPUCKEANCUHHBIM
pabomam (ICOTA).

Cexnua 4. TEPEJOBBIE PABPABOTKH
OBOPYJOBAHUA, MTHCTPYMEHTOB, PEATEHTOB 1
MATEPHAJIOB 1)1 BHYTPUCKBAKHHHDBIX PABOT

IIepenoBas cucrema nepdopanuu
B JEHMCTBYIOIIHUX CKBA)KNHAX KacIIHICKOTO
MOpPsA

C.MaxkKnaun, 1. IIappa, A. IInseH, K. Paxumos,
Baker Hughes; ®. Xaguaman, BP

B nocnennee Bpems 11 CITyCKa JJIMHHBIX U TAKEJIBIX
nepdopaTopoOB B CIIOKHBIX HAKJIOHHO-HAIIPABIECHHBIX
CKBAKMHAX BCE YAII€ UCIIOJIb3YETCA KOJTIOOUHT, KOTOPBIH
MO3BOJISIET IPOBECTU NEPMPOPALINIO HA ICTPECCUU 32 O HY
CITyCKO-TIO/bEMHYIO OIEPALUIO 6€3 ITTYIEHUA CKBAXKUHBI,
CHU3UTD PUCK ABAPUN U YBEIMUUTD I(PPHEKTUBHOCTD
paboT. O6bEKTAMI UCCIENOBAHUS ABSIOTCA TPU
CKBAKHMHBI, PACTIONIOKEHHBIE B KacImuiicKoM Mope.

B 1ByX 13 HUX OBLJIO HEOOXOITMMO U30JIUPOBATH HUXKHUE
UHTEPBAJIBI U IIPOBECTU NTEPHOPALTUIO HOBOI'O UHTEPBAJIA
4epe3 HACOCHO-KOMITPECCOPHBIE U OOCAIHBIE TPYObI
MEXY ABYMS MAKEPAMU. B TPEThEN CKBAXKUHE OBLIO
HEOOXOAMMO ITPOBECTU NEP(POPALIHIO HOBOI'O HHTEPBAIA
4epe3 06CaHbIE TPYObI OCE CITYCKA KOMIIOHOBKU
3aKAHYUBAHUS U U30JIUPOBATH HUXKHUE TOPU3OHTHI.

[ IpEOI0IEHU S OCIOKHEHU, CBSI3aHHBIX C OOJIBIION
JUIMHOU HOBBIX HHTEPBAJIOB, pa3MepaMU NIepdHOpaToOpOB,
OOJIBIITUM OTXOJJOM OT BEPTUKAIN K HEOOXOAUMOCTBIO
nepdopanuu B JEUCTBYIOMEH CKBAXKUHE, ObLIIN
POAHAIU3UPOBAHBI HECKOIBKO METO/IOB. Hanboiee
3(PHEKTUBHBIM OKA32JI0Ch UCTIOJIb30BAHUE IEPENOBOM
CHUCTEMBI 7151 CITYCKA Y U3BJICYEHU S IEP(POPATOPOB C
CHCTEMOU KOJITIOOUMHTOBOI TENIEMETPUU C KAOETIEM, UTO
MO3BOJIMJIO OOECTIEYUTD O€30MACHOCTD PA6OT ¥ SKOHOMHUIO
3aTPAT IO CPABHEHUIO C TPAAUITUOHHOM nteppopartnuen
Ha Kaoeste. [Ipu NPOEKTUPOBAHNUH OBLIO IIPOBEAEHO
MozenrpoBanue JoxoxaeHus 'HKT 1o 11e1eBo rmyOuHsI,
PACYET JONYCTUMBIX YIAPHBIX HAI'PY30K, 4 TAKKE
HUCIIBITAHUS IS IPOBEPKHU IEKTPUIECKOTO KAHAIA CBI3HU
JUTS VIIPABJIEHUS IEPHOPATOPAMIL

171 TOYHOT'O KOHTPOJIS OCEBBIX HATPY30K BO BPEM S

56 Ne 4 (078) Hexabpns/December 2021

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 4. LATEST DEVELOPMENTS
IN EQUIPMENT, TOOLS, FLUIDS, AND
MATERIALS FOR INTERVENTIONS

Advance Live-Well Deployment
System in Caspian Sea Wells

C.McClean, D. Parra, A. Piven, K. Rhahimoyv,
Baker Hughes; F. Hadiaman, BP

Over the past years the usage of coiled
tubing as a prefer method to deploy long and
heavy guns in highly deviated wells has been
widely spread in the oil industry to provide a
single run without killing the well, perforate
in underbalance conditions, reduce risks and
improve job efficiency. The three wells are
located in the Caspian Sea. In two wells, the
objective was to isolate lower intervals and
perforate a new zone through tubing and
casing between two packers. On the other well,
the objective was to perforate a new interval
through casing after running a new completion
and isolate lower production zones.

Due to the challenges involving gross length
of the new intervals, guns size, well deviation
and live deployment needs several techniques
were evaluated. The best approach was to use an
Advance Live-Well Deployment (ALWD) system
to deploy and retrieve the guns with a tube wire-
enabled Coiled Tubing Telemetry (CTT) system
focus on both safety and cost saving compare
with conventional wireline perforating.
Extensive job planning involved coiled tubing
(CT) simulations to reach target depths, shock
loading modeling to ensure forces are within
CT string limitations, system integration test to
verify deployment/reverse technique procedure
and system communication to electrically
activate guns.

CTT integrated sensor assembly was used
during deployment/reverse operation with
a tension, compression and torque (TCT)
sub-assembly to monitor accurate upward/
downward forces. In addition, CTT logging



CITyCK4/TIO'bEMA UCTIONB30BANCA 6JI0K TenemeTpun THKT
C IATYUKAMU CUJI PACTSKEHUS, CXKATUS U KPYTAIIETO
MoMeHTa. KpoMme Toro, it onpeieeHus TITyOuHbI U
AKTUBALIMU NEPPOPATOPOB UCIOIb30BAJICS AJANTEP
T'MC. JanHasa cucTeMa C KOHHEKTOPAMU U IIPEBEHTOPOM
MO3BOJINJIA YCIIEITHO IPOBECTH CITYCK, TEP(POPALTUIO
WHTEPBAJIOB JUTMHOM 212, 246 1 104 M ¥ ITOCETY IO
HO’bEM KOMIIOHOBKH. B XOz1€ pab0T OBUIH ONPEEIEHDI
PEKOMEHIALINH /151 yCOBEPIIEHCTBOBAHM S IPOLIEAYPEI
CITyCK4/TIO'bEMA U KOH(PUTYPALTUH KOMIIOHOBKH.
VcnenmHsle MOoJIEBbIE PAOOTHI JOKA3AIH, YTO JAHHAA
cucreMa nepopaniu B CO4ETAHUHU C TEIEMETPUEN
Ha 'HKT asngercsa nHanbonee a(phEKTUBHBIM METOAOM
nep@Opanuu JIIMHHBIX UHTEPBAJIOB B YCJIOBUAX
JIEVICTBYIOIIEN CKBAXKHUHBI.

HenpepsbIBHOE IIMTAHUE CHCTEMBI
TeJEMETPHH C IIOMOIIBIO THOPHTHOTO
AJICKTPOOIITHICCKOI'O Ka0eJId II03BOJIHIO
COKPATHTH IIPOJOIZKHTEIBHOCTHh K
YIVIEPOIHBIH CJIe] pa0OT IO MPOMBIBKE
CKBa:KHHBI

A3BaH Xaau KeoHr, Xecyc Kammmoc, AHgper Ka3zanm,
Anaepc XanceH, Cunape Bunren, JKopau Cerypa,
Mapk Xodaxep, Schlumberger; Texg BpropeH,

Hure ®occaan, Equinor

Ha HOPBEXCKOM KOHTHHEHTAJIBHOM HIENb(E MPOMBIBKA
CKBaKMH € nomMonibio Kontiobunra (F’HKT) Beinonnsercs
KOPOTKHUMH CITYCKAMH C YACTBIMU MIA6JIOHUPOBKAMHU
CTBOJIA U3-34 BBICOKOT'O PUCKA OCBINHU IIECKA B VIMHHOM
U HAKJIOHHOM 3a60¢€. /151 ONTUMH3AIIUU TAKUX PAOOT
UCIOJb3YeTCs cucteMa TeneMeTpun Ha THKT B pexxume
peanbHOro BpeMeHU. OOBIYHO CUCTEMA IIUTAETCS OT
3a00MHOTO JIMTUEBOT'O AKKYMYJ/IATOPA, YTO OTPAHUYHUBAET
BPEMS pabOTBEI MHCTPYMEHTA B CKBAKMHE. [ToaTOMY
JUIS IPOBEJIEHUS TAKUX Pab6OT HEOOXOAUMA CUCTEMA C
HEINPEPBIBHBIM TIUTAHUEM C IOBEPXHOCTU.

[ o6ecnedeHnss HENPEPBIBHOM NOA4H
JIEKTPOIHEPTUU C IOBEPXHOCTU HA JATUYUKHU
CKBaKMHHOTO MHCTPYMEHTA B PEKHME PEATTBHOTO
BPEMEHHU OBLI PA3PA0OTAH HOBBIN T'HOPH/THBIA
NIEKTPOONTUYECKHUH Ka6eIb. CUCTEMA COCTOUT U3
YCTBEBOT'O MOAYJISI MUTAHUSA, KOTOPBINA IIEPEAAET SHEPTHUIO
4Jepes CJION MPOBOJHUKOB C HU3KUM COIIPOTUBJIEHUEM,

U ONITOBOJIOKOHHOT'O KA0€JIf, IO KOTOPOMY EPEAAIOTCSA
JIaHHBIE TeseMeTpUn. Kak mpaBuio, 3a60MHOro
AKKYMYJIATOPA XBATAET TOJIBKO HA TPU-YETBIPE CITYCKO-
HO’'BEMHBIX OIEPAIINU. F3-32 CJIOKHOCTEN PAOOTHI B

MOPE 3aMEHA AKKYMY/IATOPA MOXKET 3aHATD JI0 8 4ACOB.
ITpu HEMpepbIBHOM NUTAaHUU NpoMbIBKA THKT moxeT
IIPOBOAUTHCA B TEYEHHE HECKOJIbKUX JHEN C HEIPEPBIBHOM
epeadch JaHHBIX OT 3A00HHBIX IATYHKOB.

Pa6oThI IO NpOMBIBKE TpeX CKBaKMH Ha 'HKT Ha
HOPBEKCKOM KOHTUHEHTAJIbBHOM IIENb(E TOKA3AIHN
MPEUMYIIECTBA HOBOM CUCTEMBI TEJIEMETPUH. TOUHBIE
MOKA34HHUA BECA U KPYTAIIErO MOMEHTA Ha 3200€
06€eCEYNIN OJTHBIN KOHTPOJIb TPOXOJKU YEPE3
WHTEPBAJIBI OTJIOKEHNUH U ITO3BOJIMJIN BBIITOJTHUTD PAOOTHI
0€3 OCTAHOBKH IBUTATEIISL. THTEPBAIBI OTIIOKEHUI ObLIN
OIIPEJIEJICHBI IO KOJIEOAHUAM 3260MHOI'O KPYTALIETO
MOMEHTA (Ppe3bl. MOHUTOPHHT JAHHBIX ITO3BOJIAET

adapter assembly was used for depth
correlation and electrical guns activation. The
ALWD system; composed by connectors and
deployment blow out preventor (BOP), prove to
be an efficient way to run, perforate and retrieve
gross intervals of 212 m, 246 m and 104 m with
guns successfully. During all these jobs several
lessons learnt were created in order to improve
the deployment/reverse procedure for future
jobs including not only operational steps but
also deployment/reverse bottom-hole assembly
(BHA) configurations.

Based on the success of these case histories,
the ALWD combined with CTT system has
been proven to be the preferred method when
dealing with long perforation intervals in life
well conditions, thru-tubing environment.

Hybrid Electro-Optical Cable
Continuously Powers Downhole
Coiled Tubing Telemetry and
Enables Time and Carbon Footprint
Reductions During Extensive Cleanout
Interventions

Azwan Hadi Keong, Jesus Campos, Andrei
Casali, Anders Hansen, Sindre Vingen, Jordi
Segura, Mark Hofacker, Schlumberger; Ted
Brueren, Inge Fossdal, Equinor

On the Norwegian continental shelf (NCS),
coiled tubing (CT) cleanout requires small
bites and frequent wiper trips to the surface
due to potential sand bedding in a large and
deviated completion. A real-time CT downhole
measurement system is used to optimize the
operation, following a dynamic workflow.
Conventionally, the system is powered by
downhole lithium battery, which limits CT
downhole operating time. A continuous surface-
powered system was needed to promote further
optimization for such operation.

A new hybrid electro-optical cable was
introduced to enable continuous power supply
from surface to the real-time downhole tool
sensors. The system consists of a surface power
module that sends power through a layer of
low-DC-resistance conductors and optical fibers
that enable data telemetry. Conventionally,
only three to four trips can be completed
before replacement of the downhole battery is
required. Battery replacement can take up to
8 hours due to the complexity of that offshore
environment. With the continuous power
supply, the CT cleanout operation can continue
for days without interruption of data from the
downbhole tool sensors.

A three-well CT cleanout campaign in the
NCS demonstrated the benefits of this new
real-time downhole measurement system by
using accurate downhole weight and torque
readings to control the penetration through
scale and avoid motor stalls. Sections of scale
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ONEPATOPAM KOJITIOOMHI'A KOHTPOJIUPOBATH CKOPOCTh
NPOXOAKHU U AJIUHY KAXKJOI'0 3TAIla IPOMBIBKHU. [Tocie
BBIMBIBAHUS PACPPEZEPOBAHHBIX YACTULL TPOU3BOUTCS
3aMeP BECA, KOTOPBIX MOXKET OKA34Th IIEPBBIE

MPU3HAKU 3AKJIMHUBAHUA (PPESBI M3-34 TBEPABIX YACTHII,
KadecTBeHHOE U3MEPEHNE OO'bEMA BBIMBIBACMBIX
TBEP/BIX YACTUL IPOU3BOJAUTCS IO TAHHBIM TEKYIIETO
3200MHOTO IABJIEHUS U SKBUBAJICHTHON ITUPKYIIAIIMOHHON
IUIOTHOCTHU HA TEKYIIEH INyonHe. HempephIBHOE MUTAHUE
C YCThsI TO3BOJISIET YBEJTUYHUTBD JJIUHY KAXKJJOI'O 3TAIa
MIPOMBIBKH M CKOPOCTB BBIHOCA YACTHULI, UTO B KOHEUHOM
UTOT'E NPUBOJUT K COKPAILIEHUIO BpDEMEHHU PA0OT. B ogHOM!
U3 CKBAXKWH MIE€PEIAda JAHHBIX BEJTACh HEIIPEPBIBHO B
TeueHue 10 nuen noapsia. C nomoinpio 'HKT yaanocs
BBIMBITH B 00IIEH CJIOKHOCTU 40 908 KI' OTJIOKEHUH

U NIECKA, IPU 3TOM CPESHEE COKPAIIEHHUE BPEMEHHN
COCTABUIIO 25% MO CPAaBHEHUIO C TPOMBIBKOIM Ha THKT 6€3
MHEPEIAYUN CKBAXKUHHBIX IAHHBIX B DEKHUME PEAJIBHOI'O
BPEMEHMU.

INogaga MOCTOAHHOT'O BBICOKOBOJIBTHOT'O TUTAHUS HA
BHYTPHCKBAXKUHHOE OOOPYAOBAHUE HE TOJIBKO MMO3BOJISAET
COKPATUTb BPEMs PAOOTHI, HO U PACIIUPAET BO3MOKHOCTH
KOJNTIOOMHTOBBIX PA0OT, TO3BOJIAS UCIIOIb30BATh OOJIBIIIEE
KOJIUYECTBO 3a00MHBIX MHCTPYMEHTOB C AJIEKTPUYECKUM
MUTAHUEM. DTO AAE€T BO3MOXKHOCTD PEMIATH HECKOIBKO
pabounx 3agay 3a oguH ciryck FHKT, uTo rapantupyer
CHMIKEHHUE SKCIUIYATAIIMOHHBIX PACXOJOB U
YBETUYEHHE ONEPATUBHOI TMOKOCTU. Kpome Toro,

OTKa3 OT UCTIOJIb30BAHUA JINTUEBBIX OATAPEIN CHHUKAET
YITIEPOAHBIH CJIE[T, YTO OOECIEUYUBAET OOJIEE HIKOJIOTUYHYIO
KCILTYATALHIO.

IIpenmyurecrsa MOHUTOPHHI'A CKOPOCTH
IMUPKYJIAIIHHA PACTBOPA IpH ppe3epoBaHUH
H IIPOMBIBKE

KoptHu II3%1H, YHICOH Hum, Cepxuo Poangon ®axappao,
Parian JIepy, Schlumberger

ITpOMBIBKA CKBAXKUHBI U (PPE3EPOBAHUE COCTABIISIIOT
OOJIBIIYIO YACTD KOJITIOOMHIOBBIX PA6OT IO BCEMY MUPY.
OHU NPOBOJATCA IS YAJICHUS U3 CTBOJIA CKBAKMUHBI
ECKA, OTIIOKEHU N, OCTATKOB IIEMEHTA WU TPO6KU I'PIT
C LIEJIBIO OOECIIEYEH N OECTIPENATCTBEHHOIO IPUTOKA
dmonia. Ha npOTSsKEHUU JECATUICTHI JOOBIBAIONINE
U CEPBUCHBIC KOMIAHUHU Y/IC/ISAIOT OOJIBIIIOE BHUMAHHE
METOAAM OIITUMHU3AUU 3TUX PAOOT U PA3PAO6OTKE
CIICIMAIBHBIX HHCTPYMEHTOB, PACTBOPOB, TEXHOJIOTUN U
MIPOTrHO3HBIX MOjie/Iel. TakKe pa3padbaThIBAIOTCS YCThEBbIE
CHUCTEMBI COOPA JJAHHBIX JIJI51 KOHTPOJISL COCTOSIHUS
konoHHbl 'HKT, pacxona Hacoca 1 06beMa PEATEHTOB.
OJIHAKO IIPH 3TOM CKOPOCTHU MOIBEMA KUJIKOCTH C
TBEPABIMU YACTUITAMHU HA IOBEPXHOCTD ITIOYTU HE
YAEJISI€TCSI BHUMAaHUE.

COCTAaB 1 KA4ECTBO PACTBOPA, 3AKAYHUBAEMOTI'O B
CKBAXKHUHY, YaIIl€ BCEI'O XOPOIIO U3BECTHBI, 4 PACXO/]
HA4COCA PETUCTPUPYETCS C TOUHOCTBIO 10 CEKYH/IBL.

B ommaue oT 3Toro, tHPOopMaiussa 06 06beMe JKUIKOCTH
H4 BBIXOJIE U3 CKBAKUHBI YACTO OI'PAHUYNBACTCS
NEPUOJJUUYECKUMHU PYYHBIMHU 3AMEPAMH YPOBHS XKUJKOCTU
B IIPUEMHBIX EMKOCTSIX, KOTOPBIE YACTO OCTAIOTCS O€3
BHUMaHM . OOPA31bl JKUAKOCTHU PEAKO AHATU3UPYIOTCS
JUISL KOPDPEKTUPOBKHU IAHHBIX MOCIUPOBAHUSL.
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bridges were identified during the cleanout by
monitoring fluctuations of downhole torque of
the mill. The monitoring allows CT operators
to control penetration rate and bite length
during the cleanout. When the milled debris
are swept, downhole weight is used to detect
early signs of solids plugging around the mill.
Downhole pressures complement surveillance
of the sweeping of solids to the surface by giving
a qualitative measurement of solids loading
through conversion of the real-time bottomhole
pressure reading into equivalent circulating
density with changing CT depth. The process
of optimizing bite length and sweeping speed
is repeated without interruption thanks to
continuous power supply from the surface,
eventually leading to time reduction. In one

of the wells, downhole tools uninterruptedly
acquired data for 10 days straight. The CT
managed to clean out a total of 40 908 kg of a
mixture of scale and sand, with an estimated
average time reduction of 25% when compared
to CT cleanout without real-time downhole
data.

Delivery of continuous high-voltage power
to downhole tools not only enables reduction
in operating time, it also paves the way for
extending the capabilities of CT interventions
by enabling the operation of more electrically
activated application tools. It allows combining
multiple work scopes in a single CT run, which
reduces operating cost and provides greater
operational flexibility. Finally, eliminating
the dependency on lithium batteries reduces
the carbon footprint for a more sustainable
operation.

Benefits of Digital Monitoring of
Flowback Returns During Coiled
Tubing Milling and Cleanout
Operations

Courtney Payne, Wilson Yip, Sergio Rondon
Fajardo, Ryan Leroux, Schlumberger

Cleanouts and milling make up most of
the common coiled tubing (CT) operations
around the globe. The objective of each is to
remove debris from a wellbore, such as sand,
scale, cement, or fracture plugs, to promote an
unobstructed flow path for fluids. For decades,
operators and service companies have focused
heavily on methods to optimize removal of
debris through the development of specialized
tools, fluids, techniques, and predictive models.
These are coupled with wellsite equipment
digital acquisition systems to capture CT
behavior, pump rates, and chemical additive
rates; very little attention has been given to the
rates of the fluid and solids being returned to
surface.

The composition and quality of fluids
being pumped into the well are often well



B pesynprare ynycKaeTcss BO3MOKHOCTD OIITUMHU3AIIUU
p36OTbI, d TAKXKE BOSMOXHOCTDb PAHHET'O BBISABIICHUA
OCJIOKHEHUI M CBOEBPEMEHHOT'O PEATMPOBAHMUSL

B 1aHHOM CTAaThE OIIUCBHIBAETCA IPOCTAA CUCTEMA
c60pa JAaHHBIX, KOTOPas ObIA PA3pab0TaHa U BHEIPEHA
Ha MECTOPOXACHUH /11 MOHUTOPHUHTI'A KDUTHYECKUX
IapaMETPOB CKBAKWHBL: PACXO/J HAd BBIXO/AC, BBIHOC
TBEP/BIX YACTUL], CKOPOCTb LUPKYIALIUN B 3aTPyOHOM
IIPOCTPAHCTBE U YNCJIO PEHHOIIB/ICA pACTBOPA B CKBAKUHE.
Cucrema 06€CIIEYUBAET TOCTOSHHBIA BU3YaIbHBIN
KOHTPOJIb 32 TEM, KaK T€ HUJIN NHBIEC ONIEPAIINIOHHBIC
penieHns BIUAIOT Ha 9(P(MEKTUBHOCTD BBIHOCA TBEPABIX
gacTull, Takke cucTemMa 06eCIIeduBAET BO3MOXKHOCTD
KOPPEKTHUPOBKU U OITTUMHU3ANNH IIPDOMBIBKY CKBAKHHBI.
Kpowme Toro, cucrema Aa€T BO3MOXKHOCTD OBICTPO
PaCIO3HABATH U PEATUPOBATH HA TAKHE OCTIOKHEHUS,
K4aK ITOCTENEHHOE WJIH PE3KOE CHUXEHHUE CKOPOCTU
LUPKYJIAIIUA PACTBOPA WU YMEHBIIEHUE OObEMA TBEPABIX
YACTHI, YTO MOKET OBICTPO IMIPUBECTHU K TAKIM CEPbE3HBIM
ITOCJIE/ICTBUSIM, KAK, HATIPHUMED, IPUXBAT TPYO.

Iepexo/ OT OYyPOBHIX BHINIEK K MOPCKHUM
CyZIaM JIJIsI IIOBBINIEHU S PEHTAOETHHOCTH
BHYTPHCKBAKHHHBIX padbOT

Marik iiBepH, I3Bug Moppuc, Touu Mopras, I'per
MbaHcoH, J3Buj I'mutecnu, Schlumberger

I1o Mepe pa3BUTUS SHEPIETUUECKOTO PBIHKA,
JUBEPCU(PUKAIIUY CTPYKTYPHI IIOCTABOK U [TEPEXOA
Ha CTAHJAPTHI HYJIEBOI'O S3HEPTONOTPEOIECHUA
KOHKYPEHTOCIIOCOOHOCTb HEPTHU U ra3a IPUOOPETAET
BCe OOJIblIIEE 3HAYECHUE. [TpU OLIEHKE MIEIb(POBBIX
HEPTEra30BbIX IPOEKTOB PEMAIOMUM (PAKTOPOM HAUAJIA
CTAHOBUTBCS COBOKYITHAA CTOMMOCTD PA3PA0OTKHU U
IKCILTYAaTALIUN MECTOPOXKEHU HA IPOTIKEHUH BCET'O
JKM3HEHHOT'O UKJIA. [TpU 3TOM BCE OOMbIIEE BHUMAHUE
VAEIAETCA SKOHOMHUUYECKOHN 3(PPEKTUBHOCTH PAOOT.
TTOHMMAaHUE TOT'O, YTO *KU3HEHHBIN [TUKJI MECTOPOXK/ICHUS
HAYWHAETCS HA STAIE NPOEKTUPOBAHUSA, 3AKYIIOK,
CTPOUTENBCTBA U MOHTAKA OOOPYIOBAHUS, [IO3BOJIAET
ONEPATOPY MAKCUMAJIBHO 3(P(PEKTUBHO YIIPABIATH
paboTaMHM B TEYEHHE BCETO [IUKIA U TOOUBATHCS
C6ATAHCUPOBAHHON OITUMM3ALIUH KATTUTAJIbHBIX U
ONEPAILIMOHHBIX 3aTPAT.

OCHOBHBIM BUJIOM PA6OT JJ/1s1 IOAACPKAHUA U
ONTUMH3AIUH PAOOTHI TOABOAHBIX CKBAXKUH ABJIAIOTCA
BHYTPHCKBAKUHHBIE PAOOTHI — CTPOUTENBCTBO,
KCIUTYaTal U U JIMKBUAUA. [10 Mepe pa3BUTHA
TEXHOJIOTMH 3aKAHYUBAHUA MTOABIAIOTCSA BO3MOXKHOCTH
JUIS ONITUMU3ALIAY TOJBOJHBIX CUCTEM. OTHUM U3
HAMOOJIEE IEPCIIEKTUBHBIX HAIIPABIEHUH ABIACTCS
YIIPOLIEHHE CYIMIECTBYIONUX TEXHOJIIOTUI YEPE3
HCIIOJIb30BaHUE O0see 3POEKTUBHOM 6yPOBOI YCTAHOBKH
WU Cy[JHA. B JAaHHOM CTAaThE PACCMATPUBAIOTCSA HEKOTOPBIE
M3 JOCTYITHBIX PENICHUH, ITIO3BOJISIIONIHNE BBITIOTHSITD C
MOPCKHX CY/IOB T€ PaOOTBI, KOTOPBIC PAHBIIIE BBITIOITHSIIHCH
TOJIBKO Ha 6yPOBBIX YCTAHOBKAX. K HUM OTHOCSTCSA
CHUCTEMBI BHYTPHUCKBA)KMHHBIX PA60T C ITIOMOIIIBIO
pai3epoB, pEIICHUS JJ151 TH/IPABINYCCKUX YCTAHOBOK,
TEXHOJIOTUU JIMKBU/IAITUH CKBA’KUH U ITOJIBOHBIE CICTEMBI
PEMOHTA CKBAKHH.

B cTarpe npeAcTaBacHa OIICHKA PACCMATPHBACMBIX

characterized, and the pump rate is recorded
digitally to the second. By contrast, information
on the fluid being returned is frequently limited
to intermittent, manual surveys of the flowback
tank fluid level that often go unrecorded.

Fluid samples are rarely analyzed, even by
inexact measurements, to provide feedback to
the predictive model. This results in a missed
opportunity to optimize the operation as well as
to recognize and respond to undesirable trends
and actions in real time.

This paper describes a simple digital
acquisition system developed and implemented
in the field to digitally record, plot, and monitor
critical wellsite parameters including flowback
rate, solids returns, annular velocities, and
downhole Reynolds numbers. The system
provides a real-time visual aid to observe the
direct impact that operational decisions have
on cleanout efficiency and the opportunity to
correct and optimize the cleanout operation.
Furthermore, the system offers the opportunity
to rapidly recognize and respond to unexpected
trends such as a gradual or sudden loss in return
rate or a decrease of solids returns which could
rapidly result in serious consequences such as a
stuck-pipe situation.

TECHNOLOGIES

Transitioning from Rig to Vessel
Based Interventions to Maximize
Economic Recovery

Mike Avery, David Morris, Tony Morgan, Greg
Manson, David Gillespie, Schlumberger

As energy markets evolve, the supply mix
diversifies, and the push for a net zero energy
system accelerates, the competitiveness of oil
and gas has become increasingly important.

A focus upon the total cost of ownership
across the field lifecycle has begun to emerge
as a driving factor within subsea oil and gas
project evaluation, with greater emphasis on
cost-effective operations. Acknowledging that
the life of field begins within the engineering,
procurement, construction, and installation
phase of a project allows the operator to
influence through life activities to greatest effect
and achieve a balanced optimization of capital
and operational expenditure.

Intervention is a key activity for maintaining
and optimizing a subsea wells performance,
from initial installation, through the producing
life, and finally during decommissioning. As
completion technologies continue to evolve,
opportunities emerge for optimization of
the systems used to intervene upon subsea
wells. One of the largest areas of opportunity
is the simplification of a technique to permit
operations from a more efficient rig or vessel.
This paper explores some of the solutions
available today which allow historically
rig based activities to be performed from
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METOJIOB B CPABHEHUU C AJIBTEPHATUBHBIMU ITOJIXOJAMH,
YTO MO3BOJISIET BEIOPATH ONITHMAJIBHOE PEIICHUE /IS
KOHKPETHOT'O CiIy4ast. TAKKE B CTAThE NPECTABICHBI
PEKOMEHAALINHU IO ONPENETIEHUIO KJIIOYEBBIX KPUTEPHEB
JULS IDUHATUS PELICHUS, 4 TAKXKE BO3MOXHOCTH U
OT'PaHHUYEHUA KAXKJOI'O U3 HUX.

BBIBOZIBI TOKA3BIBAIOT, YTO MIPUMEHEHHUE THOKON
TTOABOJHOM CUCTEMBI JOOBIYH MOYKET OOCCIICUYUTDH
CHMIKEHHE OOIIEN CTOMMOCTH BJIAJICHUS
MECTOPOXKJCHUEM JIJI51 ONIEPATOPOB. B CTAThE ONMUCAHBI
METO/bI BHYTPUCKBA’KUHHBIX PAOOT, KOTOPBIE ITO3BOJIAIOT
HCIIOJIb30BAThb Cy/1a 60JI€€ HU3KOTO KJI1acCa. CHIKEHUE
TPEOOBAHUN K XAPAKTEPUCTUKAM CY[HA ITO3BOJISAET
COKPAaTUTb JJHEBHYIO CTABKY U JJINTEIBHOCTD PA0OT, 4
TAKIKE MOBBICUTD 3(PPEKTUBHOCTD PA3PAOOTKH BCETO
MECTOPOXAeHUA. [IpUMEHEHHE CYAOB YIPOIIAET
TUTAHUPOBAHHUE PAOOT U CHUIKAET 3aTPATHI HA
MOOUIU3AUIO O60PYAOBAHMS. THOTIA 3TO NTO3BOJISIET
CJIENIaTh HEKOTOPBIE PAHEE HEJOCTYITHBIE BUJBI PA6OT
3KOHOMUYECKU 3(PPEKTUBHBIMU.

Cexnusa 5. CIIYCK HHCTPYMEHTOB HA KABEJIE.
PA3PABOTKH, OBJIACTU IPUMEHEHM A,
TEXHHUYECKHE PEINEHUA

O1LeHKA COCTOAHHA 00CATHBIX KOJIOHH C
IIOMOIIIBI0O MHOTOPBIYAKHOI'O KABEPHOMEPA !
YABTPA3BYKOBOH 1€ (PEKTOCKOIIHNH C AHATH3IOM
HU3HOCA. THOPHUIHBIN ITOIXOI

Xaccan Axmeq, Pakistan Petroleum Limited; Moxamma,
Pamuj XaH, Schlumberger; Kampan Pamrug, Pakistan
Petroleum Limited; AGxysn Bapu, Schlumberger; Caiien,
Ooct Ann, Pakistan Petroleum Limited; Taaxxa 3y6arip,
Myxammag Coxan6 Tausup, Ycman AH:xyM, Schlumberger

O11€HKa U3HOCA OOCAHBIX TPYO UMEET NEPBOCTEIIEHHOE
3HAYEHUE /11 OOECIIEUEHUS 1IEJTIOCTHOCTU CKBAXKUHBL JIJ151
OLIEHKH BHYTPEHHHUX MTOBPEXK/JEHUI O6CAIHBIX KOJIOHH
yxe 6osee 50 JIET UCIONB3YIOTCS MHOTOPBIYAKHBIE
KaBEPHOMEPBL VIIBTPAa3ByKOBAA 1€(PEKTOCKONUA
BBICOKOT'O PA3PEUIEHU S, HOSIBUBIIASACA OTHOCHTEIBHO
HEJABHO, TO3BOJISIET ONPEJEIUTD TONIUHY OOCATHON
KOJIOHHBI ITyTEM IIEPEIAYH YIBTPA3ZBYKOBBIX UMITYJIbCOB,
BBI3BIBAIOIUX PE3OHAHC KOJIOHHBL B CTaThe ONMUCAHBI
PabOoTEI HA PA3BEJOYHOM I'A30BOU CKBAXKUHE, KOTOPAs
HAXOJWJIACh O] yTPO30Y JIMKBUJAITUH U3-32
OCNIO’KHEHU !, CBA3AHHBIX C U3BJICYEHUEM HHCTPYMEHTOB
U IPUXBATOM Ka6€J151 B OOCA/THOM KOJIOHHE TUIIOPA3MEPA
178 MmMm. BBLJIO TPOBEAEHO UCTIBITAHHUE HOBOU TEXHOJIOTUH
KOMOWHHPOBAHU S MHOTOPBIYa>KHOI'O KABEPHOMEPA U
VIBTPA3BYKOBOM IE(PEKTOCKONUH JJI1 TOYHOT'O AHATN3a
HOBPEXAECHUN C IOMOIIBIO THOPUHOM TPEXMEPHONU
MOP(OIOTNYECKON BU3YAIU3AIUN OOCATHOHN KOJIOHHHBI,
KOTOPas UCIONIb30BAIACH JJIs1 TPOBEPKH KOMITBIOTEPHBIX
MOJEJIEH TOMIMHHBI OOCATHOM KOJTOHHBI.

J1J151 OLIEHKH COCTOSTHUSA O6CATHOM TPYObI OBLIIO
PELIEHO 3aJEUCTBOBATD 24-PhIYa KHbIN KABEPHOMED,

4 JIJ1s TIOBBIEHU A TOYHOCTH JAHHBIX IIPUMEHAACH
YVIBTPA3BYKOBaAs ic(peKTOCKONU. 7151 06pabOTKHU
JIAHHBIX KABEPHOMEPA C PA3HBIX PIYAT'OB UCTIOIb30BAJICS
TPEXYPOBHEBBIN MPOLIECC, BKJIIOYAIOM U KATUOPOBKY
PBEIYAroB, KOPPEKTUPOBKY KABEPHOMEPA U3-34
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vessels. These include riser based intervention
systems, hydraulic intervention solutions,
well abandonment technologies, and subsea
workover control systems.

An evaluation of the presented techniques
against alternative approaches is shared, to aid
the reader in selecting the optimal solution for
an application. Guidance is provided to assist in
identifying the key decision criteria, complete
with the capabilities and limitations of each
solution.

The conclusions identify that designing a
subsea production system with the flexibility to
accommodate life of field activities can deliver
reduced total cost of ownership to operators.

A key part of this is consideration of optimized
intervention techniques which can leverage
simpler vessels for deployment and operation.
By reducing the vessel specification, broad
benefits can be realized including reduced asset
day rate, reduced operational duration, and
increased asset availability globally. This permits
improved scheduling and reduced mobilization
costs, in some cases enabling intervention
activities which otherwise would not be
economical.

Session 5. WIRELINE DEVELOPMENTS,
APPLICATIONS, AND SOLUTIONS

Evaluating Casing Condition
Through Integration of Multi-Finger
Calipers and Ultrasonic Imaging
with Casing Wear Analysis — A Hybrid
Approach

Hassaan Ahmed, Pakistan Petroleum Limited;
Mohammad Rasheed Khan, Schlumberger;
Kamran Rashid, Pakistan Petroleum Limited;
Abdul Bari, Schlumberger; Syed Dost Ali,
Pakistan Petroleum Limited; Talha Zubair,
Muhammad Sohaib Tanveer, Usman Anjum,
Schlumberger

Casing degradation evaluation is of prime
importance to ensure well integrity system
reliability and sustainability. Multi-finger calipers
have been around for more than 50 years and
are used to assess internal casing damage. In
addition, high resolution ultrasonic imaging,
introduced relatively recently, determines casing
thickness by transmitting pulse-echo waveforms
to initiate thickness-mode of the casing through
induction of mechanical resonance. A high-
profile exploratory gas well was at stake of being
compromised due to fishing and cable sticking
incidents in the 7-inch section. In this work, a
novel combination of multi-finger caliper and
ultrasonic imaging is investigated to accurately
determine metal loss with assistance of hybrid
threedimensional casing morphological
visualizations which is then utilized to validate
casing derating models and ensure well integrity.
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SKCLUECHTPUCUTETA, 3ATUITAHUS U CMEIIECHUSI PhIYAT'OB.
TaK>ke /1J151 CBOJTHOT'O OTYETA IO KOPPO3UU U PACUYETA
TOJIIIMHBI METAJJIA ObLII IPOBE/ICH CTATUCTUYECKU
aHa1u3. [lasiee Noay4eHHAs XaPAKTEPHUCTUKA PEZOHAHCA
06CaJHOM TPyObI ObLIa COMOCTABIEHA C HOMUHAJIBHOM
TOIIUHON JI51 ONPEAEIECHU IIPOLICHTA YTOHEHMUS.
Kpome Toro, 1151 06€CredeHus JOCTOBEPHOCTH JJAHHBIX
OBLJI IPOBE/ICH MATEMATUYCCKUH AHAIU3 PE3YIBTATOB
M3MEPEHUN BHYTPEHHETO Pauyca 06CaJHON TPyOHL,
THOJIYYEHHBIX C IOMOIIIBIO OOOUX UHCTPYMEHTOB.

B pesynbrare 66l NONIyIeHBI 3D-MOAEIH, KOTOPLIE
J1aJ7I1 BO3MOKHOCTD BBISIBUTD JIOKAJIbHBIE TIOBPEKACHUS
KOJIOHHBI.

[Ba pa3HBIX [TO/IXO/A TO3BOJIUJIU HOTYYUTH
KOMIUIEKCHYIO XaPAKTEPUCTHUKY COCTOSIHUSA OOCATHOHU
KOJIOHHBIL. 3HAYCHU S BHYTPEHHETO PAANYCA, UBMEPEHHBIC
KaBEPHOMEPOM, ObLJIN COITOCTABUMBI CO 3HAYECHUSIMH,
BBIYUCJICHHBIMU C HOMOIIBIO Y/IBTPA3ByKOBOU
JIEe(PEKTOCKONUN. DTO MO3BOJINIIO OOECEUYUTD Hoiee
TOYHBIE IaHHbIE. Ha ygacTke 06CaTHOM KOJTOHHBI
TUIIOpa3Mepa 178 MM Ha UHTEpBaIE JIUHOU 40 M ObLIU
OOHAPYKEHBI BIIA/IUHBI CPEHEN MTHTEHCUBHOCTH, TJIE

MAaKCHMAJIbBHOE PA3PYIIEHUE 10 PACYETAM IIPEBLIIIAIO 20%

OT HOMUHAJIBHOM TOJIIMHBI TPYOBL OTU BIIAJUHBI MOIJIH
MOABUTBCA IIPU CITYCKE/TIObEME Oy PUIBHOIM KOJIOHHBI
nn KHBK. Takoke NOBPEXAEHUA B 3TOM HHTEPBAJIE MOTYT
OBITb CBA3aHBI C BLICOKMMHU GOKOBBIMU HATIPSAKEHUSAMU
MU3-34 UICKPUBJIEHUA CTBOIA. KpOMe TOTO, ObLII BBIABIIEH
€I11€ OJJUH UHTEPBAJI HA MaJIOH IITyOHHE, I/Ie HAOII0A/1ACh
NOTEHLMANbHAS JepopMaLiisa 00CaAHOU KOJIOHHBI
(yBEJIMYEHME OBAJIILHOCTH). PE3yIBTATEI MOIETMPOBAHNA
KPYTAIIETO MOMEHTA U COIPOTUBJIEHHUS, 4 TAKIKE

JAHHBIE 10 TPAEKTOPUH CKBA’KHUHBI ObLIIA COITOCTABJIEHEI
C AaHAJIU30M ITOBPEKIEHUI KOJIOHHBI 10 JAHHBIM
HUCCJIEJOBAHUH, YTO ITOMOIJIO IIPOBECTHU TOYHYIO OLICHKY
COCTOSIHUSA CTEHOK KOJIOHHBL.

Koppo3usa B CKBA3KHHE — OIIBIT PA0OT IIO
AIEKTPOMATHHUTHBIM H3MEPEHHUAM TOJIIUIHMHBI
TPYyO

Suapro Umpu, Maneri Kozaxoscku, Omap TopkH, ATUTHA
Apmue Buazxas, Halliburton

MOHUTOPUHT KOPPO3UHU TPYO ABIAECTCA OTHUM
U3 BAXKHEHUIINX ACIIEKTOB IIPU IIPOBEACHNUU
BHYTPHCKBAXKUHHBIX PA6OT. DTU JAHHBIE UCIIOJIb3YIOTCS
JULS IPOEKTHUPOBAHUSA M OOOCHOBAHMS IIOOBIX PAOOT,
HAMPABJIEHHBIX HA IPOJJIEHUE CPOKA CJIYKOBI CKBA’KHUHBIL.
CTaH/JapTHBIMU UHCTPYMEHTAMH JJ151 UCCIIETOBAHUS
KOPPO3UHU TPYO ABJIAIOTCSI MHOT'OPBIYAKHBIE
KaBE€PHOMEDBI, KOTOPBIE JAI0T TOYHYIO OLICHKY
BHYTPEHHETO COCTOSIHUA TPYObL. Kak MpaBuiIo, 3TN
JaHHBIE 3ATEM AHAJIM3UPYIOTCS U COIIOCTABIIAIOTCA C
HOMMHAJIBHBIMH TEXHUYECKUMHU XAPAKTEPHUCTUKAMH,
YCTAHOBJIEHHBIMH IPOU3BOAUTEIIEM JIJISI KAXKION
TPy6bl. OJHAKO MPH TAKOM NOJXOJE UCTIONb3YIOTCSA
OIIPEEJIEHHDIE JOIYIIEHM A JJIs BHEIIHETO AUAMETPA
TPYOBL, YTO MOKET CHU3UTh TOYHOCTb U3BMEPEHUA
U IIPUBECTHU K HEMTPABUJIBHBIM PACYETAM TOJIIUHBI
CTEHKMU. B TaHHOM CcTaTbhe PACCMOTPEHBI CIy4au, KOIa
KOMOWHHPOBAHUE KABEPHOMEPA U IJIEKTPOMATHUTHOI
TONIIUHOMETPHHU ITO3BOJIHJIO IOBBICUTh TOYHOCTD OLIEHKH
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In order to evaluate the casing condition,
it was decided to run a 24-finger caliper tool
and to make up for loss of coverage area,
ultrasonic imaging was employed. In order
to process caliper data from various fingers, a
three-tier process was applied which includes
finger calibration, caliper correction due to
eccentricity, finger sticking, finger offset, and
lastly statistical analysis was conducted to
generate corrosion summary report for metal
penetration computations. Next, characteristic
of the casing resonance was processed to
measure thickness and compared with the
nominal thickness to determine metal loss
percentage. Furthermore, arithmetical analysis
of internal casing radius measurements
from both the tools was done to ensure
data reliability. Ultimately, combining the
measurements, 3D descriptions were generated
in order to better characterize localized damage.

A multi-physics approach led to a
comprehensive characterization of in-situ
casing condition. Consistency between
internal radius measured by the calipers and
deduced by pulse-echo arrivals was observed,
improving confidence on the end-product. In
the 7-inch casing section, a 40-meters interval
was identified to have medium intensity
grooves where the maximum penetration was
computed to be in excess of 20% of the nominal
pipe thickness This groove can be associated
with tripping in / out operations of drill string
or BHA. Also, the log results agree with the
relatively higher side forces across this interval
due to increased dog-leg-severity. In addition,
cyclic response in radius measurements
identified another zone where potential casing
deformation (ovalization) near the surface was
observed. Results of torque and drag simulations
and well trajectory parameters were integrated
with casing degradation analysis from the logs
which assisted in qualifying well barrier status
for the casing.

Full Well Corrosion Insight —
Case Studies in the Added Value
of Electromagnetic Thickness
Measurements During Well
Interventions

Andrew Imrie, Maciej Kozlowski, Omar Torky,
Aditya Arie Wijaya, Halliburton

Monitoring pipe corrosion is one of the critical
aspects in the well intervention. Such analysis is
used to evaluate and justify any remedial actions,
to prolong the longevity of the well. Typical
corrosion evaluation methods of tubulars
consist of multifinger caliper tools that provide
high-resolution measurements of the internal
condition of the pipe. Routinely, this data is then
analyzed and interpreted with respect to the
manufacture's nominal specification for each



COCTOSIHUSI BHYTPEHHET'O U BHEITHETO TUAMETPOB TPYO.

B paccmarpuBaeMbIX OIlEpanuaX UCIIOIb30BAJIC
MHOI'OKAHAJIbHBIN 3JIEKTPOMATIHUTHBINA TOJIIITHOMED,
padboTaMUI OFHOBPEMEHHO HA HECKOJIBKUX
4aCTOTAX. DTOT IPUOOP UCTIONB3YETCA /I U3MEPEHUS
TOJIIINUHBI CTEHOK HECKOJIBKUX KOJIOHH (IO IIATH) U
paboTaeT HENPEPBIBHO, BBINOIHAA U3MEPEHUS B CBOEM
YACTOTHOM JUana3oHE. [17151 3(PHEKTUBHON TUATHOCTUKHU
nenoctHocTu THKT u 06caiHBIX TPYO 32 OHY CITYCKO-
HOA’BEMHYIO OIIEPATHIO TOJIIIUHOMED ObLIT O6bETUHEH
C MHOTOPBIYaKHBIM KaBEpPHOMEPOM. KoMOMHA1I M IBYX
OPUOOPOB MO3BOJIAET OTYYHUTD JAHHBIE ITIO BHYTPEHHEN U
BHEIIHEN KOPPO3HH, A TAKKE JAHHBIE 110 TOJIIIMHE CTEHOK
T'HKT u 06cagHOM KOJTOHHHI.

B cTarhe OMMCaHO HECKOIBKO paboT: 1) ycnenHoe
OBHAPYKEHHUE HECKOJIBKUX YYACTKOB YTOHEHUS (JIO 32%)
HAa BHEITHEN TOBEPXHOCTH KOJIOHHBI, INTYOMHA KOTOPBIX
KOPPEIMPOBAJIA C UHTEPBAIAMHU HOABUKHBIX COJIEBbIX
OTJIOKEHNH, 2) OJMHAKOBbBIE IOBPEX/IEHNA HA IBYX
TpybaX, 3) CJIydau, KOI/Id TONBKO OJAMH MHOTOPBIYAKHBII
KaBEPHOMEP HE IAE€T TOYHOI'O IPEICTABIECHUS 00
UCTUHHOM TOJIIIIMHE CTEHKU. [TocnenHsist pabora,
OIIMCAHHAA B CTATHE, IOAYEPKUBAET IIPEUMYIIECTBA
KOMOWHHPOBAHUA HECKOJIBKUX NHCTPYMEHTOB JIJISI OLIEHKHU
COCTOSIHUSA CTEHKH OO6CATHOM KOJIOHHBL

MeTannmmJyecKkue TONIUHOMEDHI, pa6OTaIom e Ha
JIEKTPOMATHUTHBIX BOJIHAX, UMEIOT MAJIbINA HAPYKHbBIA
JUAMETP, YTO MO3BOJIAET UM IPOXOJUTD YEPE3 CYKEHUH,
I7I€ YIBTPA3BYKOBBIE TOJNIIIMHOMEPHI HE TPOIAYT. Kpome
TOT'O, JIEKTPOMATHUTHBIE THCTPYMEHTBI PA0OTAIOT B
JIIOOOM THUIIE CKBAKMHHOI JKMJIKOCTH U HE ITOJIBEPKEHEI
BJIMAAHHIO YACTHULL LIBETHBIX METAJIJIOB, KOTOPBIE MOT'YT
IPUCYTCTBOBATDb HA BHYTPEHHEHN CTEHKE TPYyOBL. CoueTaHne
B3aMMO/IONIONHAIONIUX TEXHOJIOTUI MHOTOPBIYaKHOT'O
K4aBEPHOMEPA U AJIEKTPOMATHUTHOI'O TOJIIUHOMEPA
MO3BOJIAET MOJIYIUTD 1BA HE3ABUCUMBIX JATYNUKA JIJIA
TOYHOI OLIEHKH COCTOSHUSA CKBA’KUHBI.

AKYyCTHYECKAA Cb€MKAa BBICOKOI'O
paspenieHu A 11 UCCIAECTOBAHU S IIOBPEKICHHU I
00CaTHOM KOJIOHHBI B MECTE PA3MEICHUSI
nmpo6oK I'PII B rOpHU30HTAJIBHBIX CKBASKHHAX

Kannep BapauHcku, DHTOHH BarTucren, Tom
JIurndgopa, Fpup CumncoH, CruBeH Po6iHCOH, DarkVision
Technologies Inc.; Mopran MaptuH, Ilnpc AHAepcoH, ARC
Resources Ltd.

HiccnetoBaHNE COCTOSTHUSL CKBAXKMHBI ITOCTIE
TUAPOPA3PHIBA IIJIACTA C HIOMOUIBIO TBEPAOTEIBHBIX
AKYCTUYECKUX IPUOOPOB BEICOKOT'O PA3PEMIEHU A
MOKa3a/10, 4TO NpOOKU I'PIT 4acTO HE BHINOIHSIOT CBOIO
(pyHK1IHMIO. O HETEPMETUYHOCTHU TPOOOK MOXKHO CYAUTD
MO IAHHBIM O JABJIEHUH HA [IOBEPXHOCTH U ICOUTE.
OIHAKO BBICOKAS YACTOTA CIIYYAEB HETEPMETUYHOCTH,
BBISIBJICHHBIE IPUYHUHBI U HAJTUYHUE CUIBHBIX 3PO3UOHHBIX
HOBPEXAECHUN B MECTAX YCTAHOBKH IIPOOOK MO3BOJAIOT
CJIENIATh BBIBOJI, YTO TU NIPOOIEMEI TPEOYIOT HOsIee
INIYOOKOTro u3ydeHus. CyOMHUIIIMMETPOBBIE TPEXMEPHBIE
U300PAKEHM, ITIOJIYIYEHHBIE C TOMOMBIO AKyCTUYECKUX
HHCTPYMEHTOB BBICOKOT'O Pa3pPENIEHM, TO3BOININ
MHOJIYYHUTB MOJHYIO HH(POPMAITUIO O YACTOTE CIIYYAEB
HETEPMETUYHOCTU IPOOOK, TPUYNHAX U CTENIEHU BIUAHUSA

tubular. However, this requires assumptions

on the outer diameter of the tubular may add
uncertainty, and incorrectly calculate the true
metal thicknesses. This paper will highlight
cases where the integration of such tool and
electromagnetic (EM) thickness data adds value
in discovering the true condition of both the
first tubular and outer casings.

These case studies demonstrate the use of a
multireceiver, multitransmitter electromagnetic
(EM) metal thickness tool operating at multiple
simultaneous frequencies. It is used to measure
the individual wall thickness across multiple
strings (up to five) and operates continuously,
making measurements in the frequency domain.
This tool was combined with a multifinger
caliper to provide a complete and efficient
single-trip diagnosis of the tubing and casing
integrity. The combination of multifinger caliper
and EM metal thickness tool results gives both
internal and external corrosion as well as metal
thickness of first and outer tubular strings.

The paper highlights multiple case studies
including; i) successfully detecting several
areas of metal loss (up to greater than 32%)
on the outer string, which correlated to areas
of the mobile salt formation, ii) overlapping
defects in two tubulars and, iii) cases where a
multifinger caliper alone doesn't provide an
accurate indication of the true wall thickness.
The final case highlights the advantages of
integrating multiple tubular integrity tools when
determining the condition of the casing wall.

Metal thickness tools operating on
EM principles benefit from a slim outer
diameter design that allows the tools to pass
through restrictions which typically would
prevent ultrasonic scanning thickness tools.
Additionally, EM tools are unaffected by the type
of fluid in the wellbore and not affected by any
non-ferrous scale buildup that may present in
the inside of the tubular wall. Combinability
between complementary multifinger caliper
technology and EM thickness results in two
independent sensors to provide a complete
assessment of the well architecture.

TECHNOLOGIES

High Resolution Acoustic Imaging
of Plug Related Casing Damage in
Hydraulically Fractured Horizontal
Wells

Kacper Wardynski, Anthony Battistel, Tom
Littleford, Greer Simpson, Stephen Robinson,
DarkVision Technologies Inc.; Morgan Martin,
Pierce Anderson, ARC Resources Ltd.

While assessing post-hydraulic-fracture
perforation growth using solid-state, high-
resolution acoustic imaging tools, it was noted
that plug failures were occurring at a high
frequency. Though plug failures can be observed
from hydraulic fracture surface pressure
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Ha 3P HEKTUBHOCTD THAPOPA3PHIBA IUTACTA. AKYCTUYECKHE
UHCTPYMEHTBHI JAIH BO3MOXHOCTDb IPOSICHUTD IPUYUHBI
U OIIPEJEJINTD BO3MOKHDIE PELICHUs. B JaHHOU CTATHE
NPENCTABJIEHBI COBOKYITHBIE JAHHBIE O TOBPEXKICHUAX
CTEHOK O6CAJHOU KOJIOHHBI B MTHTEPBAIAX YCTAHOBKH
pOOOK B 6osee yem 2700 Cy4dasx U BbIABIECHbBI
OmpeeIeHHbIE 3aKOHOMEPHOCTH HAd OCHOBE 4HAIN34
3TUX JAHHBIX. TAKKE B CTATbE NOKA3aHO UCTIONIb30BAHHE
AKYCTHYECKUX IIPUOOPOB BLICOKOI'O PA3PEIMEHH B IBYX
omepanuax.

AP eKTHBHOE MEPEKITIOUCHUE CABHKHBIX
MYy@T C TIOMOIIBIO YJIEKTPOKAOEII B
TOPH30OHTAJIBHBIX CKBASKHHAX C OOJIBIITHM
OTXOAOM OT BEPTHKATH

Tomac May4awueH, [llapar Knmop, AManga OJIHBHO,
Moctada Axmen, Schlumberger

CTraH1apTHBIE KOJITIOOMHIOBBIE PA6OTHL B ITTyOOKHX
TOPU3OHTAJIBHBIX CKBA’KMHAX MOI'YT OBITh OCJIOKHEHBI
M3-34 BBICOKOT'O PHCKA NPUXBATa. [Ipy NCMIOIb30BAHUH
CTAHJAPTHBIX HHCTPYMEHTOB IEPEKIIOUCHUSA [T
OTKPBITUS U 3aKPBITHS HECKOIBKUX MY(PT TPeOyeTCs
HECKOJIBKO CITyCKOB. B JAHHOM CTAThE OIHCAH IPUMEDP
Ooneparny, KOTopas BKIIOYAIA CAEAYIONIUE STABL:
OTKPBITHE MY(PTHI C UCTIOJIb30BAHHUEM JIEKTPOKAOE,
LUPKYJISAIMIO XKUJIKOCTU Yepe3 My(PTy B 3aTPyOHOE
OPOCTPAHCTBO, 3AKPLITHUE MY(PTHI 1 IOBTOPEHUE 3TOT'O
LUKJIA JUIS PYTON MY(PTHI B CKBAKUHE C JUTMHHBIM
TOPU3OHTAJIBHBIM YY4CTKOM — 32 OJHY CIIYCKO-TIOJ/bEMHYIO
OIIEPALIHIO.

B cTaTbe ONMMCAHDBI PA3TTMYHBIE METO/ABL, KOTOPBIE
MOTYT OBITb UCTIOJIB30OBAHBI JIJI1 TOYHOI'O ONPEIE/ICHUS
npoduier My(QThI ¥ 3aLEIIEHU KJIIOYEH C
UCIIOJIb30BAHUEM CKBAKMHHOTI'O TPAKTOPA, KA6EA U
CaMOT'O UHCTPYMEHTA NEPEKIIIOUEHU S C YEPBIIHBIM
MEXAHU3MOM. MHCTPYMEHT NEPEKIOYEHUS C
NIEKTPOKAOENIEM ITO3BOINII KOHTPOJIHPOBATD U IIPOBEPATH
OTKDBITHE U 3AKPBITUE MY(PT B PEXKHUME PEAJIBHOI'O
BPEMEHHU C IOMOIIBIO BCTPOEHHBIX JATYUKOB. JIJaHHAA
TEXHOJIOT'HS ObLIA YCIIEITHO IPUMEHEHA HA HECKONIBKUX
CKBaKMHAX, TJI€ TPEOOBAIOCH BELITECHUTD *KUJIKOCTD U3
KOJIBLIEBOI'O MIPOCTPAHCTBA ITOCJIE CITYCKA KOMIIOHOBKH
YMHOI'O MHOT'OCTAJUHHOI'O 3aKAHYMBAHUA. B CKBAKHBI
OBLIH CITYIIEHBI XBOCTOBUKU C MY(PTAMHU B 3aKPBITOM
MOJIOKEHUH. 32TEM OBLIIN BBIITOJTHEHBI PAOOTHI IO
OTKDPBITHIO MY(TBI, IPOKAYKE KUJKOCTH U NMOCTEAYIOMEMY
34KPBITHIO. BO BpeMA HUPKYIALIMU )KUJIKOCTU MTHCTPYMEHT
(PUKCUPOBAJICA IIJIAIKAMHA B CTBOJIE CKBAKUHBL [Tocie
LUPKYIALINUA My(PTA 3aKPBIBAJIACDH. 3ATEM TAKas XKE
onepanus ObLIa IPOBEAEHA HAa BTOPOU Mmydre. Bee
PaboThI 6bLIIM BBIIIOJIHEHBI 34 OUH CITYCK. ITpyu 3TOM
JOTIOJIHUTEJIBHOT'O CITyCKA JIJIA IIPOBEPKU MOJIOKEHU A
MY(T HE NOTPEOOBAIOCH, TOCKOIBKY [IPOBEPKA
OTKDBITHSA/3AKPBITUA MY THI IPOU3BOAMIIACH C IOMOIIBIO
UHCTPYMEHTA IIEPEKTIOUEHUSL.

Bo BpeMs pabOTBI TPOBOAMIMCH U3MEPEHHA B
pEAIBbHOM BPEMEHHU. DTU U3MEPEHUS ONIPENIEIIAIIN, B
KAKOM MOJIOKEHUH HAXOAATCA MY(PTBL: B OTKPBITOM,
34KPBITOM WJIH IPOMEXYTOYHOM. HEMTONITHOE OTKPBITHE
MY(PTBI OIIPEAENAIOCH 1O JATYUKAM B MHCTPYMEHTE
MIEPEKIIOYEHUS. DTO OBLIIO OCOOEHHO BAXKHO LIS

64 Ne 4 (078) Oexabps/December 2021

and flowrate data, the aggregate frequency,
causes, and severity of the resulting erosional
damage at plug locations was not previously
well understood and highly speculative. The
sub-millimetric three-dimensional imagery
generated from high resolution solid-state
acoustic tools significantly improved the
industry's awareness of plug failure frequency,
mechanisms of failure, and the resulting impact
to stimulation efficiency. These acoustic tools
helped to uncover the causes and explore
possible solutions to failing plugs. This paper
presents aggregate data encompassing casing
wall loss at over 2700 plug locations and
presents emerging trends that appear across
the broader dataset. In addition, this paper
showcases the usage of high-resolution acoustic
imaging in two operator-specific case studies.

Efficiently Shifting Sliding Sleeves in
Extended Reach Horizontal Wells with
Electric-Line: A Case Study

Thomas Mauchien, Sharat Kishore, Amanda
Olivio, Mostafa Ahmed, Schlumberger

Traditional intervention operations with
coiled tubing (CT) in extended reach horizontal
wells might be difficult to access due to
lockup from frictional forces and operational
inefficiencies. Using conventional shifting
tools requires multiple runs to shift open and
close multiple sliding sleeve doors (SSD). This
paper is a case study of an electric-line powered
shifting intervention operation to shift open an
SSD, circulate fluids though the sleeve and into
the annulus, and then close and repeat this for
another SSD in a long horizontal well—all in a
single run.

The paper discusses the different methods
that can be used to efficiently seek and latch
onto the shifting profiles using a tractor,
wireline cable, and the shifting tool itself with an
inchworm motion. The electric-line shifting tool
monitored and verified the opening and closing
of the sleeves in real time using its onboard
sensors. These techniques were effectively
deployed in multiple wells that required the
annulus to be displaced with fluid after running
smart completions. The completions were
installed in the well with the SSDs in a closed
position, and the shifting intervention consisted
in opening the SSD, pumping fluids through
the sleeve, and closing the SSD. The tool was
anchored in place in the wellbore during the
entire circulating operation, and the SSD was
subsequently closed. This operation was then
repeated on the second SSD in the wellbore, and
the entire operation was completed in a single
run. Also, no additional caliper run was needed
as the shifting tool verified the position of the
SSDs.

These methods were used in a long horizontal



06€eCeYeHN s MAKCHMAJIBHOI'O PACXO/1A )KHUJIKOCTH
4Jepes3 My(PTY B KOIBLIEBOE IPOCTPAHCTBO. PadoTa ¢
UCIIOJIb30BAHUEM IEKTPOKAOEIS ObLIA BHIIIOJIHEHA
YCIIEMHO. BO3BMOXXHOCTB BBIITOJIHUTD PAOOTHI 32 OHY
CITyCKO-TIOJIbEMHYIO ONIEPALIMIO TO3BOJINIIA COKPATUTD
JUINTENBHOCTD ONIEPALIHH.

B cTaTbe BIEPBLIE PACCMATPUBAIOTCS PA3JIMYHBIE
METO/bI BHYTPUCKBAXKUHHBIX PA0OT C UCTIOJIb30BAHHUEM
ANNEKTPUYECKOTO Kabes. I[TpeICTaB/IeH HOBBIN METO/, B
KOTOPOM MHCTPYMEHT MEPEKIIOUEHUS (DYHKITUOHUPYET
K4K KAaBEPHOMED, YTO MO3BOJIAET ONPEJEIUTh U3MEHEHUE
BHYTPEHHETO IUAMETPA KOMIIOHOBKH 3AKAHUYNBAHUA
JULS 3ALETIIEHUSA C LIEJIEBBIM IPO(MHIIEM MY(PTBL DTO
JIA€T BO3MOKHOCTb YTOYHUTb MECTOIOJIOKEHHE
IpOMUIA MY(PTHI ¥ BBINOJTHUTD HAZEKHOE 3aLECTITIEHUE.
B 3aK/IIO4EHUE CTOUT OTMETHUTD, YTO B CTATHE BIIEPBLIE
CONOCTABJIEHBI JAHHBIE O TEOPETUYECKON MEXAHHUKE
NEPEKIIOYEHUA MY(PTBI, PEZYIBTATH UCIIBITAHUI U 3AMEPEI
MapPaMETPOB C MOJIEBOI ONEPALIHHN.

oBsrmeHue 3P HEKTHBHOCTH KAOE/Ib-
KAHATHBIX Pa0OT C IIepeaadeii JAHHBIX B
peXKHMMe peaTbHOI'O BPEMEHH 110 CPABHEHHIO C
TPATHUITHOHHBIMH KAHATHBIMH H KA0€IbHBIMH
padoramu

®psak XuHH, Halliburton Energy Services;
Muxauia Maiiopos, Saudi Aramco; I:k0H CIBH/IK,
Halliburton Energy Services

TexHOIOrnsA Kab€eIb-KaHATHBIX PA60T, UCIIOIb3YIONMAsl
PaIMOYACTOTHI JIJISl HEPEJAYM JAHHBIX, IPUMEHSIETCS HA
MECTOPOKCHNH ¢ KOoHIa 2016 roja. 32 3To BpeMst
O TAKOU TEXHOJIOTUH 6BLIO BBIIIOJHEHO 6071€€
600 oneparuit Ha MeCTOPOXKAeHUH 1 2000 orepaIuit 1Mo
BCEMY MUPY. BbIJIO OTYGIMKOBAHO HECKOJIBKO CTATEH, TIE
Ka6€eb-KaHATHASI TEXHOJIOTHS 3AMCHMJIA TAKHE PAOOTHI HA
Kabere, Kak nepgopaiysi, yCTaHOBKA IPOOOK C B3PbIBHBIM
U HEB3PBIBHBIM METO/IAMH AKTUBAIUU, KAPOTAXK U JIPyryUe
BHU/IBI PA6OT. B CTATBHAX Y/JIE/151JI0OCh MCHBIIIE BHUMAHUS
BOIIPOCAM 3(PHEKTUBHOCTU CUUTHIBAHUS IAHHBIX HA
YCTBE BO BPEMSI CTAH/IAPTHBIX KAHATHBIX PA6OT, I71€
OCHOBHBIM IPEUMYIIECTBOM SIBISIETCSI BO3MOKHOCTbD
UCHOJIb30BAHMS 51CA. TEXHOIOT U KaOE/Ib-KAHATHBIX
pa6oT 6pLIA IPEACTABICHA HA PHIHKE B KOHIIE 2016 rofa,
U C TEX ITIOP COOTHOIIEHUE MEX/Y KOJIMYECTBOM PabOT
Ha KaHaTe U KabeJie COXPaHsIOCh Ha ypoBHe 60/40,
THOCKOJIBKY C TIOMONIbIO KAHATHBIX PA6OT B OOJIBIITUHCTBE
CJTy44€B BBIIIOJHAETCS TTIOJITOTOBKA U TIOBTOPHBIN 3AITyCK
CKBAXKUH B 9KCIUIYATAIUIO, 4 HA KaOeJI€ IIPOBOASTCS
UCCJIEAOBAHMUS U PEMOHT. B CTaThe IPEACTABIEH AHAIN3
PaboT, KOTOPBIE IOKA3AJIH, UTO IEPEAAYA U CYUTBIBAHNE
JIAHHBIX B PEAJIBHOM BPEMEHU MTPEAOCTABIISIOT IIOJIHYIO
UH(OPMALUIO O XO/I€ PAOOT IO 3aMEHE T'A3IU(PTHOTO
KJIAIIAHA U HECTAH/IAPTHBIX PA0OT 10 OOHAPYKEHUIO
YTEYEK.

Ha Texymui MOMEHT UMEETCA JOCTATOYHBIHN
00'BEM JJAHHBIX, YTOOBI O TBEPANUTD [IOBBIINICHHE
3P PEKTUBHOCTU UCIIONB30BAHU S TEXHOJOTUU KAOECIb-
KAHATHBIX PA0OT HA PATUOYACTOTAX ITO CPABHEHUIO
CO CTAH/JIAPTHBIMH PAOOTAMU HA KAHATE UJIN KaOeIe.
MOHTAX KOMITAKTHOH YCTAHOBKH JIJIS1 KAOEJIbHBIX PA0OT
TO3BOSAET COKOHOMHTH HECKOJIBKO Y4COB B 3aBUCHMOCTHU

well with the help of real-time measurements.
The tool measurements identified if the SSDs
were in open or closed position or anywhere
in-between. The shifting tool provided
confirmation via its measurements that

the sleeve was not partially open. This was
particularly important when pumping fluid
through the annulus to achieve the maximum
flow through the sleeve. Operating using
electric-line was extremely efficient and
eliminated the need to perform multiple runs,
thus achieving time savings on the rig.

This is the first time that a paper discusses
the different seek methods that can be used
for carrying out a electric-line mechanical
intervention operation. It represents a novel
method using a shifting tool as a caliper to
probe and measure the completion inner
diameter changes while seeking for the profile.
It provides a valuable method for reliably
and confidently locating and latching onto a
shifting profile. Finally, this is the first time that
a paper correlates the theoretical mechanics of
shifting a sliding sleeve with consistent results
from system integration tests and downhole
measurements from the real job.

TECHNOLOGIES

Digital Slickline: Case Studies
Highlighting Impact of Real-Time
Slickline and Efficiency Improvements
Compared to Traditional Slickline &
E-Line Interventions

Frank Heaney, Halliburton Energy Services;
Mikhail Mayorov, Saudi Aramco; John Savage,
Halliburton Energy Services

Digital Slickline (DSL) using radio frequency
(RF) communications has been deployed in the
field since late 2016 and has completed more
than 600 jobs, and 2000 runs globally. Several
papers have been published outlining how
DSL has been deployed for eline replacement
services such as perforating, explosive and
non-explosive plug setting, production logging,
and various other services. What has been
less discussed are the efficiencies with surface
readout (SRO) downhole data during typical
slickline (SL) interventions where jarring is the
prominent feature. RF DSL was introduced to
the market in late 2016, and since this time,
the split between SL and eline replacement
services has been relatively consistent at 60/40.
The separation isn't unreasonable as most
interventions start as SL to prepare the well,
move to a diagnostic or well repair phase, and
close-out with SL to bring the well back onto
production. Case histories presented will outline
how SRO in-situ data give operations confidence
tasks were completed as planned on gas lift
change-outs and non-typical functions like a
smart hole finder for leak detection.

Today, we have an adequate sample size to
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OT CJIOXKHOCTH PAOOTHI, 4 TAKXKE COKPATUTD KOJITMYECTBO
pPadboT IO MOHTAXKY/IEMOHTAXKY JIJIS1 CMEHBL MEXY
KaHATOM U KabeseM. [1o Mmepe BHEAPEHU S TEXHOJIOTUU
HA00p CKBA’KUHHBIX UHCTPYMEHTOB TOCTOSHHO
PACHINPAETCA, YTO NTO3BOJISIET YBEJTUYUTD OOIACTD
OPUMEHEHUS CTAHJAPTHBIX KAHATHBIX Pab0T. [ToMruMO
AHAJIN3A OBBIEHUA 3(PPEKTUBHOCTH, B CTATHE TAKKE
MNPEICTABIEHBI XAPAKTEPUCTUKHN KA0EJIS C IOTUMEPHBIM
HOKPBITUEM: IPOYHOCTD HA PA3PBIB, KOPPO3UOHHAS
CTOUKOCTb, COBMECTHMOCTB CO CKBA>KMHHBIMH
JKHJIKOCTSIMHU U IPYTUE KITIOUEBBIE ITIOKA3ATENH.

B 3aKJIIOYEHHE B CTATHE IPEACTABIEHBI HOBBIE TEXHOJIOTUU
JULS TIOBBIIEHUA 3(P(PEKTUBHOCTH.

Cexnusa 6. IOBBIINNEHUE OITEPAITMOHHOM
DDOOEKTUBHOCTH U BE3OIIACHOCTH PABOT,
OBECIIEYEHHUE KOHTPOJIA 3A CKBASKHUHOM

PenteHME TEXHUYECKHUX U JIOTUCTUIECKHUX
mPOoO6IEM BO BpeMsI PAOOT ITO BBIMBIBAHHIO
34,5 TOHH IIPOIIIIAaHTA

CruseH Kperir, IIaTgapanys CooacaxkopH, Baker Hughes

INocne I'PIT HA MECTOPOXK/IEHUH HA mmeabde TyHuca B
CTBOJIE CKBA’KUHBI OCTAJIOCH O0J1e€ 34,5 TOHH IPOIIIAHTA.
[171aCTOBOE AABJIEHUE OBLIO 3HAYUTEIBHO HUKE
TUAPOCTATHYECKOTO. [TnaTgopma Ob11a HEOOBIIOH, C
OT'PAaHHUYEHHBIM IPOCTPAHCTBOM NAITYOBI U KPAHAMU
MaJIO¥ TPY30NOAbEMHOCTH. J1J151 3aKAHUYMBAHU A CKBAXKUHEI
UCIIOJIb30BAJIMCh XPOMHUPOBAHHBIE TPYOBI, KOTOPBIE PAHEE
SBJISZIACH IPUYUHON A0PA3UBHOI'O U3HOCA KOJIOHHBI
I'HKT. 3aaya 3ak/11049a71aCh B 3(PHEKTUBHON U 6€30I1ACHON
OUYMCTKE MPOIMIIAHTA C TOMOIIBIO KOJITIOOHMHT A,

IIpeapiaype paboTel IO IPOMBIBKE CKBAKUHBI ObLITU
IPOBE/ICHBI C UCIOIB30BAHNEM KOHIIeHTpHUYeckor THKT
U CTPYHUHBIX HACOCOB. MI3HAYAIBHO IIJIAHUPOBAJIOCH
HOBTOPHUTB 3TU PAGOTHL ITpu MOAETUPOBAHNUY PAOOTEI
OBLJIO HEOOXOUMO YUYECTh HEOOXOAUMOCTD IEPEKAYKU
JKMJIKOCTH M 430Ta C CYJHA CHAOKEHU S, OTPAHUYEHHBII
06'BEM JIOCTYITHOT'O a30T4, HU3KYIO CKOPOCTb BEBIHOCA
TBEPBIX YACTUI] U3-32 TEXHUYECKUX OTPAHUYEHUI
HA YCThE, 4 TAKXKE OTCYTCTBHE PA3PEIIEHU HA COPOC
JKHJIKOCTH B MOP€E. KOMIIIEKCHBIE NTHXKEHEPHBIE
U3BICKAHU S, PACYET JIOTUCTUKH, TAOOPATOPHBIE
WCITBITAHUSA U OLIEHKA PUCKOB IIPOBOJUINCH B TEYEHHE
Tpex MecAanes. C MOMOMIBIO IEPEAOBOIO IIPOTrPAMMHOTO
obecrnedeHns ObLIO BBIITIOJIHEHO MOJEIMPOBAHUE
Pa3HBIX BUJIOB PAOOT: MPOMBIBKA Hd KOHLIEHTPUYECKOA
I'HKT, npsiMas IpOMBIBKA (CO CTAHJAPTHOM U
YCOBEPIIEHCTBOBAHHON KOMIIOHOBKOM HU34 KOJIOHHBI
U C pa3nnuyHbIMU pazmepamu 'HKT) u o6parHas
IPOMBIBKA. TaKKe 6blJIO PACCUUTAHO OOLIEE BpEMSI
PaboThl, HEOOXOAUMBIN OOBEM )KUAKOCTH 1 A30T4, A TAKKE
KOJIMYECTBO PEUCOB CyIHA JJIA YTUIN3ALTNH CKBAXKUHHOM
NPOAYKIIMU U JOCTABKH 430T4. [IpH IIIaHUPOBAHNH
PaboT OBbLIIU BBISIBIIEHBI TPU JOIIOJHUTEbHBIE IIPOOIEMBIL,
KOTOPBIE MOIVIM BO3HUKHYTb. BO-TIEPBBIX, HPOIIIAHT MOT
3aKYIOPUTH CTBOJI CKBAXKUHBL. OJJHAKO JIAOOPATOPHBIE
UCITBITAHUA [IOKA34JIH, YTO 3TO HE BBI3OBET OCJIOKHEHHUI.
BO-BTOPBIX, M3-32 IMTOBBIIIEHHOI'O COAEPKAHUA
CEpOBOOPOAA 6bIJIO HEOOXOUMO IPOAYMATD 3AIUTY
KOsoHHBI THKT 1 BBIKMJHOM IMHUH. B-TpeThUX, MaTEPHAT
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validate the efficiency improvements deploying
RF DSL compared to the traditional SL/eline
intervention model. The one rig up setup off a
small footprint slickline unit has proven to save
multiple hours depending on the intervention
complexity, and the number of eline rig up & rig
down sequences eliminated. As the technology
gains acceptance, the tool portfolio has
continuously expanded, and we have started to
leverage opportunities on traditional slickline
services to minimize deferred production.
Efficiency savings are well documented, but

the paper will also detail the polymer-coated
cable performance, with focus on breaking
strength, corrosive parameters, wellbore fluid
compatibility and new critical performance
indicators completed before each job. We will
close out by summarizing some of the newer
technologies that will continue the improved
efficiency theme.

Session 6. IMPROVING OPERATIONAL
EFFICIENCY, HSE, AND WELL CONTROL

Overcoming Extreme Technical and
Logistical Challenges to Successfully
Cleanout 76,000-LBM Proppant

Steven Craig, Patcharapun Soodsakorn,
Baker Hughes

A fracture treatment in offshore Tunisia
screened out leaving over 76,000-1bm proppant
in the wellbore. The well was significantly
under-hydrostatic. The platform was small and
had limited deck space and low capacity cranes.
The completion incorporated chrome tubulars
with a history of causing abrasion failure to
coiled tubing strings. The challenge was to
efficiently and safely clean out the proppant
with coiled tubing (CT).

A prior cleanout campaign had been
conducted with concentric CT and jet pumps.
An initial design focused on repeating this
method. The engineering analysis had to
account for fluid and nitrogen pumping
being conducted from a supply vessel, limited
nitrogen volume, low the solids return rate
due to surface handling limitations, and no
fluid discharge permitted to sea. A combined
engineering, logistical study, laboratory testing
and risk assessment was undertaken over the
course of three months. Engineering utilized
advanced cleanout modelling software to review
concentric CT cleaning, forward cleaning (with
and without optimizing cleaning Bottom Hole
Assembly (BHA) and with various sizes of CT),
and reverse circulating. Logistics analyzed
the overall operation time, fluid and nitrogen
requirements and the number of boat trips to
replenish/change well returns and nitrogen.
Three additional challenges were present.

First, proppant could have packed off creating



I'HKT gomxeH 6611 ObITh CTOMKUM K A0PA3UBHOMY

U3HOCY. [IpaBunbHbIN noa60p Matepuana THKT nmen
MEPBOCTENIEHHOE 3HAYEHUE, IIOCKOIBKY HAMOTKY TPYOBI Ha
WIATPOPMY IIJIAHUPOBATIOCH BBITIOIHATD C CyJJHA U JII006As
aABapUS CUJIBHO CKAXETCS HA JJINTEJIbBHOCTU PAOOTHI U
PEHTAOENTBHOCTH NPOEKTA.

B pesynbrare 6bL1a BBIOPpAHA CJIEAYIONAS TEXHOIOT U
OPOBEAEHMS PA6OT: B MHTEPBAJIE HAJI IIJIACTOM — OOpaTHasA
MPOMBIBKA, B MHTEPBAJIE IIJIACTA — IEPEXO]] HA PSMYIO
MPOMBIBKY C IByX(pa3HOM IUPKYIALHEN. [JaHHBIE CO
CKBaKMHHOT'O MAHOMETPA MTO3BOJISITIA ONIEPATUBHO
BBIABJIATD IOIVIOMEHUE PACTBOPA WUJIN I'A30BYIO AYKY.
PaboThI 6BUIM YyCHIENTHO 3aBEPIIEHEL B aBrycre 2019 roga.
IToCcTaBIEHHBIE 33/1a49U OBLIH BBITTOJIHEHBI 3(P(PEKTUBHO
u 6e3 npoucnecTBU. CKBaKMHA 6bLIA 3AITYIICHA B
IKCITYATALIMIO HA 8 THEN PAHBIIE 3AIIJIAHUPOBAHHOTO
CpoOKa.

B cTarhe noipOOHO ONMCAHA TOIHAS KOHIICTIITUS
PabOTEL, 3TANIBI IPOEKTUPOBAHUA U PEATTU3AIINHY, 4 TAKXKE
AHAJIN3 PE3YIBTATOB.

Pa3paboTKa Ie3BHH /IS CPE3HBIX IIJIALIEK
MaJIOT'O YCHJIHU A 151 BBICOKONNPOUYHBIX THKT
Cxort IllepmaH, Nexus Energy Technologies

3a nocneguue 20 JIeT IPOYHOCTb MATEPUAIA
ucnonbzyeMblx THKT BbIpocia OT Mapku cTanu 70 ¢
npezesom rekydectu 483 MIla (70 000 psi) 4o MapKu
140 c mpepenom TekydecTu 965 MIla (140 000 psi) ¢
YBEJIMYEHUEM TOJIIUHBI CTEHOK. [ToaTOMY yCHIme,
HEOOXOANMOE 171 CPE3a TPYOBI, BO3POCJIO OOJICE YEM B /IBA
pasa. B 6onbmuHCTBE yeTaHOBOK 'HKT MakcumanibHOE
JIaBJIEHHE B IPOTHUBOBBIOPOCOBBIX PEBEHTOPAX
cocrasiset 20,7 MITa (3000 psi). B ¢BA3u ¢ 3TUM BO3HUKIIA
HOTPEOHOCTD B Pa3pPaOOTKE JIEZBUH JJ15 IIIAIIEK
MIPEBEHTOPOB, CHOCOOHBIX CPE34Th BBICOKOIIPOYHBIE
TPYOBI C UCTIOIb30BAHUEM TOT'O 2K€ OOOpyAoBaHus. [Ipu
3TOM HOBBIE JIE3BUS IOJIKHBI CPE3ATh TPYOBI TAK, YTOOBI UX
MOYKHO OBLIIO JIETKO U3BJIEYD U3 CTBOJIA CKBAYKIHBL

IIpOYHOCTD IIPU CPE3E PACCUUTHIBAETCS IO KPUTEPHIO
MAaKCHMaJIbHOT'O HAIPsKEHUA (KpUTEPUIT (POH Mu3zeca)
CIEAYIONIUM OOPa30M:

IIpenen NpOYHOCTH IPU CPE3E/TIPENET
Tekydectn = IN3 =0,577

ITOCKONBKY KpUTEPUI MAKCHMAJIBHOI'O HAIIPSKEHHU A
ABJIAETCS NPUOINU3UTEBHBIM, 4 C IOMOIIBIO
BBIIIEIPUBEIEHHOT'O PACYETA TPYIHO YYECTh YHUKAJBHYIO
T€OMETPHIO JIE3BUSA, OBUIN IPOBEAECHBI OO PHBIE
JIaGOPATOPHBIE UCTIBITAHUS, YTOOBI PA3PA6OTATH
JIE3BUE JJI1 PE3KU BBICOKOIIPOYHBIX THOKHUX TPYO C
MHHUMAJIbHBIM I'MJIPABIMYECKHUM YCUIHEM.

B cTaTbe ONMMCAaH UTEPAITMOHHBIA ITPOLIECC PA3PAOOTKNA
HOBBIX JIE3BUI CO 3HAYUTEBHO MEHBIIUM YCHUJIMEM. BbLin
MPOTECTUPOBAHBI PA3JIMYHBIE TEOMETPHUU PEXKYIITUX
MOBEPXHOCTEN, BKJIIOYAS BADUAHTBI C HECKOJIbBKUMH
MOBEPXHOCTSAMU.

KpuTepHsaMu yCIemHOoro TeCTa 6blIM CHUKEHUE YCHIIUA
Cpe3a, IpUeMIIEMBINA IPO(PUIb CPE3AHHOU YaCTHU TPYOBI
JUIS JIOBUJIBHBIX PAOOT M OTCYTCTBUE MOBPEXKACHUN
HAa JIE3BUAX ITOCJIE UCTIONb30BAHUA. B pesynbrare
J1260PATOPHBIX UCIIBITAHUI OBbLI BBIOPAH Hanubosiee
NEPCIIEKTUBHBIIN BAPUAHT JIE3BU 1, KOTOPBIH 34TEM OBLI

difficulties for some of the processes under
review. Laboratory testing was conducted

and confirmed this would not be a concern.
Second, the well was sour and considerations for
protecting the CT string and handling hydrogen
sulfide (H,S) in the return stream were required.
Third, CT string optimization was required to
reduce potential abrasion failures. Avoiding CT
failure was paramount as the string would be
boat spooled onto the platform and any failure
would severely impact operating time and
project finances.

The chosen method was primarily fluid only
reverse circulating when cleaning above the
formation, changing to forward circulated two
phase operation when close to the formation.
The downhole pressure gauge in the completion
provided early warning of lost returns or of gas
kicks. The operation was successfully, efficiently
and safely completed in August 2019. The well
was handed back to production 8 days ahead of
schedule.

The paper will cover the complete concept
and detail design, execution and post-job
analysis.

Development of Low Force Shear
Blades for High Strength Coiled Tubing
Scott Sherman, Nexus Energy Technologies

As coiled tubing grades have evolved over the
past 20 years from 70 grade with a minimum
yield strength of 483 MPa (70,000 psi) to 140
grade with a minimum yield strength of 965
MPa (140,000 psi) and wall thicknesses have
increased, the resulting force required to shear
coil has more than doubled. Most coiled tubing
units have a maximum pressure of 20.7 MPa
(3000 psi) available for the blow out preventers
(BOP) hydraulic circuits. There was an industry
need to develop a shear blade for BOPs that
could cut high strength coiled tubing using
legacy pressure control equipment already in
use. Additionally, the new shear blades must
create a fish that can be easily retrieved from a
wellbore.

Shear strength is estimated using the
maximum distortion criterion (von Mises yield
criterion) as follows:

Shear strength/Yield strength = 1N3 =577

Since the maximum distortion criterion
is merely an approximation and unique
blade geometries are difficult to take into
consideration using the above calculation, a
considerable amount of hands on lab testing was
required to design and optimize an elegant shear
blade for cutting high strength coiled tubing
with minimal hydraulic forces.

The paper will share the iterative process
as novel shear blades were developed that
significantly reduced shear forces. Multiple
piercing tip geometries were tested, including
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YCOBEPIIEHCTBOBAH /IS 3(P(PEKTUBHOU PA6OTHI IPU
MHOT'OKPATHBIX CPE3AX.

B pesynbrarte 66110 pa3zpaboTaHO HOBOE JIE3BUE,
CIIOCOOHOE CPE3ATH BBICOKOIIPOYHYIO THOKYIO TPYOY C
YCHUJIMEM B 2 PA3a MEHBIIIE OOBIYHOTO.

I'paHULIBI TPUMEHEHUS THOKUX TPYO PACIIUPAIOTCH,

U YK€ CEMYAC BBITTOIHAIOTCA PAOOTHI, KOTOPBIE €111
HECKOJIBKO JIET HA33/] CYUTAINCh HEBO3MOXKHBIMU.
[ToaToMy OYZET IPOJOIKATHC TEH/ICHIINS PA3PA00OTKU
00J1€€ TPOYHBIX THOKUX TPYO C YBETMUYEHHO TONIIUHON
creHku. HoBas reomeTpust JIE3BUU IPEBEHTOPOB,
pa3paboTaHHAA B PAMKAX JJAHHOI'O IIPOEKTA, OOECIIEUUBAET
BO3MOXKHOCTB B TEKYIIEM IIPOTUBOBBIOPOCOBOM
060PYJOBAHUU UCTIOIB30BATh HE TOJILKO HOBEUIITUE
BbICOKONIpOuYHBIe 'HKT, HO 1 TPyOBI TEX I'PYIIII IPOYHOCTH,
KOTOPBIE HAXOAATCS B CTAAUU PA3PAOOTKH.

Anann3 nokasaresner 3P PEeKTHBHOCTH IIPH
Pa3oypHUBaAHHUH IIPOOOK U MIPUXBATAX TPYO
IIox BpayH, Bparian I'an6wu, CoilData LLC

B cTaTbe NPEACTABIECHBI 3A1IATEHTOBAHHBIE AJITOPHUTMBI
CONOCTABJIEHUS TAHHBIX C BBICOKOU CTENIEHBIO
JIOCTOBEPHOCTH, KOTOPBIE OBLIN UCIIOIb30BAHBI JJ15
aHaIM32 60JIBIIOTO O6'bEMA JAHHBIX C KOATIOOMHI'OBBIX
paboT no pa3bypUBAHUIO IPOOOK U PAOOT C IPUXBATAMHU
Tpy6. Kitouesble nokasaTenu 3(pPEeKTUBHOCTH,
MOJIYYEHHBIE B PE3YIBTATE 3TOI'O AHAJIN3A, JAIOT
MOPEACTABIEHUE O TEHJCHIUAX PA3BUTHA OTPACIH B
OyAYILEM IO PETUOHAM U MOI'YT CJIY>KHUTB ITOJIEZHBIM
OPHEHTHPOM JJ11 HE(PTECEPBUCHBIX KOMIIAHUI U
ONEPATOPOB.

JlaHHBIE O ITTyOHHE, BECE TPYOBI U IABJICHUHN U3
Pa3IUYHBIX HICTOYHUKOB IEPEAABAINCH M XPAHWINCH B
o611er 6a3€ B TEUCHUE IISITH JIET. BbLJI CO3/1aH ApXUB U3
6osnee ueM 39 000 painos ¢ JaHHBIMU. C HEJBIO OTYYCHU S
CTATUCTHKH IO KJIIOUEBBIM ITOKA3aTENAM 3(PPEKTUBHOCTHU
ObLIa IPOU3BEJEHA OOPAO6OTKA JAHHBIX IO ITTyOHUHE
U Becy ¢ 6osee 500 000 onepanyii 1o pa3déypuUBaAHUIO
po6ok u 760 ciyuaes npuxsara THKT. Mcrionb3oBaHue
TMIOKA34TEJIEN YCTHEBBIX TATYUKOB /111 KOTMYECTBEHHON
OILIEHKH 3260MHOI0 COCTOSHUA UMEET HEKOTOPBIE
OTPAaHHUYEHU A, HO JAHHBIA METOZ, ITIO3BOJIUII C JOCTATOYHO
BBICOKOM TOYHOCTBIO BBIIBUTD U ITPOAHAIU3UPOBATH
OIIpeIENIEHHBIE 3aKOHOMEPHOCTHU. PE3yIbTaThl aHAIN32
ABJIAIOTCA KOH(PUAEHITUAIBbHOU MH(POPMALIHEH,

OJJHAKO KOMITAHUU MOT'YT CPABHUTDb CTATUCTHUKY IO

CBOUM MOKA3ATEAM (IPOAHATU3UPOBAHHYIO CBOUMU
AITOPUTMAMH) CO CPETHUMHU ITOKA3ATEIAMH 110 OTPACIIH,
CIPYyNIHUPOBAHHBIMU I10 I'OAAM U PETHOHAM, YTOOBI
ONPENENUTDb CBOU KOHKYPEHTHBIE IIPEUMYIIECTBA U TOUKH
pocTta. Kpome 3Toro, 4OOBIBAIONAA KOMITAHUSA ITOJTy4aeT
BO3MOKHOCTb CPABHUTD MOKA3ATEJIN PA3JIUYHBIX
CEPBUCHBIX KOMIIAHUH (TIOJIYyYEHHBIE NCKIIOYNTEIBHO

OT CBOMX ITOAPATYHNKOB), KOTOPBIE IPEJOCTABHUIIN TAKHE
JIaHHBIE.

B cTaTbe peACcTaBaeHbl CTATUCTUYECKUE JAHHBIE 1O
onepanuaM pazdbypuBaHusg IPOO6oK I'PIT 1 OCIOXKHEHUN
C IpUXBATOM TPY6 B CEBEPHOI AMEPHKE 34 IIEPUOJ C
2016 1o 2020 rop — mepPUO/L 3HAYUTETbHBIX NU3MEHEHUIT
B orpacau 'HKT. JaHHBIE TIOKA3bIBAIOT, YTO CPEJHEE
BpEMsI Pa30ypUBAHUSA IPOOOK COKPATUIIOCH, [IPU 3TOM
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embodiments with several piercing tips.

Success criteria was reduced shear force,
acceptable fish profile on the lower piece of
coiled tubing, and no damage to the blades
after use. The embodiment that showed the
most promise, based on lab testing was further
optimized to improve its performance over
multiple cuts.

The result was a novel shear blade that is able
to cut high strength coiled tubing with 50% of
the normal shear force.

As the industry continues to push the limits of
coiled tubing with extended reach applications
thought impossible only a few years ago, higher
strength coiled tubing with increased wall
thicknesses will continue to evolve. The new
shear blade geometry developed in this project
ensures that not only can the latest grades of
coiled tubing be sheared in legacy pressure
control equipment, but also future grades of
coiled tubing that are in development.

Analysis of Plug Drilling and Stuck
Pipe Performance Metrics
Paul Brown, Brian Gunby, CoilData LLC

A large collection of data recorded during
coiled tubing (CT) operations has been
analyzed using proprietary pattern recognition
algorithms to identify downhole events with a
high degree of confidence. These events include
the drilling of plugs and stuck pipe incidents.
Key performance indicator (KPI) metrics
derived from this analysis provide insight into
industry trends over time and by region, and can
provide useful performance benchmarks for
service providers and operator companies.

Depth, weight and pressure data from
multiple sources has been streamed and stored
on a shared platform over a five year period,
creating a record of over 39,000 data files.

This data was processed to generate KPI-type
statistics for over 500,000 detected plugs and
760 possible stuck pipe scenarios, based on
analysis of depth and weight signatures. Using
surface measurements to quantify downhole
events has some limitations, but the method
has proven sufficiently robust to allow useful
trends to be observed and evaluated. While

the analysis is confidential to the parties
involved, a contributing company can compare
their ‘performance’ statistics (as evaluated by
the third party algorithms) against averages
representative of the industry at large, arranged
by year and geographic region, to identify areas
of relative strength or weakness. An operator
company can likewise compare metrics for
different service providers (derived solely from
jobs performed for their company) for those
which elect to share data in this fashion.

This paper presents statistics for plug drilling
operations and stuck pipe incidents in North



www.fidgroup.ru

£5
FPYNNA ®UA

HHHOBALMOHHOE OBOPYAOBAHHE

NE®EKTOCKOMN MMBKON HACOCHO-
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COKPATUJIOCh KOJIMYECTBO KOPOTKUX CITYCKOB U ITUKJIOB
U3ru6a Tpyosl. 110 3TUM JAHHBIM MOKHO C/IE/IATh BBIBO/,
4TO /11 HEKOTOPBIX KOMITAHUH YCKOPEHUE PAOOT NIPHUBETIO
K 60J1€€ YACTHIM HMJIN 60JIE€ CEPbE3HBIM IPUXBATAM,

B TO BPEMS KAK IPYTUE KOMITAHHUU CTOIKHYIHUCH C
MEHBIIUM KOJIMYECTBOM TAKHUX OCIOKHECHUH. DTOT
CPAaBHUTEIBHBIN aHAINU3 ITIOKA3BIBAET, YTO MO JAHHBIM C
YCTBEBBIX JATYUKOB MOXKHO CYJJUTH O COCTOSIHUH Ha 3200¢€,
4 UTOT'OBBIE IOKA3ATEIHN 3(PPEKTUBHOCTU MOT'YT CUJIBHO
PAa3/IMYaTHC MEXKY KOMITAHUSIMU, MECTOPOK/ICHUSIMU U
reorpauyeCKUMH PETUOHAMU.

PEMOHTHO-U3O0JIAIUOHHBIC paGOTI)I
C IIOMOIIBIO 3aKpbIBaeMbrx my@t I'PII

Bapyu I'yraman, bpenTron Yu3man, Bpaaau Cmurt, Bpangon
ToBuCHOK, NCS Multistage

J17151 JOOBIYU YIJIEBOAOPOAOB U3 IITyOOKO 3aJIETAIOMUX
HETPAJUIIOHHBIX KOJUIEKTOPOB (B YaCTHOCTH, U3
CJIAHLIEBBIX IUIACTOB) UCHOIb3YETCA TUAPABINYECKUL
PpasphIB IIACTA. [17151 CO31aHUS TPEIMIUH B IIJIOTHBIX
YIJIEBOJOPOACOAEPKAIMINX IVIACTAX B CKBAXKUHY O]
OOJBIINM JJABJIECHUEM 3aKAYUBAECTCS JKUJKOCTD U B
OOJIBIIUHCTBE CJIYIA€B — IIPOMMNAHT. B HACTOAIIEE BpEMS
CYLIECTBYIOT IBE€ OCHOBHBIE TEXHOJIOI'NH 3aKAHUHBAHHU A
CKBaKMH B HETPAUIUOHHBIX KOJUIEKTOPAX: TEXHOJIOT U
C MOCTOBBIMH IPO6Kamu U nepgopanueii (Plug & Perf)

U TEXHOJIOTUS CO CABMXKHBIMU My(pTamu. Metoz Plug &
Perf npeanonaraeT UCIOIb30BAHUE MOCTOBBIX IPOOOK U
nep@dopPaToOpPOB, KOTOPBIE CITYCKAIOTCS HA OIIPEAETIEHHYIO
DIYOUHY U TPOU3BOJAT NEPPOPAIINIO OOCATHON KOJIOHHBI,
YTO MO3BOJIAET 3AKAYUBATD )KHUJIKOCTB B IIACT. [Ipn 3TOM
METO/IE B OOCATHOU KOJIOHHE OCTAIOTCSI OTBEPCTHS U
HU30JIUPOBATH ONIPEIEJIEHHBIE YYACTKH CTBOJIA CKBAYKHUHBI
JULSL Oy IyIINX PAO6OT HE MIPEICTABISIETCSI BO3MOXHBIM. B
OTJIMYME OT 3TOI'O METOAA, UCIIOJIb30BAHUE 3AKPBIBAEMBIX
CIIBMIKHBIX MY(DT IMO3BOJISAET CEJIEKTUBHO OTKPBIBATH,
CTUMYJIMPOBATD U U30JIUPOBATH PA3JIMYHBIE HHTEPBAJIBI
6€3 HEOO6XOAUMOCTH CITYCKATh HHCTPYMEHTHI, CY>KAIOIIE
BHYTPEHHUN AUAMETP KOJIOHHBIL. Lles1b JAHHOM CTAThH —
PacCMOTPETD UCTIONB30BAHUE 3aKPBIBAEMBIX CJIBUXKHBIX
MY(T HE TOJIBKO B KAYECTBE CPEJICTBA /I THIPOPA3PhIBA
IIACTA, HO U I IPOBEAEHUSA PEMOHTHO-HU30IALIMOHHBIX
paodorT.

BHeapeHHe aHATUTHYECKOT'O IIPOrPAMMHOTIO
o0ecIeYeHH A 11 OIITHMH3AI[HH
KOJITIOOHHTOBBIX PA0OT: ITH(DPOBOI OAXOT K
MOBBINICHUIO 3(PPEeKTHUBHOCTH

IIadimaka Bayrucra AnapkoH, Kapiaoc Toppec, Royal
Oaks Energy Services

B cTarbe npeicTaBicH NpoLecC BHEAPEHUS HOBOT'O
AHAJIUTUYECKOI'O IPOrPAMMHOIO OOECIICYEHUS B
COYETAHUU C IEPEIOBBIMU METOAAMHU OOPAOOTKU JAHHBIX
B pabO4YMe NPOLECCHI /I YIIPABICHUA U IPUHATUSA
PEMIEHNN B CEPBUCHOM KOMIAHUH, IPETOCTABIIAIONIEN
ycnyru ¢ THKT.

[ 06'b€IUHEHUS TEKYIINUX U APXHUBHBIX JJAHHBIX
o pa6oram ¢ 'HKT B eguHyIo 623y ObLI Pa3paboTaH
YCOBEPIICHCTBOBAHHBIN CIOCOO UX NEPBUYHOU
06pabOTKH (BKIIOYAIOIIUH IPEOOPA30OBAHUE U
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America between 2016-2020, a period of
significant change in the CT industry. Examples
show how average plug drilling times have
generally decreased, with less frequent use of
short trips and fewer pipe cycles. The data shows
that, for some companies, faster operations have
come at the expense of more frequent or severe
stuck pipe incidents, whereas other companies
have experienced fewer such problems. This
comparative analysis illustrates how downhole
outcomes can be deduced from surface
measurements, and resulting performance
metrics can vary widely between companies,
fields and geographic regions.

Remedial Cementing Through
Reclosable Sleeves

Varun Gouthaman, Brenton Cheeseman, Bradley
Smith, Brandon Gowisnock, NCS Multistage

Unconventional reservoirs, specifically shale
formations, require stimulation by means of
hydraulic fracturing to extract hydrocarbons
buried deep beneath the Earth's surface.
Stimulation requires fluid and in most cases
proppant to enter the wellbore via a pressure-
pumping operation to create fractures in tight,
hydrocarbon-bearing formations. Currently,
there are two dominant methodologies for
unconventional completions: plug-and-perf
(PnP), and sliding sleeves. PnP requires the
use of plugs and perforating guns, which are
pumped to designated depths in the well, to
create perforations in the casing, allowing
fluid to be conveyed into the formation. This
method leaves casing permanently perforated
and unable to isolate certain portions of the
wellbore for future intervention or remediation.
In contrast, the use of reclosable sliding sleeves
allows operators to selectively function,
stimulate, and remediate different portions
of the wellbore without introducing inner
diameter casing restrictions or reductions. This
paper aims to highlight the use of reclosable
sliding sleeves not only as a means for primary
reservoir stimulation, but also to conduct
remedial cement operations in wells.

Implementing Business Analytics
Software to Optimize Coiled Tubing
Operations: A Digital Approach
to Operations Efficiency

Xaymaca Bautista Alarcon, Carlos Torres,
Royal Oaks Energy Services

This paper describes how business analytics
novel software tools combined with advanced
data management techniques can be integrated
to management workflows and decision-
making processes of a Coiled Tubing Service
Company (CTSC).

An advanced data wrangling process



CONOCTABJIEHUE). DTA 6234 JAHHBIX PETY/ISPHO MOMOIHSIACh
HOCIEAHEN ONIEPATUBHON NTH(POPMAIUEL C TOMOIIIBIO
ABTOMATU3UPOBAHHOI'O IPOLIECCA 3AIIPOCA JAHHBIX, YTO
UCKJIIOYAJIO HEOOXOAUMOCTD B IOBTOPEHHH ITPOLIECCA
BPYYHYIO. AHATUTUYECKOE ITPOTrPAMMHOE OOECIIEUYEHUE OBLIO
UCTIONIb30BAHO JIJIS1 YCKOPEHUS TPOLIECCA OOPAO6OTKHU JAHHBIX,
BBISBJIEHU S KOPPEJIALINNI U TPEHIOB, TPOEKTUPOBAHH A
MOJIENIEN 1 PACYETA COOTBETCTBYIOIIMNX KITIOUEBBIX
nokasarenen apdexkrusHocTU (KPI). Kpome Toro, 11
MOJIOTOBKU M OTOOPAXKEHU S YMHBIX OOJIAYHBIX ITAHEIEH
YIIPABJIEHHUA X OTYETOB UCIIOIb30BAJIUCH CIIEIIUAIbHBIE
WHCTPYMEHTBI BU3YAIU3AI[UH.

YMHas1 TaHEb YIIPABIECHH ITO3BOISAET KOITIOOMHTOBOM
KOMITAHUHU OBICTPO MPOBOANTD TOYHBIA 1 3(D(PEKTUBHBIN
4HAJIN3 KJIIOYEBBIX ITOKA34TEJIEN KONTIOOMHTIOBBIX YCTAHOBOK
U BHYTPHUCKBA)KMHHBIX PA60T. O6/Ia4Has TTAHEb ITO3BOJAET
KOMITAHUH:

* 3(PHEKTUBHO ONPEACIATh AMOPTU3ALIMOHHBIE 1
JIPYTHE 3aTPATHL, CBA3AHHBIE C UCITOJIb30BAHUEM
I'HKT, aHaIM3UPOBATh OCJIOKHEHUA U PA3TUYHBIX
ITOCTABIIMKOB, 4 TAKXKE ONPEAENIATD TPEH/BI HA OCHOBE
(PAKTUUECKUX JAHHBIX, YTO JJA€T BO3MOKHOCTB IPUHUMATD
OBOCHOBAHHBIE YIIPABJICHYECKHUE PEMIEHUS 11O THOKOMU
TpyoOe.

* OnpenenaTb Hanbosee 3(PHEKTUBHBIE KOITIOOMHIOBBIE

YCTAHOBKH U OPUTa/Ibl ¥ IPUHUMATD CTPATETUYECKUE

PENIEHNA JJ151 BBITTOJIHEHU A CIOKHBIX PA0OT.

BBIABIATH OTKA3bl OOOPYJOBAHUSA, AUHAMHKY CPEJHETO

BPEMEHH IIPOCTOSA U PA3PA0ATHIBATD, BHEPATD U

KOHTPOJIHPOBATb METOAVUKU TEXHUYECKOI'O OOCTy’)KUBAHUSA

U YIIPABJIEHUA AKTUBAMH JUIS YCTPAHEHUSA ABAPUH IIPU

MHHHMAJIbHOM BIMAHHUY HA TPOU3BOAUTEIBHOCTD PAOOT.

* OGHOBJIATB 0A3y CBEKMMH OIIEPATUBHBIMH JAHHBIMH U

BBIAB/ISATE PEKOPAHBIE TOCTUKEHNU A KOMITAHUH.

Viry4dmars yrpasjieHUE KJIMEHTCKON 62301

61arofapst 6BICTPOMY PEATHPOBAHHUIO HA 3AIIPOCHI

I10 IPEJOCTABIEHHIO HHIUBH/YAJIbHBIX OTYETOB O

IIPOU3BOAUTEIBHOCTH OIIEPALINTL.

* CHMKATb HATPY3KU HA [IUKJIMYECKUE TTPOLIECCHI 34 CUET
BO3MOXHOCTH CO3/IAHUA OTYETOB C AKTYAJIbHBIMU U
TOYHBIMH JAHHBIMU OBICTPEE, YEM ITPH UCTIOIb30BAHUH
NPEABIAYIIUX METOJOB.

* BBICTPO HACTPAUBATH CUCTEMY U CO3/JABATH TOYHYIO
JIOKYMEHTAIIHUIO, BKJIIOYAIOTYIO COOTBETCTBYIOIINE
JIAHHBIE O IIPOU3BOAUTEIBLHOCTH B IOCJIEAOBATENBHON U
CTaH/IAPTUZUPOBAHHOM (POPME.

hd HpOBO,/II/ITb TEXHUYECKUHN aHAJIU3 BHyTpI/ICKBZDKI/IHHbIX
paoor.

COBpEMEHHBIH TOAXO]] K MHTEIPUPOBAHUIO
AHATTUTUYECKOTO IMTPOIPAMMHOIO O6ECTICUECHU S
B KOJITIOOMHI'OBBIE PA6OTHI — 3TO KAYECTBEHHOE
M3MEHEHHE [IPOIIECCA AHAIN3A 1 KOHTPOJIS [IOKA3aTeNIeN
IPOU3BOJUTEIBHOCTU (3(PPEKTUBHOCTD, 6E30ITACHOCTD
1 Ka4ECTBO PA0OT), KOTOPBIH IO3BOIAET PA3ACIUTD
[IOKA32TEeJIN, ONITUMHU3UPOBATH PE3Y/IBTATHI U
MHUHHUMU3UPOBATH 3aTPATHL B CTAThE ONUCaH IpuMep
IIPOCTOT'O, HO IIPOJYMAHHOI'O U 3(PPEKTUBHOIO CIIOCOOA
BHE/IPEHUS ITM(PPOBBIX NTHCTPYMEHTOB B HE(DTECEPBUCHBIE
PaboThI C UCHOIB30BAHHUEM COOCTBEHHBIX BO3MOXKHOCTEH 1
pecypcos.

Orxoruarue 8 cneoyrowem (79-m) nomepe icypraia

(transforming and mapping data) was designed
and implemented to unify current and historical
coiled tubing operational data into a single

data set. The latter was regularly updated with

the latest operational information through an

automated data querying process that eliminated
the need for manually repeating the data
wrangling. A Business Analytics Software (BAS)
was used to accelerate the engineering of a Data

Analytics (DA) process, identify correlations and

trends, design data models, and create relevant

Key Performance Indicators (KPI). Finally, BAS

visualization tools were used to prepare and

publish comprehensive cloud-based Business

Intelligence (BI) dashboards and reports.

The BI dashboard allows the coiled tubing
company to quickly perform accurate and
efficient analysis of the KPI trends of its coiled
tubing units and well interventions. The cloud-
based Dashboard enables the CTSC to:

* Effectively identify Coiled Tubing Strings

utilization, costs, failures, vendors, and design

performance trends based on factual data,
thus enabling informed pipe management
decisions.

Clearly Identify high performance coiled

tubing units and crews and make strategic

decisions for high profile jobs.

Identify equipment failures, non-productive

time (NPT) trends and define, implement, and

monitor maintenance and asset management
strategies to tackle the failures with mayor
impact on operations performance.

Easily incorporate fresh operational data and

detect record-breaking operations.

Improve Customer Relationship Management

by a quickly responding to customer inquiries

for tailor-made operations performance
reports.

Decrease workload on repetitive processes by

enabling reports generation with relevant and

accurate data faster that previous methods in
place.

* Quickly customize and create accurate
documentation compiling relevant
performance data in a consistent and
standardized fashion.

* Perform well interventions technical analysis.
The contemporary approach to integrate BI

Software to coiled tubing operations is a step

change in how service companies and operators

are analyzing and monitoring performance

(efficiency, safety, and quality) to differentiate

from each other, optimize results and minimize

costs. This paper describes an example of a

simple yet sophisticated and effective way of

incorporating digital tools in the oilfield services
processes by utilizing in house talent and
resources.

End in our next (79") issue
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TR MHOroobpaswe peleHni 1
rumera APAHTUPOBAHHbBIV pe3ynbTaT

I.B. MA3YPEII, Ha9aIbHUK YIIPABJICHHUS IPOIAK 000pyaoBaHu A 111 MIPII rpy sl KOMOaHU «Pumepar,

A.A. CATMMTAPAEB, ®.X. TATHATYJ/I/INH, yIipaB/Je€HHeE CTPATETHHU I'PYIINBI KOMIIAHHM PuMepa»

B nacmosuee epemsa 60nbULas HACTTb HePMAHBLX MECIMOPONCOeHULL 8 POCCUL HAXOOUNICA
Ha NO30HeL CMaouu Paspadomxiu. dpdexmusroe 0ceoeHue mp)yYoHOUIBICKACMBLX 3ANACO8
mpebyem paszeumus CYueCmeyouux U paspadomxi HO8bLX MexHOI02UMECKUX Petueruli 05
urmencupurayun 0004 Hegpmit.

B 2019 roay rpymima KoMmanui <Pumepa»
JIOKAJIM30BaJIa HA IPOU3BOACTBEHHBIX MOMHOCTSIX
npeanpusaTus «bxue@reman» U3roToBIEHNE
BBICOKOTEXHOJIOTHYHOT'O O60PYIOBAHUS JJI
MHOT'OCTAaJMIHOI'O TUAPOPA3PHIBA IIJIACTA MO
6penyiom FRACTURA, 1O TEXHOJIOTUH KaHAJCKOHU
xoMmnanuu Gryphon Qilfield Solutions. CucTeMbl
MTPIT FRACTURA — YHUKAJIBHOE JJIS1 POCCUHCKOTO
PBIHKA NPEJJIOKEHUE IO UHTEHCU(PUKALTUHN JOOBIYU
HEPTH 32 CIET MHOTOOOPA3US PEMIEHNUH, KOTOPBIE
paHee ObLIN NIPEICTABIEHBI IPEUMYIIECTBEHHO
33apyOEKHBIMU IPOU3BOJAUTEISIMH.

STRIKE RT

IIIapoBasa pa3oypuBaeMas CHCTEMA
STRIKE u1 mapoBasa H3BJ€KaeMas CHCTEMa
STRIKE RT noBepxHOCTU. STRIKE — 3T0 HanbGoaee npocTast
Y HAJIE’KHASI TEXHOJIOTH S, KOTOPYIO MOXKHO
OPUMEHSTB JJIS1 HEHEMEHTUPYEMOT'O XBOCTOBUKA
C KOMITIO3UTHBIMHU JINOO PACTBOPUMBIMHU MIAPAMHU.
IIpenMyIecTBAMHU CUCTEMBI ABJIAIOTCA: OOJBIION
BBIOOD PA3MEPHOIO PAJId, BADUATUBHOCTD
UCHOJHEHUS (CTAHJAPTHOE, CEPOBOJOPOAOCTOUKOE
U KHUCJIOTOCTOUKOE), IIPOBENEHUE 10 33 CTAANH
MTI'PIT 1 BO3MOXXHOCTB HOBTOPHOT'O Pa3pPhIBa.

Kak npasuio, nocie onepanuu MI'PIT npu
JIabHEUIIIEM OCBOEHHUH CKBAXKUHBI ITAPbI
PacTBOPAIOTCA JTUOO UBBJIEKAIOTCA OOPATHON
LUPKY/IAnUen. ITpu 3TOM Hocago4vHbIe ceiia

ORI nopTos I'PIT ocrarorcsa B CKkBaKkuHe. OHAKO
MIPU NPOBEJEHUN BHYTPUCKBA’KUHHBIX PA60OT
INoasecHoe o6opyaoBanue cucteMsl STRIKE BO3HHKAET NOTPEOHOCTD B U3BJIEYCHUU CE/IEN 1A
MIPEACTABIISAET COOOU MOCATOYHBINH MHCTPYMEHT CO3[aHH ITIOJHOIIPOXOAHOI'O CEYEHU A XBOCTOBHKA.
C BO3MOKHOCTDBIO BPAIIEHU I KOJIOHHBI BO BpEM KToMy e Ha/in4re B XBOCTOBUKE ITOCAJOYHbBIX
CITyCKa, YTO OOECIEYNBAET HEOOXOAUMYIO ceJieJ1 CO34A€T JIOKAIbHBIE COIPOTHUBIICHUA
I'€pPMETUYHOCTD. I1epBbII ITOPT AKTUBUPYETCA JBUKEHUIO IVIACTOBOM JKUAKOCTH U IIPUBOAUT K
JaBJIEHUEM U UMEET BO3MOXHOCTD OTKPBITUS U a(pPEKTY APOCCENUPOBAHNA. B TAKUX CIIydasax
3aKPbITUSA, IOCIECAYIOLIYE [IOPTHI IIPUBOAATCS OCAJOYHBIE CE/IJIA U3BJIEKAIOTCA Iy TEM
B ICUCTBHE 34 CUCT MIAPOB, COPOIIEHHBIX C Pa3bypHBAHUSL, UTO MOXKET CO3/1ATh P/l IPOGIEM
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B CBSI3U C HEHA/IJIEKAIIEH OYUCTKOM CKBAKUHEBI OT
BBIOYPEHHON CTPYKKH: OT IPUXBATA UHCTPYMEHTA
10 HEBO3MOXXKHOCTHU ITOBTOPHOIro MI'PIL. ITpu 3TOM
MHOTIJIOIIEHUS IPOMBIBOYHOI )KUIKOCTH B IPOLIECCE
pa30ypUBaHUA HOCAAOYHBIX CENE IPUBOASAT K
CHHMIKEHHIO IPOJYKTUBHOCTH CKBAXKHH.
IIprMeHEeHUE MAPOBbIX TEXHOJIOIUHA C
usBaekaeMbiMu cegiiamu STRIKE RT rmo3Bossier
YCTPAHUTB 3TH PUCKU. KOHCTPYKITMOHHO
U3BJIEKAEMOE ITIOCALOYHOE CEJIO IPAKTUYECKU
HE OTIINYAETCA OT pa30ypPHUBAEMOTO, 34
HUCKJIIOYEHUEM TOT'O, YTO MO3BOJAET 3ALEITUTHCS
LJAHT'OBBIM MHCTPYMEHTOM 34 CEJJIO, CABUHYTDH U
MPOMU3BECTHU NEPEBOJ, U3 PA6OYETO NONOKEHUS B
TPAHCIIOPTHOE. TaKUM O6pPa30M MOKHO IPOU3BECTH
MU3BJIEYEHHE BCEX NOCAJOYHBIX CEJEII C HIAPpAMU
32 OJHY CIIYCKO-IIOZ'bEMHYIO OIIEPALIHIO AAKE IIPU
HJIMYUH NPOIMIAHTA B XBOCTOBUKE U U30€XKATh
IMITYIIUPOBAHUSA IPU NOCIEAYIOMEN IKCILTYATALIUN
CKBa’KUHBL, YTO OITUMHU3UPYET 3ATPATEI HA
OCBOEHHUE CKBA’KUH ITOCIE Pa3pbiBa. CTOUMOCTD
KOMNIOHOBKM STRIKE RT HECYIIECTBEHHO
MNPEBBIMAET CTOUMOCTD CTAHAPTHOM MIAPOBOU
TEXHOJIOTUU. [IpH 3TOM OHA O6ECTIEUYNBAET
MOJTHONIPOXOAHOE CEYEHUE XBOCTOBUKA IPU
3KCIUIYATALUH, 3HAYHUTEIBHO COKPAIIAET BPEMSA
OCBOEHUSA CKBAKUHBI U ITO3BOJIAET YIIPABJIATH
opTamu (OTKPBITUE WIH 3aKPBITHE). TexHoaozusn
YCREMWHO UCNBIMANHA HA MECIOPONCOCHUU
8 3anaonoii Cubupu — ooecneueno noaHoe
u3éneuenue ceoes U3 NAMuU CK8AMNCUH
3axa3uuxa, a maxyce @ Kazaxcmamne, 2oe
OoanHoOe mexHoa0zu1ecKoe peutenue Cmajo
OCHOBHBIM Ha PAOe KPYRHBbIX BPOEKmOoE no
OyPeHu10 HOBbLX CKBAJICUH.

W PaboTbl, He CBA3aHHbIe C pa3bypuBaHmem noptos P (CMO)

M Pa3bypuBaHme Noptos
yp P PaboTbl, CBA3aHHbIE C

I Mpombieka pa3byprisaHem noptos P
BcnomoratenbHble paboTbl

Pucynox 2 — Pacnpeodenenue epemenu onepanuii
npu npouedype pa3zoypusanus nopmoe I'PIT

PaccMOTpHUM 9KOHOMUYECKUH 9(PPEKT
U3BJIEKAEMOU TeXHOJOrnu. MI'PIT mpoBoguTCca o
CTAHAAPTHOU MIAPOBOM TEXHOJIOI'MU U COCTOUT U3
cemu cTaanuu. KOHCTPYKIIMA CKBA’>KUHBI IIPUBEJCHA
Ha puc. 1.

[Tpr OCBOEHUHU CKBAKUHBI PA30yPEHBI ECTh
nopTtos I'PII, clnyCK MHCTPYMEHTA IIPOU3BOAUTCA HA
HKT ycranoBkoi KPC. [IpOJO/IKUTENBHOCTD PA0OT
cocrasuia 131,5 yaca, u3 Hux 81 yac Ha Olepanuy,
HEMNOCPEACTBEHHO CBA3AHHBIE C PA30YPHUBAHUEM.

KoHayktop @ 324 MM, MD =370 M

TexHu4eckan KonoHHa @ 245 MM, MD = 1050 m

XBoctoBrk @ 114 mm, MD = 2960 M

SKCnnyaTaUyoHHas konoHHa @ 178 mm, MD = 2150 m

IIprMeHss MapOBYIO TEXHOIOTHIO C
U3BJIEKAEMBIMU CEJIJIAMU, MOKHO 3HAYUTEIBHO
ONTUMHU3NPOBATD IIPOLIECC. [II pacyeTa IPUMEM
BPEMSI CITYCKO-NIOABEMHBIX ontepanuid (CI1O) Takum
JK€, KAK B IIEPBOM cJry4dae. COITIACHO CTATUCTHUKE,

Ha U3BJIEYEHUE OJHOI'O ceia 6e3 yuyera CI1O
HEOOXOAUMO B cpegHeM 11 MunyT. Cl1e10BaTEIbHO,
U3BJICYECHUE IECTU IIOPTOB 3a¥iMeT 1,1 yaca. Takum
06pa3oM, B C/Iy4ae IPUMEHEHH S U3BJICKAEMBIX
IIAPOBBIX PENICHUT OOIIIEE BPEMSI, HEOOXOIUMOE
JUIs1 U3BJICUCHUSI CeJielT, 6yAeT paBHO 51,6 yaca, u
SKOHOMHMSI BPDEMEHH COCTABUT 61%. ITpu cpenHeit
4acoBOM cTaBke 6puraast KPC B 10,5 ThIC. py6sIeit
COKpaIlleHUE 32TPaAT COCTABUT 840 ThIC. pybJIEH,
YTO MO3BOJIUT IPOBOJUTH OOJIBIIEE KOJIHUYECTBO
onepanuii I'PII 6€3 yBeIUYEHUA 6I0KETA.

CaBu:kHasa cucremMa SHUTTLE

Pucynox 1 - Koncmpyxkuusa anaiu3upyemoii
CK8ANCUHBL

SHUTTLE no3Bois€T IPOBOJAUTH OIEPALTUH
10 UHTEHCU(pUKaU nopTos I'PIT B mo60M }
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HOPAJKE C 3aJaHHONU BAPUATUBHOCTLIO. [Ipu 3TOM
BO3MOXKHO IIPOBEJEHUE IIOBTOPHBIX OIIEPALIHI

IO UHTEHCU(PUKAIINH IOOBIYH B OTJECIBHO
BBIOPAHHBIX MHTEPBAJIAX, KOJTMYECTBO CTAAUMN
I'PIT He orpanuyeHO. IIpu IpUMEHEHUU CUCTEMBI
HHCTPYMEHT MOKET CITYCKaTbCs Kak Ha HKT, Tak
1 Ha HKT, 4TO NO3BOISIET NPOU3BOJUTD PAOOTHI 32
OJHY CITYCKO-IIOABEMHYIO OIepanuio. OTCyTCTBUE
HEOOXOAMMOCTHU PA30yPHUBAHUA MOCAJOYHBIX CEET
COKpPAIIAEeT UKJI OCBOEHUs, 4 COOTBETCTBEHHO, U
BCEr'O CTPOUTENBCTBA CKBAXKHUH Hd 2—3 CYyTOK s
8—-10-CcTaguHbIX KOMIIOHOBOK MI'PIT.

CHCTEMA C CEJIEKTHBHBIM ITIAKEPOM
SPECTR

SPECTR

SPECTR NnO3BOJSET IPOBOAUTH TOUECUHBIE
BO3/ICHCTBHA HA IIJIACT B IIUPOKOM CIIEKTPE
BHYTPUCKBAXKUHHBIX PA0OT. CHCTEMY MOXHO
UCHONIB30BATD KAK JJ11 UHTEHCU(PUKAIIUU IPUTOKA
meTofaMu I'PIT, KUCTIOTHBIX O6Pa6OTOK U paboT
O BOCCTAHOBJIEHUIO IIEMEHTHOI'O KAMHS, TAK U B
MPOLIECCE UCTIBITAHUN TPOAYKTUBHBIX TOPU30HTOB.
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B cocTas cucTeMpl BXOAUT: HUXKHU K
MAKEP OCEBOT'O TUIIA C UHTEIPUPOBAHHBIM
JIBYHAIIPABJIEHHBIM I'HJPABINYECKUM IKOPEM,
TEXHOJIOTUYECKUE OKHA ((PPAK-TIOPT) IJI 3AKAYKH B
KOPIyCe MY(PTHI, TUAPABINYECKUA BEDXHUN NTAKED
u copaceiBaromuil kiaamnad. SPECTR nnozsossier
OPOBOAUTD 10 20 onepanuii 3a oguy CITO 6e3
3aMEHBI pA0OYUX JIEMEHTOB. KpoMe TOro, KOMILJIEKT
MOXKET BKJIIO4YATb HacagKy Ay ['TIIT ¢ pecypcom 1o
40 onepanuii 6e3 CIIO.

CHucreMa ¢ paCTBOPHMBIMH
kaprpuaxamu SOLVTECH

SOLVTECH

B cocTas cuctembl SOLVTECH BxoaaT: MydTa
C YHUKAJIbHBIM [IOCAJOYHBIM IPODUIIEM,
pacTBOpUMAs TOPHEAA-KAPTPHU/IK, CTOIIOPHOE
KOJIBLIO ¥ PACTBOPUMBI map. birarogaps
MIPUMEHEHHNIO PACTBOPUMBIX CEIEN-KAPTPUIKEN
OTCYTCTBYET HEOOXOIUMOCTD Pa36ypPUBAHUS UIIN
U3BJICYEHUS NOCAJOYHBIX CEJEIL

SOLVTECH paeT BO3MOXXHOCTb HPOBOAUTH
BBICOKOCKOPOCTHYIO OOPa6OTKY IIACTA C TEMIIOM
34Ka4YKHU 12—15 KyOOMETPOB B MUHYTY U BBITIOJIHATD
110 54 oniepanuii ['PIT. Hannmyue KOMIIOHOBOK
B CEPOBOIOPOJOCTOMKOM UCITIOTHEHUU U
HUCHOJIB30BAHUE IAPOB OUHAKOBBIX JUAMETPOB
HUCKJIIOYAET PUCK YEJIOBEYECKOTO (pakTOpa. Kpome
TOr'O, OIIEPALUU C TPUMEHEHHEM TEXHOJIOTUU
SOLVTECH MOXHO NPOBOJUTD B LIEMEHTHUPYEMBIX
XBOCTOBUKAX. TEXHOJIOT U ABIAECTCS HOBUHKON
HAa POCCUMCKOM PBIHKE HUKHETO 3aKAHYUBAHUA
U NEPCIIEKTUBHA HA MECTOPOXICHUAX C KPAarHE
HU3KHUMU (PUIBTPAITMOHHBIMH CBONMCTBAMH
MNPOAYKTHUBHBIX IUIACTOB, TOCKOJIBKY JAET
BO3MOKHOCTDB IpOBeaeHus onepanun I'PIT B cxxaTeie
CPOKH. ©
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Cemunapbi ot ICOTA-Poccnna

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

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

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

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

kg?;?

-
-

L Tl

Kak 310 paboTaeT:

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

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

npakTu4eckue pesynsraTtbl O0yHeHus.

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

y4acCTBOBaBLUNX B HMX Cneunanncros.

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

bynem pagbl coTpygHudecTsy!

NHdopmMaLms no ceMmrHapaM 1 NporpaMMam ceMmMHapa
BbICHINAETCS MO 3anpocy.
KoHTakTHOE nnuo:
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
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K.A. APUCTOBA,
NHXXEHEP-XMMUK

PO. KOXEBHWKOB,
HavanbHWK oTaena no
MHHOBAaLWAM 1 pa3paboTkam

M.T. KYHCT, pykoBoautens
oThena NPoABUXEeHUS
XMMUWYeCKMX peareHToB Ans
rMpopopaspblsa nnacra

M.T. MALLIAPOB, Ha4anbHUK
nabopatopum HAP

AHHOTAIINA

I'mppasiudeckuit paspeis riacra (I'PIT)

SIBJISIETCS OTHUM M3 Haubos1ee 3(P(PEKTUBHBIX U
PaCIpPOCTPAHEHHBIX METOJOB UHTEHCU(PUKAITUH
JIOOBIYU MIACTOBBIX (PIIONUI0B. JKUJKOCTH,
CIIOCOOHBIE TPAHCIIOPTUPOBATD IPOMIIAHT

C HAUMEHBIINUM 3aTrPA3HEHUEM I1JIACTA, —

OJJHO U3 CAMBIX AKTYaJIbHBIX HATIPABJICHUNI
TEXHOJIOru4ecKoro passurusa I'PII [S]. Jonroe
BpEMSI BBLICOKOBSI3KHE I'€JIM HA OCHOBE I'yapa
SIBJISIINCh OCHOBHBIMU THUIIAMU KUJIKOCTH JIJIS
TPAHCIIOPTUPOBKHU NPOIMIAHTA IIPU IPOBENEHUH
I'PIT B Poccuu [4].

O6na1a51 OTIMYHON HECYIIEH CIIOCOOHOCTHIO,
CIIUTBIN IIOJIMMEPHBIH I'€JIb HAd OCHOBE IIPUPOAHBIX
MOJHUCAXAPHUJIOB (TyapOBas KAMe/Ib U €€
IIPOU3BOJAHBIC) UMEECT 3HAYUTE/IbHBIN HEJOCTATOK —
NPUBOJUT K YXYAIIEHHIO (PUIBTPAITUOHHBIX
CBOWCTB ITOPOBOT'O MPOCTPAHCTBA IIJIACTA BBUAY
€r'0 3aKYINOPUBAHUA OCTATKAMHU HE PA3PYIIEHHOTI'O
JIO KOHIIA ITOJIMMEPHOTO T€JIs, YTO BBI3bIBAET
CHUWIKEHHUE [IeOUTA CKBA’KUHBL [TOMHUMO 3TOTO,
BBICOKASI BA3KOCTD CITUTBIX ITOJITMMEPHBIX CUCTEM,
HEOOXOAUMas 15 YAEPKAHUS IIPONIAHTA B OObEME,
YCIIOXKHSAET IPOLECC TPAHCIIOPTUPOBKHU ITPOIIAHTA
IJIYOOKO B IIJIACTBI C HU3KOU IIPOHUIIAEMOCTBIO U
MOBBIIIAET SHEPTETUYECKUE 3ATPATHI IPU 3AKAUKE
JKHUJIKOCTH.

TeHaeHI S K HOBBIIEHUIO 3(P(HEKTUBHOCTU
U3BJIEYCHUA HEPTHU ITOCTYKHIIA TOTIYKOM K PA3BUTHIO
TEXHOJIOI'UI IPUMEHEHU A CHHTETUYECKUX
MHOJIUMEPOB /11 IPOBeAeHU onepanmi I'PII
u MI'PII. B cpaBHEHUHU C TPASULTMOHHBIMIA
CHUCTEMAMM I'UAPOPA3PBIBA HA OCHOBE I'yaPOBOH
KaMeAU CUHTETUYECKUE I'E€JIM UMEIOT MU POKUT
MOTEHIUAJI K ITOBBIIEHUIO 3(P(PEKTA U3BIECUECHUA
HePTU U CHUYKEHUIO ONIEPALTMOHHBIX 34TPAT.
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CHUHTETHUYECKHE I'€JIN [IPHU HEBBICOKUX

3HAYCHUAX BA3KOCTH 00J1a/1AI0T BBICOKUMHU
MIECKOYICPKUBAIOIIMMU XAPAKTEPUCTUKAMU, 4 UX
IIPUMEHEHUE TTO3BOJISET IIOJIYYUTh OOJIEE BBICOKYIO
OCTATOYHYIO IIPOBOJUMOCTD U YUCTOTY TPEIIHBIL.
HCrionp30BaHUE CUHTETUYECKOT'O I'eJIsl YIIPOILAET
npoueaypy nposeaeHus onepanuii I'PI1 nyrem
CHH)KEHU S KOJIMYECTBA XUMUUYECKUX KOMIIOHEHTOB
B PELIENITYPE U KOJIMYECTBA €JUHULL OOOPYIOBAHUSL.
Kpome 3Toro, CHHTETUYECKUE IIOJIUMEPBI O01a1AI0T
MEHBIINM COIIPOTUBJICHHUEM IIPH 3AKAYKE, YTO
CYIIECTBEHHO COKPAIAET 32TPAThl SHEPIUU HA
IIPOKAYKY )KUJKOCTU PA3PBIBA. DTO CBOMCTBO
MO3BOJISIET IPOU3BOJUTD 3aKAYKY CUHTETHYECKOI'O
ress JByMs METOLAMU: HU3KOpacxoaHubin I'PIT —
3,6—4,5 M3/MUH — 1 BBICOKOPACXOAHbIM ['PIT 1o
TexHonoruu Slick Water ¢ pacxoyiom 6osee

12 M3/muH [3).

HecMOTpsl HA MHOTOYHCJIEHHBIE IPEUMYIIECTBA
UCHOJIb30BAHUSI CUHTETHYECKOT'O T'eJIsl, [JIABHOE
ONACEHUE, CAEPKUBAIOIIEE ETO MACCOBOE
MIPUMEHEHUE, 3AKJIIOYAETCA B CJ1A60I U3YyYEHHOCTH
MECKOHECYITUX CBOMCTB U CIOCOOHOCTH
Ka4ECTBEHHO Pa3pyHIaThCA MO BO3JEUCTBUEM
JIECTPYKTOPOB.

B cTarbe npuBeIEHbI UCCIEOBAHUS
OO0 XuMIpOM» IO Pa3padOTKE CUHTETUYECKOHN
KUIKOCTH ['PIT Ha OCHOBE NTONMNAKPUIAMUJIOB,
MIPOBE/ICH KOMILJIEKC PEOJOTMYECKUX UCCIIEJOBAHU,
BKJIIOYAIOI[MH B C€651 HOCTPOECHUE I'PAPUKOB
BSI3KOCTH, 4 TAKXKE OLICHKY TEPMUYECKON
CTA06MJIBHOCTU CUCTEMBL ITOrOM paboThI CTA14
pa3paboTka KUuAgKoCcTU ['PIT 17151 BCKPBITUS
CPEAHETEMIIEPATYPHBIX IJIACTOB B YCIOBUSX
IPECHBIX UCTOYHUKOB BOJIbl HA OCHOBE ITIPOJYKTOB
POCCUIICKOI'O IPOU3BO/ICTBA: I€ICOOPA30BATEIS
Hydra GEL SW u nectpykropa Hydra BREAK.



BBeaenue

CrenaaucTaMu Hay YHO-UCCJIEAOBATEIBLCKOI'O
neHTpa OO0 «XuMnpom» pazpaboTana
AJIBTEPHATUBHAS CUCTeMa JKUAKOCTH I'PIT HAa ocHOBE
CHUHTETUYECKUX I'esieobpasosareneit cepun Hydra
GEL SW u gectpykropa Hydra BREAK.

I'eneo6pasosarens Hydra GEL SW aBnseTcsa
BBICOKOMOJIEKYJISIPHBIM 4KPHUJIOBBIM COITOTHMEPOM.
Hecrpykrop Hydra BREAK nipe/icTaBisieT COO0OH
OKMCJIMTE/Ib HA OCHOBE CMECH HEOPI'dHUYECKUX
KUCJIOT, ONTUMHU3UPOBAHHBIN JIJIS1 UCIIOTb30BAHUS
C TPAaAUIITUOHHBIMU CIIUTBIMU I'YAPOBBIMU U
CUHTETUYECKUMU T€JISIMU.

B kadyecTBe OOBEKTA UCCIAEAOBAHUS IS PA3PAOOTKHU
CHUHTETUYECKOIN CUCTEMBI BEIOPAHA KITACCUYECKAS
cucreMa I'PIT 11 BCKPBITHA IIIACTOB C TEMIIEPATYPOU
50 °C Ha OCHOBE CIIMTOI'O I'YaPOBOI'O I'€JIs C 3Ar PY3KOHU
3,0 KI/M? 1 BA3KOCTBIO, ITpeBblmatomett 700 cIlnpu
100 ¢, a TaKsk€ ATIOMOCHUJIMKATHBIN IPONMAHT
dpakiyu 16/20 ¢ MAKCUMaJTBHOM KOHIIEHTPAIACH
400 xr/M>. B cCTaThe NPUBEACHBI PE3Y/IBTATHL
TECTUPOBAHUS OCHOBHBIX TEXHOJIOTUYECKUX
CBOMCTB pa3padOTAHHON CUCTEMBI )KHUJIKOCTH
I'PI1 B CpaBHEHMHU C KJTACCUYECKOM JKUAKOCTBIO HA
OCHOBE I'yapOBOM KAMEU: UCCJICAOBAHUE CKOPOCTU
TUAPATALUN U PEOJIOTUYECKUX XAPAKTEPUCTUK
CHUHTETHUYECKOI'O I'eJIA, UCCIIEAOBAHUE CTATUYECKOI'O
OCXKJEHUS IPOIIIAHTA, 4 TAKXKE UCIIbITAHUE
Pa3pyLIEHUA CUCTEMBL B IIPUCYTCTBHUU JECTPYKTOPA.

Ha 1aHHBIF MOMEHT JIMHEHNKA CUHTETUYECKUX
nonumMepos OO0 «XUMIIPOM» IPEACTABIIACT
CO60I1 psif; 6A30BBIX POAYKTOB /I PA3/IMYHBIX
TEXHOJIOTMYECKUX YCJIOBUI:

* Hydra GEL SW Mapka A — cyxoit
CUHTETUYECKUI ITOJIMMED JIJIS IPECHBIX U
CJIAOOMUHEPATU3OBAHHBIX CUCTEM;

* Hydra GEL SW mapka C — cyxor
KATHOHHBIY CUHTETUYECKUM ITIOJIMMED JJI
CUJIBHOMUHEPATU30BAHHBIX CUCTEM,;

* Hydra GEL SW Liquid Mapka A — 3MyJIbCUOHHBIH
AHUOHHBIN ITOTUMED 1 IPECHBIX U
CJIAOOMHUHEPATU3OBAHHBIX CUCTEM;

¢ Hydra GEL SW Liquid mapka C —
3MYJIbCUOHHBINA KATUOHHBIN IIOJIUMED AJ11
CUJIBHOMUHEDPAJIN30BAHHBIX CUCTEM.

B 3aBUCHMOCTH OT TPEOOBAHUI 3AKA3UNKA
BO3MOJKHA JOPAO6OTKA UMEIOIINXCA CUHTETUYECKHUX
cucreM OO0 «XHUMIIPOM» LIS UCTIOIb30BAHHNA
B IIMPOKOM JJUAITA30HE 3T Py30K, TEMIIEPATYP U
MHWHEPAINU3AAH.

Onucanue 3KCIIepUMEHTOB.

ITosry4eHHBbIE PEe3yIbTATHI

K OCHOBHBIM XaPAKTEPUCTUKAM KUAKOCTU I'PIT

MOKHO OTHECTHU:

1. CKOpOCTb IUIPATAIINH — JJI OLIEHKH CIIOCO6a
MPUT'OTOBJIEHNS CUCTEMBI 1 HEOOXOIMMOT'O
0BOpYIOBAHNS;

2. CrabuIbHOCTb CUCTEMBI IPU IPOBEAECHUN
paboT — A1l UCKITIOUEHUS TEMIIEPATYPHOM
U MEXAHUYECKOH JECTPYKLUU ITOJIMMEPHOMU
CUCTEMBI;

3. TleCcKOoynepKUBAIOIIHE CBONCTBA, BIAUAIONINE
Ha BpeM# OCEIAHUA [IPOIIIAHTA, — C LIEJIbIO
UCKIIOYEHUs BOSHUKHOBeHUs CTOIIoB ipu
MPOBEACHUHU PAOOT;

4. PaspyieHne CUCTEMBI BOJI BO3IEUCTBUEM
JECTPYKTOPOB — C LIEJIbIO CHYDKEHUSL
3P HEKTUBHON BAZKOCTH CUCTEMBI M BBIHOCA
OCTATKOB PA3PYIIEHHOI'O I'EJIS.

Bce 311 mapaMeTpsl BIMAIOT HA TEXHOJIOIMYECKHE

CBOMCTBA *KUJAKOCTU PA3pbIBa. OT HUX 3dBUCUT

Ka4eCTBO U YCIIEX BBIIIOJHEHU onepanuii I'PTL

MATEPHAJIbI

HcciaegoBaHnue CKOPOCTH TrHAPATALTHH
CHHTETHYECKOI'O IIOJTHMeEpPA

CKOpPOCTb I'UPATALIUY — OHO U3 BAXKHENUIITNX
CBOUCTB I'€JIe06Pa30BATEIICH IPU IPOU3BOJCTBE
TUAPOPA3PHIBA IIACTA. OT 3TOrO MAPAMETPA 3ABUCUT
Ka4€CTBO HUCIIOJHEHUS PA0OT, CXEMA OOBI3KH,
KOJIMYECTBO IPUMEHAEMOTIO OOOPYIOBAHHUSA, A TAKXKE
CIOCO6 BBEJIEHUSA IOJTUMEPA B TEXHOJIOTUYECKYIO
JIMHUIO [2]. C LesIbIo ONIpefe/IeHH A CKOPOCTH
HA00pa BA3KOCTU ¥ BDEMEHU JOCTHKEHU A TTOJTHOM
TUAPATALINH OB BBIIIOJTHEH PSJT 9KCIIEPUMEHTOB.
JJ1 IPUTrOTOBIEHUA TTOJTMMEPHOM XKUJIKOCTU
HCIIOJIb30BAJIACh JUCTUUIMPOBAHHAA BOJA
creMrieparypou 25 °C 1 CHHTETUYECKUH
resieobpaszosarens Hydra GEL SW B KOHLIEHTpal K
4 Kr/M>. B cTakaH 61eH1epa YOPUHTa JOOABUIN
800 MJI IMCTHUILIIMPOBAHHOM BO/IBI U BBICTABUJIN
CKOPOCTB NIEpEMEMMBAHNA HA YPOBHE 2000 06/MUH.
Jlanee 6bICTPO M PABHOMEPHO BBEJIM HABECKY
nosimMepa B KonudecTse 4 1 (0,5% 00.), UCKIIIodas
06pa30BaAHNE KOMKOB. 3aT€EM OTOOPAJIH HIITPULIEM
HEOOXOAMMBIH JIJIs1 UBMEPECHU S OO'BEM PACTBOPA
B KosimdecTse 150 M1 1 U3MEPHIIN BA3KOCTD IIPU
Temneparype 20 °C, ckopoctu casura 100 ¢! Ha
Bucko3umerpe OFITE 900 o ucreuenuu 30, 150,
300,600, 900 cexyH/I.

B Tabnune 1 npuBeeHbl 3HAYCHUS BA3KOCTH
CHUHTETUYECKOrO nonumepa Hydra GEL SW B
3aBHCUMOCTH OT BDEMEHU TUPATALIUH.

Taoauua 1 - Ouenrxa ckopocmu
cuopamauvuu Hydra GEL SW

BaizkocTb, MIMasc (ckopocTb cagura 100 ¢ ')
t,C Hydra GEL SW
30 68,5
150 110,6
300 110,5
600 110,2
900 110,2

B pesyiprare NpoBEeIEHHOI'O UCIIBITAHUA YAJIOCh
YCTAaHOBUTB, UTO rujpaTanusa nonumepa Hydra GEL
SW B KOHIIEHTpALIUU 4 KI/M? OCYILIECTBIISAETCS
MmeHee yeM 3a 150 cekyH. Pe3ynbraTel JAHHOTO
IKCIEPUMEHTA NO3BOJIAIOT CIENATh
IPEABAPUTCIBHBIC BBIBO/IbI 06 OTCyTCTBI/II/I
HCO6XOL[I/IMOCTI/I TIPUMCHCHUWA JOIIOJTHUTCIBHOI'O
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MATEPUAJIDI

060PYAOBAHUS JIJISI TU/IPATALIMU CUHTETHYECKOTO
reJjist BO BpEMsI IPOBECHUS TOJIEBBIX PAOOT.

OnpeaeneHHue CTA0NIBHOCTH CHCTEMBI

HccnenoBanue a(p(PEKTUBHOM BA3KOCTU IIPU
ONIPEIEIEHHOM 3HAYEHHUH TEMIIEPATYPbI HO3BOJISAET
ONPEAENUTD 'PAHULIBI TEMIIEPATYPHOM JECTPYKIIUN
JULS UCKJIIOYEHU S PUCKOB OCEAHUS IPONIAHTA B
CBSI3U CO CHUKEHHUEM BA3KOCTHBIX XaPAKTEPUCTHK
CUHTETUYECKOTI'O IOJIMMEPA ITpU IposeacHuu I'PIT.

B AaHHOM UCCNIEAOBAHUHN ObLIO IPOBEAEHO
TECTUPOBAHUE BI3KOCTHBIX XaPAKTEPUCTUK CUCTEMBI
npu remiieparype 50 °C B Te4eHUE 7 YACOB C LIE/IBIO
onpeseneHus CTAbUIbHOCTHA CUCTEMBI BO BDEMEHU
npu ckopocTu casura 100 ¢

JIJ151 IPUTOTOBJIEHUS TTIOJIMMEPHOM XKUJAKOCTU
HCIIOJIb30BAJIACH JUCTUUIMPOBAHHAS BOJA
¢ TeMneparypou 25 °C 1 CHHTETUYECCKUI
resnieo6paszosareb Hydra GEL SW B KOHIIEHTpaluu
6 Kr/m>, [IJ1s1 IPOBEICHUS UCCIICIOBAHUS B CTAKAH
6nenjiepa 1o06asumn 300 MJI TUCTUITIMPOBAHHON
BOJIBL Jajie€ paBHOMEPHO BBEIU HABECKY ITOJIUMEPA
Hydra GEL SW B konmudectse 1,8 r (0,6% 06.) mpu
cxkopocTtu nepementuanus 2000 06/MUH, UCKJIIOYAs
06pa30BaAHNE KOMKOB, U IIEPEMEIAIN TTOTyYEHHBIH
IOJIMMEPHBIA PACTBOP B TeuyeHre 10 MUHYT. 3aTEM
LIITPULIEM OTOOPAIN TPOOY MOTYIHUBIIETOCS
PacTBOPA B KOJIMYECTBE 52 MJI U BHEC/IU B TYEUKY
Buckosumerpa OFITE 1100 B koH(puUrypauuu 606-
potop R1/B5. CrabuibHOCTb HOJTUMEPHOIO PACTBOPA
BO BPEMEHU U3MEPsIN 1pU TemIieparype 50 °C,
cxkopoctu casura 100 ¢! u gaBinenuu 400 psi.

50
Hydra GEL SW [0.6%) 50°C
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Pucynox 1 - CmaouasHocms Cunmemuueckoil

cucmemwt Hydra GEL SW 6 k2/m’ npu 50 °C

BsiskocTb nomuMepHOro pacrsopa Hydra GEL SW B
KOHIIeHTpaumu 6 Kr/m3, usmepennas va OFITE 1100 B
KOH(urypaunuu 606-porop R1/B5 nipu remneparype
50 °C, B Hauasie uamepeHus cocrasuna 213 cIl. I1lo
HCTEYEHUH 7 YaCOB BI3KOCTb CHU3WJIACH 10 205 cI1
6€3 IPUMEHEHUS JECTPYKTOPOB, UTO COCTABIISET
3,8% B AaBCOIIOTHOM 3HA4YCHUH. [IPOBE/ICHHBIH TECT
OKA34J1, 9YTO HOJUMED B 32/JTAHHOM IPOMEXKYTKE
TEMIIEPATYPbI U BDEMEHU O6JIAJJACT BBICOKOM
CTA6MJIBHOCTBIO U HE IO/IBEPIKEH TEPMHUYECKOH
JIECTPYKIIVH.

AHAJIOTUYHBIE UCIIBITAHUS IPOBEJIH JIJIS
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Pucynok 2 - CmaduasHoCms KaaccuuecKkoti
cucmemul Ha OCHOGBE 2yapoe0ozo
zeneoopasosamena Hydra GEL 8 6
Konuenmpavuuu 3,0 Kz2/m3, 3amMeo1eHH020
cuugamenn Hydra CX-1 6 konuenmpavuu
2,0.1/M3 u 6bicmPozo cuiueamens
Hydra XW-2 ¢ xonuenmpavuu 1,5 n/m?

TPAJAUIIUOHHOU CUCTEMBI HAd OCHOBE I'YaPOBOT'O
rescobpazoBarens Hydra GEL 8 B KOHIIEHTpaIuu
3,0 k1/M?, 3ameiIeHHoro crnBatess Hydra CX-1 B
KoHIeHTparuu 2,0 j1/M? 1 6bICTPOrO CIIUBATEIIS
Hydra XW-2 B KOHLIEHTpauuu 1,5 j1/m>.

BA3KOCTDb ITOJIMMEPHON CUCTEMBI HA OCHOBE
CIIUTOU I'yapOBOU KAMEAU, U3MEPEHHAS HA
OFITE 1100 B koH(urypanuu 606-porop R1/B5 npu
Temueparype 50 °C, cocrasuiia 900 cIl. [1o ucreyeHnun
YETBIPEX YACOB BSIBKOCTbh CHU3MJIACH /10 750 cI1 6€3
HPUMEHEHUS ICCTPYKTOPOB, YTO CBU/ICTEIbCTBYET
O HE3HAYUTEIbHOU TEPMHUYECKON JECTPYKLIUU
TIOJIMMEPHON CUCTEMBI HA OCHOBE CIITUTOM I'YaPOBOI
kamenu. KpoMe aToro, cuctemMa Ha OCHOBE CHIUTON
Ir'yapoOBOU KaMeIu 061a/1a€T 60J1e€ BBICOKUM
3HaYeHUEM 3(PPEKTUBHON BA3KOCTH, HEOOXOIUMOH
JULSL yIEPYKAHM S IPOIIIAHTA, IPH 33/IAHHBIX YCJIOBUSIX
UCCJIEJOBAHMUSL.

OrnpepeneHye JeCTPyKITHH CHCTEMBI
JecTpyKius — OJHO U3 IVIABHBIX KAYECTB KHU/IKOCTH
Pa3peiBa, 3PPEKT OT KOTOPOT'O BBIPAKACTCS
B YBEJIMUCHHUH OCTATOYHOH IIPOBOAMMOCTH
MJ1ACTA Y HOBBIINICHUH HEPTEOTAAYN CKBAKHBL
JIaHHOE TECTUPOBAHUE MPOBEAECHO C LIEJIBIO
onpeseeHUs Pa3pyHIEHHS CUCTEMBI IO/ ACHCTBUEM
JIECTPYKTOPA B TEUEHUE 33/JTAHHOI'O IIPOMEXKYTKA
Bpemenu [1]. 11 HpuroToBIeHN HOJTUMEPHONU
SKHUJIKOCTH UCIIOJIb30BAIACh AUCTUIIMPOBAHHAS
BOJIA C TEMIIEPATYPOH 25 °C M CHHTETUYECKHIT
resieobpaszosarens Hydra GEL SW B KOHIIEHTpaluu
6 Kr/M>. 17151 OTIPEIC/ICHUSI ICCTPYKITUN CUCTEMBI
B CTAaKaH 6sieHAepa YopuHra 106asmin 300 Mt
JUCTUTIMPOBAHHON BOJIbI, BBICTABUJIM CKOPOCTD
nepeMenuBanus Ha yposHe 2000 06/MUH U
PaBHOMEPHO BHECIN HABECKY nTonuMepa Hydra
GEL SW B konraecTse 1,8 1 (0,6% 06.), UCKII04ast
06pa30BaHNE KOMKOB. PACTBOP NOC/IE BHECEHUSA



[OJIUMEPA IIEPEMEIINBAJIN B TeueHHE 10 MUHYT.
3aTeM MIIPHUIIEM OTOOPATH MPOOY ITOTYYUBIIETOCS
PacTBOPA B KOJIUYECTBE 52 MJI, U3 KOTOPOH %5
YACTb B KOJIMYECTBE 26 MJI TOMECTHIIN B TYCHKY
BuckoszumeTpa OFITE 1100 B koH(puUrypauuu 606-
potop R1/B5 u o6aBuIu AeCTPyKTOp. [lanee B
STYENKY BUCKO3UMETPA BHECIIM OCTABIIYIOCS YACTh
[IOJIMMEPHOT'O PACTBOPA B KOJIMYECTBE 26 MJT

Y1 U3MEPUIN CTAOUIBHOCTD PACTBOPA IPU
TeMmneparype 50 °C, ckopoctu casura 100 ¢! u
gasyieHnu 400 psi.

| I 5 150
Hydra GEL SW [0.8% ] + Hydra BREAK [0,2%) 50°C
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Pucynox 3 - Jecmpyxuusa Cunmemuueckoi
cucmemwt Hydra GEL SW (0,6%) + Hydra BREAK
(0,2%) npu50°C

Pucynxu4-9 — IIpouecc oceoanus
AJIOMOCUNUKAINHOZ0 nPOnnanma paxyuu
16/20 c konuyenmpavuueii 400 kz/m’

npu memnepamype 25 °C 6 srcuokocmu I'PIT
Ha OCHOBE CUNIEMUUECKOZ20 RoauMepPa
Hydra GEL X 6 konuenmpauuu 6 xz/m’
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Pucynxu 10-18 - IIpouecc oceoanus
aAnIOMOCUNUKAIMHOZO RPORNRAHMA

16/20 6 konuenmpauuu 400 Kz/m° npu
memnepamype 25 °C 6 wcudrxocmu I'PIT

Ha OCHOGe 2YapoB802o zeneoopa3osamens
Hydra GEL 8 6 konueumpauuu 3,0 x2/m?,
3ameonennozo cmmusamenn Hydra CX-1

6 konuenmpauvuu 2,0 1/ u 6siIcmPozo
cuueamens Hydra XW-2 ¢ konuenmpauvuu
L5 a/m3

ITocie NPOBEIEHHOTO UCTIBITAHUS OBLIO
YCTAHOBJIEHO, YTO BA3KOCTb [IOJTUMEPHOI'O PACTBOPA
Hydra GEL SW B KOHIICHTPAIIUH 6 KI/M>, ©U3BMEPEHHAS
Ha Bukcozumerpe OFITE 1100 B koH(pUrypanuu 606-
porop R1/B5 nipu remneparype 50 °C, CHUXaeTcs C
200 110 6 cI1 B Teyenue 7 4acos. CTOUT OTMETUTE, YTO
PU U3MEHEHUH KOHLIEHTPAIUU IECTPYKTOPA
Hydra BREAK MOXXHO yBEJIMYUTD UJIM YMEHBIINUTD
BPEMS JECTPYKIIMU CUCTEMBI B 3aBUCUMOCTH OT
[IapaMeTPOB NIPOBeaeHUs onepanuid I'PIT.

HcciaegoBaHHe CTATHYECKOT'O OCAXKIECHHUA
IIPOIIIIAHTA

HcciefoBaHme OCaXK/ICHUS IIPOIIAHTA JacT
IIPEACTABJIEHHE O BA3KOYIIPYI'UX CBONUCTBAX
CHUHTETUYECKOTO refs. TpyIoeEMKOE U3MEPEHME
TPAHCHOPTA [IPOIIIIAHTA B IIOTOKE HA IIEPBOM 3TAIIE
UCCJIEJOBAHUN OBLIO YIIPOILIEHO MYTEM IPOBEAECHU
JIAGOPATOPHBIX TECTOB B CTATUYECKUX YCJIOBUAX.
JlaHHOE UCCIEJOBAHUE OTPAXKAET CKOPOCTD
OCEAaHMA IPOIIIIAHTA B YCJIOBUAX MAJIOIO CABUTL'A.

/11 IPUTOTOBJIEHU A HOJTUMEPHOM XKUAKOCTHU }
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MATEPUAJIDI

HCIIOJIb30BAJIACh JUCTUUIMPOBAHHAS BOJA
cremueparypoi 25 °C 1 CHHTETUYECKU
resieobpaszosaresb Hydra GEL SW B KOHIIEHTpaljuu

6 Kr/M>, [IJ1st ONIPECICHUSI OCEAAHUSI TIPOTIITAHTA

B YCJIOBUSIX MAJIOTO C/IBUTA B CTAKAH OJIEHEPA
Yopunra go6asunu 200 M JUCTHIUINPOBAHHOU BOJIbI
U BBICTABUJIN CKOPOCTD IEPEMENTUBAHUS HA YPOBHE
2000 06/MuH. [Jasiee 6BICTPO U PABHOMEPHO BBEJIN
HaBecKy nonmMepa Hydra GEL SW B konmmdecTse

1,2 1 (0,6% 06.), UCKTIO4AsT OOGPA30BAHKIE KOMKOB.
[Tosry4eHHBII TOJIMMEPHBIN PACTBOP IIEPEMEIIAIN B
TeueHue 10 MUHYT. 3aTeM MIpUIieM oToopatn 100 M
pacTBOPA A1 UCCAELOBAHUN HA BUCKO3UMETPE
OFITE 1100 B koH(puUrypaunuu 606-porop R1/B5,

ak ocraBmuMcs 100 Myt pactBopa 106asmin 40 r
ATIOMOCHJIMKATHOT'O IIporanTa ¢ppakiuu 16/20.

J17151 pABHOMEPHOT'O PACTIPEIEJIEHUS TPOIIIAHTA
MOJIMMEPHBIN PACTBOP NIEPEMEIIAIH HA ONIEHAEPE
B TEYEHUE 5 MUHYT, IEPEIUIN PACTBOP B MEPHBIN
LWIHHJP, 3aITyCTUINA CEKYHOMED U IPOBEIN
porodpukcanuio oceanud nponmnanTa yepes 0, 0,5,
1,5, 10, 15, 30, 60 MUHYT.

Ocenanye aJIOMOCHIMKATHOIO IIPOIIIAHTA
dpakiuu 16/20 B TPpaJAITUOHHOM CUCTEME HA OCHOBE
I'yapOBOM KaM€/IU B KOHIIEHTpauu 3,0 KI/mM> u
CHCTEMBI 3aMEJJIEHHOT'O U OBICTPOr'O CIIUBATENSA B
KOHIIeHTpanuu 2,0 j1/M° 1 1,5 J1/M? COOTBETCTBEHHO
B CTATUYECKUX YCJIOBUAX IIPH MAJIOU CKOPOCTU
CIABUTIa IPOUCXOAUT 32 60 MUHYT. B CBOIO OUepe/ib, B
pactBope nonumepa Hydra GEL SW B KOHIIEHTpaLlUU
6 KI/M [P TEX JKE YCJIOBUSIX OCCIAHIS
QTFOMOCHJIMKATHOI'O MIpoIanTa ¢ppakiuu 16/20
HA IPOTIKEHUHU 60 MUHYT HE HAGJTIOAAIOCH, YTO
CBU/IETEJIBCTBYET O BBICOKUX NTECKOYIEPKHUBAIOIINX
XAPAKTEPUCTUKAX CUCTEMBL

BeIBO,

CHenmnaJIruCcTaMu HAyYHO-UCCIIEIOBATEILCKOTO
neuTpa OO0 XuMnpom» pazpaboTaHa
AJIBTEPHATHUBHAA JKUAKOCTD I'PIT HAa ocHOBE
CHUHTETUYECKOTO IejIc06pa3oBaTesis
Hydra GEL SW u gectpykropa Hydra BREAK nia
BCKPBITUSI CPEAHETEMIIEPATYPHBIX IVIACTOB IPU
UCIOJIb30BAHUN IPECHBIX UCTOYHUKOB BOJBIL.
ITpOoBENEHHBIE NCCIENOBAHUS TOKA3AIIN, YTO
Pa3paboTaHHASI CUCTEMA OOJIAACT CICAYIONUMU
NPEUMYIIECTBAMMU:
¢ CnoCOOHA y/IEPKUBATH B OO’bEME IIPOIITAHT Ha

YPOBHE, COU3MEPUMOM CO CIIUTBIMU I'YAPOBBIMU

CUCTEMAMU, IIPHU OTHOCUTEIBHO HEBBICOKOM

3(PPEKTUBHON BA3ZKOCTU )KUJKOCTU PA3PHIBA;
¢ JIErKO ¥ KOHTPOJIIMPYEMO PA3PYIIAETCA 1O

HU3KUX 3HAYEHUN BABKOCTH, YTO MOJIOKUTEIBHO

BJIMAET HA CTENIEHD 3ATPSA3HEHM A KOJUIEKTOPA U

3(PHEKTUBHOCTD U3BJICYCHUS HEPTY;
¢ O6a1aeT MTHOBEHHOY T'H/IPATAIUE,

4TO MO3BOJISIET UCTIONB30BATh €€ HA JIETY C

HETIOCPEICTBEHHBIM BBEJJEHHUEM B [IOTOK — IO

TexHonoruu on the fly;

* O6nagaeT HU3KMMHU 3HAYEHUAMH 3(PHEKTUBHOI

BA3KOCTU PAOOYETO PACTBOPA ITOJIUMEPA, UTO

CYIIECTBEHHO CHUKAET JABJICHUE HA 3AKAUKY
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U IIOJIOKUTEJIBHO BIMAET HA OCTATOYHYIO
IIPOBOJUMOCTD TPEIIHUHBI,

* YIpolaeT npoueaypy NpOBEAEHH ONEPaI Ui
I'PIT myTeM CHMKEHH A KOJIUYECTBA XUMHUYECKUX
KOMITIOHEHTOB B PELIENITYPE U KOJIMYECTBA €AMHULY
060pyIOBaHMS B 00BsI3Ke nrHNH ['PIL.

B yCc10BUsIX BO3PACTAIONIUX TPEOOBAHUN K
YHUCTOTE TPEIIMH U BO3PACTAIOMIErO OObEMA
PadoT pa3zpaboOTAHHASI CHHTETUYECKAS CUCTEMA
ABJIAETCS NEPCIIEKTUBHBIM HAIIPABJIEHUEM
JUIA IIPOMBIIIJIEHHOT'O IIPUMEHEHU A B
HedTeaoObIBaonIe OTpacau. baarogaps
HCIIOJIb30BAHUIO CHHTETUYECKUX I'€JIEBBIX CUCTEM
MOYKHO IPEOJOJIETh HEAOCTATKN KIACCUYECKON
KUAKOCTU I'PIT HA OCHOBE I'yapOBOI KAMEIH:
YMEHBIIUTD 3aIPDA3HEHHNE TIJIACTA, YBEJIUUYHUTD
YHCTOTY TPEMMHBI U IIOBBICUTD 3(PPEKTUBHOCTD
uspseyeHus1 HepTu. CTOUT OTMETUTD, UTO
pa3paboTaHHAA CUCTEMA CJIEYET IO KypCy
UMIIOPTO3AMEIEHUS, PEATTUZALMU POCCUMCKNX
Pa3paboOTOK M Pa3BUTHUSA OTEIECTBEHHOT'O
IIPOU3BOACTBA. Bce 3TO B Ja/IbHEMIIIEM IO3BOINT
pacImupUTh O6JIACTU IPUMEHEHH S TEXHOJIOTUI HA
OCHOBE CUHTETUYECKUX [IOJTUMEPOB U BHEIPUTD
CTAHAPTHI TECTUPOBAHUS B OTPACIIH.
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" XMMMPOM OnNnA BCKPBITWMA CPEOHETEMNEPATYPHBIX MNacCTOB

MpewnyuecTsa anbTepHATHBHBIX NONMMEpHLIN cHcTem [P

B BLICOKAR YOEPKUBIDWEAN CnOCDBHOCTE NPONNBHTSE NPU HUIKON
athhexTHEHON BA3KOCTY PAGO4YEra pacTEOPE NONMMEDE;

B HA3KOE [IEBNEHNE NPK NPOXE4Ke nonwmepa (oBnagaer ceoACTBAMN
NOHUANTENA TREHURA];

B pa3nWuYHbIe TOProBsie QopME NONMMEPDE: CYXME M KUIOkMe, and
NPECHBIX W MUHEDANNIOBEHHBIX CUCTEM;

m Nerk0 W KOHTPONMPYEMD PA3PYWABTCH A0 HU3KMX IHBYEHM]
BRIKOCTH,

W BLICOKES OCTATOMHAA NPOBOAMMOCTL ND COSEHEHID C TPAGMLMDHHOI
CAUWTDRA ryapDBOA CHCTEMOR;

® TEMNEpaTypHas cratunsHocTs Ao 120°C;

= 06NENBET HUSKUMKM ZHB4EHMAMK SthdeKTMEHOR BAIKDCTI pado4ero
PECTBOpA NONMMMEpE;

B BO3MOMHOCTE NPUMEHEHWA N0 TEXHONOrMM «on the flys,

Ycnoewa NpoBEfEHNA HCNLITAHHA

Hydra GEL SW 6.0 kr/md

MponnawxT

anomocunukatiem  16/20-400 krfmd

Temneparypa 25°C o

Ycnoewus NnpoBEAeHRs HCNLITAHKE

Hydra GEL SW 6,0 kr/m3

leomeTpus R1/B5 (OFITE 1100)
CxopocTs coswra 100 ¢-*-117,0 oGopoTos
Temneparypa 50°C

Nasnetve 400 psi

CrafynLHOCTL CHHTETHHECKDR CHCTEMI
Hydra GEL SW (& kr/m? | npu 50°C, p=400 psi 8 Tevewe 7 Yacos

250 150,
= B _ 10 E
———— - _ —

e ST
= @ o
e 150 5
- Hl 8
2 1o s1 &

/ % 5
11| =
1o §

-

il 10 &

00 05 10 15 20 25 30 35 40 45 50 55 B0 65 7.0
Boewr, 4

Japavm, KOTOpbIE PEWIEIT ANbTEPHATHEHLIE
nonumeprbie cheremisl [P

B YMEHGLUIEHWE 3arPR3HEHWA NAACTa,

B YBEEMNYEHWE “WCTOTE! TRELLMHSI,

® nosslLeHre ShgeRTUaH0cT M3BNeYenn Hedimy,

® \MpOWERVE NPOBEAERWA NpoUeaypb onepauwi TP 3a cuér
CHIKEHMA KOMM4YECTEA HeoBxomwmoro obopynosaking B ofanake
NiHIAM,
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Temnepatypa a0°C

Laanexue 400 psi
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HEDTEITPOMDBICJIOBASA XM

MIHHOBaUWK B 00N1aCTV NOBbILEHMS
He(®TeOoTAa4YM NNacToB

IIprMeHEeHHE ropsA9€ XHMHKO-
TE€PMHYIECCKOM TEXHOIOI'MH IIOBBINICHH S
HedTeoTHaYH IVTACTOB II0CJIE 3aBOJHECH U
CJIAHIIEBBIX KO/JIEKTOPOB

AA. llaoabaesa, Ka3aH Kl HayUOHaIbHbLLL
UCCNeO08AINNbCKULL IMEXHOJIO2UMECKULL
yHusepcumem

TTOCKOIBKY METOABI TEPMUYECKOHN PEKYTIEPALINU
MMEIOT HAWJIYYIINE TOKA3ATENIHN IPH JOOBIYE TIKEIION
He(PTH U3 YITIEBOAOPOIHBIX IIJIACTOB, TAKUE METOMBI
OBbLIY 6Bl IPEATIOYTHUTEBHEE JI1S1 HEPTEOTIAUU
IUIACTOB. DTU METO/IbI BKJIIOUAIOT IIUKJIMYECKOE
HATHETAHHUE apa (OCOOEHHO YITIEKUCIOTO I'a33),
HArHETAHYE IOPsAYel BOABI U I'PABUTALIMOHHDBIN
JPEHAK C IOMOIIBIO apa. COYETAHUE XUMUYECKHUX
U TEPMHUYECKUX METO/IOB OBBIIIEHUS HE(PTEOTAAIN
IUIACTOB B KAYECTBE TMOPHUIHBIX METO/IOB
PaccMaTPUBAETCA KAK HOBBIA METO/] ITOBLIIIEHUSA
KO3 PUueHTa HEPTEOTAAUH [IIACTOB KAK 13
TPaJULIMOHHBIX, TAK U U3 HETPAJAULTHOHHBIX
KOJJIEKTOPOB.

XHUMHUYECKHUE METOBI NOBBIIIEHU HE(PTEOTAAIN
OyAyT IPEACTABIATh UHTEPEC JIJIs1 HEPTAHOMU
MPOMBIIIJIEHHOCTH, TOCKOJIBKY OHU MOTYT
06€CIeYnThb JOCTATOYHBIA KO3(MMUITUEHT
HedTeoTAa4n. [TeHBI U TOMUMEDPHI PACCMATPHUBAIOTCSA
B Ka4eCTBE 3(P(PEKTUBHBIX XUMHUYECKUX ATEHTOB
B IPOLIECCAX PETEHEPALINY C TOUKH 3PEHU UX
MOTEHIIMAJIBHOM CLIOCOOHOCTU 6JIOKUPOBATH I'A30BYIO
a3y ¥ YBEITMUMBATD BA3KOCTDb BOABL OHH MOI'YT
MOMOYb YJIYYIIUTh KOA(PPUILTUEHT U3BJICUYEHH A
Hed1H. M3-32 COXpaHEHUA OOJIBITNX OOBEMOB
He(THU B IVIOTHBIX IJIACTAX JOObIYA HE(PTU OyAET
COKpAIIeHA [TOCJIE OJHOT'O I'Ofid IPUMEHEHM S METONOB
MEPBUYHON JOOBIYH, U UMEHHO IIO3TOMY HE(DTAHAA
MPOMBIIIJIEHHOCTB MOMBITAIACh NPEJJIOKUTD
TEPMHUYECKUE U XUMHUYIECKUE METO/IBI IOOBIYHU JIJIA
6onee 3PPEKTUBHON JOOBIYU OCTABIIENCA HEPTHU.

IleHHOE 3aBOTHEHHE ABIACTCA OHUM U3 BAXKHBIX
XUMHUYECKUX METO/IOB MOBBIINICHUS HE(PTCOTIAYN
IJIACTOB OIAroAAPsI CBOECH NOTEHIIUAJIBHOMN
CIIOCOOHOCTH YMEHBIIATD I'A30BYIO (DA3Y, BBI3BABIIIYIO
3aKYIIOPKY BOJJHBIX KaHAJIOB. BIIPBICK IIEHEI [TOCJIE
BIIPBICKA I'OPSTYEH BO/IBI OOECIICUUBAET Hosiee
BBICOKMH KO((PULIMEHT PEKYTIEPALIH, YEM OOBIYHOE
BIIPBICKUBAHUE BOJIBL

B HacTOs1IIEE BPEMSI /17151 IOBBIIICHU S
KO3(ppuLieHTa HePTEOTAAYH IIJIACTOB IIPUMEHSIOTCS
Ppa3mU4YHbIC THOPU/IHBIE XUMHUKO-TEPMUYCCKUE
MeTO/bL. COYETAHNE NI TIOCIIC/IOBATEIbHAS 3AKAYKA
TEIUIOBBIX M XUMHUYECKHUX METO/IOB PEKYIICPAITUU C
YYETOM UX YHHUKAJIBHBIX CBOMCTB ITPECTABIISIN Obl
UHTEPEC, TAK KAK 3TO JJAJI0 XOPOIINE PE3Y/IBTAThL B
IIECYAHUKOBBIX U CJIAHIIEBBIX KOJUIEKTOPax [1].
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Bo-TIEpBBIX, FA3000PA3HBIH A30T, YYUTHIBAS €I'O
MEHBIIYIO INIOTHOCTb U MEHBIIIYIO CKUMAEMOCTD,
BIIPBICKMBAETCSA B O6PA31IbI KEPHA, KOTOPbIE
06paA3yIOT BTOPUYHYIO I'A30BYIO IIAIIKY B BEPXHEN
YaCTH KEPHOB. 34TE€M BBOAMNTCA IIEHOOOPA30BATEND,
YTOOBI IEPEKPBITH KAHAIBI [IOTOKA I'a34, OCOOEHHO B
BBICOKOIIPOHHUITAEMBIX CJI0sIX. HakoHerl, HeTsHAasA
¢aza MOOMIN3YETCS B HE3AMYTHEHHBIX 30HAX
(KOTOPAs1 COACP’KUT OCTABIINECS O6BEMBI HEPTHU
B HU3KOIIPOHUIIAEMBIX CJI0SIX). MOXXHO C/IE/IATh
BBIBOJ], YTO KOMOMHAITHS IIEHBI U 3aKA4YKU 430T4 B
Ka4eCTBE TEPMO-XUMUYECKUX METO/IOB ITOBBIITIEHU S
He(TEOTAAYU IUTACTOB 6yAeT 6051ee 3PHEKTUBHOMN
B TPEIUMHOBATHIX IIJIACTAX, YEM 3AKAYKA [IEHBI TN
TOJIBKO 3aKA4Ka 43074 [2].

ITajieHreE JaBJICHUS IIEHBI IO OTHOIIECHUIO K
MaICHUIO JJABJICHUS BOZIbI OIIPE/IEISICTCS KAK
KO3(P(PUITUEHT CONPOTUBIECHUS, KOTOPBIH
COOTBETCTBEHHO YKA3bIBACTCS OJIOKUPYIOHMIUM
neHoo6pazosareieM. Korna HeTb IPUCYTCTBYET B
IIOPUCTOM Cpeie, KO3(PPULIUEHT COIIPOTUB/ICHUA
OIIPEAENACTCS 11 aHAIN3a 3PPEKTUBHOCTU
BIIPBICKMBAEMOM II€HBI JJI BBITECHEHU HE(PTH B
IIOPUCTOMU CpeJE.

T1OBBIIIEHUE TEMIIEPATYPLI IPUBOJUT K
YBEJIMUECHUIO KO(PPUILIMEHTA COTPOTHUBIICHUS, IPH
KoTopoM TeMrieparypa 180 °C umeeT CaMblil BLICOKUI
KO3(P(PUITUEHT CONPOTUBIEHUS. DTO YKA3bIBAET
HAa TO, YTO 3aBOJJHEHUE IrOPsIUe BOIOM OOECTIEYNUT
JIy4ITHE XAPAKTEPUCTUKU MIEHBL, TIOCKOJIBKY 60J1ee
BBICOKUH KO3(D(PULIMEHT CONTPOTUBJIEHUA [IOMOXKET
OJIOKUPOBATH OOJIEE BEICOKUE TPOHUIIAEMBIE 30HBL.
KoadduiiueHT ConpoTUBICHUS JIJIs1 CAMOT'O HU3KOT'O
U CAMOT'O BBICOKOI'O T'A30HEPTIHOI'O COOTHOIIECHU ST
cocTasisieT OKoso 10 1 16 COOTBETCTBEHHO ITpU
TeMrieparype 180 °C, 4To CBUIETENBLCTBYET O
COOTBETCTBYIOLIEH YCTOMYHUBOCTHU IIEHBI IIPU BBICOKUX
TEMIIEPATYPAX [3].

INonumepHbIE JOOABKU UCIIONb3YIOTCH 1JIS
CTAOWIN3AIIMU IEHOOOPA30BATEIS. YBEIUUCHUE
KOHILIEHTPAIIUH [TOJIMMEPA IPUBOAUT K YBEJIMUEHHIO
KO3 PUITUEHTA PE3UCTEHTHOCTU. [IpUYrHA 3TOrO
CBSI3aH4 CO CBOUCTBOM ITOJTMMEPA YCUINBATD
CTAOMJIN3ALIUIO IEHBL DTA YaCTh UCCIIEJOBAHUSA
[IPOBOJIUTCSI TOIBKO IIpH Temrieparype 60 °C, TaKk Kak
KO3(PUIUEHT YCTOHUYHUBOCTHU OYIET YBETUUUBATHCS
C IOBBILIEHUEM TEMIIEPATYPHL I IprynHa Takon
HECTAOUIBHOCTH IIEHBI IIPH BBICOKUX TEMIIEPATYPAX
CBSI3aH4 C PA3JIOKEHHUEM MTOIHUMEPA P OoJIee
BBICOKHX TEMIIEPATypax. TAKUM 06pa3oM, MOXKHO
CJIENIATh BBIBOJ] O TOM, YTO U3-34 HECOBMECTUMOCTH
MOJIMMEPHBIX JOO6ABOK IIPU BBICOKUX TEMIIEPATYPAX
MOJIMMEPHBIE TOO6ABKH HE ABJIAIOTCSA XOPOIIUM
BBIOOPOM J1JI IOBBIIIEHUSA CTAOMIBHOCTH IIEHBI,
OCOBEHHO MPH TEPMUYECKHUX METOAAX 3ABOAHEHUA



PHU BBICOKHUX TEMIIEPATYPAX.
NuaynupoBaHHAS YITIEKUCIOTHO-TICHHAS
MHXKEKITUOHHAS CLIOCOOHOCTD IIPU TEMIIEPATYPE
180 °C nMeeT caMyIO BBICOKYIO CKOPOCTb
BOCCTAHOBJICHHS B KOHIIE 3aKaYKH OO'bEMA TOP.
Bosee BBICOKAsI KOHLIEHTPALIM S TOJIHMMEPOB OYAET
UT'PATh BA’KHYIO POJIb B YBCJITMYCHUU HCQ)TCOT,ZIZ{‘{I/I
IIACTOB.
IIpy IOBBIIIEHUH TEMIIEPATYPHI BOAA IIEPEXOAUT U3
JKMJIKOU (Da3bl B I'a3 WIH I1AP, U UMEHHO [IO3TOMY OHA

YMCHBINACTCA HA IICPBLIX 9TAITAX 3AKAYKHN obbeMa op.

[Toaromy npu Temiieparype 180 °C B epBbIH IEPUOL,
BIIPBICKA BOJIBI HE IPOUCXOAUT [4].
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VBerunuenue HePTEeOTIAYH C IIOMOIIBIO
HAHOYACTHI[ HA OCHOBE KPEMHHS

AA. llaoabaesa, Ka3aH Kl HayUOHaIbHbLLL
UCCNIe008AMENILCKULL MEXHO/I02UYECKILLL
YHU8epcumem

HaHO4aCTUIIBI C TUTUYHBIMU PA3MEPAMHU OT 1 10
100 HM O6IAJAIOT YHUKAJIBHBIMU (PU3UYECKUMU
U XUMHUYECKUMU XAPAKTECPUCTUKAMU, TAKUMH KAK
OOJIBIIIAS IJIONTA/Ib HOBEPXHOCTH M COOTHOIIICHUE
CTOPOH, B TO BPEMS KaK HAHOTEXHOJIOTUH
BBI3bIBAIOT 3HAYMTEJIbHBIN HHTEPEC B HEPTETa30BON
IPOMBIIIJIEHHOCTH. YYUTBIBASI yMEHBIIICHUE
KOJIMYECTBA PA3BE/IOYHBIX IIJIACTOB U POCT
noTpebICHUS SHEPTUU BO BCEM MHUPE, Ty YU
CIIOCOO YAOBAETBOPUTD 3Ty HOTPEOGHOCTD —
YBEJIUYUTD JOOBIUY M3 3PEJIbIX HEPTAHBIX IUIACTOB C
UCIIOJIB30BAHHEM METOZIOB ITOBBIIICHU I HEPTEOTIAUHN
TJ1ACTOB [1].

YBennuuTh HE(PTECOTAAYY IJIACTA MOYKHO
XUMHUYECKUMH METOAMU, [IEHHBIM 3aBOTHEHUEM,
TEIUIOBBIMH, I'A30BbIMUY, 4 TAKXKE APYTUMH HOBBIMU
METOJIAMHU, TAKUMU KaK 3aBOJJTHEHUE HAMATHUYECHHOM
BOAOM. I10 CpaBHEHUIO C XMMUYECKUMU AT'€HTAMU
HAHOYACTUITbI, OCOOEHHO HAHOYACTHIIbI HA OCHOBE
KPEMHUSL, UMEIOT 60JIEE HU3KYIO CTOUMOCTD 1
SIBJISTIOTCS 9KOJIOTMYCCKU YUCTBIMU. HaHOUACTUIIBI
JIMOKCH/IA KPEMHUSI HAUOOJIEE€ NOITY/ISIPHBI B
H4HO34BOJHEHUH, IIOCKOJIBKY JJUOKCHUJ] KDEMHU S
SIBJISIETCSI OCHOBHBIM KOMIIOHEHTOM KBapLid 1
necyaHuka. CTOUT OTMETHTD, YTO HAHOYACTHULIBI
10 OT/IETBHOCTH HE MOT'YT PACCMATPUBATHCSA KAK
AJIBTEPHATUBA XUMHYECKUM WIH JPYTUM METOIAM C
TOYKH 3PEHUS IIPOU3BOAUTETBHOCTL

Cy1iecTByeT HECKOITBKO MEXAHHU3MOB C
HAHOYACTUIIAMU 71 YBETMYCHHU I He(DTCOTAAYH,
TAKWX KAK U3MEHCHHE CMAYMBAEMOCTH, YMEHBIIICHUE

MOBEPXHOCTHOI'O HATAXKEHUA HEPTU/BOJBI,
NPEJOTBPAEHUE OCAKACHUA ACHATBTEHOB U
3aKYIIOPKH ITOPOBBIX KAHAJIOB.

CMa4MBAEMOCTD — 3TO TEHJAECHLINAA OHOI'O
Gion1a K paCTEKAHUIO 10 TBEPJOI IOBEPXHOCTHU
B IPUCYTCTBUH Apyroro pmonaa. IlTo mepe
YBEJIMYEHNA KOHLIEHTPAITMU HAHOYACTHL] JIO
OIITUMAJIBHON KOHIIEHTPALIMY KOHTAKTHBIA YI'OJI
KAIUIM HE(PTH YBETMUYMBAJICA U3-34 YBEJIMYEHN A
CTPYKTYPHOTI'O PACKJIMHUBAIOIIETO JABIECHUSA
MEXKAY KAIUIAMU HE(PTH U TIOBEPXHOCTBIO IIOPOABL
O HaKO Npy 6071€€ BBICOKUX KOHLICHTPALIUAX
3(pPEKTUBHOCTb HAHOYACTULL CHIKAETCS U3-34
WX HU3KOM CTAOUIBHOCTHU B 6230BOM JKUTKOCTH.
HaHO9aCTUIIEI MEHBIIET'O PA3MePa TOKA3AIN
JIYYIINE XAPAKTEPUCTUKH, IIOCKOJIBKY OOJIBITIEE
KOJIMYECTBO HAHOYACTHUI] MOXKET OBITh PA3MEIICHO
MEK/1y TOPHOM OPOAOH U KATUIAMM HE(PTU U
YBEJIMYNBACT PACKJIMHUBAIOIIEE JIABJICHUE, 4
TAKXKE OOECIIEYNBAET JTyUlllee IPOHUKHOBEHNE U
aJICOPOIINIO Ha TIOBEPXHOCTH ITOPO/BIL, UYTO MOKET
U3MEHSTDH CBOMCTBA TIOBEPXHOCTU. YTO KACAETCS
THTA IOPOJBL, KAPOOHATA (TTIOJIOKUTEIBHBIH
IMOBEPXHOCTHBIH 3aPsi/T) ¥ TOBEPXHOCTH IIECYAHNKA
(OTpHUILIATENIBHBINM NIOBEPXHOCTHBIM 3aPs1/T), BAYKHO
UCIIONB30BATh MOJU(MPUITMPOBAHHYIO XKHU/IKOCTh
C IPOTHUBOMNOJIOXKHBIM 32PS/IOM 11O OTHONIEHHUIO K
ITOBEPXHOCTU NTOPO/IBL, YTOOBI OOECIIEYNUTD JIYUIITYIO
ajicop61uio. Kpome Toro, mopojisl ¢ 601€€ BBICOKOH
MOPUCTOCTBIO MOT'YT 3/ICOPOHPOBATH OOJIBIIIE
HAaHOYACTHUI] HA CBOEH MOBEPXHOCTU. CJI€/JOBATE/IBHO,
M3MEHEHUS KPAeBOIO YIVIa Ha TOPOJax C bosiee
BBICOKOH NOPUCTOCTBIO 6OJIBIIIE, YEM Y TOPHBIX ITIOPO/]
C HU3KOU IOPUCTOCTBIO [2].

COneHOCTb OOBIYHO CHUIKAET CTAOMIBHOCTD
HAaHOYACTHUIL B BOJHBIX PACTBOPAX M3-34 YMEHDBIIICHU
CUJIBI OTTAJIKMBAHUS MEXX/TY HAHOYACTULIAMU. 1O
JIOCTHIKEHUS ONITUMAIBHON KOHIICHTPAIIUU 3TO BEACT
K a7ICOPOLIMU 60JIBIIETO KOTUYECTBA HAHOYACTHIT HA
TBEPOH IOBEPXHOCTH, YTO NPHUBOJUT K OOJIBIIEMY
M3MEHEHUIO CMAYHBAEMOCTH IO CPABHEHMUIO C
TAKOBOM IPH BBICOKUX KOHIIEHTPAIUAX COJIEHOCTH,
YTO YXYJAUIAET XAPAKTEPUCTUKU HAHOXKUIKOCTEL.

JlaByieHHE OKA3bIBAET HE3HAYUTE/ILHOE BIIUSHUE HA
YIOJI CMa4MBAHMUS, IIPU YBEJIMUYEHNUU TEMIIEPATYPBI
HEOOXOJUMOE YCUIINE JJIs1 OT/IC/ICHUS KAIl/IU He(DTU
OT NOBEPXHOCTH YMEHBIIIAETCS U3-32 YMEHBIICHU S
BA3KOCTH U IJIOTHOCTU HE(PTH [3]. MexxdazHoe
HATSKEHUE — 3TO CUJIA IPUTSKEHUS MEKTY
MOJIEKY/IAMU HA TPAHULIE PA3/EIIA IBYX )KHUJJKOCTEM.
Bosee HU3KO€ NOBEPXHOCTHOE HATSIKEHUE MEXY
HE(PTBIO/BOJOM NPHUBOAUT K YBETMYEHUIO JOOBIYU
HedTH. HaHOYaCTULIBI HA OCHOBE KPEMHUS SIBIISIOTCS
HaUO0JIEE NOMYIAPHBIMUA HAHOYACTULIAMU HE
TOJIBKO JIJIS1 ©3BMEHEHH S CMAYUBAEMOCTH, HO U
JUIsI yMEHBIIIEHUS TIOBEPXHOCTHOI'O HATSKEHUS,
MOCKOJIBKY 3TH HAHOYACTUIIBI OTHOCUTEJIBHO
HEOPOT'M U 60JIE€ COBMECTHUMBI IPU BBEJICHUU B
TIOPUCTYIO CPELY.

TTOBEPXHOCTHOE HATSKEHUE CHUXKAETCA C
YBEJIMUYEHHUEM KOHILIEHTPALIMU HAHOYACTHL] JIO
ONTUMAJIBHOW KOHIEHTpalu. OJJHAKO IPU 6osee }
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BBICOKMX KOHIICHTPAIHMSIX UX 3(PHEKTUBHOCTD
CHMIKACTCS U3-34 AIJIOMEPAIIMU B 6A30BO >KU/IKOCTH.
HanougacTuipl ¢ 60j1€€ BBICOKO! YIEIbHOM
THOBEPXHOCTBIO UMEIOT OTJIMUHBIC XaPAKTEPUCTHKH,
MOCKOJIbKY OOJIBIIIEE KOTUYECTBO B3AUMOICHUCTBUI
C JKHJIKOCTSIMU BBI3BIBAET OOJIBIIEE CHUXKCHUE
THOBEPXHOCTHOT'O HATSKEHUSL.

IIpucyTcTBUE AC(PAIBTEHOB B CBIPOH HE(PTH,
4 TAKIKE 4/ICOPOIUSA U OTIIOKEHHE AC(HATBTEHOB
Ha HOBEPXHOCTH HOPO/IbI-KOJIJIEKTOPA U3MEHSIET
XAPAKTEPUCTHUKU HOPOJIbI, TAKHE KAK IOPUCTOCTD,
HPOHUIAEMOCTD U CMAYHUBAEMOCTD. 113-32 60IBITION
IJIONIA/IU IOBEPXHOCTU HAHOYACTHUI] KDEMHE3EMA
OHHU MOT'YT /ICOPOUPOBATH TSIKEJIbIE KOMITIOHEHTHI B
CBIPOY HEPTH, TAKUE KAK AC(PabTEHBL. HAHOUACTUIBI
KPEMHE3€Ma C HAMMEHBIIUM PA3MEPOM UMEIOT
CaAMYIO BBICOKYIO aICOPOITUIO AC(HATBTEHOB HA CBOCH
NOBEPXHOCTHU. YTO KacaeTcs BnusaHus pH, To o mepe
YBEJIUYEHUSI KUCIOTHOCTH HAHOYACTHUILL JTUOKCH/IA
KPEMHUS UX CIIOCOOHOCTH K 47ICOPOIINU ACHATETECHOB
TAKKE YBEITUYHUBACTCSL.

3aKyIIOpKA IIOPOBBIX KAHAJIOB MOYKET OBITh
BBI3BAHA MEXAHUYECKHUM 34XBATOM. MEXaHNYECKUIT
3aXBAT IPOUCXOIUT, KOIZIA JUAMETP HAHOYACTULIBI
OOJIBIIIE, YEM JUAMETP ITOPOBBIX KAHAIOB. OOBIYHO
Pa3Mep NOPOBBIX KAHAJIOB U3MEPSIETCS B MUKPOHAX.
CnejoBaTenbHO, OOBIYHO HAHOYACTULIBI MOy T
TE€Ub B/IOJIb KAHAJIOB IIOP, HE BbI3bIBASI KAKOI'O-JIMOO
MEXAHUYECKOI'O 3aXBaTd. HO MHOIIa HEKOTOPBIE
H4HOYACTUILIBI HA OCHOBE METAJIJIOB MOI'yT
OJIOKHNPOBATH [IOPOBBIE KAHAJIBI N3-34 CBOETO
OO0JIBIIOrO pa3Mepa.

WHora IBJIEHUE 3AKYyIIOPHUBAHUS IIOPOBOI'O KAHAJIA
MOJKET YIYYIIUTh XAPAKTEPUCTHUKU 3ABOJIHCHU S
HAHOXUJJKOCTSIMHU 34 CYET yBEJIMYCHUS IABJICHUS
B COCEJIHEM IIOPOBOM I'OPJIE U BBITAJIKUBAHUS
He(TH, 3aXBAYCHHOI B IIOPOBOM I'OPJIE, HO, KOT7IA
3aXBAYCHHAsI HEPTh BBICBOOOMK/IACTCS, OKPYKAIOLIEE
JIaBJICHHE ITA/1ACT, 3AKYIIOPKA [IOCTEIICHHO
MCYE34€T U HAHOYACTHULIBI MOT'YT T€Yb BMECTE C
BOZIOH. ['MIpOUIbHBIE HAHOYACTULLBI IMOKCHU/IA
KPEMHUS MOL'YT aJJCOPOUPOBATHCS HA IIOBEPXHOCTSIX
YBJIZXKHEHHBIX BOJOH IIOPUCTBIX CPEJ U 3aKYIIOPHUBATD
HEKOTOpPBIE NOPEL [TaficHuE JaBICHN S 3HAYUTEIBHO
YBEJIMYHBACTCS IIOCIIE 3ABOJHEHN I HAHOXKUKOCTBIO
KpEMHe3€eMa IO CPABHEHUIO C 31BOJHEHUEM BOJIOI, B
TO BPEMS KaK HAHOXKU/IKOCTH UMEIOT TY K€ BA3KOCTb,
YTO M BOJ]A. DTO O3HAYAET, YTO YBEJIMYCHHUE TAICHUSA
JIABJICHUS IIPOHCXOUT TOJIBKO U3-32 3AKYIIOPKU
ITOPOBBIX KAHAJIOB [4].

Eciiu HCIO/Tb30BAHHBIE HAHOYACTHUITHI ObIIN
BBIOPAHBI HETTPABIJIBHO C TOYKU 3PEHUS
KOHIIEHTPAITNU PA3MePA, 3TO MOXKET IIPUBECTU K
MOBPEXJEHUIO IIJIACTA U CHUYKEHUIO KO3(PPUILTMEHTA
He(TEeoTAaYH, HATIPUMEP, IIPHU OYE€Hb BEICOKOM
KOHIIEHTPAIIUH HAHOYACTUI] KOI(PPUITUEHT
W3BJICYCHUS CHIKAETCS M3-34 3AKYTIOPKH IIOPOBBIX
KaHAJIOB.

CrabubHOCTb HAHOYACTUIL B HAHOXKHUTKOCTSIX
SIBJIIETCSI OJJHUM M3 KJIIOUEBBIX (PAKTOPOB B YCIIOBHSX
BBICOKHX TEMIIEPATYP U BICOKOT'O JIABJICHHSL.

B jononHeHne K XUMUYECKUM CBOHCTBAM 15T
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HAHOYACTHUI] HA OCHOBE KPEMHUS CJIC/IYET YIUTHIBATD
JIpyrye (pU3NMYECKUE ACTICKTHI, TAKUE KAK MATHUTHBIC
WJIM JIEKTPUYECKUE CBOFCTBA. HaHOMaTepHuasl,
0COBEHHO 3KOJIOTMYECKH YHUCTHIE M1 SKOHOMHYHBIC HA
OCHOBE KPEMHHUS, IPECTABSAIOT OOIBIION UHTEPEC [5].
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IMoxGoP KHUCIOTHHIX KOMITO3UITHH
JIJISI CTUMYJISIITHH IIPUTOKA K3
HU3KOMPOJYKTHBHBIX ILTACTOB

I'C. [lyounckuti, TAHY ncmumym
cmpameu1eckux uccaeoosanuti Pecnyoruxu
Bawxopmocmar», PI'EOY BO <Ypumcruii
20CY0apCmMEenHbill HePMANOU MeXHUUECKIUL
yrusepcumem»; A.B. Yubucos, ®I'OY BO Ypumcrkuii
20CY0apCmMEenHbILl HePMANOU MEeXHUUECKIUL
yrusepcumem»; A.B. Anopees, Maersk Oil

B npOMBICIOBOM IPAKTUKE IIPU KUCJIOTHOM
CTUMYJIALIAY IIJIACTOB IPUMEHSAIOT PA3JIUYHBIE
pEareHThl-«ylIy4dInuTenn» (1, 2, 3], B Tom 4ucie
«3aAMEJUINTENIN> U «OTKJIIOHUTEIN» KUCJIOTHI
[4, 5]. OmHAaKO HET OOIMENPUHATOTO MHEHHUS O
HaunboJsee 3PPEKTUBHBIX TUIIAX PEATCHTOB-
«yJIYYIIHUTEJIEI», YTO BBIHYXKJAET IPOJOJIKATD ITIONUCK
BO3MOKHOCTEN COBEPIIEHCTBOBAHUS KMCIOTHBIX
06pabOTOK NPOAYKTUBHBIX IIJIACTOB. [TIoaTOMY
OJTHOU U3 MEPBBIX 32/1a49 UCCIIEJOBAHUSA ABIACTCS
onpezeneHue 3PPEKTUBHOIO COYETAHUA KUCIOT
U PEATEHTOB. PE3yJIbTATHI UCCIEJOBAHUSA MOT'YT
NPUMEHATHCSA IIPU TU3AHHE CTUMYJIHPYIOETO
KHUCJIOTHOT'O BO3JEUCTBUA HA TPOJYKTUBHbBIE
MJIACTHL.

[ KapOOHATHBIX KOJUIEKTOPOB IMOJOUPATIUCD
KOMITIO3UITUHU COJIAHOM KUCIOTHI C «YITYYIIUTEIAMU.
HccnenoBanoch BIMAHUE PA3JIMYHBIX (DAKTOPOB,
BJIMAIOMUX HA 3(PPEKTUBHOCTD KUCTIOTHOI'O
BO3JECHUCTBUA (TEMIIEPATYPA, JABICHUE,
KOHIIEHTPAIIUHU KOMIIOHEHTOB PACTBOPA, O6'bEM
U CKOPOCTD 3AKAYKHU KMCIIOTHOU KOMIIO3UIIUH).
IIpOMBICIOBBIN OIIBIT IIOKA3BIBAET CHUKEHHE
YCHEITHOCTU IOBTOPHBIX KMCJIOTHBIX O6PA60OTOK
110 «0». YCTAHOBIIEHO IPOMBICJIOBOU IIPAKTUKOM
U 3KCIIEPUMEHTAJIBHO, YTO AJ11 KAPOOHATHBIX
OPOJ-KOJIEKTOPOB 3P PEKTUBHO IPUMEHEHUE
3aMEJINTENEN U OTKJIOHUTEIEN KUCTIOTHI.
DKCIIEPUMEHTAIBHO OBLIN ITOJJOOPAHBI JIJIS
HUCCJIEAYEMBIX OOPA31I0B IOPOA-KOJJIEKTOPOB



KOHLIEHTPAIIUU 3AMEJJIUTENS KUCIOTH HA OCHOBE
THOJIUTIUKOJIEN.

VBenuueHne 06beMa 3aKaYKU KUCJIOTHON
KOMITO3UIIUH €CTECTBEHHO BbI3BIBACT YBETUYECHUE
pa3mepa 30HBI BO3JEHCTBHUS, HO U3-34 PAAHUAIbHOCTH
THOTOKA B IPHU3a601HOM 30HE 11acTa (I13IT) pocT
pazayca 30HbI MOBBIIIEHHOM IPOHUITAEMOCTH
CB$SI3aH HEJIMHEMHBIM OO6PA30M C OOEMOM
3aKAYUBAEMOI'O KMCJIOTHOI'O PACTBOPA. CBA3b 00beMaA
U PaJINyCa 30HBI TOXOXKA HA JIOTAPHU(PMHUUECKYIO
3aBUCHUMOCTD, TO3TOMY 3(P(PEKTUBHBIM OOBEMOM
KHUCJIOTHOHN KOMITO3UITUU BEIOUPAIOT OO'BEM, IIPU
KOTOPOM 3(P(PEKT NPEKPAITAET UHTEHCUBHBIHN POCT.
OTeYeCTBEHHDBIN IPOMBICIOBBIN OITBIT IPEAJIATAET
HCIIONB30BATD 12%-HBIN COMSTHOKHUCIOTHBIN COCTAB,
MPH 3TOM PHU PAZITUYHBIX IT'€0IOTO-(PUNIECKUX
YCJIOBUAX TPUMEHSAIOTCS TOOABKH PA3TMYHBIX
PEATEHTOB, 4JAITHPOBAHHBIX B KOHKPETHBIX CITy4asiX.

B kauecTBE TEXHOJIOIUH CEJIEKTUBHOM 3aKAYKU
KUCJIOTHI 6€3 UCIIOIb30BAHUSA TAKEPA MOXKHO
PEKOMEH/IOBATH UCTIOIb30BAHUE OTKIOHUTEIIEN
KHMCJIOTBI, HAIIPUMEP, HA I'E€JIEBON OCHOBE. Llenn 1
PE3YNBTATHI TAKOT'O BU/A 3aKAYEK JOCTHUTAIOTCA
32 CYET U3MEHEHUA PEOTIOTUYECKUX CBOVCTB
PacTBOPA B TEUEHHUE 3aKAYKH HEMTOCPEACTBEHHO B
miacre. B kagecTBe OTKIOHUTEJIEH IIPEIJIATAINCD
U MCTOJIb30BAINCH I'ejie- U IEHOO6PA3YIONIE
peareHTsl. IMeeTCa NPaKTUIECKHUH OIBIT Pa3paboTKH
U IIPUMEHEHUS TAKOT'O POJIA pEareHTOoB. C
TIIPUMEHEHUEM 3AMEJJINTEIIS U OTKJIOHUTEIS YCIIEITHO
06pabOTAHBI ACCATKU CKBAXKUH HA PA3JIMYHBIX
MecTopokaeHusax PO 1 CHI 5, 6).

Bpl1H IPOBEJEHBI JIA60PATOPHBIE SKCIIEPUMEHTBI
C 00PAa3LaMU TEPPUTCHHOI'O KEPHA, KOTOPBIE
TIO3BOJIWIN IOA0OPATH JOCTATOYHO 3(PPEKTUBHYIO
KUCJIOTHYIO KOMIIO3UIIUIO U BBIOPATH TEXHOJIOI'UIO
06pabOTOK.

HuskonpoHuI1jaeMble 06pa31ibl TOPHOM TOPOJbI
BJIAOOPATOPHBIX YCJIOBUAX HE ITPONYCKAJIN BOLY U
pactsop HCL

OJIMH HU3KOIIPOHUIAEMBIH KEPH ObLJI OCTABJICH
I1O/1 JABJICHUEM PACTBOPA COJISTHOM KMCJIOTHI HA
24 gaca, 9YTO UMUTUPOBAJIO KUCIIOTHYIO BAHHY ITOZ,
napaeHueM. [Tocie UMUTALIUU KHUCJIOTHOM BAHHBI
yepes3 O6pa0OTAHHBIN KEPH yoKE 11a (PUABTPALUS
BOJBL. KOa(pdpunneHT NpOHULIAEMOCTH IO BOAE ITPH
3TOM foCcTHr 11,2x10-3 MKM2 B onibITax ¢ 06pa3rom
KEPH4 C HAYaTbHOM MPOHUITAEMOCTHIO 1,6x103 MKM?
OCIE OOPAOOTKH NOTYYEHA IPOHUIIAEMOCTD
6,7x1073 MKM?, 4 C O6PA3IIOM HaYaJIbHORM
MIPOHHUIIAEMOCTHU 23%10 MKM? IPOU3OILIO
yBeJIMYEHHE 70 35,1x10° MKM2 Y HU3KOIIPOHUIIAEMBIX
KEPHOB NOCJIE O6PA6OTKH HOPHUCTOCTb BO3POC/IA HA
5,4%, a4 pOCT IMMPOHHUIAEMOCTH AoCTUTA 10 10,6 pasa.
V 06pa310B TEPPUTEHHOT'O KOJJIEKTOPA C AOCOITIOTHON
HPOHUIAEMOCTBIO OT 13,5x1073 MKM? [1O
56,4107 MKM? POCT ITPOHUIIAEMOCTH COCTABUII OT
170 o 280%.

TaxuM 06pa3oMm, IO PEZYNBTATAM JTAOOPATOPHBIX
3KCIEPHUMEHTOB C TOAOOPAHHBIMU KUCJIOTHBIMU
KOMIO3UIUSAMHU MOKHO OBLIO OKUATh
HOJIOKUTENBHOTO 3(P(PEKTA OT KUCJIOTHOTO

BO3/ICUCTBUA HA TPU3A00MHYIO 30HY IIJIACTA B
CKBAKMHAX MECTOPOXKIECHUS, I7I€ OB OTOOPAH KEPH.
B KuCI10THOM KOMOO3UIIUH UCITOIb30BAHBI COJISTHAS,
YKCYCHASI U TIJTABUKOBASI KUCJIOTHL, C JOOABJICHUEM B
PA3JIMYHBIX T'€OJIOTO-(PUBNYIECKUX YCIOBUAX [TAB,
aLI€TOHA, METAHOJIA. Ha OCHOBAaHNM SKCIIEPUMEHTOB
pa3paboTaHa TEXHOJIOTUS C UCIIOIb30BAHUEM
KHUCJIOTHBIX KOMITO3UIIMI U YCIIEITHO ONTPOOOBAHA
PU KUCJIOTHBIX OOPA0OTKAX TPEX CKBAXKUH,
[IPUPOCT TPOAYKTUBHOCTH COCTABUI 14,1, 6,6 1 4,3%.
Bo Bcex CiIy4asx nepes 3aKa4nBaHUEM KUCIIOTHOM
KOMITO3UIIMH B [ 13I1 B CKBA)KMHE YCTAHABJINBAJIACh
COJITHOKUCJIOTHASI BAHHA MOJ| TABJICHUEM.

AHa/IN3 HAYYHO-TEXHUYECKUX UCTOYHUKOB
MO3BOJIAI ONPEAETIUTD (DAKTOPEIL, ONIPEAEIIAIONINE
YCIIEMTHOCTb KUCIOTHBIX OOPA0OTOK ITPU
WHTEHCU(PUKALTNU JOOBIYH HEPTH. DKCIIEPUMEHTHI
C KEPHOBBIM MATE€PHUAJIOM ITO3BOJIUIN YBUJIETD, YTO
COJIAHAS KUCJIOTA IEUCTBYET U HA KAPOOHATHEIE,

U HAa TEPPUT'€HHBIE KOJUIEKTOPBL. O4YE€BUIHO, UTO B
TEPPUTEHHBIX KOJUIEKTOPAX YACTO IPUCYTCTBYIOT
PaCTBOPHMBIE B COJITHOM KHACJIOTE MATEPHUAJIBI,
KAaK IIPUPOJHBIE, TAK U IPUBHECEHHBIE. [ToaTOMY
CTOHUT YYUTBHIBATb BO3MOXXHOCTb OOPA30BAHUSA
resa u3 Gropuaa Kbl [JTMHOKHUCIOTHBIE

U COJITHOKMCIOTHBIE KOMIIO3UIINY 6€3
OCJIOKHEHHWU MTOBBIMIAIOT IIPOHUIIAEMOCTD
KOJUIEKTOPA IIPU BBEJEHUN B HUX 3AME/JIUTEA
KHUCJIOTBI ¥ IOBEPXHOCTHO-AKTUBHBIX BEIIECTB.
KOMIO3UITMOHHBIE COCTABBI YCIIENTHO MOBBIIIAIOT
MPOHHUIIAEMOCTD KOJUIEKTOPA IIPU COOIIOAEHUN
TEXHOJIOT'MYECKUX MPUEMOB. CIIEJIAH BBIBOJ, O
NEPCIEKTUBHOCTY IIPHUMEHEHNA TEXHOIOT NN
PETYIMPYEMOT'O KUCJIOTHOT'O BO3ACHCTBHA HA
OCHOBE KOMIIO3UIIMOHHBIX COCTABOB B YCJIIOBUAX
HU3KOIIPOHUIIAEMBIX KOJUIEKTOPOB.

IIyonukxauus n0020mMoGena 8 PAMKAX bINOSHEeHUA
2ocyoapcmeennozo 3adanusnlaoopamopuu
Hegpmeza3oewix uccaeoosanuti IAHY HCH PB na 2021 2.

Pab6oma noooepicana Munucmepcmeom Hayku u
ébicuiezo oopasosanun Poccuiickoti Pedepauun no
coznamenuro Ne 075-15-2020-900 8 pamxax npozpammst
pazeumus HIIMY.

JINTEPATYPA

. Tyxtees P.M., AHTMNuH tO.B., Kaprnos A.A. Obnactu 3¢ppekT1BHOro
NPUMEHEHNs KUCIOTHBIX 06PaboTOK CKBaXMH Ha MeCTOPOXAEHUSIX
3anagHoro bawkopTocraHa/HedTenpombicnosoe geno.—2001. -
Ne 1.-C. 28-31.

2. TyxteeB P.M., AHTunuH 10.B., Kapnos A.A. lHTeHcnbmkauma
L06bl4M HedTU 13 KapBoHaTHbIX KonnekTopos/HedTaHoe
x03aMcTBo. — 2002. — N2 4. — C. 68-70.

. AHnppees B.E. n gp. lMoBbllieHMe NPOoAYKTUBHOCTU CKBaXMH,
3KCnyaTMpyloLWwmx KapboHaTHble konnekTopbl/B.E. AHfpees,

A.M. Yumxos, A.B. Ynbucos, [.B. iBaHoB//CO0OpHUK MaTepnanos
MexayHapogHOW Hay4YHO-NPaKTUYeckon KoHpepeHLmn
«MHHOBaLMOHHbIE TeXHONOrMKN B HedTerasoBoM KoMnnekce». —
Ya. -2014. - C. 22-26.
4. Xaknmos A.A. n gp. CoBepLUeHCTBOBaHME TEXHONOMMN KMCIOTHBIX
0bpabotok/A.A. Xakumos, P.U. Catrapos, A.B. KauypuH,
A.B. AkumkuH//HedTaHoe xo3smcrso. -Ne 3. - 2012. — C. 54-55.
5. AHppees B.E. v gp. [IM3aliH n peanusaums TEXHONOIMMU BO3AENCTBUS
Ha KapOOHAaTHbIN KONNEKTOP C UCTONb30BaHUEM «3aMeaUTENs»
kuanotol/B.E. AHgpees, .C. OybuHckun, K.M. ®égopos,
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A.B. AHgpees//Mpobnemsl cbopa, MOArOTOBKMW U TpaHcopTa HedTH
1 HedTenpopykToB. — 2014. - N2 2 (96). - C. 5-14.

6. AHgpees B.E., AyouHckunin I.C. ONbITHO-NPOMBbICIOBbIE PaboThbI
no perynupoBsaHuio Npoduns oTaaumn CKBaXmnH MecTopoXxaeHus
Koxacaw ¢ ncnonb3oBaHMEM KOMMO3ULIMOHHOIO cocTaBa//BecTHuK
Akapgemun Hayk Pecny6nuku bawkoptocraH. —2014.-T. 19. -
Ne2.-C.79-84.

HccaegoBaHUA O€CXTIOPHBIX
KHCJIOTHBIX KOMITO3UITHUH,
MOTHU(PHUITHPOBAHHBIX IIBUTTCPHOHHBIM
ITAB, 111 UHTEeHCH(DHKAITHH IIPHTOKA U3
KAapOOHATHHIX KOJUIEKTOPOB

JLA. Mazaooea, /I.B. Hypues, PI'Y ne¢pmu u 2asa (HHY)
umenu HM.I'yoxuna

HeratuBHBIMH (PAKTOPAMH, O DAHUYHUBAIOIIUMH
JIOCTH>KEHHE BBICOKUX ITPUPOCTOB JJEOHUTA HEPTU
TOCJIE TPOBEJICHUSI COISTHOKUCIOTHOM OOPAOOTKHU
KapOOHATHBIX KOJIJIEKTOPOB, ABJISIOTCS BBICOKAS
CKOPOCTB PACTBOPEHMS IOPOAOOOPA3YIOMUX
MHHEPAJIOB, BbINAJCHUE BTOPUYHBIX OCA/IKOB U
3HAYUTENIbHAS KOPPO3UA HEPTEMPOMBICTIOBOTO
060pynoBaHMs. Pa3BUBAIOMINMCS HATIPABJIEHUEM
KHUCJIOTHBIX OOPA6OTOK ABJSAETCA IPUMEHEHUE
AJIBTEPHATUBHBIX OECXJIOPHBIX KUCJIIOTHBIX COCTABOB
(BKC). Ilpumenenne BKC nmeeT paj IpeumyIecTs
Tepe; COMSAHOL: 3aMEJJIEHHAS] CKOPOCTb PEAKITUHN
C NOPOAOY U HU3KAs1 KOPPO3UOHHAA AKTUBHOCTD K
HedTaHOMY 060py0oBaHMI0. Kpome Toro, BKC mpu
KOHTAKTE C HE(PTBIO HE OOPAZYIOT XJIOPOPTAaHUYECKHUX
COEMHEHUH U HE CITIOCOOCTBYIOT BblaZieHHIO ACITO.

B kauecTBEe OOBEKTOB BO3/ICHCTBUS B IAHHOU PaboTe
PACCMATPHUBAINUCH PEAJIBHBIE OOBEKTHI PA3PAOOTKHU
IOrO-BOCTOKA Pecrtyonuku TaTapcTaH, IpUypPOYEHHBIE
K KapOOHATHBIM 32JIEKAM BBICOKOBSA3ZKOU HE(PTHU
U XaPAKTEPUIYEMBIE CJIOKHBIMHU I€OJIOTO-
(PU3NIECKUMHU YCIIOBUAMH 3AJIETAHUS.

HccnenoBaninuch 1Ba BAPUAHTA OECXIOPHBIX
KHCJIOTHBIX COCTAaBOB (BKC): cyxas cmech
CyNb(paMHUHOBOM KMCJIOTBI U A1I€TATA AMMOHUSA
(cocras 1), KUCTOTOreHEPUPYION A CMECH
(popmanrHa U HUTPATA AMMOHUS (COCTAB 2).

151 noBbIIEHU 3(P(PEKTUBHOCTHU JICHCTBUS
BKC B KauecTBe MOJU(PULIUPYIOUIEH JOOABKU OBLIIO
BBIOPAHO LIBUTTEPUOHHOE ITAB, KOTOPOE NO3BOIUIIO
JOIOJTHUTEIBHO CHU3UTb CKOPOCTb KOPPO3K U,
YMEHBIINTD MEX(PAZHOE HATAKEHUE HA TPAHULIE C
HEQTHIO U YIIYYIIATh CMAaYUBAEMOCTb KAPOOHATHONU
nopobL Takke 6bLIO BBISIBICHO (POPMUPOBAHUE
BA3KO-YIIPYI'UX CUCTEM IIPU KOHTPAKTE PACTBOPOB
LBATTEPUOHHOTO ITAB C BLICOKOMHUHEPATIU3OBAHHOMI
IJIACTOBOM BOJOH OO'BEKTOB PA3PAOOTKH, UTO
TIO3BOJIWIIO YBENNYUTh 3P (PeKTUBHOCTD BKC 117151
HEOJHOPOIHBIX OOBOHEHHBIX KAPOOHATHBIX
KOJUIEKTOPOB 34 CYET IIPOrHO3UPYEMOI'O
CaMOOTKJIOHEHU A KUCJIOTHBIX COCTABOB B INTACTOBBIX
YCJIOBUSAX.

Pe3ybTaThl IPOBEACHHOIO KOMIIIEKCA
J1A60PATOPHBIX UCCAEAOBAHUH ITOATBEPAVIIN
apdpexruBHOCTL BKC, MOgMMUIIMPOBAHHBIX [TAB,

n HCpCHCKTI/IBHOCTb nux HpI/IMCHCHI/IH Ha pCaHbeIX
OO'BEKTAX PA3PAOOTKU KAPOOHATHBIX KOJIJIEKTOPOB
IOr0-BOCTOKA Pecriy6nuky TaTapcTas.
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OnTHMHU3AH A KOMIIOHEHTHOI'O COCTABa
KHCJIOTHOM KOMITO3HITHUH /151 YCJIOBHH
IIPOAYKTUBHBIX KO/UIECKTOPOB HHKHETO
MHOII€HA MeCTOPOKaeHusA beabri Turp

JLA. Mazaooea, M,/]. [laxomos, B.b.1y6aros,

KK Mepsnaxos, By Bvem Txans, PI'Y ne¢pmu u 2asa
(HHUY) umenu UM I'yoruna, HOL] Ipombicrosasn
xumus; Jle Boem 3yne, CII «Bvemcosnempo»

7151 BOCCTAHOBJIEHUS (DUIIBTPALTUOHHO-
€MKOCTHBIX CBOUCTB (PEC) NOPOJ-KOIIEKTOPOB B
npuszadoriHou 3oHe nacTa (I3I1), yXyAmaomuxcs
B IIPOLIECCE IKCILIYATALIUH, IPUMEHAIOTCS
Pa3/IUYHBIE METOJBI,

B TOM YHCJIE KUCJIOTHBIE OOPAOOTKHU.

B CIT «BbeTcoBneTpo» pasjm4yHbIle TEXHOJIOIUHN
006pPabOTKU NPU3A00HHON 30HBI CKBAKUH
UCTIONB3YIOTCA C 1988 roma. OJTHAKO yCHIENTHOCTD
KHCJIOTHBIX 06pa60TOoK [13I1 HAa HUXKHEM MUOILIEHE
MECTOPOXAEHUSA benblit TUrp HEJOCTATOYHO
BBICOKA U3-34 MOBBIIIEHHBIX MJIACTOBBIX
TEMIIEPATYP, BBIIIE
93 °C, 11 BBICOKOT'O COAEPKAHUA TTTMHUCTBIX
MHHEPAJIOB B COCTABE TOPHBIX NOPOJ
NPOAYKTUBHBIX OTIOXEHNUU.

IIpu pa3paboTKe 3(PpPEKTUBHON KUCIOTHONU
xkomniozunuu B HOLL JIpoMbICIOBasA XUMMUSA>
B coTpyaHudectse ¢ CIT «BbeTcoBrneTpo» s
06paboTOoK I13I1 Ha HU2KHEM MUOLIEHE C YIETOM
KOHKPETHBIX IIJIACTOBBIX YCJIOBUI GBI OTOOPAHEI
CJIEAYIOMNE KOMIIOHEHTBL: COJISTHAS, YKCYCHAA U
OOpHAsA KUCIOTHL, (PTOPUJ AMMOHUS, ”THTHOUTOP
KOppo3uu ConuHr JIY, TOBEPXHOCTHO-AKTUBHBIE
Bemuiectsa OC-20, Hedprenon-MJI, IABCK u Boza.

B xozn€ onpeneneHus CKOPOCTU PACTBOPEHUSA
KEPHOBOI'O MATEPUAJIA IPOAYKTUBHOI'O KOJIJIEKTOPA
HUKHETO MUOLIEHA IPABUMETPUYECKHUM METOMOM,
CKOPOCTH KOPPO3UH U COBMECTUMOCTH C INIACTOBOM
HePTBIO METOAOM bottle-test 6bLJIO YCTAHOBJIEHO, YTO
C ITIOMOIIBIO U3BMEHEHU A KOHIIEHTPAIIUH COJITHON
KHUCJIOTBI MOKHO YBEJIMYUTD CTENIEHb PACTBOPEHHUA
KEPHOBOI'O MATEPUAJIA U TTIOBBICUTD BBIZIEJIEHUE
KHCJIOTHOH KOMITO3UIIUH U3 OOPATHON 3MYIbCUU.
[TocnenHee yIBEPKACHUE MOXKET ObITh OO'BSICHEHO C
IOMOUIbIO 3aKOHA CTOoKCa (1):

V.=2gr(p, —p) | @
o'u

e U — JUHAMUYECKAs BA3KOCTD JUCIIEPCUOHHON
cpenel, MITa+c; g — yCKOPEHHE CBOOOJHOIO MAJCHUS
M/C? I — PaAMYC ITI06YJIbl AUCIIEPCHOM (paA3BL, M; p, —
IUIOTHOCTD JUCHEPCHOM (Pa3bl, KI/M?; p, — IIIOTHOCTD
JUCTIIEPCUOHHON CPEABL, KI/M?

CornmacHO NpUBENEHHOM (popMyie 1, UBMEHEHUE
KOHILICHTPALIUH COJITHON KUCIOTBI IPUBOAUT
B IIEPBYIO OYEPEb K UBMEHEHUIO MEXK(PAZHOTO
HATSKEHUS MEXKAY BOAHON (AUCTIEPCHON (ha301) U
YIVIEBOJOPOAHOI (pa30It (AUCIIEPCUOHHOM CPEO)
U, KaK CJIEJJCTBUE, K UBMEHEHHUIO OO'bEMOB ITIOOYII
B OOPAaTHOU 3MYJIbCUU. BO-BTOPHBIX, 3TO IPUBOJUT
K UI3MEHEHUIO MACCHI JUCIIEPCHOI (PA3bI, 4YTO



YMEHBIIAET CEJUMEHTAIIMOHHYIO YCTOMYUBOCTD
CUCTEMBI.

Taxkym 06pa30M, C TIOMOMIBIO TIOCTEIIEHHOTO
YBEJIMYEHH S KOHLICHTPALIUU COJISTHOHN KHUCJIOTHI JIO
OIITHMAJIbHOM BEJIMYHHBI, OOECIICYMBAIOMICH OJTHOE
PacCcIOEeHNE 3MYIbCUH, ObLIA YBEJINYEHA CTENIEHD
PACTBOPEHM S KEPHOBOT'O MATEPHUAIA IPOyKTUBHOI'O
KOJIJIEKTOPA C 5 10 15%. OnTuManbHas KOHIEHTPAIINS
COJITHOM KHUCJIOTHI B KUCJIOTHOM KOMIIO3ULIY ITPU
3TOM COCTABUIA 9% (MACC.).

Hcnoas3oBanue 1-D reoMexXaHHIE€CKOH
MOJIETH KAK HHCTPYMEHTA JIJI51 OLICHKH
3¢ PEeKTHBHOCTH KHCIOTHOTO BO3ICHCTBHA
HA 00'BEKTBHI C TPYTHOU3BICKAE€MBIMH
3amacamMu He(TH

HA Yronos, KB. Cmpunxcres, BA. L[bl2anKos,
PI'Ynegpmu u 2aza (HHY) umeru M. Iyorxuna

3a OCHOBY IPOOGIEMATUKH JAHHOU PA6OTHI
MIPUHATO PACCMOTPEHUE METO/IOB CHUKEHUS
JIABJIEHUS I'UIPOPA3PBIBA IUIACTA 11 OOBEKTOB,
OTHOCSIIUXCS K TPYAHOU3BIEKAEMBIM 3aI1ACAM
HedTH. OJHUM U3 TAKUX METOJOB MOXET MOCTYKUTh
IPEBAPUTENIBHAA OOPAOOTKA KUCIOTHBIM COCTABOM
NPHU3a00MHON 30HBI CKBA’KUHBI (TAK HA3bIBAEMAS
KUCJIOTHAA BAHHA). BEIABUIAETCA T'UIIOTE3A O BJIUAHUN
KHUCJIOTHOI'O COCTABA HA IT€OMEXAHUYECKUE CBOUCTBA
TOPHOM ITOPO/IBL, YTO B JAJIbHEUIIIEM IIPUBEJIET K
CYHIECTBEHHOMY U3MEHEHUIO 3HAYEHUI yIIPYTO-
MPOYHOCTHBIX CBOUCTB I B KOHEYHOM CUETE K
CHIDKEHHUIO JIABJIEHUS I'H/IPOPA3PhIBA ILIACTA.

Lle1bI0 NCCIENOBATEIBCKON pAOOTHI SIBJISICTCS
MPOBEPKA JAHHON I'MITIOTE3BI IYTEM ITIOCTPOEHUS
1-D reomexaHN4E€CKOM MOJEIIH U IIPOBEACHM CEPHUU
3KCIMEPHUMEHTOB. Ha HAUaIBHBIX 9TANAX UCIIBITAHUSA
OyAyT IPOBOAUTBLCA HA OOPA3LAX IEMEHTHOI'O KAMHSL.
3areM, IOCJIE OTPAOOTKH METO/IUK K OOPAOOTKU
PE3YNBTATOB, UCIIBITAHUA OYYT IIPOXOAUTD HA KEPHE.

TF'eoMexaHMUECKOE MOJETUPOBAHUE TPUMEHAECTCSA
JUIS PA3JIMYHBIX 327124, TAKUX KAK OTPAHUYEHNUE
MECKONPOABIEHUSA, PACYET YCTOHNUYUBOCTH CTBOJIA
CKBAKUHBI ITPU OYPEHUH, TOJOO0P ONTUMAJIBHOIM
TPAEKTOPUH CKBAXKUHBI, PACYET TEXHOIOTUUECKUX
nokasaresier onepauuu I'PIT — Bce 3T MEpONIPpUATUSA
TIPUBOJAT K IIOBBINIEHUIO 3(PPEKTUBHOCTH
pa3paboTku [1-4]. B pabote nipeaiaraerca
HCIIOJIb30BAaHUE 1-D reomexaHnu4eCcKOMn MOJEIN KaK
WHCTPYMEHTA JIJIA IPOTHO3UPOBAHU A PE3YIBTATOB
H4 pEAJIbHOM IIPOMBIIIVIEHHOM OO'bEKTE [5]. B
KA4EeCTBE UCXOHBIX (BXOAHBIX) JJAHHBIX B MOZIEC/IN
UCIIONB3YIOTCS pE3yAbTaThl UHTEpHpeTanuu I'MC u
JAHHBIE KEPHOBBIX MCCJIEJOBAHUM, IPENOCTABIECHHBIE
npu nogaepskke komnanuu OO0 Ja3npoMHeTh —
TeXHOIOTUYECKUE ITAPTHEPCTBA>.

3aTeM, IOCIE MIPOBEJEHMSA CEPUU SKCIIEPUMEHTOB
Ha OJTHOOCHOE CKATHE C IIPEABAPUTEITBHON
06pPaBOTKOM KUCJIOTHBIM COCTABOM, ITIOJIyYCHHBIE
JaHHBIE 6yIyT BHOCUTBCS B FTEOMEXAHUYECKYIO MOZIE/Ib
C IONPABKAMU HA IUIACTOBBIE YCJIOBUA U APYTUMHU
MONPABKAMH HA OCHOBAHUH METOAMK IIPOBEACHUSA
3KCIIEPHUMEHTOB.

KapGoHaTHBNE MUHEDOAB!

[EagleFord 7 T\

iy
St

Knopugewe
MHHEDOAR

Pucynox 1 -/Tumonozuuecxkan ouazpamma

Biraropaps UCTIOIb30BAHUIO T€OMEXAHUYECKON
MOJENN IPEACTABATCSA BO3MOXHOCTb KAYECTBEHHO
U KOJIMYECTBEHHO OLIEHUTD [TEPCIIEKTUBHOCTD
PasBUTUSA TEXHOJIOIMH IIPEABAPUTEIBHOM KUCIOTHOM
06pabOTKU IPU3AO0OHHON 30HBI IIACTA, [IOTCHIUA
€€ IIPOMBIIJIEHHOT'O BHEAPEHHUA Y TUPAKUPOBAHUSA
HAa OOBEKTHI C TPYJHOMU3BJIEKAEMBIMH 3AITACAMU.

B niepByIo odepezn JaHHAA TEXHOIOT A AKTYaJIbHA
JUIs1 JOMAHUKOBBIX OTJIOKEHUI BCJIE/ICTBHE BBICOKOT'O
CoAepKAHMUSI KAPOOHATOB B CBOEM cOoCTaBe (puc. 1) [6).
OnHAaKO 1151 62°KEHOBCKUX IIJIACTOB UCCIIEIOBAHUS
TAKKE IJIAHUPYIOTCA K IIPOBEACHUIO.

BriBOziBL: 1. BBIZIBUT'A€TCS TUIIOTE3A BO3MOKHOCTH
MPOBEJIEHNA KUCTIOTHOI'O BO3JAEUCTBUA /11 CHUKEHUSA
JABJIEHUA I'MIPOPA3PhIBA IUIACTA.

2.TIpoBepKa JaHHOU I'UNOTE3bI OYET
MPOBOAUTLCA ITyTEM JIAOOPATOPHBIX UCCIIEJOBAHUI
Ha KEPHAX C IPUMEHEHUEM MOJETUPOBAHUA B
CHELMAIUZUPOBAHHOM IIPOI'PAMMHOM OOECTIEYEHH .

3. BueceHue pes3y/ibraToB SKCIIEPUMEHTOB B
reOMEXAHUYECKYIO MOJIEND ITO3BOJIUT IIOBLICUTD
AJIEKBATHOCTD IOJIYYEHHBIX PE3YILTATOB U IIEPEHECTH
JIAGOPATOPHBIE UCCIEIOBAHMSA HA MACIITAO CKBAXKHUHBL

JINTEPATYPA

—_

. XacaHos M.M., Xykos B.B., Os4yapeHko tO.B., Tumodeesa T.H.,

JlykunH C.B. leomexaHnyeckoe MoaenvpoBaHue A1s pelleHuns 3agaqm
orpaHunyeHus neckonpossneHus.//HedbTaHoe xo3sncrso. — 18.01.2017.

. MapkuH M.A., Tyna A.K., ficynoB §1./. KoMmnnekcHbIN reoMexaHU4eckni

NoAxoA Ans Bbibopa nHTepBanos nposegeHus NP Ha npumepe
GakeHOBCKOM CBUTBI B Mpefenax KpacHoneHnHckoro ceopa//bypeHne
M HedpTb. —N29.-2016.-C. 50-55

. CMupHoB H.10., 3apyma Toppec M.C., BanbeHTe J1.B., Tapxunbaes P,

Monoguos P.B., Ky3HeLoBs U.B., XomeHok W.I. OnTuMmsaums crpaternm
3aKaH4MBaHUWsi Ha Ga3e reoMexaHWKU C y4ETOM BIVUSIHUSA XMUMUYECKMNX
3¢ dekToB Ha MeExaHNYecKMe cBoKCTBa nopopa,. —2016. — 26 ¢.

. KawHukos 10.A., Awnxmun C.I., Wyctos [.B., fiknmos C.1O., KyxTuHckmi

A.3. MNoB.blweHne 3¢pHeKTUBHOCTU pa3paboTKmn MecTopoXaAeHU
yrneBofopoOB Ha OCHOBE KOMMNEKCHbIX reoMeXaHN4YeckKmnx
nccnepoBaHuin//HedtaHoe xo3amcrso. — N2 3. —2019. - C. 66-69.
YepemucuH A., MeTpakos tO., Cobones A., Cuwerko C., Tatyp O.,
YeTTbikOaeBa Kamunna, OuepTsaHbin A. [eomexaHUYeckoe
MoAenMpoBaHue B CTaHaapTax npeanpustui. —2018.-7 c.

. YepreHkos M.B., Ycaues 'A., Hekpacos A.B. TexHonorum paspaboTku

TPyAHOM3BIEKAEMbIX 3aMacoB YrNeBoJoOPOLOB: yieb. nocobue. — M.:
M3patenbckun ueHTp PIY HedTu 1 rasa (HUY) umenn U.M. [ybkuHa,
2018.-93c.
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Hrorn XXVI HAayYHO-IIPAKTHYECKON
KOH(pepeHITnHN
«MomepHHU3aIUA POCCHUCKOTO
reo(pU3NIECKOro KOMILIEKCA»

Konpepennus nporna B Ve 23 Hos10ps
2021 roma B otene Hilton Garden Inn Ufa Riverside.
OpraHusaTopaMu TPAAUIMOHHON Y(PUMCKON
KOH(PEPEHIIUY BBICTYIIHJIN CO3LAHHBINA B
2014 rogy npu cogencTBuu MUHUCTEPCTBA
MIPOMBIIIEHHOCTH U SHEPTETUKU Pecriyonmku
bamkoprocTan 'eopusznueckuii knacrep «Ksanrt»
1 MeXpErnoHaIbHAS OOIIECTBEHHAS OPraHU3AI U
EBpO-A3uaTCKOE re0(PHU3UIECKOE OOIIECTBO
(MOO EATO). CozericTBUE B OPIaHU3AINN
U IIPOBEJIEHUU KOH(PEPEHIINU OKA3bIBATIN
MesxyHapoaHas ACCOLTUAIINS HAYyYHO-
TEXHUYECKOTO U IEJIOBOTO COTPYAHUYECTBA I10
reo(PU3NYECKUM UCCIEAOBAHUAM U PA3PAOOTKAM B
CKBAXMHAX (Acconmanus «<AHC») 1 Hekommepueckoe
06 beiHEeHUE «COI03 OAJCPKKHI
U PA3BUTUS OTEUYECTBEHHBIX CEPBHUCHBIX
KOMITAHUU HE(PTETA30BOI'O KOMIUIEKCA»

(HO «Coro3He(dTEra3cepBucy).

HMH(pOPpMATMOHHBIE TAPTHEPBL: HAYYHO-
TeXHUYECKUN BeCTHUK AHIC «KapOTaKHUK», Ky PHAJIbI
MOO EAT'O Jdeopusnka» u Teopuznueckuin
BECTHUK», HAYYHO-TEXHUYECKUI XKypHaI «<HedTs.
I'az. HoBanuu», HAyYHO-IIPAKTUYECKUI Ky PHA

«BpeMs1 KONTIOOWHIA», aHAJIUTHYECKU I XKy PHAJI
«Hedrerazosas BEPTUKAIb>, HHPOPMALTUOHHO-
TEXHUYECKUT XypHaI «Cepa Hedreras», HayaHo-
TEXHUYECKUI XKypPHA «DKcno3nnusa Hedrb a3,
OO0 «CraptHed1bl'a3», )xypHans! «<HedrssHOE
XO3AUCTBO», «['a30Ba4 IIPOMBIIITIEHHOCTD»,
«Teppuropuss HEOTETA3». B cBA3U € maHJeMUEH
KOPOHABUPYCA paboTa KOH(EPEHIINH IPOXO/INIIA B
pexxrMax ogJIariH U OHJIAMH. BCETo yuacTBOBAIO
130 criennuanncTOB B pekuMe OIIaiiH 1

50 CIEIUAINCTOB B PEKUME OHIANH 13 67
koMnaHui Poccun u 1 uz Kuras. Cpenu eeraton
15% npeacTasisii HE(PTEra30BblE KOMITAHMH,

30% CEpBHUCHBIC KOMITAHUH U 55% BEYIINUX
YYEHBIX U CIIEIUATTACTOB By30B, KOMITAHUIA
reo(pu3nYeCKON HAYKU U IIPUOOPOCTPOEHUSL.
TToBblmeHHAA AKTUBHOCTD IIPEACTABATEIEN HAYKU
U IIPUOOPOCTPOEHUS ONIPEJEIIATACH OPUEHTAIIUEN
KOH(pEpEHIINUN HA MOJEPHU3ALHIO I'€O(PUNIECKOIO
KoMIuiekca Poccurickor depepanyn. [IpuBeTCTBUA
OPraHMU3aTOPAM U YUYACTHUKAM KOH(pPEPEHIIUN
Hanpasuiau: O.B. JKpanees, 3aMecTuTeNb
re’HepajbHOro Aupekropa PIrby «Poccurmickoe
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SHEPreTUYECKOE AI€HTCTBO> MUHIHEPro POCCUIICKOMI
Penepanyu, A.A. ITOIAKOB, BULIE-TIPE3UIEHT —
m1aBHbIN reosior [TAO «HK «PocHePTh».

B paboTe KOH(DEPEHLIMY TPHUHSIN YYACTUE
CIICITUAJIMCTBI HE(PTETra30BbIX KOMITAHUH: [TAO
«HK «Pocued1h» 1 ITAO AHK «Bamued1h», AO
«Camapanedreras», OO0 «XapaMnypHedTeras»,
OO0 dJlykoun-Ilepmpb», OOO «PH-IOranckuedreras»,
3A0 Jd'aznpom ApmeHus». [eopusznueckue
CEPBUCHBIE U TIPHOOPOCTPOUTEIBHBIE KOMITAHUN
ObLIU NIpeICTaBaeHbI crienuanucTamu OO0 «THI-
I'pyn, I'pynibl koMnanud BHUHUTHC, OI'BY «POA»
MunsHepro Poccun, AO «bamB3peIBTEXHONOIU», AO
«bamuedrereodpusnkar, HITO «Coro3HeTEra3cepBrc»,
AO <«TtomeHbIIpoMreousnka», AO
dlepmHedrereodpusukar, OO0 Laznpom
Heqpar, AO Leonan T'MCs, OOO JIUTL]

TF'eodusuka», «Schlumberger-Poccus», OAO
«KoraneimHedTereodpusnkar, AO HIID «Dmukom»,
00O deopusmant», OOO «HosTek. HoBble
TeXHONMOTUW», I'VIT LIMU «Ypanl'eo», OOO HITD
«AMKTopuzonT», AO «BHUITHB3PBIBreO(pU3NKa»,
OO0 dIpomnepdoparop», AO «B3pBIBI€OCEPBUCH
U IP. AKaJIEMHUYECKAS, KOPIIOPATUBHAA U
YHUBEPCUTETCKASA HAYKA ObLIN IpeacTaBiIeHbl OO0
«PH-BammtHUTTNHEDTH>, [TAO HITIT BHUHTUC,
bamkupckum I'Y, Yipumcknum 'HTY 1 TIOMEHCKUM
WH/YCTPHUAIBHBIM YHUBEPCUTETOM.

Ha rniiienapHOM 3aCEAAHNU U 2-X CEKIUAX:
«eonorus. bypeHue CKBaXuH», «Joobrya. PEeMOHT
CKBa)XUH. MoziennnpoBanue. MHTeprpeTanus» OblIo
34CYIIAHO 32 JOKJIA/A Y IIpe3enTanun. B nenrpe
BHUMAHUA YYACTHUKOB KOH(PEPEHIINHU CTAJI JOKIAT,
«MogepHHu3aus reo(prU3nIeCKOro Komruiekca Poccruu
M €70 BO3BPAT HA MUPOBOI CEPBUCHBIN PBIHOK>

BeAyIMX reopusndeckux cooduects MOO EATO,
ANIC u HO «Coro3He(TEra3CcEpPBUC», IPEACTABICHHBIN
nepsbIM BuLle-1Ipe3uieHTOM EATO B.B. JIanTeBbIM.
[TaBHBIM CMBICJIOM JIOKJI4/1a 1 KOH(PEPEHIINHU B
11€JIOM CTAJIA TEMA BO3BPATA POCCUNCKHUX KOMITAHUN
Ha MUPOBOY PEIHOK HE(PTETA30BOI'O CEPBUCA.

B coBeTCKOE BpeM CEPBHUCHBIE IPENIIPUATUSA
MunHedTenpoma, MUHIrasnpoma u MUHIreo

CCCP axkTHBHO pabOTaIu Ha CYLIE U HIEIb(E B
JECATKAX HE(PTEra30400bIBAIOIINX CTPAH HA

BCEX KOHTUHEHTAX, KOHTPOJIUPYs IIPUMEPHO 15%
MHPOBOI'O CEPBUCHOI'O phIHKA. B Hayasie 90-x

r'OJIOB CEPBUCHBIN KOMITJIEKC JIUIITHIICS OJJEDKKU
HE@PTEra30BbIX KOMIIAHUH U I'OCYAAPCTBA, [IOABEPICS
JE3UHTETIPALMU U IIPHUBATU3ALUH, B HE(PTEra30BbIX
KOMITAHUAX BAPYT OKA3AJICA «HCHpO(pI/LTIbeIM
AKTUBOM» 1 BCTYITMJI HA COOCTBEHHOM POCCUMCKON
TEPPUTOPHHU B JKECTKYIO KOHKYPEHTHYIO 60PBOY

32 BBDKHBAHUE CJIN/IEPAMU MHPOBOI'O CEPBUCHOI'O
prIHKA — KoMmaunuamu CIIA. TTornanoounocs 30 e,
YTOOBI POCCUHCKUI CEPBUCHBIN KOMIIJIEKC
YCTAHOBWJI HA/ICSKHBIM KOHTPOJIb HA BHYTPEHHEM
PBIHKE, OTHAKO ITO3ULIMU HA MUPOBOM VAECPXKATh HE
YAAI0Ch, IPUIIJIOCH €0 HOKUHYTE. IToTepu Poccun
OT YIIYIIIEHHOM BEIPYYKH HA MHPOBOM PBIHKE 32

3TO BPEMA OLIEHUBAIOTCA B 1 TpiH fosutapos CIIA.

B noknane 060CHOBAaHA TEXHOJIOTHS [IO3TAITHOIO
BBOJ]A POCCUHCKUX CEPBUCHBIX MOIIIHOCTEH Ha
MHPOBOM PBIHOK IIPH aKTHBHOM NOA/ICPIKKE
OTEYECTBEHHBIX HE(PTEra30BbIX KOMITAHUN U
rocyaapcTsa. l'eo(pusnyeckuMu COOOIEeCTBAMU
pa3paboTaH U IPECTABICH B MUHHEPTO

IT1an MEpPONIPUATUA (<HOPOXKHAA KAPTA») IO
MOZEPHU3AUH F€O(PU3UIECKOTO KOMIIJIEKCA
Poccutickort ®enepanuu. M3-3a 1po6seM, CBI3aHHBIX
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C IIAHJIEMUEH, YTBEPKICHUE JAHHOU IIPOr'PAMMBI

B Munsnepro Poccuu oxugaerca s 2022 rogy. ITo
OLIEHKAM aBTOPOB JIOKJIA/Id, PEATIU3ALINA «JOPOKHOMI
KapTbl» IO3BOIUT K 2025 rony IogHATb JOJII0 Poccuu
Ha MUPOBOM PBIHKE cepBUCa 10 10%, a BBIDYUKY
OTEYECTBEHHBIX CEPBUCHBIX KOMITAHU /IO YPOBHSA
25-30 mupp ponnapos CIIIA.

B npeAiCTaBIEHHBIX 3ATEM TOKIAJAX BEAYIIINX
HAYYHO-TEXHOJIOTMYECKUX U IPUOOPOCTPOUTENBHBIX
KoMItaHu: I'pynisl komnanuit BHUWUTHC,

OOO HIIITA JIya», OOO «HIIII DHEprus»,
«Schlumberger-Poccust», OO0 «Hedrerasreopusnkar,
OO0 «Ounl'nC», OO0 «THI-I'pymn,

HIIO «CorozHedTeraszcepsuc», OO0 «PH
bamtHUITHHEDTE>, OO0 «HOBTEK.

Hospble Texnonornmn», OO0 d'eoTex-CepBUC»,

OO0 JdIpomreouscepBUC»> OBLITU TPUBEICHBI
HOBeMIIMe 06pa31ibl CO37jaHHON B Poccun
reo(PU3NYECKON TEXHUKU, TPOrPAMMHOIO
obecriedeHu s, TEXHOIOTUU T€O(PUZNIECKUX

PpaboT. MOIITHOCTH IEPEYHUCIIEHHBIX BBIIIIE

KOMITAHHH B COCTOSTHUM O6€CIEUNTD HOTPEOHOCTHU
OTEYECTBEHHBIX CEPBHUCHBIX IIPEAIIPUATHH B 9TOMN
KOHKYPEHTOCIIOCOOHOU TEXHUKE I PAOOTHI HA
BHYTPEHHEM X MUPOBOM PBIHKAX. Kak oTMeETHII

B CBOEM JIOKJIaJIe M. AXyHZIOB («Schlumberger-
Poccus»), 3a BpeMs ONeparMoOHHON JEATENBbHOCTA
xopnopanuu B Poccun $10 Mipy y:ke MTHBECTHPOBAHO
B MH(PPACTPYKTYPY, B PA3BUTHE IPOU3BOACTBEHHBIX
MOIITHOCTEW, B JIOKAJIM3ALTUIO OOOPYAOBAHM .

Certuac Schlumberger 3aHUMAa€eTCs, B YaCTHOCTY,
JIOKAJIU3ALITMEN TAKOTO KOMIIOHEHTA 6yPOBOTO
060PYIOBAHUS, KAK KOMIIOHOBKA HU34 OYpPHUIbHON
KoJsIoHHBI (KHBK). B cepruiiHOM IpON3BOICTBE ECTh BCE
snemenTsl KHBK B pasnuyHOM CTaUN JIOKAIN3AIINU
U Pa3pabOTKU, BKIIOYAA BBICOKOTEXHOJIOTUYHBIE
reo(pusnYeCcKue IpUOOPhI KAPOTAKA BO BPEMSI
OypeHus.

Konuenius co3ganus POCCUMCKOTO
reo(PU3NYECKOrO HEHTPA METPOJIOTUU U
CEPTU(PUKALINU I€TAJIBHO U3JIOKEHA B COBMECTHOM
jpokiazne YIHTY, ®EVIICM P, LIMU «Ypaii-T'eo»,
OI'BY POA Mun3Hepro Poccuu, npeicTaBieHHOM
B.M.JIo6ankoBbIM Takow LlenTp obecneueHus
€IMHCTBA T€O(PU3NIECKUX U3MEPEHUIT IO3BOINT
KOHTPOJIMPOBATE TOYHOCTb U3MEPEHU S I[IAPAMETPOB
IUIACTOB U CKBAKUH, OCYIIECTBJIATH CEPTU(MPHUKALIIO
OTEYECTBECHHON U 3aPyOEKHOM I'eO(PHU3NIECKOI
TEXHUKU, OOECIIEYHUTh KOHTPOJIb HEIPOIIOIb30BATEIICH
I10 IVIAHOBBIM IIOKA3aTEJISIM U3BJICYEHU HEPTHU
Y I'a34, 4 TAKXKE IIPOBOANUTD HE3ABUCHUMBIH AyIUT
KOMIIETCHIINHU CCpBI/ICHbIX I‘CO(pI/IBI/ILICCKI/IX KOMITaHUT.
Posb crangapTrUsaniy Npu MOAECPHU3AIUNA
reopusnydeckoro komiuiekca 'MC Hania oTpaxeHue
B JJOKJI1a/1e, ipeacrasieHHoM O.B. Top6atiokoMm (PI'Y
HedTH U ra3a uMm. .M. T'y6KkuHa).
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VHUKAJIBHBIH OIIBIT IPAKTUYECKOT'O TPUMEHEHU
I(OPOBOTO MOACTUPOBAHUS ITPH Pa3pabOTKE
MECTOPOX/JEHUI He(DTU U ra3a ObLJI IPE/ICTABJICH B
Joknagax B.A. barikosa u O.B. KyspMuuésa
(OO0 «PH bamtHUITHMHedTH»). By pHBII Iporpecc
B 3TOH 06J1aCTU OOYCJIOBJIMBAET BCE OOJIEE JKECTKUE
TpeOOBAHUSA K TOYHOCTH U 3(PPEKTUBHOCTH
reo(PU3NIECKUX UCCIIEIOBAHNH KaK BAXKHEHIIIEMY
UCTOYHUKY UCXOAHBIX JIAHHBIX JIJI MOJICTHPOBAHU S
MECTOPOXK/EHUI U MOHUTOPHHTY IIPOIIECCOB,
MIPOUCXOAAIIMNX IPU UX Pa3paboTke. Kommiekc
HEOOXOANMBIX IeO(PU3NIECKUX UCCIIEJOBAHNH,
TOYHOCTB U3MEPEHUM TENEPD JOIKHBI
YCTAHABIUBATHCS CIICITUATUCTAMU LICHTPOB
MOZEIUPOBAHUA MECTOPOXKICHUI HE(PTErA30BbIX
KOMITAaHUH U (PUKCHPOBATHCS B KAUECTBE
KOPIOPAaTUBHOI'O CTAHAAPTA, O613aTEILHOIO
K UCIIOJIHEHHIO NOJPSIHBIMU CEPBUCHBIMU
KOMIIAaHUSIMH U TEH/IEPHBIMU CTy>K0aMuU. B fokmanax
B.IO. TypuanuHoBa (HITO «COr03HE(PTEra3CEPBUCH),
AT. Wcmarmnosa («Schlumberger-Poccusty),

JO.U. Kupruszosa (OOO «THI I'pynm») u

B.I. Mamsmesa (PBI'Y BO «TtoMeHCKU
UHJYCTPUAIbHBINA UHCTUTYT>) [IPELCTABICHBL
PE3YABTATEI CO3/IaHUS U UCIIOIb30BAHUS LIU(PPOBBIX
W1aTPOPM, UCKYCCTBEHHOI'O UHTEJJIEKTA U
HEUPOHHBIX CETEN JI/Is1 OOPAO6OTKU M UHTEPIPETALIUU
OOJBIINX MACCUBOB I'€O(PU3UUECKON

nH(OpMALTUH TPU HH(PPOBOM MOAECTUPOBAHUU
MECTOPOXK/EeHUI. Ha mpuMepe NpOeKTa,
BBIIOJIHEHHOI'O CIIEUAINCTAMU «Schlumberger-
Poccusi», ObLI0 TPOAEMOHCTPUPOBAHO, KAK
MIPUMEHEHUE TEXHOJOIUHI MAITUHHOI'O OOy4YEHHU

U UCKYCCTBEHHOT'O MHTEJUIEKTA JJ151 OLIEHKU
Ka4€eCTBA M KOPPEKTUPOBKHU AaHHBIX ['YIC cnoco6HO
COKPAaTUTb BDEMEHHBIE 3aTPATEI 60JIEE UEM B 7 Pa3 C
COXPAaHEHUEM BBICOKOT'O KA4ECTBA PE3YIBTATOB.

HoBbl€ JOCTHXKEHUA B OOJIACTU IIPOCTPEIOYHO-
B3PBIBHBIX PA0OT B CKBAXKUHAX HAIIIN
OTPAKEHME B JOKIaaaX A A. MepKy1oBa
(AO «BHUIIMB3pBIBreodusnka»), M.H. Kpbliiosa
(OO0 dIpomnepdoparop»), A.H. Akyoa
(AO «bamB3peIBTEXHOIOTUIY).

B 3ak0o4eHne OT UMEHU OPIKOMUTETA
KOH(PEPEHITNHU 6IATOIAPIO PYKOBOACTBO U
crienuannucToB Munsnepro PO, ITAO «HK
«PocuedTh», ITAO AHK «BamnedTh», BEAYINUX
POCCHUUCKUX CEPBUCHBIX U IPUOOPOCTPOUTENBHBIX
reo(PU3NIECKUX KOMITAHUI, 4 TAKXKE KOJIJIET U3
«Schlumberger-Poccus» 32 TOAAEPKKY U YIACTHUE B
padore koHpepeH . C ayJUO-U BUJICO3AITHICHIO
JIOKJIAZIOB, 60JIEE NOAPOOHOIM NMHPOPMALTUEH O
KOH(PEPEHIIUU MOXKHO O3HAKOMHUTBCSA HA CANTE
oneparopa koHdepennu OO0 «HosTek-busnec»
www.novtekbusiness.com.

IIpeacegarenb oprkomureTa KoHdepennuu B.B. JlannTeB
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Konmroburnzosoie mexrono2uu, I'PIT, 6HYMPUCKEANCUHHBIE DAOOIbL>

Event
Screenshols of the 22" International Scientific and Practical Coiled Tubing,

Hydraulic Fracturing and Well Intervention Conference




The Society for Professionals in Energy

PoccumcKkasa HedTerasosas
TexHu4yecKana KoHdpepeHuma SPE

18-20 OKTABPA 2022 e oo o L

Mopaua pabort oTKpbITa
Mopaiite pedepar go 9 mapra 2022
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MNMoapo6GHasi nHthopmauus: go.spe.org/22rptc-ct




MeavannaH pacnpocrpaHeHVs XXypHana
«Bpems konTioOuHra. Bpemsa 'Pln»
Ha oTpadieBbIX MeponpuaTnax B 2022 roay
BK N2 4/78, pexabpb-2021

International Hydraulic Fracturing Technology 11-13.01.2022

Conference & Exhibition OmaH, Myckat

SPE Hydraulic Fracturing Technology Conference
el Bl 01-03.02.2022 USA, The Woodlands, Texas

International Drilling Conference and Exhibition 08-10.03.2022 CLLUA, Texac, fansectoH

16-9 koHhepeHLms «CHabxeHWe B HethTerazoBoM 17.03.2022

Komnnekce», HedrerazcHab-2022 Focai, 1peen

16-9 MeXpervoHanbHas crneLyanm3npoBaHHan
BbICTaBKa «[a3. HedTb. HoBble TexHOomorum — 17-18.03.2022 Poccua, Bonrorpag,
KparnHemy CeBepy»

USA, The Woodlands, Texas,

The Woodlands Waterway

SPE/ICoTA Well Intervention Conference
Marriott & Convention Center

and Exhibition 22-23.03.2022

Extreme Well Intervention 24-25.05.2022 OA>, Aby-[1abu
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