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«Ha ceromHAnHum JcHb
KONTIOOMHTOBAs TEXHOJIOTUA YKE
JIOKA32aJ1a CBOIO 3(P(PEKTUBHOCTD U BBIIILIA
Ha TOT yPOBEHB, KOT/IA C €€ ITIOMOIIBIO
CZIETATIOCh BO3MOXKHBIM 3AMEHUTD
TOJIHBIN ITUKJI CO3JJAHUS CKBAXKUHBI —

OT HA4aJ1a CTPOUTENIBCTBA JI0 BBOJA B
IKCILIyATAIUIO», — TAKOH BBIBOZ, CIE/IAJI
NPEACERATEN POCCUHCKOTO OTACICHUSA
ICOTA KoHcTaHTHH BypAyH, BHICTYIINB
B IMCKyccuM «HedrerasoBbiii cepBUC
HOBOI'O BpEMEHH, 3aBE€PIIUBIIE 19-10
MexyHApOAHYIO KOH(PEPEHIIHIO
«KonTIo6uHIOBbIE TEXHONIOIMH, I'PIT, BHYTPUCKBAKMHHBIE
paboThI». S HOTHOCTBIO Pa3/IE/ISAI0 MHEHUE KOJIJIETH U P/,
4TO B POCCHU KONTIOOHHT'OBBIE TEXHOJIOTUH ITPOAOJIKAIOT
Pa3BUBATHCS, NPOKIAJBIBAS «KyPC HA OYPOBYIO OYAYILIETO»

— 3TO HA3BAHUE NYOIUKAIINH, OOOOIIUBIICH MHEHUS
Y4Y4aCTHUKOB JUCKYCCHUU.

MarucTpajapHOE HAIPaBJICHUE PA3BUTUS HE(DTECEPBUCA —
3TO UHTETPHUPOBAHHBIE IPOEKTHI, BHEJPEHNE
BBICOKONIPOJIYKTUBHBIX TEXHOJIOIHUH, BKJIIOUAsI KOJITIOOUMHIOBOE
OypeHUe, MICKPEHHUM IIPHUBEPKEHIIEM KOTOPOTO SABJISAIOCh U
JIMYHO .

He@rerazosblii CEpBHUC HOBOI'O BDEMEHH IIPEATNIOIATACT
MAaKCUMAJIBHO 3(PPEKTUBHOE UCTIONIL30BAHNE OOOPYAOBAHUS,
aJaTAIHIO €TO BO3MOXHOCTEH O], CYIIECTBYIOINE
HOTPEOHOCTU 3AKA3UYUKOB, IPUMEHEHNE HOBBIX
TEXHOJIOTUYECKUX PEMIEHUN. TaKyIO MOJIUTUKY YCTIEITHO
NPOBOJUT, B YaCTHOCTH, KoMIIaHnus: «[lakep Cepsuc».

«KOJITIOGMHT 3ABTPAIIHETO JHA MBI XOTUM BHU/IETh B KAYECTBE
3(HEKTUBHOI'O, ONTUMATBHOI'O U OTHOCUTEIBHO IOCTYITHOT'O
CIIOCO62 pabOTHI CO CKBAXKUHAMU, UX CTUMYJISALIUU U
JAJIBHENIIETO MOBBIIEHUS UX 3(P(PEKTUBHOCTH», — OT UMEHU
33aKAa349HUKOB YCIYT HOABITOXUI NIPEJCTABUTEND <TaTHEPTH>
Hpex @aTTaxoB. DTH CJIOBA MOXXHO CYHHUTATh TOYHOM (DOPMYIION
BPEMEHHU KOJITIOOUHI'A.

W3psapHas 4acTb HOMEPA OTAAHA TE3UCAM JOKIAN0B 19-11
KOH(EPEHLINU (TIOJIHBIIN €€ TUTYJI OIYCKAIO, HAII IPEJAHHBIA
YUTATEJIb 3HAET €TO HAU3YCTh). COCTABUTb COOCTBEHHOE
MNPEACTABIEHHUE O POCCUHCKOM HE(PTECEPBUCHOM PBIHKE
H4 OCHOBE JIAHHOU OAOOPKHU OyZEeT OCOOEHHO UHTEPECHO
KOJIJIETaM, KOTOPBIE PA6OTAIOT HA IPYTUX KOHTUHEHTAX.

Cremy COOOHIUTb, YTO HA POCCUMCKOM PBIHKE CKBAKMHHOI'O
060PYIOBAHUSA OKUIAETCSA KPYNHBIN pOCT. C mporuosamu RPI
Ha 3TOT CYET BbI y3HAETE, O3HAKOMUBIIUCH C COOTBETCTBYIOMIEH
nybIMKauenn.

A eme 3ToT HOMED «BK» 3HAMEHATEIEH TEM, UTO B HEM
BIIEPBBIE BBICTYIIMJIN C OYEHB CO/ICP/KATEIBHBIMU CTAThSIMHU
Tona I'pun u T'oasun Yuguoepe Headop. S cuacTius
MIPUBETCTBOBATD UX U BEPIO, YTO OHU CTAHYT AKTUBHBIMU
WIEHAMHM HAIIETO AaBTOPCKOT'O AKTUBA.

OOHOBJIEHHE — 34KOH KU3HH, KOTOPBIH OCOOEHHO OCTPO
3a4BJIAET O ce6€e BECHON. OTIPABIIAA B [1€YATh IIEPBLII B
TEKYIIEM 'Oy BECEHHU HOMED KYPHAJIA, I XOUY HOXKEIATh €rO
YUTATEJISIM BCEBO3MOXKHBIX OOHOBJICHUI CO 3HAKOM <«ILJTIOC»,

K Y€MY ObI OHU HH OTHOCHJIMCh — K IEOUTAM CKBAXKUH, K
OaHKOBCKHM CYETAM HJIU K IIPOCTHIM YEJIOBEYECKUM PATOCTAM.

Pon Knapx

EDITORIAL

"To date, coiled tubing technology has
already proven its effectiveness and reached
the level when it made it possible to replace
the full cycle of creating a well — from the
start of construction to commissioning,"
concluded Konstantin Burdin, the chairman
of the Russian branch of the Intervention and
Coiled Tubing Association (ICOTA-Russia),
in the framework of the panel session New
Time Oil and Gas Service closing the 19th
Coiled Tubing, Hydraulic Fracturing and Well
Intervention Conference. I couldn’t agree
more with my colleague and feel happy seeing
further development of the coiled tubing
technologies in Russia "on the path leading to
the drilling future" — under which name the
summary of the panel members’ opinions was
published.

The mainstream oil service involves
integrated projects and introduction of highly
efficient technologies, including coiled tubing
drilling whose devout supporter I have always
been.

The oil and gas service of the new time
aims at making the most of the equipment,
customizing it according to the current
requirements and applying new technology
solutions. This is how Packer Service LLC
pursues its successful policy.

"We want to see tomorrow's coiled tubing as
an effective, optimal and relatively affordable
way to work with wells, stimulate them and
further improve their efficiency," as Irek
Fattakhov, the Tatneft representative, puts it
on behalf of services consumers.

A substantial part of the issue focuses on
the abstracts of the reports made at the 19th
Conference (its full title being omitted as
our devoted readers know it by heart). This
collection allows our colleagues from other
continents to gain their personal impression
of the Russian oilfield service market.

I am glad to inform you that we expect a
significant growth of the Russian downhole
equipment market. The RPI forecasts in this
respect are presented in the relevant article.

Another thing this CTT issue is remarkable
for, is in-depth articles by Todd Green and
Godwin Chidiebere Nwafor. I am happy to
welcome them and believe that they will make
an active contribution to our writing team.

Renewal is a law of nature which more than
ever asserts itself in spring. Sending to the
press this springtime issue, the first one in the
current year, I would like to wish our readers
positive renewal of all conceivable sorts,
whether in terms of well yields, bank accounts
or common human joys.

Ron Clarke
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MNpu nopaepxke MyuHUcTepcTBa aHepreTnku PO %

Kondepenius mporiger B HoaAoOpe 2019 roxa
B MocCKkBe.

OpranuszaTopbl: POCCUHCKOE OTAEIEHHE ACCOIIUAIINH
CHELNAJIUCTOB 10 KOITIOOMHIOBBIM TEXHOJIOTHAM U
BHYTPUCKBAKUHHBIM paboTaM (ICOTA-Poccus), HaygHO-
OPAKTUYECKUI XKYPHAJ «BpeMs KONTIOOUHra. Bpems
I'PIT», HekoMMepUECKOE IAPTHEPCTBO «LleHTp pasBuTus
KOJTIOOWMHTOBBIX TEXHOJIOTUM» (T. MOCKBA).

Odunmanbias noAAepxKKa: MUHHUCTEPCTBO SHEPIETUKH
Poccurickor denepanu.

[Tnomanka nposenens: I. MOCKBa, roctuHuna «HoBoTenp»
(TIpecHeHcKas Hab.,, 2, CT. M. «/IeJIOBOU LIEHTP», «BBICTABOYHAS).

CrpyKTypa MEPOIPUATHA: 3AIVIAHUPOBAHBI 1IECTH
TEXHUYCCKUX CEKIIHI.

Hx reMaruka:
¢ KosTIoOMHTOBBIE TEXHOJIOTHH,

e AxryanpHble TeXHOOruu I'PIT (MI'PIT B rOpU30OHTAJIBHBIX
ckBaxkuHax, ['TII rwroc I'PIT, T'PIT ¢ 2a30TOM, UICIOJIB30BAHUE
KONTIOOUHTA Tpy npoBseeHnu ['PIT, 601b11e06bEMHBIE
I'PIT, KT'PIT rmoc I'PIT u 1p);

* Kucnorabslie 06padoTKH (B T4 MaTpudHblie BCKO);

e PaguasibHOE BCKPBITHE IIJIACTOB;

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

*  BHYTPHUCKBaXMHHBIA MHCTPYMEHT JJIs1
BBICOKOTEXHOJIOTUYHBIX PA6OT;

¢ 3ape3ka 6OKOBBIX CTBOJIOB;

* TUapOMOHHTOPHOE 6yPEHMUE;

e HMHCTpYMEHTAJIbHBIN CEPBUC (JIOBUJIbHBIC OIIEPALINH,
(ppe3epOBAHNE, YCTAHOBKA OTCEKAIOIINX TAKEPOB U JIP.);

* HoBblE METOMBI NOBBIMEHUA HE(PTEOTIAYH ILTACTOB;

*  PEMOHTHO-U3OJALIMOHHBIE PAOOTHI,

* TIpoMBICIOBAA XUMUS 111 BLICOKOTEXHOJIOTUYHOT'O
HEPTETA30BOIO CEPBUCA (PEATEHTBI U MATEPHUAIIbI I I'PIT,
xkomnozuunu 14 [THIT, coctasel 11 PUP u ap.)

TOPIKECTBEHHBII [IPUEM, B PAMKAX KOTOPOI'O COCTOUTCS
BPYYEHHE JUIIJIOMOB JIAyPEATAM CIIELIUAIbHOM IPEMUU
Intervention Technology Award, yuapexJ€HHOH POCCUHCKUM
OTIEIEHUEM ACCOLTUAIINH CIIELTUAJIUCTOB
110 KOJITIOOMHI'Y U BHYTPHUCKBA)KMHHBIM PA0OTaAM
(ICoTA-Poccus).

Boicraska. BygyT npeacraBiaeHbl HPOAYKIINA /WU
TEXHOJIOT'MU KOMIIAHUHN-YYACTHULL,
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The Event is supported by the Ministry of Energy
of the Russian Federation

The conference will be held on November
2019 in Moscow.

Organizers: the Russian Chapter of the Intervention
& Coiled Tubing Association (ICOTA-Russia), Scientific
and Practical Coiled Tubing Times Journal and NP
Coiled Tubing Technologies Development Center
(Moscow)

Supported by the Ministry of Energy of the Russian
Federation

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

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

Topics of the sessions:

* Coiled tubing technologies;

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

e Acid Treatments (including matrix acidizing);

* Radial Drilling;

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

* High-tech well intervention equipment;

* Sidetracking;

e Jetdrilling;

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

¢ New EOR technologies;

* Cement squeeze operations;

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

Welcome Reception.
The Intervention Technology Award established by the
Russian Chapter of the Intervention & Coiled Tubing
Association (ICOTA-Russia) will be presented to the
selected companies.

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

Working languages are either Russian or English.
Simultaneous interpretation will be provided.
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Paboune A3bIKU KOH(PEPEHITUM: PYCCKUI U AHIJTUUCKH.
ByJieT BECTUCh CUHXPOHHBIH IIEPEBO/I.

MexyHapOAHASA HAYYHO-TIPAKTUYECKAsI KOH(DEPEHIIUA
«KonTio6uHroBble TeXHONOTUY, I'PIT, BHYTPHUCKBA>KUHHBIE
PabOoThI» IPOBOJIUTCS €3KETOJJHO. DTO CTAPEHUIIINH B
Poccun npoecCuoHaNnbHbBINA (POPYM /I CIIELTUATIUCTOB
HEPTETA30BOI'O CEPBHUCA, 31KA3YNKOB BBICOKOTEXHOJIOIMYHBIX
HEPTECEPBUCHDBIX YCJIYT U IPOU3BOJUTEIIEN COOTBETCTBYIOIIETO
060PYAOBAHUSL.

Jeneraramu KOH(EPEHIINU HEU3ZMEHHO SIBJISAIOTCS
NPEJCTABUTENIHN TAKUX U3BECTHBIX POCCUUCKUX U
MEXKAYHAPOAHBIX KOMITAHUH, KaK «<POCHE(PTH», ['a3IpOM»,
Ta3npoM HePTh», JIYKOWJD», dIlmombepske», Weatherford,
Halliburton, «TatHe(pTh>, «BamtHePTH>, OO0 HHTErpa —
CepBucsp, «<EBC», «BBT-BocTOK, Eriell Group, <benopycHedThb»,
Takep Cepsuc», Westor Overseas Holding, «®pax/IsxeT-Boinra»,
Ypan-Inzaviv-ITHI D>, «Betepan», «PUJIMAII, I'pyrirma PU]I,
Serva Group, Welltec, PI'M, Jereh Group, BOpoBHUCKHIT KOMOUHAT
OTHEYIIOPOB U [IP.

[IporpamMmma TEXHUYECKUX CEKIINUH TPAJUITOHHO
(POKyCHPYETCA HA CAMBIX IIEPETOBBIX TEXHOJIOTUAX. BBl MOXETE
YOEIUTBCA B ITOM, O3HAKOMHUBIIIHNCH C UCTOPUEN KOH(DEPEHIITNN
I10 a/Ipecy www.cttimes.org/conf/

Ha 20-11 KoH(pepeH1InU 6y T IPEJIOCTABIEHBI BCE YCIIOBHA
JUIA IPOAYKTUBHOTIO KAaK (POPMATIBHOTO, TAK M HE(POPMATTEHOTO
KYJTyapHOTI'O OOIIEHUS CIELTUAIUCTOB B IPOLIECCE KOpe-
OPENKOB, (PypIIETA U TOPKECTBEHHOTO ITPHUEMA. Bbl cMOXKeTE
O6CYANTD AKTYAJIbHBIE IIPOOJIEMBI C KOJUIETAMH U3 BEAYITUX
KOMITAHUI, TOOECEOBATD C AHIVIOA3BIYHBIMU YYACTHUKAMHU
KOH(EPEHIINHU C TOMOMIBIO KBATH(PUITPOBAHHBIX
MIEPEBOJUYUKOB.

BbI HE TOJIBKO MOJIYYUTE UCYEPITBIBAIONTYIO HH(POPMAITUIO O
CAMBIX CBEKHUX TEXHUYECKUX U TEXHOJIOTMYECKUX NTHHOBAIIUAX
MMPOBOT'O M POCCUHICKOT'O HE(PTETA30CEPBUCHOI'O PHIHKA,

HO U BCTPETUTE HOBBIX IPYy3€H.

3aperuCcTpUPOBATHCA B KAYECTBE YUACTHHUKA KOH(PEPEHITUN
Bel MOXeTE IO afIpecy: www.cttimes.org/conf/confreg/

Hndopmanms 0 CIOHCOPCKUX BO3MOKHOCTAX BBICBUIAETCS
10 3a1IPOCY.

E-mail: cttimes@cttimes.org
Ten. +7 (495) 481-34-97 (506. 102)
Mo6.+7 (968) 356-34-45

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

JKzeM Bac, JOporue KOJUIEry, B HaeM HepopMaIbHOM Kiryoe!
Operxomumem

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

The International Scientific and Practical Coiled
Tubing, Hydraulic Fracturing and Well Intervention
Conference is held on an annual basis. It is the
Russian longest-standing professional forum for
oil and gas services specialists, purchasers of high-
tech oilfield services and manufacturers of oilfield
equipment.

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

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

At the 20" conference you will have a possibility
to communicate with colleagues both in formal
and informal surroundings (during coffee breaks,
standing buffet or evening party). You will be able
to discuss timely topics and problems with the
specialists of the presented leading oil and gas
companies. Our interpreters are always ready to help
with linguistic barrier breaking.

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

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

Information about Sponsorship Packages is
available upon request.

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

We look forward to meeting you!
Organizing Committee
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Ha poCCUICKOM PBIHKE CKBAKUHHOTO
O0OPYIOBAHUA OKUIACTCA KPYITHBINA POCT

In the Russian Downhole Equipment Market

Large Growth Expected

Bagum KPABEILL, Begyinuii anaauTuk, RPI Research & Consulting

Vadim KRAVETS, Leading Analyst, RPI Research & Consulting

Havuunas ¢ 2010 200a 6 00a1acmit Cmpoumenscmed
IKCNILYAMAUUOHHBLX CKEANCUN 1POUSOULIL
KAuecmeenHole MmexHoN02UMECKUC USMEHCHUA.
Llons 20pu3onmansto2o 6ypenus 8 oouem

00BeMe IKCNIYAMALUOHHOLL TPOXOOKU CINA
ObLCMPO pacmi, 6 Pe3yimame uezo Havdajid
VEeAUHUBAMBCA U 001 BEOOUMBLY 20DUSOHINAIIBHBLX,
MeXHON02UHECKIU CILONCHBLX CKBANCUH 68 00UeM
KOAUHECINEE IKCNILY AMAUUOHHBLX CKEANCUH. D10
xnce nepuoo Maxice O3HAMEHOBAL POCI KOJIUHeCMBad
MHOOCIBO/IGHBLX U MHO203A00UHBLX CKEANCUH.

B obnacmit «<mano2o» 6ypenus — 3apesrit O0KO8bLX
cmeoso8 (36C) — omuemaneo nposeuiacs
MmeHOeHYUA Nepexooad K Cmpoumenscme) 60KO8bLX
20pu3onmansrouLx cmeosos (bI'C), m.e. k npoueccy,
80 MHO20M CXOOHOM C O)YPeHUeM 20PUSOHIMATILHBLY
cxeaxcur (IC).

Iepeuucnertoie mperost C 6b.COKOLL CIMEeNneHsro
8EDOSAMHOCINIL OCMAHYMCA AKNTYAJIGHOIMU U 6
Onudcatiwue 200bL, 41Mo Heu30eHCcHo noeeHem
3a o001l npumenerue 6ce 6ojee Co8epuLerHo20 U
00P020CIMOAULE20 CKBAICUHHO20 000DYO0BAHUAL.
Komnanuu, kcomopusle 60CnOI63Y10MCA
onazonpuamHorl cumyayuetl Ha pacmyuem (kax
KauecmeerHo, mak U KOAUUeCmeerHo) pPolHie
CKBAINCUHHO20 000PYO0BAHUA, MO2YIM 3G60E6aNb
nPoUHbLIEe NOSULLUL H O0SI2UE 2000bL.

Cepuert uccaeoBaHuil KoManuu RPI,
MOCBAIIEHHBIX PBIHKY HE(PTECEPBUCHOTO (B TOM
YHCJIE€ — CKBAXKMHHOI'O) OO0PYAOBAHUS, ObLIN
OXBA4YEHBI CJIEAYIOIINE EI'O CETMEHTDL:
¢ OypoBble yCTaHOBKU (BY);

* BEPXHME IIPUBOJBI OYPOBBIX YCTAHOBOK,;

* CKBaXXMHHOE O60PYJIOBAHUE;

* YCTBEBOE OOOPYAOBAHUE;

* HACOCHI PA3JIMYHOI'O HA3HAYECHU A,

* 060PYAOBAHME A TEJIEMETPUN U KAPOTAXKA BO
BpeMs 6ypenus (MWD/LWD);

* 060PYAOBAHUE LI IPOBEJCHUS ONIEPALIAH
OJJHOCTAJUMHOT'O 1 MHOT'OCTAJUHMHOTO
T'UIPABINYECKOrO pa3poisa rtacta (I'PITu MIPID).
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Since 2010, qualitative technological changes bave
taken place in the field of construction of production
wells. The proportion of borizontal drilling in the total
volume of production penetration began to grow
rapidly, as a result of which the proportion of input
horizontal, technologically complex wells in the total
number of production wells began to increase. The
same period also marked an increase in the number of
multilateral and multibole wells.

In the area of “small” drilling — sidetracking — a
tendency to move to the construction of latercal
borizontal wells, that is, a process that is largely similar
to the drilling of borizontal wells, was clearly manifested.

These trends are extremely likely to remain relevant
in the coming years, which will inevitably entail the
use of more sophisticated and expensive downhbole
equipment. Companies that take advaniage of the

Javorable situation in the growing (both qualitatively

and quantitatively) downbole equipment market can
gain a strong position for many years.

RPI’s series of studies on the oilfield service
(including well) equipment market covered the
following segments:

e Drill units;
* top drives of the drill units;



B cOCTaB CKBA)KMHHOI'O OOOPYIOBAHMUA ObLIN
BKJIIOYEHBL:

* MaKepsl (11 OTKPBITOrO U OOCAKEHHOI'O CTBOJIOB,
U3BJIEKAEMBIEC U HEU3BJIEKAEMBIE);

* KOMNOHOBKHU A1 'PIT/MI'PIT;

* MOABECKU XBOCTOBUKOB;

¢ (UBTPHI

* TIOIJIABKOBOE OOOPY/IOBAHUE.

Bce ocranbHble PAa3HOBUAHOCTHU
HE(TECEPBUCHOTO OOOPY/IOBAHHS B PACUCTAX
06'b€MA PBIHKA HE YYUTBIBAJIUCD.

YnomanyTele uccaenosanusa RPI nokasany,
4TO C YYETOM NEPEYUCTIEHHBIX JJONYIIEHUI B
TeyeHnue 2011-2017 rogoB pOCCUIICKUN PBIHOK
HEPTECEPBUCHOTIO OOOPYIOBAHUS BEIPOC B
PyOIEBOM BBIPAKEHUM HA 79%, € 1174 Mipp pyosieit
B 2011 roay no 210,2 mapg pyoneit B 2017 rogy
(puc. 1). CpegHErOJOBOU POCT B 3TOT NEPUO]L
BpeMeHU cocTaBui 10%.

OJIHAKO B BAJIIOTHOM BBIPAKEHUU 34 ITOT XKE
IIEPHO]] BDEMEHU OH YMEHBIIIICS C $3,99 Mipst B
2011 roxy 1o $3,60 mapz B 2017 roay — Ha 9,8%, co
CPEAHETO/IOBBIM TEMIIOM B 2%, YTO ObLJIIO BBI3BAHO
naJIEHUEM Kypca Py6JIs IO OTHOHMIEHUIO K IOJIADY.

PocT peIHKA B py6JIEBOM UCYUCIEHUN OBLIT
OOYCJIOBJIEH:

* YBEJIUYEHHUEM CEI'MEHTOB PBIHKA B (DU3UYECKOM
BBIPAKEHUH;

* TEXHOJIOTUYECKHUM YCIOKHEHHUEM H,
COOTBETCTBEHHO, YAOPOKAHUEM OOOPYAOBAHMS;

* MHQIAIUOHHBIMHU IIPOLECCAMU B CTPAHE.
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I BypoBble ycTaHOBKM
Drill units

B Hacochbl Bcex BUAo0B
Pumps for various purposes

I BepxHuii npueoa bY mm O6opynosaHue
Top drive of the drill unit MWD/LWD
CKBaXMHHOe Equipment for
obopynoBaHue MWD /LWD

Downhole equipment

YcTbeBoe obopynoBaHue
Wellhead assembly

O6opynosaHue gns MPM
Equipment for HF

lopoBow npupocT, %
Annual growth, %

Hemounux: ananu3 RPI
Source: RPI analysis

Pucynox 1 - Junamuxa oosema poinka
HegpmecePEUCH020 060PYO0BaAHUA
62011-2017 z00ax, man pyo.

Figure 1 — Dynamics of the market of oilfield
equipment in 2011-2017, min rubles

¢ downhole equipment;

» wellhead assembly;

* pumps for various purposes;

* equipment for telemetry and logging while drilling
(MWD /LWD);

* equipment for single-stage and multi-stage hydraulic
fracturing (HF and MSHF).

The downhole equipment included:

» packers (open and cased hole, recoverable and
unrecoverable);

* BHA for HF/MSHF,

* liner hangers;

« filters;

* floating equipment.

All other types of oilfield equipment were not taken
into account in the calculations of the market volume.

The mentioned RPI studies have shown that, taking
into account the above assumptions during 2011-2017,
The Russian market for oilfield equipment grew in
ruble terms by 79%, from 117.4 billion rubles in 2011
to 210.2 billion rubles in 2017 (Figure 1). The average
annual growth during this time period was 10%.

However, in monetary terms for the same period of
time, it decreased from $ 399 billion in 2011 to $ 3.60
billion in 2017 — by 9.8%, with an average annual rate
of 2%, which was caused by the fall of the ruble against
dollar.

The market growth in ruble terms was due to:

* increase in market segments in physical terms;

 technological complication and, accordingly,
increase in the cost of equipment;

* inflationary processes in the country.

The largest increase — by 447% in 2011-2017. was
observed in the upper drive segment, due to the low
base effect.

In 2011-2017 the largest in absolute terms remained
the segments of downhole equipment and pumps. The
following factors influenced this
* large number and high cost of equipment — for

pumps;

* high dynamics of development of the segment in
terms of technology and high cost of equipment —
for well equipment.

As a result, in 2017, the total market share of
downhole equipment and pump segments was 73%
(Figure 2).

The largest segment of the market for oilfield
equipment in Russia — downhole equipment — in
monetary terms since 2011 has increased by 40.2
billion rubles. up to 78.0 billion rubles. (Figure 3). The
largest market share in it in 2017 was occupied by liner
hangers — 40%, and the fastest growing segment was
the BHA market for MSHF — from 2011 its share grew
from 2% to 11%.

86% of the demand in this segment was provided by
the five largest vertical-integrated companies (Figure
4). The greatest demand falls on Rosneft (30.0 billion
rubles, 38%) and Surgutneftegaz (194 billion rubles, 25%).

Since 2011, the packer market, which is part of the
downhole equipment segment, has increased by 90%
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Hau6onsmuii npupoct — Ha 447% B 2011-2017
rofjaX HaOIIOAJICS B CETMEHTE BEPXHUX IPUBOJIOB,
4TO OOYCJIOBIEHO 3(P(PEKTOM HU3KOM OA3HI.

B 2011-2017 rogax HAUOOJBIITUMU IO
A0COMIOTHBIM MTOKA3ATENSAM OCTABATIUCh CETMEHTHI
CKBa>KMHHOTO OOOPYJOBAHUS U HACOCOB. Ha 3TO
THOBJIMAIU CJIEAYIONUE (DAKTOPBL:

* MHOT'OYUCJIEHHOCTD M BBICOKAsI CTOUMOCTD
060PYyIOBAHUS — /151 HACOCOB;

* BBICOKAsA JUHAMMKA PA3BUTUSA CETMEHTA B
TEXHOJIOTUYECKOM IIJIAHE U IOPOTOBU3HA
060PYyIOBAHUS — AJI CKBAXKMHHOI'O
060PYyIOBAHUSL.

B urore B 2017 rogy cyMMapHas pPpIHOYHA JOJIA
CETMEHTOB CKBA’KMHHOTO OOOPYJOBAHUS X HACOCOB
cocrasuia 73% (puc. 2).

Haun6onpmunii 1o 06’beMy CETMEHT PBIHKA
HePTECEPBUCHOTO O60PyI0BaHUA B Poccnn
— CKBA)KHUHHOE OO60PYIOBAHUE — B ICHEXKHOM
BoIpakeHuu ¢ 2011 ropa ysennamiics Ha 40,2 MiIpg,
py6., 10 78,0 Mmuipp py6. (puc. 3). Hanboapnyio 010
Ha pbIHKE B HEM B 2017 rogy 3aHUMaJIN IIOABECKU
XBOCTOBHKOB — 40%, 4 CAMBIM OBICTPOPACTYIIUM
CETMEHTOM OBLJI PIHOK KOMITOHOBOK Jis1st MI'PIT — ¢
2011 ropa ero goss BeIpoca ¢ 2 1o 11%.

86% cripoca B 3TOM CErMEHTE OGECIICUNBAIIH TISITh
kpynHermux BUHK (puc. 4). Hanb6onbmui cupoc
npuxogurcs Ha <Pocued1e» (30,0 Miipg pyo., 38%) u
«CypryrtHedreras» (194 miupg py6., 25%).

C 2011 roga 06'b€M PBIHKA ITAKEPOB, BXOASIIETO B
CETMEHT CKBAXKUHHOI'O O60PYIOBAHUA, B IEHEXKHOM
BBIPA’KEHWH yBETUYUICA HA 90% 1 COCTABUI B
2017 rony 14,75 mnpp py6. Hanbospmiyio 10710 B
PETUOHANBHOU CTPYKTYPE B IEHEKHOM BBIPAKEHUH
3anumasa 3amnagaas Cubups (68%), oqHAKO
HanoboJIee 6bICTPOPACTYIIUM PETHOHOM ObLIA
Bocrounas Cubups — ¢ 2011 rojia ppIHOK ITAKEPOB B
3TOM PETHOHE BBIPOC B 7,9 pas, 10 778 MJIH pyb6.

B I1eHeXHOM BBIPAKEHUU KPYIIHEMIASA JOJIA

PBIHKA IPUXOAMIACH HAd HEU3BJIEKAEMBIE TAKEPDI

JUISL O6CAXKEHHBIX CTBOJIOB — 66%, TOIVIA KAK B

(pH3UYECKOM BBIPAKEHUU OHA COCTaBUIIA 48%.

PBIHOK KOMITOHOBOK /11 MI'PIT ¢ 2011 roga
ysennuuica B 10,4 pa3 u goctur B 2017 roay
8,22 mipp py6. Hanbob11yIo AOII0 B PETMOHATIBHOM
CTPYKTYPE 3aHMMAJIA, KAK U B CJIy4ade ITAKEPOB,
3ananHas Cubups — 75%.

Ha peiHKe KOMITOHOBOK MI'PIT O01b1IYIO 4ACTh
peIHKA B 2017 rogy 3aHUMAJIM HEYIIPABJIIEMbIE
KOMIIOHOBKH, OJIHAKO MX JIOJIA B IEHEXKHOM

CaMbIM ObICTPOPACTYLLNM CEFMEHTOM Obis
pbIHOK KoMnoHoBok ansg MIPIM -c 2011 roga

ero gons sblpocna ¢ 2 0o 11%.

The fastest growing segment was the BHA
market for MSHF — from 2011 its share grew
from 2 to 11%.
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O6opypoBaHue gnsa NP
Equipment for HF

3%

O6opypoeaHne MWD/LWD
Equipment for MWD/LWD
5%

100%

Hacocbl Bcex BUAOB
Pumps for various purposes
36%

YcTbeBoe obopyanoBaHue
Wellhead assembly

BypoBble ycTaHOBKM
Drill units

12%

BepxHui npusog bY
Top drive of the drill unit

=78045 1

MnH pybnen i|
Min rubles i |

— rCKBa)KVIHHoe obopyaoBaHue
Downhole equipment
37%

4%

Hemounux: ananus RPI
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Figure 2 — Shares of individual segments in the
total volume of the oilfield equipment market in
2017 inmonetary terms, % of the total market
volume
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Figure 3 — Downbole equipment market in
Russia in 2011-2017 in cashterms, million
rubles

in monetary terms and amounted to 14.75 billion
rubles in 2017. The largest share in the regional
structure in monetary terms was occupied by
Western Siberia (68%), however, Eastern Siberia was
the fastest growing region — since 2011 the packer
market in this region grew 79 times to 778 million
rubles. In monetary terms, the largest market share
was accounted for non-removable packers for cased
holes — 66%, whereas in physical terms it was 48%.
Since 2011, the BHA for MSHF market has increased
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Figure 4 — Borehole equipment market
in 2017 by customers, min RUB,%

BBIPAKEHUU (74%) OKA3a/1aCh HUXKE, YEM B
pusnueckom (90%), B CBA3HU C BLICOKOY CTOUMOCTBIO
YIIPAaBIIEMBIX KOMIIOHOBOK.

O6bEM PBIHKA ITOJIBECOK XBOCTOBUKOB C 2011 rosa
yBean4auiIcs Ha 76% u joctur 31,03 maps py6. B 2017
roay. B peruoHasbHON CTPYKTYPE PBIHKA IIOABECOK
XBOCTOBUKOB KPYITHEHIIYIO JOJIIO 3AHUMAJIA
3anaanasa Cubups (24,4 mapna pyo., 79%).

O6beM PBIHKA IPOTUBONECOYHBIX (DHIIBTPOB
U 3KpaHOoB B 2017 rogy B JEHEKHOM BBIPAXKEHUU
cocTaBuI 2,57 MiuipA py6. Haubosbime 1011 B
PEruOHANBbHOM CTPYKTYPE 3aHUMAJIU 3aAI1aJHAA
Cubups (69%) u Bonra-Ypan (23%).

PBIHOK IOIIABKOBOT'O
obopynoBanus ¢ 2011 ropa
YBEJIUYMIICA HA 73%, 10 21,48 Mapn
pyo. B pErnoHanbHONU CTPYKTYPE
JuaupoBaia 3anajaHas Cubupb
(75%).

3a 12 ner - 259% pocra!

IIpu mocTpoOeHNH IPOTrHO3a
PBIHKA CKBAKMHHOT'O OOOPYAOBAHUSA
B 2018-2030 rogax HaMu ObLIN
YYTEHBI CJIEAYIOMHUE (PAKTOPBIL:

* NPOTHO3HAS JUHAMUKA
06bEMOB OypeEHUA
HAKJIOHHO-HAIIPABJIEHHBIX U
TOPU3OHTABHBIX CKBAXKHH;

* MPOTHO3 OOBEMOB OYPEHUSA
HAKJIOHHO-HAIIPABJIEHHBIX U
TOPU30OHTAJIBHBIX OOKOBBIX
CTBOJIOB;

* MPOTHO3HBIE JAHHBIE 00 OObEMAX
nposegenus I'PITu MI'PIT;

* NPOTHO3 OOBEMOB KAITUTAIBHBIX
PEMOHTOB CKBAXKHH;

Ha pblHKe KOMMNOHOBOK

MTIPI 6onbLuyto YacTb pbiHKA

B 2017 rogy 3aHnmanu
HeyrnpasfsieMble KOMMNOHOBKMU,
OHAKO X A0NSA B AEHEXHOM
BbipaXkeHnu (74%) okaszanacb
HUXe, YeM B PU13nNYeCcKom
(90%d), B cBA3M C BbICOKOWM

CTOMMOCTbIO yrpaBJigeMbIX

KOMIOHOBOK.

In the BHA for MSHF market,
the majority of the market in
2017 had unmanaged BHAs,
but their share in monetary
terms (74%) was lower than in
physical terms (90%) due to the figure will be less than 1%.
high cost of the managed ones.

10.4 times and reached 8.22 billion rubles in 2017. The
largest share in the regional structure was occupied, as
in the case of packers, by Western Siberia — 75%.

In the BHA for MSHF market, the majority of the
market in 2017 had unmanaged BHAs, but their share
in monetary terms (749%) was lower than in physical
terms (90%) due to the high cost of the managed ones.

The volume of the liner hanger market since 2011
has increased by 76% and reached 31.03 billion rubles.
in 2017. In the regional structure of the liner hanger
market, the largest share was occupied by Western
Siberia (24.4 billion rubles, 79%).

The volume of the market of sand filters and screens
in 2017 in monetary terms amounted to 2.57 billion
rubles. The largest shares in the regional structure were
occupied by Western Siberia (69%) and Volga-Ural
(23%).

Since 2011, the float equipment market has increased
by 73% to 21.48 billion rubles. Western Siberia was the
leader in the regional structure (75%).

For 12 years - 259% growth!

When building a forecast of the downhole
equipment market in 2018-2030. We took into
account the following factors:

» forecast dynamics of drilling of directional and
horizontal wells;

» forecast of drilling volumes of directional and
horizontal sidetracks;

» forecast data on the volume of singlestahge and
multistage hydraulic fracturing operations;

¢ forecast of the volume of well workover;

» technological and market trends in the equipment
market.

The study showed that the main drivers of this
market in the years 2018-2030
will be:

e increase in the number of
production wells entered;

e an increase in the number
of sidetracking operations
(including the construction of
horizontal sidetracks);

e increase in the number

of hydraulic fracturing
operations.

The main reason for the
increase in production wells
in 2018-2030 will be a growth
in production drilling in the
depleted fields of Western
Siberia in order to curb the
decline in production there.
However, the annual growth
rate of the input of production
wells in 2018-2030. will be
reduced, and by 2030 this

Until 2024-2025, oil producers
will develop new large fields
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* TEXHOJIOTUYECKUE U
PBIHOYHBIE TPEH/IBI HA PBIHKE
060PyIOBAHUSL.

HiccnenoBaHue TOKA3a7I0, 9YTO
OCHOBHBIMH JIDANUBEPAMU ITOTO
pbiHKa B 2018-2030 rogax CTaHyT:

* POCT KOIMUYECTBA BBOAUMBIX
SKCIIIYATALIMOHHBIX CKBAXKUH;

* YBEJIMYEHUE YUCJIA ONIEPALIUH
3BbC (B TOM 4HCI€ CTPOUTENLCTBA
BI'C);

e pocruuciaa onepauu I'PIT.

OCHOBHOU IPUYUHOU
YBEJIMYEHUS BBOZA
IKCIUIYATALIUOHHBIX CKBAKUH
B 2018—-2030 rogax cTaHET
POCT 3KCIIIYaTALITHOHHOTO
OypeHUsI HA UCTOIEHHBIX
MECTOPOXJIEHUAX 3aITaTHON
Cubupu C HENbIO CACPKUBAHUS
naJIeHUs JOOBIYYU HAa HUX. OTHAKO
TEMIIBI TOJJOBOTI'O IPUPOCTA BBOJA
IKCILIYATAITUOHHBIX CKBAKUH
B 2018-2030 rogax COKpaTaTcs,

n K 2030 rogy 3TOT IOKA34ATENb

cocTaBuT meHee 1%. 1o 2024-2025

rOJIOB HE(PTAHUKHU OYAYT OCBAUBATH

HOBBIE KPYITHBIE MECTOPOXKCHUSA

B BocTounoM CUOHPH, B CBA3U C YEM B PETUOHE

YBEINYIATCA OO'BEMBI AKCILTYaTAIITMOHHOI'O 6y pEHUA.

J0o71s1 rOpu30HTAIBHOrO OypeHus K 2030 rony

noctursaeT 70%.

B 2018-2030 rogax rogoBoe KOJIUYECTBO
onepanuii 35C 6y1eT pacTH, HO TEMIIBI POCTA 3TOT'O
PBIHKA 3HAYUTEIBHO COKPATATCA 1O CPABHEHUIO C
NPEABIAYIINM JECATHIETUEM. B EPCIIEKTUBE 1O
2030 roga Tremnel pocta yncaa 36C He nnpeBbIcaT 11%

B I'OJ], 4 €I'O CPEAHETOJOBOE 3HAYEHUE COCTABUT 5,2%.

K 2030 rogy xonndecTBo onepanyii 36C JOCTUTHET
YPOBHS B 6,5 THIC., UTO HA 82% MIPEBBIIIACT
AHAJIOTUYHBIN ITOKa3aTenb 2017 rojaa.

B Hacrosmee Bpems o BI'C B o61em
KosimyecTse onepanui 3bC paBHa B CPEAHEM 1O
crpane 56%. B 6yayiiem aTot metos 35C cTaHeT ene
60ee PaCpPOCTPAHEHHBIM U JOCTUTHET JOJIH B 65%
B OIMKAHIIIEE JECITUIIETUE.

B cpenHecpouHOIt mepcnekTuse, 1o 2024 roaa,
IIPOIHO3UPYETCS POCT KOJIUYECTBA OIEPALIUIA
I'PI1 Ha HOBBIX CKBAKUHAX, YTO BBI3BAHO B IIEPBYIO
odepeib POCTOM TAKUX OIlEPALUi Ha HOBBIX I'C,

a Takxe ypeandenueM o I'PIT Ha HaKJIOHHO-
HAIIPaBJICHHBIX CKBAXKUHAX 110 85% K 2030 roay. C
2025 roga oxkugaeTCs CHUXXKeHue kommuuectna ['PIT
H4 HOBBIX CKBAXKMHAX. DTO IPOU3OUACT HA POHE
pocta konmdectsa MI'PIT — faHHBINA METOA OYIET
CTaHOBHUTBCS BCE OOJIEE BOCTPEOOBAHHBIM.

B 2018-2030 rogax I'PIT Ha nepexoasieM PoHE
CKB2>KUH 6Y/IET UMETDh OTPUIATEIBHYIO JUHAMHUKY
CO CPEJHEroOBLIM HajeHueM Ha 1,4% u k 2030
TO/ly CHUBUTCS IO 6,6 THIC. OTIEPAITHH. YMEHbBIICHHE
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B cpeaHecpo4HOM NepcnekTmnee,
0o 2024 ropa,

NPOrHO3mMpyeTcsa pocT
Konmn4yectBa onepaumm PN Ha
HOBbIX CKBa>XMHaX, YTO BbI3BAHO

B MepBYIo oyepenb POCTOM TakKmxX
onepaumm Ha HoBbIx 'C,

a TakXxe ysenuieHunem gonm Pl
Ha HaKJIOHHO-HaNpPaBNeHHbIX
ckBaXknHax go 85% k 2030 roay.

In the medium term, until 2024,
an increase in the number of
hydraulic fracturing operations
on new wells is predicted, which
is primarily due to the growth of
such operations on new wells, as
well as an increase in the share of
hydraulic fracturing on directional
wells to 85% by 2030.

in Eastern Siberia, in
connection with which
the volume of production
drilling will increase in
the region. The share of
horizontal drilling will
reach 70% by 2030. In
the years 2018—-2030
the annual number of
sidetraining operations
will grow, but the growth
rate of this market will
decline significantly
compared with the
previous decade. In the
future, until 2030, the
growth rates of the number
of anti-aircraft systems
will not exceed 11% per
year, and its average annual
value will be 5.2%. By 2030,
the number of sidetracking
operations will reach 6.5
thousand, which is 82%
more than in 2017.

At present, the share of
horizontal sidetracking
in the total number of
sidetracking operations is equal in national average
to 56%. In the future, this sidetracking method will
become even more common and will reach a share of
65% in the coming decade

In the medium term, until 2024, an increase in
the number of hydraulic fracturing operations on
new wells is predicted, which is primarily due to
the growth of such operations on new wells, as well
as an increase in the share of hydraulic fracturing
on directional wells to 85% by 2030. From 2025, a
decrease in the number of hydraulic fracturing on
new wells is expected. This will happen against the
background of an increase in the number of MSHFs —
this method will become more and more popular.

In the years 2018—-2030 hydraulic fracturing at
the rolling stock of wells will have a negative trend
with an average annual decline of 1.4%, and by 2030
will drop to 6.6 thousand operations. The decrease
in the number of hydraulic fracturing operations
is associated with a drop in their efficiency, caused
by a decrease in the number of candidate wells for
hydraulic fracturing and an increase in repeated
hydraulic fracturing, which will lead to an increase in
the water cut.

The multi-stage hydraulic fracturing segment
will demonstrate positive dynamics along with the
continuing growth of the horizontal drilling and
drilling markets, increasing the share of hard-to-
recover reserves in the resource base and increasing
technical and technological solutions. In the years
2018-2030 the share of multiple fracturing operations
in the total number of fracturing operations will



KonndecTsa onepanuii I'PIT cBa3aHO € majjeHuemM
ux 3(pPEKTUBHOCTH, BBI3BAHHBIM CHUKEHUEM
KOJIMYECTBA CKBAKUH-KAHAUAATOB AJis ['PIT 1
yBEIUYEHUEM TOBTOPHBIX ['PIT, KOTOPBIE OYAYT
IPUBOAUTH K POCTY OOBOJTHEHHOCTH HEPTH.

CerMeHT MHOT'OCTaauHHbIX ['PIT
IPOJAEMOHCTPUPYET NOJOKUTENBHYIO JTUHAMUKY
BMECTE C IIPOAOJIKAIOIINMCS POCTOM PBIHKOB
TOPU3OHTAIBHOIO 6ypeHus u 6ypenus bI'C,
YBEJIMYEHUEM JJOIU TPYAHOUS3BJIEKAECMBIX 34114COB
(TPH3) B peCypCHOM 6a3€ U YCIOXKHEHUEM TEXHUKO-
TEXHOJOTUYECKUX pemeHni. B 2018-2030 rogax
Joss MI'PIT B COBOKYITHOM KOJIMYECTBE OIIEPALIAIL
I'PIT 6ygeT NOCTYNATENBHO BO3PACTATh U B UTOT'E
JmocTurtert 41%.

OnucaHHOE BbILIE ONEPEKAIOLIEE PAZBUTHE
TEXHOJIOTUH FTOPU3OHTAIBHOTO O6yPEHHU
IKCIUTYATAITMOHHBIX CKBAXXHWH, 3ape3Kku bI'C
u nposegeHusa MI'PIT craneT npruYuHON
MHTEHCHUBHOI'O POCTA PBIHKOB OO0OPY/JOBAHNA,
06€ECTIEUNBAIOIETO IPUMEHEHNUE STUX TEXHOJIOTUH,
B yacTHOCTU MWD/LWD 1 KoMInoHOBOK MI'PIT
(B TOM 4MCJIE YIIPABIAEMBIX).

B pesynprare K 2030 rogy ppIHOK CKBA>KMHHOI'O
060pyIOBaHUA B POCCHM YBEJIMUUTCA HA
2427 mapa py6. 1 cocTaBut 320,7 MIIpA pyoner
(puc. 5). Hanb6omnee OpICTPpOPACTYIIUM CEIMEHTOM
OKAKETC PIHOK KOMITOHOBOK /111 MI'PIT co
CPEAHETOIOBBIM POCTOM 23%. Ero osns k 2030 rogy
BO3PACTET 10 37%, BTOPBIM 11O OO'bEMAM CTAHET
PBIHOK IIOJIBECOK XBOCTOBUKOB — 32%.

Haubonee AUHAMHUYHO PA3BUBAIOIIUMCS
BHJIOM OOOPYAOBAHUA B CETMEHTE CKBA>KIHHOT'O
ob6opyaosanus B 2018—-2030

PROSPECTS

T OME X9 NN NI M O X2F XM O NE MM X1 NN XN N
()

MopaBeckn XBOCTOBUKOB Makepbl
Liner hangers Pakers

[ ] MonnaskoBoe [ ] KomnoHosku ans MIPI
obopynoBaHue BHA for MSHF

Floating equipment DURLTPLI

Filters

Hemounux: ananu3 RPI
Source: RPI analysis

Pucynox 5 — ITpozno3 puinKa CK6aiCunHozo
ooopyoosanusn 6 Poccuu 6 2017-2030 2zodax 6
OeHeIHCHOM 8bipadicernuu, Mapo Pyo.

Figure 5 — Forecast of the downbole
equipment market in Russia in 2017-2030 in
monetary terms, billion rubles

progressively increase and will eventually reach 41%.
The above-described advancing development of
horizontal drilling of production wells, sidetracking
and conducting multistage hydraulic fracturing will
lead to an intensive growth of the equipment market,
ensuring the application of these technologies, in
particular MWD/LWD and multistage hydraulic
fracturing units (including managed ones).
As a result, by 2030 the

rofiax 6ylyT KOMIIOHOBKH downhole equipment market
MI'PIL. D10 ABUTCA Hanbonee AVHaMUHHO in Russia will increase by 242.7
CJIEJICTBHEM: pa3BnBatroLiMMCca BUAOM billion rubles. and will amount
* YBEJIMYEHU B [1€JIOM YHCIIA 060 pyooBaHUA B CErMEHTE to 320.7 billion rubles (Figure
onepanun MI'PIT; 5). The fastest growing segment

* POCTOM JIOJIU TPUMEHEHMUSI
JIOPOrOCTOAIIUX
ynpaeisieMbix KOMITOHOBOK. [0\, In(e)E[e) =Y/ R\ I NN F

PBIHOK ITaKkepOB B AEHEKHOM

CKBa>XUHHOI'O O60py,IJ,OBaHM$I
B 2018-2030 roaax 6y.D.yT with an average annual growth

will be the BHA for MSHF market

of 23%. By 2030, its share will
increase to 37%, the second in

BBIpKEHUH K 2030 rogy The most dynamically developing terms of volumes will be the
BBIPACTET B 3,1 pazau type of equipment in the shank lier hanger market — 32%.
cocTasut 46,2 Mipz pyo. d hol . t ti The most dynamically

[MouTu 60% aTOro pocra ownhole eq_u Ipment segment in developing type of equipment
06ECIICUUT YBETUYCHHUE 2018-2030 will be the BHAs of the Rt equipment
pBIHKA 3anaiHoN CUbHpH, mu|-tip|e hyd raulic fractu ring_ segment in 2018—2030 will be the

23% — BOCTOYHOI.

B AeHEKHOM BBIPAKEHUN
46% pbiHka (21,2 mupz py6.) B 2030 roay 6yzner
NPUXOAUTHCA HA ITAKEPDI 11 OTKPBITBIX CTBOJIOB.

B ¢pn3nyecKkoM BEIPAKEHNH 3TA JOJI OKAKETCA
6oble — 69%.

HecMoTpst Ha pOCT 1011 60JI€E AEMIEBbIX TAKEPOB
JUIS OTKPBITHIX CTBOJIOB, PBIHOK ITAKEPOB B JIEHEKHOM
BBIPpAKEHUH K 2030 rofy yBeJIMYMUTCA CYLIECTBEHHEE,
4eM B (PU3UYECKOM, YTO BBI3OBET POCT YACABHON
CTOHMMOCTH OOOPYAOBAHUSL. }

BHAs of the multiple hydraulic
fracturing. This will result from:
¢ anincrease in the total number of MSHF operations;
* anincrease in the use of expensive, manageable
BHAs.

The packer market in monetary terms will grow
3.1 times by 2030 and will amount to 46.2 billion
rubles. Almost 60% of this growth will provide an
increase in the market of Western Siberia, 23% —
Eastern. In monetary terms, 46% of the market
(21.2 billion rubles) in 2030 will be packaged for open
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PBpIHOK KOMITOHOBOK 11 MI'PIT K 2030 rogy
BBIPACTET O0Jiee yeM B 14 pas, 10 117,0 mapa pyosen.
KJ1to4eBbIM APAriBEPOM POCTA PHIHKA, IOMHUMO
YBEJIMYECHU S KOJIMYECTBA OIIEPALMU U CTAAUN
MTI'PIT, cTaHeT poCT CPENHEN CTOUMOCTHU €TUHULLBI
060pyaOBaHUA. [I0JIS1 YIPABIIEMBIX KOMIIOHOBOK
H4 PBIHKE B ICHEKHOM BbIpaKeHUU B 2030 rony
JOCTUTHET 72% (B PpU3NIECKOM — 50%), 4TO
CBSI3aHO C X BBICOKOH CTOMMOCTBIO, B (PU3NYECKOM
BBIPAKEHUH OHA COCTABUT 20,3 MJIH pyOJIEN.

O6bEM PBIHKA ITOJIBECOK XBOCTOBUKOB B JIEHEXKHOM
BBIPAKEHUM YBEJIMYUTCA B 3,3 pa3a, 1O YPOBHS B
101,5 muipa pyo. Onepekaroniue TEMIIBI IPUPOCTA
PBIHKA B (PMTHAHCOBOM UCYMCJICHUU
10 CPABHEHUIO C YBEJIMYCHUEM
PBIHKA B (DU3UYECKOM BBIPAKEHUU
CBSA3aHBI C BO3PACTAHUEM CPEIHEN
LIEHBI EAUHUIIBEI OOOPYIOBAHUA
Ha 72% K 2030 roxy. OTO CTAaHET
PE3YJIBTATOM B IIEPBYIO OYEPEND
YCJIOKHEHH A TEXHOJIOTMYECKUX

KnioyeBbiM ApariBepom
pOCTa pblHKA, MOMUMO
yBeNn4yeHusi Konnyectea
onepauun n ctagum
MTIPI1, ctaHeT pocT

barrels. In physical terms, this proportion will be
greater — 69%.

Despite the increase in the share of cheaper packers
for open tracks, the packer market in monetary terms
will increase more significantly by 2030 than in
physical, which will cause an increase in the unit cost
of equipment.

By 2030, the BHA for MSHF market will grow by
more than 14 times, to 117.0 billion rubles. The key
driver of market growth, in addition to the increase
in the number of operations and stages of MSHF,
will be the increase in the average cost of a piece of
equipment. The share of managed BHAs on the market
in monetary terms in 2030 will reach
72% (in physical — 50%), which is due
to their high cost, in physical terms, it
will be 20.3 million rubles.

The size of the liner hanger market
in monetary terms will increase
3.3 times, to a level of 101.5 billion
rubles. The outpacing rates of

PELIEHUN IPU IPONU3BOACTBE
MOJIBECOK XBOCTOBHUKOB
(060opyaOBaHME 151 O6OJIEE CIOKHBIX
U INTYOOKUX CKBAXKUH, ITOJIBECKU C
BpAIllCHUEM).

PuIHOK (hmibTpOB K 2030 rogy
BbIpacTeT B 1,7 pasa, 10 6,2 Mmpn
pyo6. B aTOT nNepuog, cpeaHas
CTOMMOCTD (DUIIBTPA YBETUIUTCS
Ha 69% Ha done uH AN 1 POCTA
JIo111 6051€e€e JOPOTrux (PUIBTPOB
C IyYIINMH Ka4€CTBCHHBIMU

cpepHen CTOMMOCTU

eANHULbI 00opYyaOBaHMS.

The key driver of market
growth, in addition to the
increase in the number of
operations and stages of
MSHF, will be the increase
in the average cost of a
piece of equipment.

market growth in financial terms as
compared with the market growth
in physical terms are associated
with an increase in the average price
of a piece of equipment by 72% by
2030. This will result primarily from
the complication of technological
solutions in the production of
liner hangers (equipment for more
complex and deeper wells, rotary
hangers).

The filter market will grow by 1.7

XAPAKTEPHUCTUKAMH, 4 TAKIKE
BHE/IPEHMA HAOYXAIOMUX (PUIBTPOB, HE TEPAIOMNX
CBOU (PUJIBTPALIMOHHBIE CBOMICTBA B TEYUEHUE
JIATEIBHOT'O IPOMEXYTKA BDEMCHHU.

PBIHOK IIOIJIABKOBOT'O OGOPYAOBAHUS B ICHEKHOM
BeIpakeHNUHU K 2030 roly BO3pacTeT B 2,3 pa3a, 10
49,9 Mmapp pyo., 2 CPEAHSSA CTOUMOCTD €JUHULLbI
OBOPYAOBAHUSI YBETUYUTCS HA 65%, 10 3,3 MITH PYO.

IIpyUBEICHHBIC BBIIIE IIPOrHO3bI UMEIOT
CYHIECTBEHHOE OI'DAHUYCHUE: OHU HE YYHUTBIBAIOT,
YTO B CTPYKTYPY PBIHKA CKBAKMHHOI'O
o60opyaoBaHus 1o 2030 roga ¢ 60IbIION CTEIIEHBIO
BEPOSITHOCTH MOT'YT BONMTH HOBBIEC TEXHOJIOTMYECKU
CJIOKHBIE U IOPOTHE BU/IBI OOOPYIOBAHUS,
B YACTHOCTH, CBSI3AHHBIC C BHEIPECHUEM B
MOBCE/IHEBHYIO ITPAKTUKY HHTEJJICKTYAIbHBIX
CKBA>KHH U MECTOPOXK/ECHUN. B 3TOM Citydae
NPEICTABIEHHBIE IPOTHO3bI OKAXYTCSI BEChbMA
CIIEPKAHHBIMH, 4 [IEPCIIEKTUBBI BX0/14 HA 3TOT PIHOK
ele 60J1ee 3aMaHUYUBBIMUL

AHATHTHYECKHH OTYET « CKBAKHHHOE H YCThEBOE
060pyIOBaHHE: KOMILJICKCHBINM AHAJIU3 PHIHKA, KITIOUEBBIEC
HI'POKH, IPOTrHO3 A0 2030 roga» BRINYILEH KOMIIAaHHEH
RPI. IIo BompocaM, CBA3aHHBIM CO CTAThE€H H OTYETOM,
o6pamarirecs o reaedonam: +7(495) 502-54-33,

+7 (495) 778-93-32, e-mail: research@rpi-research.com

www.rpi-consult.ru
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times by 2030, to 6.2 billion rubles.
During this period, the average cost of the filter

will increase by 69% amid inflation and a growing
share of more expensive filters with better quality
characteristics, as well as the introduction of swelling
filters that do not lose their filtration properties for a
long period of time.

The market for float equipment in monetary terms
will increase 2.3 times by 2030, to 499 billion rubles,
and the average unit cost of equipment will increase by
65%, to 3.3 million rubles.

The above forecasts have a significant limitation
— they do not take into account that the structure
of the downhole equipment market until 2030 is
likely to include new technologically complex and
expensive types of equipment, in particular, related
to the introduction of intelligent wells and fields into
daily practice. In this case, the presented forecasts will
be very restrained, and the prospects for entering this
market are even more attractive.

The analytical report "Well and wellhead equipment: a
comprehensive analysis of the market, key players, forecast
to 2030" was released by RPI. For questions related to the
article and report, please call: +7(495) 5025433,

+7 (495)7789332, e-mail: research@rpi-research.com

www.rpi-consult.ru



OO0 dlakep CepBUC» IOIOXKUTEIBHO OLIEHUBACT
pesyabrarsl npoweaitero 2018 roga. Hecmorps
Ha HEIPOCTYIO 3KOHOMUYECKYIO COCTABIIAIONIIYIO
B He(pTecepBUCHOM ceKkTope, OO0 dlakep
CepBUC» UAET IO Iy TU JAJIbHEUIIErO PA3BUTHA
KA4K HAPAIIMBAHHUEM KOJIMUYECTBA OOOPYAOBAHUS,
MEPCOHAIA, PACIIUPEHUA CIIEKTPA YCIIYT, TAK U

TCXHOJIOT'MYCCKUM U UHTCJVICKTYAJIbHBIM DA3BUTHUCM.

Pacmupserca npucyrcrsue OOO dlakep Cepsuc»
HAa CEPBUCHOM PBIHKE U OXBAT OKA34HU YCIYT B
OTJAJIEHHBIX ABTOHOMHBIX PET'MOHAX BOCTOYHON
Cubupu, Henenkoro AO, Pecriy6inuku Komu u nip.

Pabora B 6imkHEM 3apyoeskbe (Kaszaxcran,
Benapyce, A3epOarnkaH, Y36€KUCTAaH) TIO3BOINIA
OO0 dlakep CepBUC» CTATb MEXKAYHAPOLHOU
CEPBUCHOM KOMITAHUEN 1 BBIMTU HA HOBBIH J1J151
ceOs1 YypOBEHBD KAK IO KAYECTBY OKA3bIBAEMBIX YCIIYT,
T4K U YPOBHIO MEXKIYHAPOJAHBIX TPEOOBAHUI IO
6€30IMACHOCTHU U OOYYEHHOCTH IIEPCOHAIA.

PasBuTHE yCayr B O6/IACTH 3AaKAHYHUBAHU S CKBAKUH
TIO3BOJIMJIO OKA3bIBATH KOMIIJIEKCHBIE YCJIYI'Y CBOUM
334Ka34YUKaAM I10/] KJIIOY. BBICOKOTEXHOJIOTMYHOE
3aKAHYMBAHUE 'OPU3OHTAIBHBIX CKBAXKUH C
NPOBEJIEHUEM MHOIOCTaAUHOro I'PIT — 310

HOBDIE Bbi30Bbl

MNOAXO[], BOCTPEOOBAHHBIN HAIIMMH 3aKA34UKAMU,
1 OO0 dTakep CepBUC» UAET MO ITyTHU PA3BUTHA
JIAHHOI'O HATIPABJIEHUA U A8ATITALIIH I1O]] CJIOKHBIE
I€O0JIOTUYECKUE YCIIOBUA.

Ipoaykuus, npoussoaumas OO0 dlakep Tyns»
(mpousBogcTBeHHAs 1Iomagka OO0 «JTakep
CepBHC»), TAKXKE TMHAMHUYHO PA3BUBAETCA U
MOKPBIBAET TOTPEGHOCTU KAK CAMOH YIIPABJIAIONIEH
KOMIAHHH, TAK ¥ CTOPOHHUX KOMIIAHUH. 3AKa3bl
Y MACIITAOBI IPOU3BO/ICTBA ITO3BOJIUIN BBIFTH HA
CaMOZIOCTATOYHBIN YypOBEHD. [IpoagyKLa
OOO dTakep Tyn3» MOCTABIAECTCA MEKAYHAPOIHBIM
HePTECEPBUCHBIM KOMITAHUAM KAK HA
TeppuTOprH P®, TaK 1 B 6JIMKHEM 3aPYOEKBE, UTO
ITO3BOJINJIO OIIEHUTh KAYECTBO OOOPYJOBAHUS,
COOTBETCTBYIOIIETO BCEM MEK/IYHAPOAHBIM
TPEOOBAHUSM.

IMoprdens 3aka30B HA 2019 roA ¥ NOCIEAY IO
nepuoy 11ozpossieT OO0 Jlakep CepBUC» C
OIITHMHU3MOM OLICHUBATb, PA3BUBATD, PCATHN30BbIBATD
Y1 MHBECTHPOBATD KAK B PA3BUTHE TEKYITUX
IIPOEKTOB, TAK U B TOTEHIINAJIC OTKPbIBATH HOBBIC
CEPBHUCHBIC INHUH, TPOU3BO/ICTBEHHBIE IIJIOMIATKH,
WHBECTUIIMOHHBIC IPOEKTHL
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KYPC-HA BYPOBYIO BYAYILLEIO!
ON THE PATH LEADING TO THE DRILLING FUTURE

Sasepuiarougum meponpusamuem 19-ii
MerncoyrapOoOoHoil HAYUHO-NPAKIMUECKOLL
KoOH@epeHuuu <Konmroourzo8sLe
mexronozuu, I'PLL 6HympuckeaxcurHvLe

pabomuwis, npoxoousuiert 8—9 noaopsa

2018 200a 6 Mockee, cmauJic OUCK)CCUA
dHegpmezasosulii cepeuc HOB020 8Pemeris,

8 nporecce KOMOPOLL ee YUACIHUKU
BBbICKA3AJIU CBO MHEHUE O NEePCREKINUBHBLX
HANpasIeHUAX Paseumitsi POCCUILCKO20
Hegbmeza306020 cepsuca. Haubonee
UHIMEPECHBLE MOMEHINBL OOCYHCOCHUSL MbL
npeonazaem BHUMAHUIO YUMAIMENelL.

KouncranTHuH BypayH, K. m. H., 2/1A6HblLL UMIcerHep
denapmamerma no pemonmy cxeaxcur ¢ THKT xomnarnuu
dILnombeporces: «3a 1A JHI KOH(PEPEHIIUN MBI TOJIYIUIN
MH(MOPMAIUIO O PAJE HOBBIX TEXHOJIOTUI U IPUMEHEHUH
TOTOBBIX UHCTPYMEHTOB. TEHJIEHITNN PA3BUTHA OTPACIH
O4ePTUJI B CBOEM JOKJIa/ie C. CUMAKOB. A UMEHHO:
CKBAKUHBI CTAHOBATCS BCE ITTyOXKE, YBETUUNBACTCS

B 3KCrJiyaTayuio.

il -

KoucranTun b TTH
Konstantin Burdin

JuameTp 'HKT 1 MOIHOCTB 0O60pyOBaHUA. OO

TPEH/ HOHATEH: PA3BUTHUE UACT B CTOpOHY MIPIL. Ho

MOE JINYHOE MHEHHE: KOJITIOOUMHI'OBBIE TEXHOJIOTUH B
0603PUMOM OYAYIIIEM UMEIOT BCE IIAHChI 3aMEHUTD [OJTHBIH
LUKJI CTPOUTENBCTBA CKBAXKUH — OT Oypenus Jo ['PIT.
[Ipex/ie BCETO peub UAET O KOMOMHUPOBAHHBIX CTAHKAX,
CIOCOOHBIX 6YPHUTB C TOBEPXHOCTH, 34TEM CITYCKATb HA

TOI K€ THOKOU TPyO€ KOMIIOHOBKY Jis11 MI'PIT, mpoBOAUTH
MHorocTaaniHed I'PIT yepe3 THKT 1 0CBanBaTh CKBAXKUHY.
ITo cyTH Jie1a, 3TO U €CTh T4 caMasi 6ypoBast OyAyIIETO, O
KOTOPOH CET'O/THS TOBOPAT HA BCEX MPO(PECCUOHAIBHBIX
TUIOIIA/IKAX MUPA. KAaKOBBI MPEUMYINECTBA, KOTOPBIE MBI
XOTHUM BUJIETH B OypOBO 6yay1iero? ITpesxzie BCEro, 3To
MOJIHAA ABTOMATHU3ALU, KOIZId PYYHOI TPY/ UCTIONb3YETCS
TOJIBKO JIJISl TOT'O, YTOOBI IOJOUTD I'AHKY UJIN OTKPBITh
(POHTAHHYIO APMATYPY.
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Ha cerogHsaWwHWI aeHb KoNTIOOMHIroBas
TEeXHONOorus yxe Joka3sasna cBoto
3(peKTNBHOCTb U BblLLSa Ha TOT
YpPOBEeHb, KOrja € ee MoOMOLLbIO
caenanocb BO3MOXHbIM 3aMeHUTb
MOJHBIN LMK CO38aHUSA CKBaXUHbI —
OT Hayana cTpouTeNnbCTBa A0 BBOAA

To date, coiled tubing technology
has already proven its effectiveness
and reached the level when it made
it possible to replace the full cycle of
creating a well — from the start of
construction to commissioning.

The final event of the 19" Internationcal
Scientific and Practical Coiled

Tubing, Hydraulic Fracturing and

Well Intervention Conference, held on
November 8—9, 2018 in Moscow, was
the discussion ‘Oil and gas service of
new time”, during which its participants
expressed their views on promising aredas
development of the Russian oil and gas
service. We bring to the attention of thre
readers the most interesting moments of
the discussion.

Konstantin Burdin, PhD in Engineering, Chief
Engineer of CT Operations Depariment, Schiumberger:
During the two days of the conference, we received
information on a number of new technologies and
applications of finished tools. S. Simakov outlined
the development trends of the industry in his report.
Namely: the wells become deeper, the diameter of
the coiled tubing and the power of the equipment
increase. The general trend
is clear: the development is
in the direction of the multi-
stage grouping campaign. But
my personal opinion: In the
foreseeable future, coiled tubing
technologies have every chance
to replace the full cycle of well
construction — from drilling to
hydraulic fracturing. First of all,
we are talking about combined
machines, capable of drilling
from the surface, then lowering
the compaction for MSHF on the
same coiled tubing, conducting a
multi-stage hydraulic fracturing
through the CT and mastering
the well. In fact, this is the very
drilling of the future, which
today is spoken of at all professional sites of the world.
What are the advantages we want to see in the future?
First of all, it is full automation, when manual labor is
used only to tuck a nut or open a tree. To date, coiled
tubing technology has already proven its effectiveness
and reached the level when it made it possible to
replace the full cycle of creating a well — from the start
of construction to commissioning.

Sergey Simakov, Well Intervention Manager of the
Integrated Solutions Department for HRV of the Design
and Functional Support Unit for the assets, Gazmromneft
NTCLLC: The presentations showed a lot of trend
technologies, and the task is to group them in terms
of significance. As for the coiled tubing technologies,
their development is seen in close connection with



Ha ceropHAmHUN IeHb KONTIOOMHTOBAs TEXHOIOTHS

YoKE J0KA34J14 CBOIO 3(P(PEKTUBHOCTD U BBIIIIA HA TOT
YPOBEHB, KOI7IA C €€ IIOMOIIBIO CAEIAI0Ch BO3MOKHBIM
3aMEHUTBD ITOJIHBIH ITUKJI CO3/IaHUS CKBAKUHBI — OT Ha4yasa
CTPOUTENBCTBA JJO BBO/IA B SKCIUIYATAIIUIO».

Ceprext CHMaKOB, DYK0800UME b HANPABICHUA
BHYMPUCKBANCUHHBLX PadOom YnpasiieHus
UHMEZPUPOBAHHBLX Detterutl 1o
BHYMPUCKBANCUHHBIM Padbomam Baoka
NPOEKMHO-PYHKUUOHAIEHO20 00eCHeHeHus
axmueos OO0 d azmpomredpmo HTL]:

«B nipe3eHTanuAX 6bLJIO [IOKA31HO MHOTI'O
TPEHJOBBIX TEXHOJIOI'UH, U CTOUT 33/1a44
UX CI'PYIIIMPOBATH C TOYKU 3PEHUS
3HAYMMOCTHU. YTO KACAETCS KOITIOOMHTOBBIX
TEXHOJIOTHUH, TO UX PA3BUTHUE BUJIUTCS B
TECHOM CBA3U ¢ MydTamu MIPIL ITouemy
UMEHHO C MydTaMu? IToTOMY 4TO, KaK
MOKAa3bIBAET N POKUI OITBIT KOJUIET, 37€Ch
MBI UIMEEM BO3MOXKHOCTB IIOBTOPHOT'O
noaxona K nopram I'PIT, MOXKeM OTKPBIBATD/
3aKPBIBATh UX, CHOBA IIPOBOJUTH ONEPALINU
C 3TUMHU IOPTAMH, CKAXKEM, YEPE3 roAl. Mbl

B TEYEHHE NTOJIYTOJjd UMEJIU JEJIO C TAKUMH
MOPTAMU, 1 OHU PAOOTAIH KaK YaChl. Ecn
JKE€ PeUb MOHUJET O OOJIEE JTUTEIBHOM
HEPUOJE, TO TYT HYKHO IIOHHUMATh, YTO

Y2KE MOXKHO CTOJIKHYTBCS C HETATUBHBIM
BO3/JIEMCTBUEM I'€OJIOTUYECKUX YCIIOBUH,
KOPPO3HUU METAJLIA WU €IIE KAKUX-

JIM60 (PAKTOPOB. DTO OUEHBb BAXKHBIN
MOMEHT, KOTOPBII HE CIIEAYET YIIYCKATh

U3 BUIY. A 3PPEKT OT KOHKPETHOT'O
MO3ULTMOHUPOBAHMSA IPU 3aKauke I'PIT HaMm
CIOCOOHBI TOKA32Th MapKEPbL. MapKepHbIE TEXHOJIOTUU —
3TO €IIE OAHO BAXKHOE HATIPABJIEHUE PA3BUTHSA.

AHTOH Boxop, xomnanus dllnrombepiuces: «Mor
nporxHo3 1o 'HKT: oTpacib 6yIeT CTATHUPOBATB JI0 TEX
OP, TOKA HE CIYYUTCS TEXHOJIOIMYECKUN ITPOPBIB JIMOO
HE OyIyT MaCCOBO IPUMEHATHCA MHOTOnOpTOBbIE ['PIT
C 33JJBI>KHBIMH MY(PTaMU IMOO IPYTHE IPOPLIBHBIE
TEXHOJIOIUH. [IpyruX BAPUAHTOB IIPOCTO HET. Ha phIHKe
MIPOMBIBOK U (DPE3EPOBAHUSA OyIyT OCTABATHCSI HEOOJIBIIINE
KOMIIAHUH, KOTOPBIE CTAHYT JOBOJILCTBOBATHCA MAJIbIM
U HAYET'O TEXHOJIOTUYECKHU CEPbE3HOIO CHAEIATh HE
CMOT'YT. ITO 60IBIIOMY CYETY BBICOKOTEXHOJIOTMYHOT'O
peiaka 'HKT yoxe He CYIECTBYET, ECJIU HE IPUHUMATh
BO BHUMAHME KOMIIAHUU «OOJIBIIION YETBEPKW». []a 1
JIImoMbepxKe» Ha CAMOM JIEJIE YyBCTBYET CEOS1 JOBOIBHO
TsKEII0. POCT NOKA3BIBAIOT IHOYTU UCK/IIOYHUTEIIBHO TOJIBKO
MEJIKHE KOMITAHUU, KOTOPBIE 3aHUMAIOTCA IIPOMBIBKAMU U
dpesepoBanrem. Ho OHY, K COXKAIEHUIO, HUYETO IPYTOTO
J€eJIaTh HE YMEIOT>.

Kammuas Kapumos, oupexmop no pazeuniuio
ousneca, OOO dlaxep Cepauc»: <1 6b1 HE CTAJI TOBOPUTD
O CTArHALUU PBIHKA. DTO TEKYIIUH MOMEHT: PbIHOK TAK
copmuposaics. Ho xores 661 O6paTUTh Ballle BHUMAHUE
Ha HEKOTOPBIE TPOOJIEMBL, B Yd4CTHOCTH, HA TO, YTO B Poccuu
HAOIOAAETCA NEPEKOC B HApamuBaHuu (paotos FTHKT

Y10 KacaeTcs KoNnTIOOMHIroBbIX

their development is seen in close
connection with the MSHF sleeves.

the MSHF sleeves. Why precisely with frac sleeves?
Because, as the wide experience of our colleagues
shows, here we have the opportunity to re-approach
the hydraulic fracturing ports, we can open/close
them, again conduct operations with these ports, say,
in a year. We have dealt with such ports for six months,
and they worked like a clock. If we are talking about
alonger period, then we need to understand that we
can already face the
negative impact of

PROSPECTS

N geological conditions,
T@XHONOrUM, TO UX PA3BUTUE BUAWNTCA a1 corrosion or any
B TecHou ¢Bsi3n ¢ mydTamum MIPI1. other factors. This is a
As for the coiled tubing technologies, ~ veryimportant point

that should not be

overlooked. And the
effect of a particular
positioning during

the injection of hydraulic fracturing
is able to show markers. Marker
technology is another important
direction of development.

Anton Bokor, Schiumberger:
My prediction on coiled tubing:
The industry will stagnate until
a technological breakthrough
occurs or the multi-port hydraulic
fracturing with sliding sleeves or
other breakthrough technologies
are massively applied. There are no
other options. Small companies will
remain in the cleanout and milling
market, which will bbe grateful for
small favours and will not be able
to do anything technologically serious. By and large,
the high-tech market of coiled tubing is no longer
exists, if you do not take into account the companies
of the "big four". Yes, Schlumberger, in fact, also feels
quite hard. Growth is shown almost exclusively by
small companies that are engaged in cleanout and
milling. But they, unfortunately, do not know how to
do anything else.

Kamil Karimov, Business Development Director,
Packer Services: 1 would not talk about the stagnation
of the market. This is the current moment: The market
is so formed. But I would like to draw your attention to
some problems, in particular, to the fact that in Russia
there is a bias in the growth of CT fleets compared
to frac fleets. Based on our analytics, the ratio here is
3: 1, that is, the number of fleets of CT is three times
the number of fleets of hydraulic fracturing, which
is contrary to international practice, where the ratio
is 1: 1 or the number of fleets of hydraulic fracturing
even exceeds the number of fleets of CT. This situation
is influenced by many factors, primarily external
(sanctions, exchange rate difference, etc.), to which the
Russian market has responded by actively increasing
the capacity of the CT. But the need for hydraulic
fracturing is also growing. I hope that the imbalance
in the number of equipment for hydraulic fracturing
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110 CpaBHEHUIO C (piroTamu I'PIT. Mcxoas

U3 Halled aHATUTUKH, KOIPOUIITUEHT
31€ech 3:1, 1O ecTb uncno pnoros 'HKT B
TPHU pa3a IpeBbIIACT YUCIO (P1oTOB ['PIT,
YTO IPOTUBOPEYNT MEKAYHAPOSHOM
IIPAKTHUKE, I7ie CoOoTHOomeHUeE 1:1 1noo
Konn4ecTBO (p1oToB I'PIT aske peBbIaeT

Hactano Bpems He
«HapaLwmMBaHUA MbILWL», a
TEXHOJSIOrM4ecKoro pa3suTus,
MMEHHO NHTeNNeKTYyanbHOoro,
Korga Ha nepBbIV NaH
BbIXOOUT 3D PEKTUBHOCTb
NCNONb30BaHUA

konnyecTso r1oToB 'HKT. Ha 1aHHyIO
CUTYALMIO BIUAET MHOXECTBO (PAKTOPOB,
MIPEXE BCETO BHEMIHUX (CAHKIINH,
KypCOBasl PA3HULIA 1 T.I1.), HA KOTOPBIE
POCCUUCKUH PBIHOK OTPEATUPOBAT
AKTHUBHbIM HapaLL[I/IBaHI/I€M MO]J_[HOCTCIZ
I'HKT. Ho noTpe6HOCTD B I'PIT TOMXKE pacTET.
Hazerocs, 4To JUCHATAHC 10 KOTUYECTBY
ob6opygosanus i [PIT ucnipaButcs u

MBI 6y1eM HAOIIOAT IIOJIOKUTEIIBHYIO
AUHAMUKY. Hamma xomnanus JOCTHUIJIa
OIPEIETIEHHOTO IPE/IENA B PA3BUTUU
I'HKT, u ceffgac /17151 HaC HACTAJIO BPEMSI HE
«HAPAIUBAHU MBI, 2 TEXHOJIOTMYECKOTI'O Pa3BUTHS,
MMEHHO UHTEJUIEKTYaIbHOTO, KOI/IA HA IIEPBBIH IJIAH
BBIXOAUT 3(PPEKTUBHOCTD UCIIOIB30BAHUSA O6OPYAOBAHMS,
aJJAIITAITNs €T0 BO3MOXKHOCTEN O] CYIIECTBYIONINE
MOTPEOHOCTH 3aKA3YHUKOB, TPHUMEHEHH I HOBBIX
TEXHOJIOTHYECKUX PEMICHULD.

Baagunmup I'yGaHOB, 8e0YiLi HAYUHbLLL COMPYOHUK
HOL] d1pomwvicnosas xumus» PIY negpmiu u 2asa
um. M. I'yorxura: <XOTeI0Ch Obl HATIOMHUTB, YTO
GOJBIINHCTBO POLIECCOB, KOTOPBIE OCYIIECTBIIAIOTCS HA
MIPOMBICJIAX, IPEABAPSIOT TA60PATOPHBIE IKCIIEPUMEHTBHI.
B uacrHOCTH, Tpouecchl I'PIT. Kak M3BECTHO, MHOXECTBO
MPO6IEM BO3HUKAET IIPH BELIOOPE KOMIIOHEHTOB
JKHUJIKOCTU-HOCHTEJIS, P51l BOIIPOCOB HY>KHO PEIIATh U
IIPU IIPOBEACHUY CAMOI'0O I'MIPOPA3PhIBA. Sl IOHUMAIO,
4TO (PU3UYECKOE MOAEIHPOBAHME Tpouecca I'PIT —
YPE3BLIYANTHO CJIOKHASA 33444, IPEATIONATAIONIas MACCY
KPHUTEPUEB MOJOOH A, HO XOTEJIOCH OBI, YTOOBI TEOPHS
U IIPAKTHUKA (PU3UYECKOI'O MOJAEIMPOBAHU S ITOJIy4YaIad
JIOCTOHHOE PA3BUTUE, B TOM YHCJIE B TyOJIHUKAIAAX HA
CTPAHULIAX OTPACJIEBbIX U3JAHUM.

HNBaH JIeCk, 3amecmumesib HauanbHUKa C1yncoo.
I'HKT OOO dlaxep Cepsuic»: «Moe MHEHHUE: OCHOBHOE
HAIIpaBJICHUE JAJIBHENIIEIO PA3BUTHSA — 3TO,

KOHEUYHO, pe(ppaku. 3aCIy>KMBAET BHUMAHUS CTIOCOO
npoBeAeHUs TOBTOPHBIX I'PIT B TEX XBOCTOBUKAX,
KOTOPBIE AKTUBUPOBAHBI IIAPAMH, KOI7IA €CTh
BO3MOKHOCTD UX OTKPBITHS, JIOKAJIM3ALIMH, TIPOBEICHUS
B HUX JONMONMHUTEAbHBIX ['PIT 1 .11 Hy 2 9T0 Kacaercs
HETIOCPEICTBEHHO OO0PYIOBAHMA /11 HE(PTECEPBUCHON
OTPACIIH, TO 4 [yMaIO, YTO ITH K€ XBOCTOBUKH OYyT

COBCPHICHCTBOBATHCA, CTAHOBUTBCA 6oitee NPOTAXCHHBIMU,

TOJIy4aTh 60JIEE CIIOKHBIN TPO(DUIb.

Paduc INNapunos, pyrxosooumens denapmamerma
TI'HKT, «Be3epgopo»: <Y HAC TOXKE €CTD OLLYIIECHUE
CTarHaIM OTPACIN. 371eCh MHOTO (DAKTOPOB BIIHSICT:

Y CAHKITHH, 1 SKOHOMHKZ, 1 OCOGEHHOCTH PA3BUTHS
KoTIO6MHTA B Poccun. KOmmyecTBO yCTaHOBOK Y
CCPBUCHBIX KOMITAHUM 32 IIOCJICAHME I'OAbI 3BHAYUTCIIBHO
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obopynoBaHus.

Now the time has come for
us to develop technologically,
specifically intellectual, when
the effectiveness of using
equipment, adapting its
capabilities to existing needs
of customers, and applying
new technological solutions
come to the fore.

will be corrected, and we will
observe a positive trend. Our
company has reached a certain
limit in the development of coiled tubing, and now
the time has come for us not to build muscle, but

to develop technologically, specifically intellectual,
when the effectiveness of using equipment, adapting
its capabilities to existing needs of customers, and
applying new technological solutions come to the fore.

Vladimir Gubanov, Leading Researcher of the
Scientific-Educational Center ‘Commercial Chemistry”
of the Gubkin Russian State University of Oil and Gas:
I'would like to remind you that most of the processes
that are carried out in the oilfields are preceded by
laboratory experiments. In particular, hydraulic
fracturing processes. As you know, a lot of problems
arise when choosing the components of the carrier
fluid, a number of issues need to be addressed during
the fracturing itself. I understand that the physical
modeling of the hydraulic fracturing process is an
extremely complex task, involving a lot of similarity
criteria, but I would like the theory and practice of
physical modeling to receive a decent development,
including in publications on the pages of industry
publications.

Ivan Les, Deputy Head of the CT Service, Packer
Service: My opinion: The main direction of further
development is, of course, refracks. The method of
conducting repeated hydraulic fracturing in shanks
that are activated by balls when there is a possibility
of their opening, localization, carrying out additional
hydraulic fracturing, etc. deserves attention. As for the
equipment for the oilfield service industry, I think that
these same shanks will be improved, become longer,
get a more complex profile.

Rafis Sharipov, Head of CT Department,
Weatherford. We also have a sense of stagnation in
the industry. There are a lot of factors here: sanctions,
economics, and development of coiled tubing in
Russia. The number of units at service companies
in recent years has increased significantly, and,
accordingly, prices for standard work have fallen.



BBIPOCJIO, U, COOTBETCTBEHHO, YIIAJIU 1IEHBI HA CTAH/APTHBIE
Pa6oThL ITPOMBIBKY U (PpE3EPOBAHMS CIIE 1APY JIET HA3/]
CTOWJIN IPOLIEHTOB Ha 20—30 fopoxe. M CAHKIINU BIUSIOT.
3aBO3UTH MTHOCTPAHHOE OOOPYIOBAHUE CTAJIO OUYCHD

Cleanout and milling a couple of years ago cost 20—30
percent more. And sanctions affect. It has become
very problematic and expensive to import foreign
equipment.

PO6JIEMATUYHO U JOPOT'O».

Anexcer Baripamos,
3AMeCIUMEb 2EHEPAIBHOZO
oupexmopa no Paszsumuro cayncoo.
TI'HKT, OO0 dlaxep Cepaucs: «bblnn
IIOAHATHI O4€Hb I/IHTCpCCHbIC
BOIPOCHI, KACAIOUIUECS (PIOTOB
I'HKT. YTO XXJET OTPACIb:
CTarHaIys, yMEHbIIICHUE YHUC/IA
6purag THKT? I'maBHas npobiaema
B TOM, YTO LICHBI U/TyT BHU3,
COOTBETCTBEHHO, KAYECTBO OT

Hapo aBuraTbcs panblue —

B MHTErpMpPOBaHHbIe
MPOEeKTbl 1, COOTBETCTBEHHO,
oCBamBaTb HOBble
TEXHOJOrMKn, B TOM Yncie
OypeHue Ha MHKT. Takoe
ABUXXEHNE MOXET CTaTb
LAOMONHUTESNIbHLIM CTUMYJIOM
pa3sutnsa M'HKT.

It is necessary to move on —
in integrated projects and,

Alexey Bayramov, Deputy General
Director for Development of the CT Service,
Packer Service LLC: Very interesting
questions were raised regarding the
fleets of the CT. What awaits the industry:
stagnation, decrease in the number of
CT crews? The main problem is that
prices are going down, respectively, the
quality deteriorates. In the Packer Service
company, optimization of the processes
is planned — not power buildup, namely,
optimization, access to new technologies

PROSPECTS

3TOTO YXYyJIIAeTCs. B KoMImaHuu
«Taxep CepBUC> HAMEYAETCA
OITHMH3AIUA IIPOLIECCOB — HE
HapaIMBaHHUE MOIIH, 4 UMEHHO
ONTUMU3AITNS, BBIXO/, HA HOBBIE
TEXHOJIOTHH, KOTOPBIMU MOXHO 3aUHTEPECOBATD
3aKa34nKa. CTAaHIAPTHBIMU pab0TaMHU (IPOMBIBKAMH,
dpe3epOBAHUAMM, JAXKE C IMOJTHOIPOXOAHBIMU MY(TAMMN)
y>K€ HHKOT'O HE YAUBHUIIb. Halo ABUTaThCS AAJIbIIE —

B UHTET PUPOBAHHBIE IPOEKTHI U, COOTBETCTBEHHO,
OCBAaMBATb HOBBIE TEXHOJIOTUH, B TOM YHCJIE OyPEHUE HA
I'HKT. Takoe JBH>KEHHE MOXKET CTATh JONIOJTHUTETBHBIM
ctumysnoM pazsutusa 'HKT. YTo KacaeTcs CTaHAaPTHBIX
PpaboT, TO 51 COIVIACEH C BBICKA3AHHBIM PSIOM YYaCTHUKOB
KOH(pEPEHIINM MHEHUEM, YTO ITOT PBIHOK CeHYac
MIEPEKMBACT ONPENEIEHHYIO CTATHAITUIO 1 HEOOXOIUMO
UITU B PA3BUTHE OU3HECA>.

IIaBea Eropos, 0. m. 1., 2eHepaisHblil Ouperxmop
no Poccuu u cmparam CHI, SHINDA: <1 TOMTHOCTBIO
nogaepxusalo K. Bypauna BoO MHEHUH, UTO
KOJITIOOMHTOBBIE TEXHOJIOTUH CETOHS BBIIIIN HA Ty Th,
BEAYIIUI K 6ypOBOH OyiyIIero. JJOKIa1, KOTOPBIH Hallla
KOMITAHUS IPEJCTABHUIIA HA KOH(PEPEHIIUH, HAXOAUTCS KaK
Pa3 B 3TOM KOHTEKCTE. BOJBITUHCTBO IPONU3BOAUTEICH
I'HKT, KaK IPaBUJIO, BBIITYCKAIOT COOCTBEHHO THOKUE
TPYOBL MBI 3K€ BUIUM IEPCIIEKTHUBBI PA3BUTUS
KOJITIOOMHI'OBOM TEXHOJIOTUH B YCJIOKHEHUU KOHCTPYKITUH
CaMOI F'HOKOM TPyObl, OCHAILIEHUH €€ JONTOJTHUTEIbHBIMHU
ONIUSAMH. B 3TOM HaIPaBIEHUH MBI PA6OTAEM, BKJIA/IBIBAEM
CBOM 3HAHUS, yMEHU S, MTHBECTULIMN. KaK MHE KaXKETCH, B
OmKanIer NEPCIEKTUBE — ABTOMATHU3AIIUS,
0 KoTopou rosopu K. bypaun, u niepexoz, Ha ITOJIHbIA }
IJUKJI UCTIOJIb30BAHUS KOJITIOOMHI'OBBIX YCTAHOBOK B
MIPOLECCE «OT HAYAJIA U JIO
KOHI[a» CTPOUTENBCTBA
CKBA’KHHBI IIPUBEYT K
TOMY, 4YTO CAMH I'MOKHE
TPYOBI CTAHYT CIIOKHEE, YEM
IPOCTO CTATIbHBIE THOKUE
IITYKH, KOTOPBIE THYTCSL.
Bynyiee KOnTIOOHuHra —
3TO TpybHa B TPYOE, TpydHa C
3aI1ACOBAHHBIM KabeseMm,
MHOI'OKAHaJIbHBIE TUOKHE

onunamMn.

with additional options.

accordingly, to master new
technologies, including
drilling on coiled tubing.

Mbl e BUAMM NepcrneKTUBbI pa3BuUTuS
KONTIOOMHIoBOW TEXHONOrMK B
YCNIOXXHEHUN KOHCTPYKLMM CaMOM rMbOKo
TpYyObl, OCHALLEHUW ee JAOMONHUTENbHBIMU

We see the prospects for the development
of coiled tubing technology in complicating
the design of the most tubing, equipping it

that can interest the customer. Standard
works (cleanout, milling, even with full
bore couplings) will not surprise anyone.
It is necessary to move on — in integrated
projects and, accordingly, to master

new technologies, including drilling on coiled tubing.
Such a2 movement may be an additional stimulus for
the development of CT. As for standard works, I agree
with the opinion expressed by a number of conference
participants that this market is currently experiencing
a certain stagnation, and it is necessary to go into
business development.

Pavel Egorov, Doctor of Technical Sciences, General
Director for Russia and CIS countries, SHINDA:
I fully support K. Burdin in the opinion that coiled
tubing technologies have now embarked on the
path leading to the drilling future. The report that
our company presented at the conference is in this
context. Most manufacturers of coiled tubing, as a
rule, actually produce the tubing. We see the prospects
for the development of coiled tubing technology
in complicating the design of the most tubing,
equipping it with additional options. We are working
in this direction, investing our knowledge, skills and
investments. It seems to me that in the near future,
the automation that K. Burdin spoke about, and the
transition to the full cycle of using coiled tubing units
in the “from
beginning to end”
process of well
construction will
lead to the fact
that the tubes

ITaBen Eropos

Pavel Egorov
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[TEPCITEKTHBDI

TPYOBL, KAITWJUISIPHBIE TPYObI

U MUJTAHTOKAOEIN PA3TTUYHOM
KOMITOHOBKH, IPEHA3HAYEHHBIE
JUISL PEMIEHN S KOHKPETHBIX

3a7ja4. IMEHHO TaKHE CUCTEMEBI
komrmaHust SHINDA B HacTosiee
BPEMS PA3BUBAET U IIPOJIBUTAET HA
POCCUIICKOM pBIHKE. HaIEIOCh, UTO
OHU OBICTPO HATyT IPUMEHEHHUE,
MPEK/IE BCETO Garofaps
MAPTHEPCTBY C KOMITAHUSIMH,
MPOU3BOJAIINMH KOJITIOOUHI'OBOE
060PYIOBAHUE U BXO/JHbIE-
BBIXO/JHBIE (CONNECT) YCTPOUCTBA».

Hpek ParTaxos
Irek Fattakhov

Hpex OPATTAXOB, HAYUAILHUK
omoena opearu3ayui pabom
no IIHII ynpaenenus no

Mbl XOTUM BUAETb KONTIOOMHI

themselves will become more complicated
than just steel flexible things that bend. The
future of coiled tubing is a tube in a tube, a
tubing with a stocked cable, multi-channel
coiled tubing, capillary tubes and various-
shaped umbilicals designed to solve specific
problems. It is these systems that SHINDA is
currently developing and promoting in the
Russian market. I hope that they will quickly
find application; first of all, thanks to the
partnership with companies producing coiled
tubing equipment and input-output (connect)
devices.

Irek Fattakhov, Head of the Department
of Organization of Work on the EOR of the
Department of Well Repair and the EOR,
TATNEFT: 1 want to speak from the point
of view of customers of oilfield services.

pemonmy cxeaxncur uIIHIT TTAO
damnegpmuo»: <51 X049y BEICTYTIUTD
C TOYKH 3PCHUS 3aKA39HKOB
HEPTECEPBUCHBIX YCIIYT. MBI

3aBTpaLLHero AHs B KayecTBe
3¢ deKTMBHOro, ONTUMasnbHOro
N OTHOCUTENbHO AOCTYMHOro
cnocoba paboTkl co

We consider coiled tubing technologies,
first of all, as one of the promising
ways to reduce costs. Much has been

PaCCMaTPUBAEM KOJITIOOUHI OBbIE
TEXHOJIOT'HH B IIEPBYIO OYEPED,
KAaK OJIMH U3 IIEPCIIEKTUBHBIX
CIIOCOOOB CHUKEHUSA 3ATPAT.
MHOr0 roBOpHUTCSI 00
WHTEJIEKTYAIbHBIX CKBAKUHAX U
Pa3IMYHBIX CMAPT-OOPAOOTKAX,
OJHAKO PEATTNU CETOJHAIIHETO
JIHS TUKTYIOT HEOOXOUMOCTh
CYIIECTBEHHOI'O COKPAIICHHS,
ONITUMM3AIINH 3aTpaT. Hamma
KOMIIaHMS PadOTACT B 3TOM
HAIIPaBJICHUH, HO IIOKA HE 6y/Ty PACKPBIBATH BCE CEKPETBHL.
MBI XOTUM BH/JIETH KOJITIOOWHT 3aBTPAITHETO JJHS B
KagecTBe 3((HEKTUBHOTO, OIITUMAJIBHOI'O  OTHOCHUTE/IBHO
JIOCTYITHOT'O CIIOCO0A PabOTHI CO CKBAXKUHAMH,

WX CTUMYJISILIMH U JJAJIBHEHIIICTO TIOBBIIICHUS UX
adPpexruBHOCTU. HaZ1€I0Ch, 4TO HA OJHOM M3 IIPECTOSIINX
KOH(PEPEHIIM I, BOZMOXKHO, Y2KE Ha CJICIVIOIICH, MbI
MOKA>KEM CBOU HAPAOOTKHU U OCBETUM HUX HE TOJIBKO CO
CTOPOHBI CEPBUCHUKOB, HO U CO CTOPOHBI 31KA3YHKOB».

3¢ deKTUBHOCTN.

Hrops BacHIBEB, MeHeonep no CneuuaioHbiM
npoexmam, Air Liquide, LLC: <1 ABIAIOCH NPEJCTABUTEIIEM
(PPAHITY3CKOH KOMITAHUH, IIPOU3BOJSIIECH IIPOMBIIIIICHHBIE
ra3pl. B yeM MbI CEroiHs BUJUM IIEPCIIEKTUBBI? B
BO3MOXHOM YBEJIMYEHHUH KOJIMYECTBA BHYTPHUCKBAKMHHBIX
OIEpALX C IPUMEHEHHEM 430TAa. TaKasg TEHIEHIINA
CErO/IHA yKE IIPOCIIEKNUBAETCA B POCCHM, €€ IMUPOKO
PacCIIpOCTPAHSAET, B Y4CTHOCTH, KOMIaHUA «JIlIoMoepxKe».
ITepCrEKTUBHO TAKXKE IIPUMEHEHHUE COBPEMEHHOI'O
KOMIIPECCOPHOI'O O60PYJOBAHMSL, OYCTEPOB, HACOCOB,

4 TAKOKE UCIIOJIb30BAHUE NHHOBAIIMOHHBIX PEAI'€HTOB,
KOTOpPBIE HAIlId KOMITAHUS COOMPACTCS IIPEAJIOKUTD
POCCHUICKOMY PBIHKY>.

Ken Heroman, npezuoerm, ATHENA Engineering Services,
CIITA: «]JaHHOM ayATOPUU U3BECTHO, YTO 51 IIOCBATHIL
paboTe C KONTIOOUHI'OM GOJIBIITYIO YACTh CBOEH KAPbEPBL
MHor1e U3 BaC €I1€ HE POAWINCH, KOT/IA 1 y2Ke paboTas C
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CKBaXXMHaMy, nx ctumynaumnm
M AanbHENLIEro NMoBbILLEHUSA NX

We want to see tomorrow's
coiled tubing as an effective,
optimal and relatively
affordable way to work with
wells, stimulate them and
further improve their efficiency.

said about smart wells and various
smart treatments, but the realities of
today dictate the need for substantial
reductions and cost optimization. Our
company is working in this direction,
but for now, I will not reveal all the
secrets. We want to see tomorrow's
coiled tubing as an effective, optimal
and relatively affordable way to work
with wells, stimulate them and further
improve their efficiency. I hope that

at one of the upcoming conferences,
perhaps already at the next one, we will show our
achievements and highlight them not only from the
service personnel, but also from the customers.

Igor Vasiliev, Special Projects Manager, Air Liquide,
LLC:Tam a representative of a French company
producing industrial gases. What are our perspectives
today? In a possible increase in the number of
downhole operations using nitrogen. Such a trend
is already being traced in Russia today, it is widely
distributed, in particular, by Schlumberger. It is also
promising to apply modern compressor equipment,
boosters, pumps, as well as the use of innovative
reagents that our company intends to offer the Russian
market.

Ken Newman, PE. President, ATHENA Engineering
Services, USA: The audience is aware that I have
dedicated most of my career to working with coiled
tubing. Many of you were not born yet when I was
already working with a coiled tubing. I would not
want to make a negative in our discussion, but I should
somewhat cool down your ardor. In 1992, when I
worked in Paris at Schlumberger, we set up a working
group to study the possibilities of using coiled tubing
for drilling wells from the surface. We have drilled
several such wells and concluded that the coiled tubing
during drilling has one huge disadvantage:



TUOKOM TPYOOIL. S 6bI HE XOTE BHOCHUTD HETATUB

B HAIIC O6CY)KIICHI/IC, HO JOJIKCH HCCKOJIBKO

OXJIAIUTD Balll IbLIL B 1992 ropy, koraa s paboTan B
[MTaprixe B KOMIaHUM «1ImoM6€ep:Ke», MbI CO3ATTN
pabouyIo Ipynmy Mo U3y4EHHIO BO3MOXKHOCTEN
IPHUMEHEHUS KOJITIOOWHTI A 7151 OYPEHUS CKBAXKIH

C OBEPXHOCTH. HaMH 6610 TPOGYPEHO

HCCKOJIBKO TAKHNX CKBA’KWH, 1 ITPUIIJIN K BBIBOJY,

4TO TMOKas TPy6a IpU 6yPEHUH UMEET OJJUH
O4YEHB OOJIBIION HETOCTATOK: MBI HE MOXKEM €€

BPAIllATh. DTO BJACUYET 32 COOOM PsiJi HErATUBHBIX

MOCNEACTBUI, HOCKOJIBKY YBETUYNUBACTCS

BO3MO’KHOCTB 3aCTPEBAHUMU, TPUXBATOB. E1ie oyHa
npobaeMa: He CTOJTb YCIIENTHO U/IET OYHCTKA YKE
pOO6YyPEHHOTO CTBOMIA. Kpome TOro, 6€3 BpalecHus
HE BCEI7IA YIAETCS IMTPABWIIBHO BBIMTH HA TOPO3OHT.

51 He IyMAaIo, YTO KOMTIOOUHT 3AMEHUT
KJTACCUYECKHE OYPOBBIC YCTAHOBKU. [IpUMEpHI
TAKUX MOIBITOK €CTh, HO, HA MO B3IJIsII, OHU
HEJ/IOCTATOYHO YCIICIITHBI».

ITaBen JeMaKHH, 3aMeCmumens
oupexmopa no I'PIT OO0
JlenunozopckPemCepeucs: «B obmactu
I'PIT Ha6/MIOAAETCA OYEHB HIUPOKUH CIIEKTP
HOBHIECTB. [IepCIIEKTUBHBIM HAIIPABJICHUEM
51 BUJKY BBOJ, HOBBIX CKBA’KMH 13 OYPEHUSA C
nposegenueM I'PIT. To ects I'PIT npoBoauTCs
Cpazy nocje OypeHus, 1O BBOJA CKBAKUHBI
B 9KCIUTYaTALUIO. DTO MPAKTUKYIOT YKE
BO MHOTUX KOMITAHUAX. YTO KaCcaeTcsa

Ken Heioman
Ken Newman

Hamu 6bino npobypeHo
HECKOJIbKO CKBaXWH, U MPULLU
K BbIBOAY, 4TO rMbkas Tpyda npum
OypeHun MeeT ogyH OYeHb
OonbLlOoN HeJOCTAaTOK: Mbl He
MOXeM ee BpaLlaTb. DTO BleYeT
3a coboM psaf HeraTMBHbIX
nocneacTBUN.

We have drilled several wells and
concluded that the coiled tubing
during drilling has one huge
disadvantage: We are not able
to rotate it. This has a number

TEXHOJIOTHUH, TO UX ICUCTBUTEIBHO OYCHb
MHOT'0. TO U pedpaku (mosTopHble ['PIT), n

implications.

MEPEOPUEHTALNSA TPEIIWH, U IPUMEHEHNUE

HOBBIX MAaTE€PHAJIOB, O YEM 37IECh, HA HAIIIEX KOH(PEPEHITNH,
MHOI'O TOBOPHJIOCh. O4EHD IIUPOKUI CIIEKTP — KOMITAHHUAM
€CTb I7I€ Pa3BEPHYTHCA! KaKjas KOMIIAHNUA MOXKET HAUTHU
CBOIO HUIIY, B3ATh KAKYIO-JIMOO TEXHOJIOTHIO MU OTTOYUTD €€
JIO COBEPIIIECHCTBA, YTOOBI ObITh BHE KOHKYPEHIIMHU.

A TEXHOJIOTHM, 1 CYUTAIO,
XBATUT HA BCEX>.

IOpu¥ Berxyrus,
HAYAIBHUK 0MOenda
1POOANC U NPOOBUNCCHUA
npooyxyuu C3A0
«PH/IMAIIT: «K. BypauH
B HA4aJI€ HAIIIETO
OOCY>K/ICHU S BBIJIBUHYJI
TE3HC, YTO KOITIOOMHTOBBIC
TEXHOJIOTUU CITOCOOHBI
3aKPBITh IPAKTUYECKU
BCE BOIIPOCHI ITPU
CTPOUTEIIBCTBE CKBAKUHBL.
A roTOB NOATIIMCATHCS IO/,
STHUM YTBEPXKICHUEM.
Kommanus «OVJIMAILL
OyZEeT €ro NOAACPKUBATD
CBOEU IPOAYKIIMEN>.

AHaITATHYECKas IPYIIA 3Ky PHAIA
«Bpemsa xoarroouHara. Bpemsa I'PII»

MNepcrneKTUBHbLIM
HanpaBneHneM
BMXKY BBOJ, HOBbIX
CKBaXXWH 13 OypeHus ¢
nposegeHunem Pr1. To
ectb [Pl npoBoauTCH
Cpa3sy nocne dbypeHus,
[0 BBOAA CKBaXXWHbI

B dKCMyaTauumio.

| see the introduction of
new wells from drilling
with the conduct of
hydraulic fracturing

as as one of the most
perspective directions.

We are not able to rotate

it. This has a number
implications, as the possibility
of to stuck increases. Another
problem: The cleanout of
already drilled wellbore is not
so successfull. In addition,
without rotation it is not
always possible to correctly
reach the horizon. I don’t
think that coiled tubing will
replace classic units. Some
companies have tried, but
here are no examples of
perfect unit success.

PROSPECTS

Pavel Demakin, Deputy
Director for Fracturing at
TagraS-RemService, LLC:
In the area of hydraulic
fracturing there is a very
wide range of innovations.
I see the introduction of
new wells from drilling with
the conduct of hydraulic
fracturing as as one of the
most perspective directions.
That is, hydraulic fracturing
is carried out immediately
after drilling prior to putting
the well into operation. This
practice is already practiced
in many companies. As
for technology, there are

indeed a lot of them. This includes refracks repeated
hydraulic fracturing), and reorientation of cracks, and
the use of new materials, which was discussed a lot
here. A very wide range — companies have a place to
turn around! Each company can find its own niche,

ITasen leMakuH
Pavel Demakin

take any technology
and perfect it to

be perfect. And 1
think technologies
will be enough for
everyone.

Yury Belugin,
the Headl of Sales
and Promotion
of (JSC FIDMASH:
K. Burdin at the
beginning of our
discussion put
forward the theme
that coiled tubing
technologies are
capable of closing

almost all issues during well construction. I am ready
to subscribe to this statement. The FIDMASH company
will support it with its products.

Analytical Group of the Coiled Tubing Times
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Texvonorus INVISION
The INVISION Technology

Toxa T'PUH, 3KCIEPT IO KOJXTIOOHHIOBBIM TexHOoIorusam, Technical
Advisory Group, Upstream Professional Development Center (UPDC),
Upstream Continuing Excellence (UCE), 4IeH peJaKIITHOHHOT'O
coBeTa KypHaia Bpemsa konrTro6uHra. Bpemsa IPII»

Tlepaovie 6ocemsiem Kapovepot paboman npenooasamesnem GusurKi
uxumun. B 2006 200y nepeuten 8 Hegomsmyo Ompaciv, 8 KOMNAHUIO
BJ Services 6 kauecmee no1e6020 unicernepa 6 wimame Texac, CIIA.
3a 06a 200a pabomuL 6 1o1e AUHO NPUCYMCIMBOBAJ Ha O01ee

uem 180 onepavusax ¢ npumenernuem I HKT. baazooaps 8b.cokomy
Kawecmey padomuot To0O0 6l U3OPAH 21AB0L NPOEKMa KpPY1nHo20
3aKA3HUKA HA 243080 M MECIOPONCOCHUU, XAPAKMEPUIOBABULEMCSL
BbLCOKUMU NOKA3AMENAMU INEMNEPAMYPoL U 0A6AeHUS. DINO
1036021Un0 To00Y npuodpecmu 602amaulii ONvLM PAdOMbL HA 2A306bLX
MECOPONCOCHUAX CO CIIONCHBIMU NAACOBbIMU YCA08UAMU. B 2008
200y I'pun npunsan npeonodxicerue o pabome 6 Kawecmee 6e0Yu,ezo
unxcenepa 6 xkomnanuu Baker Hughes, 20e 01 ocyu,ecmen
UMICeHEePHOe CONPOBOICOCHIUE BCex Pabom ¢ npUMeHeHuem

T'HKT 6 toacHoti uacmu Cayoosckoii Apasuu. Pabomau 8 5moti
oonxncrocmu 00 2011 200a, 3amem nepewesn 6 Halliburton na
AHAN0UMHYI0 O0SHCHOCIL 8 Cay008cKoti Apasuu. IIpoeeods 8

o0well CA0NCHOCMUL 5 1em 8 Kauecmee 6e0Yuye20 UHICeHepa 8

08)X PAUHHBLX CEPBUCHBIX KOMNAHUAX, TPEOOCMABAAIOUGUX
yeayeu ona Saudi Aramco, Tooo 8 2014 200y 3arAN OONHCHOCHIL
aKcnepma 6 0o6acmiu 2UOKUX HACOCHO-KOMIPECCOPHBIX MPYO 6
cocmaee MHO2oNPOPUILHO20 OMOea Nno Paseedre u 000biHe 8
romnaruu Aramco Services 6 Xorocmomne. B e20 00653annocmu 6 3moti
O0AIHCHOCIU BXOOUIN KOHIMPOTIL 36 COOMNO0CHUCM BHY MPEHHUX
CMarHOapmos, 6HecerHue NONPasox U USMEHEHULL 8 PA3U1HbLe
mexHuvueckue PyKosoocmea, a maxice npPenooasaHue mexHusecKux
KYPCo8 8 uermpe npogheccuoransHOLE n0020MOEKU 6 OONACIU
pa3seedxu u 000t Komnanuu Saudi Aramco 6 opooe Jaxpan

8 Cayoo6cKotl Apasuu. Dmit KypCoL A6NA10MCA 00A3AIMENLHBIMU

015 BCEX UHIICEHEPOE8 1O Hephme2a3060M) 0eJl), PadOmaroujux 6
SaudiArameco.Y Toooa umeemcs onvim 6 paspabomike u 6HeopeHuL
pasauunsix mexrnono2uti ¢ npumerenuem I HKT, komopote
BRIIIOUAIOM: TPOMBLEKIU CKEANCUM C UCNOIb308AHUCM NEHbL,
NPOMBLEKU CKEANCUH C OOTBUUUM Y2]I0M OIX00A O BePMUKATIU,
bob1Ue00BeMHbLe KUCIOMHbLe 00pabomKu, ppeseposanue na Il HKT,
J108UNBHBLE pabomubt, kapomadic na I'HKT ¢ ucnonv3osanuem xabes,
MOOeNUPOBAHUE PAdOMbL 2UOKOLL 1MPYObL, UeMEHMUPOBAHUE HA
T'HKT, onepauuit 1o YoaneHuro OmJaoniceHuts, npumeHerue 3a00tHo2o
000p)Y00BAHUSL 8 MHO2OCINBOJILHBLX CKEANCUHAX, OCBOCHUE A301MOM,
abpasusryro nepgoparuro va F'HKT, pasiumumnsie 6CHOMOamesibHble
onepavuu npu 6yperuu. Tooo A6aaemcs coasmopom 9 cmameri

SPE 1no memam, Komopuie 0C6eUuiaIont Caeodyous)to memamury:
npaxmuueckuii onoim peseposarui nal HKT 6 2a30661x
crsancunax ¢ ABI/l, HaxonaenHolil 0nsim npoeeoeHUs NPOMbLEOK
na T'HKT, 5¢p hexmusHOCmb NPOMBLEKU U IKOHOMUYECKULL

pacuem npoexma, yoanerue ACIIO 8 Yca068Usx AHOMAILHO

BbLCOKUX SHAYUCHULL OAB/ICHUS U MeMnepamypuLl, gppeseposariue

C anexmpumeckum xaoenem, mooeprusavuro onepavuti ¢ 'HKT,
ucnonwv3oeanue I'HKT onayoanenius op2aro2eHHbLx ONMJIONCeHULL.
To00 siensemcs akmueHoim yaerom oouyecmea SPE. Own gen kpamxue
rypcot SPE 10 6HYMPUCKBANCUHHBIM PAOOMAM C UCTIO/Ib308GAHUCM
T'HKT, kanama u s1exmpu1eckozo xaodens nameponpuamusx ICoTA
uATCE. B meuenue 06)YxX NPOUIbLX 1em 3AHUMAT OOINCHOCITD
cmapuezo conpeoceoamens ICoTA International.
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Todd GREEN, Coiled Tubing Subject Matter Expert,
Technical Advisory Group, Upstream Professional

Development Center (UPDC), Upstream Continuing
Excellence (UCE), Member of the Editorial Board of
Coiled Tubing Times

After teaching Physics and
Chemistry for 8 years, Todd
entered the petroleum
industry with BJ Services
in 2000 as a field engineer
working in the Permian
Basin Field of Texas, USA.
During these two years of
[field work, be personally
attended over 180 coiled
tubing field operations.As
a result of bis record for job
L quality and success, Todd
‘-&,l was chosen to lead a bigh

: pressure, bigh temperature

gas field project for a large

independent producer giving bim a weaith of experience
in gas field operations with extreme conditions. In 2008,
Todd accepted an international assignment as a desk
engineer with Baker Hughes supporting all coiled tubing
intervention in the southern area of Saudi Avabia. Todd
served in this role until 2011. Then, in 2011 be joined
Halliburton in a similar roll in Saudi Arabia. After
spending a total of 5 years working as a desk engineer
with two different service companies for Saudi Aramco,
Todd took a position with Aramco Services Company in
Houston in 2014 to serve as coiled tubing subject matter
expert as part of a multidisciplinary Upstream Technical
team. In this role, Todd overseas internal standards and
manual revisions and teaches technical courses for Saudi
Aramco’s Upstream Professional Development Center in
Dbabran. These courses are mandatory courses for all
production engineers working in SaudiAvamco. Todd bas
experience designing and implementing a variety of CT
interventions that include: Foam cleanouts, High angle
cleanouts, CT high rate acid stimulations, Milling with CT,
Fishing Operations, CT e-line logging, Velocity string design
and installation, Cementing with CT, Mechanical de-
scaling, Utilizing multilateral seeking tools, Nitrogen lifting,
Abrasive perforating with CT and various drilling rig
assist operations. 1odd has also co-authored 9 SPE papers
on topics that include: Case Study for Milling with CT in
High Pressure Gas Wells, CT cleanouts and best practices,
Cleanout efficiency and economics case study, Extended
Reach CT Logging interventions, HPHT Mechanical
Descaling in Extreme Environments, Milling with electric-
line, Improving CT Well Intervention and Utilizing CT to
remove organic deposits. 1odd is an active participant in
SPE. He has taught SPE short courses at ICOTA and ATCE
on Rigless Well Intervention involving CT, Slickline, and
e-lineand. During the past two years, be served as Sr. Chair
of ICOTA International.



IIpeasicTOpHUA

Korza s 3aHMMaJI HO3ULMIO TEXHUYECKOTI'O
COBETHHKA 1O PA3BEAKE 1 JOObIYE B KOMIIAHMH ATramco
Services (XbpIOCTOH, Texac), MOMMU OCHOBHBIMH
065A3aHHOCTSIMH OBLIH IMOUCK U OLIEHKA HOBBIX U YK€
CYHIECTBYIOIUX TEXHONIOTUH. Ha cTaanu OLleHKU

Background

As an Upstream technical advisor for
Aramco Services Company in Houston,
Texas, one of my primary responsibilities was
looking for and evaluating new and existing
technologies. During the evaluation phase,
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LIEIBIO KOMITAHWH SABJIAJIOCH ONIPEZETIEHNE
TPEX OCHOBHBIX COCTABJISIONNX
TEXHOJIOI'MU: COOTBETCTBUE TPEOOBAHUAM
OXPAaHBI TPY/4, CHYDKEHHE 3aTPAT U
noBbIeHue 3PPEKTUBHOCTHU. Eciun
TEXHOJIOTH OTBEYAJIA ITUM TPEOOBAHUSAM,
A HAYWHAJI BBITIOJIHATD PAOOTY 11O
BHYTPEHHEMY COITIACOBAHHIO B KOMIIAHUH
JULSL KBAJIM(PUKALIMHN Y BHEAPCHU S JAHHOU
TEXHONOIMU B CayJOBCKOM ApaBuu. Ceryac
A ABJIAIOCH YIEHOM PEIAKIIMOHHOI'O COBETA
JKypHaia «BpeMs KonTio6uHra. Bpems
I'PIT», HO3TOMY IUIAHUPYIO IEPUOJUYECKU
OCBEIATh HANOOJIEE UHTEPECHBIE
TEXHOJIOI'MH, KOTOPBIE ITPOIIN MOIO
OLICHKY.

BbicTaBKH 1 KOHPEPEHIIUU — 3TO
OTIMYHOE MECTO I IOMCKA HOBBIX
uaen. B uHAyCTPpUH KOJNTIOOWHI'A JIVIIIUM
MECTOM JIJIS IOMCKA HOBBIX TEXHOJIOIMH
U O3HAKOMJIEHU C JIy4IIUM OIIBITOM

Llenbto aBnanock
onpegeneHune Tpex
OCHOBHbIX COCTaBNAOLLNX
TEXHONOIMMU: COOTBETCTBUE
TpeboBaHUAM OXpaHbI
Tpy4a, CHUXKEHMe

3aTpaT 1 NoBbllWeHNe

3 PeKTUBHOCT.

Our goal was to determine
if and how the technology
improves safety, reduces
cost, or increases efficiency.

our goal was to determine
if and how the technology
improves safety, reduces
cost, or increases efficiency.
Once a new technology met
these requirements, I would
work through internal
proponents in our company
to qualify and implement
the new technology in the
Kingdom of Saudi Arabia
operations. As a Member
of the Editorial Board of
Coiled Tubing Times, I plan
to periodically share some
of the more interesting
technologies I have
evaluated.

Trade shows and
conferences are a great
place to find new ideas. In

110 BHYTPUCKBA>KUHHBIM PA0OTAM SBJISIOTCS
koHdepeninu ICOTA (Acconnariust CeuaJInCTOB IO
KONTIOOMHTOBBIM TEXHOJIOTHUAM W BHYTPUCKBAKUHHBIM
padoTam). MHeE BCeria HpaBUIOCh BCTPEYATh HA
KOH(PEPEHIIUHU CTAPBIX U HOBBIX KOJIJIET ¥ Y3HABATb O
HOBEHIINX Pa3padOTKaX B UHAYCTPUHN KOJITIOOMHT 4.

the coiled tubing discipline of the oil and gas
industry, there is no better place than ICOTA
(Intervention and Coiled Tubing Association)
conferences for finding new technologies and
best practices for rigless well intervention. I
always enjoy reconnecting with old and new

MexpaynapoaHas kKoHpepeHnusa ICOTA npoxoaut
KaK/IbIV IOl B KOHIIE MapTa B XBIOCTOHE, IITAT Texac.
Pernonanenele otaenenus ICOTA o Bcemy MUPY
IPOBOJAT TAKME K€ KOH(pepeHuu B Kanane, Poccuy,
Kurae, Cpennem BocToke u JIaTUHHCKOM AMEPHKE.
MHOPMAITUIO O JAHHBIX KOH(PEPEHIIHAX Bbl MOXKETE

HAUTU HA CaliTE WWW.icota.com.

B 1aHHOM CTAThE 51 IPEIATraI0 OOCYIUTD
TEXHOJIOTHIO KoMITaHuH Intelligent
Wellhead Systems. BriepBble 51 y3HaJI 00 9TOH
KOMIIAHMHU B IOCJIESHU ICHb KOH(PEPEHITUU
ICoTA B 2017 roay. Ha nepBbI B3IV, 3T
TEXHOJIOI'MSI MHE HE IT0Ka32J1ACh CTOSIIEH
BHUMAHUS, XOT 51 IPOXOAWUI MUMO CTEH/IA
KOMIIAHHUH HECKOJIBKO pa3. Ho korga B
TOCJEHUNM JIEHb KOJIMYECTBO IMOCETUTEIIEN
BBICTABKU YMEHBIIIHJIOCH, 51 PEIIJI CHOBA
IIPOUTUCH IO BCEM CTEH/IAM U Y3HATh
OOJIBIIIE O TEX TEXHOIOTUAX, C KOTOPBIMH HE
YCIIEN O3HAKOMUTBCA. KOra 1 OCTaHOBUIICA
y crena komrnanuu Intelligent Wellhead
Systems Inc., MHE y1aJ710Cb OOCYIUTH
MIPE/ICTABICHHYIO TEXHOIOTHIO C OJJHUM U3
€€ CO3/aTeIEH, TEHEPATIBHBIM JUPEKTOPOM
KoMItaHuu Muruem Kapsiconom. Ero
HUCTOPHSA O TOM, KaK EMY IIPUIIIA B TOJIOBY
uzes JaHHOM TEXHOJIOI'UH, IIPOU3BEIA HA
MEHSI TAKOE XK€ [NTyOOKOE BIICYATIICHUE,

K4K 1 CaMa TEXHOJIOT UL

colleagues while learning about the latest
developments in the CT industry. The annual
International event for ICOTA is held each year
at the end of March in Houston, Texas. Also,
various ICOTA chapters by region host equally
beneficial conferences in Canada, Russia,

China, the Middle East, and Latin America.
Information on these events can be located at

KaTywka inVision

MOXET ObITb BKNIIOYEHAa

B KOMIEKT YCTbEBOIO
obopynoBaHusA Npu

TakKMx onepauusax, Kak
CMYCK MHCTPYMEHTOB B
CKBaXXWHY Nopj, AaBNeHneM,
onepauuu ¢ 'HKT, a Tak>xe
onepaunu c kabenem.

The inVision enhanced
spool can be placed
anywhere in the snubbing,
CT or wireline rigup stack.

www.icota.com.

In this technology review
article, I will be discussing
Intelligent Wellhead
Systems. I discovered this
company on the last day
of the ICOTA International
conference in 2017.
Although, I had walked by
the booth a few times, I had
dismissed the technology
on first glace as something
not useful. However, as
the crowd thinned out
on the last day, I took the
time to take a second and
more thorough pass at
technologies that I had not
been able to investigate fully.
Fortunately, I stopped at the
Intelligent Wellhead Systems }
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HoBble naeH 114 IPEeZOTBPAINECHHU S
CMEPTEJbHBIX CJIYYA€B H TPABM

Komnanws Intelligent Wellhead Systems
Inc. 6p1a OcHOBaHa B 2012 rony AByM:A
KaHaA11aMH, KOTOPbIE HA TOT MOMEHT
paboTaIN CIENUATUCTAMHE IO CITYCKY
BHYTPHUCKBAKHHHOI'O OOOPYIOBAHUSA IO,
JABJIEHHUEM B PA3HBIX CTPAHAX, BKJIIOYAs
menb@OBbIE IPOEKTHL. Ha 0601 X Ipon3BeIl
OI'POMHOE BIIEYATICHUE HECUYACTHBIN CITy4dan
C JIETAIBHBIM UCXOJJOM, KOTOPBII IIPOU3OIIENT
B Kanaze. B 2004 rogy BO BpemsI CITyCKa
MHCTPYMEHTA B CKBAXUHY IO/] AABJIEHUEM
MY(TOBOE COEAMHEHNE OYPUIIbHOU TPYObI
MOMNAJIO B 3aKPBITHIE MJIANIKH IPEBEHTOPA.

Cuctema inVision BkntoyaeT  Inc.booth to meetand
B ce0s HECKOJBKO
KOMMOHEHTOB, Onaropaps
COBMECTHOM paboTe
KOTOPbIX MOXHO MONYy4YnUTb
2-D n3obpaxeHue
KOMIOHHbI N KOMMOHOBKM
H3a KOJTOHHbI, KOTOPYO
npeanonaraeTca cnyckaTb
Yyepes KaTyLwKy inVision.

discuss the technology
with co-Inventor and
CEO, Mitch Carlson.
His story about how he
arrived at the idea was
equally as impressive as
the technology.

Loss of life and
serious injuries
incident produces
anidea

Intelligent Wellhead
Systems Inc. was

ABapus IPUBEJIA K THOE/IH OfHOTO COTPYAHUKA — The inVision system consists founded in 2012 by two

U TSKEJIBIM TPABMaM JIBYX JPyTHUX. B
pE3yIIbTaTe aBAPHUU BCE OIIEPALINH 110

CITyCKY MHCTPYMEHTA O/ JABJIEHUEM ObLIN
MPUOCTAHOBJIEHBI BO MHOTUX CTPAHAX 10

TEX IIOP, IIOKA HE BCTYIIUJIU B CUJIy HOBBIE
TPEO6OBAHUS, KOTOPbIE ObIJIN NPEJHA3HAYCHDI
JULSI HEIOTYIIEHU A TOJOOHBIX CUTYALIHH B
oyaymem. OQHAKO CITYCTS CEMb JIET OCHOBHAS
MNPUYNHA HECYACTHBIX CJIYY4€B B OTPACIH
CITyCKAa MHCTPYMEHTOB MO/ JABJIEHUEM HE
OBbLJI4 BBISIBJICHA, U ABAPUU U IIOTCHIIUAJIBHO
OIIACHBIE IPOUCIIECTBUS CIYYAJIMCh KAXKbIA I'OJI.
Habmogas Takylo TEHJAEHIINIO, MUTY U KOJLJIETU
OO'BEJUHNIIN CBOH YCUJINA, HABBIKU U PEMTUTEIBHOCTD
JUIA TIOUCKA MOAXOAAIEHN TEXHOJIOTUH JIJIA PEMIEHUA
JaHHOI IpO6JieMBbl. I3HAYAIbHO MIJIAHUPOBAJIOCH
CO3/aTh YCTHEBYIO IIPOMEXYTOUYHYIO KATYIIKY, C
OMOIIBIO KOTOPOM MOKHO OIIPEAENATH MY(PTOBbLIE
coequHeHUs TPyO [71g 605ee 6€30IaCHOrO U 6osee
3(pPEKTUBHOTO MIPOLIECCA CITYCKA TPYO B CKBAXKUHY
noj gasaeHueM. CyCTsa IATh JIET MUTY M €rO KOMaH/j4
Pa3padoTaIN IEPBBIN IPOTOTUII TEXHOJIOIUH inVision,
KOTOpPas1 ITO3BOJIsIA IPOBOAUTE onepanuu ¢ THKT

IIPU BICOKUX JJABJICHUAX B CEPOBOAOPOACOACPKAIIEHA
cpene. Karymika inVision MOXXET 6bITh BKIIOYEHA

B KOMIIJIEKT YCTBEBOT'O OOOPYAOBAHUSA IIPU TAKUX
OnepaMAX, KAK CIIYCK THCTPYMEHTOB B CKBAKUHY 10/
JasieHueM, oreparuu ¢ 'HKT, a Takke oneparym ¢
KabeneMm. [I1 IpefoTBpaIleHUs aBAPUHY, TOJOOHOIM
TOI, KoTOpas npousonuia B 2004 rogy, KaTyumky inVision
PEKOMEHIOBAJIOCh YCTAHOBUTD MEXY IUTAIKAMHA
NPEBEHTOPOB. YCTAHOBKA KATYIIKH [O3BOJINIIA BCEM
COTPYIHUKAM HA YCTHEBOU IUIOMIA/IKE B PEKHME
PEaIBHOI'O BpEMEHU BUJETD, KAKASI YACTh KOJIOHHHI,
BHYTPHCKBAXKMHHOI'O MHCTPYMEHTA WIH MYy(PTOBOT'O
COEAUHEHUS IPOXOJUT Yepe3 (POHTAHHYIO APMATYPY U
NPEBEHTOPBL.

W3Ha4aIbHO TEXHOJIOT M Obl/IA Pa3paboTaHa [
OIIEPAL U 1O CIYCKY OOOPYAOBAHMS B CKBAXKUHY IO/
JaBJICHUEM, HO IAHHYIO KATYIIKY C CECHCOPOM MOXXHO
UCIIOJIb30BATh B JII0OOM THIIE BHYTPUCKBAKUHHBIX PA6OT,
MOCKOJIBKY OHA MOKET OBITh YCTAHOBJIEHA HA YCTBEBOH
apMaType C MMOMOIIBIO (PIAHIIEBOrO COEANHEHU. TaKKe
KATYIIKY MOKHO IPUCOEUHHUTD K JIYOPUKATOPAM JJI
onepanmi ¢ FTHKT unu ¢ kabeneMm. [171 TAKOTo THUIIA
OIlEpALUU PEKOMEHIYETCS YCTAHABIUBATD KATYILIKY
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of several components
working together to
create a 2-D image of the
workstring or bottom hole
assembly tripping through
the inVision spool.

Canadians who at the
time were Snubbing
professionals overseeing
both international and
offshore operations.
Both men were indirectly
affected by a loss of life
incident that occurred
in Canada. During a
snubbing operation in
2004, a collar was pulled
into closed pipe-rams in a staging operation.
The incident resulted in 1 fatality and 2 badly
burned individuals. As a result of this incident,
the snubbing industry temporarily shut down
while new regulations were created in an
attempt to try and prevent this tragedy from
reoccurring. However, seven years later the
industry still had not addressed the root cause
of the incident and near misses continued

year over year. Seeing this trend, Mitch and a
colleague combined their resources, ingenuity,
and determination to create a solution. The
initial concept was to develop a spacer spool
that could identify tubing connections in a
jointed pipe string for safer and more efficient
ram to ram staging operations. Five years

later, they manufactured the first prototype

of inVision technology capable of working in

a high pressure, sour coiled tubing operation.
The inVision enhanced spool can be placed
anywhere in the snubbing, CT or wireline
rigup stack. For addressing the 2004 loss of life
snubbing incident, the recommended location
was to place the inVision spool between the
stripping pipe rams. This allowed all involved
in the operation to see real-time exactly what
part of the work string, downhole tool, or joints
across the wellhead tree and BOPs.

Although initially developed for snubbing
unit operations, the tool can be included in
any intervention as the sensor enabled spool is
flanged directly to the existing wellhead tree.
The tool can be easily added into the lubricator
stack for coiled tubing and wireline operations.
The recommended location for CT and wireline



HETIOCPEACTBEHHO HAJ| YCTHEBOU APMATYPOU U

oj1 IpeBeHTOPOM. ECiti Tpe6OBaHU A KOMIIAHUHU-
OIIEPATOPa NPEAIIONATAIOT UHYIO KOHCTPYKITUIO
YCTBEBOT'O O6OPYAOBAHMA, KATYIIKA inVision MOxkeT
OBITb YCTAHOBJIEHA B IPYT'OM MECTE C IOMOIIBIO
COOTBETCTBYIOIIETO MEPEBOJHUKA IO, HEOOXOAUMBIH
¢nanen,. B jaHHBIN MOMEHT KOMIIaHUA Intelligent
Wellhead Systems nipejiaraeT psajg CTaHJAPTHBIX
THUIIOPA3MEPOB, HO TAKXKE BO3MOXKHO IIPOU3BOACTBO
KATYIIKH JIIOOOTO IPYTOro TUIIOPA3MepPa IO 3aKa3Y.

XapaKTepHUCTHUKH CUCTEMBI inVision
xommanuM Intelligent Wellhead Systems
Cucrema inVision BKIIIOYA€eT B C€651 HECKOJIBKO

KOMIIOHEHTOB, 6/1aIr0Zjapsi COBMECTHOM paboTte
KOTOPBIX MOKHO ITOJIyYUTD 2-D n3obpakenue
KOJIOHHBI WJTH KOMIIOHOBKH HU34 KOJIOHHBI, KOTOPYIO
IPEAIIONAraCTCA CIIyCKATD YEPE3 KATYUIKY inVision.
Karymka fj11 IpeBEHTOPA MOKET OBITh BBIIIOJTHEHA B
Pa3HBIX KOHDUT'YPALIMSX: KATYIIKA JUIMHOM 533 MM C
PAa3JIMYHBIMU COEJMHEHUAMH, (praHel] JyIMHOU 101 MM,
16O JTYGPHUKATOP JIHHOIM 609 MM. B kopmyce
KATYIIKH PACIIONIOKEHO YCTPONCTBO IIPEOOPA3OBAHUA
M300PAKEHUN, B COCTAB KOTOPOI'O BXOAAT MATHUTHBIE
JAaTYHUKH, KOTOPBIE CHUMAIOT TPyOy, HFHCTPYMEHT

WU Ka6€Nb B PEKUME PEATIBHOIO BpEMEHU. [laHHbIE

C KaTYIIKU NIEPEIAIOTCS HA CTAHIIMIO YIIPABJICHUSA
inVision, KOTOpast OTO6PAKAET JAHHBIE HA
3KpaHe. JIIo601 COTPYIHUK Ha YCThEBOH
IUIOIIAJIKE MOXKET B PEAJIBHOM BPEMEHU YBU/IETD
N300paKEHNE HHCTPYMEHTA, CITYyCKAEMOI'O

Wellhead Systems cauTaeT, 4To B OyAyIeM
MHOABUTCA BO3MOKHOCTD COTPYJHHUYECTBA C
CEPBUCHBIMU U JOOBIBAIOIIUMH KOMIAHUSAMU
JUIS UCTIONIb30OBAHM S 3TUX IAHHBIX B
ABTOMATUYECKHU YIIPAB/IACMBIX CUCTEMAX
c60pa. Eciiy BKIIIOUUTB CUCTEMY inVision B
y2K€ CYLIECTBYIOMIYIO CUCTEMY COOPA JAHHBIX,
TO MOABUTCA BO3MOXHOCTD UCIIO/Ib30BATH
HOBBIE TAHHBIE JIJIS1 ABAPUITHON OCTAHOBKH
paboT Ipyu BOSHUKHOBEHWUH ITOTEHIIUAIBHO
OITACHOM cuTyanuu. Hanpumep, npn
noabseme 'HKT Ha TOBEPXHOCTb MOXKHO
NPeJyCMOTPETD ABTOMATUYECKYIO OCTAHOBKY
PpaboThI HHXKEKTOPA, KaK ToJbKO KHK porizeT
Jepes KaTymky inVision. B qanHom ciry4dae
oypunbiuky 'HKT He HY>XKHO OyJIeT CHUKATh
cxopocTs pu npudnmxeHuy 'HKT K yCTbIo,
4 TAKXKe He OyeT HEOOXOAMMOCTH IIPOBEPATH
CAJIbHAKOBOE YIIJIOTHEHUE, IIOCKOJILKY

A1 pekomeHayto

NCrnoJib3oBaTb AaHHYIO
4epes3 yCTheBYIO apMarypy. Komnanus Intelligent TEXHONOMMIO KaxK D,Ol7l

Due to the immediate
and future applications,
| recommend the utilization

operations is directly above the wellhead tree
and below the CT BOPs. If operating company
policies require a different configuration of the
rig up, the inVision spool can be easily moved
by acquiring the correct crossover connection
to the spool flange connection. Intelligent
Wellhead Systems has currently created a few
standard sizes but can manufacture other sizes
upon request.

What is the inVision system of
Intelligent Wellhead?

The inVision system consists of several
components working together to create a
2-D image of the workstring or bottom hole
assembly tripping through the inVision spool.
The BOP component can either be a 21” high
spool with variable end connections, a 4” high
pancake flange or a 24” high lubricator pup.
The spool houses an imaging device which
utilizes proprietary magnetic sensors to view
tubing, tools or wireline real time inside
the spool. The spool communicates to the
inVision control system to relay the data to
display screens on location. Anyone viewing
the display screen will see a real time image of
which component of the work string is across
the tree. For future
applications, Intelligent
Wellhead Systems
believes there is an
opportunity to work
with service providers

A0DObIBaOLLEN N CEPBUCHOM  or operators to utilize
KOMMAHUM KaK B TEKYLLMX
onepaumusx, Tak U B
Oyayuwem, gns bonee
TOYHOro onpeneneHus,
kakon komrnoHeHT KHK
NPOXOANT Yepes YCTbEBYIO
apMaTypy BO BpeMs
BHYTPUCKBAXXMHHbIX paboT.

this data for automated
control systems. If
integrated into an
interventions’ existing
data acquisition system,
the inVision data could
be utilized as a means to
automate the operation,
stopping the job when
hazardous conditions
occur. For example,

on a CT operation, the
injector head could

be programmed to

stop tripping out of
hole once the BHA has
passed through the

KaTYIIKa TOYHO OIIPEAETUT MOMEHT, Korna KHK of this tool for any operator  invision spool. The

THOHHUMETCS BBIIIIE YCTHEBOH APMATYPBL

IIpMeHeHHe TEXHOJIOTHH
JIJIs1 IOBBINICHH S 0€30IACHOCTH
H OCBE€JJOMJIEHHOCTH

YCTpOiCTBO 6BIO CIIEIUAIBHO
CHIPOEKTUPOBAHO U BBIIIOJIHEHO M3 MaTEPHUAIA
«AHKOHEJIb> 11 PA6OTHI B TAKUX OCJIOKHEHHBIX
YCIOBUAX, KaK INTyOOKOBOJHBIE CKBA’KHUHBI,

or service company
interested in having a better  grastically reduce speed
understanding of exactly
what component is moving  ihe stuffing box be
through the wellhead
throughout the duration of ;.\ ine BHA is above

operator of the CT unit
would no longer need to

approaching the surface
nor would tagging

necessary as the device
would clearly indicate

11e1b(POBBIE IIPOEKTHI, CKBAXKUHBI C } the Opera‘tion_ the tree.
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TEXHOJIOI'MU

BBICOKMMHU 3HAYEHUAMHU JABJICHUS U TEMIIEPATYPBI U
BBICOKMM COZIEP’KAHHUEM CEPOBOJOPOAA. TEXHONOTUA
inVision NpefoCTaBIsAET YETKYIO UH(POPMALTUIO
JUIS1 CEPBHUCHBIX M JJOOBIBAIONTUX KOMITAHUH,
KOTOPYIO MOKHO UCIIOJIb30BATh JIJIS1 0€30MACHOTO U
3(pPEKTUBHOTO NPUHSATHUS PEMIEHU 10 KOHTPOJIIO
CKBaKMHBL

3a49aCTyIO BO BpEMA BHYTPUCKBA’KUHHBIX PA0OT C
I'HKT paTyyky 171y6HBI COMBAIOTCS HA 1% KaXK/1bple
1000 M 13-32 IPOCKAJIb3bIBAHUS CYUTHIBAIOLIECTO
Kosieca. ITorpemnocTts npubopa Ha riryouHe 5000 M
MOKET COCTaBAATh 50 M. Eciin npu norbemMe Ha
TOBEPXHOCTBD JATYUK ITTYOUHBI COUT HA 50 M, /115
onpeaenennsa Bbixoga KHK n3 ycTeeBoi apMaTyphl
HEOOXOIMMO IPOBEPATH YCTHEBOU I'€PMETUATOP.
XOTs JaHHAS IPOLEAYPA ABIACTCS CTAHAAPTHOHN
onepanue npu pa6ore ¢ 'HKT, 31O BiiedeT 3a COH601H
pyUcKu HenpeasuaeHHoro najgenusa KHK npu serxone
U3 CTPHUIIIEPA.

Taxoke JaHHAA TEXHOJIOTUA MOXKET UCIIONIb30BATHCA
B ciyyae nnorepu KHK B ckBaknHe. B Takom cirydae
oypuiabmuK F'HKT HE MOXET TOYHO ONIPEAEIUTD
mecToHaxox/jeHue konia THKT npu nogbeme Ha
MOBEPXHOCTD. [TTyOMHA MOXET ObITh TOJACUYUTAHA,
HO 6ypHJIBIIUKY Oy/ieT HeoOxoanumo nogHsaTs THKT
4epes CTPUIIIED, YTO MOKET IIPUBECTHU K PA3ITHUBY
CKBAXKUHHOM XXKUAKOCTU. Hasmmyue KaTymku inVision
MO3BOJIUT PEMIUTD OO€ IPOHIIEMBL, OITUCAHHDIE BBIIIIE,
U NPEJOCTABAT Oy PUIIBITUKY BO3MOXHOCTb TOYHO
onpeaennuTb Mmecrononoxenue KHK 1u60 koH1ja
I'HKT nipy nnojybeMe yepes KaTyIIKYy.

3aKkJaroueHue

51 pEKOMEHYIO UCIIO/Ib30BATh JAHHYIO
TEXHOJIOI'HIO KAX/IOM JOOBIBAIOLIEH U CEPBUCHOM
KOMITAHUH KAK B TEKYIIUX OIEPAUAX, TAK U
B OyAyIieM, 17151 60JIE€ TOYHOT'O ONIPEAECICHUS,
Kakon KoMIIoHeHT KHK 1IpoxXoauT yepes yCTbeBYIO
ApMAaTypy BO BpEMA BHYTPUCKBA’KUHHBIX PA0OT.
S cumnTalo, 94To 1151 CEPBUCHBIX KOMIIAHUA
UCIIOJIb30BAHUE JAHHOM TEXHOJIOI'MH IIO3BOIUT
3HAYUTEIBHO CHU3UTD PUCKU. TaKKE TEXHOJIOT U
MO3BOJIMT CHU3UTD IIPOJOJIKUTEIBHOCTD CITYCKO-
NOJ’bEMHBIX onlepanuil. meda KaTymky invVision B
COCT4BE YCTBEBOI'O OOOPYAOBAHM S, Oy PUIIBLIUKY
I'HKT He HY>XKHO Oy/IeT 3HAaYHUTEIbHO CHIKATD
cxkopocTb nogbema THKT 32 200 M 10 TOBEPXHOCTU
C LIEJIBIO IPEAOTBPALECHU S XKECTKOM OCTAHOBKU
B cTpunmepe. TEXHOIOrUs MO3BOJIUT TOYHO
onpeaeanTb MOMeHT, Korga KHK Beiia u3 ycreeBoH
ApMAaTypBbl, ¥ [IOCJIE 3TOI'O CHU3UTH CKOPOCTb.
B cnyuae npuxsaTta THKT miu KHK B ycTbeBOH
apMaType 6YPUIBIIUK ITOTYYUT BO3MOXKHOCTD
OIpeAENnTb, Kako KoMrnoneHT KHK n kakon
Y4Y4CTOK 9TOI'O KOMIIOHEHTA HAXOAATCA B ApMaType.
Taxke B ciygae HeooxoguMocTu orpesdanust THKT
KaTyIIKa inVision MO3BOINUT ONIPEAEC/INUTD, yIIAJId JIU
OTpe3aHHAs 4aCTb. OO OIBITE IPUMEHEHUS KATYIIKHU
MOJKHO IIPOYUTATH IO CChUTKE: http://www.
intelligentwellheadsystems.com/the-proof
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Applications to improve operational
safety and awareness

The tool was specifically designed and
constructed of Inconel to work in the various
harsh environments of the oil and gas industry
including subsea, offshore, HPHT, and sour
wells. The inVision technology provides
clear information for operators and service
companies to safely and efficiently make
informed well control related decisions.

Often on CT interventions, depth counters
can be off by 1% every 1000 meters due to
slippage of the counter wheel. On a 5000 meter
well depth, this could be 50 meters. If the depth
counter is off by 50 meters when tripping
out of hole, the operator will need to tag the
snuffing box to confirm when the BHA is above
the tree. Although this is a standard operating
procedure during CT operations, this creates
an unnecessary risks tagging the stripper and
potentially dropping the BHA.

Another scenario in which this technology
could prove useful is when a BHA is lost
during an intervention. In this situation, the
CT operator does not have any method to
know exactly where the end of the CT is while
tripping out. The depth can be estimated but
to know for sure, the CT operator will have to
pull through the stripper possibly releasing
hydrocarbons. Having the inVision spool in
place would solve both of these issues allowing
the operator to see exactly when the BHA or
the end of the CT passes through the inVision
spool.

Summary

Due to the immediate and future applications,
I recommend the utilization of this tool for
any operator or service company interested in
having a better understanding of exactly what
component is moving through the wellhead
throughout the duration of the operation. I
believe this tool will add immediate value for
services companies and operators by reducing
risk. This tool can also optimize the operation by
reducing tripping times. With the inVision spool,
the CT operator will no longer need to drastically
reduce CT speed 200 meters from surface to
avoid a hard tag in the stripper. The CT operator
would see exactly when the BHA is past the tree
and could then reduce speed. In the event of an
incident of stuck pipe or tools across the tree,
the operator would be able to see exactly what
component and what section of that component
is across the tree. Finally, if shearing of the string
is necessary, the inVision spool will allow the
operator to see if the string has dropped after
shearing. For case histories of the tool see http://
www.intelligentwellheadsystems.com/
the-proof ©
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A3oTHble yctaHoBKM anda FHKT n I'PI

A30THble YCTaHOBKU NpegHa3HayeHbl ans 6esonacHoro npeobpasoBaHus XXUAKOro a3oTa B rasoobpasHoe
COCTOSIHUE U ero 3aKayku B CKBaXKMHY Nop, BbICOKUM AaBneHnem npu pabore B coctaBe komnnekcos FTHKT v TP
npu NpoBeAeHNN PeMOHTHO-BOCCTAaHOBUTESbHbIX PA0OT 1 paboT NO CTUMYNMPOBAHMIO MPUTOKA HA CKBaXXMHAaX
BCeX TUMOB. YCTaAaHOBKM BbINycKaloTcs B KnumMmaTnyeckom ncnonHeHnn Y1 no rOCT 15150 anga skcnnyatauuv npu
TeMnepaTtype oKpyXXaloLliero Bosayxa ot MmuHyc 40 °C go nntoc 40 °C.

TexHN4Yeckne xapakTepucrukm
A100-20 A100-40 A100-50 /A100-70 AH100 A300

pienonmenne crewvanmn | BnoHee Wac AN Big | wacauVohosxs | TORIEMAT
MakcumasbHoe paboyee aaBneHve, 1o 105 MTla 105 MMa 105 MTla 70 MTa 105 MTla
[pOV3BOAMTENBHOCTb MO ra3000pa3HOMy a3oTy, 10 85 M3 /MWH 85 M?/MWH 85 M?/MWH 40 M?/MWH 300 M3 /MUH
YucroTa ra3006pa3Horo asora 99,9% 99,9% 99,9% 99,9% 99,9%
OObEM KPUOreHHON eMKOCTU 13 m° 0e3 emKoCT 13 m° 7.9 m° 0e3 emMKoCTU
MoLLHOCTb NPUBOAHOTO ABUTaTENS 550 n.c. 550 n.c. 550 n.c. 510 n.c. 1050 n.c.
!\K/lma,u,K%ch-AraHg‘;gaﬂ npov3BoauTenbHOCTL HBJ _ _ _ 1000 51/MuH _
MakcmanbHoe gasneHve HBL XXmakocrHoro — - — 70 Mrla -
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Ten.: +375 17 298 24 17, axc: +375 17 368 30 26
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LlemeHTpOBaHMe CKBA)XVH: OCHOBHbIE
CKBa)XMHHbIE NapamMmeTpbl

Successful Cementing Operation:
Key Well Design Parameters to Consider
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TPyGOIPOBOITOB)

Godwin Chidiebere NWAFOR; Oilfield Engineering Supervisor/Consultant (Pressure Pumping & CT Pumping Supervisor); National
Petroleum Services (NPS), Saudi Arabia; Higher National Diploma (HND) - Bachelor’s Degree Equivalent (Chemical Engineering) &

Post Graduate Diploma (Piping Design Engineering)

T'oosun Yuoubepe Heagpop 3anumaent O0NHCHOCb
«NONeBOIL cynepeaii3ep/Koncyismarm». Or OKA3bl8aem
KOHCY/ILIMAUUOHHBLE YCILY2U OJL KOMNAHUL J19141L
Iemponeym Cepauces» (NPS) e /ammare (Cayooscras
Apasus). Yeyau exmouarom 6 cebs onepauis no
3araure noo 0as.1eHUeM, KUCJIOMHbLE 0OPAOOMKU

na I'HKT, ynpaeaenue npoexmamis, KOOPOUHAUUIO
pabom u nonesoli cynepeaitzune. Ilepeo smum

T'oosun 2 200a pabomaJl 6 Kauecmee KOHC)ILIMAHMA

8 Huzepuu 1a pabomax 1o yemeHmupoBariuio
CKBAINICUM U 3AKAMKE 1100 0AGeHUeM OJLA PAS/IUYHBLY
Kanenmos. Panee I'oosun padomar 6 1em 8 KOMNamuu
dIlmombepiuce» 6 Huzepuu. Crnavdana orn padoma

1A NO3ULUL TI0TLeE020 CReUUAIUCING, 1 KOMOPOLL

obecneuusan CynepearisuHe i 8biNoaHeHue Padom no et =

UCMCHIMUDOBAHUIO CKEANCUH HA CYULe, HA ULeTbEPOBLLY

U 271Y6OKOBOOHBLX NPOCKMAX. 3amem OH paboma.

Ha NO3ULUL CEPBUCHO20 KOOPOUHAamopa 6 Llenmpe
NAGAHUPOBAHUS BHYMPUCKEANCUHHBLX padom 6 6 [Iopm-
Xapropme (Huzepus). B 06A3GHHOCIMIU 6X00UN0 YNPAGIeHUe
aKkmueamit, Ynpasaerue CKAaoCkum X03ULCmeom; noieeoe
COnposoIcOeHILe PadO 1O UEMEHMUPOBAHIUIO CKBANICUH.

Llunnom o evicuiem 0opaszosariiL 20CY0apCmeeHo2o
obpasya (cmeners OaKanaspa) no CReyUaIbHOCIUL
QuUMUecKas mexnono2us» 1oosun nowyuus 6 2008 200y

8 Hrncmumyme meneodncmernma u mexroaozuti (IMT) 6
Dnyey (Huzepus). Juniom o nocaeey3068CKoM 00PA306aHUL
10 CReUUANILHOCINU <NPOCKMUPOBaHLe mp)oonposoooe»
on noayuun 8 2012 200y 6 Texroni02umeckom UHCImumyme
6 wmame Maxapawmpa (HHous). Cmenens mazucmpa
0€/106020 AOMUHUCIPUPOBAHUA 110 CREUUA/ILHOCHIU
«ynpasaerie npoexmamie» o noayuun 6 2016 200y 6
Omxpoimom ynusepcumeme Benxameweapa 6 Hmanazape
(Hrous).

T'008UH A6218€MCA UTLeHOM CAeOVIOUUX NPOPHECCUOHANLHBLY
CO00UeCNB: UNIeH — AMEPUKANCKULL UHCIUNTYM
UHIHCEHCPOB-XUMUKOE; 3aPe2UCPUDOBAHMHBLIL UHIICeHeD

8 XUMUHCCKOU IeXHOJI02ULL — COBENT 1O YNPAGeHUIO
npoussoocmeom Huzepuu (COREN); uner — Obuecmeo
undcenepos (SOE), Benuxoopumariis; uier —
Mesxncoyrapoonas accoyuayus unicerepos (IAENG),
Tonxone; npaxmuryouutl cneyuaiucm — dapmeprioiii
uncmumym xavecmea (CQI), Beauxoopumanusi;
npogpeccuonanvioill urxcenep — Oouecmeo
npogheccuoranbHbLX UHICeHEePo8 (SPENg), Benuoopumaniis;
mereoncep npoexma (MPM®) — Amepuxanckass axaoemus
ynpasrenus npoexmamu (AAPM®); cnevyudaiucm —
MexncoyHapOOHbILL UHCINUMY M Y NPABIeHUA DUCKAMU U
6ezonacrocmuio (1IRSM), Benuxoopumaniisl.

28 Ne 1 (067) Mapr/March 2019

Godwin Chidiebere Nwafor

is an Oilfield Engineering
Supervisor/Consultant
currently providing consulting
services for National
Petroleum Services (NPS) in
Dammam, Saudi Arabia. Areas
of services include pressure
pumping operations, acid
stimulation through coiled
tubing, project management,
service coordination and
wellsite superuvision. Prior (o
this, Godwin spent 2 years

as an Oilfield Consultant

in Nigeria working on well
cementing operations and pressure pumping services
Jforvarious clients. Previously, be spent 6 years with
Schlumberger Plc. in Nigeria working initially as a Well
Services Field Specialist providing wellsite superuvision
and execution of well cementing operations and
services in land, swamp, off-shore and deep-water

rig installations. Lastly, be was the Operations Service
Coordinator for the Well Services Operations Planning
Center (OPC) based in Port Harcourt Nigeria providing
asset planning, inventory control, field support, and
operations support for Cementing Services.

Godwin earned a Higher National Diploma — HND (US
Bachelors Degree Equivalent) in Chemical Engineering
from the Institute of Management & Technology (IMT)
Enugu, Nigeria in 2008; a Post Graduate Diploma
(PGDip) in Piping Design Engineering from the
Mabarashtra Institute of Technology (MIT) Pune, India
in 2012, and an Executive MBA in Project Leadership &
Management from the Venkateshwara Open University
Itanagar, ndia in 2010.

T e

Godwin is a affiliated to the following professional
organization; Member — American Institute of
Chemical Engineers (AICDE); Registered Chemical
Engineering Technologist — Council for the Regulation of
Engineering in Nigeria (COREN); Member — Society of
Operations Engineer (SOE) UK; Member — International
Association of Engineers (IAENG) Hong Kong;
Practitioner — Chartered Quality Institute (CQI) UK;
Fellow & Professional Engineer — Society of Professional
Engineers (SPEng) UK; Fellow & Master Project Manager
(MPM®) — American Academy of Project Management
(AAPM®), and Specialist Fellow — International Institute
of Risk and Safety Management (IIRSM) UK.



BBEAEHUE
J17151 TOrO YTOOBI IOATOTOBUTL CKBAKUHY
K OYPEHUIO CIEAYIOUIETO YIACTKA, J0OBIYE
WJI KOHCEPBALIMH, HEOOXOIUMO IIPOBECTH
LEMEHTUPOBAHUE — MIPOLECC TOATOTOBKU U
334KA4KH [JEMEHTA B CKBAXKUHY. LIeMEHTHPOBAHME
BBITNIOJIHAETCS JJ1s PA3JIMYHBIX 1IeJIeN. LleMeHT
06€eCeYnBAET FEPMETUYHOCTb U YCTOMYUBOCTD
CTBOJIA CKBAKMHBIL. Yallie BCETO EMEHTHPOBAHNE
BBIIIOIHAETCS AJ151 U30JIALUN BOJOHOCHBIX
TOPHU3OHTOB. B IIporiecce 3aKaHYNBAHUA
JIOOBIBAIOIIEI CKBAXKHBI [IEMEHTUPOBAHUE
HEOOXOUMO /151 U3OJISIIIUU 3ATPYOHOTO
NPOCTPAHCTBA ITOCJE CIYCKA OOCAAHOIM KOJIOHHBL
Taxske OJJHOM U3 LEJIEN IIEMEHTUPOBAHUS
ABJIIETCSA U3OJIALNSA 30H NOITIOMEHUS UIIN
Y4ACTKOB CKBA’KUHBIL, B KOTOPBIX IPUTOK (DJIIOUAA
YMEHBIITHJICS WA MTOJIHOCTBIO IPEKPATHUIICS.
[Tpu HanTpaBIEHHOM OyPEHUU LIEMEHTUPOBAHUE
MIPOBOAUTCA JIJISL OTCEYEHH ST OCHOBHOT'O CTBOJIA
U OypeHUs ydacTKa Habopa yria. Kpome Toro,
LEMEHTUPOBAHUE MOKET BBIIIOIHATHCA C LIEJIBIO
KOHCEPBAIIUN CKBA’KUHBL
Kak npaBuio, Cioco6 3aKAYKU LIEMEHTA
(B 06CaAHYIO KOJIOHHY HJIN B 3aTPyOHOE
IPOCTPAHCTBO) BBIOUPAETCS UCXO/S U3 OOJIBIIOTO
KOIUYECTBA (PAKTOPOB. BOT HEKOTOPBIE U3 HUX:
* IUIOTHOCTD LIEMEHTA IIPU PA3HBIX 3HAYEHUAX
IJIACTOBOT'O JIABJICHUS;
* Ka4ECTBO LIEMEHTHOT'O KAMHSI MEK/Ty KOJIOHHOH
U TIJIACTOM;
* BpEMSsI 3aKAYKHU IIEMECHTZ;
* BO3MOXHOCTb IIEMCHTHPOBAHHUSI KOJIOHHBI
I10 BCEH JJIMHE (60pBbOA C IOIVIONICHUSAMU,
HEOOXOAUMBIE OO'bEMBL, TPOKAYUBAEMOCTD
LIEMEHTHOI'O PACTBOPA);
* TIOBBIIIECHHUE IPOYHOCTH IIEMEHTHOT'O KAMHS;
* Ka4EeCTBO U JJOITOBEYHOCTb IIEMECHTHOI'O KAMHSL
JaHHBIE (PAKTOPHI 32BUCST OT IAPAMETPOB
CKBAXHUHBI, IOHUMaHUE KOTOPBIX ITIO3BOIAT
KOPPEKTHO NOJ06PATh TUII IIEMEHTHOT'O
pacTBOpa sl KOHKPETHBIX 33/1a4.

CKBA)XUHHbLIE NAPAMETPbLI

IToMuMO KpernneHus 06CaHON KOJIOHHHBI,
LIEMEHT TAKXKE OOECIIEUNBAET U3OJISIIUIO TIJIACTOB,
T.€. IPEJOTBPAIIACT [IEPETOKU MEXK/Y BCKPBITBIMU
nacTaMu. ITpu npoeKTUPOBAHUN PA6OTHI 11O
LEMEHTHPOBAHUIO OUCHb BAXKHO IIPUHUMATD BO
BHHUMAHHE [TAPAMETPHI CTBOJIA CKBAXKUHBI /151
obecriedyeHU ST HaJeKHOM U30JISIIIHU .

B crarbe npuBeicHbl HEKOTOPBIE U3 KJIIOYEBBIX
[IAPAMETPOB, KOTOPBIE BIUSAIOT HA YCIIEITHOE
IIPOBEJICHUE PA0OT 1O HEMEHTHPOBAHUIO
CKBAKUHBL.

MYBUHA

[71y6rHA CKBaKUHBI BIUSCT HA TAKHUE
[1APAMETPBI, KaK: KOJIMYECTBO (DJIIOU/IOB,
06'beM (PIIION/IOB, IOTEPH ABJIEHUA HA TPEHHUE,
rU/IPOCTATUYECKHUE [JABJICHUS, TEMIIEPATYPA.

INTRODUCTION

Part of the process of preparing an oil well for further
drilling, production or abandonment, cementing a well
is the procedure of developing and pumping cement
into place in a wellbore. Used for a number of different
reasons, cementing protects and seals the wellbore.
Most commonly, cementing is used to permanently
shut off water penetration into the well. Part of the
completion process of a prospective production well,
cementing can be used to seal the annulus after a
casing string has been run in a wellbore. Additionally,
cementing is used to seal a lost circulation zone or
an area where there is a reduction or absence of flow
within the well. In directional drilling, cementing
is used to plug an existing well, in order to run a
directional well from that point. Also, cementing is
used to plug a well to abandon it.

Generally, there is a whole gamut of concerns about
cement placement (down the casing and up the
annulus), and some of which include:

» Cement density vs. pressure “window” from
formation

* Cement bond between pipe and formation

* Cement pump time

* Ability to place the cement over the whole column
(fluid loss control, correct volumes, pumpability)

» Cement strength development

» The quality and longevity of the seal.

These concerns are tied to the well parameters, and
understanding the well parameters assist in the design
of cement slurry that achieve its design objectives.

WELL PARAMETERS

Along with supporting the casing in the wellbore,
the cement is designed to isolate zones, meaning that
it keeps each of the penetrated zones and their fluids
from communicating with other zones. To keep the
zones isolated, it is critical to consider the wellbore and
its properties when designing a cement job.

Some of the key well design parameters that affect
the success of every well cementing job are discussed:

DEPTH

The depth of the well influences the amount of
wellbore fluids involved, the volume of wellbore fluids,
the friction pressures, the hydrostatic pressures, the
temperature, and, thus, the cement slurry design.
Wellbore depth also controls hole size and casing
size. Extremely deep wells have their own distinct
design challenges because of high temperatures, high
pressures (HPHT), and corrosive fluids.

WELLBORE GEOMETRY

The geometry of the wellbore is important in
determining the amount of cement required for
the cementing operation. Hole dimensions can be
measured using a variety of methods, including
acoustic calipers, electric-log calipers, and fluid
calipers. Open hole geometry can indicate adverse
(undesirable) conditions such as washouts. Wellbore
geometry and casing dimensions determine the
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TaxkuM 06pa30M, INTyOHHA CKBAKUHBI BJIUSAET

Y HA COCTAB LIEMEHTHOT'O pacTBOpa. Taxxke
IJIyOHMHA CKBAKHUHBI BJIUAET HA OOBEM
CKBAXKMHBI M1 00CaJIHOM KOJIOHHBL [Tpu nopbope
LIEMEHTHOT'O PACTBOPA JJI5 INTyOOKHUX CKBAXKUH
BO3HHUKAIOT ONIPEJIEJIEHHBIE TPYAHOCTU HU3-34
AHOMAJIBHO BBICOKHX TEMIIEPATYD U JABJICHUN U
KOPPO3HOHHO-AKTUBHBIX (DJIIOH/IOB.

FTEOMETPUA CTBOJIA CKBAXXWHbI

T'eomeTpus CTBOMIA CKBA’KUHBI SIBJISIETCS
BaKHBIM (DAKTOPOM, BIMAIONIUM HA
HEOOXO/IMMBIH OO'bEM IIEMEHTHOI'O PACTBOPA.
Pa3zmeprel CKBAXKUHBI OIIPEACISIOTCI TAKUMU
METOAAMH, KaK AKyCTUUECKAS, IJIEKTPUYECKAS
U FU/IPABINYECKAS KaBEPHOMETpUs. [eomeTpus
OTKPBITOI'O CTBOJIA CKBA’KUHBI MOXET CO3/JaTh
HEOIATONIPUATHBIE YCJIOBUSA, HAIIPUMED,
pa3MbIB CTBOIA. [eOMETPHSA CTBONIA CKBAKUHBI U
pa3Mepbl O6CATHBIX KOJIOHH ONPEJEIAIOT OObEM
3aTPyOHOrO NPOCTPAHCTBA U HEOOXOAUMBII
0OBEM PACTBOPA.

DopmMa NONEPEYHOT'O CEYEHUA CTBOJIA
CKBa’KMHBI OIIPEJIENISAET PACCTOAHUE MEXTY
06CaTHOM KOJIOHHOM U CTEHKOM CKBAKUHBI.

DTa PopMa OLIPENEIISET TEOMETPHUIO

3aTPyO6HOrO MPOCTPAHCTBA, KOTOPAS BIUAET

Ha 3P OEKTUBHOCTD 3aAMEIEHUA 6yPOBOTO
pacTBOpa. PEKOMEH[yeMOE MUHHMAJIBHOE
PacCTOAHNE MEXKY CTEHKOU CTBOJIA CKBA’KUHBI U
06CaTHOM KOJIOHHOM CcOCTaBAsgeT OT 19 10 38 MM
(muameTp CcTBOJIA 6OIBIIE JUAMETPA OO6CATHON
KOJIOHHBI HA 50—76 MM). MEHbIIICE PACCTOSIHUE
OTPAHUYMBACT JIBIDKEHUE (PJIIOU/IOB, YTO, KAK
IIPABUJIO, YCIIOXKHSET IIPOLIECC 3AMEIICHUS.

Jpyrum Ba>KHBIM IIAPAMETPOM I'€OMETPHUH
CTBOJIA CKBAXKMHBI SIBJISIETCS yI'OJl HAKJIOHA. YTOJI
HAKJIOHA BJIMSET HA (PAKTUYECKYIO [TTyOUHY
CKBAKHHBI 110 BEPTUKAJIU U TeMIIepaTypy. [Ipu
LEMEHTUPOBAHUU CKBAKHH C 6OJIBIIUM OTXOIOM
OT BEPTHUKAJIN MOI'YT BO3HUKHYTB OIIPE/IC/ICHHBIE
TPYAHOCTH IIPU 3aMEIIEHUU 6y POBOI'O paCTBOPA
M3-34 TOI'O, 4YTO 0O6CAAHAS KOJIOHHA MOXET OBITh
HE OTLEHTPUPOBAHA OTHOCUTEJIBHO CTBOJIA
CKBAKHHBL TPyTHOCTH, BBI3BAHHBIC U3MCHECHUEM
I€OMETPUHU CTBOJIA, MOKHO PEIINUTD C IIOMOIIIBIO
LEHTPATOPOB OOCATHOM KOJIOHHBL LIeHTpaTOphl
HUCIOJIb3YIOTCS JUISI LEHTPUPOBAHUS OOCAJHONU
KOJIOHHBI OTHOCHUTEIBHO CTBOJIA CKBAKUHEI,
4TO OOECIICYUBAECT OJMHAKOBBIIN ITPO(PUIIb
3a2TPyH6HOrO IPOCTPAHCTBA IO BCEY JIJTMHE
KOJIOHHBL

TEMMEPATYPA

Temmneparypa 110 CTBOJIY CKBA’KHMHBI
ABJIAETCA KPAMHE BAXKHBIM ITIAPAMETPOM IIPU
MIPOEKTUPOBAHUU PAOOT IO LEMEHTHPOBAHUIO.
Kak npasuiio, ONpeAessaIoT TPU 3HAYECHU L
TEMIIEPATYPHL: JUHAMUYECCKASA TEMIIEPATYPA HA
3200¢€, CTAaTUYECKas TEMIIEPATyPa Ha 3260€ U
auddepennanbHas TEMIIEpATypa (PasHuIla
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annular volume and the amount of fluid necessary.
The hole shape also determines the clearance
between the casing and the wellbore. This annular
space influences the effectiveness of drilling-fluid
displacement. A minimum annular space of 0.75 to
1.5 in. (hole diameter 2 to 3 in. greater than casing
diameter) is recommended. Annular clearances
that are smaller restrict the flow characteristics and
generally make it more difficult to displace fluids.
Another aspect of hole geometry is the deviation
angle. The deviation angle influences the true vertical
depth and temperatures. Highly deviated wellbores
can be challenging because the casing is not as likely
to be centered in the wellbore, and fluid displacement
becomes difficult. Problems created by geometry
variations can be overcome by adding centralizers
to the casing. Centralizers help to center the casing
within the hole, leaving equal annular space around
the casing.

CKBaXuHa A CkBaxxuHa B
Well A Well B

d

daxkTryecKas I'nmy6buna no
ry1yOrHa 110 CTBOJY
BCPTHKAIN Measure Depth
True Vertical (MD)
Depth (TVD)

OAMHAKOBAS TNIOTHOCTb PACTBOPA

Same hydrostatic pressure down

Pucynox 1 — 3asucumocms haxmunecrkorl
271YOUHBL CKEANCUHBL O 2eOMemPUn
cmeona

Figure 1- Relationship between wellbore
geometry and true vertical depth (TVD)

TEMPERATURE

The temperatures of the wellbore are critical in
the design of a cement job. There are basically three
different temperatures to consider: the bottom hole
circulating temperature (BHCT), the bottom hole static
temperature (BHST), and the temperature differential
(temperature difference between the top and bottom
of cement placement). The BHCT is the temperature to
which the cement will be exposed as it circulates past
the bottom of the casing. The BHCT controls the time
that it takes for the cement to set (thickening time).
BHCT can be measured using temperature probes that
are circulated with the drilling fluid. If actual wellbore
temperature cannot be determined, the BHCT can
be estimated using the temperature schedules of
American Petroleum Institute (API) RP10B. The BHST
considers a motionless condition where no fluids are
circulating and cooling the wellbore. BHST plays a vital



MEX/y TEMIIEPATYPOH HA ITTyOHHE NTOLbEMA
LEMEHTA U TEMIIEPATYPOI HA HUXKHEU I'DAHULIE
LEMEHTA). [JuHaMHYeCKas TEMIIEPATYPA HA
3260€ — 3TO TEMIIEPATYPA, IPU KOTOPOH
06€eCEUNBAETCA HUPKYIALNSA [IEMEHTHOTO

role in the strength development of the cured cement.
The temperature differential becomes a significant
factor when the cement is placed over a large interval
and there are significant temperature differences
between the top and bottom cement locations.
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pPacTBOPA MPH BBIXOAE U3 OO6CATHON KOJIOHHBL

JuHaMHU4YeCKas TEMIIEPATYPA ONPEJEIAET 4 00: — 1 Cpenmsn renmeparypa

BPEMS 3aT'yCTEBAHUS LIEMEHTHOTO PACTBOPA. ; Ha yCTbC

JUHAMUYECKAS TEMIIEPATYPA U3MEPSIETCS C 4,000 Average surface
temperature

ITOMOIIIBIO JATYNKOB TEMIIEPATYPHI B 6YPOBOM y 6.000 - :

pacTBope. IIpy HEBO3ZMOXXHOCTHU O PEJIEICHUS z 8.000

JMHAMHWYECKOU TEMIIEPATYPBI UCIIOJIb3YETCA g < 10,000 LB*F100 1

TEMIIEPATYPHBINA PEXKUM IO CTAHAAPTY «i g 12,000

AMEPHKAHCKOTO HEPTIHOTO HHCTUTYTA S A 14,000

(API) RP10B. Cratnyeckas TeMIeparypa 16,000

ONpeAENAaeT CTATUYECKOE COCTOSHHUE HA 3200€, 18,000

B KOTOPOM HE TPOUCXOJUT UPKYIALIUA

(IIIONIOB, CJIEAOBATEIBHO, HE OXJIAXK/IAETCS i} 100 150 200 250 300 350

300U CKBAKUHBL CTaTUYECKAA TEMIIEPATYPA Temneparypa, °F

UI'DAET BAKHYIO POJIb IIPH HA60OPE MPOYHOCTH Temperature, °F

LIEMEHTHOI'O KAMHS BO BPEMS 3aTYCTEBAHUS.

JuddepeHnInanpaas TEMIEPATyPa ABIACTCS
BAXKHBIM (PAKTOPOM IIPU HEMEHTUPOBAHNH
JUIMHHBIX YY4CTKOB C OOJIBIION PA3ZHULIEU MEXTY
TEMIIEPATYPOU Ha INTyOMHE NOABEMA [IEMEHTA U
TEMIIEPATYPOI HA HUKHEU I'PAHULIE LIEMEHTA.
B aTOM Cilydae 13-3a pa3sHULIBI TEMIIEPATYP
MIPUMEHAIOTCA IBA PA3HBIX THUIIA IIEMEHTHOT'O
pacTBopa.

JyrHaMH4YECKAs TEMIIEPATYPA BIUAET HA
BpEM 3AI'yCTEBAHUA LIEMEHTA, PEOJIOTHIO,
MIOIJTIOMIEHUS, CTAOUIBHOCTD LIEMEHTA U BPEMA

Pucynok 2 — Tabauua zpaouenma
memnepamypsvt, 0eMOHCMPUPY0oua
u3menenue memnepamyput 1o Cmeory
CK8adNCunvL

Figure 2 — Temperature gradient table
showing bow temperature varies over the
depth of the well

Because of the different temperatures, commonly, two
different cement slurries may be designed to better
accommodate the difference in temperatures.

The bottom hole circulating temperature
(BHCT) affects slurry thickening time, rheology,
fluid loss, stability (settling), and set time. BHST
affects compressive strength development and
cement integrity for the life of the well. Knowing

JaBJIeHHE B CKBAKHHE
Pressures in the Wellbore

P1 — ITimacroBoe
JIaBJICHUC

P2 — Buyrpennee
JIABJIEHUE 3AKAYKH

P3 —T'napo-
CTATUYCCKOC
JIaBJIEHUE

P1 — Formation
Pressure

JIBMKEHHE PACTBOPA

P2 — Internal
Pump Pressure

JIBUZKEHHE PACTBOPA

P3 — Hydrostatic
Pressure
JIBMKEHME PACTBOPA

the actual temperature that the cement will
encounter during placement allows operators

to optimize the slurry design. The tendency to
overestimate the amount of materials required to
keep the cement in a fluid state for pumping and
the amount of pumping time required for a job
often results in unnecessary cost and well-control
problems. Most cement jobs are completed in less
than 90 minutes.

BBEPX BHU3 BBEPX

Downstroke Upstroke

-

Upstroke

HKT/Tubing
Verbe/Well Head ——

OGcaas Korora/Casing
3arpy6Hoe npoctpancrso/Annulus
OBparmsii kaman/Rod string

Kononna nacochbix mranr/Pull Rod

Trrosas mus [Lyrskep/Plunger
Knaman xojta/Travel Valve
Kamepa/Barrel

FORMATION PRESSURES

When a well is drilled, the natural state of the
formations is disrupted. The wellbore creates a
disturbance where only the formations and their
natural forces existed before. During the planning
stages of a cement job, information about the
formations’ pore pressure, fracture pressure, and
rock characteristics must be known. Generally,
these factors will be determined during drilling.
The density of the drilling fluids in a properly balanced

Vposes suakocti/Fluid Level

Tepoparmorie oTsepcTis/Perforations
Beacsatomuit kranan/ Standing Valve

Dunsp/Strainer Nipple

P2>P3 - Knanan
XO/1a OTKPBIT
P2>P3 —Travel Valve
Opens

P2 <P1 — BcachIBaromuit
KJIATTaH OTKPBIT
P2 <P1 - Standing Valve
Opens

P2 <P1 — BcacwhIBaromuit
KJIATTaH OTKPBIT
P2 <P1 - Standing Valve
Opens

Pucynox 3 - Onucamenvuuiii anaiu3 0aénreHus é

cKeaxicune drilling operation can be a good indication of the
Figure 3 - A descriptive analysis of the pressures } limitations of the wellbore. }
in the wellbore To maintain the integrity of the wellbore, the
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CXBATBIBAHUSA. CTATUYECKAS TEMIIEPATYPA BIUAET
Ha JIMHAMUKY HAa60pa IPOYHOCTH HA CKATHE U
LEJIOCTHOCTD IEMEHTHOI'O KAMHS Ha IPOTSKEHUHN
IKCILIYaTALIUM CKBAXKUHBL 3HAHUE (DAKTUUECKOM
TEMIIEPATYPHI IPU LIEMEHTHPOBAHUH TTO3BOJISIET
ONTHMHU3HUPOBATb COCTAB LIEMEHTHOI'O PACTBOPA.
3a4aCTYIO TAKUE TAPAMETPHL, KAK OOBEM
MaTE€PUAJIOB JUIS NOAAEPKAHUS [IEMEHTA B )KHUJIKOM
COCTOSTHUH JJIs1 3AKAYKH, 4 TAKXKE BPEMS 3aKAUKHU
MEPEOLIEHUBAIOTCA, YTO IPUBOAUT K ITOBBINIEHUIO
CTOUMOCTHU PA6OTHI M IPOOIEMAM IIPH KOHTPOJIE
33 CKBAXKUHON. BOMBIIUHCTBO paboT No
LEMEHTUPOBAHUIO BBIIIOJIHAETCSA MEHEE yeM 32 90
MUHYT.

MJACTOBOE JABJIEHUE

IIpu 6ypEHNH CKBA’KUHBI HAPYIIAETCA
€CTECTBEHHOE COCTOAHUE IJIACTOB. CKBAKMHA
BBI3BIBAET BO3MYILEHUE €CTECTBEHHBIX
CHUJI, AEUCTBYIOINX B IIACTAX. BO BpemA
MJIAHUPOBAHUSA PAOOT MO LEMEHTHPOBAHUIO
HEOOXOIUMO YYUTBIBATH INIACTOBOE MOPOBOE
JaBJIEHUE, JABJICHUE PA3PbIBA, 4 TAKKE
XapPaKTEPHUCTUKU I'OPHBIX NOPOJ. Kak npasuiio,
3TU HAPAMETPHI ONIPEAETAIOTCA BO BpDEMS OYPEHUS.
IIpy KOPPEKTHOM YIIPABJIEHHUH IIPOLIECCOM
OypeHHs IO INIOTHOCTU OyPOBOI'O PACTBOPA
MOJKHO CYIUTB O IIPEJICIbHBIX 3HAYEHUAX JAHHBIX
apaMeTPOB.

[ obecrieueHn 1IeIOCTHOCTH CTBOJIA
CKBa’KUHBI THJIPOCTATUYECKOE JABJIECHHUE,
OK43BbIBAEMOE LIEMEHTOM, OYPOBBIM PACTBOPOM
U APYTUMHA PIIOUAAMUA, HE JOJIKHO
NPEBBIMATD AABJIEHHE PA3PbIBA HAUMEHEE
CLIEMEHTHPOBAHHOIO IIACTA. JlaBJIEHUE PA3PHIBA
ABJIAETCA BEPXHEN I'PAHUIIEN I1JTACTOBOI'O
JaBJIEHUSA, IPU KOTOPOM ITOPOJja HAYNHAET
paspymartbcs (JaBIeHUE, HEOOXOANMOE JIJIA
pacmupenus Tpemun). ['uapocrarnyeckoe
JaBJIEHUE CKBA’KUHHBIX (DJIIOUJIOB, 4 TAKXKE IIOTEPHU
JaBJIEHUA HA TPDEHUE NIPU JBUKEHUU (DIIIOUIOB
HE MOI'YT IIPEBBIIATD JABJIEHHE PA3PbIBA. B
MPOTUBHOM CJIYY4€ IOPOJd HAYHET PA3PYIIATHCA.
Paspymenue nopoasl IPUBOJAUT K IOTEPE
KOHTPOJIA 34 IIJIACTOM U IIOIVIOIMIEHUAM. YCIIEITHOE
NEPBUYHOE LIEMEHTUPOBAHHUE ITO3BOJAET
NPEAOTBPATUTD ITOIVIOIIEHUA. [laBJIEHUE B
CKBA)KMHE TAKXKE BJIMAET HA JUHAMUKY HAO0Opa
HpO‘{HOCTI/I IIEMCHTHOI'O KaMHJI.

IIpy NPOEKTUPOBAHUHN PAGOT O
LIEMEHTHPOBAHUIO BCETJ A HEOOXOAUMO YUUTHIBATD
[IPEAEIBHBIC 3HAYCHU S TEMIIEPATYPHI U JABJICHUS B
CKBaXHHE. HU3Kas TeMIeparypa 3aMejIsaeT BpeMs
3aI'yCTEBAHUS. BBICOKAs TEMIIEPATYPA YCKOPSIET
BpEMSI 3aI'yCTEBAHUSL.

MJIACTOBbIE XAPAKTEPUCTUKN

T'opHble TOPOABI, KOTOPBIMU IIPEJCTABICH
ILJIACT, IPEABABIAIOT PA3/IMYHbIE TPDEOOBAHMS K
COBMECTHUMOCTH CO CKBA)KMHHBIMHU (PIIIOUIAMHU.
YyBCTBUTEIBHOCTD ITTMHUCTBIX CJIAHIIEB K
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hydrostatic pressure exerted by the cement, drilling
fluid, etc. must not exceed the fracture pressure of
the weakest formation. The fracture pressure is the
upper safe pressure limitation of the formation before
the formation breaks down (the pressure necessary
to extend the formation’s fractures). The hydrostatic
pressures of the fluids in the wellbore, along with the
friction pressures created by the fluids’ movement,
cannot exceed the fracture pressure, or the formation
will break down. If the formation does break down, the
formation is no longer controlled and lost circulation
results. Lost circulation, or fluid loss, must be
controlled for successful primary cementing. Pressures
experienced in the wellbore also affect the strength
development of the cement.

Every cement design must take into account the
temperature and pressure extremes in the well.
Low temperature retards the cement set time. High
temperature accelerates the cement set time.

FORMATION CHARACTERISTICS

The composition of formations can present
compatibility problems. Shale formations are sensitive
to fresh water and can slough off if special precautions,
such as increasing the salinity of the water, are not
taken. Other formation and chemistry considerations,
such as swelling clays and high-pH fluids, should be
taken into consideration. Some formations may also
contain flowing fluids, high-pressure fluids, corrosive
gases, or other complex features that require special
attention.

Other Key Concepts to consider are summarized in
the figure 5 below.

Cucrema (S)
SYSTEM (S)
* [IpoHuijaeMocTs / Permeability
* [TopucrocTts / Porosity

e CkuH-3(pPexr / Skin around the
wellbore

e [y10112/16 KOJJIEKTOPA / Areal
extent of the resevoir

Bxo, e BrIxO, e
na}ﬁﬂﬁgﬁ) » MomnocTb nacta / Thickness n;’l}fﬂﬁg'&)
INPUT (I) | * Baskocts pmonos / Fluid Viscosity | OUTPUT (O)
* CxxumaeMocTb / Compressibility
I ——— [r————

IIpamoe pemenue / Forward Solution O=1x S

O6parHoe pemieHue /Inverse SolutionS=0 /1

Pucynox 4 — Onucanue ounamuKk CUCmeMmul
NAACMOBbLX XaPpaKkmePucmux

Figure 4 — A System Dynamics Description of
Formations Characteristics

OTHER CEMENTING PROBLEMS THAT MUST BE

ADDRESSED IN THE DESIGN

1. Well Control — It is very important that until the
cement sets, it must control the pore pressure like
any other well control fluid.




MIPECHOU BOJIE MOXKET MIPUBECTH K (CLT LA
SITUATION
OCBIIISIM U O6BAJIaM B CKBAKHHE,
€CJIU HE IOBBICUTH MUHEPAINU3ALIHIO
Hanpsxennoe

BOJBL TaKkske clefyeT yYUThIBATD
TaKHE XaPAKTEPUCTUKH, KAK
HaJIn4YHUe HAOyXaAIOMUX ITIUH U

COCTOSTHUE
Stress regime

IlnacToBbie

BBICOKOIIICJIOYHBIX ITJTACTOBBIX XAPAKTEPUCTHKN
drona0B. HeKkoTOpHhIE TIACTHI Formation
properties

TAKXKE MOTYT COJIEPKATh TEKY4YUE
SKUJKOCTH, (PJIIOU/]IBI TIO/]]
BBICOKHMM JIABJICHUEM WUJIU JIPYTUE
OCJIO’KHEHMU 1, HA KOTOPBIE CIECIYET
0OpaTUTh BHUMAHHE.

Jpyrue napaMeTpsl, KOTOPbIE
CJEyET IPUHSATh BO BHUMAHUE,
PEJICTABICHBI
Ha PUC. 5.

Yron HakIoHA
CKBaKUHBI

‘Well bore Inclination

KOHTPOJIb IIPOBJ/IEMbI B/INSAHHUE BbIBO/]
CONTROLS EFFECTS IMPACT OUTCOME
[InoTHOCTH
6ypOBOIo pacTBOpa
X Hapymenue
Mud weight LIEIOCTHOCTH
CTBOJIA CKBAKHHBI Ochpinu/o6BaIbI
PacxopsxuakocTn | Well bore instability Pack-offs IITHTENBHOCTD
Flow rate PpadoThI
Time
CKOpOCTh OKBUBAJIEHTHAS [puxBat Tpy6
IPOXOIKU IJIOTHOCTh .
poxozn IMPKyJISIyH Stuck pipe
ROP ECD CronmMoCTh
paboThI
Bypenne [ornomenus Cost
Drilling practices IpombiBKa Fluid losses
K CKBAKHUHBI
OHCTPYKIIMSA )
KOJIOHHDI Hole cleaning
Well string

configuration

Pucynox 5 - JIpyzue napamempuoi, komopuvie ciredyem
nPUHAMS 60 6HUMANHUE

Figure 5 — Other Well Design Parameters to Consider

AOPYTUE NPOBJIEMbI,

KOTOPbIE HEOBXO4UMO

YYECTb NP NPOEKTUPOBAHUU PABOT NO

LEMEHTUPOBAHUIO

1. KoHTpOnb 32 CKBA)XUHOMN. O4E€HDb BAKHO
KOHTPOJIHMPOBATD IVIACTOBOE ITIOPOBOE [ABJICHHE,
KaK U JABJIEHHE (PIIIOUIOB JJO MOMEHTA
CXBATBIBAHUA LIEMEHTA.

2. TIpokaunBaeMOCTb. Bpems 3aKa4KU LIEMEHTA
JIOJDKHO OO€ECTIEYNBATD ITOJIHOE BBITECHEHUE
LIEMEHTA U3 KOJIOHHBI B 3ATPyOHOE
IIPOCTPAHCTBO.

3. bopb6a ¢ nornomeHuAMA. O6E3BOKUBAHUE
LIEMEHTHOI'O PACTBOPA MOXKET TAKXKE MMPUBECTH K
YCKOPEHHIO CXBATBIBAHUA LIEMEHTA.

4. KOHTPOJIb MEXIIJIACTOBBIX IIEPETOKOB.

5. TloaBneHNE ECTECTBEHHBIX TPEIUH B IIJIACTE,
BBI3BAHHBIX [IEMEHTOM.

BbiBObl
I1pu 3aKaHYNBAHUHN HE(PTAHBIX U IA30BbIX

CKB4’KHH LIEMEHT U30JIMPYET CTBOJI CKBAXKUHBI,

NPEAOTBPAIAET MOBPEXIECHUA OOCATHON

KOJIOHHBI, 4 TAK)KE U30JIUPYET BOJOHOCHBIE

TOPHU30HTHI OT ITONAAHHA CKBA’KUHHBIX (DJIIOUIOB.
OCHOBHBIE (PAKTOPBI, KOTOPBIE CIELYET

YYUTBIBATB JJI YCIIEMTHOI'O BBIITOJTHEHUS PA60T IO

LEMEHTUPOBAHMIO, HE U3MEHMJINCD 34 6051€€ YEM

50 sieT. JaHHbIE (DAKTOPBI KJIACCU(PUITUPOBAHBI HA

BOCEMb OCHOBHBIX PA3/EJIOB:

1. CocrosiHue 6ypoOBOIO pacTBOPA.

2. Ucnonb3zoBaHue 6ypepHbIX pACTBOPOB U
IIPOMBIBOYHBIX JKUJIKOCTEN.

3. IBUKEHHE Oy PUIBHOU KOJIOHHBL

4. LIeHTpHUPpOBAHUE OOCATHOIM KOJIOHHBI.

5. ObecnedyeHmne BLICOKOM CKOPOCTH
NPOAABIUBAHUSA IIEMECHTHOI'O PACTBOPA.

6. MoziemMpoBaHNE COCTABA IIEMEHTHOI'O PACTBOPA
JI18 ONIPENEIEHHOUN TEMIIEPATY PLL.

7. TIon6op U TECTUPOBAHUE PA3JIUYHBIX COCTABOB
LIEMEHTHOI'O PACTBOPA.

8. BeI60Op HEOH6XOJUMOTO COCTABA IIEMEHTHOT'O
pacTBopa.

2.

Pumpability — The pump time must be long enough
to completely displace the cement from the pipe to
the annulus.

. Fluid Loss Control — If the cement dehydrates, it can

also shorten the “set” time.

. Communication control (avoiding channels)
. Invasion of natural fractures in the pay by cement.

CONCLUSION

In completion of oil and gas wells, cement isolates

the wellbore, prevents casing failure, and keeps
wellbore fluids from contaminating freshwater
aquifers.

The basic factors engineers and operators must

consider for successful cementing jobs have not
changed in more than 50 years. These factors are
summarized in eight basic ideas:

XN AN AN

. Condition the drilling fluid.

. Use spacers and flushes.

. Move the pipe.

. Centralize the casing.

. Maximize the displacement rate.

. Design slurry for proper temperature.

. Select and test cement compositions.

. Select a proper cementing system.
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TEXHOJIOI'MU

Welltec® — onwim ebinonHerius

I'TM Ha 2e0pu3umeckom Kaoene na
mecmopoxcoeruax Ceseprozo Kacnus

B.P. KYUYKOB, MeHe/IKep IO pa3BUTHIO Ou3Heca, 000 Bexrak Oindung Cepsucec (PYC)»

Kommanus Welltec® npeacrasuia B 1994 rony
PEBOIOIIMOHHYIO pa3paboTky Well Tractor® —
CKBaKUHHBIN TPAKTOP, OTKPBIB TEM CAMBIM 3Dy
POOOTHU3UPOBAHHBIX KAOEJIbHBIX THCTPYMEHTOB
B HE(DTETa30BOM UHAYCTPUY, 34 6osee yeM 20 jieT
YCHEMHOM JEATENIbHOCTH CTAJIa IPU3HAHHBIM
MHUPOBBIM JIMJIEPOM B CBOEM KJj1acce. B Poccuiickor
Oepepanyu kommnanus Welltec® sener
IIPOM3BOACTBEHHYIO IEATENBHOCTD ¢ 2008 roaa,
YCIIEIIHO BBIIIOJIHUB 32 3TO BpeMs 6osnee 1000
CKBL)KUHHBIX oriepanyii. Hauas ¢ O6bIYHO JOCTABKU
re0(PU3UYECKOI ATIIAPATYPbl B TOPU3OHTAIBHBIE
CKBAXWHBI HA KaOeJie, KOMIAHU HEYKJIOHHO
HAPAIIMBAET HAKET YCIYT U HA IAHHBI MOMEHT
YCIENHO PEATTU3YET TAKHE IPOEKTHI, KAK:

* YIIPABJIECHHUE BHYTPHUCKBAXKUHHBIMHU KJIAIIAHAMH U
32/JBIDKKAMU,

* peska 6ypOBBIX TPYO U OOCATHBIX KOJIOHH;

* OE3pAU3EPHBII JOCTYII B ITTyOOKOBOJHBIE

CKBAKUHBL,

* YCTAaHOBKA U CPBIB ITAKEPOB U IIPOOOK;
* YIAJIEHUE TBEPJBIX OTIOXKEHHUM,
napaUHOBBIX

U TUJPATHBIX IPOOOK 6€3 INTYIEHU

CKBAXKUH;
¢ (ppesepoBanue nopTos MI'PIT 1 aeMeHTOB

IIAKEPOB;

* 33aKOJIOHHBIE METAJUIOKOPIOBBIE ITaKePbl WAB

n WLP;

* YIIPABJIAEMBIE MY(PTBI KOHTPOJIA IPUTOKA;
* 6€CIIPOBOAHBIE CUCTEMBI MOHUTOPHHTIA

IUIACTA U T.JI.

OJIHHUM 13 OCHOBHBIX 4PEAJIOB JIEATEIBHOCTHA
KOMITAHHH SIBJIAIOTCA MIETb(OBBIE TPOEKTHI
B PA3/IMYHBIX YACTAX MUPA, B TOM YHCJIE B
Poccuiickon ®epepanuu. B 3TUX yCIOBUAAX
I'TM Ha reo(prU3nIeCKOM Kabeie BIIsIOTCS
ONTUMAJIBHBIM, HAaUb60J1€E 3(PPEKTUBHBIM
Y 3KOHOMHYECKH OOOCHOBAHHBIM PEMIEHUEM
O TIOAAEPKAHUIO JJOOBIYH YITIEBOJOPOJOB Ha
MPUEMJIEMOM YPOBHE.

X0o4eTcss OTMETUTD, YTO B IIPEBIYIITAE TObI
nMeHHO B Poccun u CHT Welltec® BriepBeI€ B CBO€EIH
UCTOPHHU PEATINZOBAT HECKOJIBKO KJIIOUEBBIX IIPOEKTOB,
Hanpumep, TakuX Kak 1octaBka THKT CKBa>KUHHBIM
TPAKTOPOM B MOPCKOY CKBA>KMHE IIPU O6PAOOTKE
T1I3ITn nposegenue I1I'N B ckBaxnHax yepes3 DLIH ¢
OaNMaCHON CUCTEMOT.

He cran uckiarodeHnueM B 3ToM psaay u 2018 rop, korna
Ha CeBepo-KacuiiCKnx MOPCKUX CKBAXKUHAX [TAO
JTVYKOWJI> Welltec® ycTaHOBHMII CPasy 1Ba PEKOP/A,

4 UMEHHO: 34 O/IMH CITyCK Ha Ka6eJIe IEPEKIIOYEHO
B 3aKPBITOE COCTOAHME 11 yCTPOKCTB KOHTPOJIA
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13 aHBaps 2018r.

Pucynox 1 - Yemanoeénen pexopo
Mecmoporcoenusn

Pucynox 2 — Cxeadxcunnoiii knrou Well Key®

npurtoka (YKIT), a BO BTOPOH CKBAKHMHE YCTAHOBJIEHA

MaKCHUMaJbHadg ImyouHa I'TM Ha kaberne 11t JaHHOTO

MECTOPOXKIAECHUSA, COCTABUBIIAA 7980 M 1O CTBOJLY.
SABNIAACH OCHOBHBIM NOAPANIHUKOM 1O [1T'1 fy1s

000 JIYKOUJI-HuxHEBOMKCKHEPTH> ¢ 2013 roja,

Welltec® ycriemHo BHEIPUII CJIEAYIOMYIO TEXHOIOTUIO

NPOBEACHUS T€O(PUZNIECKUX UCCTIENOBAHUI B

NPOTSKEHHBIX TOPHU30HTAX C JJIMHAMH CTBOJIOB O0JIee

2000 m:

1. Mopenuposanue CITIO ¢ kabesem B COOCTBEHHOM
naxkete WELLSIM®. Ha 3TOM 3Tane Npou3BOIUTCS
KOH(UT'YpaALH IPUOOPHOU COOPKU, HEOOXOIUMON
JJIAA YCTIEITHOT'O PEMEHMA 34Ja49H, 3AKA3YHKY
NPEJOCTABIIAIOTCA JUATPAMMBI HATSDKEHUU Kabes
Ha CITYCKE U NObeME. [JAHHBIN 3TAM ABJISAETCS
KPUTUYECKU BA’KHBIM B IIPOLIECCE TPHUHATUS



pELIEHN U AHAJIN3€ PHUCKOB IIaHupyemoro I'TM,

IIO3TOMY MBI YZE/IAEM €MY IIOBBIIIIEHHOE BHUMAHUE.

2. IIab1IOHUPOBAHUE CTBOJIA CKBAKUHBI TYPOOKETIOHKOM
Well Cleaner®. IeFICTBys IO IPUHITUAITY «CKBA)KMHHOI'O
IIBLIECOCA», JAHHDBII MUHCTPYMEHT IIO3BOJIAET U3BJIEKATDh
U3 CKBAXKMHBI [JA7K€ MEJIKOJUCIIEPCHBIN MyCOD.

3. DKCIPECC-AaHAIN3 U3BJICUYEHHBIX OTIOKEHUI.

B cirygae npoTsoKEHHBIX TOPU3OHTOB 3TO IIO3BOJIACT

3HAYUTEIBHO CAKOHOMUTB Bpemsd I'TM, HO3BOIAA

nz6exaTh iumHuX CI1O, T.e. CAKOHOMUTB JICHBI'H
34Ka34YHMKA UCCJIEJOBAHUI.

4. KOppEKTUPOBKA UHTEPBAJIOB UCCIETOBAHUI.

5. Perucrpanusa npo@uiis IpUTOKA HA PA3TUYHBIX
PEXUMAX IPUOOPHBIM KOMILTIEKCOM C
pacnpene/cHHbIMU JaTYUKAMU.

J111 BBITIOJTHEHU S 34/1A9YU UCCIICAOBAHHUIM CKBAKUHBI
npu ee paboTe MHOro(hasHbIM IIPUTOKOM XOPOIIO
3aPEKOMEH/IOBAJI CEOS MPUOOPHBIN KOMILJIEKC MAPS,
XAPAKTEPHON OCOOEHHOCTBIO KOTOPOTO ABJISETCS
HJIMYHE 3-X MHOI'O30HIOBBIX PA3HECEHHBIX I10 CTBOIY
MACCHBOB JATYUKOB, JOIOJIHAKOIINX CTAHAAPTHYIO
[IPOMBICJIOBYIO KOMITOHOBKY 12 Biraromepamu, 6 MUHH-
pacxogoMepaMu U 12 pe3ucTUBUMETPAMU.

B codeTanny ¢ MOLIHBIM [IAKETOM IIPEABAPUTEILHOIO

MOJIEJIMPOBAHUSA JAHHBIN KOMILIEKC BBIJJAET

OTIIMYHBINA PE3YIIBTAT, 110 JOCTOMHCTBY OLI€HEHHBII

HEJPOIOIb30BATE/ISAMU I10 BCEMY MUDY.

Ho Hanb6onee 3HauynMbIM coobrTHEM 2018 roaa a1
Welltec® B Poccruu SBHIACH IPAKTUYECKAS PEATTU3ALIUSA
JIaBHEN MEUTBHI MHOTUX I'€OJIOT'OB U Pa3PpabOTIUKOB
MECTOPOXKAECHUM, 4 UMEHHO: HEITIOCPEACTBEHHOE
YIIPABJIEHUE TOOBIYEN CKBAXKUHBL He CEKPET, 94TO KaK
Pa3 K3TOMY CTPEMUTCA U PA3BUTHE TEXHOJIOIUHI CUCTEM
3aKAHYMBAHUA CKBAXKHH.

Iepen Welltec® 6bL1a TOCTABIEHA 33/1a494: OTPAHUYHUTD }

MonHsiA Komnaedt MAPS ¢ Mcnonb3oBaHWEM CHBAMKWHHOrD TRaKTopa ANA
Aoctasky npubopos Ha 2360H ropyIoOHTANLHOR CHEAMHHEI
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IIPUTOK BOJIBL B CTBOJI CKBA’KMHBI M APT'YMEHTUPOBAHHO
JIOKA34Thb yCIIEIHOCTD nepeknoucHud YKII 1o naHHbIM
TFE€OJIOTMUYECKON MOJIESIN, OCHOBHOM BOJIOIIPUTOK
HPEATIONATAICA C 320051 CKBA’KMHbBI B UHTEPBAJIC
4500—-5000 M. BpUIH UCTIONIB30OBAHBI CJIEAVIONINE
nHcTpyMeHThL: Well Tractor®, Well Stroker®,
Well Key®. 11151 perucTpanuu noaoxeHus Myt YKIT,
THOMMMO TEJIEMETPUYECKUX TAHHBIX 1O JUCTAHIIUU
HEPEBUKEHNA MY(THI U YCUIINIO CTPOKEPA, ObLIT
UCIIO/Ib30BAH TAKKE MHOTI'OPBIYAKHBIN IIPOMBICJIOBBIH
npoduneMmep. YHUKAIbHBIM PEIICHUEM SIBUJIACH
BO3MOKHOCTB OHJIAHH-PETUCTPALTUN 3AMEPOB
OpoPUIEMEPOM UYEPE3 CKBAKUHHBIN K104 Well
Key®, 4TO B pa3bl COKPATUIO BpeMs JaHHOTO I'TM.
Heob6xoaumMo OTMETHUTB, UTO ycunue casura YKIT B
CKBAXKUHHBIX YCJIOBUAX COCTABUJIO KAK MUHHUMYM
1350-1500 kT, uTO Ha IITy6HHAX 6071ee 4000 M
OPEACTABIAET 3HAYUTENBHYIO CJIOKHOCTD st THKT,
OCOHBEHHO C/IBUT MY(PTHI «BHHU3», K 320010, B PE3Y/IBTATE
CKpy4YUBaHUsA TPYOLL Toraa Kak B JAaHHOM PUOOPHOM
KOMITOHOBKE CKBAKWUHHBIA KOHILIEHTPATOP YCHUIIUS
(crpoxkep) Well Stroker® 6611 CKOH(MDUTYPHPOBAH HA
ycunue 10 15 ToHH u nepexsaodan YKII € IErKoCThIo.
BTOPBIM CITyCKOM ObL/1a CITYIIEHA KOMIIOHOBKA
Well Tractor® — MAPS, pesynbrar I1I' Ha 2-X pexxuMax
OBbLI OTHO3HAYEH: IIPHUTOK BO/BI C 320051 [IOJTHOCTBIO
EPEKPHIT, 3aMEPBI IOKA34JIU CHUXKEHHE BO/IbI B
IPOAYKLUY HA 35%!
B urore pe3yiabratr saHHOTO I'TM:
* 3a 1-11 CIIyCK 3aKPBITHI BCE 11 My(T.
* KoHTpOab 3aKpeITU KAK0T0 YKII nogreepxaeH
KaBEPHOMEPOM.
e Onepaiys NEPEKIIOUYCHH S BBIIIOTHEHA
3a4 4gaca.
e 2-u crnyck: [1I'l Ha 2-X peXUMax NOATBEPANIIO }

by — |
3 '

:l._'i.:_ﬂ

}
i
i
i,
i

Pucynox 3 — IIpumep pezucmpavuu npodpuna npumoxa na mpaxmope
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I[IOJIHOE OTCYTCTBHUE ITPUTOKA C
3aKPBITOrO MHTEPBAJIA.

¢ 3agaya BBINIOJTHECHA:
OOBOJHEHHOCTH IIPOXYKITHH
CKBA;KWHBI CHHKEHA
Ha 35%.
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B 3ak1r0ueHne XO4eTCsI OTMETUTh,

. i YTO B IOCJIC/THEE BPEMSI CEPBHC ITO
gt SRS ZRESRUSTRSANE & : YIIPABJICHUIO KJIATTAHAMH KOHTPOJIS
IIPUTOKA CTAHOBUTCS ITO-HACTOSIITIIEMY
BOCTPEOOBAHHBIM CO CTOPOHBI
HE/IPOTIOJIH30BATEIICH: KOHCTPYKIIUU
CKBAKMH YCJIOXKHSIIOTCSI I CTAHOBSITCS
60J1e€ «<MHTEJIEKTYAIbHBIMUY,

Pucynox4 - Jannsie npogpunemempuun
YKII 00 u nocne nepexanrouenus
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= - { T.€. ypasiasgeMbIMU. Hagexnoe
= - U [IPOTHO3UPYEMOE KAYECTBO
3 B VIIPABJICHUSA 3TUMU CKBAKUHAMUY,
- o HCECOMHCHHO, ABJIACTCA K/IIIOYOM K
= ycriexy 1pu BeimonHeHUu ['TM. - ©
Pucynox 5 - IIpogpuns npumorxa
i i nocae 3axpoimusn YKII
2 £
e T
; z Tab6auua 1 — Cpasnenue mexHon02utl
3 L oocmasKu UHCMPYMEHMO8
f ynpaenenusn YKIT
JnuHa
- TOPU30H-~ Komn- 3aKauka
3 I;S(FI:I?I TAJTBHOT'O Zcﬁﬁ?i TPOJIb Kourtposns JKHJIKO-
‘NMonHoe y4JacTKa A TOJIOXKE- MPUTOKA CTEH B
! ) JIOCTABKA VKIT
oTCcyTCTBUE CKBAXKU- Hus YKIT I1acT
npuToka rnocae HBI
3aKpbiTUsa Y
¥ 4 JaTauku
b+ ‘ JABJICHUA
¥ Po6ortnsu- | Besorpa- | T09€HO, | Ommam, | M TCMHe%a' 0
o TYPBI TU60
poBaHHAA HUYCHUU o 50 TOHH b 0’05 M MOJTHOTICH-
HBIU IIPU-
60p IITH
He MCX'AHI/VI-
KOHTPO- YECKUIT
pvercs. | CYETHMK | TOMBKO M3- 10
THKT ~ 1000 m by > | TIy6uHBI, | MEpPEHUA HA
CHUJIBHO 100..? m?
3ABHUCHT OT MEXaHU- YCThE
p—— YECKUU
p JIOKAaTOp

Pucynox 6 — Komnaexchulii zeogpuduuecxkuti ompao Welltec®
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1A HE P Oduc 8 Mockse:

+7 (495) 663-31-07
Odpuc 8 CypryTe:

+7 (3462) 556-322
Odwc 8 HoabBpbeke:
+7 (3496) 423-100
www.packer-service.ru

CEPB “T: info@packer-service.ru

Mapaenuyeckui paspeiB nnacra
Hydraulic fracturing

Yenyru ¢ ycraHoekamu NHKT
Coiled tubing services

OcBoeHne CKBaXWH a3oToM
Well gaslifting

3aKaHuynBaHWe CKBaXWH
Well completion

MakepHbIA cepBUC
Packer service

JloBunbHbIE Paﬁ'ﬂThl
Fishing operations

Cynepeanauur npu TKPC, oceoeHun,
PMw FHKT
Workover, CT & fracturing supervising

* NakepHoe obopypoBaHue

» obopyposanue gna MHKT

- obopyposanue gna MITPMN

* Qppe3epHbIi MHCTPYMEHT

* yCTbEBOE W CKBaXMHHOe obopypoBaHue

acker-tools.ru, contactldpacker-tools.ru
TYA3.. B B




Completion &
Production Solutions

Fidmash | N®

OTBevyas Ha HOBbIE BbI30BbI

Komnanus « DUOMALL» BbiBena Ha pbIHOK KONTIOGUHIOBYIO YCTaHOBKY Tskenoro knacca MK40T -
MHOro3aAa4Hblii KOMMEKC, CMOCOBGHbIN OTKIIMKHYTbCA Ha HOBble TEXHOJIOrMYyecKne Bbi30Bbl.

MK40T nonHOCTbIO COOTBETCTBYET OCHOBHbIM MUPOBbIM TPEHAAM PA3BUTUS KONTIOOMHIOBbIX TEXHOMOMUM.
3Ta ycTaHOBKa — NpeAcTaBMTelb HOBOTO KJlacca KONTIOOMHIOBOro 060pyAoBaHus, CyLLLEeCTBEHHO
pacwmpsiowero Habop n napamMmeTpbl TEXHONOrMYeckKUX onepauuv. OHa CNOCOOHA He TONbKO BbINOHATH
NpaKkTU4Yecku Bce BUAbI paboT No kKanutanbHOMY PEMOHTY CKBa)XUH, HO U Griaroaapsi MOLHOMY MHXXEKTOPY,
yBenmyeHHOMY 06beMy y3/1a HAMOTKM, UCNONb30BaHUIO rMOKoM TpyObl 6oNbLUOFO AameTpa —
06cny>)XnBaTb CKBaXUHbI 3HAYUTENbHbIX FMYOUH C aHOManbHO BbICOKMM M1IaCTOBbIM AaBlieHMEM,
MCnonb30oBaTbCs NPU HanpaBneHHoM GypeHun, I'PI, uccnegoBaTtenbcknx paboTax Ha CKBaXKMHaX Bcex
TUMOB, B TOM YMCJie B FOPU3OHTaNbHbIX yYacTKax.

MHHOBaUMOHHBbIN An3anH yctaHoBk MK40T no3BonsieT pa3mecTuTb Ha OAHOM MOJIHOMPUBOAHOM LUACCU
IVECO-AMT 10x10 KoMnnekT 060pyaoBaHMs € y3710M HAMOTKM eMKOCTbto 7500 m FTHKT ¢ 44,45 mm, 5400 m
FHKT ¢ 50,8 mm, 2800 m F'HKT ¢ 60,3 MM, MH)XXeKTOpPOM € TArosbiM ycunnem 45 1 n NBO c ycnoBHbIM
npoxogom 100 Mmm.

KoHcTpykTOopbl yctaHoBKM MK40T nocrapanucb y4ectb Bce OCHOBHbIE
TpeboBaHus 3aKa3umkoB. KonTiobuHroByio ycraHoBKy MK40T oTnnyaer:

MaHeBPEHHOCTb 1 MPOXOAMMOCTb: BCe 000pyAoBaHNe pa3MeLL,eHO Ha OAHOM creLuanbHOM

MOSIHONPUBOAHOM LLACCU € KIIMpeHCcoM 435 mm;

— HaAeXHOCTb — MPOBepPEeHHbIN BpeMeHeM AN3alriH ’MAPOCTAHLUM U OCHOBHbIX Y3/10B obecrneuuT
6e30TKa3Hyl0 paboOTy HE3ABMCMMO OT YCITIOBUIN OKPYIKaloLLLEeN cpeabl; B TOM YNC/e MPU HU3KUX
Temnepartypax -40 °C, c BO3MOXXHOCTbIO XpaHeHus Ao -50 °C;

— MPOCTOpPHAas Tenso- v LLyMou3onMpoBaHHasi KabuHa onepaTtopa. [Ang yBenmyeHUs 3proHOMUKN pabot
KabvHa n3roTaBnMBaeTcs C HAKMOHHbIM cTeksIoM. [laHHOe pelueHne No3BoNsieT, HAXOAAChb B Kpecne
onepaTtopa, O4HOBPEMEHHO C/IeAUTb 3a UHXXeKTOPOM, Y3/I0M HaMOTKU, Mpubopamu;

— 3ProHOMMWYHbIN NYNbLT YNPABeHNSs C SNIEKTPOHHON cucTemMon cbopa AaHHbIX COGCTBEHHOM pa3paboTku
C3A0 «OUAMALL», peann3oBaHHON Ha NPOMbILLIIEHHbIX KOMMbIOTEPaX C CEHCOPHbIMU SKpaHaMu;

- noakntoveHue K cepucy «duamawu-OHnamH».

220033, benapycb, MuHck, yn. Poibanko, 26

Ten.: +375 17 298 24 17, dpakc: +375 17 368 30 26
E-mail: fidmashsales@nov.com, www.fidmashnov.by,
www.fidmashnov.ru, www.fidmashnov.kz




M 6 o Tonkbko opuzuHankHbie 3anyacmu!
a u-' "A Toneko npogpeccuoHanbHeie yenyau!

CEPSYC KONTIOsYAr0Os0r0 O50P 08 A
TeMNE=Ps EUE NOCTYTIFEE

Komnauusa «MawOwnn» | _
(Poccuickas Pepepauus) — *'r )
CEepBKCHas KoMNaH1a No oBCNYKUBAHMIO |l
KonTiobKHroBoro 0bopyaoBaHns

W obopyaosanms ana Pr1.

et L1 S |

OcHOBHbIe Haluu ycnyru aTo:

» [apaHTUiiHOE 1 nocnerapaxHTuitHoe oBenyxusaHne
obopyaoBaHns;

« [IpoBeneHre nycko-Hanago4Helx pabot u oby4eHue
CrneunanucToB 3akasuvka;

* [IpoBeaeHue paboT No KanuTansHOMY PEMOHTY
M MOZEpHM3aLUun 0bopyaoBaHNs;

» [locTaeka 6e3myhbTOBON ANMHHOMEPHOW TPYBLI;

* [TocTaeka OpurMHanbHbIX 3anacHblX YacTei, MMNOPTHOM
KOMNNEKTaLUWK 1 PACXOAHbIX MaTepuarnos ans
KONTIOBUHIOBOrO, HArHETaTENLHOTO 1 a30THOTO
obopyaoBaHus, a Takke obopyaosanusa ang [Pr1,

C pervoHansHoro cknaaa B r. Cypryr.

Mb! roToBbI OpraHM3oBaTh
O0CTaBKY KOMNNEKTaLuu co
cknaga B nwboe ygobHoe ans , _ i
Bac MecTo B kpaT4aiwine cpoku! | L g e

e

Poccwus, 119017, r. Mockea
[MepkeBCKHMA Nep., 4. 5, cTp. 1, odwmc 224

CKMAQ & r. CypryT OTOEN NPOJAX W CEPBUCA

yn. byposas, a. 6, 1 am. +7 (916) 965-81-01
Ten. +7 (922) 256-59-89 E-mail: sales@mashoil.ru




TEXHOJIOI'MU

Te3ncbl AOKNaAoB, NpeacTaBieHHbIX

Ha 19-1 MexayHapogHOM Hay4YHO NpaKkTUYeCKon
KOHMbepeHUun «KonTioOMHIroBble TEXHONOTUN,
['PI1, BHYyTPUCKBaXXMHHbIE€ PabOThI»

Proceedings of the 19t International Scientific and

Practical Coiled Tubing, Hydraulic Fracturing and
Well Intervention Conference

IT'HKT - BBI30OBBI CETOJHANIHETO JTHSI.
OT 3271249 K 000OPY/JOBAHHIO

CM. CHMAKOB, OOO d aznpommnedpmes HTI]»

CTPyKTypa 34I1aCOB, UX ITIyOHMHA 3JIETAHUS,
JIOCTYITHOCTbD C Ka2KJbIM I'OZJOM CTAHOBSTCS BCE
CJIOJKHEE, U PSAJIOBBIE OIIEPALINH YK€ HE OTBEYAIOT TEM
BBI30BAM, C KOTOPBIMU MbI CET'OJHSI CTAJIKUBAEMCSL.
CTpOUTENBCTBO OOJIEE CIOKHBIX CKBAKHUH TPEOYET
Pa3paboTKU U IPUMEHEHH S HECTAHAAPTHOT'O
060PYJOBAHUA. DTO KACAETCS CUCTEM 3aKAHUHUBAHUA
ckBaxxuH ¢ MI'PIT u, koneuyHo ke, THKT kak
OCHOBHOTI'O HHCTPYMEHTA, OTBEYAIOIIETO
COBPEMEHHBIM TPEOOBAHUAM.

Certyac HaGMIOACTCS TEHACHITNS K HAPAITUBAHUIO
JUIMHBL [T, yBETMUEHUIO IMAMETPA, TPYIIIIBI
IPOYHOCTU. BMECTE C [INIMHAMUM U3MEHHJIACH U
TOJIIIMHA CTEHKU IIPUMECHSIEMBIX TPYO, BOIIIN B
IPUMEHEHUE PA3HOCTEHHBIE ONITUMHU3HUPOBAHHBIE
O/, KOHKPETHBIE CKBAXKUHHBIE YCIIOBUS
(TEMIUPOBAHHBIE) TPYOBL

H3MeHeHue JJIUHBL U AUAMETPA BJICUET 32
COOOM TAKIKE U PsAJT U3MEHEHU TEXHUYECKUX
0COOGEHHOCTEH OOOPYAOBAHUS, TAKMX KAK TATOBOE
YCUJINE UHKEKTOPA, CUJIOBON YCTAHOBKH, IUAMETPA
Y3712 HAMOTKH U €TI0 T'AaOAPUTHBIX PA3MEPOB, 4 TAKXKE
BECOBBIX XAPAKTEPUCTHK JIJIs1 yYETA HATPY3KU Ha
PaMy yCTAHOBKH.

C U3MEHEHHEM IOCTABJICHHBIX 34/]1a4 MECHSAIOTCS
U TEXHOJIOTUYECKUE NOAXOABL [TOCTENEHHO MBI
TO/IOULIN K OTHOMY U3 OCHOBHBIX BbI3OBOB, CTOSIIIIUX
nepez 'HKT, — BBIITOJTHEHUIO TEXHOJIOIHYECKHUX
33/1a4 HA CKBAXKUHAX C AMOUITMO3HBIMHU LICJISIMU:
TOPHU30HTAIBHBINA yyacTOK 2000—-3000M, ABITI 10
620 at™m, uamepenHas ryouna (MD) 6100-6500 m
u 1yoske. OTIEBHO CTOUT OTMETUTD BBI3OBBI,
CTOSILIIME TIEPE]] HAMHU B CBSI3H C OCBOCHUEM BCE
60J1€€ CEBEPHBIX TEPPUTOPUI, TAK HA3BIBAEMOT'O
SIMaNIBCKOTO KJIACTEPA, HAXOAAIINXCS 34
MOJIAPHBIM KPYT'OM. 371ECH KJIIOYEBBIM (DAKTOPOM
SIBJISIFOTCS] HU3KHME TEMIIEPATYPbI U OTPAHUYCHU S
10O T'U/IPABJIMYECKON CUCTEME OOIBIINHCTBA
npoussogutenei ycranoBok I'HKT.

[ pemenys NoJOOHbBIX 34124 MOTI'YT HAHUTH
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Coiled Tubing - Challenges Today. From
Tasks to Equipment

Sergey SIMAKOV, Gazpromneft NTC

Reserves structure,
depth and accessibility
are becoming more
complex each year
so that standard
operations no longer
address challenges we
face today. Drilling of
more complex wells
require development
and application of non-
standard equipment.
This includes multistage
fracturing completion
systems and CT as the
main tool that meets
modern requirements.

Now there is a clear tendency for the increase in
CT length and diameter, strength group. CT wall
thickness has also been changed. Service companies
start to apply tapered CT strings optimized for
certain well conditions.

Changes in length and diameter cause changes in
the following technical characteristics of equipment:
injector pull capacity, power pack, drum diameter
and drum size as well as weight characteristics to
account for the load on the unit frame.

Changes in operational objectives affect
technology approaches. We gradually came to
one of the main challenges of coiled tubing —
performing operations with ambitious goals:
horizontal wellbores 2000-3000 m, AHRP up
to 620 atm, measured depths 6100—6500 m and
deeper. However, there are also challenges regarding
development of north fields located beyond the
Arctic Circle, the so-called Yamal Cluster. The key
problems here are low temperature and hydraulic
system limitations. These problems can't be solved by
the majority of coiled tubing units manufacturers.

Heavy Duty CT units with increased lifting capacity



cBO€e nNpuMeHeHue ycTaHOBKYU 'HKT noBbImeHHOI

rpysonogbsemuoctu (Heavy Duty).

Taxne ycranosku 'HKT nMerOT CBOM OCOOEHHOCTH:
KAaK IPEUMYIIECTBA, TAK U HEJJOCTATKHU. YCTAHOBKA
FHKT ¢ eMKOCTBIO y3/1a HAMOTKH 6500 M 1
JUAMETPOM I'M6KOI TPYOHI 2 3/8 (60,3 MM) MOXKET
OBITH TOJIE3HA JIJIS:
¢ paboT B TOPU3OHTAJIBHBIX Yy4acTKaX 2000 M u

foJiee, I yIIPABICHUS PABHONIPOXOAHBIMH

MydTamu MTPIT, rie TpebyeTcs IpUIOXKHUTh

JIONIOJIHUTEIBHYIO HATPY3Ky 60JI€€ OHOM TOHHBI;

* VIIPABJISIEMOTro OypeHus, rae B resiecucremy (TC)
BXOJUT 3JIEKTPUYECKUHU OPHUEHTATOP IOBBIIIEHHOMN
MOIITHOCTH, CLIOCOOHBIN HA 3260€ PA3BOPAYHUBATH
B3/1 BOKpyT cBOEH OCH /10 360 rpaiycoB, 1 34
CUET yIVIa IEPEKOCA Ha HEM ITPOPUIb KOPUAOPA
IIPOBOJIKH CKBAXXUHBI MOXKET COCTABIATD 1 M;

* IPUMEHEHUS CIPOEKTUPOBAHHBIX U
U3TOTOBJICHHBIX THOKUX TPYO MO KAKAYIO
KOHKPETHYIO CJIOKHYIO CKBAKHHY, TIE€ TEXHOJIOTUS
TEMITMPOBAHUS OyZIET HEOOXOJUMA UCXO/IS U3
YCIIOBUI KOHCTPYKITUHU CKBAXKUHBL
Be3ycnoBHO, paboTa ¢ Tpy6aMu AuaMeTpOM 60 MM

Ha [TyGHHAX 60s1ee 6000 M HEBO3MOXHA 6€3 CHIIOBOM

YCTAHOBKH C TAPAHTUPOBAHHBIM 32114COM IPOYHOCTHU

O I'PY30MIObEMHOCTH MHKEKTOPHOU I'OJIOBKH.
Veranoska THKT ¢ eMKOCTBIO 6apabara 6500 M,

HO guameTpoM yxe 2 7/8 (73,0 Mm) nzeaibHo

HOAXOAUT A1 BbinONHeHUst MI'PIT uepe3 rubkyio

TPyOY, II€ €CThb ABHOE IPEUMYIIECTBO B CKOPOCTH

ePEXOa MEXY CTAIUAMHU, MEHBIIINM OObEMOM

MPOKAYMBAEMON )KUJIKOCTHU 34 CIET OTCYTCTBUA

HEOO6XOAUMOCTH 3a11oJHATh 06beM HKT 1o Havama

I'PIT 1 HA CTAANU «IIPOJABKI», TAKKE CTOUT OTMETUTD

YHHUKAJIBHYIO BO3MOKHOCTD ITOBTOPHBIX IO XO0B

MCTPIT ¢ rubkoi Tpy60ii (pedpak) Ha CKBAKHUHY C

OTKPBITBIMHU IIOPTAMHU.

O6opygosanue 'HKT B nepcrieKTUBE BUIUTCSI
MHOT'032/JA4HBIM KOMILIIEKCOM, CIIOCOGHBIM
OTKJIMKHYTbCSA HA HOBBIE BbI3OBBI [/ UX
penenys, a TAKXe NPEAYIPEKICHUSA B IIPOLIECCE
BeJCHUs Pa6OT. PelieHns MOI'yT OBITh PA3HBIMH,

OT PAMOBBIX /IO BBICOKOTEXHOJIOIMYHBIX. TaK

K€, KaK U IIPENYIIPEXIEHUA HAPAOOTKU OTKA3a

060PYAOBAHUS JOJIKHBI ObITh COOTBETCTBYIOIIUMH

— OT IPEAYIIPEXK/ICHUSA HU3KOTO JJABJICHUS B CUCTEME

JIO U3BMEHEHHA TOJIINHBI CTEHKU I'MOKOI TPYOHI,

OBAaJIbHOCTH, B PEXXHIME PEAIBHOT'O BDEMEHH.

OTBeuast Ha BbI30BBI. IlepCclieKTHBHbBIC
HAIIPABJIECHHS PA3BUTHSI KOJITIOOHHIOBOTO
o6opyaoBaHusia ot C3A0 «®dHIMAII»

I10.B. BEJIVIHH, C3AO «DH/IMALIT>

PBIHOK KOJITIOOMHTIOBBIX YCITYT SIBJISIETCA OTHUM
13 Haubosee JAUHAMWYHBIX CCTMCHTOB PBIHKA
HEPTEIPOMBICIIOBOI'O CEPBUCA. OTPAKEHHUEM 3TOTO
SIBJIIETCS, B YACTHOCTH, POCT KOJIMYECTBA YCTAHOBOK
I'HKT 3a nocnegaue 10 1eT 1puMEPHO B 3 pasa,
CONPOBOXABIIUICS ONEPEKAIOMTUM POCTOM
YHCJIa ONEPALTHTL. }

can be applied for these purposes.

These coiled tubing units have advantages and
disadvantages. Coiled tubing unit with reel capacity
6500 m and CT diameter 2 3/8 (60,3 mm) can be
useful in the following cases:

* Operations for shifting full-bore sleeves in wells
with horizontal sections of 2000 m and more,
where additional load of more than 1 ton is
required.

Directional drilling operations where telemetry
system includes high-power electric orienting tool
that is able to rotate positive displacement motor
round its axis up to 360 degrees. This steering
angle provides drilling window of 1 m.
Application of these designed and manufactured
coiled tubing strings in complex wells where well
geometry requires tapered strings.

No doubt, operation with coiled tubing of 60

mm diameter at depths of more than 6000 m is
impossible without a power pack with a safety factor
on the pull capacity of the injector head.

Coiled tubing unit with drum length 6500 m and
diameter 2 7/8 (73,0 mm) is perfect for multistage
fracturing through coiled tubing. Clear advantage
is higher speed of moving to the next stage, lower
volume of injected fluid because there is no need
to fill the tubing before and after fracturing. It is
also worth mentioning about the unique ability
to perform multistage re-fracturing in wells with
opened ports.

In prospect, CT equipment appears to be a multi-
task complex that will be able to face new challenges
and find solutions and mitigate risks during
operations. Solutions can differ from conventional to
high-tech ones. Prevention measures for equipment
failure should also be different: prevention of low
pressure in CT system and monitoring of CT wall
thickness and ovality in real time mode.

Responding to Challenges. Perspective
Directions of Coiled Tubing Equipment
Development from NOV FIDMASH

Yury BELUGIN, NOV FIDMASH

The market for coiled
tubing services is one
of the most dynamic
segments of the oilfield
service market. A reflection
of this is, in particular, the
increase in the number
of CT units in the last
10 years, about 3 times,
accompanied by a rapid
increase in the number of
operations.Currently, the
use of coiled tubing in the
market is largely focused
on the development of
wells (after hydraulic
fracturing, drilling and
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B HacTOsAIIEE BpEMS IPUMEHEHUE KOITIOOMHIA
Ha PBIHKE BO MHOT'OM C(POKYCUPOBAHO HA OCBOEHUU
ckBaxkuH (nociie I'PIT, 6ypenus u 35C), 06paboTkax
npu3ab60itHor 30HbI (OI13) u psiae BuaoB KPC.
IMponukHoBenue I'HKT B Ipyryue CErMEHTHI ABISAETCS
JIOCTATOYHO OTPAHUYEHHBIM (320ypHUBAHUE OOKOBBIX
cTBONOB, I'PIT yepes3 THKT, ppe3zepoBaHUE), 4TO
OCOOEHHO 3AMETHO B CDABHEHUHU C MEXKAYHAPOIHBIM
OIIBITOM, B IEPBYIO odepeab B CIITA u Kanaze.

IlepCHEeKTHUBBI PBIHKA KOJITIOOWMHI'Ad OCHOBAHBI
HA PACHIUPEHUN IPUMEHEHUS B CETMEHTAX
HEDTEMPOMBICIIOBOI'O CEPBUCA, I7I€ TPOTHO3UPYETCS
YCTOUUYUBBIA POCT (TOPU3OHTAIBHBIN (DOH/, BKIIOYAS
OOKOBBIE TOPU30OHTAJIbHBIE CTBOBL, ['PIT 1t MI'PIT;
3bC u I'MiC, B TOM 4HCI€ meab(OBBIE TPOEKTHI), 4
TAKKE HA YBEJIMYEHUH TEXHOJIOTUYECKOH CIOKHOCTH
U CTOMMOCTU onepauil. PeIHOK obiagaer
3HAYUTETBHBIM IOTEHIIUAJIOM POCTA U CIIOCOOEH B
TedyeHure 5—10 1eT BbIPACTH KAK B KOJIMYECTBEHHOM,
TAaK 1 JEHEXXHOM BBIPAKEHUH.

PocT rimy6uH CKBAXXUH, BU/IbI oriepaniui ¢ THKT
TPEOYIOT HOBBIX KJIACCOB OOOPYAOBAHUSA, I TO, YTO
HECKOJIBKO JIET HA33/] CYUTAJIOCh YEM-TO NIEPENOBLIM
U JOCTATOYHBIM, TO B COBPEMEHHBIX PEANUAX YKE HE
B IIOJIHOM MEPE OTBEYAET ITOCTABIEHHBIM 32A49aM.

Bce 310 6yneT TpeboBATh HOBBIX PEIIEHU KAK B
TEXHOJIOT'MH, TAK U B OOOPYJIOBAHHH.

B poxknazae nogpo6HO pacCMATPUBAIOTCA
PAa3/IMYHBIE MOJU(DPHUKAIIIN KOJITIOOMHIOBBIX
yCTAaHOBOK st pa6oTel ¢ THKT 44,45-50,8 MM
u 60,3 MM, Pa3MEMAOIUXCSI HA OHOM HJTH
HECKOJIBKUX MIACCH.

OCBEmAIOTCA BOIPOCH ABTOMATHU3AIUN
KOJTIOOMHTOBBIX YCTAHOBOK, CUCTEMBI YIAJIEHHOTO
MOHHUTOPHHIA «PuaMani-OHIANH» (TEKyLIee
COCTOSIHUE U IEPCTIEKTUBHBIE HATIPABICHUSA
Pa3BUTHA).

IMoaeBas neMmoHcTpanua HOBoIX THKT ay1a
BHYTPHCKBAKHHHBIX pa6coT B EBpomne

Tumyp CABHTOB, lenaris Coiled Tubes

B xon1e 2015 roga koMnaHus «Ienapucs
IpeACTABUIIA HOBBIE TEXHOJIOI' MU IIPOU3BOACTBA
T'HKT noBsIIeHHOro KayecTBa. KoMmnanus
IIpeAJIAraeT I'PYIIILI IIPOYHOCTH, PACCUYUTAHHDBIE
Ha IIpejes IpoYHOCTH 95, 110, 125 u 140 kpsi. Ha
MOMECHT HAIUCAHUS JJAHHOT'O MaTepuraia 6oyiee
600 HOBBIX THKT IMOCTABICHO 3aKA3UUKAM TIO
BCEMY MUPY. [ITaHHBIE TTO UCNTOIb30BaHUIO THKT
CEPBHUCHBIMU KOMITAHUAMU JEMOHCTPUPYIOT
MHOBBIIEHHUE 3(PHEKTUBHOCTH B 2—5 Pa3 IO
CpaBHEHUIO O cTangapTHeiMU T'HKT Ha
AHAJIOTUYHBIX ONEPAIUAX 61AT0/1aPs OBBINIEHHOM
U3HOCOCTOUKOCTH.

B HEKOTOPBIX PErMOHAX U3HOCOCTOMKOCTD HE
ABJIAETCSI OCHOBHBIM KpUTEPHEM 3(P(PEKTUBHOCTHA
I'HKT. baarogapsi TEXHOJIOTMH OTITYCKA MAPTEHCUTA
rpymnmna npodynocTty HoBelx THKT ob6ecnieunBaet
THOBBIIEHHYIO U3HOCOCTOMKOCTD K CEPOBOAOPOHOM
Cpeie U IMOBBbIIIEHHYIO CTOMKOCTD K IOBPEXKACHUAM

40 Ne 1 (067) Mapr/March 2019

sidetracking), bottomhole zone treatments and a
number of types of workover. The penetration of
the CT into other segments of the market is quite
limited (sidetracking, frac through CT, milling),
which is especially noticeable in comparison with
international experience, primarily in the United
States and Canada.

The prospects for the coiled tubing market are
based on expanding the application in oilfield
service segments where steady growth is predicted
(horizontal fund, including lateral horizontal
wellbores; hydraulic fracturing multistage hydraulic
fracturing; sidetracking and logging services,
including offshore projects), as well as increasing
technological complexity and cost of operations. The
market has significant growth potential and is able
to grow both in quantitative and monetary terms
within 5-10 years.

The growth of the depths of wells, the types of
operations with coiled tubing require new classes
of equipment and what was considered something
advanced and sufficient a few years ago, then in
modern realities does not fully meet the objectives.

All this will require new solutions in technology
and equipment.

The report discusses in detail various
modifications of coiled tubing units for operation
with 44.45-50.8 mm and 60.3 mm coiled tubing
located on one or several chassis.

It covers the issues of automation of coiled tubing
units, the Fidmash-Online remote monitoring system
(current status and future development directions).

Field Performance of New Coiled Tubing
for Europe Interventions

Timur SABITOV, Tenaris Coiled Tubes, LLC

In late 2015,
Tenaris introduced
new manufacturing
technologies to produce
superior performing
coiled tubing (CT). Tube
grades are available in
95, 110, 125 and 140
KSI yield strength. Over
six hundred of the new
CT strings have been
delivered to customers
worldwide at the time of
this writing. Field usage
data shows CT service
companies are achieving
two-to-five times the
utilization compared to conventional coiled tubing
on equivalent jobs, thanks to the improved fatigue
resistance.

For some regions, fatigue performance may not be
the primary criteria for string performance. Because
of the CT’s tempered martensite microstructure, the
new CT grade provides improved material resistance



10 CPABHEHUIO CO CTAHAAPTHBIMU I'DYIIIIAMU
MPOYHOCTU. B COBOKYITHOCTHU IaHHBIE (DAKTOPHI
IPEAOCTABIAIOT BO3MOXKHOCTD UCIIOIb30BATh
I'HKT B TEX ONEPALIUAX, BBITOTHEHUE KOTOPBIX
paHee CYUTAIIOCh HEBO3MOXHBIM. JJaHHBII JOKJIA],
MOCBAILEH ABYM Pa3J€/IaM:
1. TToneBoIt ONBIT UCNONIb30BaHUA HOBBIX THKT B
Esporne (B ToMm unucie Poccun).
2. JTabopaTopHble TeCTUPOBAaHMS HOBbIX [HKT
Ha CTOMKOCTDb K CEPOBOIOPOAY, KOTOPbIE
IIPOBOJUJIUCH B IIOCJIEAHHE HECKOJIBKO JIET.
B jaHHOM AOK/I4/1€ OIIMCAHO TECTUPOBAHUE
crorikoctu 'HKT Kk cepoBOAOPOAY U PEZYIBTATHI
UCTOb30BaHUs HOBLIX 'HKT Ha peanbHbIX
CKBaKMHAX.

H3noc THKT
Kern HbIOMAH, ATHENA Engineering Services, CIIIA

B 1aHHOM 10K/14/1€ 6BLIU IIPE/ICTABICHbI

CIEYIOLIYE TEMBIL:

* HEOOXOAUMOCTD MOAICIUPOBAaHU u3Hoca 'HKT,

* HAKOIJIEHHBIN ONBIT MOZAEIUPOBAHNUA U3HOCA
THKT;

* TEOPHSA IPUMEHEHHS PA3TUYHBIX MOJIEIEN U3HOCA
THKT;

* IIPUMEPHI UCIIOJIB30BAHUSA MOJACIUPOBAHUSA U3HOCA
I'HKT g npeaynpexieHus aBapul;

* CIIOCOOBI yBEJIMUEHUSA CPOKA IKCIITyaTanuu THKT ¢
IIOMOIIBIO MOJICIUPOBAHUS U3HOCA;

e meToabl mHCneKuu I'HKT 1 orieHKa nx
3(PHEKTUBHOCTU.

Harpy3ku, ge¥icrsyromue Ha THKT.
IIpumenenue ’HKT B CKBa:KHHAX C
OOJIBIIIMM OTXOJIOM OT BEPTHKATIH

Kern HbIOMAH, ATHENA Engineering Services, CILIA

B 1aHHOM 10K14/1€ 6BLIU IIPEJICTABICHBI
CJIEAYIOIIYE TEMBL:
* TEOPUSA IIPUMEHEHUS PA3IUYHBIX MOJEJIEH
Harpy3ok Ha THKT;
* onucaHue cnupanbHoro cmatud 'HKT u
IIPUXBATOB, KOTOPBIE HE IIO3BOJIAIOT CIIYyCTUTD
I'HKT gajee o CTBONY CKBAXKUHEL [IpefiebHbIe
3HAYCHU A HAIPY3KU HA JOJIOTO;
0630p MAPAMETPUUECKOT'O UCCIIEJOBAHM S BIIUAHUSA
I€OMETPHHU CTBOJIA CKBAXKUHBL, pasmepa 'HKT u
UCIIOJIb3YEMBIX KMJKOCTEN HA HArpy3Kku Ha ['HKT;
METOMBI 111 ooecrieueHus foxoxaeHns T'HKT go
32004 B I'TyOOKHUX T'OPU3OHTAIBHBIX CKBAXKUHAX U
YBEJIMYECHUA IEPENABACMON HAIPY3KU HA JOJIOTO BO
BpeMs OypEHUSL.

Me@deKTOCKOII KaK CPEJICTBO
OIITHMH3AIHH CPOKOB HCIIOJIb30BAHH A
I'HKT u npegoTBpaIeHU A AaBAPHUHHBIX
CHUTYAIIUH IIPH IPOBEAECHHUH PAOOT C
HCII0JIB30BAHHUEM KOJITIOOHHIOBOT'O
00OpPYIOBAHU A

AM. BEPEMEEHKO, C3AO dHosunka» }

to H2S environments and improved damage

tolerance relative to comparable conventional CT

grades. Taken together, these factors allow greater
opportunity to optimize CT string design, allowing

CT to be used in operations that previously had not

been possible. This presentation focuses on two

topics:

1. the field experience of the new CT in Europe
including Russia.

2. the extensive laboratory H2S testing that has
been performed on the new CT over the past
several years, and this presentation contains
comprehensive sour fatigue testing and field
performance results.

CT Fatigue and Inspection
Ken NEWMAN, ATHENA Engineering Services, USA

This presentation will

cover:

* the need for modeling
CT fatigue life;

* the history of CT
fatigue life modeling;

* the basic theory used
for these models;

¢ examples of how these
models help avoid CT
failures;

* how these models
extend the useful life of
the CT;

* adiscussion of CT

inspection methods
and how effective they
are.

Tubing Forces and Extended Reach
Ken NEWMAN, ATHENA Engineering Services, USA

This presentation will cover:

* the basic theory used for performing tubing forces
modeling;

* a description of helical buckling and lockup which
prevents pushing CT farther into a horizontal well,
or limits weight on bit;

* review of a parametric study showing how
variations in well geometry, CT size and well fluids
affects the tubing forces;

* adiscussion of methods that can be used to reach
farther in a horizontal well or apply more weight
on bit when drilling.

Flaw Detector for Optimizing Coiled
Tubing Service Life and Preventing
Emergencies When Working with Coiled
Tubing Equipment

Alexander VEREMEENKO, Novinka CJSC

There are high requirements for coiled tubing,.
On the one hand, it must be reliable. On the
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K rubxum Tpy6am NpebaBISIOTCS BBICOKHAE
Tpeb6oBaHUA. C OTHOU CTOPOHBL, OT HUX TPEOYETCS
HaEeKHOCTD. C APYTrOM CTOPOHBL, HOITY/IAPHA B
MHPE KOHIIENIN OEPEXIINBOrO MPOU3BOJCTBA
OPEANONATAET KAK MOXKHO IOJTHEE UCTIOIb30BATh UX
pecypc.

OJHAKO HA 3TAIIE BLINIOTHEHHUS PA6OT C
ucnonbzosanueM 'HKT MOryT BO3HHUKATh
HEMPOTHO3UPYEMBIE CUTYAIIUH, TAKUE KAK 3] PbI
TPyOBI IVTAMIKAMH, UCTUPAHUS €€ HA UCKPHUBJIEHUAX
CKBa’KMHBI, 4 TAKXKE BO3[ICUCTBHE ATPECCUBHBIX CPEJ,
KOTOPBIE CHIKAIOT PECYPC TPYOBI U CO3JAI0T yTPO3Y
BO3HUKHOBEHUA ABAPUUHON cUTyanu. CJI0KHO
MIPOTHO3UPYEMBIM SABJISIETCS TAKKE PEAJIbHBIA
OCTAaTOYHBIN PECYPC TPYOBL

[ns onpenenenus peanbHoro cocrossuus THKT
HA BCEX ATANAX €€ UCIIOIb30BAHUS, BbISBJICHUSA
HEIMPOTHO3UPYEMBIX PUCKOB 6€30ITACHOCTU PAbOT
U JUIS1 MAKCHMAJIBHOT'O UCIIOJIb30BAHUS PECYPCa
T'UOKOM TPYOBI LIEIECOOOPA3HO IPUMEHEHNE
Jnedexrockona.

Cnenuanucramu C3A0 «<HOBHMHKA» HA OCHOBE
JIAHHBIX, TOJTYyYEHHBIX [IPU UCIIBITAHUAX OOJIBIIOTO
Ha60pa TPyO C PA3IUYHBIMU Ie(PEKTAMU, ObLI CO37jaH
padounii oopazen JT1.

AT1 npegHaszHadeH 1S MHCIIEKIUH THOKUX
TPYO TPEX AUAMETPOB: 38,1 MM, 44,45 MM, 50,8 MM.
TonmuHa CTEHKH JO 5 MM. JIe(PEKTOCKOI MOXKET
YCTAHABIUBATHCA KAK HA HOBBIE KOJITIOOMHI'OBBLIE
YCTAHOBKH, TAK U HA PAHEE BBIYIIEHHOE
060pPYAOBAHHE.

ITo npyHLMNYy padoTel AT1 — 3TO MArHUTHBIN
Jedexrockon. HaMarHn4mBaHUE y4aCTKA TPYyObI
JIO TEXHUYECKOI'O HACHIIEHN OCYIIECTBIIAETCSA
MOCTOAHHBIMHA MATHUTAMH, YTOOBI MUHUMU3UPOBATH
BEC I€(PEKTOCKOIA.

JedeKTOCKOI COCTOUT M3 6JIOKA U3MEPHUTEIBHOTO,
6710Ka KOMMYTAIIMOHHOT'O, IEPCOHAJIBHOT'O
KOMIBIOTEPA, MOHTAXXHOI'O ITOBOJIKA, KOMILJIEKTA
COEMHUTENBHBIX KA6€IEN 1 CIIEIIUATIBHOIO
IIPOIPaMMHOI'O o6ecrieyeHus. B foknaje 6pl1a
JlaH4 IOAPOOHAA XaPAKTEPUCTUKA KAXKIOTO U3
OJIOKOB, 4 TAKXKE IIPOAEMOHCTPHUPOBAHBI IPUMEPEI
Je(PEKTOrPAMM MAPAJIIENBHO, B TOM YUCJIE U C
rpapukamMmy BUOPAL UL

TOYHOCTHBIE UCTIBITAHUS MAKETHOI'O OOpa31ia
J1Ie(PEKTOCKOITA 1 €TI0 UCHBITAHUS HA KO TIOOMHTOBOI
YCTAHOBKE ITOJTHOCTBIO MO TBEPAVIIN COOTBETCTBHE
NpH60pPAa 325IBJIEHHBIM [TAPAMETPAM U IOKA3a7TU, YTO
pa3paboTaHHOE yCTPOHCTBO HAXO/IUTCS HA YPOBHE
JIYUIINUX 3aPyOEKHBIX AHAJIOTOB.

KOMILIEKCHBIV (MHTEIPUPOBAHHBIN)
IMOAXOJ, IIPH PEATHU3ALHH CEPBHUCHBIX
ycayr OO0 dlakep CepBuc>

KA KAPHMOB, OOO dlaxep Cepsuc»

B noksaze 6114 1aHa NOAPOOHAS XAPAKTECPUCTHUKA
TEXHUYECKUX U TEXHOJIOTUYECKUX MOIITHOCTEN
«[Takep Cepsuc» (24 komnnekca 'HKT ¢ a30THBIMU
YCTAaHOBKAaMH, 6 KOMIUICKCOB ['PIT, 5 MakepHBIX
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other, according to lean
production method it
should perform to its full
capacity.

However, during
operations, unforeseen
circumstances may arise
such as tearing of tubing
surface by rams, scuffing at
the curved sections of the
well, aggressive substances
that reduce coiled tubing
service life and can lead
to emergencies. It is
also difficult to analyze
remaining CT service life.

Flaw detector is used
for analysis of a real CT condition at all stages of its
service, for identification of non-predictable safety
risks and maximizing CT service life.

Specialists of Novinka created a working sample
DT1 based on the data obtained during testing of a
wide range of tubings with different defects.

DT1 is designed for inspection of three CT
diameters: 1.5 inch, 1.75 inch, 2 inch. Wall thickness
isup to 5 mm. Flaw detector DT1 can be installed on
both new and previously manufactured coiled tubing
units.

DT1 is a magnet flaw detector. Magnetization of
the tubing section is performed using permanent
magnets in order to minimize flaw detector weight.

Measurement unit DT1 consists of several parts
thus providing simple and convenient installation
on CT. Unit gravity center is below the tubing axis.
Measurement unit installation on the level wind is
performed using a steel draw-bar with a break sensor.

The report gave a detailed description of each
of the blocks, and also demonstrated examples of
defectograms in parallel, including a color image of
the flaw patter.

Accuracy testing of a mock-up sample of flaw
detector and field-testing on coiled tubing unit
provided full confirmation of the tool compliance
with stated requirements and showed that developed
tool is at the level of the best foreign analogues.

The Integrated Approach to
Implementation of Services in Packer
Service LLC

Kamil KARIMOV, Packer Service, LLC

The report included detailed characteristic of
technical and technological capacities of "Packer
Service" (24 CT fleets with nitrogen units, 6
fracturing fleets, 5 packer crews, 3 fishing crews
and other product lines) and company activity
in a number of regions in the Russian Federation
and Kazakhstan. The main characteristics of the
equipment were also described. The reporter
provided details on completion projects including
the shelf project on the Prirazlomnaya platform of



Y4Y4CTKOB, 3 y4aCTKA C JIOBUJIbHBIM CEPBUCOM U
JIp. CEPBUCHBIE JIMHUU), IPEJCTABJIEHA reorpapus
JEATE/IbHOCTH KOMITAHUU B PAJIE PETUOHOB PO 1
Kazaxcrane. PACKPBITBI OCHOBHBIE XAPAKTEPUCTUKU
060PYAOBAHUS, UMEIOIIETOCS B APCEHATIE
KOMITaHUH. JIOK/IaJYHUK OCTAHOBUJICA HA IIPOCKTAX
MO 3aKAHYUBAHUIO CKBAXKUH, B TU. HA METb(OBOM
npoekre Ha mnardopme dIpupasnomuas> OO0
«['asnpoMHed T menbd», 0CO60 3HAYUMOM B
YCJIOBUAX CAHKLIMOHHOI'O IaBJICHUA. B paMKax
3TOro nNpoekTa B 2015-2018 rogax 6bUIH yCIIENTHO
BBIIIOJTHEHBI PA6OTHI HA IBEHAAIATH CKBAKHUHAX.
IIpaKTUYECKU BCE HYK/IbI BO BHYTPUCKBA)KHUHHOM
060PYJOBAHUU KOMITAHUA 3AKPBIBAET CUIAMH
JodepHero npeanpuaTus Jlakep Tyns». B yacTHOCTH,
ObLIA CO3[JAaHA CUCTEMA 3aKAHYUBAHUSA CKBAKHUH
MCTI'PII ¢ my(pTamMu, AKTUBUPYEMBIMH MIAPAMH.
KoMmmanus BiaageeT MUPOKHUM CIIEKTPOM TEXHOJIOTUHI
I'PIT, 1pOrpeCCUBHBIMU TEXHOJIOTUAMU JIJIA
UCCJIENOBAHNA CKBAKWH ITOC/E npoBeaenusa I'PIT
(MHCTPYMEHTAJIbHBIA AHAJIU3 WJIN UCCIIEAOBAHUS
C IPUMEHEHUEM TMOKOU TPYOBI M TEXHOJIOTUHU C
3aKa4YKOM XUMHNYECKHX TPACCEPOB UJIM MAPKEPHBINI
MOHUTOPHHI C HOMOIIBIO NPONIAHTA). [ lakep
CepBUC» YCHEUIHO UCTIONb3YET U CTAHAAPTHBIE
METOZBDL, IPEAIO/IATAIONUE IPUMEHEHUE PA3IMYHBIX
reo(pU3nIEeCKUX NPUOOPOB, cnycKkaembix Ha 'HKT,
K4K aBTOHOMHBIX, TaK U C KabesieM (IIpubopel «I'eo»
U «CoBa»). HOBOE IEPCIIEKTUBHOE HAIIPABJIEHUE —
MPOEKTHI ITO 3aKAHYHMBAHUIO CKBAKHH.
3aKJIIOYUTENBHAA YACTD JOKIA/A ObLIA ITOCBAIIEHA
MHOrocTaauiHbIM I'PIT B ropn30HTAIbHBIX
CKBaKMHAX, B TOM YUCJIE C IPUMEHEHUEM
TexHonoruu Plug & Perf, koTopas no3BosET
MPOBOAUTD KIACTEPHYIO NEPPOPALUIO, KOTI1A
CO3/[IA€TCA CETKA TPELUH, YTO OCOOEHHO AKTYAJIbHO
JUIs HU3KOIIPOHMIIAEMBIX KOJIJIEKTOPOB.

IIpuMmeHeHnue TexHoaoruu Plug & Perf
IIPH MHOT'O30HAJIBHOM I'HAPOPA3PHIBE
B CKBA:KHHAX C TOPHU30HTATBHBIM
OKOHYAHHEM

11C. IEMAKHH, OOO <TazpaC-PemCepsuc»

Kommanaus «TaTHEDTH», ABJIAIONIAACST O6PA3IIOM
BBICOKOM TEXHOJIOI'MYECKOM KYJIBTYPBI U AKTUBHO
BHE/IPAIONIAS IPOTPECCUBHBIE TEXHOJIOTUU HA CBOUX
OOBEKTAX, B TEKYILEM I'O/ly IPOBEJIA ONIPOOOBAHME
XOPOUIO 3aPEKOMEH/IOBABIIEN ceOs1 TEXHOIOIMU Plug
& Perf, HO y2ke€ B HOBOM KA4ECTBE, C Y4ETOM BOIIPOCOB
MAaKCHUMaJIBHOHM 9KOHOMHYECKOU 3(P(PEKTUBHOCTU.
J1s1 peanusanuu JaHHOM TEXHOJIOTUU ObLIN
npusnedeHsl PaoT IPIT OO0 «TarpaC-PemCepsuc»

U NOAPAAHAS OPTAHU3AL U, IPEAOCTABUBIIAA
obopyaoBanue a1 Plug & Perf.

B KaueCcTBE OO'BEKTA JIJIST OITBITHO-TIPOMBICJIOBBIX
UCIIBITAHUI ObL/1a NOAOOPAaHA CKBAKMHA
YUIIMHUHCKOM MJIOMA 11 POMAIMIKHMHCKOTO
MECTOPOXKJeHUA. CKBAKMHA ObLIIA TPOOYPEHA
C TOPHU3OHTAJIBHBIM OKOHYaHHEM. [Tpn aTOM
T'OPHU30HTAIBHBIM YYACTKOM HPOTKEHHOCTBIO 321 M

Gazpromneft Shelf LLC,
which is particularly
important in the
conditions of sanctions
pressure. Completion
operations on twelve
wells were successfully
performed within this
project in

2015-2018.

Almost all demands
for downhole
equipment are fulfilled
by a subsidiary
company “Packer
Tools”. In particular, the
company developed
well completion system with ball-drop sleeves
for multistage fracturing. The company provides
a wide range of fracturing technologies, cutting-
edge technologies for well testing after fracturing
(instrumental analysis, well testing using coiled
tubing with injection of chemical tracers, marker
monitoring using proppant). Packer Service has also
been using standard logging methods with different
CT-deployed logging tools both autonomous and
cable-equipped (tools “Geo” and “Sova”). New
perspective product line is well completion.

The final part of the report was dedicated
to multistage fracturing in horizontal wells,
including Plug & Perf that allows to carry out
cluster perforation creating fracture network that
is particularly important for low-permeability
resServoirs.

Application of the Plug & Perf Technology
for Multistage Fracturing in Horizontal
Wells

Pavel DEMAKIN, 1agraS-RemService LLC

Tatneft, 2 model of
high technological
culture and actively
introducing advanced
technologies at its
facilities, in the current
year conducted testing
of the well-proven Plug
& Perf technology, but
in a new quality, taking
into account the issues
of maximum economic
efficiency, the fleet
of the state-owned
N enterprise."TagraS-

RemService" and the
contractor that provided equipment for Plug &
Perf were involved for the implementation of this

technology. }

A horizontal well of Chishminskaya area of the
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OBLI BCKPBIT IPOAYKTUBHBIN OO'bEKT KBIHOBCKOT'O
T'OPU30HTA, XAPAKTEPUSYIOIIUICA KPDANHEN
HEOJHOPOJHOCTBIO IO CBOUM (PUIBTPALTUOHHO-
€MKOCTHBIM CBOUCTBAM.

JJ1s1 peanusanuu TEXHOIOTUHY, TO3BOJIAIONIEH
BBIIOJIHUTB NTOCAJKY MPOXOAHON MAKEP-TIPOOKU
U IepPOPALUIO 32 OJTUH CITYCK T€O(PUZUIECKOTO
060PYyJOBaHMA, ObLIA CHPOEKTUPOBAHA U
M3TOTOBJIEHA TAH/IEMHAs YCTAHOBKA, BKJIIOYAIOIIAS
B €05 IOCATOYHYIO KAMEPY C IOPOXOBBIM 34PS/IOM
U IepPOPALTUOHHBIE CHAPALL JJoBeJIcHHE
TAHJEMHOU YCTAHOBKH JJO UHTEPBAJIA ITIOCAIKHA
NPOXOAHON MAKEP-TIPOOKU B TOPU3OHTAIBHOM
Y4aCTKE CKBA’KUHBI BBIIIOTHAIOCH ITyTEM
HATHETAHUA XKUJKOCTU PA3PhIBA NN TEXHUYECKON
JKMJIKOCTH IO CTBOJIY CKBA>KHHBL []J11 0O6€ecTieueHusA
TEPMETUYHOCTH YCThSI CKBA’KHMHBI ObLIA TPUMEHEHA
JIyOPUKATOPHAS YCTAHOBKA U TUPABIUYECKUAL
MPEBEHTOP.

IIMKJI HOAIOTOBUTENBHBIX PA6OT BKIIIOYAJT
B €051, TOMHUMO MOHTA:Ka O60OPYJOBAHUSA,
a6JIOHUPOBKY CTBOJIA CKBA’KUHBI UMHUTATOPOM
TAHJEMHOU YCTAHOBKH U OIPECCOBKY JIYOPHUKATOPA
c ipeseHTOpOoM Ha 500 aTM. IIpOJOIKUTETBHOCTD
PaboT HE IPEBBICHJIA MIECTU YACOB.

CKOpPOCTbD CITyCKa TAHJIEMHOH YCTAHOBKHU B
BEPTHUKAJIBHOM YUACTKE CKBAKMHBI COCTABJIAIIA
110 5000 m/4gac. ITocsie BBIXOja yCTAHOBKH
B TOPHU30HTAJIBHBIN yY4aCTOK CKBA’KUHBI U
NPEKPAIEHNA ABUKEHUA ITOJ] COOCTBEHHBIM
BECOM 3aITyCKAJICA HACOC BBICOKOT'O IABJIEHUA
¢nora I'PIT ¢ pacxoxom ot 0,3 1o 0,9 M?*/mun. I1o
JOCTHUXKEHHUU YCTAHOBKOH HY>KHOI'O MHTEPBAJIa
34Ka4YKa OCTAHABIMBAJIACH U HATS)KEHUEM
reo(pU3nIeCKOro KabeIst yCTAHOBKA BBIBOJIUIIACH
JIO HY>KHOMH TOUYKHU. Jlajiee THUITUHUPOBAJICS
MHUPOMATPOH NOCAJTOYHOU KAMEPBHL, JABICHUEM
MOPOXOBBIX I'A30B IPOU3BOIUIACH TAKEPOBKA
OPOOKU U OTHOBPEMEHHOE CPE3AHHUE IITU(TOB.
3aTEM TAKXKE HATSIKEHUEM KaOeIs IEP(POPAIUOHHbBIE
CHAapsA/IbI BBIBOJUINCH HA HEOOXOAMMBIIN UHTEPBAJ,
U BBINIOJIHAIACH NEPHOPALINA CIENYIOMEN 30HEBI
JULA THPOPas3peIBa. [Tocne mogbeMa OTpadOoTaBIIEH
KOMIIOHOBKH IPOU3BOAWIICS COPOC PACTBOPHUMOTO
I1apa ¥ 4€PE3 PACIETHOE BPEMS 3AITYCKAJICS HACOC,
u ¢ pacxopom 0,3—0,6 M3 /MUH ITPOU3BOAUIOCH
JIOBEJICHUE 1IAPA IO TOCAJOYHOT'O CEJIA HA
MPOXOAHONM NPOOKE. MOMEHT MOCAAKH II1apa
ONPEAEIIAIICA TTO U3BMEHEHHUIO YCThEBOT'O IABICHUS
(XapaKTEePHBIA CKA4OK). C 3TOI0 MOMEHTA PACXO[
YBEJIMYHNBAJICA IO IPOEKTHBIX TAPAMETPOB U
BBIIOJIHAJICA TUPOPA3PbIB IJ1ACTA.

KoHTpOIBb Ka4eCTBA CPA6OTKU KOHTPOIUPOBAJICS
K4K BU3YaJIbHO — IYTEM OCMOTPA TAHJEMHONU
YCTAHOBKH IOCJIE U3BJICYEHUS, TAK U B PEKUME
OHJIAWH.

B KaueCcTBE MHULIMAIIMY OTKJIIOYEHUS yYaCTKA
paHee IPOBEAEHHOT'O PA3PbIBA TPUMEHSIUCH
BOJIOPACTBOPUMBIE ((PAHTOMHBIE) IIAPBI TUAMETPOM
924 mm. 17151 X COPOCA BBIIOIHSIIICS IEMOHTAK
JIyOPUKATOPA, COPACHIBAJICS AP U YCTAHABINBAIAChH
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Romashkinskoye field has been selected for pilot
testing. Horizontal wellbore with 321 m length
was drilled in Kynovskiy horizon reservoir that
is characterized by a heterogeneous behavior of
permeability and porosity.

For setting the packer-plug and performing
perforation developed a unique BHA that combined
setting tool with powder explosives and perforation
charges. Running a tandem BHA at a setting depth
in horizontal wellbore was performed by the
injection of a fracturing fluid or a process fluid
into the wellbore. A lubricator unit and a hydraulic
blowout preventer provided pressure integrity of the
wellhead.

Preparation included rigging up the equipment,
wellbore drifting with a tandem BHA dummy and
pressure test of lubricator and preventer for 500 atm.
Job duration was no more than 6 hours.

The running speed for a tandem BHA in a vertical
wellbore was up to 5000 m/hour. Once BHA is
in the horizontal wellbore and cannot move by
its own weight, a high-pressure fracturing pump
is launched with a rate 0.3-09 m?/min. Pump is
stopped once BHA reaches the required depth. Then,
alogging cable tension allowslocating BHA at the
target depth. Then, a powder charge of the setting
chamber is activated, powder gases pressure sets the
plug and shears pins. After that, perforation charges
are located at the required depth by a logging cable
tension and the next fracturing stage is performed.
After pulling the used BHA out of hole, a soluble
ball is dropped and a pump is launched after the
estimated time. Then, a ball is injectedto a landing
seat in the plug with a rate 0.3—0.6 m3/min. The
moment when ball lands on the seat is defined by an
instant rise in the wellhead pressure. After that, rate
isincreased to a planned value and a fracturing is
performed.

Quality control of BHA make-up was performed in
two ways: a visual BHA inspection after retrieval and
areal-time control.

Water-soluble (phantom) balls with a size of
92.4 mm were used for isolation of previously
fractured zone. Lubricator was rigged down, a ball
was dropped and a blind cap was installed. Estimated
dissolution time: 48 hours. The essential requirement
for technology implementation was the maximum
precise injection of proppant mixture during
fracturing.

Duration of operation for setting a packer-plug and
perforation was from 1.4 to 2.19 hours that is
10 times faster than a standard operation with a
tubing. The overall duration was 2 days. There was
no need to drill plugs and clean out the wellbore.
Stimulation crew installed a small-sized ESP-80.

A real production rate exceeded the expected
one by 4.5.

Experience and Optimization of the
MGRP Technology for Oil Rim Field

Alexander BELOV, Gazpromnefit-Yamal LLC;



3amIyLIKa. PacueTHOE BpeMs Ha4asIa paCTBOPEHUSL:
48 yacoB. O643aTEIbHBIM YCIOBUEM JJI51 PEATN3AIUU
TEXHOJIOI'MU ABJIAJIOCH BBIIIOJIHEHME Iporiecca I'PIT ¢
MAaKCHUMAJIbBHO TOYHOI IIPOAABKON IECYAHOU CMECH.
IIpOAOIKUTENBHOCTD BBIIIOJIHCHUS OIEPAITU TTO
YCTAHOBKE MAKEP-MIPOOKU U NEPHOPALINU 3aHUM A
oT 1,40 110 2,19 yaca, 4To B ICCITKHU Pa3 ObICTPEE, UEM
BBITIOJIHEHHUE PA6OT O CTAHAAPTHOU TEXHOJIOTUU
nyteM CITO HKT. O6mias npoaomKUTENBHOCTD
PaboT COCTABMIIA ABOE CYTOK. [IpH 3aKIIOYUTEIBHBIX
paboTax He NOTPEOOBAIOCH PA6OT IO OYPEHHUIO
OTCEKAIONIUX MPOOOK U IIPOMBIBOK 320041
DAKTUYECKUI ICOUT NPEBBICUI O3KH/IAEMBIIA
B4,5 pa3a.

OnBIT PAaGOTHI K ONMITHMHU3AIH S
TexHoJoruu MI'PII 6e3 mogrema THKT Ha
IOATI'a30BBIX H BOJOILJIABAXOIIHX 3AJI€KAX
Anexcandp BEJIOB, OO0 dasnpommedmos-Amcans;
Cepeeti CHMAKOB, OOO d asnpommedpmo HTL]>;
Koncmanmun BYF/[HH, Anmon YAPYIIIHH,
Muxaun/[EMKOBHY, dIlmombepice»

B Hacrosmee Bpems C y4eTOM YXYALIECHUS
Ka4eCTB4 PA3BEAAHHbBIX 3a114COB OTAE/IbHBIM
U YPE3BBIYANTHO BA’KHBIM CTAHOBUTCSA BOIIPOC
BO3MOKHOCTH IPUMEHEHHU HA HEPTAHBIX
OTOPOYKAX MHOI'OCTAJAHUIHOI'O INAPABINYECKOIO
paspeiBa miacta (MI'PIT). IIpu nnposegeHuu
MI'PIT KOMIIaHUA-ONEPATOP CTOIKHYIIACH CO
CJIO’KHOU I'€OJIOTMYECKON MOJIC/IBIO I1J1ACTA,
XAPAKTEPUIYIOLIEIOCA OTCYTCTBUEM INIMHUCTBIX
IIEPEMBIYEK U HE3HAYUTEIbHBIMU KOHTPACTAMU
B CTPECCAX MEXKAY IPOIIACTKAMU, YTO CBA3aHO C
PHCKOM IIPOPBIBA B I'A30BYIO 30HY. IDKUM IIPUMEPOM
BHEJPEHNS MHHOBAITMOHHOM TeXHOM0rnu MI'PIT
CTaJ1 OIIBIT, HOJY4YEHHBIN HAa HOBOIIOPTOBCKOM
MECTOPOXK/IECHUH, TTIE YCIIEITHO ObLIH MIPOBEAECHDI
30- 1 27-craguitHble rTUAPOPA3PHIBLI I1J1ACTA I10
«6eCcIapoBOM» TEXHOJIOTUH C UCIIOIb30BAHUEM
Myt I'PIT, yripaBiseMbIX HA THOKOU HACOCHO-
KOMIIPECCOPHOM TPybHeE 6€3 NOAbEMA HA IOBEPXHOCTD
BO BpeMs IIPOBEIECHUA I'NAPOPA3PhIBA.

ITocnenHer TEHACHITUEN KOMITAHU K-
ONEPATOPOB ABJIAETCA NOBBIIEHHE TPEOOBAHU
K TEXHUYECKUM 1 TEXHOJIOI'MYECKHM ACIIEKTAM
MTI'PIT, riie onpeaensaionuMu (PaKTOPAMH ABJIAIOTCA
3(PPEKTUBHOCTD ONEPALIHH, KOJIMYECTBO CTAJU,
JUIMHA TOPU30OHTAIBHOI'O YY4CTKA, BO3MOXHOCTD
nOBTOPHOTO I'PIT 11 3aKpBITHUA/OTKPBHITHA
OPTA JUIS OTCEYEHUA OOBOAHEHHBIX YYACTKOB
M OI'PAHUYEHNA I'a30IPUTOKA. [ToyYeHHBIN
OMBIT JOKA3BbIBAET BO3MOXXHOCTH COBPEMEHHBIX
TEXHOJIOI'MH BBITIOJIHUTD ITOCTABJIEHHBIE 33/1a4H,
B TO BpeMs Kak THKT no3BossieT yIoBIEeTBOPUTD
BBICOKHE TPEOOBAHUS, 4 TAKIKE PACIIUPUTD I'PAHULIBI
npumenenust. ITopor B 30 craauit MI'PIT 6511
YCIIENTHO MPEOOJIEH, YTO MTO3BOJINUIO YBETUYUTD
IUIOIA/b KOHTAKTA C INIACTOM ITOCPEACTBOM
OOJIBIIEIO KOJTMYECTBA CTAAUM. B TO K€ BpeMs METO/
3aKaHYMBAHUS ITIO3BONINII TPOBOAUTE MI'PIT 6€3

4

Sergey SIMAKOV, Gazpromneft-N1C LLC; Konstantin
BURDIN, Anton CHARUSHIN, Mikbail DEMKOVICH,
Schlumberger

Today, when most reservoirs have low productivity,
the question of whether hydraulic fracturing can
be applied to the oil rims becomes very important.
During hydraulic fracturing at Novoportovskoe field,
the operator was faced with a complex geological
model of the reservoir characterized by an absence
of strong barriers and minor contrasts in stress
between interlayers associated with high risks of
breakthrough into the gas zone. An outstanding
example of oil rim stimulation and application of
new technology was a project in Novoportovskoe
field where 30- and
27-stage multistage
fracturing operations
(MSF) were successfully
performed with a shifting
ports completion operated
by coiled tubing.

Currently, oil and
gas companies are
increasingly demanding
technical and
technological aspects
of the MSF, where the
determining factors
are the efficiency of
operations, the number
of stages, the length of the
horizontal part of the well,
the possibility of refracturing, and ability to open /
close sleeves after operation for water and gas shut-
off. The experience gained shows the possibilities of
modern technologies, where the use of coiled tubing
enables meeting the high requirements and also
expanding the boundaries of the application. The
30-stage boundary was successfully overcome and
allowed to increase the formation coverage by means
of more fracturing stages. At the same time, the
completion method made it possible to perform MSF
without pulling the coiled tubing out of hole and to
use all the capabilities and benefits of CT in the case
of a screenout (SO).

The teamwork between the customer and several
of the contractor’s product lines enabled successful
completion of the integrated project under the
difficult geological and climatic conditions of the
Novoportovskoe field, which is located beyond
the Arctic Circle. An optimized concept of MSF
with the use of re-closable full-pass hydraulic
fracturing sleeves, operated by a single-trip coiled
tubing-conveyed shifting tool was developed and
implemented.

The integrated method of multi-stage hydraulic
fracturing allowed achieving effective fracture
coverage to increase the recoverable reserves, while
preventing fractures in the gas cap and bottom water.

The sliding sleeves MSF technology, operated
by coiled tubing without pulling it out of hole, is

Ne 1 (067) Mapt/March 2019 45

g
=
)
Q
—
O
Z
o
®
83
=




TEXHOJIOI'MU

nogabeMa THKT Ha HOBEPXHOCTH U UCTIOJIB30BATh
IPEUMYIIECTBO HAXOXKAEHUS TMOKOI TPYOhI B
CKBaXUHe npu nonydenuu CTOIa I'PIL

KoMmangHas paboTa KOMIIAHUU-ONEPATOPA
U CEPBUCHBIX KOMITAHUU IIO3BOJIN/IA JOCTUYD
yCIIEXA B UHTEIPUPOBAHHOM IIPOEKTE, HECMOTPA
Ha CJIOJKHBIE I'€OJIOI'MYECKUE U KIMMATUYECKUE
yc10BUs1 HOBOIIOPTOBCKOI'O MECTOPOXKICHUS,
PACIIONIOKEHHOI'O 34 IIOJIAPHBIM KPYI'OM.
OnTuMn3npoBaHHasa KoHuenuysa MI'PII ¢
MOJTHONPOXOAHBIMH MHOTOPAa30BBIMU My(PTaMHU
MTI'PII, yripaBisseMbIMH C [IOMOLIBIO KJII04Ya-
TONKaTeNA, cnyckaemoro Ha THKT, 6p11a
pa3paboTaHa U YCIIEIHO BHEAPEHA.

HWHTErpUPOBAHHBIN METOL MHOI'OCTAAUUHOI'O
TUAPOPA3PHIBA INIACTA MO3BOJIUI JOOUTHCA
3P PEKTUBHOI'O MOKPHITHUS IJIACTA CETHIO
TPEMUH, YTOOBI YBEJIMYUTD U3BJICKAEMBIE 3AM1ACHI,
OIHOBPEMEHHO IIPEAOTBPAILAs [IPOPBIBLL B 'A30BYIO
LIAIKY U B IOAOLIBEHHYIO BOAY.

Texnonorus MI'PIT co cABUKHBIMU MY(PTAMH,
ynpasngeMbpiMu Ha THKT 6€3 nogbema Ha
IOBEPXHOCTD, IPUMEHUMA KAK B PETHOHE, TAK
U B MUPOBOM MacITaoe. JJoKnaz COAEPKUT
OIUCAHME OIBITA, BBIyYEHHBIX YPOKOB U JIYUIINX
NPAKTHUK HA OCHOBE ONbITA BbINOJAHEHUA MI'PIT Ha
HOBONMOPTOBCKOM MECTOPOKAECHUH IPU BHEJIPEHUN
HOBOT'O ITOJIX0/14 ITO THIPABINYECKOMY PA3PBIBY
M1ACTA I MECTOPOXKIEHUI C HEPTAHBIMUA
oTopoukamy, rje 'HKT ceirpasa OfHy U3 KJIIOYEBBIX
poJieit. Takoke ONMCHIBAETCS IIEPBBI B MUPE
YCIIENIHBIN ONBIT 3aKPBITUA OpTOB MI'PIT nocie
1 ropa aKCcIIyaTanuy CKBaKUHBL. 30-CTagunHN
I'PIT 6611 IPOBEJEH B icKabpe 2017 roja, u cycTa
1 rop axcnyaranuu, B 2018 rogy, HA OCHOBAHUU
[1T'H ObL11M OIIPEAEICHBI 30HBI IIPOPBIBA I'd34 13
8 IOPTOB, KOTOPBIE OBbLIN YCIIEITHO 3aKPBITHI C
nomoibio T'HKT. TJaHHasg TEXHOJOIHS MOXKET HAUTU
CBOE IIPUMEHEHUE U HA IPYTUX MECTOPOXKJEHUAX,
I7I€ 3aKAHYMBAHUE C IIOMOIIBIO TOPHU30OHTAJIBHOT'O
y4dacTka ¢ Mmy(pramu MI'PIT gBi1sieTCsI OCHOBHOM
cTpareruer pa3paboTKH 34114COB.

B coBpeMEHHBIX peanAX HE(PTETA30BLIE
KOMITAHUU IIPENBABISAIOT BCE 6ObIIE TPEOOBAHUI
K TEXHUYECKHUM U TEXHOJIOI'MYECKUM ACTIEKTAM
MTPII, rae onpeaensomuMu (PaKTOPAMU CTAIN
3P PEKTUBHOCTD IPOBEAECHUS OIICPALINI,
KOJIMYECTBO CTAUH, IVIMHA TOPU3OHTATIBHOMN YaCTH
CKBAKHHBI, BO3MOXXHOCTB [IOBTOPHOI'O PA3PbIBA U
OTKPBITHA/3AKPBITUS [IOPTOB IIOCJIE AKCIIYATALIUH
JUIS1 BOJIO-, I'A30U30JIALIUH. [TOJIy4EHHBIH OIBIT
IIOKA43bIBA€T BO3MOXXHOCTH COBPEMEHHBIX
TeXHOJIOTUH, rjae npumeHeHne 'HKT no3sosseT He
TOJIBKO COOTBETCTBOBATD BBICOKMM TPEOOBAHUSM,
HO U PACHIUPATH 'PAHUIBI IPUMEHEHU . Tak
rpanuna B 30 cTaauil OblIa YCIICIIHO IIPEOLOJICHA
Y [TO3BOJINJIA YBEJIUYUTD KOIPPUIIUEHT OXBATA
IJ1ACTA IIOCPEACTBOM OOJIBIIEIO KOJIUYECTBA CTAAUNI
I'PIT. ITpu 3TOM METO/ 3aKAHYMBAHMS ITO3BOJINII
npousBoauTh MI'PII 6e3 nogpema F’HKT Ha
IIOBEPXHOCTD U UCIIOJIB30BATH BCE BO3MOXHOCTHU U
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applicable to further operations in the region and
worldwide. This paper describes the experience,
lessons learned, and best practices gained at the
Novoportovskoe field while deploying a novel
application of MSF for oil rim deposits where CT
was used as the key enabler. It also describes the first
success worldwide in closing of sleeves after

1 year of well production. The well was completed in
December 2017 with a 30-stages, and in 2018, after
a year of production, logging showed a gas break
through which required eight sleeves to be closed.
All eight sleeves were successfully closed. This
method can be applied to other oil and gas fields,
where the construction of horizontal wells with MSF
is the main development strategy.

Today, oil and gas companies are increasingly
demanding technical and technological aspects
of the MSF, where the determining factors are the
efficiency of operations, the number of stages,
the length of the horizontal part of the well, the
possibility of secondary fracturing operations, and
ability to open/close ports after operation for water
and gas shutoff. The experience gained shows the
possibilities of modern technologies, where the use
of CT allows meeting the high requirements and
expanding the boundaries of the application. The
30-stage boundary was successfully overcome, and
this enabled increasing the formation coverage by
means of more fracturing stages. At the same time,
the completion method made it possible to perform
MSF without lifting the CT to the surface and to use
all the possibilities and advantages of CT in the case
of screenout.

The teamwork of the customer and several
segments of the contractor allowed achieving
success in this operation in the difficult geological
and climatic conditions of the Novoportovskoe
field located beyond the Arctic Circle. An optimized
concept of MSF with the use of reclosable full-
pass hydraulic fracturing ports, operated on CT
without lifting to the surface during fracturing, was
presented and implemented.

The following results were achieved:

* In one week, 57 hydraulic fracturing stages were
completed.
» Hydraulic fracturing stage time was reduced by

63%.

* The number of stages per well increased by 43%.
* The gas factor for storage was reduced from that of
previous fracturing operations.

At this stage of oil industry development, the so-
called difficult-to-recover reserves are becoming
more and more involved in development. The
most important point in the development of these
deposits is economic feasibility. The experience
of the Novoportovskoe field is perhaps the most
extensive in Russia in terms of approbation of
various systems and strategies for completing
horizontal wells with MSF in an oil rim environment.
The integrated method of multistage hydraulic
fracturing of the formation allowed achieving



NPEUMYIIECTBA THOKOM TPYOBI B CITy4dae MOJIydYEHUS
pexuma «CTOID.

KomangHas paboTa 3aKa34UKa U HECKOJIBKUX
CETrMEHTOB NOAPAAYNKA TO3BOINUA JOOUTBHCS
yCIEXA B MIOCTABJIEHHOMN 33/144€ B CJIOKHBIX
T€OJIOTUYECKUX U KJIMMATUYECKUX YCIOBUAX
HOBONOPTOBCKOI'O MECTOPOXKICHUS,
PaCONOXEHHOTO 32 NOMAPHBIM KPYrom. beuta
MNPEACTABIEHA U PEATU30BAHA ONTUMHU3UPOBAHHAS
KOHLIENIMA IIPOBEJEHNUA MHOT'OCTAgUuUHOTO I'PIT C
NPUMEHEHHUEM MHOT'OPA30BbIX OJTHOIIPOXOJHBIX
cABKHBIX My(QT I'PIT, yIpaBiseMbIX HA THOKOI
HACOCHO-KOMIIPECCOPHOM TPybHE 6€3 IO IbeMa
I'HKT Ha NOBEPXHOCTD BO BPEM S MIPOBEICHUA
TUJPOPA3PHIBA.

BpUIH JOCTUTHYTHI CIEAYIOIINE PEZYIBTATHL:

e 57 craguu I'PII 32 Hexeio;
* COKparlieHue BpeMeHu nposeaeHus IPIT Ha 63%

U1 KA>KJIOM CTa N,

* YBEJIMYEHUE KOJTUYECTBA CTAJIUNA HA CKBAXKUHY

Ha 43%;

* COKpPAIllEHUE I'a30BOr'0 (DAKTOPA ITO CPABHEHUIO C
panee npoBegeHHbIMU onepanuamu ['PIT.

Ha 1aHHOM 3Tane pa3zBUTUA HEPTAHONU
MPOMBIIIJIEHHOCTH BCE BAKHEE B PA3PAOOTKE
JaHHBIX MECTOPOXAECHUI CTAHOBUTCS
3KOHOMHUYECKAA LIEIECOOOPAZHOCTD. OIBIT
HoOBOIOPTOBCKOI'O MECTOPOKACHUSA, HOXKANYH,
SIBJISIETCSI HAanbO0J1ee OOMUPHBIM B POoccuu B 1yiaHe
AIPOOAIINHU PA3IUYHBIX CUCTEM U CTPATETUHA
3AKAHYMBAHUA TOPU3OHTAJIBHBIX CKBAXXUH C MI'PIT B
YCJIOBUSIX HEPTAHBIX OTOPOUYEK. MHTEIPUPOBAHHBIA
METO/] IPOBEJEHUA MHOTOCTAJUIMHOTO
TUPABIMYECKOIO PA3PbIBA IJIACTA ITO3BOJIII
JOCTUYb 3P(PEKTUBHOI'O OXBATA TPEUMHAMH IIJIACTA
C LIEJIBIO YBEIINYEHU S KO3 PUIIHEHTA U3BJICKAEMbBIX
34I14COB, IIPU 9TOM HE JOIIYCTUB NIPOPsIBOB I'PI1 B
ra30BYIO IIAIKY U ITOJOIBEHHBIE BOJDL

IToce ycnenrHoro onelTa 3aKpeITus HopToB MI'PIT
CcryCcTa 1 rop akCrryatanuu rexuonorus MI'PIT
CO CABHMKHBIMHM MY(PTAMHU JJOKA34J1d CBOIO POJIb HE
TOJIBKO K4K CPEACTBO CTUMYJIALIAY IIJIACTA, HO U
K4K Ha/JICKHBIH CIIOCOO yIIPaBIE€HUs Pa3pabOTKOM
MECTOPOXKAECHHUA HA IIPOTAXKEHUN BCETO LIUKIIA.

B cirydae npopbiBa Ia3a MJIM BOAbL, KOMIIAHUA-
OIIEPATOP UMEET IIPOBEPEHHBIN METOJ, [1J11
HU30JIAIIHH [1EJIEBBIX [IOPTOB, ONITUMHU3UPYS TAKUM
00pa30M paboTy CKBAKHHBI.

Texnonorusa MI'PII 1o «6ecmapoBO» TEXHOJIOTUH,
¢ ucnonb3oBanrem MmydT I'PIT, yripasiasgeMbIX HA
I'HKT 6€e3 nojybeMa Ha IOBEPXHOCTD, [IPHUBJICKACT
K cebe Bce 60IIbIIE BHUMAHUA KAK B PETUOHE,

TAaK 1 B MUpPE. B cTaThe ONMCAH NOJYYEHHBIN HA
HOBONIOPTOBCKOM MECTOPOKACHUHU OIIBIT, IJ1€
OCHOBHOE€ BHUMAHUE VESIETCSI TEXHUYECKOH
cTopoHe onepanuii c npuMmenenuem T’HKT. DToT
METO/T MOXKET OBITh IPUMEHEH K IPyTUM HEDTIHBIM
U I'a30BBIM MECTOPOXIECHUSAM, T7I€ CTPOUTEIBCTBO
TOPU3OHTAIbHBIX CKBAXXUH ¢ MI'PII aBisgeTcs
OCHOBHOM CTPAaTETUe pa3BUTHS.

effective fracture coverage to increase the
recoverable reserves while preventing fractures in
the gas cap and bottom water.

With the first case of successful closing ports after
1 year of production, the MSF technology proves
its capability to be not only means of formation
stimulation but also a reliable method to control and
manage the field development through the entire
lifecycle. If gas or water breakthrough occurs, the
operator has a robust tool to isolate the ports and
thus to optimize field development.

The shifting port MSF technology, controlled
by CT without pulling out to surface, is applicable
to further drilling in the region and worldwide.
The article described the experience gained at
the Novoportovskoe field, which focused on the
technical side of CT operations. This method can
be applied to other oil and gas fields where the
construction of horizontal wells with MSF is the
main development strategy.

Hydraulic Fracturing — from Tasks to
Equipment
Yury BELUGIN, NOV FIDMASH

At the SPE Technical
Conference “Hydraulic
fracturing in Russia:
- 1 Experience and
Y A Prospects” held
@3 in September in
— Kaliningrad, a number
of issues related to
hydraulic fracturing
in Russia were raised.
Technological, legal
/ legislative aspects
were affected, as well
as trends and drivers
in these areas. But the
main vector indicated
the need to introduce
new high-performance technologies in hydraulic
fracturing.

And of course, the successful implementation of
these technologies requires new equipment that
meets the relevant requirements.

This implies a mutual movement of the technology
developers and equipment manufacturers towards
each other. And of course, before something new
gains confidence and becomes familiar, quite a
few field experiments must take place, not always
successful and often associated with certain risks
that equipment manufacturers, service companies
and customers evenly share.

NOV FIDMASH, as one of the manufacturers
of equipment for hydraulic fracturing, is ready to
respond to challenges, because we have considerable
experience, knowledge and all the necessary
resources to develop and manufacture equipment
required for modern and promising technologies,
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I'PII - OT 32124 K OGOPY/IOBAHU IO
FO.B. BEJIVIHH, C3AO «DPHIMALLL>

Ha npoxogusiiei! B ceHTa6pe B KamnHuHrpaae
TeXHUYECKON KOH(pepenuuu SPE {'PITB Poccum:
OIIBIT U IIEPCIEKTUBLI> IIOAHNUMAJICA LIE/IbIA
psA BOIIPOCOB, Kacaomuxcsa I'PIT B Poccun.
3aTparuBaJIMCh TEXHOJIOINYECKUE, IIPABOBLIC/
3aKOHO/ATEJIbHDBIC ACIIEKTDI, 4 TAKXKE TPEH/bL U
JparBepPEl B JAHHBIX O6/1ACTAX. HO OCHOBHBIM
BEKTOPOM OO03HAYAJIACh HEOOXOAMMOCTD BHEJPEHUSA
HOBBIX BBICOKO3(D(PEKTHUBHBIX TEXHOIOIMH B ['PIT.

W, KOHEYHO XK€, IS yCIIEITHOI'O BHEAPEHUSA 3TUX
TEXHOJIOTHUH TPEOYETCA HOBOE OOOPYIJOBAHHUE,
OTBEYAIOIIEE COOTBETCTBYIOIIUM TPEOOBAHUAM.

DTO npeAronaracT B3auMHOE JBUKECHHIE
HABCTPEYY IPYT APYTY Pa3pabOTUNUKOB TEXHOJIOT U
U NIPOU3BOAUTENEN O60PYI0BaHMA. KOHEYHO,
MPEX/IE YEM YTO-TO HOBOE 3aBOIOET JOBEPUE U
CTAHET IIPUBbIYHBIM, JOJIKHO IIPONUTH HEMAJIO
3KCHEPUMEHTAIBHBIX U ONIBITHBIX PA0OT, HE
BCEIZA YCIIECIIHbBIX U 3a49ACTYIO CBI3aHHBIX C
OIIPEAEJIEHHBIMU PUCKAMU, KOTOPBIE IIOPOBHY JE/IAT
MEXY COO60I MPOU3BOAUTEIN OOOPYAOBAHNUA,
CEPBHCHbBIE KOMITAHUU U 3AKA34YUKU.

C3A0 «PUIMAIII», KaK OAMH U3 IIPOU3BOAUTEICH
o6opyaoBanus 111 [PIT, TOTOBO OTBETUTH HA BBI3OBBI,
TAK KAKy HAC €CTb 3HAYUTEIbHBIN ONBIT, 3HAHUA U
BCE HEOOXOMIMBIE PECYPCHL, YTOOBI PA3PabOTATh
U1 U3TOTOBUTB OO0OPYOBAHUE, TPEOYEMOE IS
COBPEMEHHBIX U ITEPCHEKTUBHBIX TEXHOJIOT U,
TAKUX KaK MHOrocTatuvnble I'PIT, UMITy/IbCHBIE
unu kiaacrepuslie I'PIT I'PIT ¢ 60npmnMyu 06bEMaMU
34Ka4YKU, IPONIIAHTHO-KUCIOTHBIE ['PI], a30THO-
TIEHHBIE U JIP.

B moknazne paccMaTpuBaoTCA JATbHEUIIINE
MIYTH PA3BUTHS IIPOLIECCUHIOBOIO OOOPYAOBAHUA
I'PIT, COOTBETCTBYIOMIETO TEXHOJIOINIYECKUM
TPEeOGOBAHUAM I10 IIPOU3BOJIUTEIBHOCTH, JABICHUSAM,
TOYHOCTHBIM ¥ CKOPOCTHBIM ITAPAMETPAM BbIXO/A
H4 32JAHHBIC PEKUMBL TaKKe OOCYKIACTCS
BO3MOKHOCTB IOCTpOoeHU psiota ['PIT ¢
NIEKTPOIPUBOJOM.

BO3MOKHOCTH pE€ATHU3ALHH TEXHOJIOTHH
I'PII ¢ LPG Ha TepputTopuu Poccuiickon
denepanuu

BA.IIBITAHKOB, JI.A. MATAZIOBA, PI'Y (HHY) negomu
u easa um. M. Iyoxuna

OpHUM U3 Hanobosee 3PPEKTUBHBIX METOJJOB
Pa3pabOTKU I'A30BbIX U HEPTAHBIX MECTOPOXKIACHUM C
OCJIO’KHEHHBIMH YCJIOBHAME JJOOBIYU YIVIEBOAOPOLOB
SIBJISICTCA TMPABINYECKNI pa3phIB rtacTa (IPID).
OIHAKO IPHMEHEHUE HANOO0JIEE PACTIPOCTPAHEHHBIX
skugkocte 'PIT Ha BOMHOM OCHOBE HE BCEra
LIEJIECOOOPA3HO, HAITPUMED, B KOJUIEKTOPAX C HU3KHUM
ITACTOBBIM JJABJIEHUEM, BOAOYYBCTBUTEIbHBIMHU
MHUHEPATAMHU, HU3KOIIPOHULIAEMBIMU UJIN
CI1a6OKOHCOMUAUPOBAHHBIMHU IOpOogaMu. Ha
OCHOBaHUH 33PYOEKHOIO OITBITA MOXKHO CENATh

48 Ne 1 (067) Mapr/March 2019

such as: multi-stage hydraulic fracturing, pulsed or
cluster hydraulic fracturing, hydraulic fracturing
with large injection volumes, proppant-acid
hydraulic fracturing, nitrogen foam hydraulic
fracturing, etc.

The report discusses the further development
paths of hydraulic fracturing equipment that meets
the technological requirements for performance,
pressure, accuracy and speed parameters for
reaching the specified modes. The possibility of
building a fleet of hydraulic fracturing with electric
drive is also discussed.

Feasibility of LPG Fracturing Technology
in Russia

V.A. TSYGANKOV, L.A. MAGADOVA, Gubkin Russian
State University of Oil and Gas

One of the most effective methods of development
of oil and gas fields with harsh conditions of
extraction of hydrocarbons is the hydraulic
fracturing. However, application of most of water-
based fracturing fluids is not always effective. The
example is hydraulic fracturing in reservoirs with
low reservoir pressure, water sensitive minerals
and low-permeability or poorly consolidated rock.
Based on foreign experience it is possible to make a
conclusion that one of the latest fracturing fluids for
these reservoirs can be a hydrocarbon fluid based on
liquefied petroleum gas (LPG) or light hydrocarbons.
Application of these fluids can be a promising
technology in Russia.

Now there is no universal approach to
development of Bazhen formations and other similar
formations in Russia. A new perspective integrated
approach will allow to achieve these objectives
and open the way to development of almost
inexhaustible source of hydrocarbons estimated by
tens of billions of tons of oil.

Development of such approach cannot be
carried out by one organization or one enterprise.
Such complex work demands involvement of
alarge number of organizations having unique
competences. The
engineering center of
Gubkin university of oil
and gas is ready to be
the coordinator of this
project and unite leading
enterprises of the Russian
oil and gas industry.

Achievement of this
purpose is possible by
solving a number of
problems, which will be
solved by consortium
members. All tasks
represent real challenges
which oil and gas
companies face every day,
and scientific challenges



BBIBO/I, YTO OTHOM M3 HAN60IEE COBPEMEHHBIX
SKUJIKOCTEN PA3PbIBA /I TAKUX IJIACTOB MOXKET
ABJIATBCS YITIEBOJOPOAHAS XKUJAKOCTb HA OCHOBE
CKUXKEHHOTI'O yIJIEBOAOPOAHOro rasa (LPG) nnun
JIETKUX YIVIEBOAOPOAOB. [IpUMEHEHUE TAKUX
JKUJKOCTEN HA MECTOPOXKAECHUAX POCCHUITICKON
deepaii UMEET 6OJBIITNE NIEPCIICKTHUBBL.

B nHacrosiee BpeMst HE CYIIECTBYET
YHUBEPCAJIBHOT'O NOJIX0/1A K PA3pA00TKE
OA’KEHOBCKOM U AHAJIOT'UYHOM €1 CBU'TAM B
Poccuiickon ®epepaniyi. HOBbINA NEPCIEKTUBHBINA
KOMILJICKCHBIN OAXO/] TO3BOJIUT JJOCTUYb 3TOU
1IEJIM U OTKPBITH JIOPOTY K pa3padOTKE NPAKTUYECCKU
HEUCYEPHAEMOI'0O UICTOUYHMKA YITIEBOJIOPOJIOB,
UCYHUCISIEMOTO ICCATKAMH MUJIJINAP/IOB TOHH HE(PTH.

BbeIipaboTKa TAKOrO NOAXOA HE MOXKET OBITh
PEANN30BAHA CUJIAMH OJTHOHM OPraHU3aIuU
WJIU OJTHOT'O IpeanpusTus. Takas C1oKHas
MHOI'OI'DAaHHAs paboTa TPEOYET 3aJCHCTBOBAHU S
OOJIBIIOIO KOJIMYECTBA OPIraHU3AIINH, 0013 /1AI0IUX
YHUKAJIbHBIMU KOMIIETEHIIUAMU. WHXKUHUPUHIOBBIA
HeHTp 'yOKMHCKOTrO YHUBEPCUTETA HE(PTH U ra3a
T'OTOB BBICTYIIUTB KOOPAHUHATOPOM JIAHHOTI'O IIPOEKTA
U OO'BETUHUTD I10/] CBOMM HAYAJIOM BEIYIIIHE
NpeANnpUATHUI HEPTEra30BOM OTpacau Poccnn.

JoCTuREHUE TaHHOM LIEJIU BO3MOXKHO 34
CUET PEHIEHUS PsA/iA 33124, KOTOPBIE U OyIyT
pEeLaThCs WieHaMU KOHCopLuyMa. Bee 3aaun
NPEACTABISIOT COOOU OJJHOBPEMEHHO BBI3OBBI, C
KOTOPBIMH €KETHEBHO IPUXOUTCS CTAJIKUBATHCS
He(MTEra30BbIM KOMITAHUSM, U HAyYHO-
UCCIIEN0BATEIBCKUE TOPU3OHTHL, IIOCTHKEHNUE
KOTOPBIX 3HAKOMO aKa/IEMUYECKUM OPIraHU3ALISIM.
HoBu3Ha BCeX 327129 3aAK/TIOYACTCS B TOM, YTO JI0
HACTOSIIIETO MOMEHTA IIPEIJIAraeMasi TEXHOJIOTUsL
He 6blIA IIPEICTABICHA HA POCCUIICKOM PBIHKE
U, IO CYTH, HA HA4YAJIbHOM 3TAII€ IIPOECKTA OHA
SIBJISIET COOOM YEPHBI SAIUK, KOTOPBIHA TAUT B cebe
MHOECTBO HEU3BECTHOCTEN 1 HEOIIPEAEIEHHOCTEN,
HO IIPU 3TOM TAKOU MAHAIIUNA CBOUMH
NEPCIIEKTUBAMU.

B KauecTBe 327124 IPOEKTA MOXKHO BBICIUTD
CIenyIomye 0onpInue OJI0KU:

1. Cozpanue 1a60paTOPHOIO OOOPYLOBAHUS.

2. Pazpaborka xxujgkocrer I'PIT.

3. Co3ganue ¥ IPUMEHEHUE IIPOIPAMMHOTO
obeCcIieYeH s 111 UCCIIEJOBAHN M CKBAKUH IPU
JIOOBIYE VITIEBO/IOPOIOB U3 HETPATUITHOHHBIX
KOJJIEKTOPOB.

4. CozlaHue U IPUMEHEHHNE IIPOTPAMMHOIO
obecrieyeH s I 10/100pa MECTOPOXKICHUH
U CKBAXKUH-KaH/WU/IATOB IIPH PEATU3AIINNU
TexHonoruu I'PIT ¢ npyuMeHeHneM B KaueCTBe
SKHJIKOCTEN pa3pblBa CKUKEHHBIX I'A30B.

5. IIpoexkTupoBaHue U co3ganuce gaora I'PIT,
CITOCOOHOT'O 3aKAYUBATH CKHUKEHHBIH I'd3 B
KA4eCTBE JKUJIKOCTH PA3PbIBa (TIECKOHOCUTEIA).

HcciaegoBaHus CKBAXKHUH IIOBXOBCKOI'o 1
HO2xHO-BBIMHTOMCKOI'O MECTOPOKIAECHUN
B 3amagHo¥ CHOHPH C ITIOMOIIBIO }

that are being solved by research organizations. The
novelty of all tasks is that until now the proposed
technology was not presented at the Russian market
and, in fact, at the initial stage it is a black box, which
conceals a number of uncertainties. At the same time,
solving these tasks can lead to great perspectives.
All tasks of the project can be divided to the
following big units:
1. Development of the laboratory equipment;
2. Development of fracturing fluids;
3. Development and application of the software for
well surveys in unconventional reservoirs;
4. Development and application of the software
for selection of fields and candidate wells for
implementation of fracturing technology with
application of liquefied gases as fracturing fluids;
5. Design and development of the fracturing fleet
capable of pumping liquefied gas as fracturing
liquid.

Well Surveys in Povkhskoye and Yuzhno-
Vyintoyskoye Fields in Western Siberia
with Marker Diagnostics Quantum PLT

Kirill OVCHINNIKOV, GeoSplit LLC

The report
represents the results
of field application of
marker diagnostics
for the solution of a
number of problems
of development of
Povkhskoye and
Yuzhno-Vyintoyskoye
fields in Western
Siberia. This report
presents the results of
internal and external
tests of technology for
confirmation of the
stated characteristics,
results of dynamics of
fracturing stages performance on 10 wells and lessons
learnt during implementation of the project.

Traditional methods of creation of inflow profiles
in horizontal wellbores by means of downhole
operations allow obtaining data using logging
tool during the short time period. However, these
methods do not allow to monitor influence of
various production modes and downhole pumping
equipment on productivity of intervals. Quantum dots
marker-reporters are delivered into the formation
by means of coating on the proppant. This allows
obtaining data on performance of different intervals
of the well for at least one year. Quantum dots are
used in marker diagnostics due to a large number
of possible combinations obtained by synthesis of
marker-reporters. A unique markers combination is
used for each fracturing stage or well interval. Within
one year, marker-reporters are washed away by water
and liquid hydrocarbons and transported to a surface
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TEXHOJIOI'MU

MapKEePHOH JHATHOCTHUKHU Quantum PLT
KH OBYHUHHHKOB, OOO «'eoCnnum»

JoKna npeAcTaBiIsaeT PE3YIbTAThI IIPAKTUYECKOIO
HPUMEHEHUS MAPKEPHOM JUATHOCTUKU JIJISI PEMICHU S
LIEJIOTO PAZAA 32724 Pa3padboTKu [TOBXOBCKOTO U
HOXHO-BBIMHTONCKOTIO MECTOPOXKAECHUN B 3aI1aJHON
Cubupu. BHUMaHUIO ayIUTOPUH IPEICTABICHDI
PE3YABTATE BHYTPEHHUX M BHEITHUX UCTIBITAHUH
TEXHOJIOT'MH HA NOATBEPK/ICHUE 3A5BJICHHBIX
XAPAKTEPUCTUK, PEIYIBTATHI JUHAMUKU PAOOTHI
crynene I'PIT Ha 10 CKBAXKMHAX, 4 TAKXKE
BbIHECEHHBIE IIPU PEAJIM3ALIMU IIPOEKTA YPOKMU.

TpaguIUOHHBIE METO/BI TOCTPOEHUS NPOPUIIEH
MIPUTOKOB B TOPU3OHTAJIBHBIX CTBOIAX C IOMOIIBIO
BHYTPHCKBAXKUHHBIX ONEPALTUT IO3BOIAIOT
NOJIY4YaTh JAHHBIE B KPATKHUH NEPUO] BDEMEHU
HaxXoxAaeHua KoMmIuiekca [II'M B CKBaKHMHE, YTO HE
HO3BOJSAET 3(PMHEKTUBHO OTCICKUBATD BIUSHHE
Pa3IUYHBIX PEKHUMOB PA6OTHI CKBA’KUHBI U
BHYTPHCKBAKMHHOI'O HACOCHOT'O OOOPYAOBAHUSA HA
IIPOU3BOAUTENBHOCTD MHTEPBAJIOB. MICIIO/Ib30BAHNE
MAapPKEPOB-PENIOPTEPOB HA KBAHTOBBIX TOYKAX,
BHECEHHBIX B IIACT ITyTEM HAHECEHUS HA IPOMNITAHT
Jutst MI'PTT, HO3BOJISIET pEAIU30BATD (DYHKITUIO
MOJIYYE€HUS JAHHBIX 10 Pa60TE HHTEPBAJIOB
CKBaKMHBI HA IIPOTSKEHUU KAK MUHHUMYM
OIHOIO rofd. UCnonb30BaHNE KBAHTOBBIX TOYEK B
MAapKEPHOM TMATHOCTHUKE OOYCIOBIECHO OOJIbIIINM
KOJIMYECTBOM BO3MOKHBIX KOMOHMHAIUI ITPU
CHHTE3€ MAPKEPOB-PENOPTEPOB. 1 KAXKION
CTYIIEHU WJIM UHTEPBAJIA UCIIONb3YETCS CBOMU
YHHKAJIBHBIN KOJI MAPKEPOB. B T€Yenne ogHoro roja
MPOUCXOAUT ITOCTENEHHOE BEIMBIBAHHUE MAPKEPOB-
PENOPTEPOB BOJOU U )KUJIKUMHU YITIEBOJOPOJAMU
U UX TPAHCIIOPTUPOBAHUE ITOTOKOM ILIACTOBOTO
(ron1a Ha HOBEPXHOCTB. OTOOPAHHBIE ITPOOBI
AHAIIM3UPYIOTCA B ABTOMATHYECKOM PEKHME C
TMOMOIMIBIO IMTPOI'PAMMHO-ATIAPATHOI'O KOMILJIEKCA,
OCHOBAHHOM Ha PEKMME MOIITYYHOI'O aHAIN3a
3JIEMEHTOB JJUCIIEPCHOMU (PA3bI IO CUTHAJIAM
CBETOPACCEAHUA U (PIIYOPECLIEHIIU .

ITocne 06pabOTKHU C IOMOIIBIO ITPOIPAMMHOIO
06€CIIeYeHNs 1 YBI3KOM C (PAKTUYECKUM COUTOM
CKBAKMHBI JIAHHBIE MAPKEPHOIM JIMATHOCTUKH
MNEPEBOAATCA B IIPOLIEHTHOE PACTIPEAETIEHNE PAOOTHI
nop1os MI'PIT 1 MOT'yT MUCTIOIb30BATHLCA JJIA:

* OLIEHKH MEPONPUATUM YINIOTHAIOMETO OYPEHUS C
UCITIONb30BaHUEM JaHHbIX [TVC;

* BbIOOPA ONITUMAJIBHOM JUIMHBI TOPU3OHTAIBHOT'O
CTBOJI4;

* OLICHKH CTEIICHU BBIPAOOTKH 3AI11ACOB Y4ACTKA
I1J1ACTa;

* (popMupoOBaHU peKoMeHgan i 1o OI13/PUP/
PEXUMY PAO6OTHI B HOBBIX CKBA’KHMHAX.
IIpeacraBneHa Npe3eHTALUs C PE3YJIbTATAMU

PadoT 110 3—4 CKBAXKUHAM.

HcciaemoBanue 3(pPHeKTHBHOCTH

HHTHOUTOPA HAOYyXAHHS ITHH B COCTABE
skuaxocTu I'PIT
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by a formation fluid. Collected samples are analyzed
automatically using a software based on the analysis of
elements of a dispersed phase according to signals of
light scattering and fluorescence.

After software analysis and correlation with an
actual flow rate marker diagnostics data is processed

AELAT N0 IOHAR, B %

h il | H| “ h

DERMT no FOHARM, /%

into the percentage distribution of frac ports

performance. This data can be used for:

* Evaluation of infill drilling using logging data;

* Selection of the optimum length of horizontal
wellbore;

* Evaluation of reservoir depletion;

» Making recommendations to acid treatment/water-
shut-off/production modes in new wells.
The report also includes results of operations

on 3—4 wells.

Efficiency Analysis of Clay Inhibitor as
Part of Fracturing Fluid

LA MAGADOVA, V.B. GUBANOV, D.N. MALKIN,

S.A. BORODIN, E.S. KRATNOVA, Scientific-Research
center “Oilfield chemistry” at Gubkin Russian State
University of Oil and Gas

One of the most widespread fracturing fluids
are fresh water-based polysaccharide fluids. Using
these fluids can lead to such problems as swelling of
clays. That is why clay inhibitors are indispensable
elements in fracturing fluid. Clay inhibitors include the
following components: compounds that replace clay
ions to cations (K, Na*, NH,*, AI>*, Zr*), water-repellent
agents (high- or low-molecular cationic surfactant, for
example — choline chloride).

There are different methods of carrying out
comparative evaluation of clay inhibitor performance:



JLA.MAI'A/JOBA, B.5.I'YBAHOB, /I.H. MAJIKHH,

CA. BOPO/IHH, EC. KPATHOBA, PI'Y negpmii u 2asa

(HHY) umenu UM.I'yoxuna, HOL] dIpomvicrosdasn

XUMUA>
Cpenu xxuakocteit I'PIT HaubosnbIee

pPacnpoCTpaHEHUE NOITYUYHUIN NOTUCAXAPUHBIE

JKUJKOCTH HAd OCHOBE IIPECHON TEXHUYECKOU

BOABL ITp1 UX IPUMEHEHNUH MOT'YT BO3HUKATh

NPOOGIEMBL, CBI3aHHbBIE C HAOYXaHUEM INIMHUCTBIX

KOMIIOHEHTOB IIOPO/IBL, TIO3TOMY B COCTAB *KUJAKOCTH

pa3peIiBa OOSA3ATENBHO BXOAAT CTAOUIU3ATOPHI

(MHrUO6UTOPEI HAOYXAHUA) INIMH. B KayecTBe

CTAOUIN3ATOPOB IIPUMEHAIOTCS COEJUHEH NS,

3AMEIAIONINE NOHBI IVTINH HA KATUOHBI (K+, Na+,

NH4+, Al3+, Zr4+), ruipodpoOU3aTOPHI (BBICOKO- U

HM3KOMOJIEKYIApHble KaTUOHHBIE [TAB (KITAB),

HaIIpUMep, XOJIMH XJI0pun) [1].

OlLIEHKA, IPEXKE BCETO CPABHUTEBbHAS, IECTBUA
CTAOMJIN3ATOPA ITIMH MOXET IPOU3BOJUTHCS
Pa3MTUYHBIMUA METOLAMMU:

* METOJUKH, OCHOBAHHBIE HA IMHENHOM YBEJIMYEHUHU
06peMa 00pasna MIKUHEL (Topoabl) (CTO I'asnpom
2-3.2-020-2005,TOCT 12248-2010, npubops! Linear
Swell Meter) [2, 3];

* METOJUKH OLIEHKU (DUJIBTPALIMU BOABI U3
CYCIIEH3UM HAOYXIIIEN [NIMHEI (TAlMepa
KanmuiapHod nponuTku (CST));

* 3KCIPECC-METO/BI BU3YAJIbHON OLIEHKH
CTA0MJIBHOCTH INIMHUCTOU CYCIIEH3HH.
IIpoBeIEHHBIE UCCIEAOBAHUA IO OLIEHKE

Ha0yXaHHI 6EHTOHUTOBOMH IVIMHBI HA IPUOOPAX

JKuraua-fIposa u Tanimepe KanuyuiapHOM IIPOITUTKH

(CST) nokaszanu pa3nndHyIo 3(PpPEKTUBHOCTD

CJIEAYIOMINX CTAOUIN3ATOPOB IVIMH: 0O6pa3zer; Ne 1 —

0,1 9% xonuH xnopuaa (70%-1u pactsop), o6paser Ne

2 —0,2% KITAB (30%-11 pacTBOp), 00paser Ne 3 — 0,2%

OPraHUYE€CKON KAJTMUHOM COJIH.

J1J151 OLIEHKHY BIUAHUA HA0YXaHWA [NIMHBI HA
(PUNBTPALMOHHBIE XAPAKTEPHUCTUKH HACBIITHOMN
MOJIEJIA OBbIIA BBITIOJIHEHA CEPHA U3 [IBYX
3KCIEPUMEHTOB 10 CPABHEHUIO 3HAYEHU
MIPOHUIIAEMOCTH IIPU MOCIENOBATETBHOMN
(pUIIBTPALIH IIJIACTOBOM BOARL, 2%-10 pacTBopa KCl,
CTA6MJIM3ATOPOB IVIMH, IIPECHON BOJBL.

HacplrmHas MoJe/Ib HAOUBAIACh (PPAKIIUEH
KBaPLIEBOT'O MIECKA 33JAHHON IMPOHULIAEMOCTHU C
TOOABKOM 5% mMacc. 6eHTOHUTOBOM IVIMHBEL [Tocie
PpUIBTPALTAY IUTACTOBOM BOABI YEPE3 MOJIEb
IUIACTA ONPEAEIAIOCH CTAOMJIBHOE 3HAYEHUE
Iepenaaa JaBaeHUs IIPY 3aJaHHOM PACXOJIE U,
COOTBETCTBEHHO, KO3(P(PUIIMEHTA IPOHULIAEMOCTH
(Knp) o Boge. Ha ciieryroniem arane B MOJIC/Ib
IIPOU3BOAMJIACH ITOCIENOBATENbHAA 3AKAYKd BOJHOTO
pactBopa KCl, pacTBOpa CTabHUIN3aTOPA IVIMH U
IIPECHOM BOJIBL, IIPH 3TOM OIPE/IEIISIIINCH CTAOMIbHbBIC
3naueHus Knop (puc. 2). CiieiyeT OTMETUTD
3HAYUTEIbHOE (HA IOPAJSOK) CHHUIKEHUE 3HAYCHUIT
Knp B Ipouecce 3aKa4Ku pacTBOPOB CTAOUIN3ATOPOB
IJIMH U IOCJIEAYIOWIEH 3AKAUKU IIPECHOU BOABI 11O
CPaBHEHUIO C IEPBOHAYAIbHBIMU 3HAYCHUSIMU.

BaxHOM 32/1a4€11 ABJIAECTCA COBEPLICHCTBOBAHNE

Pucynox 1 - Ouenxa nadyxanus
O0eHMOHUMOBOIL 21UHbL Ha nPudoPax
a - Kuzaua-AIpoea, 6 — CST

Figure 1 - Evaluation of bentonite clay
swelling using a — Zbigach-Yarov tools and
b — capillary imbition timer (CST)

Methods based on linear swell of rock sample

volume (Gazprom standard 2-3.2-020-2005, GOST

12248-2010, Linear Swell Meter tools);

Methods of evaluation of water filtration from

swelled clay suspension (capillary imbibition timer

(CST));

» Express methods of visual evaluation of clay
suspension stability.

Tests for evaluation of bentonite clay swelling using
Zhigach-Yarov tools and capillary imbibition timer
(CST) showed different efficiency of the following clay
inhibitors: Sample No. 1 — 0.1% choline chloride (70%
solution), Sample No. 2 — 0.2% of cationic surfactant
(30% solution), Sample No. 3 — 0.2% of organic potash
salt.

Two experiments on comparison of permeability
during consequent filtration of formation water, 2-%
KCl solution, clay inhibitors and fresh water were
carried out in order to evaluate influence of clay
swelling on filtration characteristics of a formation
sand-packed model.

Formation sand-packed model included silica sand
fraction with a pre-determined permeability with
addition of 5-% wt. bentonite clay. After filtration
of formation water through formation model, two
values were determined: stable value of pressure
gradient at given flow rate and water permeability
coefficient. At the next stage, consequent injection of
KCl water solution, clay inhibitor solution and fresh
water was carried out for determination of stable
values of permeability coefficients (figure 2). It is
worth mentioning that permeability coefficient values
during injection of clay inhibitors and fresh water
decreased significantly as compared to initial values.

Pucynox 2 - 3asucumocms Knp

MOOoenu meppuzeHHozo niacma

nPpuU nOCAe0068amensbHoll 3aKanKe
naacmoeoii 600st, 2%-20 KCI, pacmeopa
cmaouau3amopa 2aun u nPecHoi 600sl
a — cmaéuausamop zaun, oopasey 1,

0 — cmaouauzamop zaun, oopasey 2
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TEXHOJIOI'MU

CYLIECTBYIOIMNX METOIUK U BEIPAOOTKH KPUTEPUEB
UCCJIEJOBAHUI HTHTUOUTOPOB HAOyXaHUS ITIHH,

4 TaKKe 06A34TENIBHOE CPABHEHHUE ITOJIYIAEMBIX
PE3YIABTATOB C OLIEHKON U3MEHEHU A IPOHUIAEMOCTH
3aTTIMHU3HUPOBAHHBIX HACBIITHBIX MOJICIICH WU
PEANBHBIX KEPHOB B X0/ (PHUIBTPALTUOHHBIX
SKCIIEPUMEHTOB.

HenosnMepHBIN PEryasaTOpP BA3ZKOCTH
(BY ITAB) 1 HHT'HOHTOP KOPPOIHH JIJIS
KHCJIOTHO-IIponmnanTHoro I'PII
A.B.EJICYKOB, A.H. IITHITHJIOB, E.B. KPYTHXUHH,
AO dloausrc»

OpHUM U3 3PPOEKTUBHBIX METOJOB CTUMYJISLIAN
OPUTOKA HEPTU B KAPOOHATHOM KOJIJIEKTOPE
SIBJISIETCA KUCJIOTHBIN ruipopa3pols rtacta (KI'PIT),
4 HauObOJIee NEPCIIEKTUBHBIM BapuaHnToM KI'PTI
O IIPABY MOXKET CYUTATHCA KUCTOTHBIN ['PIT C
UCHOJIb30BAHUEM NPONNAHTA JJ18 3(PHEKTUBHOTO
34KPEIICHUS TPEIINHBL

MeToz, OBHAKO, UMEET P OTPAHUYEHUH, ITTABHOE
Cpe€iv KOTOPBIX — CJIOKHASI MHOT'OCTA AU HASA
TEXHOJIOTHA 3aKAYKHU. OOBIYHO TEXHOJIOTUS
BKJIIOYAET MTOCJIENOBATEIBHYIO 3AKAYKY KUCJIOTHI,
Oydepa, BA3KHUX MTAY€EK, IPOMNITAHTHBIX MTAYEK, YTO,

B CBOIO OUY€EPEb, TPEOYET OOJBIIOIO KOJTUYECTBA
TEXHUKHU U OOOPYAOBAHUSA, A4 TAKXKE TTOAO0PA
COBMECTUMBIX JIPYT C APYT'OM PEATEHTOB.

B coobmiennu 6y/1eT DPeIOKEHO PENICHUE
Ha OCHOBE BA3KOYIIPYTI'Or'O MNOBEPXHOCTHO-
AKTHUBHOTIO BemecTsa (BY ITAB) Cypdorens AT,
06€ECIEYNBAIOIIEE CYIIECTBEHHOE YIIPOIEHNUE
TEXHOJIOI'Y KUCJIOTHO-TIPpONNIAaHTHOIO I'PIT
(KIIT'PIT), npy 3TOM I'apaHTHUPYETCS BBIIIOJIHEHUE
HEOOXOJUMBIX TEXTPEOOBAHU.

BY ITAB Cypdorens M.AT ITO3BOJIAET YIIPABIATD
BA3KOCTHBIMU CBOMCTBAMM KUCJIOTHOTO PACTBOPA
M CHOCOOHOCTBIO TPAHCIIOPTUPOBATD MPONITAHT
B IIMPOKUX Npeenax. TEXHOIOTUSA MOXKET
OCYIIECTBIATCA IIPH JJOSUPOBKE PEATEHTOB B IIOTOK.
ITpu TaKOM NOAXOJE OTHAJAET HEOOXOAUMOCTD B
4epeOBAHNH 34KAYEK PA3JIMYHBIX )KHUJIKOCTEH,
TPEOYETCA MEHBIIEE KOJIMYECTBO 3aTOTOBUTEIBHOM
TEXHUKU, CHHPKAETCS OOIHIT OO'bEM 3AKAYHUBAEMOI
JKHJIKOCTH.

BYITAB Cypgorens M.AT HE COIECPXKUT
MOJIUMEPHBIX JJOO6ABOK U IMOJHOCTDIO YIAIAECTCA U3
TPEIUHBI [IPU OCBOEHHNH, HE CO3/1ABAsI IPEMATCTBUNA
JULSL IBYDKEH U S (DIIIOU]1A.

Kucnorseiii naket gy KIITPIT, momumo BY TTAB,
COJIEPKUT BBICOKOA(P(PEKTHUBHBIN NTHI'OUTOD
COJITHOKUCJION KOPPO3UH «COJIMHI», PEATEHTHI
JUISL OOECIIEYEHHSI COBMECTUMOCTH C HEPTIMU KaAK
MIPOTPABOYHBIX ITAYEK, TAK U PAOOYETO PACTBOPA
KHCJIOTBL

B coobmennu 6y1yT pacCCMOTPEHBI BCE OCHOBHBIE
TEXHUYECKUE U TEXHOJIOTUYECKUE XaPAKTEPUCTUKHU
MIPEJIJIOKEHHOTO PEMEHU S U (PU3UKO-XUMUYECKHE
CBOMCTBA KJIIOYEBBIX KOMIIOHEHTOB, ITPE/IJIOKEH
BﬂpI/IﬂHT TEXHOJIOTNHN HpI/IMﬁHCHI/IH.
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Figure 2 — Permeability coefficient of
terrigenous formation sample during
consequent injection of formation water,
2-% KCl solution, clay inbibitors and fresh
water. a - Clay inbibitor Sample 1, b — Clay
inbibitor Sample 2

Important task is improvement of the existing
techniques and developments of criteria of testing
clay inhibitors, and comparison of the obtained results
with evaluation of change of permeability of mudded-
up sand-packed models or real cores during the
filtration experiments.
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3.TOCT 12248-2010. lpyHTbl. MeToabl nabopaTtopHoro
onpefeneHns XxapakTepUCTUK NMPOYHOCTU 1
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Non-Polymer Viscosity Controller
(Viscoelastic Surfactant) and Corrosion
Inhibitor for Acid-Proppant Fracturing
AV.ELSUKOV, A.L SHIPILOV, EV. KRUTIKHIN, “POlyeX”
Joini-stock company

One of the effective methods of oil inflow stimulation
in carbonate reservoirs is acid fracturing. Now the most
promising version of acid fracturing is technology that
uses proppant for effective propping of a fracture.

However, this method has a number of limitations.
The main limitation is a difficult technology of
multistage injection. Usually, this technology includes
successive injection of acid, spacer fluid, viscoelastic
batches and proppant. This requires a large number
of equipment items and a thorough selection of
compatible agents.

This report will propose a solution based on
viscoelastic surfactant «Surfogel AT> that provides
simplification of acid fracturing technology with a
guarantee of fulfilling all technical requirements.

Surfogel AT allows controlling viscosity of the acid
solution and delivering proppant in a wide range of
volumes. This technology can be performed via agents
dosing. This approach eliminates the need to follow
the required sequence of different agents injection,
requires less number of equipment items and reduces
the volume of the injected fluid.

Viscoelastic surfactant Surfogel AT does not contain
polymeric additives and can be completely removed
from a fracturing during stimulation providing no
obstacles for the movement of a fluid.

Apart from Surfogel AT, agents package for acid
fracturing includes highly effective inhibitor of
hydrofluoric acid corrosion “Soling” and agents for
providing compatibility of pickling fluid and acid
solution with oils.



Pa3BuTHE 9Y€pe3 TEXHOJIOTHH: PE3YIBTATHI
NIPHMEHEHH A KHCIOTHBIX CHCTEM

JJIs yIYYIIE€eHH A IIPHEMHCTOCTH
TOPHU3OHTAJIBHBIX CKBAKHH HA MOPCKOM
MeCcTOopOoxKIeHuH Kacmua

Muxaun 'OJIEHKHH, Havoap XAJTHYIVIOB,
JIVKOHJI-Huncrnesonxccinedme,; Cepeeli
BEPEIAI'MH, Imumpuii OBCAHHHKOB, Baaoumup
KOBEL], Huxonaiit KYJIMHHY, < ILnrombepice
Jlooxcenxo Hi»

SPE 191701

Mecropoxaenue uM. FO. Kopuaruna,
PACIIOJIOKEHHOE B POCCUUCKOM CEKTOPE
KacnuiicKoro Mops, ABIA€TCA OGHUM 13
KPyMHENUINUX HA meabde Kacnus, C U3BJIEKAEMBIMHU
3aMaCaMHU YITIEBOJOPOAOB Hoiee 29 MIITH TOHH HE(PTH
u 63 mapa M3 raza. C MOMEHTA BBOJIA B IKCIIIYATALIIIO
BecHOM 2010 rojja Ha MECTOPOXKJICHHUH OBLIO JJOOBITO
6oJee 8 MiTH TOHH He(pTH. KOMITaHuA-onepaTop
BEZIET Pa3pabOTKy MECTOPOKACHUS CUCTEMON
TOPU3OHTANBHBIX CBEPXNPOTIKEHHBIX CKBAXKHH
JUIMHOM 10 8000 M CO CTALIMOHAPHOU IIAT(POPMBL,
YCTAHOBJIEHHOU B PAMOHE KYII0/1d CTPYKTYPBL
OCHOBHBIMH OCJIOKHSIOIUMH (DAKTOPAMHU B
XOJI€ pa3pabOTKH MECTOPOXKACHU S ABIAIOTCS
NPEXIEBPEMEHHBIE IIPOPBIBBI BOJBI U
ra3a Mo BBICOKOIIPOHUIIAEMBIM HHTEPBAIAM
B TOPHU30HTAJIbHBIE CKBAKUHEL B HacTodmee
BPEMS B PEZYIIBTATE PEZKOTO POCTA OOBOJHEHHOCTH
OPOAYKIIUHM CKBAXKHH JJOObIYA HA MECTOPOX/CHUU
uM. }O. Kopuarrnna BeIHYKJIEHHO IITYILIUPYETCA
BBU/IY CYHIECTBYIOIIUX OIPAHUYEHNH 10 OObEMAM
YTUIU3AL WU TIJTACTOBOM BOABI B YCIIOBUAX
MOPCKOI'O MECTOPOXAEHN . 114 3aKA9KN
JIOOBIBAEMOI IJIACTOBOM BOJIBI B BOJOHOCHYIO
30HY KAPOOHATHOT'O KOJIJIEKTOPA IPOOYPEHBI U
BEZIEHBI B SKCILTYATAIUIO IBE€ BOJOHATHETATEIBHEIE
CKBaKMHBIL. EXXETOHO C LEJIBIO BOCCTAHOBJIEHUSA
U YBEJIMYEHU A KOIPDUITMEHTA IPUEMUCTOCTH
Ha KAPOOHATHBIE KOJIJIEKTOPHI B HUXKHEN CEKITUN
TOPU3OHTAIBHBIX YYACTKOB BOJJOHATHETATEIbHBIX
CKBAKMH IIPOBOJAATCA MAJIOOO'bEMHBIE KUCJIOTHBIE
o6padboTku. Haunnasg ¢ 2014 roga 6b110 BEIIIOJTHEHO
6osee 20 MATPUYHBIX U COJNISTHO-KUCTOTHBIX
00pPabOTOK C IPUMEHEHHEM PA3JINYHBIX 110
CBOEMY COCTABY X OObEMY CUCTEM. B HEKOTOPBIX
CJIy4asIX YBEJIMYEHUE IPUEMHUCTOCTU CKBAXXUH
ocie OOPabOTOK C IPUMEHEHHUEM TPATUITMOHHBIX
KHUCJIOTHBIX CUCTEM OKA3bIBAJIOCH XYIKE OKUJIAHUH,
JEMOHCTPHUPYSA OTPAHUYEHHBIN Y KPATKOCPOYHBINA
addekT 0T 06pabOTKU. [TOITOMY B YCIOBUAX
MOCTOSTHHO BO3PACTAIOMIErO O6'beMA IIIIACTOBOM
BOJIBL, TOOBIBAEMOIT HA CKBA’KUHAX MECTOPOXKICHU,
JUIA IO JIEPyKAHUSA TPEOYEMOT'O YPOBHA
MPUEMHCTOCTUA BOJOHATHETATEIBbHBIX CKBAXXUH
MOTPEOOBAIOCH YBEJIMUYEHUE YACTOTHI KUCJIOTHBIX
06pabOTOK, COIPKEHHOE CO 3HAYUTEIbHBIMU
BPEMEHHBIMU 1 (DUHAHCOBLIMU U3JAEPKKAMHU B
pE3YAbTATE OCTAHOBKH IIAT(OPMBI JJ1 IIPOBEIECHUA

JIOTIOJIHUTEJIBHBIX OOPA0OTOK. }

Llenbio JAHHOU PAOOTHI IBJISETCS AHAJIN3

The report will cover all technical and technological
characteristics of the proposed solution and physical
and chemical properties of key components. The
application technology will also be described.

Progression Through Technology: Results
of Acid Systems Application to Improve
Injectivity of Horizontal Wells in Caspian
Offshore Oilfield

Mikbail GOLENKIN, lldar KHALIULLOV, LUKOIL-
Nizbnevolzhskneft; Sergey VERESCHAGIN, Dmitry
OVSYANNIKOV, Viadimir KOBETS, Nikolay KULINICH,
Schlumberger Logelco, Inc.

SPE 191701

Yuri Korchagin field, located in the Russian sector
of the Caspian Sea, is one of the largest field on the
Caspian shelf with proven reserves stand at 29 million
tons of oil and 63 billion cubic meters of gas. Since
the beginning of commercial operation, in the spring
2010, the field production passed eight million tons
of oil. The operator company conducts development
of Yu. Korchagin field by a system of horizontal wells
with a length up to 8000 m, from a fixed offshore
ice-resistant platform, installed in the dome area
of the structure. The main challenges in the field
development are associated with premature water
and gas breakthroughs at high permeability intervals
of horizontal wells. Currently, as a result of the sharp
increase in the field water cut, the oil production
is constrained due to the existing limitations on
volume of produced water that can be utilized in the
conditions of the offshore field. Two water-injection
wells were drilled and commissioned to utilize
produced formation water into the aquiferous zone of
the carbonate reservoir. In order to restore and increase
the injectivity factor, small-volume acid treatments are
carried out yearly on the carbonate reservoirs in the
lower horizontal sections of the water-injection wells.
Since 2014, more than 20 matrix and hydrochloric
acid treatments were performed with application of
acid systems of different compositions and volumes.
In some cases, the wells injectivity increase after
matrix acidizing treatments with traditional acid
systems was below expectation, demonstrating limited
and short-term effect. Therefore, with constantly
increasing volume of produced water at the field, it was
required to increase the frequency of acid treatments
to maintain the appropriate level of injectivity of
the water-injection wells. The additional treatments
are associated with significant time and financial
costs because of the offshore platform standby and
production suspension. The need exists to improve
efficiency of acid stimulation treatments performed in
the field to achieve sustainable increase in injectivity
index of existing wells.

The purpose of this study is to analyze acid
stimulation treatments carried out on carbonate
reservoirs of the horizontal water-injection wells in
2014-2017, evaluate the efficiency of the treatments
with different acid systems to change the injectivity
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TEXHOJIOI'MU

OPOBEAEHHBIX PAOOT IO CTUMYJISLIUY IJIACTA HA
TOPU3OHTAJIbHBIX HATHETATE/IbHBIX CKBA’KMHAX B
KapOOHATHBIX IIJIACTAX BOJDKCKOT'O PETUHOAPYCA 34
nepuoy 2014-2017 rogos, olieHKa 3(P(PEKTUBHOCTHU
OPOBEAEHHBIX PAOOT IO U3MEHEHHUIO KOI(PPUITUEHTA
OPUEMUCTOCTH, NEPCIIEKTUBHOCTU UX IPUMEHEHUS
1 (POPMUPOBAHUE PEKOMEHIAITUN /IS AATIBHEUIIIETO
yay4dieHus 3(pHEKTUBHOCTH.

1o pe3ynbraTaM NPUMEHEHUS PA3TTUYHBIX
KUCJIOTHBIX CUCTEM H4 JIBYX TOPU3OHTAIbHBIX
BOJIOHATHETATENBHBIX CKBAXKMHAX MECTOPOXK/CHUA
uM. 1O. Kopuarnuna MOXHO OTMETUTD CJIEAYIONIHE
BBIBO/IBL.

1. TIpu BBIOOPE ONTUMATIBHBIX KUCJIOTHBIX CUCTEM

JUIS YCIIEITHOU CTUMYJIALIMU KAPOOHATHOTO

ILUIACTA B TOPU3OHTAIBHOM CKBA)KUHE HEOOXOJUMO

YYUTBIBATD CIEAYIOMINE ACTIEKTHL:

3SHEPTETUKY IUIACTA — IIJIACTOBOE IABJIEHUE;

TEMIIEPATYPY ILJIACTA,

* HEOJTHOPOJHOCTB CBOYICTB KAPOOHATHOI'O
KOJUIEKTOPA BJIOJIb OOPA6AThIBAEMOTO MHTEPBAIA
T'OPU3OHTAJIBHOM CKBAKWUHBL;

* KOJIMYECTBO PAHEE MPOBEAECHHBIX KUCTOTHBIX
06pabOTOK HA CKBAKMHE-KaHauaare 111 OI13;

* 06'bEM M OUEPENHOCTD IPUMEHEHN A KUCIIOTHBIX
CHCTEM U OTKJIOHUTEJIEH JJ11 OOPAOOTKHU
TOPU3OHTAJIIBHOI'O UHTEPBAIA.

2. TloaTBEpKAEHBI 3aBUCMMOCTU YBEJIUYECHUA
KO3(PHUIITMEHTOB IPUEMUCTOCTH IIPU
CYIIECTBEHHOM YBEJIMYEHUN OO'bEMA KUCIIOTHI
11 pa6oT CKO € UCOnb30BAHUEM TOIBKO 15%
HCL, 0TM€EYEHO CYIIECTBEHHOE YBEINYECHHE
pacyeTHOro JuaMeTpa CTBosa nocsue Takux CKO.

3. 3HAYUTEJIBHOI'O IIPUPOCTA B YBEIUYEHUN
KO3(pPHUIIMEHTOB IPUEMUCTOCTH Y1AIOCh
JOOUTHCS IIPU UCIIOJIBb30BAHUHU B pa00TAX
CKO ¢ HCL OTKJIOHSIIOIITUX CUCTEM,
MIO3BOJIAIONIUX YBEJIMYUTD OXBAT IJIACTA BOIb
T'OPU3OHTAJIBHON CEKITUM CKBAKUH, U TEM CAMBIM
nepepacnpenenutsb HCL B HoBble MecTa. [Ipu 3TOM
HUCIIOJIb3YEMBIA OObEM KUCIOTBI YMEHBIIIEH I10
CpaBHEHUIO C TUIIMYHOM CKO.

4. Cnenylolee yBeJIMYEHNUE 3HAYEHU
KO3(pPHUIIMEHTOB IPUEMUCTOCTHU JJO HOBBIX
YPOBHEH ObLJIO JOCTUTI'HYTO IOCJIE JOOABICHUS B
nporpammy CKO, Hapsaay ¢ HCL 1 OTKJIOHSIOIUMA
CUCTEMAMU, CTAJTUU C 3aMEIJIECHHOMN KUCJIOTOMU
HCL, mo3Boniomei CHU3UTbh CKOPOCTDb PEAKITUN
KHUCJIOTBI C TIOPOJOU IVIACTA U YBEIUYUTD OXBAT
KOJUIEKTOPA.

BHYTpPHCKBA:KHHHBIE PA0OTHI
IIPH PEIICHUH CJIOKHBIX 32/1a9

UB. JIECh, OO0 dlaxep Cepeuc»

B mokaze 6pI0 PaCCKA3aHO O HECKOJIBKUX
HECTAHAAPTHBIX 32/5A4aX, [IPAKTUYECKOE PELICHUE
KOTOPBIX NOTPEO6OBAIO HIOUCKA OPUTHUHATBHBIX
MOAXOAOB. bblIn 0OXapaKTeprU30BAHBI YETHIPE
Ci1y4das IOCTAHOBKU U PCHICHU A CJIOKHBIX 34/1a4.
IlepBblii Ci1y4ant: CKBaKUHA B KpacHOmapcKkom
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factor, discuss the prospects for their application in

Yu. Korchagin field and formulate recommendations

for further efficiency improvements of acid

stimulation treatments in the field.

Based on the results of application of various acid
systems on two horizontal water injection wells of
offshore field named after Yuri Korchagin, we can
make the following conclusions
1. When selecting the optimal acid systems for

successful stimulation of the carbonate formation
in a horizontal well, the following aspects should
be considered:

* Reservoir energy — reservoir pressure

* Reservoir temperature

» Heterogeneity of the properties of the carbonate

reservoir along the interval of the horizontal well

» Number of previously conducted acid treatments at

the candidate well

* The volume and sequence of application of acid

systems and diversion systems for matrix treatment

of the horizontal interval

2. We confirm a consistent pattern of well injectivity
increase with significant increase of acid volumes
only for jobs where only 159 HCL was used. At the
same time, there is a significant increase in the
estimated wellbore diameter after such jobs.

3. The significant increase in the injectivity coefficient
was achieved after adding the diversion systems
together with HCL treatments, which allow
to increase the formation coverage along the
horizontal section of wells and thus redistribute
acid to new areas. At the same time, the volume of
acid used is reduced in comparison with typical
treatment volume.

4. The next level of increase in injectivity coefficient
was achieved after introduction of retarded acid
together with diversion systems and HCL. Retarded
acid system allows to reduce the rate of reaction of
the acid with the formation rock and increase the
coverage of the reservoir.

Well Interventions for Solution
of Difficult Tasks

lvan LES, Packer Service LLC

Information about several non-standard tasks,
which required unique approaches was provided. The
report characterized four cases of setting and solving
difficult tasks. The first case: the well in Krasnodar
region on the coast of the Azovskoye Sea where it
was required to clean the wellbore from barytic
deposits. Wellbore pressure: 61 MPa. It was planned
to use barite solution with 193 density. The task was
to cut the tubing using CT, put a collar on the cut side
and perform wellbore cleanout. The second case:
the organization of CT operations for stimulation of
Bazhen deposits with 2-inch CT string (successive
opening/closing of fracturing ports). The third case:
operations in KHMAO. Successive opening/closing
of fracturing ports, hydraulic fracturing. Operations
on intervals isolations and achieving reservoir-well



Kpae Ha To6epekbe A3BOBCKOI'O MOPS, II€
TPEO6OBAIACH HOPMAIHU3ALIUA CTBOIA OT GAPUTOBBIX
OTIIOKEHUI. JIaBiieHue B cTBojIe 610 atM. Paborars
IPEANONIATAIOCh HA 6APUTOBOM PACTBOPE
MJIOTHOCTBIO 1,93. Hy>KHO 6BLJIO C TOMOIIBIO
KONTIOOHHTA OTpe3aTh HKT, HafieTh Ha OTPE3AHHYIO
4aCTb KOJIOKOJI U HOPMAJIHU30BATh 32001, BTOpOIt
ciay4yant: opranusanusg pabotr Ha THKT 50,8 mm

O OCBOEHUIO 3AJIEXKEN 6GAKEHOBCKPH CBUTHI

(110 IOC/IEA0OBATEIBPHOMY OTKPBITHIO/3aKPBITHIO
noptos MI'PIT). Tpetuti ciry4art: paboTel B XMAO.
ITocnenoBaTeIbHOE OTKPBITHE/3AKPBITUE IIOPTOB
MTPIT, mposegenue I'PIT. PAGOTHI IO COTTTACOBAHUIO/
OTCEYECHUIO UHTEPBAJIOB 1 JOCTHIKEHUE CBSA3U
CKBaKMHA/TIACT. YeTBEPTHIN CIy4dai: pabOoThI

B Kpacnosapckom kpae. [Iposegenue 'O B
T'OPHU30HTAIIBHOM OTKPBITOM CTBOJIE, YyBEJIUUECHUE
KWH, cHM>XeHME TPOLEHTA BOJBL JJOKIATINK
HOAPOOHO PACCKA3AJI O XOJIE PEMIEHU 3TUX
CJIOKHBIX 32144 U UHKEHEPHOM CMEKAJIKE, KOTOPAs
IIOMOIJIA JOCTHUKEHHUIO YCIIEXA.

OnsrT BeInoTHEHUA I'TM Ha
reopu3znIECKOM KadeIe Ha
MecTopoxkIeHuAX CesepHOro Kacus
B.P. KYY4YKOB, OO0 «Beamax Otnguno Cepsucec
(PYC)»

3a mocJieIHNE HECKOJILKO JIET KoMITaHUs Welltec
33PEKOMEH/IOBANIA CEOS KAK INJIEP B IPEJOCTABICHUN
KOMILJIEKCHBIX YCJIYT IPH IposegeHnu I'TM Ha
MOPCKUX MeCTOpOxAcHUAX CeBepHOro Kacmus.
BaxknermuM npoexkroM B Poccuu B 2018 rony
Juts1 Welltec cTasio BBITTOJIHEHUE TPOMBICTIOBO-
reo(pU3NIECKUX UCCIIEJOBAHNUI HA MECTOPOXKIEHHUH
uM B. ®UnaHOBCKOTO, r7i¢ Obl1a BIIEPBBIC PEAIM30BAHA
33/1a44 YIIPABJIEHUS IPUTOKOM T'OPHU3OHTAIBHON
CKBaKMHBI HHCTPYMEHTAMU HA Kabee.

Monepnn:;aunﬂ H TEXHHNYCCKHE
PECUICHHA I10 ITIOBBINICHH IO KAY€CTBA
BHYTPHUCKBAXKHHHOTI'O HHCTPYMCHTA

FO.H. IITTAXOB, OOO «HIIIT «PocTPKmexHono2ui»

B pokyce nok1a1a 6bIN OCBEIIEHDI TAKNE
BAXKHBIE BOIIPOCH], KAK MOJIEPHU3ALIU S
WHCTPYMEHTA, YBEJIMYECHUE PECYPCA, OCHOBAHHOT'O
HA 3KCIEPUMEHTAIBHBIX JAHHBIX, TIOBBIIIECHUE
TEXHOJOTMYHOCTU UHCTPYMEHTA, YMEHBIIEHUE
€ce6eCTONMOCTH OOCITYKUBAHUA. JJOKIATIHK
MPEJCTABUII OT/IC/IbHBIE BH/IBI THCTPYMEHTA
(ky1araH O6PATHBIN CTBOPYATHIN, COCAUHUTEIbHAS
KOMIIOHOBK4, KOHJIYKTOD JI/I1 YCTAHOBKH
NEPEBOAHUKA, [IEHTPATOP MEXAHUYECKUI
PECCOPHEBIN, HACAAKA PA3MBIBOYHAA U T.I1.), OITHUCAJI
COCTAB U TAPAMETPBI HHCTPYMEHTA PabOTHL OCcob0oe
BHUMAHUE OBLIO yJIEJIEHO UHHOBAITUOHHOMY
YCTPOHCTBY HOAbEeMA U noasemnBanus FTHKT
Tuna VIIT. ©

communication. The fourth case: operations

in Krasnoyarsk region. Logging operations in
horizontal open-hole well, enhanced oil recovery
operations, reduction of water cut. The reporter
provided detailed information on how these
difficult tasks were solved and described smart
engineering performance that helped to achieve
success.

Experience of Downhole Operations
with a Logging Cable at the Fields of the
Northern Caspian Sea

Vadim KUCHUKOV, Welltek Oilfield Services (RUS)
LLC

For the last few years,
the Welltec company
proved to be the leader
in providing complex
services for downhole
operations on sea fields
of the Northern Caspian
Sea. Logging operations
at the Filanovskogo
field was the major
project in Russia in
2018 for Welltec. This
was the first operation
for inflow control in
horizontal well using
cable tools.

Modernization and Technical Solutions
for Increasing Quality of Downhole
Tools

Yury SHTAKHOV, NPP
Rostektechnologii LLC

The report focused
on such important
questions as
modernization of
tools, increase of the
operating life based
on experimental
data, increase of
technological efficiency
of the tool, reduction
of cost of service. The
reporter presented
separate types of tools
(flapper check valve,
connector, conductor
for installation of the crossover, mechanical spring
centralizer, cleanout nozzle, etc.)) and described
components and parameters of tools. Special
attention was drawn to the innovative device for
pooling and hanging coiled tubing. ©
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Mbl 3AKPbITA NO3MLIMK, OCBOBOANBLLINECAH NOCIE
YXOOA MEXOYHAPOAHbIX CEPBUCHbIX KOMIMAHUNA

Ha Bonpocsl ;)KypHasa <Bpemsa konroounra. Bpems I'PII> orsegaet P.P. HA3BIPOB,
gupexTop OO0 «<YHHUBEpPCATBHBIE TEXHOJIOTHH He(drerazoorsgaan> (000 <YTHIO»).

Coiled Tubing Times is interviewing R. NAZYROV, Director in " Universal Oil Recovery Technologies".

PP. Ha3zwvipos poouncs 6 gpespans 1961 200a
8/Jlenunozopcre Tamapcroti ACCP. B 1978
200) nocmynun 8 Ypumcrkuil Hehmanoii
UHCIMUMYM, KOMOopoiil OKor1u 8 1983 200,
NONYUUB CREUUANBHOCTb <PA3Padbomia

U IKCNAYAM AU HeDIMe2a306b6LX
MECMOPONCOCHULL>.

Tpyooey1o oesamensvHocms Havdal 8 Boa2o-
Ypanovckom nayuro-uccaeoosamensbcrom
uncmumyme OO0 «Operbypzza3npom»,
gaabopamopuu «Oceoerue u
UHMEHCUPUKAUUA HePIAHBLX U 2A3066LX
CKBANCUH».

B 1991 200y n00 pyro8o0cmeom 0. m. H.
Tumamymounoea LK. 3aujumu
Kanouoamcryro ouccepmauuro 6 Mocko6ckom
uncmumyme Hepmiut u 2aia um. .M. I'yoxuma.

B 1993 200y nepeuten Ha pabdoniy 6
Ynpaenernue paszeeoxi 1 0c60eHUL HOBLLX
MeCmMOPONCOCHULL 8 KAHECINBe 3AMECINUINECLA
HAYANLHUKA NPOUIBOOCINEA UL OYDeHUs

OOO «Operbypzza3npoms.

B 1999 200y Ha3Hawer oupexmopom
OO0 dIpumoic», 0ouepHe20 npeonpuimusl
000 «Openobypzeaznpom».

B 2005 200y cman ouperxmopom
OO0 <Ynusepcanvrvie mexnoi02uu
Hegpmezazoomoavis.

«Bpems KOaATIOOHMHTa»: PuHaTt PayneBud, a1
HA4YaJ1a — HECKOJIBKO CJIOB O IPEAIIPHATHH,
KOTOpoOe Bol BOo3I/1aBIg€eTe.

Punar Ha3sipos: Haite npeanpusarue
06pazoBaHo B 2002 rogy. Texuuyeckas 6a3a
HAYWHAJIACh C OHOT'O «KUCJIOTHUKA». K HACTOAIEMY
BPEMEHU Y HAC UMEIOTCS A30THBIE YCTAHOBKH,
KHUCJIOTHBIE aTPETAThI, CENAPAIMOHHBIE YCTAHOBKU.
KoMnaHus cCnenyuaansupyeTcsa Ha OOCTy > KUBAHUHN
CKBaXUH. Pa6oTaem B OpeHOYyprckort u CaMapCcKoOun
obnactax, Tarapcrane, BAlKOPTOCTAHE.
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| R.Nazyrov was born on
February 6th 1961.in
the city of Leninogorsk,
Tatar Autonomous
Soviet Socialist Republic.
In 1978 was admitted
to the Ufa Oil Institute,
graduating in 1983 with
a degree in Oil and Gas
Field Development and
Operation.

He began bis career
in the Volga-Ural
Research Institute
"Orenburggazprom"
in the laboratory "Development and
intensification of oil and gas wells."

In 1991 under the leadership of

Sh.K. Gimatuidinov, Doctor of Engineering
Science, defended bis thesis at Gubkin Russian
State University of Oil and Gas (National
Research University).

In 1993 entered the Office of exploration
and development of new oilfields as a
deputy Chief of Production and Drilling at
"Orenburggazprom.".

In 1999 he was appointed the director of
"PritoR", a subsidiary of "Orenburggazprom.".

In 2005 became the director of "Universal Oil
Recovery Technologies".

Coiled Tubing Times: Rinat Raulevich, for a
start — a few words about the company you are
heading.

Rinat Nazyrov: Our company was founded
in 2002. The technical base began with one acid
fracturing pump unit. By now we have nitrogen
units, acid aggregates, separation units. The company
specializes in well service. We work in the Orenburg
and Samara regions, Tatarstan, Bashkortostan.



BK: HaCKO/JIBKO BE€JIHK IIAPK
060PYAOBAHMSA <YHHBEPCATBHBIX
TEXHOJIOTHI HePTErazooTsauan»?

P.H.: [IapK TeXHUKH Y HAC
cocTasisAeT nopAaaka 70 eguHu,
BKJIIOYa A BBICOKOIIPOWU3BOJAUTC/IIBHBIC
A30THBIC YCTAHOBKU, KUCJIOTHBIC
arperaTsl a TAK)KE CEICIbHBIC
TAT'aA4YHY, IPULICTIBI U TIOJTYIIPUIICTIBL.

C C3A0 «OPYIMAIIl» MBI HAYATU
COTPYJHUYATD JIET ICCSTh HA3a/,
KOT7ZIa IIPHUOHBPETN IIEPBYIO A30THYIO
YCTAHOBKY.

BK: Kakue KOMIIaHUH
ABIAIOTCA Bammnmu napraepamMmu
H 3aKa34HKaAMH?

P.H.: Mbl pa6oTranu
C TAKMMU KOMIAHUAMH, KaK
OO0 «OpeHbyprrasnpom»,

OO0 daznpomMHeDTb-OpeHOYPr»,
HK «Pocue(dT1h», 3AO
<YpanHedTreraznpom», OO0
«TarpaC-PemCepsuc», OOO «['a3znnpom

HOA3EMPEMOHT YPEHT Oy, «[1lmomoepke»,
Weatherford, ¢ JpyruMu KOMIIAHUAMHU.

MbI MCNosib3yeMm LUMPOKNIA
CNEeKTP TEXHONOINM, YacTb
KOTOPbIX MOXXHO OTHECTU

K NHHOBALMOHHbIM.

B 4acTHOCTW, 3TO BCNMEHEHHbIe
refivn pns ryweHus CKBaXXmH C
MOMOLLbIO a30THbIX YCTaHOBOK,
NEHOKMNCIIOTHbIE 00PaboTKY,
rneHoKncnoTHeble [P1.

We use a wide range of
technologies, some of which

can be classified as innovative.

In particular, these are foamed
gels for killing wells with the
help of nitrogen units, foam acid
treatments, foam acid hydraulic
fracturing.

CTT: How big is the
equipment fleet of
"Universal Oil Recovery
Technologies"?

R.N.: We have about 70
vehicles, including high-
performance nitrogen
units, acid aggregates, as
well as saddles, trailers and
semi-trailers. We began
to cooperate with NOV
FIDMASH ten years ago,
when we acquired the first
nitrogen unit.

CTT: Which
companies are
your partners and
customers?

R.N.: We worked
with such companies
as Orenburggazprom,
Gazpromneft-
Orenburg, Rosneft,

Uralneftegazprom, TagraS-RemService, Gazprom

Podzemremont Urengoy, Schlumberger, Weatherford

and other companies.

BK: Kakue TeEXHOJIOTHH 32/1€HICTBOBAHEI B

apcenasie Banieri kommanuu?

P.H.: MblI UCIIO/IB3yEM IIUPOKUH CIIEKTD
TEXHOJIOTUH, YACTb KOTOPBIX MOXXHO OTHECTH
K MHHOBAIIMOHHBIM. B 4acTHOCTH, 3TO
BCIIEHEHHBIE T'€JIU 1 ITTyIIEHUA CKBAXHUH C
MOMOIIBIO 430THBIX YCTAHOBOK, IIEHOKUCJIOTHBIE
06paboTkH, neHoKucaoTHbIE I'PIT. ECcTh y HAC
U NIEPCIIEKTUBHBIE HAPAOOTKHU, HO B JAHHBIH }

CTT: What technologies are involved in your

company's arsenal?
R.N.: We use a wide range of technologies, some of

which can be classified as innovative. In particular,
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these are foamed gels for killing wells with the
help of nitrogen units, foam acid treatments, foam
acid hydraulic fracturing. We also have promising
developments, but at the moment the introduction
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MOMEHT BHEJPEHHE NIPOI'PECCUBHBIX Y Hac 3a ,D,GIZCTBOB aHbI of advanced technologies is
TEXHOJOTUHN OCJIOKHSACTCS TEM, YTO OHH TPU a30THble yCTa HOBKM becoming more complicated
60J1e€ JOPOrOCTOSIIUE IO CPABHEHUIO by the fact that they are more
CO CTAHJAPTHBIMU. 3AKA39YHUKU OTJAIOT n pOI/IBBO,EI,CTBa expensive than standard ones.
IPEANOYTEHUE TEM YCIYT'aM, KOTOPbIE C3A0 «CDME,MALU ». Customers prefer services that

JICIIEBIIC, U HAIIA ICSATECIbHOCTD
OTPAHUYECHA 3TUM (PAKTOPOM.

We have three nitrogen

are cheaper, and our activities are
limited by this factor.

units manufactured by

BK: 910 00125 TEHAEHIIUA. MHOTrHE
PECIIOHJEHTHI )KyPHAJIA CETYIOT
HA TO, YTO MOJOOHA TEHICPHAL
IPAKTHKA TOPMO3HUT PAa3BHTHE BBICOKHX
TEXHOJIOInH HedTerazosoro cepsuca. Uro,
o BamemMy MHEHH IO, MOZKHO CAEIATH, YTOOBI
IIPEOAO0JIETH COMPOTHBICHHE 3aKA39YHKA
MIPOrPECCUBHBIM TEXHOJIOTHAM?

P.H.: [IpuBey KOHKPETHBIN puMep. Panbie,
KOrzja IpuMCHAJINCb HU3KOIIPOMU3BOAUTCI/IBHBIC
(6—8 M? B MUHYTY) a30THBIE YCTAHOBKH, [1€HA YCIYT
OblL1a JOBOJIBHO CKPpOMHAa#. TToTOM NOSABHUIIUCH
YCTAHOBKH, KOTOPBIE IPOU3BOJAT 85 M? 430Ta
B MUHYTY. DAKTUUECKU O/IHA TAKAS yCTAHOBKA
3aMEHSET JECATh IPEKHUX, HO U II€HA YCIYT C €€
HUCNOJb30BAHUEM NIONIyYaeTCA Apyras. CHadasna
3aKA3YUKU CYUTAIIN, YTO MTOJIYUYAETCSI OUEHD
JIOPOT'0, HO KOI/Ia OHU MOHSIIH, YTO KA4ECTBO
OPOU3BOAUMBIX OIIEPAIUI BO3PACTAET U BPEMS
HUX IIPOBCACHUSA 3HAYHUTCIBHO COKPAIacTCH,
4TO OTJa4d ropas3fo 60bIIE, B YACTHOCTH,
OCBOEHME CKBAKWH IOCJIE KUCIOTHBIX
006pabOTOK NPOUCXOAUT NPAKTUYECKU
MI'HOBEHHO, TO OHH U3MCHMHJIN CBOC

NOV FIDMASH.

CTT: This is a general trend.
Many respondents of the
magazine complain that such
a tender practice hampers the development
of high technology oil and gas services. What,
in your opinion, can be done to overcome
the resistance of the customer to progressive
technologies?

R.N.: I'll give you a specific example. Earlier, when
low-productivity (6—8 m? per minute) nitrogen
units were used, the price of services was rather
modest. Then came the units, which produce 85 m?
of nitrogen per minute. In fact, one such unit replaces
the previous ten, but the price of services with its
use turns out another. At first, customers thought
it was very expensive, but when they realized that
the quality of the operations performed increased
and the time required for their implementation was
significantly reduced, that the returns were much
greater, in particular, well development after acid
treatments took place almost instantly, they changed
their mind. Customers have seen that efficiency
increases several times.

MHEHUE. 3AKA34YUKHU YBUJIEIIH, UTO
3P PEKTUBHOCTD ITOBBIIIACTCS B
HECKOJIBKO Pa3.

BK: Bamra KOMInaHHusa
AKCILIYATHPYET a30THBIE YCTAHOBKH
HCKJIIOYHTEIBHO KPHOT€HHOI'O THIIA
HJIH MEMOPAHHOT'O TOXKe?

P.H.: TOIBKO KPHOTE€HHOTO.
MeM6paHHBIE YCTAHOBKU OOJIEE TSXKEIIbIE
IO MacCcCe (HArpy3Ka Ha OChb) U CJIOXHHBI B
OOCIYyKMBAHUU. Y HAC 32JICHCTBOBAHBI
TPH A30THBIE YCTAHOBKHU IIPOU3BO/ICTBA
C3A0 «OUIMAII» u emte ogHAa
3apyO6EXKHOrO IIPOU3BOICTBA.

BK: MO>KHO i1 CPABHHUBATh
TEXHHUYECKHH YPOBEHD YCTAHOBOK
PA3JIHYIHBIX IPONU3BOJUTEICI?

P.H.: TeXHU4YECKUUA YPOBEHD
YCTAHOBOK PA3JIMYHBIX IIPOU3BOJAUTEIIEN
61130K. OCHOBHAA MPOOIEMA — 3TO
CcepBHUC. Ba’KHO, 4TOOBI yCTAHOBKA HE
NPOCTANBAJIA, B IPOTUBHOM CJIy4ae
3TO BJIEYET HE TOJIBKO UMUJKEBBIE, HO
U (PUHAHCOBBIE TOTEPH, ITPAPHBIE
CAaHKIUH CO CTOPOHBI 3AKA34YHUKOB.
JKenmarenbHO, YTOOBI OT MOMEHTA

58 Ne 1 (067) Mapr/March 2019

Mpwn azoTHOM [PI1
npouncxoguT obpaboTka
Mo BCer MOLLHOCTU
naacra—TO €CTb He TONbKO
BbICOKOMPOHNLLaEMbIN
NpPOMNNacToK pBeTcs, HO

N NayT MHOTOYUCIIEHHbIE
pa3pbIBbl MO BCEN
MOLLHOCTW NiacTa.

[Mpv 3TOM 3Ha4YUTENBHO
obneryaeTcs OcBoeHue

N CKBaXXMHa BbIXOAUT Ha
PEXMM 3KCMIyaTaumm
ropasfo obicTpee.

With nitrogenous fracturing,
processing takes place across
the entire reservoir thickness
—that is, not only the highly
permeable layer is torn, but
numerous fractures occur
along the entire reservoir
thickness.

CTT: Does your
company operate
nitrogen units of
exclusively cryogenic or
membrane type?

R.N.: Only cryogenic
ones. Membrane units are
heavier in mass (axle load)
and difficult to maintain.
We have three nitrogen
units manufactured by NOV
FIDMASH and another one
of foreign production.

CTT: Is it possible to
compare the technical
level of units of different
manufacturers?

R.N.: The technical level
of the units of various
manufacturers is close. The
main problem is the service.
It is important that the unit is
not idle, otherwise it entails
not only image, but also
financial losses, penalties on
the part of customers. It is
desirable that from the time



3a4BKU U O PCMOHTA NI ITOJTYYCHUA 3AITIACTHU

ITPOXOANJIO KAK MOKHO MCHbIIIC BDEMCHU. B
njacasc — HE MCCANBIL, HCACIU 1 JAXKE CYTKH, 4

4gacel. C «PHMIMAIIEM» MBI pelIaeM BOIIPOCHL:

HA4M U CAMOJIETOM MOTYT JIETAJIb OTIIPABUTb,
HO 4TO KACAETCA JAJIBHETO 3aPYOEXKbI — TYT
BCE OYEHbD CJIOKHO. Hy>KHBI CIEITUAJINCTHI,
KOTOPBIE OBICTPO peNIAIU 6bI HOAOOHBIE

BOIIPOCHI HA MECTE, 4 €ITE XOTEIOCH Obl UMETh

CKJI4]] 3aIT94CTEN NOOIU30CTH, HAIIPUMEP,
B OpeHObypre, rjie ObL1 OBl 3a11aC HANbOIEE
BOCTPEOOBAHHBIX 3aIT4ACTEN.

OO0 «YTHI'O» roTOBO IPEAOCTABUTD
CBOU IIJIOMIA/TH JJ1 OPIaHU3AIUH TAKOT'O
CKJIA/1, TAKKE OPTAaHHU30BATh PEMOHT HE
TOJIBKO CBOEH TEXHHUKH, HO U TEXHUKH,
HUCNOJIB3YEMOI B IPYTUX OIU3IEKAITUX
peruonax bamkoprocTaHa, TaTapcrana,
Camapckon obmacrty, Kazaxcrana.

BK: HMeeTcs 1IN B JOCTYITHOCTH a30T
JJIA KPUOTE€HHBIX YCTAHOBOK Bamres
KOMIIAHHH?

P.H.: B OpeHnoOypre IeHCTBYET I'€JIUEBBIA
3aBOJ, II€ IIPOU3BOANTCA A30T YUCTOTOM
4eTbIPE AEBATKU IIOCJIE 3AIIATON, U LIEHA
3TOr'O IIPOAYKTA BIIOJIHE KOHKYpPeHTHad. Hy
U €CThb (PpaHIIy3CKaA KoMmnaHud Air Liquide,
KOTOpPAasA OYEHDb AKTUBHA HA POCCUIICKOM }

PRACTICE

of the application to the repair or receipt of parts

took as little time as possible. Ideally, not months,
weeks or even days, but hours. With FIDMASH we
solve issues: they can send a part to us by plane, but
as for foreign countries, everything is very difficult.
We need specialists who would quickly solve such

B pe3synbraTe caHKumn
MeXAyHapoaHble
CEPBUCHbIE KOMMNAHUMN
3HAYUTENbHO
cokpaTunn obbemsl
ycnyr B Poccnum, 3Tu
HULLWX 3aHANN HaLLK
oTeyecTBEHHble
KOMMaHUW.

As a result of the
sanctions, international
service companies have
significantly reduced the
volume of services in
Russia, these niches have
been occupied by our
domestic companies.

questions on the spot, and

I would also like to have a
spare parts warehouse nearby;,
for example, in Orenburg,
where there would be a

stock of the most demanded
spare parts. "Universal Oil
Recovery Technologies" is
ready to provide its space for
the organization of such a
warehouse, also organize the
repair of not only its equipment,
but also the equipment used
in other nearby regions of
Bashkortostan, Tatarstan,
Samara region, Kazakhstan.

CTT: Is there nitrogen
available for your
company's cryogenic units?
R.N.: There is a helium plant
in Orenburg, where nitrogen
is produced with a purity of }
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PBIHKE M TOTOBA JJOCTABUTD 430T B JTIOGYIO
TOYKY CTPAHBL.

BK: Kakue TEXHOJIOI'HH C
HCIIOJIB30BAHHUEM A30TA OYAYT,

o Bamemy MHEHHIO, BBICOKO
BOCTPEOOBAHBI B OTHKAHIIIEM
Oymymem?

P.H.: B MOEM IOHUMAHUHU 3TO
NEHOKUCIOTHBIE OOPAOOTKHU U ITIYIIEHUE
CKBa’KUH IIEHHBIMH CUCTEMAMH, KOTOPOE
Oyz1eT 0CO6€HHO 3P PEKTUBHO NPHU NAJCHUU
MJIACTOBOTO JABJIECHUS.

BK: A azoTHbIiii I'PIT?

P.H.: AzorHbi# I'PIT — 06513aTEIBHO!
[Toromy uto nnpu a30THOM I'PIT npoucxonur
006pabOTKA 1O BCEH MOIIHOCTH I1JIACTA —

TO €CTb HE TOJIBKO BBICOKOIIPOHUIIAEMBIH
MIPOIIACTOK PBETCS, HO U UJIYT
MHOTI'OYHCJICHHBIE PA3PBIBBI 11O BCEH
MOIIHOCTHY 171aCTa. IIpu 3TOM 3HAYUTEIBHO
0061€T9a€eTCsI OCBOEHUE U CKBAXKUHA
BBIXO/JJUT HA PEKUM IKCIIYATAIIUH TOPA3/0
obICTpEE.

BK: Kakue nmnepCcrieKTHBHBIE
TEXHOJJIOIHH JOCTOMHBI TOI'O, YTOOBI
IPUMEHATHCA KAK MOKHO IIHpe?

EcTb yHMBepcanbHble,
OYeHb CUJIbHbIE CEPBUCHbBIE
NpeanpusaTUA, Takme Kak
«TarpaC-PemCepsuc».

Mbl ¢ HUMKM paboTaeMm Ha
cybnoppsge: oHM oTBevaloT
3a HACOCHYIO YacTb, a Mbl 3a

a30THyto. MNonyyaeTca cumbumos:

BMecCTe Mbl MOXEM AenaTtb
Oonee 3HaYMMble PaboOThI.

There are universal, very strong
service enterprises, such as
"TagraS-RemService". We work
with them on a subcontract:
they are responsible for the
pumping part, and we are
responsible for the nitrogen
part. It turns out a symbiosis:
together we can do more
meaningful work.

four nines after

the decimal point,
and the price of
this product is
quite competitive.
Well, there is the
French company
Air Liquide, which
is very active in the
Russian market and
is ready to deliver
nitrogen to any part
of the country.

CTT: What
technologies
using nitrogen
will, in your
opinion, be in
high demand in
the near future?

R.N.: In my
understanding,
these are foam-acid
treatments and well-
killing with foam
systems, which will

be especially effective when the formation pressure

drops.

P.H.: [lymaro, IIpeX/i€ BCEro IIyLIEHNE CKBAXKUH C

MEHHBIMHU CUCTEMAMU. DTOT PBIHOK €IIE HE OCBOEH,
XOTA €CTb M TEXHOJIOTUH, U penenTypsol. Hy u,
KOHEYHO, BCKPBITHUE MPOAYKTUBHBIX IIACTOB HA

JICTIPECCUH.

BK: OKa3pIBAIOT I BJUAHHUE HA

JAeATEeTHbHOCTH <YHUBEPCATbHBIX TEXHOJIOT U

HedTerazooTIaYn» AHTUHPOCCHIICKHE

fracturing?

CTT: What about the nitrogen hydraulic

R.N.: Nitrogen hydraulic fracturing — necessarily!

Because with nitrogenous fracturing, processing
takes place across the entire reservoir thickness -
that is, not only the highly permeable layer is torn,

but numerous fractures occur along the entire

reservoir thickness. This significantly facilitates the

CAaHKIIuH?

P.H.: Hame npeanpusaTue He OTHOCUTCH K YUCITy
TEX, HA KOTOPBIE CAHKIIUH PACIIPOCTPAHAIOTCA
HENOCPENCTBEHHO. «<YHUBEPCAJIIBHBIE TEXHOJIOIUH
HEPTETA300TAAYN> — HEKPYITHOE NPEATIPUATHE,

U B IAHHOM CUTYAIIUK HAM JIerde. YTO KacaeTca
O0OPYIOBAHMS, TO C OEJIOPYCCKUM IIPEAIIPUATHEM
C3A0 «OPMIMAIIl» y HAC HUKAKUX IIPOOJIEM HET.
Tak>Ke B 3TOM HAIIPABJICHUN PA0OTAIOT KUTAMCKUE
MNPEANIPUATHS, KOTOPBIE IPOAAI0T O60PYIOBAHUE
Y 3AIIACHBIE YACTU 34 POCCUIICKHE PYOIN U HA
HACTOSIIUHA MOMEHT 3AIUIIEHBI OT CAHKIIUI.

BK: KOppEKTHO JIH CPABHHUBATH TEXHOJIOTHH
C HCIIOJIb30BAHHEM 230TAa, IPUMEHIAEMEBIE
Banier¥rt KOMIIaHHMEH, C TEMH, KOTOPBIE
HCIIOJb3YIOT KOMIIAHUH TAK Ha3bIBA€MOM
OOJIBIION YEeTBEPKH?

P.H.: [lymMma10, 4TO OCOOBIX OTIMYUI HET. Mbl
paboTranu u co «lmombepxe», u ¢ Weatherford.
BBINOJHAIN IPAKTUYECKH AHAJIOTUYHBIE OIlEpaL Uy,
HO CTOMMOCTD HAIINX paboT Obl/1a 3HAUYUTEIBHO
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development, and the well goes into operation mode
much faster.

CTT: What promising technologies are
worthy of being used as widely as possible?

R.N.: I think, first of all, killing wells with foam
systems. This market has not yet been mastered,
although there are technologies and recipes. And, of
course, dissection of productive strata on depression.

CTT: Do anti-Russian sanctions affect the
performance of “Universal Oil Recovery
Technologies”?

R.N.: Our company is not among those that are
subject to sanctions directly. “Universal Oil Recovery
Technologies” is a medium-sized enterprise, and in
this situation it is easier for us. As for the equipment,
we have no problems with the Belarusian enterprise
NOV FIDMASH. Also in this direction there are
Chinese enterprises that sell equipment and spare
parts for Russian rubles and are currently protected
from sanctions.



HMXKeE. B pe3ynbrare CAaHKINI MEX/IYHAPOIHbIE
CEPBHUCHBIE KOMITAHUH 3HAYUTEIBHO COKPATUIIHN
06'bEMBI YCIIYT B POCCHH, 3TU HUIIIN 3aHSJIN HAIIIH
OTEYECTBCHHBIC KOMITAHUU.

BK: A30THBIE YCTAHOBKH — CJIOKHO€
ob6opynoBanmue. I'me nepconas Bamero
HIPEAIPHATHA YIHTCI HX OOCTYKHBATH?

P.H.: C3AO «dDUIMAIII> Opranusyetr
OOy4YEHUE ONIEPATOPOB YCTAHOBOK C BbIJJAUCH
COOTBETCTBYIOIUX CEPTUPUKATOB POCCUNCKOTO
06pazina. CnenuajarucTsl JOKHBI 005134TEIBHO
OBITh ITOJITOTOBJICHBI K PA00OTE HA KOHKPETHOM
OOOpPYIOBAHUU. Y IPEAIIPUATHI, KOTOPBIE
MOKYIAIOT YCTAHOBKH, 4 ITOJITOTOBJICHHBIX
OIIEPATOPOB Y HUX HET, BOBHUKAIOT OOJIbIIHE
npOO6JIEMBL Y HAC KE €CTh OOYUYEHHBIE, OIBITHBIE
CIIEIIUAJIMCTBI, KOTOPBIE TENEPD NEPEAAIOT CBOU
3HAHU S MOJIOJIEKH METO/IOM HACTABHUYECTBA.
Tak 4TO NOATOTOBKA K4a/IPOB OCYIIECTBISIETCS
COOCTBEHHBIMU CUJIAMH.

BK: OTkyza Bl mosxygaere nHpOpMAIIHIO O
HOBBIX TEXHOJJIOTHAX?

P.H.: B OCHOBHOM H4 BBICTABKAX U
KOH(EPEHIU X, I7I€ KOMIIAHUU-TTPOU3BOIUTEIIH,
4 TAK)KE CEPBUCHBIE KOMITAHWUY ITPEICTABIIAIOT
CBO€ BUJICHHUE IIEPCIEKTUB PA3BUTHUA OTPACIU U
NBITAIOTCA IPEAYIAAATh 3ABTPAIIHUE TPEHIBI B
TEXHUKE U TEXHOJIOTUSX.

BK: Bauuu noskejaaHuA KOJJIEraM U3 JPYIHX
KOMIIAHHII.

P.H.: C spyruMu CEpBUCHBIMU KOMITAHUAMU MBI
HE TOJBKO KOHKYPHUPYEM, HO U COTPYJIHHUYAEM. Y
HEKOTOPBIX NPEANIPUATAN Y3Kas CIIEIIUAIN3AIINS,
Ha KOTOPOI KOMITAHHUS AKLIEHTUPYETCSA, UTOOBI
BBITNIOJIHATh KOHKPETHBIE PA6OTHI KAYECTBEHHO U
JIydie Bcex. ECTb yHUBEPCAIBHBIE, OUEHD CUIIBHBIE
CEPBUCHBIE IPENNIPUATHA, TAKUE KaK «T'arpaC-
PemCepBuc». Mbl C HUMH pab0Ta€M HA CYOIIOAPSJIE:
OHHM OTBEYAIOT 32 HACOCHYIO YaCTh, 4 MBI 34
a30THYIO. [Tony4aeTcs CHMOHO3: BMECTE MBI MOKEM
Jenatp 60j1€€ 3Ha4NMbl€ pAOOTHI.

V KaKOM-TO KOMIIAHUHU €CTh OJITHO
NPEUMYIIECTBO, Y APYIOH — Apyroe. g xouy
TIOXKEJIATh, YTOOBI MBI JCIUINCh UH(POPMALIHIEH,
COTPYAHUYAIH, TIOTOMY YTO KOHKYPEHI U,
CIIYYa€TCs, IPUBOAUT JAXKE K YHUYTOKEHUIO
CEPBUCHBIX KOMITAHUI, U CETOJHA UX HA PBIHKE
OCTAJIOCh HE TAK YK MHOT'O.

B3aMMOBBII'OLHOE COTPYIHUYECTBO
HePTECEPBUCHBIX KOMITAHUH HA PBIHKE YCJIYT
MO3BOJIUT MOBBICUTDH KA4ECTBO IIPOU3BOJUMBIX
PaboT U IPEAOTBPATHUTD OTPHULIATEIBHOE BIUSHUE
JEMITUHTA.

Bena 6eceny l'annHa ByJbIika,
«Bpemsa xkoaToouura. Bpems I'PI»

CTT:Is it correct to compare the
technologies with the use of nitrogen that are
used by your company with those that are used
by the companies of the so-called Big Four?

R.N.: I think that there are no particular
differences. We worked with Schlumberger and
Weatherford. Performed almost similar operations,
but the cost of our work was significantly lower.

As a result of the sanctions, international service
companies have significantly reduced the volume of
services in Russia, these niches have been occupied
by our domestic companies.

PRACTICE

CTT: Nitrogen units are complex equipment.
Where does your company staff learn to
service them?

R.N.: NOV FIDMASH organizes training of unit
operators with the issuance of corresponding
certificates of the Russian sample. Specialists must be
prepared to work on specific equipment. There are
big problems for enterprises that buy plants, but they
don't have trained operators. We also have trained,
experienced specialists who now pass on their
knowledge to the young people through mentoring.
So that training is carried out on its own.

CTT: Where do you get information about
new technologies?

R.N.: Mainly at exhibitions and conferences where
manufacturing companies and service companies
present their vision of the industry's development
prospects and try to predict tomorrow's trends in
engineering and technology.

CTT: Your wishes to colleagues from other
companies.

R.N.: We not only compete with other service
companies, but also cooperate. Some enterprises
have a narrow specialization, which the company
focuses on in order to perform concrete work with
the highest quality and best. There are universal,
very strong service enterprises, such as "TagraS-
RemService". We work with them on a subcontract:
they are responsible for the pumping part, and we
are responsible for the nitrogen part. It turns out
a symbiosis: together we can do more meaningful
work.

Some company has one advantage, another has
another. I wish that we share information, cooperate,
because competition happens to even lead to the
destruction of service companies, and today there
are not so many of them on the market.

The profitable cooperation of oilfield service
companies in the services market will improve the
quality of the work performed and prevent the
negative impact of dumping.

Interviewer — Halina Bulyka, Coiled Tubing Times
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Da3oesvle npespauienusn u pempozpaonsie
A61eHUA 8 Y2/1e6000PDOOHBLX
HePmeza30KOHOCHCAMHBLX CUCTIeMAX

Phase Transformations and Retrograde
Pbenomena in Hydrocarbon Oil and Gas
Condensate Systems

A.B. HEHBKO, B.A. IBITAHKOB, ®TAOY BO «POCCHICKHI IOCYyJaPCTBEHHBIM YHHBEPCHTET He(DTH U ra3a (HAalHOHATBHBI
HCC/IEOBATEIBCKHH YHHBEPCHUTET) HMeHH .M. T'yOKHuHa»

A.NENKO, V. CYGANKOYV, FSAEI Gubkin Russian state university of oil and gas, national research university

Ouertb 8aANCHBIM B01POCOM NPU
paspabomice Hegpmeza30KOHOCHCAMMbLX
MECMOPONCOCHULL ABNACTNCA Y Uent PA306bLX
npespaujeruti Cucmemat.

B cea3u ¢ amum axm)anvoil A614emcs
3aoaua yuema pa306020 NOBEOCHU U
u3yuenue PempozpaorvLx A61eHULL 8
Hepme2a30K0HOCHCAMHOI CUCmeMme,
max Kax 3mu paxmopst 61UAIOM Hd
NPaAsUILHOCTIL OUCHKU KOIPPULuerma
U3B1eHCHU KOHOCHCAM.

J0ObIYa KOH/IEHCATA U3 3AJIEKEU ABIAETCSA AKTYAJIbHBIM
HAIPABJIECHUEM TEOPUU U NPAKTUKHU PA3PAOOTKU
MECTOPOXKAECHUN IIPUPOAHBIX YITIEBOAOPOLOB (Y B).
ITo3TOMY OCOOBIN HHTEPEC IPUOOPETAET PELHICHUE
BaKHOU HAyYHO-TEXHUYECKONU POOJIEMBI PA3BUTHSA
PALMOHAIBHON PA3PA6OTKU TAKUX 3AJIEKEN C YUETOM
OPUCYIIUX UM OCOOEHHOCTEH [4].

I11aCcTOBAs FA30KOHIEHCATHAS CMECH — 9TO CJIOXKHASA

Very important issue in the development
of oil and gas condensate fields is to take
into account the phase transformations
of the system. In this connection, the

task of taking into account the phase
bebavior and the study of retrograde
Dphenomena in the oil and gas
condensate system is relevant, since
these factors affect the correctness

of the estimation of the coefficient of
condensate recovery.

The extraction of condensate from deposits is
the actual direction of the theory and practice of
the development of natural hydrocarbon (HC)
deposits. Therefore, it is of particular interest to
solve important scientific and technical problems of
developing a rational development of such deposits,
taking into account their inherent features [4].

CUCTEMA, COCTOSAIAS U3 OOJIBIIIOTO
4HCJIA JETKOKUIAMUX YITIEBOAOPOOB,
4 TAKKE HEOPIaHUYECKUX I'A30B

— 43074, reJivst, CEpOBOIOPO/A,
YIVIEKHUCJIOTO I'a34 U ITAPOB BOJBL.
CMECh MOKET HAXOAHUTHCSA

B Ia3000PA3HOM, JKHU/IKOM U

Opnodaznas 061aCcTh (KUAKOCTD)
Single phase area (liquid)
HeronacpieHHbIe HEQTIHBIE 3A7ICKHA
Undersaturated oil deposits
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HACBIIIEHHYIO HEPTAHYIO 3AJIEXKD;

* ogHO(a3HaAA O6IACTD (KUJKOCTB),
KOTOpPAs XapaKTEPU3yeT

Pucynox 1 — @Pazoean ouazpamma y2ie6000PO0HOTL
Hepmeza30KoHOeHCamHOU CUCIeMbL

Figurel — Phase diagram of the bydrocarbon gas
condensate system
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HEJJOHACBIIIIEHHYIO HEPTAHYIO 32JIEXKD;

e ogHO(a3HAA 06JACTD (T'A3), KOTOPAS XAPAKTEPUIYET
ra30BBIE 3AJIEXKY;

¢ 06/1ACTB, KOTOPAS XAPAKTEPUIYET FA30KOHJEHCATHYIO
32JIEKD.

Ha npuBeJEHHOU AUATPAMME CTOUT OTHEJIBHO
OTMETUTD HAJIMYHE KPUTUYECKOM TOUKHU «C». B
JIAHHOU TOYKE HAOIOAACTCS I'PAHULA pa3jena dpa3
nap — )KUAKOCTB, T.€. )KHUJIKAS M TApOBas (pa3a MOT'yT
HAXOJUTBHCA B PABHOBECUU. TAKXKE NPEICTABIEHBI TOYKH
«P » 1 «T », KOTOPBIE XAPAKTEPUIYIOT KPUTHUIECKOE
JIaBJIEHUE U TEMIIEPATYPY COOTBETCTBEHHO.

JIMHMA TEMIEPATYPBI HAYAJIA KUIIEHUS XaPAKTEPU3YET
TPaHUILLY, KOTOPAS PA3AEIAET IBE OOIACTH, B
KOTOPBIX CMECh HAXOAUTCS B )KUJIKOM U IEPEXOTHOM,
ra30’KUIKOCTHOM COCTOSIHUU. JIMHUSA TOYEK «POCHI»
pa3fessaeT YUCTO ra30BOE COCTOSIHUE U FA30KHUIKOCTHOE.

Touka «1» XapaKTepHU3yeT OOIACTb ITOJIHOT'O UCITAPEHUS
JKHUJIKOCTH U PACHONIATAETCS HUXKE JIMHUU TOYEK «POCHI».

OCO6EHHOCTBIO HEPTETA30KOHIECHCATHOM (Pa30BOH
JUATPAMMBI ABJISIETCS HAJIMYHUE PETPOTPAJIHBIX 30H, 4
MMEHHO: U300aPHON U U3OTEPMUYECKOM.

ITog peTpOorpaiHBIMU SABJIEHUSIMU IOHUMAETCS
epeEXo NPUPOJHBIX YIVIEBOJOPOAHBIX
MHOT'OKOMITOHEHTHBIX CHCTEM U3 OFHO(PAZHOTO —
ra3000pa3HOro (OAHO(MA3ZHOTO — KUAKOI'0) COCTOSIHUS
B IByX(pa3HOE — ra30KUIKOCTHOE COCTOSTHUE
PU U30TEPMUYECKOM CHUKEHUU JABJICHUA UIIU
M300apUYECKOM YMEHBIIEHUN TeMIIEPATyPol [10]. DT
SIBJIEHUSI IIPOTHUBOIIOIOKHBI SIBJIEHUSIM, IIPOHUCXO/ISIITNM B
OJJHOKOMIIOHEHTHBIX CUCTEMAX.

TeopeTHdeCKH pETPOrPaHEBIE ABIECHUS
O6OCHOBBIBAIOTCA AOIYIIEHUEM O CHJIAX
MEXMOJIEKYJIAPHOI'O B3aNMOIEHCTBUA. B ciry4dae
YIJIEBOJOPOAHBIX CUCTEM — 3TO BAH-/IEP-BAAJIbCOBEI
CHJIBI, KOTOPBIE ONIPEAENAIOTCA MOKA3aTeNEM a/V,,
BXO/ISIIIMM B ypaBHEHUE Ban-gep-Baanbca:

(0+1)(V-b)=nRI,

I'7I€ ¢ — BEJIMYMHA, YYUTBIBAIONAs] YMEHDIICHUE JABICHUS
M3-32 CWUJI B3AMMHOI'O IIPUTSAXKEHU S MOJIEKYJ/I I'd3d HA
CPEIHUX PACCTOSHUAX MEX/Y HUMU; b — TIOKA3ATEIb,
YYUTBIBAIOMIUIT Pa3MEP CAMHUX MOJIEKYN I'a3a; V — 06beM, B
KOTOPOM PACHPEAETIEHBI MOJIIEKYBI I'a3a; (V — b) — 4yucroe
IPOCTPAHCTBO, B KOTOPOM JABUKYTCS MOJIEKYIIBL, D) —
BHEIIHEE JaBJICHUE; a/V, — BEJIMYUHA, YaCTO HA3bIBAEMas
«BHYTPEHHUM JIdBJICHUEM> [2].

ITonipaska a,/V, ABI4€TCA CUIOU B3AUMHOI'O
NPUTAKEHUA MEXKAY MOJIEKY/IAMU HA OIIPEICJICHHOM
PAaCCTOAHUU MEX/Y HUMU. B Cily4ae pEeBbIICHUA
KPUTHYECKON TEMIIEPATYPBI OOPA3YETCA BBICOKAS
KHMHETHUYECKAA SHEPIUA MOJIEKYJL, BCJIEACTBUE
YETO CUJIBI HPUTAKEHUS HE MOTYT OOECIIEYUTD
COXPAaHHOCTB XKUJKOI (pas3bl. Takxke xkujaKkas pasa He
MOXKET CyIIECTBOBATD IIPU JABJICHUU HIKE [ABJICHUA
HACBIIEHUA 11APA XKUJKOCTBIO. DTOT IIPOLIECC
IPOUCXOAUT IO IPUYHUHE OOJIBIIOTO PACCTOSHUA MEXY
MOJIEKY/IAMU.

IIpy O6BIYHOM UCTIAPEHUH B ATMOC(EPY COCTAB
Tra30BOM U JKUJIKOM (Pa3bl ONPEEAIETCSI 6ATAHCOM
KHMHETHUYECKOM 3HEPIUU MOJIEKYJI U SHEPIUU

The reservoir gas-condensate mixture is a
complex system consisting of a large number of
low-boiling hydrocarbons, as well as inorganic gases
— nitrogen, helium, hydrogen sulfide, carbon dioxide
and water vapor. The mixture may be in gaseous,
liquid and gas-liquid states.

The phase diagram of a multicomponent
hydrocarbon gas-liquid system in the pressure-
temperature coordinates (Fig. 1) implies the
transition of gas-liquid mixtures from the gas to
the liquid phase and vice versa with changing
temperature and pressure conditions [8].

Four main areas are highlighted in the diagram:

* two-phase area (0il and gas), which characterizes
a saturated oil reservoir;

» single-phase region (liquid), which characterizes
the undersaturated oil reservoir;

* single-phase region (gas), which characterizes a
gas reservoir;

* anarea that characterizes a gas condensate
reservoir.

In the above diagram, it is worth noting the
existence of a critical point "C". At this point, a
vapor-liquid interface is observed, i.e. liquid and
vapor phase can be in equilibrium. The points “P,”
and “T,” are also presented, which characterize the
critical pressure and temperature, respectively

The initial boiling point line characterizes the
boundary that separates the two regions in which
the mixture is in the liquid and transitional, gas-
liquid state. The line of dew points separates the
pure gas state and the gas-liquid state.

Point "1" characterizes the area of complete
evaporation of the liquid and is located below the
line of "dew" points.

A specific feature of the oil and gas condensate
phase diagram is the presence of retrograde zones,
namely, isobaric and isothermal.

Retrograde phenomena are understood as the
transition of natural hydrocarbon multicomponent
systems from a single-phase — gaseous (single-phase
— liquid) state to a two-phase — gas-liquid state with
an isothermal pressure drop or isobaric temperature
decrease [10]. These phenomena are opposite to the
phenomena occurring in single-component systems.

Theoretically, retrograde phenomena are justified
by the assumption of the forces of intermolecular
interaction. In the case of hydrocarbon systems,
these are van der Waals forces, which are
determined by the exponent a/V, included in the
Van der Waals equation:

0)+%)(V—b)=nRT,

where a is a value that takes into account the
decrease in pressure due to the mutual attraction
forces of gas molecules at medium distances
between them,; b is an indicator that takes into
account the size of the gas molecules themselves;
Vis the volume in which the gas molecules are
distributed; (V — b) is the pure space in which the
molecules move; p is the external pressure; a/V, —
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MEXMOJIEKYIIPHOI'O B3aUMOACHCTBHA. Tak Kak
KMHETUYECKASI SHEPT U JIETKUX MOJIEKYJI 3HAYUTEIBHO
MPEBBIIIAECT KUHETHYECKYIO SHEPTHIO TAKEIBIX, TA30Bas
(pa3a HACKIAETCS JIETKUMU MOJIEKYJIAMH, B TO BPEMS KAK
B )KUJIKOM (Pa3€ KOHLIEHTPUPYIOTCS TAMXKEIIBIE MOJIEKYIIBL

IIpu peTPOrpagHBIX NPOLECCAX B 3aMKHYTOH CUCTEME
BBU/IY HOBBIIMIEHHOI'O JJABJIEHUS TAPOra30BOY CMECH
3HAYUTEIBHYIO DOJIb HAUUHAET UT'PATh IPUTIKEHUE
MOJIEKYJI B TAPOra30BOU CMECH, YTO NPUBOJUT K
MHOBBIIIEHUIO COJEPKAHUS TAXKEIIBIX MOJIEKYJI B TA30BOM
¢ase, T.€. UX BBITATUBAHHUIO U3 KUJKOU (PA3BI B FA30BYIO
azy.

B peTporpaiHbIX IPOLECCAX BBIAEIAIOT IPUTAXKECHUSA
JBYX TUMOB. [I€pBBIA — 3TO POLIECC, KOTJJA TPUTIKEHUE
CTPEMUTCSA BTAHYTD JIETKYIO MOJIEKYITY B XKUJKYIO (pa3y,
TOI'AA KaK HPUTSKEHUE BTOPOI'O TUIIA — 3TO IIPOLIECC,
KOI'/1a JIETKHE MOJIEKYJIBI IIBITAIOTCS BTAHYTD 6071€e€
TSIKEJIBIE B T'A30BYIO (Da3y.

O61aCTh pETPOrPAAHBIX SIBJCHUN HAOIIONAETCS IPU
U30TEPMUYECKOM U3MEHEHUH JIABJIEHU S, OTPAHUYHNBAACD
30HAMH IO MIPABYIO U JIEBYIO CTOPOHY OT KPUTUYECKOH
TOYKU «C» (puC. 1). JIMHUA, IPOXOAAII AL YEPES TOUKY
«3», HA3BIBAETCA KPUBOM MAKCUMAJIbHOU KOHJEHCAIINH,
TAK KaK JIJI1 TIOOOU TEMIIEPATYPBI HA TAHHOM KPUBOU
XAPAKTEPHO MAKCUMAJIIBHOE KOJIMYECTBO JKUIKON (Da3bI
MPU ONIPEAETIEHHOM JIABJIEHUU, COOTBETCTBYIOIIEM TOUKE
KPHBOM MAKCUMaJIbHOM KOHJICHCALIMH [3].

PeTporpaaHas KOH/ICHCA U (MCIIApEHUE) OyIET
NPOUCXOAUTD IPU U3MEHEHUU JABJIEHUA B OOIACTH,
PAaCIONIOKEHHON C IPABOX CTOPOHBI OT KPUTHUYECKOU
TOYKHM (pucC. 1). IIpy NOBBIIIIEHN N TABIECHNA I'a3
MPUOIKAETCA K COCTOSTHUIO HACBIIIEHUA U IIPU
MEPECEUYEHNH TOYKH «2» (TOUKA «POCHI») CTAHOBUTCS
MpPeAENbHO HACKHIEHHBIM. [Ipn nTocaeayomemM
TIOBBIIIEHUHU JJABJICHUS OOPA30BbIBACTCS XKUJKAS Pa3a,
KOJIMYECTBO KOTOPOI IO MEPE MOBLIMIEHUA TABJICHUA
YBEJIMYUBAETCA U IIPU JABJIEHUHN B TOUKE «3» TOCTUTAET
MaKCUMyMa. JJaIbHENIIEE JKE YBEJTUYEHUE NABICHUA
NIPUBOJUT K YMEHBIIEHHUIO KOJTUYECTBA XKUJKOM (Pa3HI,

U IIPA BTOPUYHOM IIEPECEYEHNU KPUBOI TOYEK POCHI

B TOUKE «4» BCA CMECH IIEPEXOAUT B Ia3006pa3HOE
COCTOsIHUE. MICITapeHne CMECH, BBI3BAHHOE ITOBBIIIEHUEM
JaBJIEHUS B y44ACTKE 3—4, MONTYYHUIJIO HA3BAHHUE OOPATHOTO
(peTporpagHoro) ucrnapenus. [Ipu n3aorepmmuyeckom
CHH)KEHUU JJABJICHUS TAKXKE HAOIIOAACTCS OOPaTUMBINA
IIPOLLECC, OOPATHOM U PETPOrPATHON KOHAECHCALIUNU
(y4actok 3—4) [8].

O0parHOE (PETPOIrPAAHOE) BIHAHUE TEMIICPATY PBI
HaOJIIOJAETCA B 30HE MEXKY TOUKAMU «C» U «P ».
PeTporpaaneiit apHEKT TEMNEPATYPHI XAPAKTEPUIYETCS
AHAJIOTUYHBIM MEXAHHU3MOM, YTO U PETPOrPAJHBIN
3(PPEKT JaBIECHUS, HO B JAHHOM CJIy4ae IPOLIECC
SIBJISIETCSI UBOOAPHBIM [8].

IIpu pa3paboTKe HEPTETA30KOHIEHCATHBIX
Mmectopoxgenuil (HI'KM) HeOOXOAUMO YUUTHIBATH
(pa30BBIE IPEBPAIIECHUS B CUCTEME IIPU PA3TUYHBIX
TEPMOOAPUUECKUX YCIOBUAX. TaKUe IPEBPAIICHUS
MOT'YT OOYCJIaBINBATE OOPA30BAHUE 30H CKOIIJIEHUSA
KOHJZIEHCATA BOJIM3U CTBOJIA CKBAXKHUHEI [5, 9]. TIpu
(PHUIBTPALIUHN K CKBA’KUHE IUIACTOBBIN I'a3 IPOXOAUT
TOYKY IIPOCTPAHCTBA, B KOTOPOM IABJIEHUE HUXKE
JIaBJICHUS HA494J1a KOHJICHCALIUH, U, KAK CJIEICTBUE,
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a quantity often referred to as “internal pressure” [2].

The a/V, correction is the force of mutual
attraction between molecules at a certain distance
between them. If the critical temperature is
exceeded, a high kinetic energy of the molecules
is formed, as a result of which the attractive forces
cannot ensure the safety of the liquid phase. Also,
the liquid phase cannot exist at a pressure below
the vapor saturation pressure of the liquid. This
process occurs due to the large distance between the
molecules.

With ordinary evaporation into the atmosphere,
the composition of the gas and liquid phases is
determined by the balance of the kinetic energy
of molecules and the energy of intermolecular
interaction. Since the kinetic energy of light
molecules considerably exceeds the kinetic energy
of heavy ones, the gas phase is saturated with light
molecules, while heavy molecules are concentrated
in the liquid phase.

During retrograde processes in a closed system,
due to the increased pressure of the vapor-gas
mixture, the attraction of molecules in the vapor-gas
mixture begins to play a significant role, which leads
to an increase in the content of heavy molecules
in the gas phase, i.e. pulling them out of the liquid
phase into the gas phase.

In retrograde processes, two types of attraction
are distinguished. The first is the process when
attraction tends to draw a light molecule into the
liquid phase, while attraction of the second type is
a process when light molecules try to draw heavier
ones into the gas phase.

The region of retrograde phenomena is observed
with an isothermal change in pressure, limited to
zones on the right and left side of the critical point
"C" (Fig. 1). The line passing through point “3” is
called the maximum condensation curve, since
any temperature on this curve is characterized
by the maximum amount of the liquid phase at a
certain pressure corresponding to the point of the
maximum condensation curve [3].

Retrograde condensation (evaporation) will occur
when the pressure changes in the area
located on the right side of the critical point
(Fig. 1). With increasing pressure, the gas approaches
the saturation state and when crossing the point
“2” (the “dew point”) becomes extremely saturated.
With a subsequent increase in pressure, a liquid
phase is formed, the amount of which increases as
the pressure increases and reaches a maximum at
pressure at “3”. A further increase in pressure leads
to a decrease in the amount of the liquid phase, and
at the secondary intersection of the dew point curve
at point “4”, the entire mixture passes into a gaseous
state. The evaporation of the mixture, caused by
the increase in pressure in the section 3—4, is called
reverse or retrograde evaporation. With isothermal
pressure reduction, a reversible process is also
observed, inverse or retrograde condensation
(section 3—4) [8].

The reverse (retrograde) effect of temperature is
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MOJKET OBITh HETIOBUKHBIM, ECJTH €T'O
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TOPLUA I'A3a BBIIEIAET PETPOTPATHBIA
KOHJIEHCAT B 3TOU TOYKE IJIACTA, KOTOPBIH
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HACBIIIEHHOCTH IO T1acTy [1, 6]. Haubonee
KPUTUYHBI PETPOrPpagHbIC ABJICHMNS B
npu3a60rHOM 30He niacta (I13I71), Tak

KAK OHA XaPAKTEPUIYETCSI HAUGOBIITUM

Pucynox 2 - I'pagpux gpynkuuu niacmoasvix nomeps
YB C;, Ileuopo-Kosceunckozo HKIM

Figure 2 — Grapb of the reservoir loss function of the

3HAYEHUEM [IEPENa/ia JaBACHUS IPU JOObIYE C5+ HC Pechoro-Kozhm'nsky NKGM

J1ACTOBOT'O (DIIOUA.

Hakoruienue KOHAEHCATA B IIOPUCTOU CPELE TAKKE
MPUBOJAUT K TOTEPAM, KOTOPBIE IPU PA3PAOOTKE 3AIEKHU
B PEKHUME UCTOMEHUS MOTYT JIOCTUTATH 60%

OT HAYaJIBHOI'O COAEPKAHUA KOHJECHCATA B INIACTOBOM
rase [8].

Ha nnpumepe padotsl 3aHouyesa C.A. u Kparina JI.P.

[7] MOXHO IPOAEMOHCTPHUPOBATH 3HAYEHNE TAKUX
NOTEPD. B JAHHOM CTATHE NIPENJIOKEHA METOAUKA
NPOTHO3UPOBAHMA IVIACTOBBIX IIOTEPD Y B 1 copepkanus
KOHJIEHCATA B IIJIACTOBOM I'd3€ HA OCHOBE (DAKTUYECKUX
PE3YJIBTATOB IA30KOH/IEHCATHBIX UCCJIEAOBAHNI
CKBAKMH.

B pesynbrare pacuera 1o JaHHON METOHUKE
NPEACTABIEHA (PYyHKIINA IUTACTOBBIX IIOTEPH KOHAEHCATA
[Teuopo-Koxsuuckoro HI'KM (puc. 2) [7].

HauvanbHOE IJIACTOBOE JABJIEHHE HA JJAHHOM
MECTOPOXIAEHUU COCTABIISIIO 34,14 MIIa, a HayanpHOE
COJIEPYKAHME KOH/ICHCATA B IUIACTOBOM I'ase — 363,3 r/m>,

W3 rpaduka caegyerT, 9TO IpU CHUXKEHUH JABIECHUS HA
10 MIla norepu COCTABIAIOT NOPAAKA 30% OT HAYAJIBHOI'O
COZIEPKAHUA KOHJIEHCATA, 4 IPU CHUXKEHUU JJABJICHUS HA
26 MITa Ha6TIOAACTCS MUK ITOTEPh, 3HAYCHUE KOTOPBIX
COCTABJISIET 55% OT HAYAJIbHOTI'O COAEPKAHM S KOHIEHCATA.

B CBsA3M CO BCTYIVIEHHEM MHOT'UX KPYITHBIX
I'a30KOH/ICHCATHBIX MECTOPOXKICHUM B 3aBEPIIAIOLIYIO
CTaJIUIO Pa3pabOTKHU HEOOXOAUMO BHEAPATH HOBBIE
BTOPHUYHBIE METO/IBI U ONITHMU3HUPOBATH CYIECTBYIONIUE
METO/Ibl BLIOOPA PEKHUMA PAOOTHI I'A30KOHICHCATHBIX
MJIACTOB, KOTOPHBIE MO3BOJIAT NOAJEPKHUBATD TOKA3ATEIN
J1e61Ta HA 3ATVIAHUPOBAHHOM YPOBHE, 4 TAKXKE
CYIIECTBEHHO MOBLICUTD TEKYIIHUI KO(MPUITUEHT
U3BJIEYCHU S KOHAEHCATA.
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observed in the zone between points “C” and “R,”.
The retrograde effect of temperature is characterized
by a similar mechanism as the retrograde effect of
pressure, but in this case the process is isobaric [8].

When developing oil and gas condensate fields
(NGKM), it is necessary to take into account
the phase transformations in the system under
different temperature and pressure conditions.

Such transformations can cause the formation of
condensate accumulation zones near the wellbore

[5, 9]. When filtering to the well, the reservoir gas
passes a point in space in which the pressure is
below the pressure of the onset of condensation,

and as a result, condensate falls out. The precipitated
condensate can be fixed if its saturation is lower
than the critical one, or its filtration rate is lower
than the gas filtration rate. Each new portion of gas
emits retrograde condensate at this point in the
reservoir, which will not have time to be filtered
along with gas to the well, due to which liquid will
accumulate. The process goes until the equilibrium
of the composition of the reservoir gas with the
accumulated liquid phase is reached. Ultimately, the
saturation of the liquid phase in this zone can reach
higher values than the average value of the saturation
over the reservoir [1, 6]. The most critical retrograde
phenomena in the bottomhole formation zone
(PPP), because it is characterized by the highest value
of pressure drop in the production of formation fluid.

The accumulation of condensate in a porous
medium also leads to losses, which, when developing
deposits in depletion mode, can reach 60% of the
initial condensate content in reservoir gas [8].

If we take the research of Zanochuev S.A. and
Krajna D.R. as an example [7], we can demonstrate
the significance of such losses. This article
proposes a method for predicting reservoir losses
of hydrocarbons and the content of condensate
in reservoir gas based on the actual results of gas
condensate well studies.

As a result of the calculation using this method,
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the reservoir loss function of the condensate
of the Pechoro-Kozhvinsky NGKM is presented
(Fig. 2) [7].

The initial reservoir pressure at this field was
34.14 MPa, and the initial condensate content in
the reservoir gas was 363.3 g/m>,

It follows from the graph that when the pressure
drops by 10 MPa, the losses amount to about 30%
of the initial condensate content, and when the
pressure drops by 26 MPa, there is a peak of losses,
which is 55% of the initial condensate content.

In connection with the entry of many large
gas-condensate fields into the final stage of
development, it is necessary to introduce new
secondary methods and optimize existing methods
for selecting the operating mode of gas-condensate
reservoirs that will maintain production rates at the
planned level, as well as significantly increase the
current condensate recovery rate. @
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deghexmocKon Kax cpeocmeo onmumusauuu
CPoxroe6 ucnoav3oeanuna 'HKT u

npeoomsepaunienusn asaPUiiHbLX CUMyauuil
npu npoeeoenuu Padom c npumeHeHuem

KOJMIOOUHZ06020 000PY008aHUA

Flaw Detector for Optimizing Coiled Tubing
Service Life and Preventing Emergencies When
Working with Coiled Tubing Equipment

Anexcanap BEPEMEEHKO, BeJy s HHKEHeEP-3JIeKTPOHHK C3A0 <HOBHHKA»

Alexander VEREMEENKO, Leading Electronics Engineer, Novinka CJSC

Ihonurayus 1oo02omoeera Ha OCHoe
00KAA0a, NPeoCmasieHHo20 Ha 19-1i
MexncoynapOoOHOLL HaAYUHO-NPAKMUECKOLL
KoHgeperyun <Konmooburzoenste
mexHonozuu, I'PLL 6ympuckeaxcurrisie
pabomuous.

The paper is prepared based

on the report presented at the

19" International Scientific and
Practical Coiled Tubing, Hydraulic
Fracturing and Well Intervention
Conference.

CNnANA 1

KOnTIOGMHIOBBIE YCTAHOBKU
AKCILIYATHPYIOTCA HA TeppuTOpun Poccum
yoKe O0JIEE IBYX JIECATKOB JIET. [ Ipr 3TOM
3HAYUTEJIBHYIO JIOJIIO CTOUMOCTH CEPBHUCHBIX
PadoT C UCTIOIB30BAHUEM KOJITIOOMHIA
COCTABJIACT IEHA CAMOM I'MOKOU TPYOBbL

KTHKT npeabaBiisiioTCsl BBICOKUE
TpeboBanus. C OQHON CTOPOHBL, OT
HUX TPeOyeTCa HAJEKHOCTD. C IPyroun
CTOPOHBI, HOIY/IAPHAS B MUPE KOHIIEIII
OEpEXINBOIO ITPONU3BOACTBA (lean
production) DpeAnoaaracT Kak MOKHO
IIOJIHEE UCTIOIB30BATDh UX PECYPC.

Ha srane rmmaHupoBaHMA U OLICHKH
CTOMMOCTH PabOT JIJIs1 CEPBUCHBIX
KOMIIAHUU HE3AMEHUMBI IIPOTPAMMBI,
IIPOU3BOJAIINE AHAJIN3 THOKOU TPYOBI HA
YCTAJIOCTHBIE HATPY3KU, KOTOPBIE TTIO3BOJISIOT
CIIPOrHO3UPOBATH pecypc padboTel THKT
IIPU OIPEAECTIEHHBIX YCIOBUAX. OJHAKO
HA JTAIIE BBIIIOJTHEHNS PA0OT BOSHUKAIOT
HEIIPOTrHO3UPYEMBIE SIBJICHU S, TAKHE KAK
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Coiled tubing units have been
used in Russia for over two decades.
A significant part of the cost of
coiled tubing operations is the cost
of the coiled tubing itself.

There are high requirements for
coiled tubing. On the one hand,
it must be reliable. On the other,
according to lean production
method it should perform to its full
capacity.

At the stage of planning and cost
evaluation service providers need
a software for coiled tubing fatigue
analysis. This software predicts
service life of the coiled tubing
under certain conditions. However,
during operations, unforeseen
circumstances may arise such as
tearing of tubing surface by rams,
scuffing at the curved sections of
the well, aggressive substances that



MpaBuna 6e3onacHoOCTU
Safety rules

rryliaie: cMycia;

onapausmi;

= wapaboma ribeci TpyGeg
= BABMOHEA NP NPOINHESHIN Yaped Moo TRy Sy SoiERICTeN B NPOUBCE TEXHOMOIHMST N

Mpaeuna Ge3onacHOCTH
B Heth‘l’llllﬂﬁ W rajoBol NPOMBLIWNEHHOCTH
(8 pea. Npueaza Poctensagsopa or 12.01.2015 Net)

1030. Konmolinknosse yeTasoan ¢ reliiimn senpepmiumnnt TpyOamu gonsom Gume ofopyaosass n
CLHALEHE CNEQYIOURMA KOHTRONEES-NIMSDHTEMNSHEIMN CHCTEMAME KORTRONA W PEricTRaLMI.
HAMPY3I0K, BOIHMKAKLLIX NPH SAYENONGALEMHB SNEPALWAL,

SABNEHHR HD YL Tod CHBANMHLL

PRCXOSA NPOMBIBOUHON SIN0ETH

CODLMILBHHOMND MOHNTORWHIE HArPYIOKH JARNGHWA B PEANLHOM PEXMME BPOLIGHNA,

AETOMATHMECKOND OTRAKMEHNA NPUBOSA B CYNaS NPeSHILIEHNA JONYE THUNE HAMPYICK.

KenmobuHrossse yeTanoms: ¢ rwlioumi TpyBamn Somon Sue cSopyaoaanss

= KOMANSKTOM YETRORCTE HB VETod CRBENGIH ANACAYCER TEYS PO AARNEHIMA, PACCHHNTANHLILIHE
MEKCHMANBHD BOIMIEHDE YL TeEB0S QAaRNHNE

= CHETEMOR KOWTRONA yTosaHnA TRy,

34/IUPBI TPYOBI IJIANKAMH, UCTUPAHUSA

€€ HA ICKPUBJICHUAX CKBAXKUHDI, 4 TAKXE
BO3/ICVICTBUE AT PECCUBHBIX CPEJ], KOTOPBIE
CHMIKAIOT PECYPC TPYOBI U CO3JAI0T yI'PO3Y
BO3HHUKHOBEHUA ABAPHUMTHOM CUTYALIU.

B Takoi xe crernenu CJI0KHO
IIPOTHO3UPYEMBIM ABJIACTCA U PEAJIbHBIN
OCTATOYHBIN PECYPC TPYOBI, KOI7A 11O
PACYETHBIM JJAHHBIM OHA YK€ HOAJICKUT
CIIMCAHMIO, 4 P€AJIbBHBIN BHEIITHUM BUJI TOBOPUT
O TOM, YTO OHA MOXET €€ UCITOIb30BATHCSA
HEKOTOpPOE KonnuecTBo CIIO.

JJ1s onipeaeIeHusA peaJIbHOI'O COCTOAHU A
I'HKT Ha Bcex 3TaIax €€ UCII0JIb30BAHH A,
BBIABJICHHUA HEIIPOIHO3HUPYEMBIX
PHCKOB 0€30IIACHOCTH PAGOT H JJIs
MAaKCHMAJIBHOI'O HCITOJIb30BAHU A
pecypca ruOKOH TPyOHI I1€JI€COO0PaA3HO
npumeHeHue gedexrockomna. K romy
ke nyHKT 1030 ITpaBui 6€3011acCHOCTH B
HEPTAHON U I'A30BOH IIPOMBIIIIIEHHOCTU
TpebyeT 0O60PYAOBATH KOATIOOMHT OBbIC
YCTAHOBKH CUCTEMOMN KOHTPOJISI YTOHEHU A }

TPyO.

reduce coiled tubing service life
and can lead to emergencies.

It is also difficult to analyze
remaining service life when
according to calculations the coiled
tubing should be written-off while
according to visual inspection it
can be used several runs more.

Flaw detector is used for
analysis of a real CT condition
at all stages of its service,
for identification of non-
predictable safety risks and
maximizing CT service life.
Also, section 1030 of “Safety rules
in oil and gas industry” requires to
equip coiled tubing units with CT
thinning control system.

Specialists in engineering
company Novinka, CJSC
developed a wide range }
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MakeTHbIn obpaseun AT1 n npumepbl rpacdmnKos, 3annCcaHHbIX

npu ero ndnbiTaHNAaXx

A mock-up sample DT1 and examples of testing graphs

MakeTHbIM obpasey OT1

‘ Hamepenue noxkansHeix deghexmoe
BlSed  Keihad

AMNNATYOS CUIHANE NPW
ONPBOANEHIN CKEIIHMX OTEEPCTHI.

Ehihe) (e (o]
AMNNUTYGE CHIHANE NPW SNpegEeneH
NONBPEsDIE HAPYHHEY TRPEWHH,

Ehlfcd OhISed HhiCied Bl ey LG Tad

AMANATYAA CHIHANS NPY CNPESENEHNM
E NENEpeIHE BHYTPEHHIK TRELMH

AMNNUTYAA CHIHANA NPH CNPEABNEHNN
PANSEHH HE HAPYHHOMA NOBEDXHOCTH,

CrnermnaaucramMmu C3A0 <HOBHHKA»,
ABJIAIOIIETOCA HH>KUHHPHHI'OBBIM
HIPEaIIPUATHEM, PA3PAOOTAH U
IIPOU3BOJIUTCA CYIIECTBCHHBIH IEPECIYECHB
HHHOBALIHOHHOI'O BBICOKOTEXHOJIOTHIHOTI'O
000PYyAOBAHHA /I IOBBINICHHU A
3¢} PEKTHBHOCTH JOOBIYH YITIEBOZOPOTHOT'O
CBIPBA. HEKOTOPBIE 13 BUJIOB OOOPYAOBAHUS:
CUCTEMBI HAIIPABJIEHHOI'O Oy PEHUS 11
KOJITIOOUHI'A U CBUHYUBAEMBIX TPYO, KOMIIJIEKC
JJI1 PAJIUAJIBHOT'O BCKPBITH A IVIACTA, KOMIUIEKC
JJIs1 5KEKTOPHOU OUYUCTKU CKBAKHH.

B Haygasne 2017 roga KOHCTPYKTOPCKOE OI0PO
C3AO «HOBHMHKA» IPUCTYIINIIO K PA3PAOOTKE
NEe(PEKTOCKOIA 11 THOKOU TPYOBL, U YK€ OCEHDBIO
TOT'O YK€ I'O/1a ObLI UCIIBLITAH MAKETHDBIN OOPAa3€Ll.
Bbu1 co6pan 601611011 HAG0P TPYO C PA3IUYHBIMUA
nedEKTaMHU, HA KOTOPBIX IIPOBOJUINCH
Pa3HOIUIAHOBBIE UCIIBITAHUA. Ha OCHOBE JAHHBIX,
IIOJTyYCHHBIX IIPH 3TUX UCHBITAHUAX, yoKe B 2018
rogy ObL1 pa3paboTaH U U3TOTOBJIEH PA6OUHI
obpazern JIT1.
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of innovative high-tech
equipment for hydrocarbons
production enhancement.
This equipment includes systems
for directional drilling on CT

and tubing, equipment for radial
drilling, equipment for ejector well
cleanout.

In early 2017, engineering
department of Novinka started
development of flaw detector for
coiled tubing. A mock-up sample
was tested in the autumn of the
same year. A wide range of tubings
with different defects were used
for different tests. Based on data
from this testing, in 2018 Novinka
developed and manufactured a
working sample DTT1.

DT1 is a magnet flaw
detector. Magnetization of the



CoctaB AT1
DT1 components

Cocrae AT1:

OederTockon rmbroi TpyObpl COCTOMT M3 BNoKa M3MepHTaNbHOM™,
Gnoka KOMMY TaLMOHHOrO, NEPCOHANBHOMO KOMNBIOTEPA, MOHTaKHOTO
noBoaka, KoMNNeKTa coeAnHUTENbHbIX kabenei u cneyuansHoro

nporpaMmHoro obecneyeHus.

*romnnekT Gnoka namepuTensHoro obecnevnsaet paboty ¢ THKT

OAHOro U3 Tpex TunopasMepos (gwametpom 38,1; 44,45 unu 50,8 mm).
[ns o6ecneueHus pabotol ¢ THKT apyrix Tunopasmepos ykasaHHoro
pAAa aedeKTockon MoXeT ObiTh YKOMNNEKTOBaH KOMNNEKTaMK

nepexoga.

=y

Oederrockon AT 1 MomeT ycTaHaBNMBATLCA KaK Ha HOBbIe KONTKGHWHIoBbIE
YCTaHOBKM, TAIGKE UM MOXKET AO0CHAaLLaTLCA paHee BuinyweHHoe oBopyaosaHue B

cnAuna 3

IIo npuHIUITy padorsr IT1 -
3TO MATHHUTHBIH 1€(PEKTOCKOIL.
HamarHu4ymBaHUE y4aCTKA TPYOBI 1O
TEXHUYECKOI'O HACBIITECHUS OCYIIECTBIISICTCS
IIOCTOSTHHBIMU MATHUTAMH, YTOOBI
MUHHUMH3HUPOBATH BEC Ae(PEKTOCKOIA. Pacuer
CUCTEMBbI HAMATHUYUBAHUS ObLI CJIC/IaH
CHENUATUCTAMU MHCTUTYTA IIPUKIIATHOMN
puzrky HarimoHa/IbHOM aKa/IEMUU HAYK
benapycu. IIpoBeicHHbIEC UCTIBITAHMSA
MOJTBEPAMIIN PACYETHBIE TAPAMETPBI.

Cocmas QT1:

JledeKTOCKOI THOKOM TPYObI COCTOUT
13 OJIOKA U3BMEPUTEJILHOI'O', OJIOKA
KOMMYTAI[MOHHOI'O, IEPCOHAJIBHOTO
KOMIIBIOTEPA, MOHTA>KHOI'O IIOBOJIKA,
KOMILJIEKTA COEJMHUTEIBHBIX Kabenen u

CITEITUAJIBHOTO IPOTPAMMHOTO OOECTICYCHUSL.

"KOMIUIEKT 6JIOKA U3MEPHUTEIBHOI'O
ob6ecneuunsaeT pabory ¢ 'HKT ogHoro us
TPEX TUIIOPA3MEPOB (inameTpoMm 38,1; 44,45
nnu 50,8 Mm). 111 obecriedeHus padoThI C

tubing section is performed
using permanent magnets in
order to minimize flaw detector
weight. Specialists of Institute of
Applied Physics of the National
Academy of Sciences in Republic
of Belarus performed calculations
for magnetization system. Tests
confirmed calculated parameters.

DT1 components

CT flaw detector includes
measurement unit, switching unit,
personal computer, installation
draw-bar, set of communication
cables and special software.

Measurement unit is designed for
working with CT with one of three
diameters (1.5, 1.75 or 2 inch). Flaw
detector can be equipped with
crossover sets for other diameters.
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KOHCprKTI/IB n3mMmepuTtesibHoro 6noka

Components of measurement unit

Bnok uamepurensHein 4T1

Enox gaTdMEoB
AedhexToR

Cucrema
HAMANHWUYWBAHMA

o

Gnox

Enok gaTuKoe
pazMepos UHCNeKmMupyemMbIix

KOMMYyTaUMOHHBIA

Aduamempsbi

mpyb:

381 mm
44 .45 mm
50,8 mm

TonwjuHa cmeHKuU
do 5 mm

YCTaHOBOYHbIE Moeogok
PO MOHTEXHBIR

I'HOKMMU TPYOAMHU JIPYTUX TUTIOPA3ZMEPOB
YKa3aHHOTO PsA/1a 1E(PEKTOCKON MOKET OBbITh
YKOMIUIEKTOBAH KOMILIJIEKTAMU TIEPEXO/IA.

OT1 npeiHa3HAYEH 111 UHCIIEKITUU THOKUX
TPyO TpeEX fUaMeTPOB: 38,1 MM, 44,45 MM,
50,8 mM. TonIuHa CTEHKU /10 5 MM.

H3meprTenbHbIN GJIOK BKIIOYAET:

* CUCTEMY HAMATHUYHBAHUS,
06ECTIEYUBAIONTYIO HAMATHUYUBAHUE
KOHTponupyemoro yuyactka 'HKT,

* YCTAHOBOYHBIE POJIUKU, OOECTICUNBAIOIINE
YCTAHOBKY 06JI0Ka naMmeputeabHoro Ha THKT
U €r'o LIEHTPUPOBAHNUE OTHOCUTEJIBHO OCH
TPyOH,

* OJIOK JIATYMKOB JIE(PEKTOB U TOIIHUHBI
CTEHKU, OOECTICUNBAIOIINI ONIPE/ICTICHUE
nedexros 'HKT 1 namepeHne ToNIHbI
CTCHKU,

* OJIOK TATYMKOB PA3MEPOB,
06ECTIEYNBAIOINI U3MEPEHUE HAPYKHOI'O
arameTpa u oBaibHOCTH 'HKT;
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SLIDE 4

DT1 is designed for inspection of
three CT diameters: 1.5 inch,

1.75 inch, 2 inch. Wall thickness is

up to 5 mm.

Measurement unit includes:

» Magnetization system — provides
magnetization of a specific CT
section;

* Installation rollers — provide
installation of measurement
section on CT and its alignment
with CT axis;

* Sensors of CT flaws and wall
thickness — provide detection of
CT flaws and measurement of
wall thickness;

* Diameter sensors — provides
measurement of outer diameter
and CT ovality;

* Odometers — provide
measurement of CT speed and
length;



YCTPONCTBO PONNKOB. laT4uKun ABMXXEeHUs TpyObl (040MeTpPbI)
Rollers design. CT movement sensors (odometers)

Cucrema ycraHoBKM Bnoka
naMmeputenbHoro Ha MHKT

OdaT4yuKu ABUXKEHUA TPYObI
(ooomeTpel)

.l

* OJIOMETPBI, OOECIIEUYNBAIOIINE U3MEPEHUE  Switching unit — provides
CKOpoOCTHU nepemeteHus v JunHbl THKT; preliminary processing of the
* KOMMYTAIIMOHHBIN OJIOK, OOECIIEYNBAIOITUI obtained data and its transfer to
IIPEABAPUTENBHYIO OOPAOOTKY ITOJTYYEHHBIX the personal computer.
JAHHBIX 1 UX Ilepegavy Ha I1K. Measurement unit DT1 consists
N3mepurenbHbirt 610K IT1 nmeer of several parts thus providing
PAa3MBIKAIONYIOCA KOHCTPYKITHIO, UTO simple and convenient installation
obecnieuynBaeT ygoocTBO MOHTAXA Ha THKT. on CT. Unit gravity center is below
LIEHTP TSKECTH OJI0KA HAXOIHUTCS HHAXKE the tubing axis. Measurement unit
ocu TpyOsbL. Kperenre n3aMepuTeIbHOIO installation on the level wind is
6noka IT1 K yrimagsiBaresnro 6apadbana performed using a steel draw-bar
OCYIIECTBJISIETCS CTAJIbHBIM TTIOBOJIKOM C with a break sensor.

JIATYNKOM OOPBIBA. For installation on another CT
ITepenanaaka c ogHoro guamerpa 'HKT na diameter, four parts of a magnet
JPYTOI OCYIIECTBIISAECTCS 3AMEHON YEThIPEX core and two sensor units need to
JIETAJIEN MATHUTONIPOBO/A U IBYX OJIOKOB be replaced. Rollers and sensors

JIATYMKOB. JJOIIOJTHUTEIBHO OCYIIECTBIIACTCS should also be adjusted for the
PETYIMPOBKA POIUKOB ITOJIBECKU U JATYHKOB required diameter.

HAPY’KHbBIX PA3MEPOB. }
SLIDE 5

DT1 is fixed on CT via two three-
roller sets. Each roller has a spring }
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OcCHOBHble TeXxHn4Yeckne xapakrtepuctukm AT1

Main technical characteristics of DT1

OCHOBHbLIE TEXHUYECKHE XaPAKTEPUCTHRH

Paimepi! FTHKT

MeTon fgedeToCKonMH
BuiaenaeMuie nederTl:

- OTBEPCTHA JHAMETDOM

- NONEPEIHBIE HAPYHHBIE TPEWMWHB

- NONepeyYHbIe BHYTPEHHWE TPELUMHBI

- PAKOBHHBI HA HAPYHHBIX NOBEPXHOCTAX

- PAKOBMHBI HA BHYTPEHHWX NOBEPXHOCTAX

- BMATHHBI Ha HAPYAHBIX NOBEDXHOCTAX
TOYHOCTE MaMeperRnA TONWWHE CTEHKK
TOMHOCTE M3MEDEeHWA ameTpa rmbkol TpyOw!

Ouana3zoH onpegeneHys 0BanLHOCTH
(pa3HOCTL MaKCHMMAaNEHOro M MUHWMANLHOMo AWaMETPoB)

War cHATUA fedekTorpaMmMel
MakcuManeHan CKopoCTe NOJAYH TpyDk!
OueHka TeMnepaTypel OKpY:HaKnlWen cpedsl
Ouenxka eubpaymm

38,1 Mm; 44,45 mm; 50,8 Mm

OueHka pacceaHa MarHuTHOro noToka (MFL)

0.5 MM

C packpbitved 0.3 mm anuHoi 6.5 mm v myBuHoi 10%
C packpbitien 0.5 MM AnuHOR 6.5 mmM 1 myBuHon 15%
anameTpom 1,6 MM rmyGunon 10%

anamerpom 3,0 mm myOuHon 25%

10x10x1 MM

0.2 MM

0.2 MM

ot 080 3 MM

2 MM

0.8 mic

B Auanasoke oT -40 go +50°C ¢ ToyHoCTRI0 +1°C
B AWana3soke +2g ¢ guckpetTHocTeio 0,19

CNnAnA 5

HaT'HKT OT1 gepxkurcs AByMs TPOMKAMU

POJIMKOB. KasKAbIM POJIMK UMECT IIPYKUHHYIO

IIOJJBECKY, KOTOPast OOECIIEYNBAECT
HAJICKHYIO YCTAHOBKY 1 LIECHTPHUPOBAHHE
U3MEPUTEJIBHOI'O OJIOKA OTHOCUTEJIBHO
OCH TPyOBbI HE3ABUCUMO OT JIOITYCKOB HA €€

HU3rOTOBJICHHUC Y U3HOCA ITPH SKCILIYATAITVIH.

B kauecrse POJIHNKOB HCITOJIb30OBAHbI

3AKPBITBIC AP KOIIOAITUITHUKHA CO CMﬂSKOﬂ,

HeE TPpeOyIoNNE OOCTY;KUBAHUS.

M cnionb30BaHUE JIBYX HE3ABUCHMBbBIX
JNATYUKOB JJBUKEHUA TPYObI (OLOMETPOB)
OOECIIEYNBAET BBICOKYIO, O€3 IPOITYCKOB,
THIATEIBHOCTDb OOCIEJOBAHUS TMOKOH
TPyOBI U TIO3BOJISIET U3MEPATH CKOPOCTH
€€ IBIKEHUSL. POJTMKHU OJOMETPOB UMEIOT
CHENUAJIBHYIO KOHCTPYKIIHIO, KOTOPAs
O6ECTIEYNBAET 3AMUTY OT U3BMEHEHU
JAraMeTpa U3-32 HAJIUIIIEN I'pa3u. [1j1a
yno6cTBa MOHTAXA HA THKT ogomeTpsl

NMCIOT p360‘{€€ W TPAHCIIOPTHOC ITOJIOXKCHHC.
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suspension that provides reliable
fixation and alignment of the
measurement unit with the tubing
axis regardless of dimensional
allowance and service wear. Sealed
ball bearings with lubricant are used
as rollers. These bearings do not
need any maintenance.

Using two independent odometers
provide high accuracy of CT
inspection and measurement of CT
speed. Special design of odometers
rollers provides protection from
diameter changes due to deposits on
CT surface. For simple installation
on CT, odometers have transport
and working positions.

DT1 provides control of CT
wall thickness, three-axis
measurement of CT outer diametet,



MporpammHoe ob6ecneveHue. DyHKLUSA NPOCMOTpPa Bcex AedeKToB TpyObl
Software. Feature of displaying all CT flaws

CneuunansHo paspabortaHHoe [10 obecneuynBaer
3anuck U oTobpaxeHue Nony4eHHoON MHopMaLUn

mE

@YHKUUA NpOCMOTpa BCex
AecekToB TpYyObI

AT1 KOHTPOIUPYET TOJNIHUHY CTEHKU TPYOBDI,
HAPY>KHBIC PA3MEPDI TPYOBI 11O TPEM OCHAM,
JETEKTUPYET IONEPEYHBIE U HAKJIOHHBIE
TPEIMUHBI CHAPYKU U U3HYTPH, BMATUHBI U
CKBO3HbBIE OTBEPCTUA. BCe 3TN mapaMeTpel
CHUMAIOTCS OZHOBPEMEHHO. MIzmepenus
[1APAMETPOB TPYObI IPOU3BOAATCA KAXK/IbIE
JIBA MUJUIUMETPA TPYOBDL

cnaung 7

Jnst IT1 pazpaboTaHO CHIENUATBHOE
IIPOI'PAMMHOE OOECIIEYEHHE, KOTOPOE
IIO3BOJISIET IIPOU3BO/INT:

* THCIIEKIIHIO THOKUX TPYO;
* HACTPOMKY CUCTEMBI U KAJIUOPOBKY

JIATYHKOB;

* BU3YA/IU3ALIMIO U XPAHEHHE TTOJTyYEHHOMN

MHPOPMALHH.

BapuaHTt oTOOpa)keHus AePEKTOB: 1E(PEKTHI
OTOOPAKAIOTCA I'PAJAIIMEH 1IBETA HA

detection of inside and outside
cracks both transverse and angled.
All this parameters are recorded
simultaneously. Measurement is
performed every 2 millimeters of the
tubing.

Software developed specially for

DT1 provides:

* CT inspection;

* System adjustment and sensors
calibration;

* Visualization and storage of the
obtained data.

Displaying mode: all flaws are
displayed with color gradation on a
moving tubing sweep.

Software provides downloading the
full file of CT inspection. Clicking on
a certain point provides a color image
of the flaw pattern in this point.
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Mpumepbl gedekTorpamMmm napanienbHo ¢ rpacpukamv BUGpaumm
Examples of flaw patterns along with vibration graphs

NoxHbIW OechekT, BeI3BaHHbIV BUGpaument

OencTeuTtenbHble aedekTbl NPU OTCYTCTBMKU BUOpaUnn

JIBHKYIIENCS PA3BEPTKE TPYOBL
[IporpammHOE 06€CIIEYEHUE ITO3BOJIACT
3ArPy3UTH NOJHBINA (DA MHCIIEKIINN
TPyOBL [10 KJIIMKY Ha OIPEJIEIEHHYIO TOYKY
MOKHO ITOJIYYUTD [IBETHOE N300PAKEHUE
e(PEKTOrPAMMBI B 3TOM TOYKE.

cnAnpa 8

[Ipu npoBeaeHnH 1e(PEKTOCKOITUHA
B YCJIOBUAX ITOCTOAHHBIX BUOPAITNI
BO3MOKHO OTOOPAKEHYE JIOKHBIX 1IEPEKTOB,
KOTOPBIX B peaibHOCTU HeT. B [IT1
MMEETCSA JATYUK BUOPAIIUH, ITO3BOJIAIONNIA
OT/INYATD ACHCTBUTEJIBHBIE 1€(PEKTHI OT
JIOXKHBIX ITOKA3AHHUH IIPU BCTPSCKE U3-
34 COCKAKHMBaHUS TPYObI CO CIEAYIONIETO
BUTKA Ha 6apadaHe. Pe3yibTaTsl U3MEPEHUI
IF€OMETPUUECKUX ITAPAMETPOB IIPU BCTPSICKE
HE YYHUTBIBAIOTCA.

JononanrenbHOo 1pu padorte AT1
IIPOU3BOANTCA U3MEPEHNE TEMIIEPATYPDI
OKPY>KAIOIIIETO BO3/1yXa U TEMIICPATYPhI
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SLIDE 8

Flaw detection under conditions
of a steady-state vibration can
display false flaws that do not exist.
DT1 includes a vibration sensor
that can distinguish real flaws
from false ones during vibration
due to tubing slip-off from the
next turn on the drum. Results
of measurement of geometry
parameters during vibration are not
taken into account.

In addition, DT1 measures
temperature of environment and
tubing thus increasing the accuracy
of measurement of geometry
parameters.

SLIDE 9

Accuracy testing of 2 mock-
up sample of flaw detector and



MoaTsep)xaeHMe cooTBETCTBUA AedeKTOoCKomna 3asBeHHbIM
TexHu4eckmm TpebosaHusam / Confirmation of flaw detector compliance

with stated technical requirements

MpoBeneHHbIE UCMBITAHWA gedheKTocKoNa Ha KoNToGMHIoBO YCTaHoBKe
NoATBEpAWUNA COOTEETCTEME NpuBopa 3asBreHHbIM TEXHUYECKUM NapamMeTpam u
nokasanu, YTo paspaboTaHHoe YCTPOWCTBO HaXo0AUTCA Ha YPOBHE NyYLLMX
MMNOPTHBIX aHanoroe.

MpuMepbl AedekTos, o6HapyHeHHbIA NPU NCNbITAHUAX.

Ceuwy

3agup

TPYOBI, YTO HOBBIIIACT TOYHOCTH OIIEHKU
I€OMETPUYECKUX [TAPAMETPOB TPYOBL.

cnAnpg 9

[IpoBEIEHHBIEC TOYHOCTHBIE UCTTBITAHUS
MAKETHOTI'O 00pa31ia 1e(PEKTOCKOITA, 4 TAKXKE
€r0 UCTIBITAHUS HA KOITIOOMHI'OBOM YCTAHOBKE
MOJIHOCTBIO MOJITBEPANIIA COOTBETCTBUE
IIPpUOOPA 3a5IBJICHHBIM IAPAMETPAM U
MOKA3aJI1, YTO PA3PAOOTAHHOE YCTPOUCTBO
HAXOJIUTCS HA YPOBHE JIYUIIUX 34PYOEKHBIX
AHAJIOTOB.

[Iposenenue nedpexrockonuu 'HKT B pexume
PEATBHOI'O BPEMEHU ITO3BOJISAET OTCIIEKHUBATD
JUHAMUKY €€ U3HOCA, U TEM CAMBIM
ONTUMHU3HPOBATH CPOKU UCITOIB30BAHUS
I'MOKOU TPYObI U IIPEJOTBPAIIATH ABAPUITHBIE
CUTYAlIUU IIPU IIPOBEICHUH PAOOT.

Hedexrockorn [IT1 MOXET yCTAHABINBATHCS
KAaK Ha HOBBIE KOJITIOOMHI'OBBIE YCTAHOBKH,
TAKKE UM MOXKET JJOOCHAIATHCS PAHEE
BBIIYIIIECHHOE OOOPYAOBAHUE. ©

field-testing on coiled tubing unit
provided full confirmation of

the tool compliance with stated
requirements and showed that
developed tool is at the level of the
best foreign analogues.

Real-time CT flaw detection
provides wear monitoring thus
optimizing CT service life and
preventing emergencies during
operations.

Flaw detector DT1 can be
installed on both new and
previously manufactured coiled
tubing units. ©

He 3a6yabTe opopmuTh
NoANUCKY Ha XXypHan

«Bpems KonTioOMHra»!

NHpekc B noanucHoM KaTtanore
«PocneyaTtn» 84119.
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VIHHOBALIVIOHHbIE PA3PabOTKM OT KOMMAHNM
SHINDA: nHTennekTyanbHble KabenbHO-TpyOHbIe
cnctemsbl ICCT (Intelligent Cable and Coiled Tubing)

JInus 103 IUH, reHepansubii gupekTop SHINDA (Tanmans) CREATIVE OIL & GAS EQUIPMENT CO., LTD; ITasex ETOPOB,
I.T. H., TEHEPATBHBIH JupeKTop Mo Poccuu u crpanam CHI SHINDA (Tanmans) CREATIVE OIL & GAS EQUIPMENT CO., LTD

Mr. Lin Yue QING, General Director, SHINDA (TANGSHAN) CREATIVE OIL & GAS EQUIPMENT CO., LTD; Dr. Pavel EGOROYV,
General Manager Russia and CIS countries, SHINDA (TANGSHAN) CREATIVE OIL & GAS EQUIPMENT CO., LTD

B HacTosmee BpeMs KONTIOOUHIOBASL OTPACIb
CTAJIKHUBAETCS CO MHOKECTBOM BBI3OBOB, JIJISI YETO
HEOOXOITMMO MOJIEPHU3UPOBATb CTAHAAPTHHIE
THKT 1 cO371aBaTh UHTEJUIEKTYAIbHBIE CUCTEMBI HA
ocHoBe 'HKT, yeM aKTUBHO 3AHHUMAETCS IOCTAETHHE
HECKOIBbKO JieT KomnaHnuA SHINDA (TANGSHAN)
CREATIVE OIL & GAS EQUIPMENT CO.,, LTD,
BxozA1an B Huatong group.

OcHoBaHHasA B 1993 roay Hebei Huatong Wires
and Cables Group Co., Ltd ceroiHs pacrnonaaraeTcs
Ha riomaau 6osnee 220 000 KBaPaTHBIX METPOB,
HMEET B CBOEM IIPOUBBOJCTBEHHOM AKTHUBE 60sI€E
420 eAMHUL TPOU3BOJACTBEHHOIO O60PYIOBAHUSA
U IPOU3BOJICTBEHHBIX JIMHUI, a4 TAKXKE 60see
250 eINHUIL JIAOOPATOPHOI'O U UCITBITATEIBHOTO
o6opynoBanus. B 2012 rogy rpynmna KOMIIAHUA
Huatong opranusosana Komnanuio SHINDA
(TANGSHAN) CREATIVE OIL & GAS EQUIPMENT
CO., LTD 1 Ha4aJI0OCh CTPOUTENBCTBO U 3AITyCK
MPOU3BOACTBEHHBIX MOIMHOCTEN KOMITAHUH
SHINDA. B 2016 roxy kommanwust SHINDA Hauama
AKTHUBHYIO PA0OTY ITO MEXKAYHAPOAHBIM IIPOAAKAM,
oTKpbITH OpuCH! B CIIIA, EBpone, Poccuu, Appuke
u banxkHeM BOCTOKE, TOTy4Y€HBI TPEOYEMBbIE
paspenieHus U CEpTU(PUKATEL

3a Bpems CBOETO ABUXXEHUA K YCIIEXY I'PYIIITA
koMmmmaHu HUATONG 3apekOMEeH/10Ba1a ce6s1 KaK
HaJIE’KHOT'O, COBPEMEHHOT'O IIPOU3BOJUTEIS BCETO
CIIEKTPA KAOEJIBbHOM NIPOAYKIINH, KAITUJUIPHBIX
TPYOOK\TPYOOK KOHTPOJIA U ynpasneHus, THKT,
[IJIAHTOKA6EJIEN, 4 TAKKE KAK Pa3PA0OTINKA U
MPOM3BOANUTEIII UHHOBALIMOHHBIX U3/IEJINUN JJI1
CEPBUCHBIX KOMIIAHUI HE(PTEra30BOIO CEKTOPA
— ICCT (Intelligent Cable and Coiled Tubing)
cucremsbl. Ceropns rpynmna komnanuit HUATONG
ABJIAETCA HAJIEKHBIM IIOCTABIIUKOM HA KUTAUCKOM
BHYTPEHHEM PBIHKE, YCIIENTHO ITOCTABIAET
npoaykuuio B CoeiuHeHHbIE [IITaThl AMEPHKY,
Tonmnmanauro, Uranuio, Poccuro, Kazaxcras,
Benukobpuranuio, ABcTpannio, HoByio 3en1aHuio,
D¢puonuro, 'any, Konro, banxuunit Boctok, IOro-
BocTounyio A3uio U psaj IPpyrux CTPaH.

SHINDA (TANGSHAN) CREATIVE OIL & GAS
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At present, the coiled tubing operation is facing
more and more challenges — deeper/stronger and
intelligentization, Modernizing standard coiled tubing
and creating intelligent systems based on coiled
tubing provide solution to these challenges, which the
SHINDA (TANGSHAN) company CREATIVE OIL &
GAS EQUIPMENT CO., LTD, a member of the Huatong
group, has actively engaged in over the past few years.

Founded in 1993, Hebei Huatong Wires and Cables
Group Co,, Ltd. today occupies an area of more than
220,000 square meters, has in its production assets
more than 420 units of production equipment and
production lines, as well as more than 250 units of
laboratory and testing equipment. In 2012, the Huatong
group of companies organized CREATIVE OIL & GAS
EQUIPMENT CO., LTD and the construction and start-
up of Shinda’s production facilities began. In 2016,
SHINDA began active work on international sales;
offices opened in the USA, Europe, Russia, Africa, and
the Middle East, the required permits and certificates
were obtained.

The HUATONG group of companies has established
itself as a reliable, modern manufacturer of a wide
range of equipment, capillary tubes and control and
monitoring tubes, coiled tubing, umbilical cables, as
well as a developer and manufacturer of innovative
products for oil and gas service companies - ICCT
(Intelligent Cable and Coiled Tubing) systems . Today,
the HUATONG group of companies is a reliable
supplier in the Chinese domestic market, successfully
supplying products to the United States, Holland,

Italy, Kazakhstan, Australia, Australia, New Zealand,
Ethiopia, Ghana, Congo, the Middle East, Southeast
Asia and some other countries..

SHINDA (TANGSHAN) CREATIVE OIL & GAS
EQUIPMENT CO,, LTD operates in accordance
with international standards of safety and quality,
including: ISO 9001: 2008 (Quality Management
System), OHSAS 18001: 2007 (Occupational Health
and Safety Management System), ISO 14001: 2004
(Environmental Management System), CNPC HSE
Q /SY1002.1-2013 Certificate, SINOPEC HSE Q
/ SHS0001.1-2001 Certificate, Maritime Register



EQUIPMENT CO., LTD oCymecTBISET CBOIO
JIESITENIBHOCTb B COOTBETCTBUHU C MEXKAYHAPOAHBIMU
CTAaHAAPTAMHU 6€30MACHOCTH U KA4YECTBA, BKJIIOYAT:
ISO 9001: 2008 (Cucrema yIIpaBI€HUA KAYECTBOM),
OHSAS 18001:2007(T'uruena Tpyga u Cucrema
YIIPaBJIEHU 6€30I1aCHOCTBIO), ISO 14001:2004
(CucreMa 3KOJIOTrMYECKOIo YIIPABJICHUA),
Ceprudurar CNPC HSE Q/SY1002.1-2013,
CeugerenbcTBo SINOPEC HSE Q/SHS0001.1-2001,
Ceprudurar MOPCKOro peectpa no Meroxny 11 GO174,
API, Ceprudpukar Q1 (Q1-2225) AMEPHUKAHCKOTO
uHctuTyTa HE(PTU (API) 1 CepTrduKar 5
AMEPHKAHCKOTO UHCTUTYTA HEPTH (API)
(55T-0005).

I'pynna komnanut HUATONG npoussBoguT
CHJIOBBIE Ka6€/IU C HATIPSIPKEHUEM J10 35 KBT €
H30JISIIUEN U3 CITUTOTrO MoanuaTuiecHa XLPE,
cusioBbie Kabenu ¢ [TBX-u3onsaiuei, maxTHbie
Kab6e1n, rTHOKue Ka0€eIu B PE3UNHOBOU OOOJIOUKE,
norpyskHsble (ESP) xa6enu, JOKOMOTHUBHBIE KA0€IH,
CyJ10BBbI€ O(PIIOPHBIE KA6EIU U KA6€EH JIJIs1 BOEHHO-
MOPCKOTO (PI0TA, KAOEJIH JJ11 ATOMHBIX CTAHIIUH,
TOTOBBIE KAOEJIbHBIE MY(PTHI, BO3AYIIHBIE KAOEIIH,
Kaben CUCTEMBI YIIPABJIEHUS, CIIEIIUAJIbHBIE
Kabenn, MpoBOJA /11 OOMOTKH JIBUTATEIIS, BUTOU
AIIOMMHMEBBIN NPOBOZ, (AAC), AJIIOMUHUEBBIA
MHOT'OKUJIbHBIN BUTOM IIPOBOJ, CO CTAJIBHBIM
cepaedyHuKoM (ACSR) 1 MHOroe€ pyroe.

Becs BhllenepeyrcaeHHbIN CIIEKTP BbIITYCKAEMOU
MNPOAYKIIUHA COBMECTHO C YHUKAJIbHBIMHA
TEXHOJIOTUAMU J1a3epHOM cBapku 'HKT u
KAWL PHBIX TPYOOK/TPYOOK I'MIPABINYECKOTO
KOHTPOJIA CO3/14J1 BO3MOXXHOCTb JIJISI MHXKEHEPOB U
HUCCJIEAOBATEIEN KOMITAHUY HAYATb UCCIIENOBAHUA
B o6smactu uHHOBAaIMOHHBIX ICCT (Intelligent
Cable and Coiled Tubing) cucrem. B 2019 rogy
obuiee yncao coTpygHUKOB KoMnnannuu HUATONG
npespIcuo 1000 4estoBEK IO BCEMY MUPY, IIPUYEM
6onee yem 20% U3 HUX UMEIOT BbICIIEE OOPA30BAHUE
U CTENEHU KAaHJUAATOB U JOKTOPOB HAYK. Takxe
MHorue rojasl komnanus SHINDA (TANGSHAN)
CREATIVE OIL & GAS EQUIPMENT CO., LTD
BEJICT COBMECTHBIE Pa3paboTKu ¢ KruTarickon
aAKa/IEMUEN HAYK.

OTa paboTa IO3BOJISIET PEUIATH BOIIPOCHI
ONTUMHU3AL NN PACXOA0B CEPBUCHBIX KOMITAHUI.
SHINDA nipejiytaraeT Tpyu OCHOBHBIX HAIIPABJICHUS:
HCIIOJIb30BAHHE HOBBIX MATEPUAJIOB (CHIEITUAIbHBIE
VIVIEPOJUCTBIE CTAJIN, TUTAHOBBIC CIJIABBI U T.I1.) IS
IIPOU3BO/ICTBA 'NOKOM TPYObI, COBEPIICHCTBOBAHUE
TEXHOJIOTUH, B YACTHOCTH, UCIIOJIb30BAHUE
BBICOKOYACTOTHOM JIA3€PHOM CBAPKH, IPU
npoussoacTse THKT u TpyOOK rIpaBIHNdeCcKOro
KOHTPOJIS U HAPAO6OTKY SKCIIEPTHOT'O OIBITA
MIPUMEHEHHS IPOIYKTOB KOMIIAHUHU B PA3JIMYHBIX
npoekTax ¢ npuMeHeHnueM ICCT-cucrem.

B JaHHOM CTAThE OCTAHOBUMCS TOJIBKO HA
HECKOJIBKUX HHTEPECHBIX Pa3PabOTKAX, KOTOPHIE,
Ha HAIll B3I/, IOJIKHBI TOJIYYUTh OILIEHKY
CIIEIIUAJIMCTOB U BOCTPEO6OBAHHOCTD B OIIMKAHIIIEM

6YI[YH_[CM Ha PBIHKC CCPBUCHBIX YCIIYT' Poccun u }

crpax CHIL

Certificate of Method I1 GO174, API, Q1 Certificate
(Q1-2225) of the American Petroleum Institute (API)
and American Petroleum Institute (API) Certificate 5
(5ST-0005).

The HUATONG group of companies produces
power cables of up to 35 kW voltage with XLPE cross-
linked polyethylene insulation, PVC-insulated power
cables, mine cables, rubber-sheathed flexible cables,
immersion cables (ESP), locomotive cables, marine
offshore cables and cables for military naval fleet,
cables for nuclear power plants, pre-assembled cable
boxes, overhead cables, control cables, special cables,
wires for motor windings, twisted aluminum wire
(AAC), aluminum stranded wire with steel core (ACSR)
and much more.

All of the above range of products, together with the
unique technologies of laser welding of coil tubing and
capillary tubes\hydraulic control tubes, has created
an opportunity for the company's engineers and
researchers to begin research in the field of innovative
ICCT (Intelligent cable and Coiled Tubing) systems.

In 2019, the total number of HUATONG employees
exceeded 2,000 people worldwide, with more than
20% of them having higher education and the degree
of candidates and doctors of science. Also for many
years the company SHINDA (TANGSHAN) CREATIVE
OIL & GAS EQUIPMENT CO,, LTD has been jointly
developing with the Chinese Academy of Sciences.

This work allows us to solve the issues of optimizing
the costs of service companies. SHINDA offers three
main areas: the use of new materials (special carbon
steels, titanium alloys, etc.) for the production of
flexible pipes, the improvement of technologies,
in particular, the use of laser welding, in the
production of CT and hydraulic control tubes, and
the accumulation of expert experience in using the
company's products in various projects using ICCT
systems.

In this article, I will focus only on a few interesting
developments, which, in my opinion, should receive
expert assessment and relevance in the near future
in the market of service services in Russia and the CIS
countries.

EOQUIPMENT

T'HKT
Ordinary CT Pipes
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T/D inch 0,75 1 1,25 1,5 1,75 2 2,375 2,625 2,875 3,25 3,5
inch mm 19,1 254 31,8 38,1 44,5 50,8 60,3 66,7 73 82,6 88,9
0,075 1,9
0,08 2
0,083 2,1
0,087 2,2
0,095 24
0,102 2,6
0,109 2,8
0,118 3
0,125 3,2
0,134 3,4
0,145 3,7
0,156 4
0,175 4.4
0,188 4,8
0,204 5,2
0,224 5,7
0,25 6,4
0,276 7
0,281 7,1
0,3 7,6
IIpenen texkyuectu/ IIpounocTs Ha
MAPKA C Mn P S Si MAPKA MPa pacrsaxenue/MPa
CTAJIH CTAIN yield strength/MPa | tensile strength/MPa
Grade max max max max max Grade min max min
CT70 0,16 1,2 0,025 0,01 0,5 ST70 483 552 552
CT80 0,16 1,2 0,02 0,01 0,5 ST80 552 620 607
CT90 0,16 1,2 0,02 0,01 0,5 ST90 620 689 669
CT100 0,16 1,65 0,025 0,01 0,5 ST100 689 - 758
CT110 0,16 1,65 0,025 0,01 0,5 ST110 758 - 793
IIpuMeHeHue Application

Hcnonb3yioTces A1 6ypeHs Ha KONTIOOUHTE, KATUTAJIbHOTO

PEMOHTA CKBAXKUH, THAPONECKOCTPYHHON NIeppopanuy,
dppe3epoBaAHUA HOPTOB MHOI'OCTAJUIHOTO THAPOPA3PHIBA
IJ1ACTA, aKTUBAN MU NopToB MI'PIT criennanu3upoBaHHBIMU

KOMIOHOBKAMHY HHU32 KOJIOHHBI, yIAJIEHUA NTAPA(PUHOB,

reopU3NYICCKUX UCCIEIOBAHUI CKBAXKUH U JIP.

80 Ne 1 (067) Mapr/March 2019

Used in drilling. workover. well
completion. well logging and drainage gas
recovert. sand washing. the drainage od gas
lift. paraffin removal and salvage operations.
through the whole process of oil and gas
exploitation.
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EOQUIPMENT

THKT komounuposannan c xadoeiem uaunuetl 2uoPasiniuecKozo KOHmpoisn
Combined coiled tubing with cables and bydraulic control line

Buyrpennsas Tpyoka/Inner Tubing

CrpyKTypa

Dxpan/Shield

Structure

JInnwus ynpasneHus/Control line

3anonHurens/Filler

BremnHaa o6onouka/Outer Sheath

1. Marepuai BHyTpeHHen Tpyoku — CT70, npeaen rekydectu — 70 000 psi, npeaes npounoctu — 80 000 psi;
KouTtposnpHas tunusi, Matepuai 316L, npenen rekydect — 40 000 psi, mpeaen mpourocT — 70 000 psi.

1. The inner tube material is CT70, yield strength is 70,000 psi, tensile strength is 80,000 psi; Control line,
material 316L, yield strength 40,000 psi, tensile strength 70,000 psi.

GhOnCIna 2. EPDN noaxoauT s Temrepartyp Hroxke 120 °C, mnotHOCTs 0,87 1/cM?.

Structure 2. EPDN is suitable for below 120 °C, the density of 0.87 g/cm?.

3. EPDM noaxoauT A1 Temieparyp Hipke 120 °C, mimotHOCTh 0,87 T / CMP.

3. EPDM is suitable for below 120 °C,the density of 0.87 g/cm?.

4. Temnieparypa mwiasiaeHust HDPE 130 °C, quanazos temmepatyp — 60 °C — 100 °C, uotHOCTh 0,94 1/CcM>.

4. HDPE melting point 130 °C, temperature range — 60 °C — 100 °C, the density 094 g/cm?>.

IIpumenenue
OJHOBPEMEHHO C 3KCILTYATALIUEN KONTIOOHMHIA

06€ECTICYNBACTCS TIEPE/IAYA SHEPTUHU JIJISI TTOA3EMHBIX
CKBXKWH, TPAHCIOPTUPOBKA XUMUYECKUX BEIICCTB,

4 9KCIUIYATaIUs CTAHOBUTCS 60JIcE YIOOHOH,
6e30MaCHOM ¥ HAJAEKHOM.

Application

At the same time of coiled tubing operation, it
provides power transmission for underground wells,
chemical agent transportation, and the operation is
more convenient, safe and reliable.

TPYBKA
TUBING

Mnozoxananvnoie THKT
Multichannel coiled tubing

4 4
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Buemnsasa tpy6a/Outer Tubing
CrpyKTypa
pyxxyp bpons/Armoring
Structure
Buyrpennue Tpyoku/Inner Tubing
1. MaTepuas BHemHEN TPpyoku — ST80, mpeaen rekydyectu Tpyoxu — 80,000 psi, pesies1 NpOYHOCTH —
88,000 psi.
CBOMCTBA 1. The outer tube material is ST80, yield strength of the tube is 80,000 psi, tensile strength is 88,000 psi.
Property
2. Marepuaj BHyTpeHHEN TPpyOKu — Q345, mpeaes rekydectr — 50,000 psi, npegen npoyHocTy — 71,000 psi.
2.The inner tube material is Q345, yield strength is 50,000 psi, tensile strength is 71,000 psi.
IIpuMeHeHue Application
B OCHOBHOM HCTIOIB3YETCS IS TOA3EMHON Mainly used for underground layered water injection
MJIACTOBOY 3aKAYKH BOJIbI U JOOBIYM IIJIACTOBOI'O I'a34. and layered gas production
[TpOBOAHMK
/ Conductor
{ ™ H3zonanus
’,,f' _~ Insulation
= 3a0JHUTEIb
I _—Filler
/ o Tpy6ka
- _—"Tubing
.--""'ﬂ-'f
1 WHKATICYISIAS
Y.
| —"Encapsulaton
e
.-r""df
_ Ly /
Huxancyaupoeannviii kadens
Encapsulated cable
THUIIOBOM IU3AMH
KOMIIOHEHT / COMPONENT BAPUAHTBI / CAPABILITIES STANDARD DESIGN
Pasmep/Size 20AWG-12AWG 18 AWG / 16 AWG
Tun/Type OnHO MU MHOTOKUJIBHBIH OpnHO- UIU 7-KUJIbHBINA
ITpoBoHMK P Solid or Stranded Solid or 7 Strand

Tosnprit, JIy>keHblit, HUKETMPOBAHHBIM,

[ToxkperTue/Coatings TTocepeGpeHHbI

T'onwit nnn Jly>keHbli

Wzonanus/Insulation PP.EFTFE. FEP PP. EFTFE. FEP
Hanonnurens/Filler PP, FEP PP
316L, Alloy 825,
o Y 316L or Alloy 825,
Tpy6xa ype Alloy 625
Tubing HuameTp/OD 0.250" “0.250"
TonmuHa creHKky,/Wall 0.028",0.035",0.049" 0.028",0.035"
HNnxancynanys
Encapsulation PP, TPV, nylon, PVDF | FEP PP, TPV, nylon, FEP

IIpuMeHeHue Application

Tpy6uarsiit repmeTudHbINd Kabens (TEC) ucnonb3yercs ais Tubing Encapsulated cable (TEC) is used to
ob6eCcrneYeHns eEPEJavi CUrHAIA HA CKBAXKUHHBIE JATYUKHY HA provide signal transmission to downhole gauges to
HA3€MHBIN O6JIOK COOPA JAHHBIX. the data acquisition surface unit.

B noCTOSIHHOM KOHTPOJIBHOM Ka6€JI€ UCIIONb3yETCS The permanent monitoring cable uses a 1/4"
HAPYKHBIA Ka6€JIb fuaMeTpoM 1/4 nnm 1/8 nrormMa ¢ MeJTHBIM or 1/8" OD TEC that houses a 16. 18. or 22 AWG
OTHOXKHUJIbHBIM ITPOBOAHUKOM 16, 18 vtn 22 AWG. TEC copper single core conductor. The TEC is rated
PacCYnTAaH HA CYPOBbIE CKBA’KMHHBIE YCIIOBUS U COIEPKUT for harsh downhole environments and contains
HECKOJIBKO BHYTPEHHUX CJIOEB HOJIUMEPHOU OOOTI0YKHU JJI51 several internal layers of polymeric encapsulation
JOTIOJTHUTETHHOM 3aIITUTHI. for added protection.

JononHurtenbHO TEC MOXET ObITh IOMEIIEH B KBAIPATHYIO Additionally. the TEC can be housed within
MOJIMMEPHYIO OO0JIOUKY M UMEET CBOOO/TY BBIOOPA PA3TUYHBIX square prole polymeric encapsulation and is free
MAaTEPHUAJIOB. choice in various materials.
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BrICOKONTPOYHBII KabEIb

High strength cable
Tpy6ka

Crpykrypa
Structure

Tubing

T'HKT c nazpesamensHoim IRemMeHmom eHympu
Coiled tubing with beating conductor inside

EOQUIPMENT

1. TIpenen Trexkydectu Tpyoku — 80,000 psi,
pesies npoYyHoCcTH — 95,000 psi.
1. The tube yield strength is 80,000 psi,
tensile strength is 95,000 psi.

2.1Tpn 20 °C conpOTUBIECHHE TPOBOJHUKA
110 IIOCTOSIHHOMY TOKY COCTABJISIET HE
601tee 0,206 OM/KM.

2. At 20 °C, conductor DC resistance is no
more than 0.206 Q/km.

3. Tect HanpsxkeHus: 2500 B/5 MuH.
3. Voltage test: 2500 V/5 min.

CBoOMCTBA
Property

IIppumMeHeHHne

KonTioOUHI CTAHOBUTCSA TENJIOHOCUTEIIEM, U
MIPHUPO/IHBIN I'd3 UJIU ChIPAs HEPTH, IPOTEKAIONIAs YEPE3
MACJISHYIO TPyOy U IETIEBYIO TPYyOyY, HArPEBAETCS, YTOOBI
UCKJIIOYUTD 3(PPEKT BOMIEHUS.

Application

The coiled tubing is turned into a heat carrier, and
the natural gas or crude oil flowing through the oil
pipe and the pipe loop is heated to eliminate the effect
of waxing,

Kanuanapnsie mpyoxu/iunun 2uopasiunueckozo KOHmpPOas u ynpacieHusn
Capillary tubes/lines of bydraulic control and management

Mamepuan/Material: 316L, 2205, 2507, Incoloy 825, Incoloy 625

Juamerp/OD inch 1/8 1/4 3/8 1/2 5/8
"Wall thickness mn 8 0 > il o
inch mm
0.028 0.71
0.035 0.89
0.049 1.25
0.065 1.65
0.080 2.00

KoMnanusa npegaraeT npogyKTOBYIO JHHENKY KAITMJUIAPHBIX TPYOOK,
a/IaITHPOBAHHBIX K KOHKPETHBIM TPEOOBAHUAM PACHINPAIOIIETOCH
CIEKTPA CKBA’KMHHBIX IPUMEHEHUH, BKIIOYAsA XUMUYECKYIO U
Ia30XHMMYECKYIO MUH'BEKITUIO, F'UAPABINYECKHE TMHUH YIIPABIEHHUS,
cTanabHbIE TPYOKH, nutanrokadenu, HKT manoro fuamerpa.

IMpumenenue ICCT-cUCTEM MO3BONAET ONTUMHU3UPOBATH 3ATPATHI
CEPBHUCHBIX KOMIAHUH U MOXKET CYIIECTBEHHO COKPAIIATh CDOKH
MIPOBEIECHUSA PAOOT IO CTAaHJAPTHHIM onepanuam. Koneuyno, pa6ora
1o cospanuio ICCT-cucreM TpebyeT BCECTOPOHHETO U ITIOCTOSTHHOI'O
MaPTHEPCTBA C pa3pabOTYMKAMU M IPOU3BOJUTESIMU OOOPY/IOBAHUS,

4 TaKIKE C CEPBUCHBIMU U HE(PTETA30BBIMH KOMIIAHUAMH B O61aCTH
HHOKP. MBI OTKPBITHI ¥ 3aUHTEPECOBAHBI B ITAPTHEPCTBE C POCCUMCKUMU,
6€IOPYCCKMMHU KOMITAHUSMU U KOMIIAHUAMH JIDYTHX CTPAH KAK B
COBMECTHBIX Pa3pabOTKAX, 4/JANITAINU, TAK U B IpoBeieHnu O, ©

The company offers a product line capillary tubes adapted to
the specific requirements of an expending range of downhole
applications, including chemical and gas chemical injection,
hydraulic control lines, steel tubes, tubing , small diameters
tubing

The use of ICCT systems allows you to optimize the costs
of service companies and can significantly reduce the time
of work on standard operations. Natually, the work on the
creation of ICCT systems requires a comprehensive and ongoing
partnership with developers and equipment manufacturers,
as well as with service and oil and gas companies in the field of
R & D. We are open and interested in partnering with Russian,
Belarus companies and companies of other countries both in
joint development, adaptation, and in carrying out OPL. @
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MATEPHAJIDI

NMpeumyujecrBa NPpUMEHEeHUA
M3MEepeHMA AOoJNIrOBPEeMeHHON
NPoOBOAMMOCTM Nepes Kpaiu-
TECTOM NpHU OLeHKEe NponaHTa

A.B. MOJKJKEPHH, K. T. H, A.B. CAKYJ/IHH, K. T. H., ®.P. UKCAHOB, K. T. H., AO <BOPOBHYCKHI KOMOHMHAT OTHEYIIOPOB;

A.JO. KOP2KABHH, OOO «Toprossiii ;oM BKO»

AHHOTaLUA

TecTpoBaHWe ABYX TUIMOB NPOMAaHTOB, NpeAJlaraeMbIX POCCUNCKUMU MPON3BOAUTENSMMU,
nokasanv NpenMyLLEeCTBO antoMOCUIMKaTHBIX MPOMaHTOB rnepea MarHe3nanbHOCUIINKATHLIMA
Mo TakUM BaXKHENLLMM XapaKTepPUCTUKaM, KaK JONroBpeMeHHas MpOBOAMMOCTb U
NPOHULL@EMOCTb MPU CONOCTaBMMbIX pe3yfbTaTax Kpal-TecTa. BoisiBneHo, 4To npu gasneHmnu
cBbiwe 4 kpsi NpoOBOANMOCTb aNtoMOCUMMKATHBIX MponaHToB dpakumm 16/30 conpoTnBneHnem
pasgasnuBaHuio 16% npesbiwaeT NPOBOANMOCTb MarHe3naibHO-KBapLEeBbIX NPOMNaHTOB
dppakumn 16/20 c conpoTnBneHnem pasgasnmsaHuto 12%. YctaHoBNeHO HeratuBHoe BAsIHUE
cocTaBa MarHe3uasibHOCUNMKATHbIX MPOMNaHTOB Ha hopMmnpoBaHMe aedeKTHON CTPYKTYPbI

C NOHMXKEHHOW MPOYHOCTbIO NPU AONTOBPEMEHHbIX U LIMKMYECKNX Harpy3Kkax, NnpmBoasiiee

K 0OBafibHOMY pa3pyLUEeHUNIO rPaHys, XapakTePHOMY AJ1sl MeCKOB.

KrnouyeBble cfioBa

Fm,u,popa3pb|B nnacTta, NponaHTbl aJTIOMOCUJTUKATHbIE, MPOMNaHTbl MarHe3nasibHO-KBapLUueEBbIE,

Kpaw-TecT, NpoBOogUMOCTb, MPOHNLAEMOCTb.

I'mapopaspseis ntacta (I'PIT) asiasgercs HA
CETro/iHSA HANOO0JIEE PE3YIBTATUBHBIM I€OJIOTO-
TEXHUYECKUM MEPONPUATHEM, OOECTIEUUBAIONUM
KPAaTHOE YBEJIMUEHUE JOOBIYU U TTOBBIIIEHNE
3PPEKTUBHOCTH PaA3PaA6OTKU HU3KOIIPOHUITAEMBIX
KOJUIEKTOPOB. YBeindeHue npumMenenus I'PIT
MOBJIEKJIO 32 COOOU POCT NOTPEBGIEHUS PACXOJHBIX
MAaTE€PUAJIOB, BKJIIOYAs U IPOMAHTHL.

B Poccyn npou3BoAAT 1BA TUIA IIPOIIAHTOB:
AIIOMOCHUJIMKATHBIE U MAaTHE3UAIBHO-KBAPILIEBLIE.
OHM pa3/INYIAIOTCA 1O XUMHUKO-MUHEPATIBHOMY
COCTABY KEPAMHUYECKON OCHOBBI, BUJIAM
HUCHOIB3yEMOI'O MUHEPAIBHOT'O CHIPbS, CIIOCOOY Er0
nepepaboTKU.

AJTIOMOCHJIMKATHBIE IPONAHTHI U3TOTABIUBAIOT
U3 IPUPOJHBIX INTMHUCTBIX MUHEPAJIOB U
OOKCHTOB, YTO OOECIIEYUBAET IIOCTOSTHCTBO UX
MHUHEPAJIOTUYECKOI'O COCTABA, (PU3UKO-XUMHUYECKUX
U CIIEIUAJIBHBIX TEXHUYECKHUX XAPAKTEPUCTHUK.

Marne3nanabHO-KBAPLEBLIE IPOITAHTHI ObLIIO OB
TOYHEE HA3BATb MATHE3UAJIBHOCUIUKATHBIMU. FIX
M3TOTABIUBAIOT U3 MATHE3UATbHOCUINKATHBIX
MPUPOAHBIX MUHEPAJIOB U TEXHOT€HHBIX OTXOZ0B C
JIOOABJIEHUEM KBAPLIEBOI'O TIECKA.

Jna 3axkperienusd Tpemud PIT B Poccuu u
crpanax CHT IpuUMEHAIOTCA IPOHAHTBI YEThIPEX
dpakiuit, 13 KOTOPBIX JBE OCHOBHBIC: 16/20 1 12/18,
u B BCriomorarenbubie: 16/30 u 20/40. Boi6op
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HYKHOT'O pa3Mepa 3€PEH MPOITAHTA ONPENEIAETCS
LEJIBIM KOMIIJIEKCOM (PaKTOPOB.

YeM KpyIHeE I'PAHYIIbL, TEM OOJIbIIEN
NIPOHMIIAEMOCTBIO OOIAJAET YIIAKOBKA IIPOITAHTA
B TPEIIMHE, HO UCIIOJIb30BAHUE IIPOMIAHTA KPYITHOU
(PPAKIIUU CONPAKEHO C JOIIOTHUTEIBHBIMUA
npo6JIEMAMU IIPU EI'0 MIEPEHOCE BAOJD TPEUHDL
K TOMY e MPOYHOCTb MPONAHTA CHHUYKAETCA C
YBEJIUYEHHEM PA3MEPOB I'PAHYJL, U, KDOME TOTO,

B CI1A00CIIEMEHTUPOBAHHBIX KOJIJIEKTOPAX
MNPEANOYTUTEIBHBIM OKA3bIBAE€TCA UCTIOIb30BAHNE
MIPOIAaHTA 60JIEE MENIKON (PPAKLIUH, TAK KAK 34

CYET BBIHOCA U3 IJIACTA MEJIKOANCIIEPCHBIX YACTHI]
YIIAKOBKA KPYITHO3EPHHCTOI'O IIPOITAHTA IIOCTETIEHHO
34COPSETCS U €€ IPOHUIAEMOCTb CHIKAETCA [1].

C pa3MepoM (PPAKIINU CBSA3AH U €LIE OHUH
TOKa3artesb npoekTuposanusd I'PIT — pasmep
nep@OpPAIMOHHOrO OTBEPCTHA. PazMep mpornanTa
T'PIT JOJIKEH OBITH B IECTD PA3 MEHBIIE JUAMETPA
BXO/IHOT'O OTBEPCTUS B 00CagHOU Tpyode. Eciin
OTBEPCTHE OKA3BIBAETCA HEJOCTATOYHBIM JIJIA
MPOXOXKJEHUA IPONAHTA, IIPOUCXOIUT 3aKyIIOPKA
nep@opanu, IOCTyIUIEHUE IPOMAHTA
B IJIACT IIPEKPAIIAETCA U HAOIIOAAETCA OCTAHOBKA
34Ka4KHU [2, 3].

Kak 11oka3aHo B cTaThbe [4], cpaBHEHUE
IIPONAHTOB HEOOXOJUMO NPOU3BOAUTD HE 1O
xapakrepuctukam 'OCT P 51761-2013, a no




II0KA3aTEJIAM IIPOBOAUMOCTH (IIPOHULIAEMOCTH)
OPONAHTHOU MAYKU. DTU [IOKA3ATEIU HAUb0IEE
PEAIBHO OTPAXKAIOT IPPEKT OT UCIIOTB30BAHUS
nponaHTos B I'PIT. CpaBHeHME IPOBOJUMOCTH
(IPOHULIAEMOCTH) PA3IUYHBIX I10 COCTABY U
HUCIIOJIHEHUIO IIPOIAHTOB ITO3BOIAET BBIJE/IUTD
Hanbo1ee NOAXOAANUN A1 TEX NI UHBIX YCJIOBU
IKCITYATAMH. B HACTOAIEN CTATHE NPUBOAATCS
API'YMEHTDBI, OCHOBAHHBIEC HA SKCIIEPUMEHTAJIbHO
IOJIyYEHHBIX JAHHBIX, IIOKA3bIBAIOIINE, YTO
UCIIOJIb30BAHUE AJIIOMOCUIMKATHBIX IIPOIIAHTOB BCEX
pabounx ppakIui ¢ 601€e€ HU3KUMU ITOKA3ATESIMU
CONPOTUBJIEHUS PA3AABIMBAHUIO OYIET 3HAYUTEITBHO
BBIT'OJHBIM, YEM MATHE3UAIbHO-KBAPLIEBBIX

C BBICOKMMU ITOKA3ATEIAMH COIIPOTUBJIEHUA

Taoauya 1 — Ce0ticmea ucCnvimyemsLx nPoOnanmose

Pa34aBIUBAHUIO, A IIPU OIIPEAEICHHBIX YCIOBHUAX
HCIIONB30BAHUE TPOMAHTOB (ppakimu 16/30
MIO3BOJISIET MOJIYYUTh YBEJTUYEHHE JEOUTA, CDABHUMOE
U AK€ IIPEBBIIAIONIEE, YEM IIPU UCTIOIb30BAHUU
dpakumu 16/20.

XAPAKTEPUCTUKH UCCJIEAYEMBIX ITPOITAHTOB
HccetoBaHus MPOBEACHBL HA 06pa3Iiax
AJIIOMOCHJIMKATHBIX U MATHE3UAJIBHO-
KBAPILIEBBIX IIPOMIAHTOB YeThIPEX (ppakiuit 12/18,
16/20, 16/30, 20/40. B Tabauiie 1 mpuBeeHbI
pesynbrarsl TecTupoBanwsi o TOCT P 51761-2013
(amoMocrnukarHele nponanTel) U TOCT P 54571-2011
(MarHe3uaJIbHO-KBAPLEBLIE). METOAbI UCIILITAHU
MIPONAHTOB IO OOOMUM CTAHAAPTAM OJJUHAKOBBL

®pakus 12/18 ®paxiusa 16/20 ®paxusg 16/30 ®paxus 20/40
HaunMeHOBaHHE IIOKA3aTeIA o AC P e AC AC
20 AC 30 24 12 AC27|AC21 10 AC 16 25 MK?7 | AC8 10
I'paHyJIOMETPHIECKHH COCTAB, %
- ocTaToK HA cuTe Ne 8 (2,360 Mmm) 0 0 0 - - - - - - - - -
- ocTaToK Ha cute Ne 12 (1,700 mm) | 0,02 0 0 0 0 0 - - - - - -
-ocTaToK Ha cute Ne 14 (1,400 mm) | 20,93 0,1 0,3 0 0 0 = = = = = =
- ocTaTOK Ha cuTe Ne 16 (1,180 mm) | 52,92 | 44,1 | 45,2 0,5 1,6 1,1 1,17 0,1 0 - - -
- ocTaTok Ha cure Ne 18 (1,000 mm) | 24,96| 551 | 53,7 | 319 | 33,8 | 33,6 [5895| 04 | 04 = = =
- ocTarok Ha cure Ne 20 (0,850 mm) | 0,62 0,7 0,8 651 | 591 | 59,8 | 38,52 | 277 | 28,2 0,2 0 0
- ocTaToK Ha cute Ne 25 (0,710 mm) 1,29 | 51,3 | 47,5 1,2 0 0,2
- ocTarok Ha cure Ne 30 (0,600 mm) | 0,29 0 0 24 5,3 54 0,07 | 16,8 | 201 | 86,5 | 277 | 203
- ocTaToK Ha cute Ne 35 (0,500 mm) 12 49,2 42
- ocTaToK Ha cute Ne 40 (0,425 mm) 0 3,7 3,6 0,1 19,5 | 26,9
npoxoxg uepes curo Ne 30 (0,600 mm) | 0,09 0 0 0,1 0,2 0,1 0 0 0 0 - -
npoxozn aepesd cuto Ne 40 (0,425 mm) - - - 0 0 0 0 0 0,2 0 3.4 8,8
npoxog 3epe3 cuto Ne 50 (0,300 mm) 0 0 0 0 0,2 1,8
MaccoBas JoIA IpaHyJl OCHOBHOM
dpaxuun, % 98,81 993 | 99,2 [ 994 | 982 | 98,8 [98,83| 96,2 | 96,2 | 998 | 997 | 98
COIIpOTHUBJICHHE PA3IABTHBAHHIO
(MaccoBas 101 pa3pyHI€HHBIX
rpanym), %, IPU SHATCHHH 20,5 | 301 | 238 | 127 | 276 | 21,3 | 10,8 | 162 | 254 3.5 64 | 10,3
JAaBJICHUSA
68,9 MIIa (10 000 psi)
HachIIHasA IJIOTHOCTD, I/CM3 156 | 1,62 1,7 1,65 | 1,68 | 1,70 | 1,65 1,7 | 1,68 | 1,62 | 1,71 | 1,68
CdepuanocTs 0,9 10,968 | 0,961 | 0,961 | 0,954 | 0,955 | 0,962 | 0,941 | 0,894 | 0,967 | 0,921 | 0,864
OKpYIJIOCTH 0,89 | 0,907 [ 0,896 0,897 |1 0,888 | 0,89 | 0,877 | 0,878 10,898 | 0,921 | 0,888 0,872
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CnefyeT OTMETUTD, UYTO 1O JAHHBIM HCIIBITAHUNA
BCE OOPA3LbI MATHE3UAIBHO-KBAPLEBBIX [IPOIAHTOB
C GOJIBIINM 3AI14COM BBIJEPKAIU TPEGOBAHUA
crangapTa API RP 60-95 1o rmokasaresiio

CONPOTUBJICHHUE PA3/JABIHUBAHHIO:
dpaxnusa 12/18 — 20,5% npu HOpME He 6osee 25%;
dpakius 16/20 — 12,7% npu HopMe He 6omee 25%;
dpakus 16/30 — 12,7% upu HopMme He 6oree 25%;
dpaxnusa 20/40 — 3,5% npu HopMe He 6omee 10%.

B TO ke BpeMs b HOJIOBUHA OOPA3I[0B
AJIFOMOCHJINKATHBIX IIPOIIAHTOB BBIZICPKAIN
TPpebOBAHNS BBINICYIIOMSIHYTOT'O CTAH/IAPTA:

dpaxnusa 12/18 — 23,8% u 30,1% npu HOpmeE

He 6onee 25%;

dpakius 16/20 — 21,3% u 27,6% npu HOpME

He 6onee 25%;

dpakmus 16/30 — 16,2% u 25,4% pu HOpME

He 6onee 25%;

dpakius 20/40 — 6,4% u 10,3% npu HOpME

He 6onee 10%.

B ocTasmpHOM 006pa31ibl HPONAHTOB OOOUX TUIIOB
COOTBETCTBOBAJIN TPEOOBAHUAM OOOUX POCCUUCKUX
1 AMEPHUKAHCKOT'O CTAH/IAPTOB.

HU3MEPEHHUE ITIPOBOOUMOCTH ITPOITIAHTOB

Pucynox 1 - Yemanoeka no onpeoenenuro
nPOBO0OUMOCMU U NPOHUUACMOCINU
nponanmos

HWsmepeHnue npoBOAUMOCTU IIPOU3BOAUIN
o metopuke ISO 13503-5:2006 Ha yCTAHOBKE,
Pa3paboTaHHON U U3TOTOBJICHHOU KOMITAHUCH
Corelab Instruments (puc. 1).

VYci10BUs NPOBEAEHU A U3MEPEHUN IIPOBOAUMOCTHU:
IMJIACTUHBI HIECYAHMKA M3 mTaTa Oraio,
KOHILICHTPAL WS IPONAHTA 2 (PyHTA HA KBAAPATHBIN
dyT, Temneparypa 121 °C (250 °F).

PE3VJIBTATBI 1 UX OBCYKIEHUE

Pe3ynbraThl UBMEPEHUI TPOBOJUMOCTHU
HpOHaHTHOﬁ ITAYKU [IPUBCACHBI HA IHUATPAMMAX
puc. 2-5.

HecMmoTps Ha 60J1€€ TPEANIOYTUTENbHBIE
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MOKAa34TEIU CONPOTUBJIEHUS PA3/1aBIUBAHUIO
Y MArHE3UAIbHO-KBAPILIEBBIX IPOMNAHTOB,
AJIIOMOCHUJIMKATHBIE IPOMAHTHI BCEX PAOOYUX
(PpaKI U, JaKE IPU TOKA3ATEIIAX, BBIXOAAIMNX

32 paMKu Tpe6oBaHui API PR 60-95, MOKa3bIBAIOT
00J1€€ BBICOKYIO IPOBOAUMOCTB IO CPABHEHHUIO C
AJIOMOCHUJIMKATHBIMU IIPU JABJIEHUH CBBIIIE

4000 p.s.i.,, a st KpynHBIX ppakiuii (12/18, 16/20)
yaKe Ipu aasieHuu csolie 2000 p.s..

C yBEJIMYEHUEM JIABJICHUS 3AKPBITHS
JIOJITOBPEMEHHAS TPOBOJUMOCTD
NPOMAHTHOM MTAYKH YMEHBIIIAETCS, HO IPU
BCEX YPOBHAX JABJICHUS, HAYUHAA OT 4 Kpsi
U BBIIIIE, JOITOBPEMEHHASA IPOBOJAUMOCTD
AIIOMOCHJIMKATHBIX IPONAHTOB BHIIIIE, YEM Y
MAarHE3UAJIbHO-KBAPIEBBIX IPONAHTOB, XOTA UX
CONPOTHUBJIEHUE PA3JABIUBAHUIO IPU JABIEHUH
10 kpsi Huxe.

Onsa nmponanToB ppakiuu 12/18 (nuarpamma
Ha PUC. 2) IPOBOJUMOCTb MATrHE3UAIbHO-
KBAPLEBBIX IIPOMAHTOB IIPU AaBIeHUH 2 kpsi camas
BBICOKAA. [Ipu faBneHnun 4 Kpsi npoBOAUMOCTb
ATIOMOCHJIMKATHBIX TPOnaHToB AC 16 (bpakiiuu
16/30 npeBbIIaeT TPOBOJUMOCTb MATHE3WATBHO-
KBapIIEBBIX TpornanToB MK 12 dpakiiuu 16/20, a npu
JABICHUH G PSi IPOBOJUMOCTb ATIOMOCHIUKATHBIX
nporadToB AC 25 ¢ppakimuu 16/30 MpakTUIEeCKU
CPaBHHUBAETCA C IPOBOJAUMOCTBIO MATHE3UAJIBHO-
KBapIIeBbIX MPoraHToB MK 12 ¢ppakiuu 16/20.

[pu gaBiaeHuU BbIE 6 KPsi MPOBOIUMOCT JTFOGBIX
ATTFOMOCHJTMKATHBIX TIPOMAHTOB ppakiinu 16/30
BBIIIIE, Y€EM MATHE3UATIbHO-KBAPIEBBIX IIPONAHTOB
dpaxmuu 16/20.

I mponadToB ppakiguu 16/20 (quarpamMmma
H4 PUC. 3) IPOBOAUMOCTD IIPU JaBJICHUH 2 Kpsi
MNPAKTUYECKH OAUHAKOBAsA. HO C MOBBINIEHUEM
JIaBJIEHUSA IIPEBBIIIEHUE ITIPOBOJAUMOCTHA
AIIIOMOCHJIMKATHBIX IIPONAHTOB CTAHOBUTCA
omyTUMbIM. IIpu gaBnennu 4 Kpsi npesuieHne
cocTasasaeT oT 15% (mya AC 27) 10 25% (mna AC 21), a
pu gasaeHuu 10 Kpsi npeBplIeHUE IIPOBOJUMOCTH
AIIOMOCHUJIMKATHBIX YBEJIMUYUBAETCA 10 34%

(mna AC 27) 1 80% (misa AC 21).

Jsa mponadToB hpaxuu 16/30 (quarpamMmma
Ha PUC. 4) UCXOJHAS IIPOBOJMMOCTD IPU
JaByIeHUU 2 KpSi y>Ke pa3inyHast: CaMasi BBICOKAs Y
AIIOMOCHJIMKATHBIX NIPONAHTOB AC 25, Ha 14% HMXKe
Y AIFOMOCHJIMKATHBIX TPOnaHToB AC 16, camast
HU3KaS — Y MATHE3UAJIBHO-KBAPLIEBBIX I[IPOIIAHTOB
MK 10. C nOBBIIEHUEM J1ABJIEHUS IIPOBOJAHUMOCTD
060UX ATIOMOCHIMKATHBIX IPOIIAHTOB IIPEBBIIIAET
IIPOBOAUMOCTD MAI'HE3UAJIbHO-KBAPLEBbIX. HaunHas
¢ iaByeHusd 8 kpsi, pOBOJUMOCTD 60s1€€ TPOYHBIX
ATIOMOCHJIMKATHBIX TPONaHTOB AC 16 NPaKTHYECKU
CPaBHHUBAETCS C IPOBOIUMOCTBIO MEHEE TIPOYHBIX
AJIIOMOCHJIMKATHBIX TPONaHTOB AC 25. TIpeBbllieHne
IIPOBOJUMOCTH ATIOMOCHINKATHBIX IIPOIIAHTOB
AC 16 u AC 25 Ha1 MATHE3UATbHO-KBAPIIEBBIMU MK
10 cocrasnser: npu gasineHuu 4 kpsi 54% pnsa AC 25
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Pucynox 2 - luazpammot usmeHeHus
nPOEOOUMOCINU UCNLIINAHHBLX

o0pa3u06 nponanmos gpaxuuu 12/18.
Ycnoenwie ooo3nauenusn: MK 20 —
MAZHE3UANBHO-KEAPUEEbLIL nponanm ¢
conpomuenenuem paioasausanuio 20%,
AC 24 — anomocunuKxamnsiii nPonanm ¢
conpomuenenuem paioaeausanuio 24%,
AC 30 — anmomocunuxamubiii nponanm

c conpomuénenuem pazoaerueanuto 30%
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Pucynox 3 - Juazpammot usmenenus
nPOE0OUMOCIU UCNLIIMAHHBLX
o0pa3uoe nponanmos gpaxuuu 16/20.
Ycaoeuwie 0603nauenun: MK 12 —
MAZHE3UANBHO-KEAPUEEbLIL nPonanm ¢
conpomuenenuem paioasausanuio 12%,
AC 27 — amomoCuIuKamublii nponanm ¢
conpomuenenuem pasoaeaueanuro 27%,
AC 21 — antomoCuauKkamnslii nPponanm c
conpomuenenuem paioaéaueanuro 21%

u 81% miis AC 16, ipu gasieruu 6 kpsi 72 % st AC 25
v 84 % niist AC 16, ipu raBneHnu 8 Kpsi 40% auist
AC 25 n1 42% piist AC 16, ipu gasnerun 10 kpsi
COOTBETCTBEHHO 25% 1 33%.

Jasa nponaHToB ppakmuu 20/40 (muarpamMmma
Ha PUC. 5) UCXOAHAA IIPOBOAUMOCTD I1PU JABJICHUU
2 kpsi, kKak u B cirydae ¢ npornantamu gppakiuu 16/30,
TOXE PA3IUYHAS, OHAKO PA3IUYNE HE3ZHAUYUTEIBHOE:
CaMasi BBICOKAs y ATIIOMOCUIUKATHBIX IIPOMAHTOB
AC 10, Ha 4% HUXKE Y MAT'HE3UAJIbHO-KBAPLIEBbIX
NPOMAHTOB, HA 5% HUXE — Y ATIOMOCHJIMKATHBIX
nponaHToB AC 8. Takoe NONOXKEHHUE COXPAHAECTCA IPU
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Pucynox4 - Juazpammsvt udmenenus
nPOBOOUMOCU UCHBIMAHHBLX
oopa3uo0e nponanmos paxuyuu 16/30.
Ycroenwvie ooo3nauenun: MK 10 —
MAZHE3UANBHO-KEAPUEEbLIL nonanm C
conpomuenenuem paioasausanuro 10%,
AC 16 - anmomocurukamusiii nPonawm c
conpomuenernuem pa3oasarusanuio 16%,
AC 25 — anomocunruxamusiii nponanm c
conpomuenenuem paioasauseanuro 25%
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Pucynox 5 - Juazpammor usmenenus
nPOEOOUMOCU UCHBIMAHHBLX
00pa3u06 nponanmoas gparxuun

20/40. Ycnoensie ooo3nauenusn: MK 7 —
MAZHE3UANBHO-KEaPUuesslii nponanm c
conpomuerenuem Pa3oasaueanuio 7%,
AC 8 — antomocururxammnsviii nponanm c
conpomueaenuem pa3oasaueanuiro 8%,
AC 10 - antomocunuxamuslii nponanm c
conpomueaenuem pazoaséaueanuro 10%

MTOBBINICHUH JIaBJIeHUs 10 6 KpPsi, TPpH JaBaeHun
8 kpsi 110 MpOBOAMMOCTH AJTIOMOCHJINKATHBIN
nponaHT AC 8 onnepekaeT OCTaabHble HA 20%,
anpu gasneHuu 10 kpsi sBHOE IPEUMYIIECTBO
TMOKA3bIBAIOT AJTIOMOCHJINKATHBIE ITPOITAHTHL:
NPOBOAUMOCTD ATIOMOCUIUKATHBIX AC 8 BBIIIE,
YeM y MaTHE3HUaJIbHO-KBAPIEBBIX Ha 96%,

ayAC 10 — Ha 60%.

Pe3ynbTraThl MICIBITAHUN TOKA3AJIH, YTO OJHUX
TOJIBKO JJAHHBIX KPAII-TECTA, U3HAYAJIBHO
Pa3pabOTaAHHOTO JJIs1 OLICHKU KAa4€CTBA IIECKOB,
HEJOCTATOYHO /1151 CDABHUTEIBHOU OLIEHKN
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KEPAMHUYECKUX IIPOMAHTOB PA3IMYHON
MUHEDPAJIOTHUU: AJIIOMOCHIUKATHBIX U
MAarHE3UaJIbHO-KBAPILEBBIX.

Haunbosee NOIHO O Ka4ECTBE IPOMAHTOB
JIaI0T NPEACTABACHUS TOJIBKO UCTIBITAHUSA
HAa JIOJITOBPEMEHHYIO IPOBOANUMOCTD U
HPOHUIAEMOCTD.

TToaTBEPXKAEH TE3UC O 3aKOHOMEPHOCTH
BBISIBJICHHOW paHEE 3aBUCUMOCTHU [4]:
CHHIKEHHE JIOJITOBPEMEHHON IPOBOJUMOCTH
MAarHE3UaJIbHO-KBAPIEBIX IPONAHTOB IPHU
MOBBIIIEHHBIX HATPY3KaX OOYCIOBJIEHO UX
MOBBIIIEHHOU MHTEHCUBHOCTBIO PA3PYIIEHUA
O CPAaBHEHUIO C AJIIOMOCUIMKATHBIMU.
AJIIOMOCHJIMKATHBIE IPOMAHTBI BCEX PA60UYUX
(ppakui, HECMOTPS HA 60JIE€ HU3KHE TOKA3ATENU
CONPOTHUBJIEHUS PA3AABINUBAHUIO, 4 3294CTYIO U
BBIXOJISIIIIUCE 32 paMKH TpeGoBanuit API PR 60-
95 MO 3TOMY OKA34TEIIIO, IOKA3BIBAIOT 60s1ee
BBICOKYIO IPOBOJJUMOCTB IO CPABHEHHIO C
AIIOMOCHJIMKATHBIMU IIPU JABJIEHHUH CBBIIIE
4000 p.s.i.,, a st KpynHbIX dpakmmii (12/18, 16/20,
16/30) y>xe nipu gasiaeHuu ceeimie 2000 p.s.i.

IIpoBeAEHHDBIE UCITBITAHUA IBUJIHCH
JOTIONTHUTEIBHBIM OATBEPKAECHUEM, UTO
MOHHKEHHAA TOJITOBPEMEHHAS IPOBOJUMOCTD
MarHE3UAIbHO-KBAPILEBBIX IIPOMAHTOB U
3HAYUTENBHO 60sI€€ BEICOKAS CKOPOCTD MAJAEHUSA
OCTATOYHON NPOBOJUMOCTH IIPU JVTUTEIBHBIX
HAarpy3kax 06yCJIOBJIEHB OCOOEHHOCTIMU UX
COCTAaBa U CIIOCOOA MPOU3BOACTBA. 32 CUET
HAaKOIIJIEHUSI MHOKECTBCHHBIX BHYTPDEHHUX
HAIPSI)KEHUH, BBI3BAHHBIX IOJTUMHUHEPATbHBIM
COCTAaBOM KEPAMUKH, UMCIONUM SIPKHC
IIPOSIBJICHUSI TOJIMMOP(PHU3MA, MEXAHUYECCKAS
IIPOYHOCTD I'PAHYJI B YCJIOBUSAX JIINTCIBHOT'O
BO3/ICUCTBUS CTATUYECKUX U IMHAMHUYCCKUX
HAI'Py30K 3HAYUTCIBHO CHUIKACTCSI, 4 PA3pPyIICHUE
I'PaHyJI HA MEJIKHE YACTHUIIbI IPHOOPETACT
OOBAJIBHBIN XAPAKTED, AHAJIOI'MYHBIHN PA3PyHICHUIO
neckos [4]. TToaToMy, HECMOTPS Ha KEPAMUYECKUI
CI0CcO6 TPOU3BOJCTBA, MATHE3UAJIbBHOCUINKATHBIC
IIPOIIAHTHI CJIEYET OTHECTU K IPOJYKTY,
3aHHUMAIONIEMY ITPOMEKYTOYHOE ITOJIOKEHHE
ME3K/1y KEPpAMHUYECKHUMHU IPOIAHTAMHU U [IECKOM,
Y Ha3bIBATb UX IIPABUJIBHEE HE KEPAMUYCCKUMU
HpOHﬂHTﬂMI/I, a MO,/II/I(DI/I]_II/IpOBaHHbIM IIECKOM, TEM
0oJiee 4TO CoZIEPKaHNE OCHOBHOT'O KOMITOHEHTA
SiO, B HUX OKOJIO 70%.

3AK/JIIOYEHHE
IIpoBEIEHHBIMUY UCHBITAHUAMU IIOKA3aHO:

1. Pe3ynprarThl UCIIBITAHUN IIPOIIAHTOB HA
COIIPOTUBJICHUE PA3JABIUBAHUIO HE MOI'YT
CJIY?KUTb OCHOBAHHUEM JIJIs1 OIIPEACIICHUSA
IIPEUMYIIECTBA OAHOI'O BUJA IIPOIAHTOB HAJL
Apyrum. CaMmble O6O'bEKTUBHBIE JAHHBIE 1O
3TOMY BOIIPOCY MOXXHO IIOJY4YUTD TOJIBKO 1O
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PE3yAbTATAM UCIIBITAHUH HA JIOJITOBPEMECHHYIO
IIPOBOAMMOCTD (IIPOHUILIAEMOCTD).

HecmoTpst Ha 6071€€ mpe oY TUTEIbHbIC
MTOKA3aTEIN COIIPOTHUBJICHUS PA3/1aBINBAHUIO
Y MarHE3UAJIbHO-KBAPIIEBBIX ITPOIIAHTOB,
AJIFOMOCHJIMKATHBIE IIPONAHTHI BCEX PA6OYNX
ppaKIK, JaKE TPU TOKA3ATEIISIX, BBIXO/ISITUX
32 paMKu Tpe6oBaHui API PR 60-95, TOKa3bIBAIOT
©071ee BBICOKYIO TPOBOAUMOCTB ITO CPABHEHUIO
C ATIOMOCHJTMKATHBIMH IIPH JIABJICHUH CBBIIIIEC
4000 p.s.i., a A1a KpynHBIX ppakuui (12/18,
16/20) y>xe nipu gasiaeHuu cseimie 2000 p.s.i.

. He onipaBbIBaeTCs TE3UC O TTOBBIINIEHHOMN

IIPOBOAUMOCTH JIIOOBIX IPOMAHTOB (PPAKIIUH
16/20 B CpaBHEHUU C TPOMAHTAMHU (PPAKI[UH
16/30. IIpu gasiaernu 4 kpsi mpOBOAUMOCTD
ATIOMOCHJTMKATHBIX ITPOnaHTOB AC 16
dpakiuu 16/30 pEBLIaeT TPOBOJUMOCTD
MAarHEe3HUa/IbHO-KBAPLIEBLIX IIPOIIAHTOB

MK 12 ¢ppakiuu 16/20, a npu aBiacHAN

6 psi IPOBOJUMOCTD ATTIOMOCHINKATHBIX
nporanToB AC 25 ¢ppakiuu 16/30 mpakTUYCCKH
CPaBHHUBAETCA C IPOBOAUMOCTBIO MATHE3UAIBHO-
KBaPIIEBBIX TPOomaHTOB MK 12 dpakiiuu 16/20.
[pu gaBaeHuH BhIIE 6 KPSi MPOBOUMOCTD
JIIOOBIX ATIOMOCUIUKATHBIX ITPOIAHTOB
dpakiuu 16/30 BhIllle, 4€M MATHE3UATBHO-
KBAPIIEBBIX TPOTIAHTOB (ppakituu 16/20.

. CHuXXeHue IIPOBOAMMOCTHU MAT'HC3UAJIBHO-

KBAPIEBBIX IPOMNAHTOB IIPU JOJITOBPEMEHHOM
HArpy3Ke OOYCJIOBJIEHO UX IOBBIIIEHHOMN
MHTEHCHUBHOCTDIO PA3PYIIEHM IO CDABHEHUIO
C AIIOMOCHJIMKATHBIMMU. [TOBBIINIEHHAS
Pa3pymaeMoCTb MATHE3UAIBHO-KBAPIIEBBIX
IIPOITAHTOB OOYCJIOBJIEHA HAKOIJIEHUEM
MHOXECTBEHHBIX BHYTPEHHNUX HATIPSIKEHNH,
BBI3BAHHBIX ITIOJIMMUHEPAJIBHBIM COCTABOM
KepaMuku. [Ipoasiaenns nonuMopdusma
CHIKAIOT MEXAHUYECKYIO IPOYHOCTD I'PAHYII
B YCJIOBUAX JJIMTEJIBHOI'O BO3JEUCTBUA
CTATUYECKUX U IMHAMHUYECKUX HATPY30K,

a pa3pylICHUE I'PAHY/I HA MEJIKME YaCTULIBI
IpUOOpeTaET OOBAIBHBIN XAPAKTED,
AHAJIOTUYHBIN PA3PYHIEHUIO IIECKOB. ©
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PA3FPAEOTKA W NPOWM3BOAOCTBOD
XHMWYECKKWX PEATERTOB

000 «HedreTpaHccepBMC» ABNSETCS
POCCUMNCKMM Pa3paboTHMKOM U NPOV3BOANTENEM
XVIMWYeCKMX peareHToB A8 MHTeHCU UKaLMn
[00bI4Y HePTW. NS peann3aumm B
NPOMbILLEHHOM MacluTabe NPoBOAVMbIX
MUMOTHBIX MPOEKTOB MO KMCIOTHO-MPOMMaHTHOMY
['Pr1, roe paboyas XXmMaKoCTb pa3pbiBa Niacta
FOTOBUTCS Ha OCHOBE CONAHOW KNCNOTbI,

000 «HedreTpaHccepBMC» Npennaraet
PACCMOTPETD aJibTePHATUBY MMMOPTHOMY
3arenivBaTento KMCIOoTbl B BUAE TEXHONOMMN
KNCITOTHO-3MYJTbCMIOHHOM CUCTEMbI Ha OCHOBE
aMynbratopa «RQ-737» (HerTpanbHas 3MynbCUs
00OpaTHOro TMMNa C perynmpyemMon BI3KOCTbIO).

MpoLecc NpuroToBneHns pabdo4en
XMOKOCTM Ha OCHOBE 3MYNTbCMOHHOW CUCTEMBI
MPOUCXOAMNT aHANOTM4HbIM 0OPa3oM, Kak 1 B
cnyyae knaccudeckoro 'Pr1. B notok nogaetca
3aryctutens (cTabmnmnzatop aMynbcmm). Habop
PaCYETHOW BA3KOCTW XMOKOCTM MPOUCXOANT
3a Bpems cMmeLleHus aMynbcmm (ot 30 cll3) n
3arycturens.

Amynbcus-nponnaHT 16/20, 500 kr/m?

Pa3pylaetcs SMynbcus MPUTOKOM He@d Ty v fesamynbraropom «AS-DAx.

BA3KoOCTSH, CII3

Baskocrts, cIl3 Baskocrts, cIl3

30 6

7 10

45 6

5 5

590°

8 11

[laHHas cuctemMa MoxeT ObITb MCMONb30BaHa
Kak Ha KapOOHATHbIX, TaK M Ha TePPUTrEHHbIX
KONnekTopax. dMybCUMOHHAs CCTEMA Ha
OCHOBe «RQ-737» MeeT Hanpsi>XXeHWe CABUra
MeHbLLE, YeM Y KJIaCCUMYeCKOro rens, 3a cyeT
3TOrO 3aryLeHHbI COCTaB He OyaeT MMeTb
NpobremM C NPoKa4Kom.

Paboyas XnaKoCTb ANs pa3pbiBa nnacTta
Ha OCHOBE KMCJIOTHO-3MYJTbCUOHHOM
cuctembl «RQ-737», npenaraemas
000 «HedTeTpaHCcCcepBUCY», MMeeT
crnegylowme npenmyLLecTsa:

— 0bnagaet BbICOKOW BA3KOCTHIO,
Jo 1400 cl13. Ha4anbHasa 1 KoHe4YHas
BA3KOCTb MOXET PerynmpoBaThCs B
LUMPOKOM AMana3oHe;
MOXET MCMOMNb30BaThCA NPU TEMMNepaTypax
ot 10 °C go 100 °C;
He OKa3blBaeT HeraTMBHOIO BO34eNCTBIUS

Ha KONMeKTopcKMe CBOWCTBa MNacTa;
3MYNbCUOHHAs CUCTEMA MONTHOCTbIO
COBMeECTMMa C MNacToBbIMU (lionaamuy;
obnafaeT HU3KOM KOPPO3MOHHOM
aKTMBHOCTbIO, B npepenax 0,002 r./cyT,;
pacrnagaerca nof AenCcTBMEM NPUTOKA
HedTL.

Bblpa>xaem CBOIO 3aMHTEpPeCOBaHHOCTb B
COTPYLAHWYeCTBe C HedTerazofobbIBaOWUMN
1N CEPBUCHBIMI KOMMaHUAMM B 0611acTu
peanun3aLmm NpoeKToB Mo NHTEHCUPUKALNY
L[00bI4M HedhT.

Cneumanmctel OO0 «HedTeTpaHccepBmnC»
rOTOBbI NPOBECTN NMOAPOOHYIO MPe3eHTaLMIo
[aHHOW TEXHONOM MU 1 ONepaTUBHO
NPUCTYNUTb K COBMECTHbIM MPOorpamMmMam
NabopaToPHbIX U OMbITHO-MPOMbICIOBbIX
NCNbITaHUI B NIOOOM pernoHe Poccum
cTpaHax CHI.
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000 «Oprtucepsucy ye Gonee natw net paboraer 8 obnacrti obBecnedenns u obcnyxreanus
cneynansHoro obopyaosaHna HedhTerasosoro cepevca. [N BLINONHEHWA NPOW3BOACTEEHHEIX 38434

- cthOpPMUPOBEH WTAT KBANUPUUMPOBaHHbBIX CNEUNanucToB.;
- opraHnsosana 6aza B . HuWkHeBapTOBCKE C ABYMSA NPOM3IBOACTBEHHLIMY NNOLWAaAKamm;
- HanameHb! NOCTaBKM UMNOPTHON U UMNOPTO3aMELLaIOLLEN KOMMNNEKTaLIMM.

HapaboTaHHbie ONLIT U BOIMOXHOCTY NO3BONSIOT KOMNAHUMK ycnewHo pabotate B Cneayowmx
HanpaeneHuAx QeaTensHOCTH:

Buie3gHoW TeKyLWMWA PEMOHT

u obcnyxueaHue
cneunansHoro
o6opynoeanuna

MNMocTaBka 3anacHbLIX
YyacTen u
KOM I"IJ"IEHT'},F HLWKMX

’ ApeHpa cneunansHoro v
BCnomorartensHoro obopyno-
BaHWA ONA npoBeaeHws pabor
THKT v I'PI. UuxeHepHoe
conpoBoXaeHue pabor

MogepHusauma v
KanuTanbHLI PEMOHT
cneywanksHoro obopynoBaHus
B YCNOBWAX NPOU3BOACTBEHHON
basbiII. HH}I{HEBEPTOBGI{EI

Poccunckan @epgepaumna, XMAO-KOrpa,
r. HmxkHeBapToBck, yn. UHgyctpuansHasn, 89, ctp. 7
+7 3466 311 282, ortiservice@bk.ru,

www.ortiservice.com




Kpacoma mecmoponcoerui
The Beauty of Otlfields

Domoepaduu npedocmasnensvi 340 «BBT-Bocmoky. Asmop: Anopeii Anexcanoposuy bviukos.

The photos are published by courtesy of BVT-Vostok Company. Author: Andrey Aleksandrovich Bychkov.
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BEKTOP PASBUTHA

CrpanHas a66peBuarypa

— TPU3! PacuindpOBBIBACTCSE bz
OcranbHbIC
KAaK «TPYJHOHU3BJIEKAEMBIE Other
3aMaChI», U, TIO CYTH, JOJIKHO 2%
6b110 ObI TONYIUTHCA TU3, IMakucran
Pakist
HO 3TO TEPMHHOJIOTHYECKOE 3; istan
‘0
MECTO OKA3aJIOCh 3aHATO Kanaga
JPYI'OM CEHTEHLIMEN: TEKYIIUE Canada
4%
U3BJIEKAEMBIE 3a11aChL [ToaTOMYy Mexcmxa
PEMHIN UCHOJIb30BATH KPATKOE Mexico
U 3BOHKOE «TPH13» KOHEYHO, BO 4%
Benecyana
MHOKECTBEHHOM YHCJIE, TIOCKOJIbKY Venezuela
34I1ACHI, U 1AXKE CKJIOHATD B =
PAa3rOBOPHOI PEYH IO ITPABUIIAM ABCTpasTHS
pycckoro szbika: TPH3am, TPU30B Australia
U T.I1. HO MBI B 3TOM NyOIUKAIIAH, 29
MHOXKAJIYH, BO3LEPKUMCA OT Jusust
Libya

noA0OHON (PAMHUIIBSIPHOCTH.
Briepsbie nonatue TPU3 66110
BBEJICHO B HAYYHBI OOOPOT
B 70-x rogax XX BEK4, KOraa
Y4YEHBIM ITOHAJJOOMIOCH BBIJIEIUTD
B OCOOVIO I'PYIITY 33JIEXKH,
XAPAKTEPUIYIOIIHUECT HEGTATOIPUATHBIMUA JIIS
U3BJIEYEHUS I€OJIOTUYECKUMHU YCIIOBUAMHU UITH
AHOMAJIBHBIMU (PU3NYECKUMHU CBOUCTBAMU. B TO
BPEMS BO ITIABY YIVIA CTABWJINCH ITAPAMETPEI IIIACTA
U (PIIIONJIOB, U OTIPEAETIEHUS CO34ABATUCh HA OCHOBE
KPUTEPHUEB, BBIPA6OTAHHBIX B IIPOLIECCE TPAKTHUKH.
B nauase 90-x nepsyio kiraccudpurkanuio TPHU3
npeanoxuan akagemuku PAEH H. JIncosckuin
U 9. XaJIMMOB. B e€ OCHOBY OBUIH IIOJOKEHBI
I'PAHUYHBIE 3HAYEHN A OCHOBHBIX I'€OJIOTUYECKUX
U TEXHOJIOTUYECKUX MAPAMETPOB, 4 TAKXKE CTENIEHD
YAAJIEHHOCTH OT CYIIECTBYIONUX LIEHTPOB
HePTEra30400b1YU. BbLM 3a(DPUKCUPOBAHBI ITATHh
I'PYIII TPYAHOU3BIEKAEMBIX 3a11ACOB: TPYIIIA
AHOMAJIBHOU I10 XaPAKTEPUCTUKAM (BA3KOI)
HePTH, IPYNITA HUSKOIIPOHUIIAEMBIX KOJIJIEKTOPOB,
IpyIIIa, ONpeAeNsaeMas B 3aBUCUMOCTH OT CTETIEHU
UCYEPITAHHOCTH 3aITACOB MECTOPOXKAECHM, I'PYIIIA
TOPHO-TEO0JIOTMYECKUX (PAKTOPOB, OCIOKHAIOINX
U YAOPOXKAIOUUX JOOBIYY, I'PYIITda KOHTAKTHBIX 30H
(HE(PTH — BOAA, HEPTH — Ia30Bas1 IIAIKA). YIUTBIBAJICSI
TAKXKE PAVOHHBIN KO3PPUIUEHT (YAJICHHOCTD
TEPPUTOPUH, HAIIMYHE UH(PPACTPYKTYPBI).
Knaccuduxranys JIMCOBCKOr0-XaJIuMOBA OTPAXKAIA
MEPUOJ, KOI/IA BO IVIABY YIJId CTABUJIUCH TAPAMETPHI
IUIACTA Y (PIIIOUIOB, U OIIPEAETIEHUA CO3/JABAIICH
Ha OCHOBE KPUTEPHUEB, BBIPAOOTAHHBIX B IIPOLIECCE
NPAKTHUKU. M XOTA 1 CETrOIHA 3T KIACCU(PUKALTNA
MIPOJOIKAET UCIIOIb30BATLCA JJ1 OIIPEAECTIEHNA
HAJIOTOBBLIX JILIOT B Hasiorosom kogexce PO, crrycra
TpUALATh 1eT Ha TPH3 cTa/1u CMOTPETH HECKOIBKO
MHAYe: CENYAC K TPYAHOU3BIEKAEMBIM 3411aCAM
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22%
Poccus
Russia

17%
CIIA
USA

O, 9%
9% Kuran
AprenTuHa China
Argentina

Pacnpeodenenue TPH3 no cmpanam
Distribution of bard-to-recover reserves by country

Hard-to-recover reserves challenge us even when we
try to define them. In Russian language, which is my
first language, there is a very strange terminological
situation. Hard-to-recover reserves and remaining
recoverable reserves could be abbreviated the same
way — TIS, therefore, in order to avoid confusion,
an “extra” letter was added to the “hard-to-recover
reserves” abbreviation, and the result is TRIS.

For the first time the concept of TRIS was introduced
into scientific circulation in the 1970s, when scientists
needed to distinguish a special group of deposits
characterized by unfavorable geological conditions
or abnormal physical properties. At that time, the
parameters of the reservoir and fluids were at the
forefront, and the definitions were created based on
the criteria developed in the course of the practice.
At the beginning of the 90s, the first classification
of the hard to recover resources was proposed
by the academicians of the Russian Academy of
Natural Sciences N. Lisovsky and E. Khalimov. It
was based on the boundary values of the main
geological and technological parameters, as well as
the degree of remoteness from the existing centers
of oil and gas production. Five groups of hard-to-
recover reserves were recorded: a group of abnormal
(viscous) oil, a group of low-permeable reservoirs, a
group determined depending on the degree of field
exhaustion, a group of mining and geological factors
complicating and increasing production, a group of
contact zones (0il — water, oil — gas cap). The district
coefficient (remoteness of the territory, availability of
infrastructure) was also taken into account.



OTHOCSIT ITPEXKJE BCET'O T€, KOTOPHIE
10 3KOHOMHUYECKUM COOOPAKEHUAM
MU IEUCTBYIONIEN HAJIOTOBOU 6a3¢
Pa3pabaTbIBATh HEPCHTAOECIBHO.
TPH3 nepentim B 3SKOHOMUYECKOE
TTOHSTHE, M HA IPAKTHKE B Poccnu
ctanau TPY3 Ha3BIBATH BCE TO,

4TO NPHU JOOBIYE JIBITOTUPYETCSL.

DTHU IBIOTHI (POPMUPYIOTCS 6€3
CHCTEMHOI'O ITOAX0/A, PAKTHIECKU

— I10 3aKOHOTBOPYECKUM
UHULATUBAM KPYIIHBIX KOMIIAHUH,
KOTOPBIE BBIXO/SIT HA OCBOCHHE

TEX UJIW MHBIX 32IIC)KCI7I, HC UMCIOT
TEXHOJIOTI'MYECKOM 6A3BI 15T
Pa3pabOoOTKU UX C NTOJIOKUTEIBHBIM
3KOHOMMYECKHUM 3(PPEKTOM

U IIOTOMY OOPAIAIOTCA B
IIPABUTEIbCTBO 32 IPEIOCTABICHUEM
JIBI'OT.

IIpy 3TOM B pOCCHUICKOM
32KOHO/IATE/IBCTBE YETKOT'O IIOHATHS
TPYAHON3BJICKAEMBIX 3aI14COB
JIO CHX TIOP HE BeIpadoTaHo. Ha
Hanul B3IJ14/1, HanOOJIEE€ TOYHBIM

TpyaHou3Bnekaemble
3arnacbl MOXXHO
OXapaKTepu3oBaTb

Kak obobLeHHoe
MOHATME KaTeropmm
3anacos, 3¢pdeKkTnBHas
pa3paboTka KOTOPbIX He
MOXET OCYLLECTBNATHCS
CyLLLeCTBYIOLMMU
TEXHONOrNAMM Mpu
TeKYLMX 3KOHOMNYECKUX
3aTpaTax.

Hard-to-recover reserves
can be characterized as a
generalized concept of the
category of reserves, the
effective development of

which cannot be carried out

by existing technologies at
current economic costs.

The Lisovsky-Khalimov
classification reflected the period
when pride of place went to the
parameters of the reservoir and
fluids, and the definitions were
created based on the criteria
developed in the course of the
practice. And although today this
classification continues to be used
to determine tax breaks in the Tax
Code of the Russian Federation,
after thirty years we began to look
at hard to recover resources a
little differently: now, TRIS refers
primarily to those that are not
profitable to develop for economic
reasons with the current tax base.
TRIS went into the economic
concept, and in practice in Russia
they began to call TRIS everything
that is favored for recovery.

These benefits are formed
without a systematic approach, in
fact, according to the legislative
initiatives of large companies

ABJIAETCS CIEAYIONIEE ONPENEIIEHUE:
«TpyIHOU3BIEKAEMBIE 3ATTACHI
MOKHO OXaPaKTEPU3OBATh KAK OO0OIEHHOE
MHOHSITUE KATET'OPHH 3a114COB, 3(PPEKTUBHAS
pa3paboTKa KOTOPBIX HE MOXKET OCYIIECTBIATBCA
CYLIECTBYIOIINMHU TEXHOJIOIMAMM IPU TEKYIINX
SKOHOMMYECKHUX 3aTPATAX.

B Hacrosmee spems k TPU3 opuninaibHO
OTHOCSAT HEPTh OAKEHOBCKOH, A02JIAKCKOI,
XaIYMCKOH, JIOMAaHUKOBOM 1 TIOMEHCKOI CBUT, 4
TAK)XE HEPTh, AOOBIBAEMYIO U3 IPOAYKTHBHBIX
OTJIOKEHUI C HU3KUMU YCTAHOBJIEHHBIMHU
[IOKA3aTEJISIMU IIPOHULIAEMOCTH U 3(P(PEKTUBHOII
HePTEHACHIIEHHOM TONIIHHBI IIACTA.

IMponoskaeTcs paboTa IO BBIABIEHUIO HOBBIX
Kareroputi TPU3. 1o 60/1bII€H YaCTU OHA BEJETCS
KPYIHBIMH JJOOBIBAIOIIMMU KOMIIAHUAMU. C
OAA4YY KOMIAaHUU «['a3nnpoM HedTh» K TPH3
CTaJIM OTHOCUTD MOAT'A430BbIE 30HbBI, UMEIOIINE
3HAYUTEIBHBIN ITOTEHIIUA JJ1A JOOBIYU
HedTH, 1 B 6a1aHC 6blJIA BBEJCHA KATEI'OPUS
«HePTAHBIE OTOPOYKHU MECTOPOKIEHUI», IIE
BO3MO’KHBI HEKOHTPOJIUPYEMBIE ITPOPBIBBI I'd32
K HE(PTAHBIM CKBAXKUHAM U, KAK CJIIEJCTBUE, }
HU3KHE KOPPULTUEHTDI
U3BJIEYEHN I HEPTH.
Heo6x0oauMBbl
CHeIaabHbIe
TEXHOJIOT MU U30JISITNH
HEPTAHBIX U I'A30BbIX
TOJITWH, ¥ UX JePULTAT
TIEPEBOAUT JAHHBIC
34I14CHI B KATETOPHUIO
TPYJHON3BJICKAEMBIX.

IMousitue TPU3
JUHAMHYHO U [OJIBUKHO,

that go to the development of
certain deposits, do not have
the technological basis for developing them with a
positive economic effect and therefore apply to the
Government for the provision of benefits.

At the same time, in the Russian legislation a clear
concept of hard-to-recover reserves has not yet been
developed. In our opinion, the most accurate is the
following definition: Hard-to-recover reserves can be
characterized as a generalized concept of the category
of reserves, the effective development of which cannot
be carried out by existing technologies at current
€COoNOmic Costs.

Currently, hard-to-recover reserves officially include
oil from the Bazhenov, Abalak, Khadum, Domanik and
Tyumen suits as well as oil produced from productive
sediments with low established permeability and
effective oil-saturated formation.

Work continues to identify new categories of hard-
to-recover reserves. For the most part, it is conducted
by large oil producing companies. From the submission
of Gazprom Neft, gas sub-gas zones with significant
potential for oil production were also included in
the definition, and the category “oil rims of fields” }

K TPU3 opurupanbHO OTHOCAT HedTb OakeHOBCKOM,
abanakckom, XxaayMCcKon, LOMaHNKOBOW 1 TIOMEHCKOW CBUT,

a Takxxe He(pTb, 4OObIBaEMYIO U3 NPOAYKTUBHBLIX OTIIOXEHUIN
C HU3KMMM YCTaHOBEHHbIMU MOKa3aTensiMm NPOHULLAEMOCTH
N 3 heKTUBHON HeTEHACBILLEHHOW TOJLWMHDI MAacTa.

Officially include oil from the Bazhenov, Abalak, Khadum,
Domanik and Tyumen suits as well as oil produced from
productive sediments with low established permeability and

effective oil-saturated formation
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MIOCKOJIBKY CTPYKTYP4 3aI1ACOB IO MeEpe
BBIPAOOTKH HEU3OEKHO YXYAIIAETCH.
CaMBble IPOAYKTUBHBIE 3A11ACHI
YIJIEBOJIOPOHOTO ChIPbs B Poccun
HaxoasTcs B 3anagHor Cubupu. Kak
M3BECTHO, HA TIEPBBIX MECTOPOXKACHUAX
(CamOTIOPCKOM, MAMOHTOBCKOM,
[TpaBAUHCKOM) B HAYaJIbHOM IIEPUOJE
Pa3paboTKU AECOUTHI COCTABIISIIU ACCITKA
TBICSY TOHH, HO IO MEPE UCTOIIECHUSA
JULA IO IEPKAHUS YPOBHS JJOOBIYY TAM
HOSIBUIACh HEOOXOIMMOCTb OCBAUBATh
MEHEE NPOAYKTHUBHBIE 3a11ACHL.

AYHMOBCKHME, IOPCKHUE U 60JIEE HU3KUE,
IVIYOOKO 3aJIETAIOMIHE OTIOXKEHU IOJIT'O HE
BOBJIEKAJIUCH B Pa3pabOTKY, TOTOMY YTO HE OBLIIO
3(pPEKTUBHBIX TPOMBIIIJIEHHBIX TEXHOJIOT U,
CIIOCOOHBIX OOECIEYNTD YCTOUYUBBIA
3SKOHOMMYECKH BBIT'OJJHBII PE3YILTAT. [Ipobnemy
PENIHUIIO MACCOBOE MPUMEHEHUE TEXHOJIOTUU
T'UJPABINYECKOro paspuisa r1acta (I'PIT), yxe
LIMPOKO pacnpocrpanennon B CIIA u Kanage.
Iepseie niaTh I'PIT B Poccru 66111 BBITTOJIHEHEI B
1988 ropy komnanuer Canadian Fracmaster, LTD B
3anagHorit CHoHUpH. Pe3ynbTaTel ObLIN ITOTyYEHBI
HEBNEYATIAIONUE, HO MHOTOOOEMAIOIINE, TOTOMY
4TO OBbLIA JOKA3AHA IPHUHIUIINAJIBHASA BO3MOXKHOCTD
ncnonab3oBaHuA I'PIT 41 IPOMBILIIIEHHOI'O OCBOEHU A
TPU3, copepkammnxcs B CIIA00IPOHUIIAEMBIX
IJIACTAX MECTOPOXKIECHUI.

CHpaBeInBOCTUA PAIH OTMETHUM, UTO
TexHonorus I'PIT Kk Tomy MOMeHTY B Poccru 6p11a
y2Ke XOPOIIIO U3BECTHA, U HE TOJIBKO IIOTOMY, UTO
Pa3paboOTINKAMU €€ TEOPETUUECKOU OCHOBBI
CYUTAIOTCA COBETCKME yueHble C. XpUCTUAHOBAY
u 0. 7KenrToB, O1y6JIMKOBABIINE CBOU BBIKJIA/IKH
B 1953 roay. I'PIT 8 CCCP nbITa1uCh IPOBOAUTD B
60-X TO7IaX MPOIIIOTO BEKA, HO PE3YIBTATHI ObLIN
MOJIYYE€HBI BECbMd CKPOMHBIE, IIOCKOJIBKY C1A0bIE
KOMIIPECCOPBI OKA3AJIMCh HECITOCOOHEI CO3/14Th
JlaBjieHuE paspeiBa. TexHonorus I'PIT ylioMUHAETCS B
XyJAoKeCcTBeHHOM (hrsibMme 1960 roga «Bpemst IeTHUX
OTITYCKOB>, INIABHA5I TEPOUHSA KOTOPOTI'O, MOJIOAAA U
Jlep3Kad AEBYIIKA-UHXKEHED, IPUMEHAET 3aBOJJHEHNE
JULA TIOBBIIIEHUA HEPTEOTAAYH IIACTA, A ONIBITHBIIN
CIIELIMAINCT U3 BaKy COBETYET € 1151 GOIBILIETO
yCIiexa OOpPaTUTHCA K T'UPOPA3PHIBY.

B 90-e roan!l Texnonorus I'PIT, Teneps yxe
UMIIOPTHPOBAHHAS B POCCHIO, HAUMHAET
34BOEBBIBATD BEAYIINE NO3ULIUN. CEPBUCHBIE
KOMIIAHUU MACCOBO BHEJPSIOT €€ 110 BCEH 3a11a/THOM
Cubupu. K HacroameMmy BpeMeHU Bapuanuii I'PIT
HACYUTBIBAECTCS YKE 60JIEE IECATKA, U CITUCOK UX
pacTeT. B HeM 1 60/1bIIEOO'bEMHBIE, U IEHHBIC, U
KucsioTHbIe I'PIL ¥ ruipOpasphIBhl C PA3IMYHBIMU
pasMepaMu IPONIIAHTA, C PA3HBIMHU XKUJIKOCTAMU,

C 106aBKaMH ITOJIMMEPOB U IOBEPXHOCTHO-
AKTUBHBIX BEMIECTB U T./1 U T.I. K HacTosmeMy
MOMEHTY BEPXHEIOPCKHUE OTIOKECHUS YKE BBEICHBI
B MACIITA6HYIO pa3pabOTKY, AKTUBU3UPOBAIACH
pa3paboTKa CPETHEIOPCKUX.
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MonaTne TPU3 agHaMMYHO 1
NOABWXXHO, MOCKOSbKY CTPYKTYpa
3anacoB Mo Mepe BblpaboTKn
Hen3beXXHO yXyaLlaeTcs.

The concept of hard-to-recover
reserves is dynamic and fluid,
as the structure of reserves
inevitably deteriorates as
production proceeds.

was added to the
balance sheet, where
uncontrolled gas
breakthroughs to oil
wells are possible,
and as a consequence,
we face low oil
recovery rates. Special
technologies are
needed to isolate oil
and gas thicknesses,
and their deficit
translates these
reserves into the category of hard-to-recover.

The concept of hard-to-recover reserves is dynamic
and fluid, as the structure of reserves inevitably
deteriorates as production proceeds. The most
productive hydrocarbon reserves in Russia are located
in Western Siberia. As is known, in the initial fields
(Samotlor, Mamontov, Pravdinsky) in the initial period
of development, debits amounted to tens of thousands
of tons, but as they were exhausted, there was a
need to develop less productive reserves to maintain
production levels.

Achimov, Jurassic and lower, deep-lying sediments
have not been involved in the development for a
long time, because there were no efficient industrial
technologies capable of providing a sustainable,
economically beneficial result. The problem was solved
by the massive use of hydraulic fracturing technology
(HF), already widespread in the United States and
Canada. Canadian Fracmaster, LTD carried out the
first five fracturing operations in Western Siberia,
Russia in 1988. The results were unimpressive, but
promising, because it was proved that it is possible in
principle to use hydraulic fracturing for the industrial
development of hard-to-recover reserves contained in
low-permeability reservoirs.

In fairness, we note that the hydraulic fracturing
technology was already well known in Russia, and not
only because the Soviet scientists S. Khristianovich and
Y. Zheltov, who published their calculations in 1953,
are considered to be the developers of its theoretical
foundation. Hydraulic fracturing in the USSR tried to
be carried out in the 1960s, but the results were rather
modest, because weak compressors were unable
to create a burst pressure. The hydraulic fracturing
technology is mentioned in the 1960 summer time film
“Summer Vacation”, the main character of which is a
young and bold girl engineer who uses waterflooding
to enhance oil recovery, and an experienced specialist
from Baku advises her to turn to hydraulic fracturing
for greater success.

In the 1990s, the hydraulic fracturing technology,
now imported into Russia, begins to gain leading
positions. Service companies are massively introducing
it throughout Western Siberia. To date, hydraulic
fracturing technology has more than a dozen
variations, and the list is growing. There are large-
volume, foam, and acid fracturing, and fractures with
different proppant sizes, with different fluids, with



Hdocmamounoau 6 Poccuu umerouuxca mexnoaozuii no
paspabomixe TPH3 unu HyICHO CO30a8ams HOBbLE?

Are existing technologies sufficient Russia for development
of bard-to-recover reserves or we need to create new ones?

Hauano 2000-x 3HAMEHATEIBHO TEM, YTO UMEHHO
Torja B Poccuu cranu 6ypuTb TOPU30OHTAIBHBIE
CKBa’KMHBI, YTO ITIO3BOJIUJIO BOBJIEYb B OOOPOT €IIIE
OoJiblIEe paHee HepeHTa6enbHbIX TPU3.

Ewe uepes gecars jieT B Poccuu crajna akTuBHO
BHEJPATHCA TEXHOJIOTUS MHOTOCTAAuMHOro I'PIT
(MI'PIT) Bropu30HTAJIbHBIX CKBAKMHAX.

B macrosee BpeMa 3Ta TEXHOJIOT U SABJISETCA CAMOU
BOCTPEOOBAHHOI, U €€ MOMYJIAPHOCTb IPOJOIXKAET
pacTtu. Ham skypHaJl HOCTOSIHHO YAE/NS€T BHUMAaHUE
COBEPHIEHCTBOBAHMIO MI'PIT 1 BrieuaT/issionum
pE3yAbTaTaM IPUMEHEHUS ITOU TEXHOJIOTUH
Pa3sHBIMU HEPTETA30CEPBUCHBIMH KOMIIAHUSAMH B
Pa3/IMYHBIX peruoHax Poccun u gpyrux crpan CHIL

TPH3 MOXHO YCJIOBHO PAa3/I€IUTD HA [IBE TPYIIIILL.

K mepBoy OTHOCATCA 3JIEXKHU, XAPAKTEPUIYIOIIUECS
HU3KOM IIPOHULIAEMOCTDIO ILJIACTOB, B TOM YUCJIE
Oa’KEHOBCKAsA CBUTA. HU3KONPOHUITAEMBIE
KOJUIEKTOPBI COCTABIISIIOT 10 60% MUPOBLIX 3AI1ACOB
TPU3. D(pPEKTUBHOCTD UX PA3PAOOTKH JOCTUTAETCA
34 CYET yBEJIUYCHUS IUIOIMAAN KOHTAKTA C
HACBIIEHHBIM HEQTHIO IIJIACTOM, U JJPAVBEPOM 37€Ch
npusHad MI'PI1 B roOpH30HTAIBHBIX CKBAKUHAX.

B nenom ans arort rpynel TPU3 3 @eKTUBHBL
Texnonoruu IOR (Improved Oil Recovery).

TepMMH BKIIOYAET CKBA)KMHHBIE TEXHOJIOTUH

U IPYTUE METOJbI BO3AEUCTBU A, TPUBOASIINE K
MHTEHCU(PUKALTNYU HEPTEZOOBIYH U KOCBEHHO K }
YBENUYEHHIO HEPTEOTAAUHN
(TOPU30OHTAIBHBIE CKBAKUHBI,

. Toro, 4To eCTh, BIIOJHE JOCTATOYHO
Existing technologies are sufficient

Her, Hy’>KHO CPOYHO Pa3paGATHIBATH HOBBIC
No, we need to create new ones

Heo6xoaum auajior 1 O6MEH OIIBITOM
MEXKY Y9ACTHUKAMH OTPACIIN

There is a need in a dialog and experience
exchange between all industry participants

additions of polymers and
surfactants, etc. To date, the
Upper Jurassic deposits have
already been introduced into
alarge-scale development, the
development of the Middle
Jurassic has intensified.

The beginning of the 2000s is
significant because it was then
that horizontal wells began to
be drilled in Russia, which made
it possible to involve even more
previously unprofitable hard-to-
recover reserves into circulation.

Ten years later, multistage
hydraulic fracturing (MSHF)
technology was actively introduced in Russia in
horizontal wells. Currently, this technology is the most
popular, and its popularity continues to grow. Our
journal constantly pays attention to the improvement
of MSHF and the impressive results of the application
of this technology by various oil and gas service
companies in various regions of Russia and other CIS
countries.

Hard-to-recover reserves can be divided into
two groups. The first group includes reservoirs
characterized by low permeability of the layers,
including the Bazhenov formation. Low-permeability
collectors make up 60% of world hard-to-recover
reserves. The effectiveness of their development
is achieved by increasing the area of contact with
the oil-saturated reservoir, and the driver here is
recognized as MSHF in horizontal wells. In general,
IOR (Improved Oil Recovery) technologies are
effective for this group of hard-to-recover reserves.
The term includes downhole technologies and other
methods of influence, leading to the intensification of
oil production and indirectly to increased oil recovery
(horizontal wells, hydraulic fracturing, bottomhole
formation treatment technologies).

The second group includes deposits of heavy and
highly viscous oil, for the development of which

hydraulic fracturing is useless, but EOR (Enhanced }

Oil Recovery) technologies or in Russian enhanced

K coxxaneHuto, He3acnyeHHO 3a0bITbl COBETCKME

ruapopaspeiB wiacta, rexHonornn - (QU3NKO-XxmmMmyeckmne MYH, kotopble Hekorga

06pabOTOK NIPHU3A6OUHOM 30HBI
IJ1ACTa).
Ko BTOpOII rpymniie OTHOCATCS

MacCOBO NPUMEHANTNCD. HecaTtky 3anaTteHTOBaHHbIX
TEXHOJ'IOFVIVI, OCHOBaHHbIX Ha ncaieaoBaHM KepHa

3AJIEKHU TSAKEJIOM U BBICOKOBA3KOM
HePTH, I PA3PAOOTKH

kotopeix I'PIT 6ecrioneseH, HO

3 PEKTUBHBI TEXHOJOTUU

EOR (Enhanced Oil Recovery),
WU TIO-PYCCKH — METO/IbI
yBenudeHus Hepreoraaau (MYH).
KaToMy TEpMUHY B OCHOBHOM
OTHOCATCA METOABL, KOTOPbIE
OCHOBAHBI HA IIPUMEHEHNN
BBITECHAIONIUX AT€HTOB,

N NOATBEPXAEHHbIX OMNbITOM Ha MECTOPOXAEHUAX,
CEerofHs ecniv 1 NPUMEHSIOTCA, TO B HE3HAYUTENBHOM
obbeme.

Unfortunately, the Soviet physico-chemical enhanced
oil recovery methods, which were once massively used,
have been undeservedly forgotten. Dozens of patented
technologies, based on core research and confirmed

by experience at the fields, today, if used, then in
insignificant amounts.
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OTJIMYHBIX OT BOJBI (TEIJIOBBIE, I'A30BbIE, XUMHUYECKHUE
U MUKPOOHOIOTUYECKHE METO/IBL), 4 TAKKE (B
Poccum) ruipoiMHAMHUYECKHUE METOABI TTOBBIIIEHU S
HedpTeoTnaun mwiacta (ITHIT) npu 3aBOJHEHNN.

K coxaneHuIo, He3aCIyKEHHO 3a0bIThI COBETCKHE
(pusuko-xumMmudeckrue MYH, KOTOpbIC HEKOT/IA
MAaCCOBO NIPHUMEHSIIUCH. JIeCATKHU 3a1aTEHTOBAHHBIX
TEXHOJIOT'MH, OCHOBAHHBIX HA UCCIEAOBAHUH KEPHA
U NOJTBEPK/ICHHBIX OITBITOM HA MECTOPOX/ICHUSAX,
CETOJHSA €CJIU U IPUMEHSIOTCA, TO B HE3HAYUTEITBHOM
ob6peMe. He CIatoTCs U IepKaT 3HAYUTETIbHBIE
O6'BEMBI IO TAKHUM TEXHOJIOTHUSIM JIMIIb KOMITAHUU
«CypryTtHedreras» u «TatHedTh». [Ipobnema
B TOM, 4TO 3(PPEKT OT IPUMEHEHUS (PU3UKO-
XUMHYECKUX MYH He olyaeTcss MTrHOBEHHO, KaK,
Hanpumep, apdext ot I'PI1, a npoABIAETCA B BULE
CHMIKEHUS OOBOAHEHHOCTH, U JAJIEKO HE CPA3Y.
Kpome Toro, komnanuy, npuMeHsaiomye MYH,
HCIIOJIb3YIOT PA3HBIE METOJUKH, COCTABJIEHHBIE B UX
KOPIIOPAaTUBHBIX UCCJIEJOBATENBCKUX IIEHTPAX, 4
MOTOMY HE YHUBEPCAJIbHBIE. BOT ¥ ONMYy4aeTCs, 4TO
371ECh HEBO3MOXKEH CTOJIb yOEAUTENIBHBIN PE3YJIBTAT,
K4K B CJIY44€ TEXHOJIOIUH, JAIONNX MI'HOBEHHBII
3 PeKT.

Poccuiickast HepTerazoo6spIBaAONIAsl OTPACb [TOKA
HE BOOPY’KEHA OTEYECTBEHHBIMU TEXHOJIOIUAMH,
MO3BOIAIONUMHU AUDHEPEHITUPOBAHHO
pa3pabdaTeIBATh HU3KOIIPOHUIIAEMYIO YACTD IIACTA
U OYPHUTD BBICOKOTEXHOJIOTUYHBIE CKBA’KUHBI C
MPUEMJIEMBIM YPOBHEM CTOMMOCTH, HO OT/IE€JIbHBIE
KOMITAHHH BEIyT MHOI'OOOEIIAIOIIE PA3PAOOTKU
B JAHHOM HanpasiaeHuu. K npumepy, 'asnpom
HEPTH> BHEAPAET TEXHOJIOTUYECKUE TPOEKTHI
110 JOObIYE HEPTU U3 CIOKHBIX KAPOOHATHBIX
KOJUIEKTOPOB. 5a30BBIM KOMIIOHEHTOM B KOMITAHHUH
stesietcst TPILL B 2016 ropy «Tasmnpom HepTh»
BIIEpBbIE B Poccuu npoBesia cCHavana 18-CTaiuiiHbIH,
a3areM 1 30-CTaUHHBIN THPOPA3PHIB IUIACTA HA
T'OPHU30HTAIBHBIX CKBAXKUHAX FOXHO-TIpHO6CKOro
MECTOPOXKJEHUS (FO’KHOM 4acTH ITpruo6CcKoro
HedTIHOro MecTopoxacHus) B XMAO. K Hanbonee
TPYAHBIM, HO M CAMBIM IIEPCIIEKTUBHBIM 34114CAM
MOKHO OTHECTH 6A’KEHOBCKYIO U AYUMOBCKYIO
CBUTBL DTU (POPMALIUHU CEHYAC AKTUBHO U3Y4aAIOTCS
B ['a3nmpom HePTH», TPOXOAAT OIBITHBIE UCTIBITAHUSA
TEXHOJIOIMH 1 UX 3(PPHEKTUBHOM PA3PAOOTKU.
OpHaKo 60/bIIad IIPOOIEMA — ITIOA0OPATH
NOAPASYUKA JJIs1 IPOBEACHU S ONIBITHBIX PA0OT
Ha CKBAXXUHAX, IOCKOJIBKY
YPOBEHDb KOMIIETEHIINH
CEPBUCHBIX KOMITAHU
HE BCET/d COOTBETCTBYET

C IOMOIIIBIO UHOCTPAHHBIX
napTHeposB «'a3npom HePThb>
c 2011 roga JOMOJIHUTEIHHO
BOBJIEKJIA B pa3pabOTKy OKOJIO
160 Mt ToHH TPU3, 2 k 2020
rofy INITAHUPYET Y/IBOUTD 3TY

nudpy. i1 apPeKTUBHON
PabOoTEI C TAKEION HEPTHIO
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OTeyecTBEHHbIM KOMMNaHUAM
rnocTaBfieHa 3aja4a

npebABICHHBIM Tpe6oBanuaM.  MMIMOPTO3aMeELLEHNSA HeO6XO,EI,VIMOI'O
00opyaoBaHUs, 1 3TO ofHa U3 0a30BbIx hard-to-recover reserves,
3apa4 B HepTAHOM OTpac/w.

Domestic companies have been given
the task of importing the necessary
equipment, and this is one of the basic
tasks in the oil industry.

oil recovery methods are effective. This term mainly
includes methods that are based on the use of
displacing agents other than water (thermal, gas,
chemical and microbiological methods), as well as
(in Russia) hydrodynamic oil recovery improvement
methods during water flooding.

Unfortunately, the Soviet physico-chemical
enhanced oil recovery methods, which were once
massively used, have been undeservedly forgotten.
Dozens of patented technologies, based on core
research and confirmed by experience at the fields,
today, if used, then in insignificant amounts. Only
Surgutneftegaz and Tatneft companies do not
surrender and keep significant volumes on such
technologies. The problem is that the effect of the use
of physicochemical enhanced oil recovery methods
is not immediately felt, as, for example, the effect of
hydraulic fracturing, but manifests itself in the form
of a reduction in water cut, and not immediately. In
addition, companies that use enhanced oil recovery
methods use different techniques compiled at their
corporate research centers, and therefore not universal.
It turns out that such a convincing result is impossible
here, as in the case of technologies that give an instant
effect.

The Russian oil and gas industry is not yet armed
with domestic technologies that allow for the
differentiated development of a low-permeability part
of the reservoir and the drilling of high-tech wells
at an acceptable level of cost, but some companies
are carrying out promising developments in this
direction. For example, Gazprom Neft is implementing
technology projects for the extraction of oil from
complex carbonate reservoirs. The basic component in
the company is hydraulic fracturing. In 2016, Gazprom
Neft, for the first time in Russia, carried out first an
18-stage and then a 30-stage hydraulic fracturing in
horizontal wells of the Yuzhno-Priobskoe field (the
southern part of the Priobskoe oil field) in the Khanty-
Mansi Autonomous District. The most difficult, but also
the most promising reserves include the Bazhenov and
Achimov formations. These formations are now being
actively studied at Gazprom Neft, they are undergoing
experimental tests of technologies for their efficient
development. However, a big problem is to select
a contractor for carrying out pilot work on wells,
since the level of competence of service companies
does not always meet the requirements. With the
help of foreign partners,
Gazprom Neft from 2011
additionally involved
in the development of
about 160 million tons of

and by 2020 plans to
double this figure. To work
effectively with heavy oil,
the company also uses
innovative technologies.
In Tatarstan, hard-to-
recover reserves make up



KOMIIAHUS TAKXKE UCIIONb3YET
WHHOBAIIUOHHBIE TEXHOJIOTUU.

B Tarapcrane TPU3 cOCTABALIOT
84% oT BCel 6a3blL, HO 6J1arogaps
UCIIOJIb30BAHUIO 3(P(PEKTUBHBIX
TEXHOJIOTHUH JOOBIYA COCTABIISAET
36 MJTH TOHH HE(PTHU B O]

U NIPAKTUYECKHU €KETOJHO
06€eCIEYNBAECTCA BOCIIPOU3BOJICTBO
34I1aCOB B KOMITAaHUU «TaTHEPTH>. B
TaTapcTaHe MUPOKO UCHOIB3YIOTCS
pasnuunble MoguduKanyu I'PIT. Ha
AIIeJIBYMHCKOM MECTOPOXKIEHUU
IPUMEHSETCS TEXHOJIOTUSA
MapOrPaBUTAIIMOHHOI'O BO3/IEHCTBUA,
OCHOBAaHHAs HA UCIOJIb30BAHUHU MTAPbI
TOPU3OHTAJIbHBIX CKBAKHH. B ofHYy
U3 HUX HATHETAETCA AP, U3 JPyTroi
OTOUPAETCA HEPTh.

MOJIUI'OHOM KoMIIaHUU «JIVKoin» o
CO3/1IAHHUIO U UCHIBITAHUIO TEXHOJIOI'UIM
ast nooerau TPU3. B HacTosIIee
BPEMS AKTUBHO BEJIETCA IIOUCK Ty TEN
Pa3paboTKU OAKEHOBCKOM CBUTHI,
34I1AChI KOTOPOU COCTABIIAIOT 22 MJIH
TOHH HE(THU, HO TEKYIIIAA TOJOBA JOOBIYA €/1BA
npesbimaeT 100 ThIC. TOHH, IIOCKOJIbKY IIOKA HE
HANJIEHA TEXHOJIOT U, OIITUMAJIbHASA C TOYKU 3PEHUA
MOAXOJOB K Pa3pa0bOTKE JAHHBIX 3a11aCOB. Kommmanmusa
pPaboTaEeT B HECKOJIBKUX HAIPABIEHUAX: JOU3YIECHUE,
MPEXKJE BCETO, F€OJIOTUH ITOT'O CIIOKHOIO OO'BEKTA

Y ONITUMAJIbHAS IPOBOJAKA CKBA’KHH. B paMKax
CAaHKIIMOHHOT'O PEXUMA 3TO JJOCTATOYHO HEMIPOCTO.
K nnpumepy, pOTOPHO-YIIPABIAEMBIE CHCTEMBI
OKA43JICh ITOJ] CAHKIIUSIMU, U TENIEPh OYPHUTH
CJIOKHBIE TPO(PUIIM TOPU3OHTAIBHBIX CKBAKHUH
MPUXOANTCA OOBIYHBIMHA BUHTOBBIMH 3A00MHBIMUA
JBUTATEJISIMHA. DTO KE KACAETCA Y TEOHABUTALITHU:
O0O0PYAOBAHME /151 KAPOTAXKA B IIPOLIECCE OYPEHUSL
TOKE ITOMAJIO MO/ CAHKIUU. OTEYECTBEHHBIM
KOMIAHHUAM ITOCTABJIEHA 32/5a49d UMIIOPTO3AMEIIEHUA
HEOOXOAMOI'O OOOPYIOBAHUS, U 3TO OJIHA U3
0a30BBbIX 32/1a4 B HEPTAHOM OTPACIIH.

AxTtuBHO BefieTcs: B PUTOK pa6oTa 110 ITIOUCKY
TPpeTUYHBIX MeTOAOB [THIT. OfHO M3 OCHOBHBIX
HAIIPAaBJICHUN — TEIVIOBOE, B YaCTHOCTH,
TEPMOIa30BO€ BO3/ICHCTBHE HA IIJIACT, IOCKOIBKY
CaMBIM JICNIEBBIM TEIIJIOHOCHUTEJIEM SIBJISIETCS BO3/IYX.
CozjraHa O6MMpPHAs JOPOXKHAS KAPTA, OOEI A0 As
IIOMOYb JIOBECTU TEXHOJIOTUH JIO IIPOMBIIIIEHHOM
KOH/JWILIMH U BBIBECTH JOOBIYY HE(PTH HA
peHTAOENBHBIN TOTOK. OJTHAKO B KOMITAHHUH
MPU3HAIOT, YTO HAXOAATCS IOKA HA HAYaIbHOH
CTa]IUU PA3pabOTKU OAKEHOBCKOHM CBUTBL

IIpOEKT pa3pabOTKN MECTOPOK/ICHUS 3aJICKEH
CBEPXBA3KOHN HEPTU B CaMapCKOH 061aCTH
OCYHMIECTBISAET «CaMapaHedTeras».

Pa3paboTKy JPErckoro MECTOPOK/ICHUSA
BBICOKOBSA3KOM HE(MTH BeseT <Iperanedrob»
(xomnanus «JIYKoii-Komwu»). [TeppoHa4aabHO Ha }

Pa3paboTky TexHonormm ans
A06bI14n TPU3 BepgyT NpakTUYeckn
BCE KPYMHbIE€ POCCUMNCKME
HedTeraszogobbiBaoLme
KoMMaHun. Ix guckpeTHble ycnexm
Ha 3TOM NyTWN HABOAAT Ha MbICJ1b
0 HeobxoaMMOCTK co3aaHuA
TexXHoNnorn4eckmx NoIMroHos,

B paMKax KOTOPbIX KOMMaHNU
AENUNNCL Obl ApYr C ApYyrom
HapaboTkamMm.

Development of technologies for
hard-to-recover reserves recovery
are carried out by almost all large
Russian oil and gas companies.
Kommanrio <PUTDK» moxcro canrars 1 NEIN discrete success on this

path suggests the need to create
technological landfills, within
which companies would share their
experiences with each other.

84% of the entire base,
but thanks to the use of
efficient technologies,
production amounts

to 36 million tons

of oil per year and

the reproduction of
reserves at Tatneft is
provided almost every
year. In Tatarstan,
various modifications
of hydraulic fracturing
are widely used. At the
Ashelchinskoye oilfield,
the technology of
steam and gravitational
effects is used, based
on the use of a pair of
horizontal wells. Steam
is injected into one of
them, oil is taken from
the other.

RITEK can be
considered the
ground of LUKoil’s
development and
testing of technologies for the production of hard-
to-recover reserves. Currently, the search for ways to
develop the Bazhenov formation, which has reserves
of 22 million tons of oil, is being actively pursued,
but the current annual production barely exceeds
100 thousand tons, because no technology has been
found that is optimal in terms of approaches to the
development of these reserves. The company operates
in several directions: additional study, first of all, of
the geology of this complex object and optimal well
placement. Within the framework of the sanctions
regime it is rather difficult. For example, rotary
driven systems came under sanctions, and now the
complex profiles of horizontal wells have to be drilled
with conventional downhole screw engines. The
same applies to geosteering: equipment for logging
while drilling also came under sanctions. Domestic
companies have been given the task of importing the
necessary equipment, and this is one of the basic tasks
in the oil industry.

RITEK is actively working on the search for tertiary
enhanced oil recovery methods. One of the main
directions is thermal, in particular, thermal gas impact
on the formation, since air is the cheapest coolant. An
extensive roadmap has been created that promises
to help bring technology to industrial standard and
bring oil to a profitable stream. However, the company
acknowledges that they are still at the initial stage of
developing the Bazhenov formation.

The project for the development of deposits of
super-viscous oil in the Samara region is carried out by
Samaraneftegaz.

Yaregneft (LUKoil-Komi) is developing the Yarega
high-viscosity oil field. Initially, the field used only
the thermo-mining technology associated with
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MECTOPOXKIEHUU UCIIOIb30BAJIACH TOJIBKO
TEPMOIIAXTHASA TEXHOJIOI'USA, CBA3AHHASA C
OOJIBIIUMHU SKCILTYATALIMOHHBIMU 34TPATAMU
U CJIOKHBIMU YCJIOBUAMU TPyAaA. [ToaToMy
MaPaJUIETBHO C TEPMOIMIAXTHOI JOOBIYEH

¢ 2006 rojia BEZIETCSI CTPOUTETBCTBO
CKBA’KUH C TOPU30HTAJIbHBIM OKOHYaHHUEM
10 TEXHOJIOT'MU BCTPEYHOI0 SAGD
(BOOBIBAIONIVIE U TAPOHATHETATEIbHbBIE
CKBA’KUHBI HAXOJIWJIMCh HA PA3HBIX
KYCTOBBIX IIONAAKaX). /1o 2020 roga
[UIAHUPYETCS 3AKOHYUTD CTPOUTEIIBCTBO 65
T'OPHU30HTAIbHBIX CKBAXKUH.

Kommnanwms «CanbiM IleTposneym» yCIIEHO
UCIIOJIb3YET TEXHOJIOI'UIO XUMHUYECKOT'O
3aBOJHEHUA HA OCHOBE 3dKAYKH B IUIACT AHUOHHOI'O
MOBEPXHOCTHO-AKTUBHOIO BemecTsa (ITAB), cogbl
u nonuMmepa (ACIT), KoTopasi HO3BOJISIET JOOBITH
JIOTIOJTHUTENBHO 1O 30% HEMPTH, OCTABIICHCS B
macre. MccienoBanue JaHHOM TEXHOJIOIMH UIET C
2008 roga. COBMECTHO C AaKITMOHEPAMHU — KOHLIEPHOM
«[IIesnm> 1 KOMITAaHUEN «['a31IpOM HE(PTh» — KOMITAHUSA
MPOBEJIA MACIITAOHBIE PA6OTHI IO ONPEJETICHUIO
OIITUMAJIBHOTO cOCTaBa ACIT, KOTOPBII TOIKEH
MAaKCHUMAJIbHO COOTBETCTBOBATDH COCTABY IVIACTOBBIX
BOZ, Y1 MUHEPAJIOTUU ITIOPOJBL

Pa3paboTKy TEXHOIOr UM 1151 106619 TPU3
BEAYT NPAKTUYECKU BCE KPYITHBIE POCCUIICKHUE
HedTErazoo0bIBAIOIINE KOMITAHUN. VX TUCKPETHBIE
YCIIEXH HA 3TOM ITyTU HABOJAT HA MBICJIb O
HEOOXOAUMOCTHU CO3/LAHHA TEXHOJIOTUYECKUX
MOJIMT'OHOB, B PAMKAX KOTOPBIX KOMITAHHUH
JIEJIWJINCH ObL IPYT C IPYTrOM HapaboTKamu. Poccust
CYyIIECTBEHHO OoTcTaeT oT CIJA o TeMmniam pocTa
JO6BIYY HEPTU IIJIOTHBIX IOPOJL, U OHA U3 IIPUYNH
3TOT'O — MOYTH IOJTHOE OTCYyTCTBHE LieaeBbix HMOKP
u OITH. B Mmupe CymecTByIOT CIIEIUAIU3UPOBAHHBIE
TOCYAAPCTBEHHBIE U YACTHBIE LIEHTPBI OTPAOOTKHU
HEPTEra30BbIX TEXHOJIOIUHA HA 3TANAX
HCCAEJOBAHUH U UCTIBITAHUH. B POccuu »xe co3manuio
TEXHOJIOT'UI NIPENATCTBYET HU3KUM YPOBEHD
Pa3BUTHA MHCTUTYLIMOHAJIBHOU CpebL. IIpeogoneTn
3TO OIPAHUYEHHE U IPU3BAHBI TEXHOJIOIMYECKHE
MTOJIMT'OHBL

Eme oguH 11y Th K COKposuIaMm TPH3 — nomomp
rOCyJapCTBa, 4 UMEHHO: COBEPUIEHCTBOBAHUE
HaJIOT'OBOI'O 3AKOHOJIATE/IbCTBA, [IOCKOJIbKY
JEHUCTBYIOLIEE CEPHE3HO OIPAHUYUBAET OCBOCHUE
TPYAHOU3BJICKAEMBIX 34I14COB.

TPH3 — 0OCHOBHO¥ pe3epPB POCCUICKON HEDTAHOM
oTpaciau. IToTpe6HOCTb B YEPHOM 30JI0TE,

HECMOTPsI HA YTBEPXKACHUS CKEIITUKOB, CITEIIAINX
IIEPECECTD HA AIEKTPOMOOUIIN, HEYKJIOHHO PACTET.
OTpaHO, YTO CO3[JAHUE U BHEJPEHUE TEXHOJIOT U
JUIS1 Pa3pabOTKU TPYAHOM3BIECKAEMBIX 3a114COB
CTUMYJIMPYET POCT PBIHKA HE(PTEIa30CEPBUCHBIX
YCJIyT, HO €1I€ BAXKHEE TO, 4TO Poccus B mporecce
ocsBoeHus TPHU3 nnepexoauT OT CbIPbEBOI'O PA3BUTUSL
K UHHOBAaLIUIOHHOMY.

AHaIUTAYECKAs I'PYIIIIA SKyPHAIA
«Bpemst koaTroounra. Bpems I'PI»
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Poccnsa B npouecce
ocBoeHus TPN3 nepexogut
OT CbIPbLEBOIro Pa3BUTUSA K
WHHOBaLMOHHOMY.

In the process of developing
hard-to-recover reserves,
Russia is moving from raw
materials to innovative
development.

high operating costs and
difficult working conditions.
Therefore, in parallel

with the thermo-mining
operation, since 2006, wells
with horizontal termination
are being built using the
counter SAGD technology
(production and steam
injection wells were located
at different well sites).

By 2020, it is planned to
complete the construction of
65 horizontal wells.

Salym Petroleum successfully uses the technology of
chemical flooding based on the injection of anionic
surface-active agent, soda and polymer into the
reservoir, which allows extracting up to an additional
30% of the oil remaining in the reservoir. The research
of this technology has been going on since 2008.
Together with the shareholders — the Shell Concern and
the Gazprom Neft Company — the company carried out
large-scale work to determine the optimal composition
of the surface-active agent, which should be as close
as possible to the composition of the formation waters
and mineralogy of the rock.

Development of technologies for hard-to-recover
reserves recovery are carried out by almost all large
Russian oil and gas companies. Their discrete success
on this path suggests the need to create technological
landfills, within which companies would share their
experiences with each other. Russia lags significantly
behind the United States in terms of the growth of
dense oil production, and one of the reasons for this
is the almost complete lack of targeted research and
innovation and pilot scale tests. In the world there
are specialized public and private centers working
out oil and gas technologies at the stages of research
and testing. In Russia, the creation of technology is
hampered by the low level of development of the
institutional environment. To overcome this limitation
and technological landfills are called.

Another way to treasure hard-to-recover reserves is
state aid, namely, the improvement of tax legislation,
since the current one seriously limits the development
of hard-to-recover reserves.

Hard-to-recover reserves are the main reserve of the
Russian oil industry. The need for black gold, despite
the assertions of skeptics hurrying to transfer to
electric cars, is steadily increasing. It is gratifying that
the creation and introduction of technologies for the
development of hard-to-recover reserves stimulates
the growth of the oil and gas services market, but
more importantly, in the process of developing them,
Russia is moving from raw materials to innovative
development.

In the process of developing hard-to-recover
reserves, Russia is moving from raw materials to
innovative development.

Analytical Group of the Coiled Tubing Times
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YBaxkaemble konnerun! loporve gpy3ba!
Poccuiickoe otaeneHne Accoupamm CneLmanimcToB No KONTIOOMHIOBLIM TEXHONOTUSIM

1 BHYTPUCKBaXMHHbIM pabotam (ICOTA) npepniaraeT BaM NPUHSTL y4acTUe B roloCOBaHUY,
pe3ynbTaToM KOTOPOro CTaHeT (hopMMpPOBaHNE LIOPT-NNCTa CreLmanbHoN NpeMmm
Intervention Technology Award - 2019.

YkaxuTte, noxanymcra, Kakme KOMraHum1, Ha Ball B3rNsg, 4OCTOVHbI CTaTb JlaypeaTtaMum
B CJIeAyIOLUMX HOMUHALMAX:

<<J-|y'~ILLIaF| He3aBNCMad CePBNCHaaA KOMMaHWA B MCMOJNb30BaHNN KONTIOOMHIOBbIX TEXHOMOrMI B Poccmm»

«Jly4LLan He3aBMCKMasn CcepBUCHas KOMMaHWs B obnactn nposefeHus MPI1 B Poccum»

«J'Iquuaﬂ He3aBNCMada CepPBMCHAA KOMMNaHWA NO NPOABUXEHNIO VMHHOBaLIMM B Poccum»

«Jly4yLias KOMMaHWs — MPON3BOAMTESNTb 0O0PYA0BAHNS AJ15 BbICOKOTEXHOMOMMYHOMO HedhTerasoBoro cepeumca B Poccum»

<<J-|yL'ILLJaF| KOMMNaHWA — NPOonN3BOAMNTENb MaTtepPManoB 1 peareHToB OJ19 BbICOKOTEXHONOIMMYHOIo Heq)TeFa3OBOFO cepBuca B Poccum» .

«J'Iyqu.lee nepnogn4eckoe n3gaHne B Poccnm, ocselLatoLee I'IpO6ﬂeMbI Heq)TeraBOBOI'O cepBmca»

[MpocrM Bac OTCKaHVPOBATb 3aMONHEHHYIO0 hOPMY U MPUCNaTh MO agpecy: cttimes@cttimes.org. KoHTakTHas nHhopmMaums:

MO>HO Tak>ke npucnaTh 3anonHeHHyto hopmy no dakcy: +7 (499) 788-91-19 www.icota-russia.ru
Baww ronoc o4eHb BaxkeH! lMbIkeBCKM Nepeynok, 5,
Ha nepBoMm 3Tane NoABeneH1s UTOroB Mo pe3yrsTataM 06paboTKi 3anonHeHHbIX hopM ByayT cocTaBAeHb cTpoetvie 1, odmc 224
LLOPT-NNCTbI B KaX OOV HOMUHaLUMKW. Ha BTOPOM 3Tane aBTOPUTETHOE XIOpW, B COCTaB KOTOPOTO BXOASAT Mocksa 119017,

YneHbl COBETa AMPEKTOPOB poccmmckoro otaeneHus ICoTA, akcnepTsl MuHaHepro P®, YneHbl y4eHoro Poccuiickast DepepaLiyis

coBerta LleHTpa pa3BuTS KONTIOOWHIOBbLIX TEXHOMOMMI U YNeHbl pefakLMOHHOMO COBETA XXypHara «Bpems
KONTIoOMHra», onpenenvt nobeautenei cornacHo BblpaboTaHHbIM As KaXKA0M HOMUHALMM Ka4eCTBEHHbBIM

1 KONMYECTBEHHBIM KPUTEPUSIM. Ten. +7 (495) 481-34-97
Top>kecTBeHHoe Bpy-eHvie AMNIOMOB flaypeaTtam poccuiickor Intervention Technology Award coctoutcs B (A06. 102)

pamkax 20-11 MexayHapoLHON Hay4HO-NPaKTUYeCKom KoHhepeHLmn «KonTiobrHroBble TexHomornm, TP, Mob. +7 (968) 356-34-45
BHYTPUCKBaXMHHbIe paboTbi» B HosOpe 2019 ropa. dakc: +7 (499) 788-91-19

Mpemus Intervention Technology Award yupexpena s Hayane 2014 rofa poccuinckim
oTaeneHeM AccoLmaLm CneLmanmcToB No KONTIOOMHIOBBIM TEXHOMOMUAM 1 BHYTPUCKBaXKMHHbBIM paboTam
(ICOTA) v fBRsieTCsH OTeHECTBEHHOW BEPCUEN MPEMUM, BPYHaEeMOW aMepUKaHCKMM otaeneHrem ICoTA Ha
exerofHon koHdepeHUmn B Byanenace (CLLA, wrat Texac).
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Dear colleagues and friends!

Russian Chapter of the Intervention and Coiled Tubing Association (ICOTA) invites you
to respond to a poll and tell us which companies are worthy of the special

Intervention Technology Award -2019.

You are kindly asked to choose the companies which, in your opinion, are the winners

in the following categories:

Best independent service company in the sphere of coiled tubing technologies application in Russia

=

_ .
—
—

::—_ﬁ

—

Best independent service innovating company in Russia

Best company-manufacturer of high-tech oilfield service equipment in Russia

Best company-manufacturer of materials and chemicals for high-tech oil and gas service in Russia

Best periodical in Russia, highlighting the problems of oil and gas service

Your opinion is very important for us!

qualitative and quantitative criteria).

Well Intervention Conference on November, 2019.

by the US Chapter of ICoTA.

Please, kindly fill-in the form, scan it and send to cttimes@cttimes.org
You can send the filled form by fax as well: +7 (499)-788-91 19

On the first stage, we will form short lists of the companies in each of the categories on the Suite 224

basis of your votes. On the second stage, the panel of judges comprising board members of the 119017 Moscow, Russian
Russian Chapter of ICoTA, experts from the Russian Ministry of Energy, members of the Scientific Federation

Council of Coiled Tubing Technologies Development Center and members of the Editorial Board of

Coiled Tubing Times Journal will choose the winner in each category (according to the elaborated Tel. +7 (495) 481-34-97

Intervention Technology Award Ceremony will be held in the framework Mobile: +7 (968) 356-34-45
of the 20™ International Scientific and Practical Coiled Tubing, Hydraulic Fracturing and

Intervention Technology Award was established in early 2014 by the Russian Chapter of the
Intervention and Coiled Tubing Association (ICoTA). It is the Russian version of the award established

Contact information:
www.icota-russia.ru
5/1 Pyzhevsky lane,

(ext. 102)

Fax: +7 (499) 788-91-19



POCCUNCKAA HEDTEFTA3OBAA
TEXHUYECKAA KOHOEPEHU WA SPE

KpynHenwee HedTerazosoe meponpuatme SPE B pernone

22-24 oKTAGPA 2019 veearocem "

MopanTte pedpepat ao 11 mapta 2019

Cnepwre 3a obHoBNeHWeM MHOOPMaLMK Ha canTe go.spe.org/19rpte-cfp-info.

30N0TOW CNOHCOP CMOHCOP MOBMNBEHOTO CMOHCOP NAKETOB
NPUNOXEHWA DENETATA
bp
% # ra3npoM ‘ Crpemmmca HALLIBURTON
emm |« bonbwemy!

No ecem Bonpocam obpallainTeck K Ham No 3NeKTpoHHOW noyTte russianoilandgas@spe.org,
Ten.: +7(495) 268-04-54. L/ \4
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BAPHAYJIbCKUU 3ABO ABTOCIELIKOMIJIEKT
POCCUMCKNA NPOU3BOAUTESb B/IOKOB MAHU®O/bAA

Ob6opyaoBaHue NpegHasHa4eHo 415 06BA3KW HACOCHbIX arperaTos NoOCpeacTBOM
TpyboONpoOBOAOB BbICOKOrO [aBNeHUMs C YCTbeM CKBaXWHbl W ynpaBieHwus
notokamu paboyeln KUWAKOCTU TNpU  TMAPONECcKOCTPYMHOW nepdopauuu,
rugpaBnAnMyecKkoM paspbiBe NnacToB, LEeMeHTMPOBaHMKM CKBaXXWUH B Mnpouecce
OypeHMs U KanuTanbHOro pemMoHTa, NpoMbiBKE necyaHblX NPo60oK, KUCAOTHbIX
obpaboTKax U ApYrMx TEXHONOMMYECKUX onepaumnax MHTeHcUduKauumn obbiun.

656011, AnTaiickui Kpau, ropoa bapHayn, ynuua IN.C. Kynaruda, gom 18
Ten.: +7 (499) 704-36-70

E-mail: ask@ask-barnaul.ru
www.ask-barnaul.ru

BPC, APOCCE/b, KATYLUKA NEPEXOAHAR, KONEHO LWAPHUPHOE, KPAH LLAPOBbIW, HACOC BbICOKOIO
LABNEHUA, TPOMHWK NEPEXOAHOW
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Poccnnckoe otgeneHme AccoljmaLium cneumanmncTtos no
KONTIOOMHroBbIM TEXHOJIOFMAIM U BHYTPUCKBAa)KUHHbIM paboTam

Hekommepueckoe napTHepcTBO «LleHTp pa3Butuna
KONTIOOMHIroBbIX TEXHONOrMnN»

Russian Chapter of the Intervention and Coiled Tubing Association

Nonprofit Partnership Coiled Tubing Technologies
Development Center

[CoTA A
POCCHA @

KoHTakTHas uHgpopmavuums Contact information

MbpkeBCckM Nepeynok, 5, ctpoenune 1, odpnc 224 5/1 Pyzhevsky lane, Suite 224

Mockea 119017, Poccuinckas depepauns 119017 Moscow, Russian Federation

TenedoH: +7 499 788 91 24; +7 (916) 512 70 54 Telephone: +7 499 788 91 24; +7 (916) 512 70 54
dakc: +7 499 788 91 19 Fax: +7 499 788 91 19

E-mail: info@icota-russia.ru E-mail: info@icota-russia.ru

www.icota-russia.ru
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Llensto Accoumaumm cneumanmnctos No KONTIOONHIOBLIM TEXHONOrUAM

M BHYTPUCKBaXNHHbIM pa60TaM ABNAETCA pa3BuTue BO3MOXHOCTEN ANA
npoq)eccvaaanoro 06LI.I,eHMﬂ caneymnanncToB, akKymMmynauna TeEXHNYECKUX
3HaHUN, 0606LI.|,eHVIe ornblTa NPUMEHEHNA MHHOBALLMOHHbIX TEXHONIOrUN,
copgencTene BHeOQPEHUNIO HOBEMLWNX pa3pa60TOK B 0611aCTU KONTIOBMHIOBbIX
TEXHONOrNN " OPYrmx cerMeHTOB BbICOKOTEXHONOIrMYHOIro He(bTeFa3OBOFO
cepBuca U CTaHOaApPTOB 6e3onacHocTn npoeseneHud pa60T.

Poccunckoe otpeneHme Accoumaumm CneumnanncToB No KONTIOOUHIOBbIM
TEXHOJIOTUSIM U BHYTPUCKBaXXUHHbIM paboTam (ICoTA-Poccus) sBnsieTcs
MHPOPMaLMOHHOM CTPYKTYPOU, AeMCTBYIOLEN B paMkax Hekommepueckoro
napTHepcTBa «LleHTp pa3BUTUS KONTIOOMHIOBbIX TEXHONOTMUIN», U OCYLLLECTBASET
CBOIO flefTeNIbHOCTb B COOTBETCTBUM ¢ CornalueHmnem o cCoTpyaHuyecTBe,
3aK/IOYEHHbIM Mexay AccoLMauven cCneLmanmcToB No KONTIoOUHIOBbIM
TEXHOJIOTUSIM U BHYTPUCKBaXUHHbIM paboTam (ICoTA) u Hekommepyeckum
napTHepCcTBOM «LIeHTp pa3BUTUS KONTIOOMHIOBbIX TEXHOOT Y.

3AABJIEHUNE

Mpowy npuHATL MeHsA B YneHbl ICOTA-Poccus

bamunus HanuncaHue no-aHrnumnckm

Nwmsa HanucaHue no-aHrMMnckn

OTyecTBO

OpraHu3auus/koMnaHnsa/cTpyKTypa

Lon>XXHocTb

ALpec 3neKTPOHHOM NOYThI

TenedoH cny>xebHbIN dakc

TenedoH MoOOUbHLIN

Mo4ToBbLIV afpec ANns CBA3U

LaTta Mopnuckb

MoxanyncTa, oTNpaBbTE 3aMoNHeHHOE 3asBrieHNe no dakcy: +7 499 788 91 19
WK cKaH 3asBneHns Ha e-mail: info@icota-russia.ru
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MepaunannaH pacnpocrpaHeH s )XypHana
«Bpems konTio6uHra. Bpemsa N'PlM» Ha oTpacneBbix

meponpuatuax B 2019 rogy
BK N2 1/67, mapT-2019
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Meponpuarue BeCHHS crpana Opranusarop Canr
The https://www.spe.
SPE/ICOTA Coiled Tubing and Well 26— Woodlands. |SPE org/events/en/2018/
Intervention Conference and Exhibition |[27.03.2019 Texas. USA conference/18ctwi/home.
’ html
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Coiled tubin

BPEMSA KOJITHOBUHIA
BPEMA Iren

119017 r. MockBa, lNbixxeBcknn nep.,
4.5, ctp. 1, opunc 224
Ten.: +7 499 788 914, ten./dakc: +7 499 788 91 19.

Joporue yntarenu!

Mopnmcky Ha Hay4HO-MPaKTUYECKUI XypHan
«Bpemsi konTioOMHra»

Bbl MOXeTe 0(hOpPMUTbL B JIOOOM oTaeneHmm
«Pocneyatn» B nepmog npoBeaeHns NoanmcHbIX
KamMnaHun.

MHAEKC B NOANMMCHOM KATAJIOTE
«POCIIEHATU» —84119.

KomnaHum moryT oopMnTb rogoByro MOAMUCKY
HernocpeacTBEHHO B peAakLUmMn XypHana

(He meHee yem Ha 3 ak3emnnsapa). Moanucka

B pefakuMm BO3MOXHa ¢ ntoboro mMecsua roga.

MuHMMaNbHas CTOMMOCTb FOJOBOW MOAMMUCKN
(3 3x3. x4 BbIN.): 13 200 pyo.
(skntoyas HAOC 10%) + cToMMoCTb AOCTaBKM.

[ns obopmneHms Noannckn Yepes pegakLmio
OTMpaBnaAnTe 3anpoc Nno agpecy:
cttimes@cttimes.org

For English-speaking readers we recommend
to subscribe for PDF-version of the Journal.

Please send your subscription request to:
cttimes@cttimes.org

Year subscription price for PDF-version: 80%.

HOBBIW YNEH PELAKLIOHHOIO COBETA
NEW MEMBER OF THE EDITORIAL BOARD

Ceprenn CUMAKOB poauncs
B Pecny6nvke bawkopToctaH. OKOHUYUN
TioMeHCKMI rocyaapCcTBEHHbBIN
HedTerasoBbIv yHMBEPCUTET,
creumanbHocTb «paspaboTka
M 3KcnyaTauma HedTerasoBbix
MecTopoXAeHUN». MpodeccnoHanbHyo
TPYAOBYIO AEATENbHOCTb HaYan B
parioHe KparHero CeBepa B 2002
rofy, B . MypasneHko, iHAO. PaboTan
B KOMnaHun «bu-Ixxen CepBucns»
(BJ) nepeBoa4YMKOM (QHT. A3bIK),
€ 2006 roga — B komnaHmm CWS (3A0 «KBC MIHTEpH3LWH»),
nHxeHep no MHKT, FPM. B 2010 roay 6bin npurnalueH B
komnaHwmio MAO «la3npom HedTb», dununan «fasnpomHedPTb-
MypaBneHKo», Ha AOJIXHOCTb FMaBHOro cneyyanmcTa no
THKT ynpaBneHuns BHYTPUCKBaXXUHHbIX paboT. B 2015 rogy
nepeBefeH Ha AOJXHOCTb FMaBHOro crneynanncta YnpaeneHus
VUHTErpnpoBaHHbIX PeLIeHUN Mo BHYTPUCKBAXMHHbIM paboTam
Bnoka npoekTHO-yHKLMOHaNbHOro obecneyeH1s akTMBOB
00O «lazmpomHedTb HTL», CaHkT-MeTepbypr. C2019 roga —
B JOJIXHOCTU PYKOBOAUTENIS HanpaBfieHUsi BHY TPUCKBAXUHHbIX
pa6ort (BCP).

Sergey SIMAKOV was born in the Republic of Bashkorkostan.
He graduated from Tyumen State Oil and Gas University, his
field of study was “development and operation of oil and gas
fields”. He entered oil and gas industry in 2002 in the Extreme
North region in Muravlenko, YANAO. He was working as an
interpreter (English language) at BJ Services. Starting from 2006
he was working as a coiled tubing and fracturing engineer at CWS
International. In 2010 he was offered a position of senior coiled
tubing specialist at the Interventions Department. In 2015 he
was promoted to a position of Chief Specialist of the Integrated
Solutions Department for HRV of the Design and Functional
Support Unit for the assets, Gazmromneft NTC LLC in Saint-
Petersburg. Beginning from 2019 works on a position of Well
Intervention Manager.

TTouerHsiit pegaktop — POH Knapk (rc@cttimes.org);
rnaBHbI pefaktop — FanuHa bynbika (halina.bulyka@cttimes.org);

AUPEKTOP IIO CTPATETMIECKOMY Pa3BUTUIO IIPOEKTA «BpeMﬂ KOJNTIOOMHIa» —

ApTteM MNp16OB (artem.gribov@cttimes.org);

Hay4HBIIT pefakTop - AHTOH Pe,0pEeHKO, KaH. (13.-MaT. HayK;
IlepeBoguuxn - Cepren MacneHuuuH, XpuctuHa bynbiko,
Fpuropun ®omunyes, CBeTnaHa JIbiIceHKO;

OTBETCTBEHHbIIT cekpeTapsh — HaTanba Muxeesa;

mapkeTuHr 1 pexaama — MapuHa Kynukosckas (advert@cttimes.org);
AM3alH 1 KOMIIbIOTepHas BepcTka — JllogmMuna NloH4yapoBa;
TIOATIMCKA U PacChlKa — cttimes@cttimes.org.

JKypHnan pacnipocTpaHsercs 110 MOANMCKe CPey CIeLaaiuCcTOB
HeTerasoBbIX KOMITAaHMIT M IPODUIBHBIX HAYYHBIX NHCTUTYTOB.
OcymecTBnAeTCA IMPOKas MEePCOHATbHAA PACCHITKA PYKOBOAUTENAM
TIEPBOro 3BEHA.

Marepuasnbl, aBTOp KOTOPIX He YKa3aH, ABJIAIOTCA IPOTYKTOM
KOJITIEKTUBHOI PabOTbI COTPY/IHMKOB PeflaKIVu.

IIpu mepemnevaTKke MaTepuaToB CChUIKA Ha XXypPHAT «BpeMst KonTio6MHTa»
00s3aTebHa.

Peuakum{ HE BCerpa pa3nensaeT MHEHNE aBTOPOB crarei.
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Honorary editor - Ron Clarke (rc@cttimes.org);

Editor-in-chief - Halina Bulyka (halina.bulyka@cttimes.org);

Director of Strategic Development "Coiled Tubing Times" -

Artem Gribov (artem.gribov@cttimes.org);
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