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CJIOBO PEJAKTOPA

Ilepsbiii HOMep 2015 rofja BEIXOJAUT
B HANIPAKECHHOE BPEMS, ANUTPAPOM K
KOTOPOMY XOUYETCSI HOCTABUTD HEYBSIJAEMBIE
cyioBa reHuanbHoro Kurnara: «3anag
ecTb 3anaj, BocTok ectb BOCTOK, 1 ¢ MECT
OHU HE CONYT..»>. CEKTOPATIbHBIE CAHKIIUH,
MOBJIEKIIME 3ANIPET HA IOCTABKY OTAEIBHBIX
BH/JIOB OOOPYJJOBAHU S, T14/ICHUC 1ICH HA HEPTb...
Bcé HOBbIE KAMHU IIPETKHOBEHUA JIOXKATCA HA
HAII Iy Th.

B yTpo, KOrja g numry 3Tu CTPOKH, LIEHA
Ha HEMTD YCTAHOBUJIACH HA OTMETKE
qyTh HUKE $60 32 6appenb. XodeTcst
HAJACATHCA, YTO B CYUTAHHBIC MECALIBI OHA IIOJHHUMETCA U
npu6au3uTCs K $80 — IMEHHO TAKYIO «BATEPIMHUIO» OTIPEICTHIN
Y4aCTHHKH OIIPOCa XKypHaa «BpeMs KONTIOOUHTa» — BEAYIINE
CTHIEUAIMCTBI POCCUUCKOTO HE(PTETA30BOr0 cepBuca. [To ux
KOJUVICKTUBHOMY MHCHHWIO, CCTMCHT BBICOKOTCXHOJJIOTMTYHBIX
YCJIYT IIPH 1IEHE HAa HEPTh HHUKE 3TON OTMETKU HAYMHAET TEPATH
CBOIO PEHTAOEIBHOCTD. Sl BHUMATEIBHO CJIEXKY 34 IPOIHO3AMU,
KOTOPBIE JAIOT PA3JIMYHBIE 3KCIIEPTHL. Ml IMEHHO IIOTOMY, YTO
CJIEKY BHUMATEIBHO, HE 6EPYCh AEIATh COOCTBEHHBIN IIPOTHO3.
HI/I(ppr, BBIZITABACMBIC PA3IMYHBIMHU YBAKACMBIMU JIIO/IbMU,

YaCTO AUAMETPAJIBHO MPOTHUBOMNOJIOKHBIL. DTO 3HAYUT, UYTO
MPAKTUYECKHU HEBO3MOXKHO YJIOBUTD OOIIMI BEKTOP JABUKCHU S

B MOpPE TypPOYyJIEHTHOCTHU. OIHAKO IOXOKE, YTO MUP BIIOTHYIO
HpI/I6III/IBI/II[CH KKAa9CCTBCHHOMY PBIBKY, KOI/Id TPAAUITUOHHBIC
YIJIEBOJOPOABL OyAyT IOTECHEHDBI HA IbEAECTAJIE IOYETA APYTUMU
UCTOYHUKAMHU 3HEPrum. Halra aHaIuTHU4YeCKas rpyIna BBICKa3ana
KO€-KaKHe HJIEU TI0 3TOMY NOBOAY. Ynrarite <HedTh nin He HEPTH?>

YTO OCO6EHHO BAXKHO [IJ151 BLICOKOTEXHOJIOTUYHOTO
HEPTEra30BOr0 CEPBHCA HA COBPEMEHHOM OTpe3Ke? KoneuHo
Ke, 3(ppeKTUBHDbIE TEXHOJIOrUU! CaMbIM IIEPEJIOBBIM OIIBITOM
WX IPUMEHEHUSA JEIATCA HA CTPAHMUIIAX BBIITYCKA KOJIJIETH
u3 JIlnoMbeprke» B CTaThe «KOMITJIEKCHBIH ITOXO/] U OIIBIT
MPOBEACHUSA KUCTIOTHOM O6PA0OTKH B CJIOKHBIX YCJIOBUSAX
Kap6OHATHBIX KOJUIEKTOPOB BONTO-YPambCKOro pErnoHa». ABTOPEI
U3 BallKopTOCTaHa PACCKA3BIBAIOT O TEXHOJIOTUAX Y/1aJICHUS
OTJIOKEHHWH C KOJIOHHBI IN(PTOBBIX TPYO HEPTEAOOBIBAIOINX
CKBAXUH, 4 TATAPCTAHIBI — O TPUMEHEHNH HOBBIX TEXHONOT U I'PIT
C IPONIAHTOM B KAPOOHATHBIX KOJJIEKTOPAX HA MECTOPOK/ICHUAX
C TPYAHOM3BJIEKAEMBIMH 3aM1ACaMU. YJIEH PETAKIIMOHHOI'O COBETA
npogeccop FOpwuit banakupos uznaraer ceexylo ujaecio o I'PI1c
NPUMEHEHHEM CTPYMHBIX HACOCOB.

CoBeTyIo BaM O6paTUTb BHUMAaHHUE HA TPU UHTEPBBIO,
ONyOIIMKOBAHHBIE 11071 OOIIUM 3a171aBHUEM «CJIOBO 34KA3YUKY».
Heaponons3oBaTenn U3 TPEeX KOMIIAHUH, IPHUBICKAIOMUX
CEPBUCHBIE YCJIYT'H HA OTINYAIONIUXCS PHUHITUIAX, PACCKA3bIBAIOT
O KPUTEPHUAX KAK BBIOOPA NOAPSAJIUKOB, TAK U OLIEHKU PE3YIBTATOB
UX paGoThL.

B py6puke «IIpaktuka» BeicTynaeT Ceprert Ky3y6, HauaJIbHUK
CJ1y>KOBbI BHEIIHETO CEPBHCA YIIPABJIEHMA 11O OBBIIIEHUIO
HEPTEOTAAYN IIJIACTOB U PEMOHTY CKBAKMH KOMIIAHUH
«benopycned1r». HartoMH1o, yTo B 2014 1oy 314 KOMIAHUA CTaIa
obnagareneM crienuanbHo npemuu Intervention Technology
Award poccurickoro oraenenusa ICOTA B HomuHanuu «JIydmmas
KOMIIAHM 110 IIPOABUKEHUIO MHHOBALUK B Poccuu 1 CHI>.
MHTEPBBIO PACKPBIBAET HEKOTOPBIE CEKPETHI 3ACTYKEHHOI'O YCITEXA.

VHTEPaKTUBHYIO CBS3b C YUTATEISIMU IPHU3BAHA ITOJJIEPKATh
«AHKeTa». O6paTUTE BHUMAHIE: Mbl HCCKOJIBKO YTOYHWIIU €€
BOIIPOCHI B COOTBETCTBUM C UCTOPUYECKMM MOMEHTOM. Baie
MHEHUE, BAIIIN WJIEU YPE3BBIYANTHO BAXKHBI JJIs PEJAKIINN. [IPy3bs,
IIPOIILY BAC, 3aIIOIHANTE OJIAHK, PA3MEIICHHBIN B )KypPHAJIE, U
MPUCHUIANTE HAM I10 YKA3aHHBIM a/IpecaM. DTO OYEHb BAXKHO JJ1s
Hamero oomero jenal [ToToMy 4TO €CIA 9TO ¥ MOJKET BO3BECTU
MOCT MeXy BOCTOKOM U 3a11azioM, TO TOJIBKO OHO!

Pon Knapx

EDITORIAL

The first issue of the journal in 2015 is being
published in hard times, and the line by Kipling, “Oh,
East is East, and West is West, and never the twain
shall meet” seems suitable to be its epigraph. Sectoral
sanctions setting a delivery block for certain equipment,
declining oil price... New stumbling blocks keep
appearing on our way.

While I am writing this, the oil price is established
alittle below $60 per barrel. Hopefully, within the
months to come, we will see it rising up to $80, which
is the ‘waterline’ price determined by the participants
of the survey held by the Coiled Tubing Times journal
among the leading experts of the Russian oil and gas
service. It is their joint opinion that below this line the
high technology segment of services starts losing its cost
effectiveness. I follow closely the forecasts presented by
various experts. This is why I don’t dare to make my own
forecast. The figures given by most respected authorities
often appear to be direct opposite. It means that it is
next to impossible to capture a common motion vector
in the turbulent sea. However, the world seems to be
ready to leap forward, with alternative energy sources
challenging the conventional hydrocarbons. Our
analytical group has a number of ideas to this point.
Please, read our article “Oil or Not Qil?”

What is of crucial importance today for the
high technology segment of oil and gas service?
Undoubtedly, it is high performance technologies!

Our colleagues from Schlumberger share their best
practices in the application of such technologies in the
article “An Integrated Approach and the Experience of
Acidizing in the Challenging Environment of Carbonate
Reservoirs of the Volga-Ural Region”. Our authors from
Bashkortostan tell us about the technologies used for
removing deposits from flow columns at oil producing
wells ; our colleagues from Tatarstan dwell on the new
technologies of hydraulic fracturing with proppant
being applied in the carbonate reservoirs of the fields
with hard-to-recover oil. Professor Yury Balakirov, a
member of the Editorial Board, comes out with a new
idea of hydraulic fracturing with jet pumps.

I'recommend you to read the three interviews
published under the common title «Over to the client».

Representatives from three companies which hold
subsoil licenses and adhere to different principles of
employing service providers describe the criteria they
follow in selecting contractors and assessing their
performance.

Sergey Kuzub, Head of the External Services,
Directorate of Enhanced Oil Recovery and Well
Workover, Belorusneft Production Association, is the
guest of our ‘Practice’ column. Let me remind you
that in 2014 this company was given the Intervention
Technology Award by ICOTA’s Russian Division as the
Best innovating company in Russia and CIS countries.
The interviewee discloses some secrets of their well-
deserved success.

Our Questionnaire is designed to establish interactive
communication with our readers. You will have
noticed that we have adjusted some of its questions in
compliance with the needs of today’s world. Our editors
find your opinions and ideas extremely valuable. Please,
fill in the blank form in the journal and send it at the
addresses specified. This is the necessary contribution
towards our common goal! It is the only thing which
will help us to put on a bridge between East and West!

Ron Clarke
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Intervention & Coiled Tubing Association

16-1 Me)xgyHapoaHasa Hay4HO-NpaKTn4deckas KoH(pepeHUns
«KonTio6mHroBblie TexHonoruu, NP, BHyTpuUcKBa)KMHHbIE PpaboTbI»

The 16 International Scientific and Practical Coiled Tubing,
Hydraulic Fracturing and Well Intervention Conference

28 - 30 okTsi0psi 2015 ropa, October 28 - 30, 2015
Poccus, MockBa, roctuHnua «Aspocrap» Aerostar Hotel, Moscow, Russia
(NeHuHrpapckum npocnek, 37, kopnyc 9, cT. MeTpo «[luHamo») (Leningradskiy ave. 37, bld. 9, “Dinamo” subway station)

Temartuka: Conference topics:
¢ KonTioOMHroBble TEXHONOTUM; ¢ Coiled tubing technologies;
¢ AkTyanbHble TexHonoruu MPM (Mren e ¢ Latest hydraulic fracturing technologies (multi-stage
ropu3oHTanbHbIX ckBaXkuHax, MPT c asoTtom, fracturing in horizontal wells, nitrogen fracturing,
coiled tubing fracturing, etc.);
¢ Up-to-date well logging techniques, including

ucrnonb3oBaHNe KONTIOGVHIa Npy NPoBeAeHUN
horizontal wells logging;

rrwvTa.);
¢ CoBpeMeHHble MeToAbl reopr3nyecKoro
nccnefoBaHNS CKBAaXKMH, B T.4. TOPU3OHTaNbHbIX; ¢ Well service (fishing and milling operations,
¢ VIHCTpYMeHTanbHbIN cepBUC (IOBUJIbHbIE packer setting jobs, etc.);
onepauun, ppesepoBaHue, yCTaHOBKa * New EOR technologies;
¢ Cement squeeze;
¢ Sidetracking operations, including those with

oTCeKaloLMX Nakepos U T.N.);
¢ HoBble meToap! MHIT;
¢ PeMOHTHO-M30NALMOHHble paboTbi; coiled tubing application;
¢ Qilfield chemistry;
¢ Equipment, tools and materials for well servicing

* 3ape3ka 6OKOBbIX CTBOJIOB, B T.u.
¢ npumMmeHeHnem MHKT;

¢ HedprenpombicioBas xumus;

e ObGopyaoBaHMe, UHCTPYMEHT 1 MaTepuarbl

ansa TKPC.

and workover.

KOHTAKTbI / CONTACTS:
Tel.: +7 499 788 91 24
Tel./fax: +7 499 788 91 19
E-mail: cttimes@cttimes.org,

www.cttconference.ru
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16-1 Me)xgyHapoaHasa Hay4HO-NpaKTn4deckas KoH(pepeHUns
«KonTio6uHroBbie TexHonoruu, NP, BHyTpUcKBa)kKMHHbIE paboTbi»

The 16 International Scientific and Practical Coiled Tubing,
Hydraulic Fracturing and Well Intervention Conference

KoHdepeHuus coctouTtcs 28-30 okTa6ps 2015 ropa B
MockBe, B roctHuLe «Aspoctap» (JleHNHrpaackmn npocnexT,
37, kopnyc 9, cT. MeTpo «JAuHamo»).

Ha 28 okTs0ps 3annaHMpoBaH y4ebHbIN ceM1Hap, KOTOPbIN
NpoBeayT CNeLVanCcTbl OAHOM 13 CAMbIX BbICOKOTEXHOMOMMYHbIX
MeXAYHaPOLHbIX CePBUCHbIX KOMMaHnii, 29—30 okTabps OyayT
paboTaTh TEXHUHECKME CEKLIW. Ha NpOTSKEHMIN BCEX TPEX
[IHel ByfleT IencTBOBaTh BbICTaBKa, Ha CTeHaX KOTOpow OyayT
npeacraBneHbl NPOAYKLMS 1/UN TEXHONOTM KOMNAHWIA-YHaCTHULL,.

STa exxerogHas KoHbepeHUMs — crapermni B Poccum
npodeccoHanbHbIN hopyM AN CNELManmnCToB HedTerasoBoro
CepBMCa, 3aKa34MKOB BbICOKOTEXHOMOTMYHbIX HehTeCePBUCHBIX
YCNyr 1 NPOM3BOAUTENEN COOTBETCTBYIOLLETO 00OPYLOBAHMS.

[eneratamu KOHMEPEHLMM HEM3MEHHO ABNAIOTCA NPeACTaBUTEN
TaKMX N3BECTHbIX POCCUMCKMX 1 MEXOYHAPOAHbIX KOMMaHWUI,

Kak «PocHedTb», «[aznpom», «[aznpom HedTb», «JTYKOWI»,
«LLInombepxxe», Trican Well Service, Weatherford, Halliburton,
«TaTHe(Tb», «bawHedTb», OO0 «MHTerpa — Cepuchl», «<EBC»,
«BBT-Boctok», Eriell Group, «benopycHedTs», ERIELL Group,

C3A0 «Dugmalw», Ipynna NI, Serva Group, Welltec,

«Makep Cepauc», Westor Overseas Holding, «bBT-Boctok»,

«®pak et Bonra», «Ypan-Auzann-MHIM», «iman-MetpocepBrc»,
«BetepaH» 1 ap.

Mporpamma TeXHUHeCKMX CeKLI TPaauLMOHHO (OoKyCHpyeTcs
Ha CaMbIX NePeaOBbIX TEXHOMOrMsX. Bbl MOXeTe yoeamTbCs B 3TOM,
03HaKOMMBLLMCb C UCTOPMEN KOH(EePEeHLM Mo afapecy
http:/ /www.cttimes.org /conf/

Pabouuie A3bIK KOHDEPEHLMN: PYCCKUM U aHIMIACKMIA. bynet
BECTUCb CYHXPOHHbIN NepeBos.

OpraHu3aTopamu MeponpUATUS TPAANLIMOHHO BbICTYNAT
POCCUICKOe OTAeNeHVe AccoLmaLMm CneLanmncToBs no
KONTIOOWHIOBBIM TEXHONOTMUSM W BHYTPUCKBAXKMHHBIM paboTam
(ICoTA), LieHTp pa3BumTs KONTIOOMHIOBBIX TEXHOMOMIA
(r. MockBa) U Hay4HO-NPaKTUHECKMI Xy pHan «Bpems KonTioburHra».
Meponpusatne nponaet npy nogaepxxke MnHNCTepCTBa 3HEPreTnKm
Poccumckom Qepepaumu.

Ha 16-1 koHdepeHUMM ByayT NpefoCTaBneHbl BCe YCIoBMS
N5 NPOAYKTMBHOTO Kak )OpManbHOro, Tak 1 HepopMasibHOro
oOLLeHUs CreLnanmMcToB B npouecce kode-0peinkos, dypLueTa 1
LPY>KECKOro YXMHa. Bbl cMoskeTe 06cyanTb akTyarbHble npobrembl
CO CneupanmctaMm 13 BeayLLIMX KOMMaHui, nobecenoBatb C
AHMMOA3bIYHBIMK KOMNIEraMK C MOMOLLbIO KBaNULIMPOBaHHbIX
nepeBOaYMKOB.

Bbl He TONbKO NONyYmTE CHEPMBIBAIOLLLYIO MHMOPMAaLMIO O CAMbIX
CBEXUX TEXHUHECKMX U TEXHOMOMMYECKMX MHHOBALMAX MUPOBOTO U
POCCUIMCKOrO HedhTerazocepBMCHOTO PbiHKA, HO 1 BCTPETUTE HOBbIX
apysen.

XXpnem Bac, noporvie Konneruv, B Halwem
HegpopmanbHoMm ksiybe!

Oprkomurer

The Conference will be held in Moscow at Aerostar
Hotel (Leningradsky ave. 37, bldg. 9, “"Dinamo”
subway station) on October 28-30, 2015.

Educational Workshop will be held on October 28.

The lecturers of the Workshop represent one of the
leading international oilfield service companies. Technical
sessions will be organized on October 29-30. During
the three days of the Conference an Exhibition will take
place. Products and /or technologies of the participating
companies will be presented there.

This annual conference 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,
Trican Well Service, Weatherford, Halliburton, Tatneft,
Bashneft, Integra-Services, LLC, EWS, BVT-Vostok, Eriell
Group, Belorusneft, NOV Fidmash, FID Group, Serva
Group, Welltec, Packer Service, Westor Overseas Holding,
Frac Jet Volga, Ural-Design-PNP, Yamal-Petroservice,
\eteran, etc.

The program of technical sessions is traditionally
focused on the most advanced and up-to-date
technologies. You can assure yourself of this by looking
through the history of the conference at
http:/ /www.cttimes.org /en/conf/

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

As usual, the conference will be organized by the
Russian Chapter of the Intervention and Coiled Tubing
Association (ICoTA), Coiled Tubing Technologies
Development Center (Moscow) and Coiled Tubing Times
Journal. The event will be supported by the Ministry of
Energy of the Russian Federation.

At the 16" 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.

Dear colleagues, we look forward to seeing
you in our informal club!

Organizing Committee

Ne 1 (051) Mapr / March 2015 7
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CTpaTeru4eCcKmuu Kypc —
HA PACIITUPEHUE TEMATHUKHU

KOH(EPECHITNU

Strategic Course —
to Expand the

of the Conference
Topics

Koncmarnmun Banepvesun 5ypoun poouncsa 30 oeraops
1976 200a 8 Jloneyxoti oOnacmii.

C omaunuem oxonuun Tromencxuil negpmezasosnlil
YHUBEpCUMEm 1O CReUUANLHOCIIL <«OyDerie HehMAHbLX
U 2a308bLX CK8ANCUM», cnevudnusanus KPC.

Tpyoosyro deamenvHocmos Hauadn 6 1999 200y
nomougHurom 6ypunsiura KPC e Cyp2ymckom
ynpaesienuu nosuieHus Heghmeomoavu Nadacmos u
KanumaiosHomy pemonmy ckeaxcur (CYIIHII 1 KPC,
OAO «CypeymHegpemezas»). Paboman macmepom
opuzaoov. ¢ yemanosxamu I HKT.

B 2001 200y 621 Ha3Hauer 60V ULUM UHHICCHEPOM
Kpynnetiuezo 6 Poccuul uexa no pemommy CKeaxicur ¢
yemanosxamu I'HKT.

B 2003 200y 3auumitst OUccepmauiiio Ha COUCKAaHue
cmeneni Karouoama mexHuueckux Hayx no meme
Paspabomica u Uccae006amUe MmexHoL02ULL US0NAUUL
3AKOIOHHBIX NePeInOK08 8 20PUSOHIMATILHOLY CKEANCUHAX
¢ npumereruem 2uOKux mpyo».

C 2004 200a pabomaem 6 Komnanuu LIlnomoéepince», 20e
nPOULETL 1Y 116 01N NIOJICE020 UHIICCHEPA 00 MEXHUHECKO20
oupexmopa lenapmamerma 6HYmpUCKEANCUHHBLX
pabom.C 2000 200a 52614emcs NOCINOAHHBIM Y UACTTTHUKOM
rKongbeperjuil <Konmioounzoesie mexHoL02uUL U
8HYMPUCKBANCUMHHBLE PabombL. Aemop 6osee 30 cmameli
10 OAHHOLL MeMAmuKe.

beceoa ¢ K.B. Bypounsim, cmapuium
conpeoceoamenem POCCULICKO20
omoenerus ICOTA, mexHuueckum
oupexmopom Jenapmamernma
BHYMPUCKBANCUHHBEX PAOOM KOMNAHUU
dILmomobepiuce», unerom peoaxuuoHH020
coeema HypHana «Bpemsa Koamoourza»,
KAHOUOAIMOM MEXHUHUECKUX HA)K.

Bpemsa korxrro6muHra: KoHCTAaHTHH
BanepbeBud, Bbl - THYHOCTH O4€Hb 3HAYHMASL
JIJISI IIPOEKTA «<BpeMs KOJITIOOUHTA» U HE Pa3
BBICTYIIAJIM HA CTPAHHUIIAX HALIET'O KypPHAaJIa,
0€3yC/IOBHO IPHU3HAHHBIH SKCIIEPT B 00JIACTH

8 Ne1(051) Mapr / March 2015

Konstantin Burdin bolds a degree with distinction from
Tyumen O&G University, with a specialty in Drilling

0&G Wells and Well Workover. In 1999, be began bis
professional career as an assistant workover driller in the
Surgut Department of Oil Recovery Enbancement and Well
Workover. Later, he worked as CT crew supervisor.

In 2001, be was appointed leading engineer of biggest CT
well workover department in Russia. In 2003, be defended
bis dissertation for a Doctor of Engineering degree. The thesis
was entitled “Development and Research of Bebind-the-
Casing Flows Isolation Technologies with CT application.”

He joined Schlumberger in 2004, rising from the position of a
design engineer to technical director of the Well Intervention
department. He bas been a regular participant at the
Conference for C1"lechnologies and Well Intervention since
2000, and bas contributed to more than 30 technical papers
on the subject.

A conversation with KV, Burdin, Ph.D.,,
Senior Co-Chair of ICOIA’s Russian Chapter,
Well Intervention Senior Technical Engineer
Jor Schlumberger and member of the
Editorial Board of Coiled Tubing Times
Journal.

Coiled Tubing Times: Konstantin Valerievich,
you are a well-known contributor to “Coiled
Tubing Times,” and your frequent articles are
always interesting. In 2014 you participated
in the 15** annual Coiled Tubing, Hydraulic
Fracturing and Well Intervention International
Conference as Senior Co-Chair of ICOTA’s Russian



KoTIOOHHTA. B 2014 roxy Bel B kagecTBe
CTApLIEro COIIpencesaTe/ 1 POCCHHMCKOIO
otaeneHus ICOTA mpuHUMAIH AKTHBHOE
Y4YaCTHE B IOATOTOBKE 15-¥1 MeK I yHApOJHOM
HAyYIHO-TIPAKTHIECCKOU KOH(pepeHITu U
«KOITIOOHHIOBBIE TEXHOJIOTrHH, I'PII,
BHYTPHCKBAKHHHBIC PA0OTHI», A OPTAHHU3AI[H A
IIPOBEAECHHOI'O B PAMKAX 3TOI'0 MEPOIIPHATHA
cnenuaTucraMmy komnanny dIlrromGep:ke»
ceMHuHapa <MHOIOCTAJUHHOE 3AaKAHYUBAHHE
TOPHU30HTAJIBHBIX CKBAKHH, HITH CKBAKHHBI
¢ MI'PII> - imaHO Bamra 3aciayra. Kak Ber
OLIEHHBAETE PE3YJIABTATHI OTOH OI'POMHOM
padoTsI?

KoucranTuH BypauH: [Ipex/ie BCcero, XoTes 6bl
OTMETUTB U HOOJIATOAAPUTH BCEX CBOUX KOJIJIET 34
MPOJICJIAHHYIO PAOOTY IO IPOBEAEHUIO CEMUHAPA,
PEIOCTABICHHBIE JOKIA/bL, O€3yCIOBHO, 3TO HAIIIA
obmas 3aciayra. Kak conpenaceiatenb pOCCUICKOTO
otaenenns ICOTA CBOIO pOJIb BOPIKOMUTETE
KOH(pEepEHIINHU 51 BUJIE]I, KOHEYHO K€, B IPUBJICYECHNUU
HaMOOJIBIIETO KOJIMYECTBA YIaCTHUKOB. 1 ymaro,
4TO 3T4 33/1a44 ObLJIA BBIIIOJIHEHA. DTOI'O YAAJIOCh
JIOCTHUYh 34 CYET TOT'O, YTO MBI PACHIVPUIIN
TEMATHUKY KOH(PEPEHITUU U CEMUHAPA. Eciu panbiie
KPYT PACCMATPUBAEMBIX BOIIPOCOB BKJIIOYAJI B
Ce0s1 TOJIBKO KOITIOOUHIOBBIE TEXHOJIOTUH, TO
TEIEPD B HET'O TAKXKE BOIIN TAKHUE AKTYaJIbHbIC
TeMbl, Kak I'PIT, uHTEHCU(pUKAINS JOOBIYU U
MHOTOCTAgUuHHBIN ['PIT.

BK: Ia, I'PII HOABHJICA 1 B HA3BAHUH 3TOH
€KerogHoM KoHdepeHITum.

K.B.: Takoe pacupeHue TEMATUKY, B CBOIO
o4depeib, IPUBIJIEKIIO HA KOHPEPEHITUIO OOIbIIE
MIPEACTABUTENEH TOOBIBAIOINX KOMITAHUI.

Ecin panbIie OHa CO6UpPaIa BOCHOBHOM
pPa6oTHUKOB 0Ten0B KPC, TO TEnepb Mbl BUJUM

B 34JI€ IIPEJCTABUTENIEN U I€OJIOTUYECKUX
JIEMTAPTAMEHTOB, U AEMAPTAMEHTOB JJOOBIYM — TEX,
KTO HEMOCPEACTBEHHO 3aHUMAETCA IPOBEIEHUEM
UHTECHCU(DUKAIUI CKBAXKUH. S paji TOMY, 4TO

B 3TOM I'OAly 6bIJIO PEKOPAHOE KOJIMYECTBO
Y4YaCTHUKOB M CEMHHAPA, U KOH(pepeHuun. Yro
KACAETCA MPOrPAMMBI, CYUTAIO, YTO KAYECTBO
NPECTABIEHHBIX JTOKIAJ0B 6bLJIO Ha BbIcOTE. K
TOMY K€ CTOUT OTMETUTD, YTO BO MHOI'MX JIOKJIA/IAX
MOJHHUMAJIICh OCOOO OCTPBIE BOMPOCHI, CTOAIAE
repes OTpacabio. C4UTaIo, YTO I06UIeHasd, 15-53
KOH(EPEHIIUSA CTAJIA OAHON M3 JIYUYIINX 34 BCIO
HCTOPHIO MEPOIIPUSATHSL

BK: Bce BOIIpOCHI IO OPTaHHU3AIHH
CceMHHAapPa, HOAGOPY TEM H JIEKTOPOB
OBLIH PENICHBI PECypPCaMH KOMIIAHUH
JIrroMo6ep:Ke» 1oja BalmumM pyKoBOJZCTBOM.
IIo KaKOMYy IPHHITHITY (POPMHPOBAIOCH
copepKaHHe OJHOAHEBHOIO 8-4aCOBOI'0
Kypca <MHOTOCTAaJUHHOE 3aKAaHIYUBAHHE
TOPHU30HTAJIBHBIX CKBAKHH, HJITH CKBAKHHBI C
MTIPII»?

K.B.: CeMuHapBbl, KOTOPBIE 10 ITOI'O IIPOBOJUINCH }

chapter. As an organizer of the successful
workshop “Horizontal Well Completion with
MSS,” how would you assess the work that was
executed?

Konstantin Burdin: First of all, I would like to
express my gratitude to my colleagues for their hard
work and collaboration in making this event possible.
As Co-Chair of ICOTA’s Russian Chapter, my role here
was to attract the greatest number of participants. And,
I think that objective was reached, in part because
we expanded the conference and workshop topics.
Whereas earlier themes focused strictly on coiled tubing
(CT) technology, now we are discussing hydraulic
fracturing, production intensification and multi-stage
hydraulic fracturing.

CTT: Yes, hydraulic fracturing appeared in
the conference name.

K.B.: This expansion in scope, in turn, attracted
more participation from production companies at
the conference. Prior conferences primarily included
representatives from workover departments; today, we
are attracting many disciplines, including geological
and stimulations specialists, who are mainly focused
on well stimulation. I am pleased that this year we
had a record number of participants at seminars and
conference events, and I believe the 15th anniversary
conference was a success. It's safe to say that the agenda
included a number of excellent presentations.

CTT: The eight-hour workshop, “Horizontal
Well Completion with MSS,” was presented by
experts from Schlumberger in the framework
of the 15" International Scientific and Practical
Coiled Tubing, Hydraulic Fracturing and Well
Intervention Conference. What was the main
theme of the workshop?

K.B.: Seminars, which were previously carried
out under the auspices of ICOTA, as well as those
traditionally presented at our annual conference,
usually covered only basic knowledge. This was
primarily because they were targeted to users and
companies that were just beginning to work with CT.

CTT: A kind of primer.

K.B.: Yes, a "preparatory class" on CT. Since CT
technology already has a long history in Russia and
in all industry sectors, basic overview presentations
would not have impressed most of the participants. It
was therefore decided to focus on the latest trends in
oilfield services, such as multistage fracturing. This is in
keeping with the ICOTA strategy. And from the point of
view of Schlumberger, I want to inform the readers that
we have formed a new ProTEC group, which is engaged
in an integrated approach to the planning of hydraulic
fracturing, including multistage.

The main objective of the workshop was to show
the integrated approach Schlumberger takes in
multistage hydraulic fracturing—from the initial design
of the well to its development and evaluation. This
comprehensive cycle, Design — Execution — Evaluation,
was demonstrated to the participants. Each of seven
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oz aruiov ICOTA, a TAKKE Te, KOTOPBIE
TPAAULIMOHHO IIPEABAPAIOT HAILY EKETOAHYIO
KOH(pEPEHIIHNIO, OOBIYHO COIEPIKAJIU TOJIBKO
©a30BBIE 3HAHUS, IOCKOJIBKY ObLIIU 47IPECOBAHBI TEM
THOJIB30BATENSIM U KOMITAHUSIM, KOTOPBIC TOJIBKO
HAYHUHAIOT PA6OTHI C KOTTIOOMHIOM.

BK: CBO€0oOpa3HbI OyKBaph.

K.B.: /]a, HOATOTOBUTEIBHBIN KIACC ITO
KONTIOOUHTY. ECTECTBEHHO, TOCKOJIBKY
TEXHOJIOTUH KOJITIOOHMHTA YK€ JJOCTATOYHO IABHO
NPUMEHSAIOTCA B POccry, U B Cpejie COBDEMEHHBIX
HEPTAHUKOB Y2KE HUKOI'O HE YIUBUIIIb OO30PHBIMHU
MPE3EHTAUSAMHU IO KOJITIOOUHTY, TIOBTOPATD
OCHOBBI ISl HECKOJIBKUX HOBBIX ITOJIb30BATEIEA
B PAMKaX KOH(DEPEHIINHU YoKE HE CIMIIKOM
1enecoo6pasHo. C ydeTOM TEKYIUX TPEHIOB B
HePTECEPBUCE OBUIO IPUHATO PEMICHUE CY3UTh
(POKyC ceMUHAPA UIMEHHO HA MHOT'OCTaJUMHBIH
I'PI1. B Ka4eCTBE XK€ UHTEPECHOI'O IIPAKTUYECKOI'O
KETCa MBI IPEJJIOKIIN Y9A4CTHUKAM PACCMOTPETD
onsIT rpynmel ProTEC (Production Technical
Engineering Center), He1aBHO C(OOPMHUPOBAHHOM B
JIImoMbep:xe». 3a71a4a 3TOU KOMaH/Ibl — HAXOAUTh
TEXHOJIOTUYECKHE PEMIEHUA JJ11 OITUMU3AIUN
JIOOBIYH, B YaCTHOCTHU, MHOTOCTATUHHOTO ['PTT,
HCIIOJNb3YSI UHTETPHUPOBAHHBINA ITOAXO]] B PAMKAX
HMMEIOIINXCA CEPBUCHBIX I'PYTIIL, U OCYIIECTBIIATD
HOAJEPKKY THUX PEIMIEHUIT HA ITIPAKTHKE.

B pamkax ceMruHapa ObUIO IPOJEMOHCTPUPOBAHO,
KA4K Ha IPAKTUKE PA60OTAET KOMILIEKCHBII OJXO/ K
IPOLECCY IJIAHUPOBAHUA MHOroCTaanitHoro I'PIT —
OT HA4aJI4 IPOEKTUPOBAHUA CKBAKUHEI
JIO €€ OCBOEHUS U OLIEHKH PE3YJIBTATOB.

To ecTp NOJIHBIN IUKJL, YTO HA3bIBAECTCS, Design —
Execution — Evaluation, 6su1 paccmoTpeH. ITo
KaK/IOMY U3 CEMU BEIOPAHHBIX HATIPABJIEHUNA
BBICTYITHJI KOMIIETEHTHBIN IIPEICTABUTEND
KOMITAHUU. Sl CUMTAIO, YTO CXEMA BBICTYIIJIEHUH
ObL1a TOJOOPAHA YJAUHO — BCE IIJIO B JIOTMYECKOM
MHOPAJKE, KAK 3TO U PpAO6OTAET B KU3HU. 11 B
IIPUHLIMIIE YMAIO, YTO NOAOOHBIN (popMaT
ceMHuHapa 6y1eT BOCTPEOOBAH U B TA/IbHEHIIIEM.

BK: A Haun >kxypHaia Hageerca B 2015 roagy
OIy0JINKOBATH OCHOBHBIE YACTH 3TOT'0 Kypca
B pyopuke «CemuHap <BK». KOHCTaHTHH
BasieppeBHY, CO BPEMEHH HALICH IIPOIIOH
Oecenpl Ipoures roja. Kakue ocruxeHus
JenmapraMeHTa BHYTPHCKBAKUHHBIX PA0OT
koMnaHuu JIlrroMoep:Ke», OCyIeCTBICHHBIE
34 3TOT IIEPHOJ, MOKHO OTMETHUTH?

K.B.: Bo-niepBbIX, ObLII PEAJIM30BAH [IPOCKT
UCII0J1b30BaHus TexHONoruu ACTive B Poccun u
Kazaxcrane. HarloMHIO YATATENISAM, 3TO KOJITIOOUHT
C OIITOBOJIOKOHHBIM KaHAJIOM CBA3H C 3200€M, 110
KOTOPOMY IIEPEJAIOTCS OCHOBHBIE ITAPAMETPBI
paboTsl (IN1yO6HHA, AaBICHUS, TeMIIepaTypa). Kpome
TOI'O, IIO BCEX JNIMHE €CTh BO3MOKHOCTD I101y4aTh
I'papuK pacrpee/ICHHOM TEMIIEPATy PbL. bbliin
BBE/ICHBI B SKCIUIYATALHIO JIBE YCTAHOBKH, YK€
TIOJIHOCTBIO OCHAIIIEHHBIE 3TUM OOOPY/IOBAHUEM.
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family of -

selected areas was represented by a Schlumberger
expert. I believe the structure of the workshop was well
chosen and organized. Everything was presented in a
logical order, as it is done in practice. And, I think that
the workshop program will be in demand at future
conferences.

CTT: Our magazine hopes to publish this year
the main part of this course under the heading
“CTT Workshop.” Konstantin Valerievich, since
our last conversation, a year has passed. What are
the key achievements of the Schlumberger Well
Intervention department during this period?

K.B.: First of all, we finally presented the ACTive®
family of live downhole coiled tubing services
technology for Russia and Kazakhstan. Let me remind
readers that this is CT equipped with fiber-optic,
which enables real-time acquisition of key operating
parameters (depth, pressure, temperature, etc.). In
addition, we can acquire a distributed temperature
survey (DTS) for the entire wellbore. We already have
two units fully equipped with all required Active system
components, and initial field tests have already been
carried out in the region. In the near future, we plan to
expand this range of equipment and types of services,
which I announced at the conference.

In particular, we have the opportunity to use ACTive"
Straddle CT real-time multiset inflatable packers
for selective treatments and remedial cementing
operations. Thanks to the ACTive system, we can
control the differential pressure across the packer. In
general, Schlumberger Well Intervention is moving to
the integration of real-time downhole data for most CT
operations. For traditional cleanouts, we are working
with high-tech services, which are often impossible to
perform without the control of downhole parameters.

Secondly, this year, we have completed a major five-
well project on an offshore fixed platform. This was



CaenaHbl IEpBbIE TPOOHBIE CKBAKUHBL B
Omkariee BpeMs IJIAHUPYETCS PACIIUPUTD
Ha60p 3TOr0 OOOPYAOBAHUA U BUJIOB YCIIYT, O 4YEM
51, COOCTBEHHO, JIOKJIA/IbIBAJI HA KOH(pepeHIu. B
YACTHOCTH, MOSIBUIACh BO3MOKHOCTbD B IPUMEHEHUH
JBYXITAKEPHOU, MHOI'OIIOCAJOYHON KOMIIOHOBKH
JUISI TIPOBE/ICHM S CEJIEKTUBHBIX 3aKAYEK KAK
JUISI KUCJIOTHBIX OOPabOTOK, Tak U Jy1s1 PUIP, ipu
3TOM 6maropaps cucreme ACTive BO3MOKHO
KOHTPOJIHUPOBATH IEPEIIA/IbI JABJICHM S HA ITAKEPE.
B nesiom komnanus J1mroM6epske» B CECTMEHTE
BHYTPHUCKBA)KMHHBIX TEXHOJIOI'UH B351J14 KYpPC Ha
HOJYYEHHE TAHHBIX C 320051 CKBA’KHMHBI B PEKUME
PEATBHOTO BPEMEHU ITPAKTUYECKH HA BCEX BU/IAX
onepaluni, KOTOPhIE MMPOU3BOASTCS C KOJITIOOMHIOM.
Ha pbpIHKE TPAaAUITMOHHBIX IIPOMBIBOK HAM, TAK
CKaXXEM, TECHOBATO. KOMIIaHUSI 3aHUMAET HUIILY
BBICOKOTEXHOJIOI'MYHBIX YCIIYT, KOTOPBIE 3a94ACTYIO
IPOCTO HEBO3MOKHO BBIIIOJTHUTD 6€3 KOHTPOJIS
3200MHBIX [TAPAMETPOB.

BoO-BTOPBIX, B 3TOM IOy ObLII pEAJIN30BAH
CEPBE3HBINA ITPOEKT HA MOPCKOMU ITAT(hOpME
M BBITIOJTHWJIN 5 CKBA)KUHHBIX OIIEPAIINH C
KOJITIOOMHI'OM Ha CKBAXKUHAX C 9KCTPEMATIBHBIM
OTKJIOHEHHEM OT BEPTUKAIU (A0 3,5 KM), IPU 3TOM
BCE ONEPALINU OBLIN BBIIIOJHEHBI O0€3 KAKUX ObI TO HU
OBLJIO MHIIWJICHTOB, O€30I1ACHO U B CAMBIE KOPDOTKUE
cpoku. ITogpo6HEE MBI TOCTAPAEMCSI PACCKA3ATh OO
3TOM OIIBITE HA CJICAYIOMICH KOH(PEPEHIINH.

BK: B mporpamme koHdepeHIInH ObLTO IIATH
3aMeYaTeIbHBIX JOKIAI0B, 03BYY€HHBIX
upeacrasureaamu JlliroMmGepsxe», B TOM YHCIIE
Baiu. Poccu¥icKkH€e KOJUJIETH TPAJTHUITHOHHO HE
CJIHUIIKOM aKTHBHO JIEMOHCTPHPOBATIH CBOU
Jocruxxenus. Illouemy, Ha Baur B31ag?

K.B.: I ckj1oHEeH ¢ Bamu He COrIacuThCA. bblio
HECKOJIBKO BIICUAT/ISIONIUX JOKJIAJOB OT HAIITNX
POCCUNCKUX KOJIJIET.

BK: Ia, koHedHO. HO B r1po1iecce nogroToBKH
IIPOrpaMMBI KOH(pEPEHITHH I pa3ociaaia
IOPASKA JECATKA IINCEM POCCUHMCKHM
KOJLJIETaM C IIPHIVIANICHHUEM BBICTYIIHUTD,

Oy y4YH yBEPEHHOI, 9TO Y X KOMIIAHHUI €CTh
HEOCIIOPHUMBIE JOCTHKEHHU A, KOTOPBIMH HY>KHO
TOPIHTHCA.

K.B.: HasepHoe, 371eCh CKa34J1aCh OIIPEIE/IEHHAA
MEHTAILHOCTb POCCUUCKOI'O YEJIOBEKA, KOTOPBIA
CTAPAETCA AENIATh OOJbIIIE, YEM TOBOPUTL. Kpome
TOro, B Poccuu eltie He CII0KUIACh KYJIBTYPa 110
TIPOABUKEHHUIO TEXHOIOIUI. S YK€ HEOQHOKPATHO
TIOJAHUMAJI BOIIPOC, [IOYEMY MHOI'MIE€ KOMITAHHUU HE
IIPE3EHTYIOT CBOH HAPAOOTKH, XOTA Y HUX €CTh UTO
MOKA433Th? MOKHO TOJIBKO IIPEATIONOKUTD, 4YTO KTO-TO
CYHTACT 3TO HEHYKHOM TPATOU BDEMEHHU, KTO-TO HE
XOYET PACKPBIBATH CEKPETHI, KTO-TO CKDOMHUYAET, 4
KTO-TO IIPOCTO HE YCIIEBAET O(POPMUTD IIPEIEHTALIMIO,
IIOTOMY YTO BCE €O BPEMSA 3aHUMAET TEKYIAsA paboTa.

BK: 1 enre ogxyiH MOMEHT. EC/IHN y 3an1agHBIX
KOJIJIET IIPHHSITO COOOIIATH O KOHKPETHBIX

a CT intervention in extended-reach wells with an
extreme deviation from the vertical, up to 3.5 km. All
operations were done in a short period of time, without
any incidents, in a safe and professional manner. We will
try to provide additional information about this project
at the next conference.

CTT: The conference program had five
wonderful reports, presented by Schlumberger,
including yours. Russian colleagues typically
are not as forthcoming in presenting their
achievements. Why, in your opinion?

K.B.: I tend to disagree with you. There were a few
impressive reports from local Russian companies.

CTT: Yes, but in the course of preparing the
conference program, I sent about a dozen
letters to Russian colleagues with an invitation
to speak, confident that their companies had
some undeniable achievements to present to the
attendees.

K.B.: Perhaps the Russian approach to do more
than talk comes into play. In addition, Russia has not
yet developed the culture of technology promotion. I
brought that question up many times to find out why
many companies do not present their achievements,
even though they have a lot to show. We can only
assume that they think it is not a good use of time, don’t
want to reveal the proprietary information, or simply do
not have time to arrange a presentation because of tight
schedules.

CTT: One more thing. Whereas Western
colleagues report about specific achievements,
such as a unique fishing operation on a real well
or arecord length reached with a downhole

Mbl peanunsoBanu cepbe3HbI NPOEKT

Ha MOpPCKOM NnaTgopme 1 BbIMOAHUN

5 CKBaXXMHHbIX onepauni ¢ KonTiobuHrom
Ha CKBaXXMHaX C 3KCTpeManbHbIM
OTKJIOHEHMEM OT BepTukanu (o 3,5 km),
NP 3TOM BCe onepaunm Obinv BbINOMHEHbI
6e3 Kakux 6bl TO HM ObINO NHUMOEHTOB,
©e30nacHO 1 B CaMble KOPOTKME CPOKMW.
MoapobHee Mbl NOCTapaeMcs pacckasaTb
00 3TOM onbITe Ha creaytoLLeln
KOH(pepeHLm.

We have completed a major five-well project
on an offshore fixed platform. This was a CT
intervention in extended-reach wells with an
extreme deviation from the vertical, up to
3.5 km. All operations were done in a short
period of time, without any incidents, in a
safe and professional manner. We will try to
provide additional information about this
project at the next conference.
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JOCTHIKEHHAX, HAIIPHMeEP, 00 YHHKATBbHBIX
JIOBHUIBHBIX PA00OTaX HA CKBAKHHE HOMED
TAKOM-TO HJIH O PEKOPIHOM IIPOTAKEHHOCTH,
JOCTHTHYTOH CKBA’KHHHEBIM TPAKTOPOM, TO
JOKJIAABI POCCHUHCKHX CIICITHATHUCTOB, KAK
IIPABHJIO, OXBATHIBAIOT NIHPOKHE ILIACTHI
MarTepHuana, 00’beJHHAIONINE PAJ KOHKPETHBIX
PadOT, KAXKAAs1 U3 KOTOPHIX YACTO JOCTOMHA
OTJEe/IHHOI'O COOOIIEHH .

K.B.: Tem HE MEHEE 51 XO4Y OTMETUTB, YTO
Ha HbIHENTHEN KOH(PEPEHITUH KOJIMIECTBO
JOKIAYUKOB, KAYECTBO JIOKIAIOB U CTENIEHD
POPadOTKU TEM GBI OIILYTHUMO BBIIIE, YEM HA
NpeabIAyIIUX. M, KOHEYHO,
37IECH CJIEAYET OTMETHUTD, YTO CHII'PAJI CBOIO POJIb
OOBABJIEHHBIN KOHKYPC HA JTYYIIIHHA JOKIA,
S camnTalo, 9TO 3TO XOpOoMIasA TPASULIUS, KOTOPAS
ObLIA HE3ACTY>KEHHO IPEPBAHA HA IPOILIBIX
KOH(pepeH1IMIX, 1, 6E3YCIOBHO, JOJKHA OBITh
MPOAOJIKEHA HA BCEX MOCNIEIYIOMUX.

BK: 1 Hanmia koH(p e pEeHITHU A, BHE BCAKOTO
COMHEHH, TOMY clIOco0cTBYeT. Kak Bam
BHIATCA JAJTbHEHIIIHE ITyTH €€ PAa3BUTHA?

K.B.: fI cunTalo, 4TO CTPATErnYECKU IIPABUIIBHO
OBLI BBIOPAH KyPC HA PACHIMPEHNE TEMATUKU. 1151
MOCTOAHHBIX Y9aCTHUKOB KOH(DEPEHIINH, TEX, KTO
CTOSIJ1 Y €€ UCTOKOB, TPUBHUAJIBHBIE TEMBI YK€ HE 1AI0T
MH(MOPMATUBHOI HATPY3KH, KOTOPAs ObLJIA B HAYAJIE
2000-x. IToaTOMy pacinpeHUE TEMATUKH —
MEPCIEKTUBHOE HATIPABJIEHUE, CIOCOOCTBYIOIIEE
NPUBJIECYEHHUIO HOBBIX Y94CTHHUKOB, T€HEPALIUH
COBMECTHBIX UJIeH. KONTIOOMHT — 3TO YHUBEPCAIBHOE
CPEACTBO JOCTABKH, M HE BAXKHO JIAKE, KAKUE
«HAYMHKW», KAKHE TEXHOJIOTMU MBI C HIM COBMEIIAEM.
KonTIoGUHT B HACTOSIIEE BPEMSI YIKE PAOOTAET
NPAKTUYECKU BO BCEX BUJJAX CEPBHUCOB, HAYMHAA
OT OYpEHMS U 3aKAHUYUBAS 'eO(PU3NIECKIM
UCCIEAOBAHUAMU. ECTECTBEHHO, U ITPU ITPOBEJEHUN
I'PIT, 1 npu MHOTOCTaAMHHOM 'PIT 6€3 KOonTio6uHra —
HUKY/14. BOJIBITMHCTBO COBPEMEHHBIX TEXHOJIOT NN
MU3HAYAJIBHO Pa3Pa0aThIBAETCA C YCJIIOBUEM, UYTO IIPU
UX OCYIIECTBICHNH OyJIeT IPUMEHATHCS KOJITIOOUHT
JIMOO JJ151 OTKPBIBAHU-3AKPBIBAHUS, JIMOO JJIs1
(PppesepoBanus, TU60 15 HOCJIEAYIOMNX OlEPAI I
10 IIPOMBIBKE OCBOeHUIO, 'O, PHP. B 310! CBSA31
OY€EHB [TPABUIBHO CKOPPEKTUPOBAHO HAIIPABJICHHUE:
OO'BbEIMHEHNE B TEMATUKE KOH(PEPEHIIUU CAMOI'O
KOJITIOOMHT'A U TEXHOJIOTHI, C KOTOPBIMH OH
ucnonb3yercst:: TP, cTUMyIMpOBaHNE CKBAXKIH,
reo(prU3nIECKUE UCCIIEIOBAHUS, Oy pEHUE C
KOJITIOOMHI'OM. BCe 3TH BOIPOCH! MHTEPECHBI
IJ_II/IpOKOMy prI‘y HBIHCHIHUX 1 IIOTCHIUAJIbHBIX
Y4YACTHUKOB KOH(MEPEHIIMU, OHU B HUX yYACTBYIOT
HEIOCPEACTBEHHO B CBOET paboTe. S HaJeI0Ch, YTO
HpC/ﬁ[HpI/IHHTbIC II1ary 1o UBMEHEHM IO KOHLICIIIIMHN
KOH(DEPEHIINHU J1ATyT UMITY/IbC HOBOMY BUTKY
Pa3BUTHS 3TOIO MEPOIIPUATHSL.

Bena Geceny I'annna Byiabika, <BpeMs KOJITIOOHHIA»
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KonTioOMHr — 3To yHMBepcanbHoOe CpeacTBo
LOCTaBKM, N He BaXKHO AaXe, Kakume
«HAYNHKM», KaKMe TEXHONOMMU Mbl C HUM
coBmeLlaeM. KonTiobuHr B HacTosiLiee
Bpemsi yXke paboTaeT npakTUYecku

BO BCEX BUAAX CEPBUCOB, HAYNHas OT
OypeHus 1 3akaH4YMBasn reomsnyeckum

nccanegoBaHmMAMN.

CT is a universal means of delivery, regardless
of what technologies we combine it with.

It is currently used for all types of services,
ranging from drilling to geophysics, and
hydraulic fracturing is no exception.

tractor, Russian subject matter experts tend to
report about more general achievements that
cover a broad spectrum of material, combining
a number of specific projects, each of which is
often worthy of a separate presentation.

K.B.: Nevertheless, I want to note that at this
conference, the number and quality of speakers
significantly increased in comparison with last year.
And, of course, the conference organizers’ Best Report
nomination played a great role here. I think it is a good
tradition that has been unfairly terminated at past
conferences, and certainly should be continued in the
future.

CTT: Our conference, no doubt, is contributing
to that success. How do you see further ways of
developing the conference?

K.B.: I think that it was a strategic decision to
expand the scope of the conference. In the early
2000s, topics tended to be trivial, and provided no
real useful information. Therefore, the expansion of
subjects is a promising direction, helping to attract
new members and new ideas in collaboration with
conference attendees. CT is a universal means of
delivery, regardless of what technologies we combine it
with. It is currently used for all types of services, ranging
from drilling to geophysics, and hydraulic fracturing
is no exception. Multistage hydraulic fracturing is not
possible without CT. Most up-to-date technologies were
originally developed for CT utilizing it either for open/
close fracture ports, milling, cleanouts and kick-off
operations, or logging and remedial jobs. In this regard,
it is appropriate to integrate in the conference topics
not only CT, but all related technologies where CT is
used: fracturing, well stimulation, geophysical surveys,
drilling, to name a few. All these issues are of interest
to a wide range of current and potential conference
participants, and, I think, the expansion of the
conference keeps it relevant and vibrant.

"Mark of Schlumberger

By Halina Bulyka, Coiled Tubing Times
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Worldwide Coiled Tubing Unit Count

1993 2026
Unless otherwise specifically stated, the CT Rig Count data is made avadlable to the
public by ICoTA, Although the data contained in this report has been collected from 13851
sources beleved to be reliable, ICTA does not assume any legal liability or 1780 1805
responsibility for the accuracy, completeness, or usefulness of any information
disclosed In the CT Rig Count Report, Reference to any specific commercial product, 1616 1857
process, senvice by trade name, trademark, manufacturer, or otherwise, does not
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entities thereof. NOT TO BE USED FOR COMMERCLAL PURPOSES, 1454
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841
807
Tel
19493 2000 2001 2002 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Annual Total 761 807 841 1039 1049 1183 1323 1454 1616 1657 1351 1780 1305 1933 2026
¥ Russia & CIS 30 30 30 70 78 80 110 118 162 196 213 214 226 250 257
o Far East 69 ] 70 a3 99 109 129 126 135 165 225 167 174 200 211
| m Middle East 106 106 106 129 130 137 146 174 168 169 196 150 167 196 201
| W Latin America| 91 91 91 107 107 115 123 131 138 142 206 202 207 276 251
| W Europefafrica| 128 128 128 144 143 146 150 155 154 152 172 186 182 174 179
| mUSA 217 229 224 280 253 265 295 299 419 455 441 494 535 568 601
| m Canada 120 154 192 216 239 33l 370 446 440 arg 398 387 309 329 326
ICoTA

The ICoTA Board of Directors would like bo give a big thanks to Les Tomlin for his

WORLDWIDE COILED TUBING UNIT COUNT
Historical Data

Alihough he data contained in this repor has been coected from sources believed 1o be reliable, no warranly, expressed of implied, s made regarding sccuracy, adequacy, compleleness, legakty o
reBability of any informaion. This data is received veluntarily from numercus saunces for the sole purpose of providing siatistical infarmation for the coiled tubing industry. If you find any ermars or
omissions, W ancourage you 1o report tham bo Alison Babin (ababin@icota,com).

offorts and c

those companies and individuals who have worked with Les over the years by providing the much needed information to complete this report.

over the past several years in sewing this project through.  Wie also want to give thanks to

Region 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2008 2009 2010 2011 2012 2013 2014 .50°
Canada | 69 85 91 120 154 132 216 239 | 311 | 370 | 446 | 440 | 378 398 367 | 309 320 | 326 | ()
United States 217 | 220 | 224 | 280 | 253 | 265 205 200 | 419 | 455 441 494 535 568 | 601 | 33
Europe & Africa 128 | 128 | 128 | 144 143 | 148 | 150 | 155 | 154 | 152 172 | 186 | 182 174 | 179 | &
Latin America 91 | @1 | @1 | 107 107 | 115 123 | 131 | 138 | 142 | 206 | 202 | 207 | 276 | 251 | @25)
Migdle East 106 | 106 | 106 120 130 | 137 | 146 179 | 168 | 169 196 | 150 | 167 196 | 201 | 5
Far East 69 | 69 | 70 | 93 | 99 100 | 120 | 126 | 135 | 165 | 225 | 167 | 179 | 200 | 211 | 1
Russia/China (before 2002) 30 | 30 | 30 0
Russia & CIS Countries 70 78 | 80 | 110 | 118 | 162 | 196 | 213 | 214 | 226 250 | 257 | 7
TotalWorld Count 614 - - 731 777 811 1039 1049 - 1163 1323 1454 1616 1657 1851 1780 1805 1993 2026 33
Cownt not available or not appiicable
. CTU % per Geographical Area Top 10 CTU Operators 2014 |
| 2011 2012 2013 2014 : T; == |
Canada 21% | 17% | 17% | 16% m:mqmmms«m | 2 ¢‘|
United States 28% | 30%  28%  30% Baker Hughes | 204 2
Europe .&A,Mﬂl 10% | 10% | e, | 6% IPS (Superior Energy, Complete Production Services, Warrior, Bobeat, Serv Petrolech) ! 108 (4)
Latin America 11% | 11%  14%  12% :::::::m(:mm —a ::3
Middie East/ g% | 9% | 10% | 10% Trican Well Service | = 2
FIIEIIIZI 8% | 10% | 10% | 10% Essential Coil and Stimulation | 30 {18)
. Russia & CIS Countries | 12% | 13% | 13%  13% ';":’“w T | x :
100% 100% 100% 100% i ]




[TIEPCITEKTHBDI

Hed)Tb NN He HedOTL?
Oil or Not Oil?

Bonpoc CTOUT HOYTH HNO-IEKCITUPOBCKHU.

YepHOoe 30/I0TO WIH Y€PHAsA KPOBb 3€MJIU, KOMY
KaK 60JIBIIIE HPABUTCS, HEU3MEHHO HAXOAUTCS B
MEPEKPECTHUM NTPHULIETIOB SKOHOMUKH U TOJTUTHUKIL
Llena Ha HE(Th — OJIHA U3 EKETHEBHBIX HOBOCTECH
MUpOoBbIX CMH.

HedTb 32/111Ta B IBUT'ATENIN YEIOBEYECTBA — U B
OPSIMOM, U B IEPEHOCHOM CMBICJIE. W IBUTATENIN 9TOU
KOHCTPYKIIMHU O6yAYT PA6OTATD IO TEX MOP, ITIOKA HE
3aKOHYUTCS HEPTh. B 3TOT MOMEHT HA [TIABHOM CLICHE
[UBHJIN3ALIMU U IPO3BYYUT PEIUIHKA: «HedTh 1 He
HePTB

CyIEeCTBYIOT IPUBEPKEHIBI TUITOTESBI
HEOPraHUYECKOTO MTPOUCXOKIEHUS YITIEBOAOPOIHOTIO
CBIPDbS, KOTOPBIE YBEPEHDL, 4YTO HE(PTDb HE 3AKOHYUTCSA
HUKOrga. Ho X TOUKa 3peHns B OOMECTBEHHOM
MHEHUH HE IIPEBATIUPYET, TAK YTO HE OyJIEM
paHBIIIE BDEMEHU OTPEKATHCA OT IPE3YMITIIUU
HEBOCIIOJTHUMOCTH 3aM1ACOB YEPHOT'O 30710T4A.

«Korza 3akoHYUTCA HEPTh», ET POK-UCTIOTHUTEID...
3HAYUTENbHAS YACTb IKCIIEPTOB MOJIATAET, UTO JIET
Jepes COPOK-MAThAECAT. COITIACHO UX PACYETAM, HA
IUTAHETE OCTAIOCh NpUMePHO 1000 rurabappernert,
MIPH 3TOM €KETOIHO NOTpebnaeTca 22 I'o HepTh.
[Toy9aeTCst, 9TO OHA 3AKOHUUTCSI IPUMEPHO Yepe3 46
slet. Eme oiHa, TOXKE 3HAYUTEIIbHASA, 9ACTh SKCIIEPTOB
00J1€€ ONITUMUCTHUYHA U CYUTACT, YTO HEPTH JJO KOHILA
XXI BeKa HE 3AKOHYUTCH, ITOCKOJIBKY B ITO/ICYETAX
HE YYUTBIBAETCSA, YTO ITIOCTOSHHO PA3BEABIBAIOTCS
BCE HOBBIE 34ITACBL BOT U BBIXOJUT, UYTO U IECATD
JIET HA33/] HA TUIAHETE OCTABAJIOCh HE(PTU HA COPOK-
OATBAECAT JIET, U CEUYAC OCTAETCA IIPUMEPHO HA
CTOJIBKO Ke. TOJIBKO 3a11aChl CTAHOBATCA BCE 6oee
TPYAHOU3BJIEKAEMBIMH, 4 IIOTOMY TPEGYIOT JOPOIUX
TEXHOJIOTUH ¥ O60PYAOBAHMSA 111 CBOETO OCBOEHHUSL.
HMIMEHHO TaKHE TEXHOJIOTUHU 1 O60PYAOBAHUE U
ABJIAIOTCA [NITABHOM TEMOM HAIIIETO )KyPHAJIA.

Ocenpio 2014 roaa B iporniecce 15-i1
MexayHapOAHON HAYYHO-TIPAKTUYECKON
KOH((pepeH1u «KONTIOOUHIOBBIE TEXHOJIOTUH,
I'PIT, BHyTPUCKBAKUHHBIE PA6OTHI> MBI IIPOBEJIN
AHKETUPOBAHUE. ONPANIUBAINA YYACTHUKOB
KOH(EPEHIINU — PYKOBOJAUTEJIEN, TTTABHBIX
WHKEHEPOB, HAYAJIbHUKOB IO PA3JETICHUI,
BEAYIINX CIIELIMAIIMCTOB HEPTEra30J00bIBAIOIINX 1
HEPTETa30CEPBUCHBIX KOMITAHUI — TAKYIO BLIOOPKY
BIIOJIHE MOYKHO CYUTATD SKCIIEPTHBIM COOOIIECTBOM.
O 1H 13 BOIIPOCOB 6B CPOPMYIHNPOBAH
TaK: «[Ipy KAKUX [IEHAX HA HEPTb MOXKHO
IIPOrHO3MPOBATD 3AME/IJIEHHE TEMIIOB PA3BUTHA
BBICOKOTEXHOJIOTUYHOTI'O CErMEHTA HE(PTETa30BOr0O
CEpBUCA?».

OTBETBI, KOTOPBIE MBI IIOJTYYUIIN, PACIIPEAETIAIOTCS
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The question sounds as if asked by Shakespeare.

The black gold or, if you like it, the black blood of the
Earth is unfailingly at the gunpoint of both, economics
and politics. Oil price is on the list of the everyday
news items in global mass media.

Oil is filling the tanks of actual and metaphorical
engines of the humankind. These engines will never
stop until oil dries up. At this moment, the line “Oil
or not 0il?” will be heard over the main stage of the
civilization.

Those who adhere to the theory of inorganic origin
of hydrocarbons believe that oil is never going to run
dry. However, theirs is not a prevailing public opinion,
and we don’t want to renounce the presumption of oil
resources being irreplaceable.

When oil dries up, a rock-singer sang... Most experts
believe it to happen in forty or fifty years. According
to their calculations, the planet has about 1,000
gigabarrels of oil, with 22 gigabarrels being consumed
every year. So, we are going to run out of it in forty-six
years. Another group of experts, which is as numerous
though far more optimistic, is of the opinion that oil
will still be in place by the end of the 21st century,
because today’s calculations take no account of
discovery additions. That’s why we expected oil to
last for forty or fifty years a decade ago and have the
same expectations for the moment. However, oil
resources become more difficult to recover and their
development requires expensive technologies and
equipment. Such technologies and equipment are the
main issue for our journal.

In autumn 2014, we conducted a questionnaire
survey in the framework of the 15" International
Scientific and Practical Coiled Tubing, Hydraulic
Fracturing and Well Intervention Conference. The
participants of the conference selected for the
survey included directors, chief engineers, heads
of departments, leading experts from oil and gas
producers and oil and gas service companies, who
can be justifiably called an expert community. Among
other questions we asked “What level of oil price may
lead to the slowdown in the high technology segment
of oil and gas service?”.

The answers were distributed as follows: $30 (3%),
$40-50 (5%), $50—60 (10%), $60—70 (20%), $80 (60%),
$90 (2%). The ‘waterline’ price turned out to be $80.

It is notable that at the moment of the survey the oil
price was below this level.

While this article is being written, Brent oil price is
about $61. It doesn’t look much of consolation, but we
persist in our belief that progress is a great power and
that, when put into mass use, innovative technologies
reduce production costs.



creayionm oo6pazom: $30 (3%), $40-50 (5%),

$50—-60 (10%), $60—70 (20%), $80 (60%), $90 (2%).
«BarepnnHus» OKasajacs Ha orMeTKe 80. HarmoMHuumM,
4TO HA BPEM ITPOBEACHUA OIPOCA LIEHA HA HEPTD YKE
ONYCTUJIACh HHKE 9TOU OTMETKH.

B MOMEHT HAITMCAHUA 3TOT'O MATEPHUAIA 1IEHA HA
HedTh MapKU Brent mocie NpoxXoX/IeHUS MUHUMYMa
KONEe6IeTCS y OTMETKH $61. DTO 1aeT C1abblit TOBOT
JUIS OIITUMM3MA, HO MBI ITPOJJOJIKAEM BEPUTD B
BEJTHKYIO CUJTY IIPOTPECCA U B TO, YTO MHHOBAITUOHHBIE
TEXHOJIOTUH, CTAHOBACh MACCOBBIMH, 3HAYNUTEIBHO
CHMKAIOT CE6ECTOMMOCTD ITPOLYKTA.

KpynHerimune pocCUUcKre He(pTeT0ObIBAIONIE
KOMITAHUH HE PACKPBIBAIOT, KAKYIO LIEHY HE(PTH
OHH 32JI0KUJTU B CBOU O10/1KeThI Ha 2015 rop.
<Y Ka’KJ0M KOMIIAHUHU €CTb HECKOJIBKO CLIEHAPUEB
Pa3BUTHSA, — COOOIINI UCTOYHHK B OJTHOM U3 BEAYIIIUX
POCCUIICKUX NPEATIPUATHI OTPACIN. — TaK 9TO
OHU IOJATOTOBJIEHBI ITPAKTUYECKU K JIIOOOI LIEHE>.
Tax, nHannpumep, «JIyKOM/I» 3aABHJT O COKPAIIEHUH
MHBECTIIPOrpamMMel Ha 10%, Torga kaky «<PocHed T,
«a3npom HeDTU» U IA3MIPOMA» YTBEPKICHHBIE
UHBECTIPOIrpaMMBbl Ha 2015 rojy B HEJIOM OKA3A/IHCh
MacmrabHee, yem B 2014 ropy.

B 11€710M 7K€ MOJIOKEHUE TAKOBO, YTO B PA3JIMYHBIX
UCTOYHHUKAX IMOABJIAIOTCA MPOIHO3BI, BCTYITAIONIUE B
NPAKTUYECKHU IIOJIHOE IPOTHUBOPEYHUE JIPYT C IPYTOM.
YTO B 3TUX YCJIOBUAX OCTACTCS? TOIBKO CIEAUTD 34
JAUHAMUKON PBIHKA U OCTOPOKHO SKCTPATIOIUPOBATH
IU@PBL DTUM HAIIA AHAIUTHYECKAS I'PYIIIA
HE [IEPECTAET 3aHUMATBCA. PE3yIbTaThl HAIMUX
SKCTPAMOJIALINIA MBI IIPEJICTABUM BHUMAHHWIO
YUTATENIEN B CJIEAYIONUX HOMEPAX KYPHAJIA.

A TIOKa BEPHEMCA K BOIIPOCY, BBIHECEHHOMY B
34roJIOBOK. MTak, HepTh WU HE HEPTB?

W ecnin HETD, TO HE JIETKAS 1 HE JICIIEBA,

IIOTOMY 4TO GOJIBIIMHCTBO CTAPBIX THTAHTCKUX
MECTOPOXKIEHNUH BCTYIIHJIN B IIEPHOJ, AAAIOIIEN
J06bI4U. EUHCTBEHHOE PENIEHUE 3/IECh — IIEPEXOT,

K MTHHOBALIMOHHON MOJIEJIN PA3BUTHUA HE(PTAHOI'O

U I'A30BOI'O KOMILIEKCA, K MCIIOJIb30OBAHUIO
OTEYECTBEHHBIX TEXHOJIOTUH, CITOCOOHBIX ITPOIUTD
CPOK 3(P(PEKTUBHOM IKCILTYATALUH CTAPBIX TUTAHTOB
H4 HECKOJIBKO ACCATUNETHI. POCCUIICKMMU YYEHBIMU
CO3/IaHBI PEATEHTHI, TO3BOJIAIONINE BOJIOM IOI0UPATh
u3 macta He 1,5% Hedru, a 6—10%, a Ha CTAPBIX
ra30BBIX MECTOPOXCHUAX 3a1maJHOH CHOUPHU C
TIOMOIIBIO TAKUX TEXHOJIOTU MOXKHO ITOJJOOPATH €IIIe
AT TPUIIMOHOB KyOOB I'a34.

MUHHCTP NPUPOIHBIX PECYPCOB U SKOJIOTUH
P® Cepreii JIOHCKOM TAKKE CYUTACT, UTO
JPariBEPOM PEAIU3ALIMU OTEUYCCTBEHHBIX
KPYIHBIX MHHOBAIIMOHHBIX IPOEKTOB BBICTYIIUT

The major Russian oil producers refuse to disclose
the oil price reflected in their 2015 budgets. “Each
company has a range of scenarios as its disposal,”
says a representative of one of the leading Russian
industry players. “They are practically prepared to any
price possible”. For example, Lukoil announced about
scaling down its investments by 10%, while investment
programmes for 2015 approved by Rosneft, Gasprom
Neft and Gasprom are more extensive than they used
to be in 2014.

$60-70 (20%)

$50—60 (10%)

$40-50 (5%

$30 (3%)
$90 (2%)

Pucynox 1 - IlIpu kaxux uenax na

HePhMmb MOICHO BPOZHOZUPOBaAMb
3ameoienue memnoes pa3eumus
6bICOKOMEXHON0ZUMHOZO Ce2MEeHMA
Heghmeza306020 cepeuca? Pe3ynromam
anKemuposanus yuacmHurxoe 15-i
Medxncoynapoonoil HayuHO-NPAKMuULecKoi
Kongpepenuuu <Konmioounzoseuoie
mexnoaozuu, I'PII, BHympPucKkeamcunnsvie
paoomusr»

Figure 1 — What level of oil price may lead
to the slowdown in the bigh technology
segment of oil and gas service? Results

of the questionnaire survey beld among
the participants of the 15" International
Scientific and Practical Coiled Tubing,
Hydraulic Fracturing and Well Intervention
Conference

In general, we have a variety of forecasts which
contradict one another. What are we supposed to
do under these circumstances? We may follow the
market dynamics and extrapolate figures holding
a conservative position. This is what our analytical

[panBepom peanusaumm oTe4eCcTBEHHbIX KPYMHbIX MHHOBALMOHHbIX MPOEKTOB
BbICTYMUT OCBOEHNE MECTOPOXAEHUN TPYyOHOU3BIEKAEMOWN HEDTH.

The development of tight oil fields to be the driver for the major national >

innovation projects.
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OCBOEHHE MECTOPOXKAECHUH TPYAHOU3BJICKAE MO
He(PTH, B IEPBYIO OYEPEIb MECTOPOXKICHUI B
3anaanor CUGHPH, KOTOPBIE COAEPXKAT OTIOXKEHUSA
Oa’KEHOBCKOU CBUTHL «B MEPCNEKTUBE UMEHHO TAKHE
MECTOPOXK/IECHUS OYIYT COCTABIATh 3HAYUTEIBHYIO
4aCTh OyAyIIer JOOBIYH YITIEBOLOPOAOB B Poccum.
Cama >KU3HDb 34CTABUT KOMITAHNUY 3AHUMATbCA
OCBOEHHEM 3TUX PECYPCOB, — YBEPEH MUHUCTP. —
ITpOCTO NOTOMY, UTO Y HAC OOJIBIIE MOJOBUHBI BCEX
3aI1ACOB MOXHO OTHECTH K TPYAHOU3BJICKAEMbIM>.

B pertrunre MexxyHapOgHOIO SHEPreTUYECKOI'O
are’HTCcTBa POoCccus 3aHUMAET IIEPBOE MECTO 110 OLIEHKE
06'BEMOB 34ITACOB HETPAJULIMOHHBIX YIVIEBOJOPOJIOB
MMEHHO 34 CYET ITUX I'OPHBIX ITIOPOJ, KOTOPbIE
COZIEPIKAT, IT0 OLEHKAM MBOA, okono 10 Mipz TOHH
HedTU. POCCHiicKUE CIEUAIUCTBI CYUTAIOT, UTO
U(pa 3aHUKEHA U MOXKET COCTABIIATD OT 20 10
40 MIpA TOHH.

group does on a permanent basis. The results of their
work will be presented to our readers in the next
Coiled Tubing Times issues.

Let us now go back to the question in the title. Oil or
not oil?

If we choose oil, it won’t be the oil which is easy
and cheap to recover because today most of the
long-existing giant oil fields demonstrate declining
production. The only solution is transfer to the
innovation-driven model of oil and gas industry
growth and the usage of national technologies which
make it possible to increase the life of long-existing
giant oil fields for a number of decades. Russian
scientists have created chemical agents allowing us to
recover up to 6—-10% of residual oil instead of 1.5% at
the old gas fields of Western Siberia, which amounts to
another five trillion cubic metres of gas.

Sergey Donskoy, the Minister of Natural Resources

rlﬂaHI/IpyETCFI CO34aTb HECKOJIbKO NMOJIMTOHOB MO OTpa6OTKe TEXHONOrnm
TPyAHOM3BNEKaeEMbIX yrnesogoponoB C ydactmem rocyaapcrea 1 KOMMNaHUn
nyTem rocygapCrB€HHO-4aCTHOro NnapTHEpPCTBA.

It has been planned to create a number of testing sites for mastering
the technologies of tight hydrocarbons recovery on the basis of the state
and companies cooperation in the form of public and private partnerships.

Ceituac PocHepa aKTUBHO 3aHUMAIOTCA
IOATI'OTOBKOM K IIEPEXOAY K IIPAKTHYECKO
(daze 0CBOEHUA TPYAHOUIBIIEKAEMBIX 3AJIEXKELL.

B 9aCTHOCTH, INTAHUPYETCA CO3ATh HECKOJIBKO
MOJIMTOHOB 1O OTPA60TKE TEXHOJIOTUHA
TPYAHOU3BJIEKAEMBIX YITIEBOAOPOAOB C YYACTUEM
roCy1apCTBa U KOMIIAHUH ITyTEM I'OCYIapCTBEHHO-
YaCTHOT'O ITAPTHEPCTBA.

B 6nmvkanimme JeCATUIETUS MUPOBOI PIHOK
He(PTH U3BMEHUTCA IO HEY3HABAEMOCTH. POCT cipoca
Ha He(PTH Oy/I€T CAMBIM HU3KHM CPEJIU BCEX BU/IOB
TOIJINBA U B CPEAHEM COCTABUT BCETO 0,8% B rofI.

Bech 4nCThIN IPUPOCT CIPOCA IPUIETCA HA CTPAHBDI,
He BxoAAmue B Oprann3arnuio 3KOHOMHUYECKOTO
corpypHndecTsa 1 pazsutus (OOCP) — Kurai,
Wuuro u binvkauit Boctok. Pa3zpadoTka HedpTH
HU3KOIPOHUIIAEMBIX KOJUIEKTOPOB IIPHUBEJET K TOMY,
uyT0 CIJA noTecHAT CayTOBCKYIO APABHIO C IIEPBOI'O
MECTA B MUPE 10 OObEMAM JOOBIYU JKUJKOI'O TOIJIMBA.
Nmniopt HedTu B CIIA, KaK OKHUIACTCS, YIIAJICT IIOYTH
Ha 75% B riepyo 7o 2035 roaa. Josst OITEK Ha ppIHKE
He@TH OyAeT CHUKAThCA 10 2020 roja, 3aTeM KapTeilb
HAYHET ITIOTUXOHBKY OTBOEBBIBATH CBOM ITO3ULUH.

ITo NECCMMUCTUYHBIM OLICHKAM, K 2017 rogy o0bI4a
HedTH B POCCMU MOXKET COKPATUTHCA HA
25—70 MJIH TOHH (3TO IMPUMEPHO OT 5 10 14%
HBIHEITHETO 06'beMa B 523,276 MJTH TOHH), HO, TIO
OILICHKAM OIITUMHCTHUYHBIM, ITAJCHHUC HC HpCBbICI/IT
yPOBHA 45—50 MJIH TOHH.

DKCIEPTHI CYUTAIOT, YTO OBICTPEE NOTPEOIEHNA
JPYTUX UCKOITAEMBIX BH/IOB TOIUIMBA B GJIMDKANIIEE
BpeMs OyJieT pacTy NOTPEO6ICHUE IIPUPOJHOIO I'a34.
CIIpOC Ha HET'O CTAHET BCE OOJIEE YBEIUYUBATHCA U
OyzeT pacTu B cpeaHeM Ha 1,9% B rog, a roprosiist CIIT
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and Ecology also considers the development of

tight oil fields, in particular, the fields in Western
Siberia with their Bazhenov formation deposits,

to be the driver for the major national innovation
projects. “Eventually, such fields will comprise the
significant proportion of the prospective hydrocarbon
production in Russia. Life itself will make companies
turn to these resources,” the minister assures us,
“because tight oil represents the majority of our
reserves.”

The said deposits put Russian reserves of
unconventional hydrocarbons first in the
International Energy Agency rating and, according to
the IEA, contain about 10 billion tons of oil. Russian
experts consider this figure understated and claim it to
be from 20 to 40 billion tons.

The Russian Federal Agency on Subsoil Use
(Rosnedra) is now preparing the transition to the
active development of hard-to-recover oil deposits.
For example, it has been planned to create a number
of testing sites for mastering the technologies of tight
hydrocarbons recovery on the basis of the state and
companies cooperation in the form of public and
private partnerships.

The global oil market will change beyond
recognition in the decade to come. Growth in oil
demand will be the lowest among all types of fuel
amounting to only 0.8% per year. The entire net
growth will be accounted for by the countries outside
the Organization for Economic Cooperation and
Development (OECD), including China, India and
the Middle East. Development of tight oil fields will
allow the USA to regain from Saudi Arabia the leading
position in the production of liquid fuel. By 2035, oil



Mo neccuMUCTMYHBIM oueHKam, K 2017 rogy aobbiva HedTn B Poccm moxeT
COKpaTUTbCs Ha 25-70 MiH TOHH (3TO NpuMepHO oT 5 0o 14% HbiHelwHero obbema
B 523,276 MNH TOHH), HO, MO OLEeHKaM ONTUMUCTUYHbBIM, NageHne He NPEeBbICUT

ypoBHS 45-50 MNIH TOHH.

PROSPECTS

According to the downside scenario, by 2017, oil production in Russia may decrease
by 25-70 mIn tons (which is about 5 to 14% of the current volume of 523.276 min
tons), while the upside scenario forecasts this reduction not to exceed

45-50 min tons.

—Ha 3,9% B o/, 4TO JACT 26% IPUPOCTA MUPOBBIX
MOCTABOK I'a3a 710 2035 roaa. [TocTaBKU CJIAaHLIEBOT'O
rasa ooecnedar 47% npupocTa Cipoca HA ra3 U
COCTABST, COITIACHO IPOTHO3Y, 21% MHUPOBO JOOBIYH U
68% mo6brum rasa B CLIA k 2035 rogy.

B 2011 rogy, B nepuoz, anorest HE(PTAHBIX LEH,
OCHOBATEb IIPOEKTA «BpeMs KONTIOOMHIa»

JLM. I'py3anJI0BUY, OTKPbIBAA IIOCIEAHIOIO B CBOEH
JKU3HU KOH(PEPEHITUIO «KOITIOOMHI'OBBIC TEXHOJIOT U
U BHYTPHUCKBA’)KUHHBIE PAOOTHI», CKa3aL: «Ha
OPOTAKEHUN OCJIEAHETO I'O/1a TEPSTI OCTPOTY BOIIPOC:
«4TO OYZET, KOTZAA 3aKOHYATCSA HE(PTD 1 ra3?» CTasno
OYEBUJIHO, UTO HOBEUIIHE TEXHOJIOIHUHU TOOBIUU I'a32
U3 HETPAJUIIMOHHBIX ICTOYHHKOB, 3aITACBI KOTOPBIX
HAa IUIAHETE OT'POMHBI, TTO3BOJIAIOT C ONTHMHU3MOM
CMOTPETbD B Oy yIIIEE: BEAD C YIETOM CIAHLIEBOTO

ra3a, METAHA YTOJIbHBIX INIACTOB, OUTYMHUHO3HBIX
MECYAHUKOB U JIPYTUX HETPAAUITUOHHBIX UICTOYHUKOB
PECYPCHI 3HEPTETUYECKOTO ChIPhS KAK MUHUMYM
YABAUBAIOTCSA, 4 CDOKHU «KOHIIA YITIEBOJOPOJIOB>
3HAYUTEBHO OTOABUTAIOTCA. ITpH 9TOM NOHATHO,

4TO IPOMBIIJIEHHASA PA3PA60TKA HETPAAUITMOHHBIX
WCTOYHHUKOB U1t POccnM a6COMOTHO HEAKTYAJIbHA,
OJJHAKO AKTYaJIEH MOHUTOPUHT IIPOLIECCOB,
MPOUCXOJAIINX B MUPOBOU S9HEPTETHUKE».

(«BK» Ne 38. C. 10)

OTH CJIOBA 3BYy44T COBPEMEHHO U ceruac. byayt
CJIAHLIEBBIE T'a3 U HEPTD, HO UX PA3PAOOTKA JJIA
Poccuu elne 04eHb OO OCTAHETCA HEAKTYAIbHOM,
TIOCKOJIBKY TPAJUIIMOHHASI HEPTh U IPUPOJHBIN
ra3 CTOAT 3HAYUTENIBLHO JIEMIEBIE. MBI HE MOXEM
COINIACUTBCA C MHEHHEM, UYTO Poccusd mpornaaena
CJIAHLIEBYIO PEBOMIOLUIO. [IPOCTO € TOYKM 3pEHUA

import in the USA is expected to decrease by almost
75%. The share of OPEC in the oil market will reduce
by 2020, with the cartel starting to recapture its
positions afterwards.

According to the downside scenario, by 2017, oil
production in Russia may decrease by 25-70 mln tons
(which is about 5 to 14% of the current volume of
523.276 mln tons), while the upside scenario forecasts
this reduction not to exceed 45—-50 mln tons.

Experts say that natural gas consumption will
demonstrate the fastest growth as compared to other
fossil fuels. Its demand will keep increasing by the
average of 19% per year, the sale volume of LNG — by
39% per year, resulting in 26% of global gas supply
increase by 2035. The supplies of shale gas will account
for 47% of the growth in gas demand and, by 2035, will
amount to 21% of the global gas production and 68%
of gas production in the USA.

In 2011, with the oil price at its peak, L.M. Hruzdzi-
lovich, the author of the Coiled Tubing Times project,
while opening his last Conference on Coiled Tubing
and Well Intervention, said, “Over the last year the
question “What will happen when we run out of
oil and gas?” has been rapidly losing its relevance. It
became evident that state-of-the-art technologies of
extracting gas from alternative sources give us every
reason to look with optimism into the future: indeed, if
we take into account the shale gas, coal bed methane,
bituminous sands and other unconventional sources
the amount of available energy resources will at least
double while the dusk of “the hydrocarbon era” will be
shifted to a much later date. It is clear though that for
Russia the industrial development of unconventional

Pa3spaboTaHa peBONOLMOHHAA TEXHONOMMS Nia3MeHHO-UMMYIbCHOMO
BO3JENCTBUS Ha NNacT, ropa3ao bonee 3KkonornyHas, 4em MHoroctagmnHbin P

B FOPU3OHTAJIbHbIX CKBa>XUHaX.

Have developed a breakthrough technology of plasma impulse excitation which is
more environment-oriented than multistage hydraulic fracturing in horizontal wells.

3SKOHOMMKHM 3/1€Ch TAKasl PEBOIIOLIMS HE AKTYaJIbHA.
Jpyroe geo, ecjii CMOTPETH C TOYKH 3PEHU
IeONOIUTUKHA ¥ MUPOBOX TOProsiiv. Ho 4To KacaeTcs
TEXHOJIOIUM, TYT POCCHA HA OYEHD JAXKE NTEPETOBLIX
NO3UIUAX. 3/1€Ch PA3paOOTAHA PEBOJIIOLIIOHHAS
TEXHOJIOIUA IIJIA3MEHHO-UMITYJILCHOI'O BO3JEUCTBUSA
HA IUIACT, FOPa3zo 60J1€ee 9KOJIOrUYHA, YEM
MHOI'OCTaAUMHBINA I'PIT B ropn3oHTaIbHBIX }

energy sources is absolutely irrelevant. At the same
time, monitoring the processes taking place in
the world power engineering industry is of critical
importance”. (CTT No 38, p. 10)

Today these words still carry the same message.
Development of shale gas and oil will remain
irrelevant for Russia for a long time, as conventional oil
and natural gas are much cheaper. We can’t agree that
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CKBAKMHAX — MHHOBAI[MOHHAS TEXHOJIOI' U4,
IIUPOKO IPUMEHAEMAS JJ151 JOOBIYU CJIAHIIEBBIX
YIJIEBOAOPOJOB B MUPE.

«[TOMHMO CJIAHLIEBOI'O, €CTb ELIE I'd3 IVIOTHBIX
KOJJIEKTOPOB, Ta3 OOJIBIINX ITTYOHH, FA30TUPATHI,
ra3, PACTBOPEHHBIN B INTACTOBBIX BOAAX, METAH
YTOJIBHBIX (popManinii. Benukoe pazHoo6pasue! Ecte
OUTYMBI, 6a°KEHOBCKAS CBUTA, MATPUYHASI HEPTD,
cinaHueBas Heptb. Pa3zpaboTka HOBBIX TEXHOJIOTUN
OCBOEHH S PECYPCOB 3TUX YITIEBOJOPOIOB — HE TOJIBKO
IIPOLIECC ITIO3HAHUSA, HO U PEAJIbHOE IIOIIOJTHEHUE
KOITWJIKM HE(PTETA30BOU KJIAIOBOH CTPAHBI», — MBI
NPOIUTHUPOBAIN aKaleMuKa PAH, nupexropa
HHucTuTyTa 1po6iem HedTU K rasa PAH A H. iImutpu-
€BCKOrO («BK» N2 49, C. 28). O TEXHOJIOTHUAX JOOBIYHN
HEKOTOPBIX U3 3TUX HETPAJUIITMOHHBIX HICTOYHUKOB
HAII )KYPHAJI YK€ TH(POPMUPOBAJ unTaTenen. Ha
CTpaHU1AX «BpemMeHn KOATIOOUHTIa» ITyOJINKOBAIUCH
MAaTEPUAJIBL, TOCBAIIECHHBIE TOObIYE CIAHIIEBOTO I'd34,
METAHA YTOJIBHBIX IUTACTOB, PA3pabOTKE GUTYMHBIX
HedTEN.

Becbma IeEpCEKTUBHBIMH AJIBTEPHATUBHBIMUA
UCTOYHUKAMU S9HEPTUH CYUTAIOTCSA IA30TUPATHL
OHMU IPEJICTABISAIOT COOOM MOJICKYJIbl METAHA,
<«BIIPABJIEHHBIC» B BOASAHYIO WJIH JIEAAHYIO
KPUCTAJJIMYECKYIO PELIETKY. B cpeaHem B OHOM
KyOOMETPE THAPATA COLEPKUTCA CTOIBKO METAHA, UTO
B I'43000PA3HOM COCTOSTHUM OH 3aHUMaJI ObI OOBEM
ot 100 710 160 Ky6OMETPOB. 3aJIEK U TA30THU/IPATOB
PacCIonaraloTca B IPUAOHHBIX MIEIb(POBBIX
OTJIOKEHUAX HA INIYOUHE NPUMEPHO 450—500 M.
Hauboiiee 60raTel ra30ryuiparaMu CEBEPHBIE MOPS —
Bapenneso u OXoTckoe. TaM KOJIM4eCTBO METAHA B
ra30IHU/IPATHBIX 32JIEKAX OLIEHUBAECTCA B
1000-1200 Tpan M3, Ho HE 06uie/1a TPUPOA U
YepHOoe MOpPE: IO OLIEHKE IKCHEAUITUN MUHUCTEPCTBA
reosioruv U Akajgemuu HayK CCCP, IpOXOAUBIINX B
1988—-1989 rogax, Ha €ro JHE CKOITUJIOCH 10

Russia has missed the shale revolution. It is just that,
in terms of economics, such revolution is irrelevant
here. However, geopolitics and world trade require

a different approach, and we are happy to state that
Russia is on the frontline. Russian scientists have
developed a breakthrough technology of plasma
impulse excitation which is more environment-
oriented than multistage hydraulic fracturing in
horizontal wells — an innovation technology applied
globally for producing shale hydrocarbons.

“In addition to shale gas there is also tight gas, deep
gas, hydrated gas, formation water gas and coalbed
methane. A striking variety! There are bitumen,
Bazhenov formation, matrix oil and shale oil. Creation
of advanced technologies for the development of
such resources combines knowledge acquisition and
replenishment of the country’s oil and gas bank.”

We quote A.N. Dmitriyevsky, a member of the Russian
Academy of Sciences, the Director of RAS oil and Gas
Institute (CTT No 49, p. 28). Our journal has already
informed its readers of some production technologies
used for these unconventional sources. Coiled Tubing
Times had a range of materials on the production of
shale gas, coalbed methane and bitumen oil published
on its pages.

Another alternative source of energy with high
potential is gas hydrates. These are methane molecules
‘encrusted’ in water or ice crystal lattice. At the average,
one cubic meter of hydrate contains such quantity of
frozen methane which in gaseous state would occupy
avolume from 100 to 160 cubic meters. Gas hydrated
deposits are placed in the near-bottom sediments at
a depth of 450-500 meters. The most prolific in this
sense are the Barents Sea and the Sea of Okhotsk. The
quantity of methane in the gas hydrates deposited
there is estimated at 1000—-1200 trillion cubic meters.
But the Black Sea is endowed with these resources too:
the expeditions of Ministry of Geology and Academy

Y>xe n3ectHo 220 razorngpaTtHbIX MECTOPOXAEHUW, MPOrHO3HbIE 3anachl
KOTOPbIX B 3HEPreTUYeCKOM 3KBMBAJEeHTe bonee YeM BABOE MPEBbLILLAIOT BCE
pa3BefaHHbIe Ha NiaHeTe 3anachl yrisg, HepTn 1 rasa, BMecTe B3Thble.

There are 220 such deposits known in the world, with their expected reserves in
energy equivalent being more than twice as large as all explored reserves of coal,

oil and gas put together.

100 Tpin M? raza. [Ipuyem nepes CEBEPHbIMU
CcOOpaTbAMHU YepHOE MOPE UMEET HEOLIEHUMOE
MPEUMYIIECTBO — OHO TEIUIOE, 4 3HAYUT, U IOOBIBATh
a3 3/1eCh 'OPa3/I0 JIeTYe.

DTOT NPAKTUUECKU HEUCUEPHAEMBII pECYPC OBLIT
O6HAPYKEH OTHOCUTENBHO HEJJABHO — BO BTOPOI
IIOJIOBMHE IIPOLLIOIO BEKA. B MUpe y2Ke U3BECTHO
220 razoruipaTHbIX MECTOPOXACHUIM, IIPOIHO3HBIE
3aI1aCbl KOTOPBIX B SHEPIE€TUYECKOM 3KBHUBAJICHTE
60J1€e€e YeM BIIBOE NTPEBBIMAIOT BCE PA3BEJAHHbIE
HAa IUIAHETE 3aI1ACHI YIVIA, HE(DTU U I'a3a, BMECTE
B3TbIE. EC/IM IIPOrHO3HBIE 3AI14ChI I'd34 HA IVIAHETE
cocTasistior OT 300 10 600 TPIH M ITPY JIOKA3AHHBIX
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of Sciences of the USSR organized in 1988—-1989
estimated gas accumulated on its bottom at 100 trillion
cubic meters. Meanwhile the Black Sea compared with
its Northern mate has a very important advantage — it’s
warm, which means that production of gas is much
easier there.

These resources are practically inexhaustible; they
were discovered not long ago, in the second half of
the previous century. There are 220 such deposits
known in the world, with their expected reserves
in energy equivalent being more than twice as
large as all explored reserves of coal, oil and gas put
together. While the expected global reserves of gas



147 TpiiH, TO IIPOrHO3HBIE 3A11ACHI IA30TUAPATA —
o1 2800 10 25 000 TpsiH M>. Ha razoruaparax
4EJIOBEYECTBO MOXKET 6€36€IHO CYIIECTBOBATD €IIIE
COTHU JIET.

O ra3oru/IpaTax PacCKa3blBajiad CTAThsI IpOodeccopa
IO.A. banakuposa a3 METaH U3 JIEAAHOIO JOMUKA.
KonTio6UHT rOTOB JJOOBIBATH I'd3 U3 TA30TUPATHOTO
rractas («<BK> Ne 39.C. 58—061), B HE¥ HE TOIBKO
J1aBAJIACH NTOJIPOOHAS XAPAKTEPUCTHUKA ITOTO
UCTOYHHKA YITIEBOJIOPOAOB, HO U 6bLIA TIPHUBEACHA
OPUHIIMIINAIBHAS CXEMA JJOOBIYU METAHA CO JITHA MOPSI
C IOMOIIIBIO KOJITIOOUHIOBOU YCTAHOBKHU.

Hed1b nim He HedTH? He HEPTH, HO YITIEBOAOPO/HL,
O HUX MBI BeJIM peub. HO eciiu 3a6ypuThbCs B Oyayliiee
HOITTy6KE, TO, BO3MOKHO, HAM BCTPETHUTCS TAKOMN
BPEMEHHOM IIACT, II€ SHEPreTHUKA I[IEPEIET Ha
HOBBIC TEXHOJIOI'MU U HEPTH IIPOCTO HE OYJET

are estimated at 300 to 600 trillion cubic meters,

with proved reserves amounting to 147 trillion cubic
meters, the expected reserves of gas hydrates are from
2,800 to 25,000 trillion cubic meters. This amount

is enough for the humankind to live in comfort for
hundreds of years.

Gas hydrates were described in the article Gas
Methane from Ice House. Coiled Tubing is Ready to
Extract Gas From Gas Hydrated Deposits (CTT No
39, p. 58-61) by Professor Yu. A. Balakirov who gave
an exhaustive profile of this source of hydrocarbons
and provided the concept scheme of methane gas
extraction from the bottom of the sea with the help of
coiled tubing unit.

Oil or not oil? It is not oil, it is rather the
hydrocarbons we mentioned. But if we hole deep in
future, we may come across a time formation where

B Poccnm paspaboTaH MeTog, MO3BONSOWMIN NONyYaTh AELLEBBIM BOLOPOL,

HUKOMY HY>KHA. CyIIECTBYET IKCIEPTHOE MHEHUE,
4TO HA AJIBTEPHATHUBHYIO S3HEPTETHUKY YEJIOBEYECTBO
MHEPEUAIET PAHBIIIE, YEM KOHYATCS YIVIEBOJOPOABL, U
YoKE JIET YePE3 ABALIATE OCHOBHBIMH UCTOYHHUKAMH
3HEPTUH CTAHYT BOJOPOJ, U MUPHBIIT ATOM.

J10/I1 OCHOBHBIX BU/IOB UICKOITAEMOT'O TOIJIMBA —
HePTH, IPUPOAHOIO I'a3a U yIvd — yke K 2035
oAy COCTABAT IIPUMEPHO 110 27% MHUPOBOI'O
sHeproodaanca. Ocrasmmuecs 19% obecnieuar
ATOMHAs U THIPO3HEPI'HA, A TAKKE BO30OHOBIISAEMBIE
UCTOYHUKM. Hanboriee e NepCrieKTUBHON
AJIBTEPHATUBON HA CETOJJHA CUYUTAETCA BOJOPOAHBIA
JIBUT'ATEIIb.

Mexay Tem B Poccru pa3paboTaH MeTof,
TO3BOJIAIONIUI ITOJTYYaTh JAEMIEBBIN BOJOPO/.

B HacTosIEe BpEMA ITATEHTYETCA OTEYECTBEHHAA
TEXHOJIOTUA ITIPOMU3BOACTBA BOJOPO/A IO, 3EMIIET,
I7I€ U IIPOU3BOACTBO JEIIEBIIE, U XPAHUTD IPOAYKT
CTAaHOBHUTCS BO3MOXKHO.

Or10CcO(BI yTBEPKIAIOT, YTO MUP IIO3HABAEM B
OECKOHEYHOCTH. B ITOJTHOM COOTBETCTBUHM C 3TOM
HWCTUHOW HOBBIE 3HAHUA POXKAAIOT HOBBIE TEXHOJIOTUH,
WHHOBAIIMOHHBIE MATEPHAJIBI ¥ IPUHIUIIBI PAOOTEI
o60pynoBaHus. AKaeMuK A H. IMUTPHUEBCKUI HE
BEPUT B SHEPIE€TUYECKUI KOHELL CBETA: «Sl OKOHYNIT
UHCTUTYT B 1961-M, — TOBOpUT OH. — U TOT7IA
T'OBOPWJIH, YTO 3a11aChbl HEPTU HCUepnatoTcs B 1980
roay. Hy KTO MOT TOr1a NOAYMAaTh, YTO HOABUTCSA
cnaHueBas HePTh?! A KOMY B I'OJIOBY MOIJIO IIPUITH,
YTO MBI CMOKEM TAK ITTyOOKO YUTU 1TOJ, 3eMJ1to?! B 2008
IOty Ha HE(PTSIHOM KOHI'PECCE OOCYK/IA/IN BOIIPOC:
BO3MOKHA JIM HepTe100bI4Aa C IVIYOHUH 7—8 KM? 13
CEMHU JJOKJIATYUKOB JIUIID 5T OJJUH OBLJI OITTUMUCTOM.
A cniycts ro, B MEKCHKAHCKOM 32/IMBE HAYAJIN KA44Th
HedTh ¢ TyouHsbI 11,2 kM — 700 M o Bozie u1 10,5 KM
110 cy1ie. Tak 94TO Ha HAIl BeK He(DTH XBATUT, 4 TAM U
HOBBIE€ UCTOYHHUKH JIOJIKHBI TTO/IOCTIETD.

AHAJMTHYECKAA I'PYIIIA JKypPHAIa «<BpemMsa KOITIOOHHTa»

power industry will be using new technologies,

oil remaining unwanted. Some experts expect the
humankind to switch to alternative energy forms
before it runs out of hydrocarbons; they claim
hydrogen and peaceful atom to become major sources
of energy in as little as twenty years.

By 2035, the basic fossil fuels, including oil, natural
gas and coal, will have a share of 27% each in the
global energy balance. Nuclear energy, hydro energy
and renewable energy sources will account for the
remaining 19%. Currently, the hydrogen engine looks
the most promising alternative.

Meanwhile, a new method of hydrogen production
has been developed in Russia. At the moment, the
Russian technology of underground hydrogen
production undergoes licensing process, upon which
it is going to ensure cheaper production and an
opportunity of underground storage.

Philosophers say about the infinity of the cognizable
world. This universal truth means that new knowledge
engender new technologies, advanced materials
and equipment operation concepts. Academic
Dmitriyevsky does not believe in the end of the energy
world, “I graduated from the institute in 1961,” he
says. “At that time we expected the oil reserves to be
depleted by 1980. Who could have thought then about
shale oil?! How could it have come to our minds that
we would go that deep underground? When in 2008
we discussed at the petroleum congress whether it
was possible to produce oil at a depth of 7 or 8 km, I
was the only one in the group of seven speakers whose
estimates were optimistic. A year later, oil production
was launched in the Gulf of Mexico with oil being
pumped from 11.2 km deep, including 700 metres of
water stretch and 10.5 km underground. As you see,
we have enough oil to live on, with new sources on
their way.”

Analytical group of Coiled Tubing Times
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HA T1OPOI'E 30OHbI HEOTPELEJTEHHOCTU
ON THE VERGE OF UNCERTAINTY

Ha eonpocut acyprana «Bpems koamrodurza» omeewaemAC. Kawupckuti, yxosooumens

HanpaeieHus uccaeoo8aHuti kKomnaruu RPIL

Interview with A.S. Kashirskiy, Head of Research ait RPI.

Bpemsa KoITIOOHMHTrA: AJIekceri CepreeBudy,
Ha 15-11 Me:XKJyHApOTHOM KOH(PEepEeHITHH
«KoarroouHrossre TexuHoaoruu, I'PII,
BHYTPHCKBAKHHHBIE PA0OTHI>, OHHUM H3
OPraHMU3aTOPOB KOTOPOH CTAJI HAII Ky PHAJI,
BBI BBICTYIIMUJIH C JOKJIAJ0M «POCCHUICKHEL
PBIHOK KOJITIOOHMHI'A B KOHTEKCTE POCCHICKOI'O
H MHPOBOT'0O HE(DTE€CEPBHCHOI'O PHIHKA.
Texy1iee COCTOAHHE H IIEPCIIEKTUBEI
pasBuTH»>. Kommmanusa RPI Takske BpICTyIIaeT
OPraHHU3aATOPOM €KEerogHOM KoHdepeHITuH,
IOCBAIEHHOM He()TEera3oBoMy CEpBHCY.
KaxoBa HAaIIpaBJI€HHOCTH 3TOI'O MEPOIIPHATHA?

Anexced Kammupckuit: 51 SBis0Ch
PYKOBOJUTEIEM HATIPABICHUS «VICCIEAOBAHUS 1
KOHC/ITUHI» KoMITanuu RPI. Ha npoTsakeHun BOT
VoKE TITTHA/AIATH JIET MBI B OJJH U TOT JK€ IIEPHOJ] TOZIA
— B CEPEIMHE OKTAOPS — MIPOBOJUM KOH(MEPEHITUIO
«CepBHUC 1 0O0PYJOBAHUE JJ151 HEPTETA30BOM
oTpacnu Poccnm», KOTOpas TPagUuIIMOHHO COCTOUT
W3 JIBYX 9ACTEH, BBITECKAIONTNX U3 CAMOI'O HA3BAHUS:
EPBAs NOCBAIEHA OOOPYAOBAHUIO, 4 BTOPAS —
HEIOCPEACTBEHHO HedTecepBUCy. Kondepennus,
KaK IIPABHUJIO, OCBEIIACT OCHOBHBIE TOTPEOHOCTU
PBIHKA KaK B OOOPY/JOBAHUH, TAK U B TEXHOJIOT'HSIX,
BJIMSTHUSI HA HET'O MAKPOIKOHOMHUYECKUX (PAKTOPOB,
4 C HE/IABHUX TOP CIIIE U CEKTOPAJIbHBIX CAHKITHIH, 4
TAK)KE CHUKCHUS 1I€H HA HEPTBD.

BK: Ha kakue cerMeHThI He(pTeCcepBHCHOTO
PBIHKA HAIIPaBJIAET CBOH OCHOBHOH (hOoKyC
Bama xondepeHIusa?

A.K.: OCHOBHO¥ CETMEHT, HA KOTOPbIH MBI
06paaar HauboIbIIeE BHUMAHUE HA ITIOCJIEJHEN
KOH(EPEHIINH, — 3TO OypEHHE, KOTOPOE SBJISICTCS
IVIABHBIM METOJOM NOAJEPKAHUA U YBETUYEHNA
JIOOBIYM KAK HA CTAPBIX, TAK M HA HOBBIX
MECTOPOXKACHUAX. Takxe
BCECTOPOHHE OCBEIAIOTCSA
BOIIPOCHI ITOBBIIIEHU A
HePTEOTIAYM IUIACTOB,
BKJIIOYAs BECH CIIEKTP
CEPBUCOB — HaunHaA ¢ ['PITu
34KAHYMBAA BO3/ICHCTBUEM
Ha IIPHU3260MHYIO 30HY
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A.C. Kamupcrxuii goicmynaem ¢ 00KaAaoom
Ha 15-1i Mencoynapoonoii kongepenuuu
«Konmroounzoesie mexuoaozuu, I'PII,
BHYMPUCKBANCUHHBLE PAOOMBL>

A.S. Kasbhirskiy makes a presentation at the
15" Coiled Tubing, Hydraulic Fracturing
and Well Intervention International
Conference

Coiled Tubing Times: Mr. Kashirskiy, at the
15t Coiled Tubing, Hydraulic Fracturing and
Well Intervention International Conference —
our journal being one of the organizers of the
conference - you made a presentation ‘Russian
coiled tubing market in the context of Russian
and international oilfield service markets.
Current status and development prospects’. RPI
is also an organizer of the annual conference on
oilfield services. What is the main topic of this
conference?

BonbLlon o6bem paboT byaeT NpUxoaAnTbLCA Ha FOPU3OHTaNbHOE
OypeHue, KOTOpoe NPOU3BOAUTCA BKYMe C MHOrocTaannHbIM MPIT.

Large volumes of work will be accounted for by horizontal drilling,
which is done in combination with multi-stage fracturing.




IUIACTA CONAHO-KUCIOTHBIMU O6padoTKaMu. He
OCTA€eTCs 0€3 BHUMAHUS U PA3PA00TKA MIEIb(OBBIX
MECTOPOXKIECHUN.

BK: Kakue BaskHEHIIINE COBPEMEHHBIE
TpeHAbI BbI ObI BBICTHIN?

A.K.: B HacTod1ee BpeMs Mbl HOJONIIN K
TAKOMY PYOEKy, 4TO OOJIBIION O6'bEM PAOOT OYAECT

Hanbonee noaep>KeHbl BIUSAHUIO CEKTOPAsbHbIX CAHKLUIN
OyayT cermeHTbl, KOTOPbIE OTBEYAIOT 3@ BbICOKOTEXHONOMMYHOE
OypeHue, 3a BbICOKOTEXHONOTMYHBbIN [Pl 1, BO3MOXHO, 3a

BbICOKOTEXHOJIOTMYHOE LLleMEHTNPOBaHME Ha oonbLMX Fﬂy6VIHaX.

Segments most prone to sectoral sanctions are those that deal with
high-tech drilling, high-tech hydraulic fracturing and, probably,

high-tech cementing operations in deep wells.

NPUXOAUTHCA HA TOPU3OHTAIBHOE OypEHUE,
KOTOPOE IIPOM3BOJUTCA BKYIIE C MHOTOCTAUHHBIM
T'PIT. O6a 311 METO[A OTPAOOTAHBI K XOPOILIO

cebs 3apexoMeH;1oBanu. B nepuon ¢ 2010 roga
06'bEMBI TOPUZOHTAIBHOTIO 6y PEHHSI BBIPOCIN HA
60% 1 Terepb COCTABISIIOT OKOJIO 4 MJIH METPOB
NpoxXOAKU. PacteT
KOJIMYECTBO POBOJAMMBIX
MHOTOCTAAUUHBIX ['PIT.

B none 3penus Hamen
KOMIIAHHUU TAKXKE
OTCJIEKMBAHHE TOI'O, KAK
OTPAXKAIOTCA CEKTOPAJIbHBIE
CaHKIIMY HA HAUOOJIee
BBICOKOTEXHOJIOTMYHBIX
CETMEHTAX OTPACIN. Y HAC
yoKe CPOPMHUPOBAJIOCH
COOBCTBEHHOE MHEHUE HA ATOT CYET.

BK: Ha 9YeM OHO OCHOBAHA H B Y€M €I'0 CYTh?
A.K.: Hame MHEHME OCHOBAHO H4 OLICHKAX
3KCIEPTOB, KOTOPBIE PA6OTAIOT HEITOCPEACTBEHHO
B OTPACTIN. DKCIEPTHI CYUTAIOT, YTO HAUOOJIEEe
IOABEPXKEHBI BIHUSHUIO CEKTOPAJIbHBIX
CaHKIIMI 6Y1YT CETMEHTBI, KOTOPBIE OTBEYAIOT
34 BBICOKOTEXHOJIOTUYHOE OyPEHUE, 32
BBICOKOTEXHOJOTrUYHbIN ['PIT 11, BO3MOXKHO, 32
BBICOKOTEXHOJIOTMYHOE LIEMEHTUPOBAHUE HA
OOJBIINX ITTyOUHAX.

BK: PycCKHI BOIIPOC: 9TO Jeaarh? Kak
IIPOTHBOCTOATH 3TOMY BIIHSIHHIO?

A.K.: DKcriep Tl 101araior, 4ro Jo 2017 roga
3HAYUTEJIbHBIX U3MECHECHUN HE IIPOU30MICT,
IOTOMY YTO 3aK/IIOUEHBI KOHTPAKTBI, UMEIOTCS
006533TENIbCTBA, ECTb OOOPYAOBAHUE, CYIIECTBYET
BO3MOXHOCTb OOECIIEUNBATD €TI0 3aIT9ACTAMHU U
OCYIIECTBIIATD €TI0 CEPBUCHOE OOCTYKHUBAHUE. 30HA }

Alexei Kashirskiy: [ am the Head of Research and
Consulting at the company. Over the recent 15 years
in the middle of October we organize a conference
‘Services and Equipment for Oil and Gas Sector of
Russia’. This conference traditionally consists of two
parts stemming from the very name of the conference:
first part is dedicated to equipment, and the second
one — to oilfield services. The conference usually covers
the main market needs in
equipment and technologies,
influence of macroeconomic
factors, sectoral sanctions (since
recently) and reduction in oil
prices on the market.

PROSPECTS

CTT: What segments of
oilfield services market
does the conference focus
on?

A .K.: Drilling was the main
market segment at focus during the recent conference,
since drilling is the main method of sustaining and
increasing oil production at both mature and young
oilfields. There is also a comprehensive coverage of EOR
technologies and services — from hydraulic fracturing to
hydrochloric acid treatment of bottomhole formation

30Ha HeonpegeneHHOCT Bo3HUKaeT rnocse 2017 roga.

Mbl BUAMM HECKONBKO BAPUAHTOB Pa3BUTUS COOLITUN.
OOMH 13 HUX — TO, 4TO Y Hac B NPUHLMMNE XOpoLo paboTaeT
MMMNopTO3aMeLleHMe.

Uncertainty starts after 2017. We see several scenarios. One of
them — we will have a good import substitution program.

area. Development of offshore fields is another
important topic of the conference.

CTT: What important modern trends would
you highlight?

A.K.: We have approached a moment when large
volumes of work will be accounted for by horizontal
drilling, which is done in combination with multi-
stage fracturing. Both these methods are well practiced
and have a good track record. Since 2010 the scope
of horizontal drilling has increased by 60% and is
currently at the level of 4 million meters drilled. The
number of multi-stage hydraulic fracturing operations
is also increasing. Our company also monitors sectoral
sanctions’ influence on high-tech segments of the
sector. We already have our own opinion on this.

CTT: What is your opinion and what is
it based on?
A.K.: Our opinion is based on assessments of
experts who work in the sector. Experts believe that }
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HEONPEAEIIEHHOCTA BOZHUKAET
nocise 2017 roga. Mbl BUIUM
HECKOJIBKO BAPUAHTOB PA3BUTHA
cobpITUH. OIH U3 HUX — TO,
YTO Yy HAC B IIPUHITUIIE XOPOIIIO
pPabdoTaeT UMIIOPTO3AMEIICHUE,
XOTsI, KOHEYHO, OHO HE CMOKET
3aKPBITh A0COMIOTHO BCE.

TEXHUKY.

BK: Mo:xxere
oM Bel npuBecTu
KOHKPETHBIE IIOJIOKHTEIbHBIE IIPUMEPDI
HMIIOPTO32MEMAIOMIHX IIPOU3BOACTB?

A.K.: Hanpumep, O4€Hb YCIIEITHO PA00TACT
Oenopycckas Komnanus — I'pynmna OUJI,

KOTOPAs MIPOU3BOIUT KOJITIOOMHIOBbIE

YCTAHOBKH, 060py0oBanue 75 I'PIT u Apyryio
BBICOKOTEXHOJIOTUYHYIO TEXHUKY. DTOM KOMIIAHUE
OB TAKKE PA3PAO6OTAH KOMILIEKC OOOPYJOBAHUS,
NPEJIHA3HAYEHHDBIN 711 KONTIOOMHI'OBOI'O OypEHMH.
OO60pyIOBAHUE YCTAHABINBAETCS HA IACCU

MB3KT, 1oCTaTOYHO HaieskHOe. YTO KacaeTcst
060pYIOBAHUS JIs1 OYPEHUS CKBAXKHH, TO B Poccun
MMEIOTCSI BO3MOKHOCTH 10O CTPOUTEIbCTBY
COBPEMEHHBIX 6YPOBBIX YCTAHOBOK, B TOM YUCJIE

C BEpXHUMHU NPUBOJAMU. TaKHE YCTAHOBKU
MIO3BOJISIOT IPOBOAUTH HAKJIOHHO-HAIIPABACHHOE U
TOPU3OHTAJIBHOE 6ypeHue. [IoOTpe6HOCTh B OYPOBBIX
YCTAHOBKAX IIPOTHO3UPYETCs 60sbIIast. IIpy aTOM
BCTAHET BOIIPOC O MOIITHOCTSX, PEIIEHHE KOTOPOI'O
OTPEOYET TOCTATOYHO HOIBITUX MHBECTUIUIL.

BK: PeanpHO 1u pemiuTsb 10 2017 roza
OCHOBHBI€E ITPOGJIEMBI HMIIOPTO3AMEIIECHH S 1
HApAIHMBAHUA MOILHOCTEH?

A.K.: DTO OCTATOYHO KOPOTKUI OTPE3OK BPEMEHHU
— BCEr'o Ba roga. Hy>XHO cieuTh 34 CUTyaluew,

32 TEM, KaK OHa OyJIET pa3BUBATHCA. 10 HameMy
MHEHHIO, CAHKIIUH HE JOJIKHBI IPOAEPKATHCS TAKON
nepuo/. KpyIHble CEpBUCHBIE KOMITAHMU CENYAC
COKPAIIAIOT IMITAT, HO OHU HE YXOAAT C PbIHK4, 4
COBEPMIAIOT MaHEBP. EC/IM GbI OHU MOIYYUIHN U
06paboTaIN IPYIrUe CUTHAJIBL, TO YIIJIN OBI C PhIHKA.
Ho Ha HACTOAMINUI MOMEHT HUKTO HE YXOJIUT.

BK: 3Ha4YHT, pPOCCUHMCKHHI PBIHOK JJI1 HUX HE
nepecTaeT OBITh IPHUBICKATEIBHBIM. A KAK OH
BRIIVIIANT HA (PoHE He(DTEeCEPBHCHBIX PEIHKOB
APYIHX PETHOHOB MHpa?

A.K.: YeM XOpOII POCCUMCKUH PBIHOK? B TOM
YUCJIE U TEM, YTO OH OYEHD ITOXOK HAd AMEPHUKAHCKUH,
IIOTOMY YTO 37I€Ch, KAK M TaM, OTPOMHBIN (POHJ
CKBAKHMH. M CYIIECTBYIOMNX CKBAXKHUH (UX
HACYMUTHIBACTCA 139 THICAY), U CKBAXKIH, KOTOPLIE
OypsTcs. C KasK/IbIM T'OJIOM 3TOT OIPOMHBII O6bEM
npupacTaeT. ECiu OlleHUBATh PEIHOK CYMMAPHO B
JEHESKHOM 3KBUBAJIEHTE, TO OH COCTABIIAET 605IEE
$20 mnpz. D TO BEChMa ONTYTUMBIHF CETMEHT
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YcnewHo paboTaeT benopycckas komnaHus — lpynna
®U[, koTopas NPOU3BOANUT KONTIOOUHIOBbIE YCTAaHOBKM,
obopynosaHue ans MPM 1 apyryio BbICOKOTEXHONOMMYHYHO

Belarusian company — FID Group - is very successful; it
manufactures coiled tubing units, hydraulic fracturing equipment
and other high-tech machinery.

the segments most prone to sectoral sanctions are

those that deal with high-tech drilling, high-tech
hydraulic fracturing and, probably, high-tech cementing
operations in deep wells.

CTT: Traditional question: what is to be done?
How to offset such influence?

A.K.: Experts think that there will be no considerable
changes till 2017, since contracts are signed, there are
obligations of the parties, there is equipment, there is
possibility to supply parts and maintain the equipment.
Uncertainty starts after 2017. We see several scenarios.
One of them — we will have a good import substitution
program; however, it will not be able to cover all the
needs.

CTT: Could you give us successful examples of
import substituting enterprises?

A.K.: For example, Belarusian company — FID Group
— is very successful; it manufactures coiled tubing units,
hydraulic fracturing equipment and other high-tech
machinery. This company also developed equipment
complex for coiled tubing drilling. The equipment is
installed on MZKT chassis, which is quite reliable. As
far as well drilling equipment is concerned, Russia has
capacity to build modern drilling rigs, including rigs
with top drives. Such drilling rigs allow for directional
and horizontal drilling. It is predicted that the need in
drilling rigs will be high. At the same time the question
of capacities will come up, and considerable investments
will be required to find a solution.

CTT: Isit realistic to resolve all the import
substitution and capacity building issues before
2017?

A.K.: We have quite a short period of time — only
two years. We need to follow the situation, to see how
it is going to develop. We believe that sanctions should
not last for the entire time period. Large oilfield service
companies reduce their staff but they do not leave the
market, they make a maneuver. If they had other signals,
they would have left the market. But currently nobody
leaves the market.

CTT: It means that the Russian market
continues to be attractive for them. And how
does it look like compared to oilfield services



3SKOHOMUKU U JIAKOMBIH ITUPOT JIA 3A11aJHBIX
KOMMAaHUIH. TAKMX PBIHKOB B MUPE HEMHOTO.
CpaBHUBATb MOXHO Pa3Be 4TO C CayZOBCKOM
Apasueri uinu ¢ KyseittoM. A HaripuMep, B Kazaxcrane
PBIHOK Ha ITIOPAJOK MEHBIIIE, XOTS OH U CAMBIA
KpynHbii B CHI nocse Poccuun. KazaxcraHckui
PBIHOK OIIEHUBAETCS BCETO B $4 Mitp1. EMMHCTBEHHBIH
HE(MTECEPBUCHBII PBIHOK, KOTOPBIH IPEBOCXOJUT
POCCUMCKUH, 3TO PHIHOK CIIA.

BK: B yeM KOHKPETHO €ro IpeBOCXO0ACTBO?

A.K.: B iepBy1o ouepeib B TOM, YTO TaM JPYI'OH
YPOBEHDb IPUMEHEHM TEXHOIOTUN. Te TEXHOIOINH,
KOTOPBIE Yy HAC IIOKA HAXOAATCS HA IIPOMBIIIJIEHHONU
CTAJ1H BHEJPEHUS, 32 OKEAHOM YK€ BHEJPEHDI
1 OTPabOoTaHBL [103TOMY MEXIYHAPOLHBIE
CEPBHCHBIE KOMITAHUU, ABJIAIOMINECI HOCUTEIAMU
TAKUX TEXHOJIOTUH, C POCCUHCKOI'O PBIHKA
YXOAUTD HE 6y1yT. BEJb OHM 3aKPBIBAIOT CAMBIE
BBICOKOTEXHOJIOTUYHBIE CETMEHTBI, HANOOJIEE
CJIOKHBIE. A POCCUNICKHUE CEPBUCHBIE KOMITAHUH
TOXE MPOABIIAIOT THOKOCTb: OHU CTAPAIOTCA 3TU
TEXHOJIOI'UU KOIIMPOBATD U BHEAPATL. HO BCE paBHO
OCTAETCA PA3PBIB B KIIACCE MEXKAY 3aPyOEKHBIMHU U
OTEYECTBEHHBIMUA UTPOKAMU. TaK 4TO, HA HAII B3IJIAL,
eciun K 2017 rony HE IPOU30MAET BOCCTAHOBIIEHHE
OTHOUIEHUI Mex Ay Poccren n 3amaioM 1 CHATHE
CAHKLUM, TO CEPBUCHBIE KOMIIAHUHU, B TOM YHCJIE
MEXIYHAPOAHBIE, IPOCTO MIEPECTPOATCH HA HOBBIE
(OpPMEBI pAOOTHL YK€ CEMYAC OHU NPEATIPUHUMAIOT
HEKOTOPBIE IAT'Y B 9TOM HAIIPABJICHUH, B YACTHOCTH,
CO3/IAI0TCSI COBMECTHBIE IPOU3BO/ICTBA, (POPMAIBHO
poccuriickue. Y (llnmoMmbepxe», Harnpumep, B [lepmu
padoTaeT npeAnpusaTUE IO IPOU3BO/ICTBY HACOCOB.

BK: 3 KaKHX HCTOYHHKOB HAaIllH
YHUTATEIH MOITH GBI IO YIHTH
HOAPOOHYIO HH(GOPMAITHIO O POCCHICKOM
HedTeCepBHCHOM PBIHKE?

A.K.: fI MOI'y TIOPEKOMEHIOBATH AHAJIUTUYECKUH
ot4yeT RPI, KOoTOpBIN Ha3bIBaEeTCA «POCCUIICKMH
PBIHOK HE(PTETTPOMBICJIOBOI'O CEPBUCA B KOHTEKCTE
TEKYIIUX BBI3OBOB CJIOKHBIIEICSA I'€ONOTUTUYECKON
CUTYALUN». DTOT OTYET OXBATBIBAET IIPAKTUYECKHU
BECH CIIEKTP CEPBUCHBIX YCJIYT, HAUNHAA C OYPEHUA
Y 34KAHYMBAs CEMCMOPA3BEJOYHBIMHU PAOOTAMM.
OH COAEPKUT AHAIN3 PBIHKA OyPEHU S, JOOBIYU U
(HPOHIOB CKBAKMH, OITUCAHHUE OCHOBHBIX IIPOEKTOB
HeTAHBIX KOMIIAHUH 110 OYPEHUIO U IOOBIYE, OLICHKY
HauOO0JIEE BAKHBIX CETMEHTOB HE(PTECEPBUCHOT'O
PBIHKA B HATYPAJIBHOM M JICHEKHOM BBIPAKEHUH, 4
TAK’Ke IPOTHO3 PA3BUTHS HE(PTECEPBUCHOT'O PBIHKA
U €I'0 OTHEJIbHBIX CETMEHTOB Ha nnepuoy 2014-2023
rofioB. HafieloCh, UTO 3TOT OTUYET OYAET UHTEPECEH
YUTATETBCKOH ayITUTOPHHU XKYPHAIA.

BecenoBan AsekcaHap IINPOKKOB, <BpeMs KOJITIOOHMHTIA»

markets of other regions of the world?

A.K.: What is good about the Russian market? It is
similar to the US market; in Russia and in the US there is
a large stock of wells. Both existing wells (139 thousand)
and wells under drilling. Every year the number of wells
is increasing. If one estimates the Russian market in
monetary terms, it is worth more than USD 20 billion.
This is a considerable segment of the economy and a
desirable piece of cake for foreign companies. There are
few such markets in the world. It is comparable with
Saudi Arabia or Kuwait. Market of Kazakhstan is much
smaller; however, it is the second largest market in CIS
after Russia. The Kazakh market is estimated at only
USD 4 billion. The only oilfield services market that
outranks the Russian one is the market of the United
States.

CTT: What are its superiorities?

A.K.: First of all they have a different level of
technology application. Technologies that just start
being commercialized and introduced in Russia, have
already been used for quite a long period of time in the
US. That is why international service companies that
possess such technologies will not leave the Russian
market. Because they provide services in the most
high-tech and most complicated market segments.
Russian service companies strive to be as much flexible
as possible: they try to copy such technologies and
implement them in practice. But still there is a gap
between the Russian and foreign market players. So,
we believe that if the relations between Russia and
the West do not improve by 2017 and sanctions are
not lifted, service companies, including international
ones, will just change the form of their operation. They
already take certain steps in this direction; in particular,
they establish joint ventures that are formally Russian
companies. For example, Schlumberger has a pump
manufacturing enterprise in Perm.

CTT: What sources can our readers use to
obtain detailed information about the Russian
oilfield services market?

A.K.: I can recommend RPI’s analytical report
‘Russian Oilfield Services Market in the Context of
Current Challenges Caused by the Existing Geopolitical
Situation’. This report covers almost full range of services
— from drilling to seismic exploration. It contains the
analysis of drilling and production markets and well
stocks; description of the main drilling and production
projects of oil companies; evaluation of the main oilfield
services market segments (in monetary and physical
terms); contains a forecast of oilfield services market and
its segments development for the period of 2014-2023.1
hope that this report will be interesting for the journal’s
audience.

Interview by Alexander Pirozhkov, Coiled Tubing Times
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Pudar KAIOMOB, Auapert KOHYEHKO, Aprem KJIFOBHH, Onxecs JEBAHIOK, KoucranTud BYPIUH, JIlrromGep:ke»;
Auapert YUKUH, Esrennit HUKYJIBIIINH, <PocHed TH>

Rifat KAYUMOV, Andrey KONCHENKO, Artem KLYUBIN, Olesya LEVANY UK, Konstantin BURDIN, Schlumberger;
Andrey CHIKIN, Evgeniy NIKULSHIN, Rosneft

Bonro-Ypanbckum 6accenH — 3T0 OAMH U3 KpynHenwwnx HedTeqobbiBaloLX peroHoB B Poccum. OpeH-
Oyprckas obnactb ABMSETCA HEOTHEMNEMOW YacTbio Bonro-Ypanbckoro baccenHa 1 xapakTepunsyetcs 6onb-
LWMHCTBOM Mpo0seM, CyLecTBYIOLLMX B APYrMX HacTax OaccerHa. bonee NonoBuHbI CKBaXWH AAIOT HeMTh UC-
KJTIOYNTENBHO 13 KAapOOHATHBIX M1ACTOB M NePUOAMHECKI HY>KAAIOTCSA B MPOBEAEHNN KUCIIOTHOM 06paboTky
ONs noaaepXKaHus ypoBHs Aobbi4n. MNpoBeneHme KUCNoTHON 06paboTKm KapOOHATHBIX KONNEKTOPOB 00bIYHO
OCHOBAHO Ha 3aKayke COMIIHOW KMCMOTbI B MAACT C UCMOMb30BaHMEM CreLManbHbIX OTKIOHAIOLLMX areHTOB AJ1s
yBENMYEHMS 30HbI MOKPbITUS. HEKOTOPbIe XapakTepHble CBOMCTBA NnacTa B Bonro-Ypansckom baccenHe cozpa-
0T LONONTHUTENbHbIE CNOXHOCTY ANS YCNEeLWHOro NpoBeaeHUst KUCIIOTHOM 00paboTkim. OHKM BKITIOHAIOT B Ce0s,
HO He OrpPaHUYMBAIOTCS CleayWMN: 3HAYUTENBHBIM CHXEHWEM NAACTOBOro AaBeHMs, BbICOKON 0OBOA-
HEHHOCTbIO, HEOAHOPOAHOCTAMW C MPOMIACTKAMW BbICOKOM M HU3KOW MPOHWULIAEMOCTU, HU3KOW TemnepaTy-
pOW MnacTa, HedThio C TEHAEHLMEN K 0OPA30BAHMIO 3MYNbCUN 1 0CaAKO0OPA30BaHMIO, OFPOMHBIMU 30HaAMM
KaBepH OT NpeAblAyLLmX KUCIOTHbIX 06paboToK. Bo MHOMX Cnyyasx HeonpeaeneHHOCTM B CBOMCTBAX NOpoL,
YCIOXHSIOT 3a4a4y.

Ha npoTsxeHn nocnefHNX WeCTu neT npakTuka NPOBEAEHNS KMCNOTHOM 00paboTky KapbOHATHbIX KOMeK-
TOPOB NOCTOSIHHO COBEpLLEHCTBOBANAck B OpeHOyprckor 0bnacTu. Bce HaunHanock ¢ NpUMeHeHus pasnarae-
MbIX LLIAPUKOB M MONIMMEPHOV CAMOOTKIIOHSIIOLLENCS KUCIIOThI ANS YBENNYEHWS 30HbI MOKPbITUS. [103xXe Obina
npeacTaBneHa BA3KOYNpyras CaMOOTKIOHSIOWLAN KCIOTa A8 YCTPAHEHWS COXPAHSIIOLLLErocs MOBPeXAeHMs,
CBSI3aHHOIO C MONMMEPOM. B TO e Bpems MCNonb30Bancs BA3KOYNPYrin CeNEKTUBHbIN OTKIIOHNTESb NS MU-
HUMM3aLMM pUCKa yBeNMYeHUs 0OBOAHEHHOCTM nocne obpaboTkn. HakoHeL, MPUMEHUIIN CUCTEMY OTKITOHe-
HWSt NEHOW C NCMOMNb30BaHMEM M 0e3 CNonb3oBaHWA rnmokmx HKT Manoro anameTpa ¢ y4eToM UCTOLLEHMS Mna-
CTOBOro faBneHus. MHOro ypokoB ObIno M3BNEYEHO 3a 3TOT Nepuof, C PEKOMEHIALMSMM MO UCMONb30BaHMIO
Donee CoBEPLUIEHHbIX TEXHOMOIMM B Pa3HbIX MAACTOBbIX 1 CKBAXKMHHbBIX YCIOBUSX.

BonbLUNMHCTBO MecTopox AeHNn B OpeHbyprckom 06nacT JOCTaTOMHO AAaBHO HAaXOAATCA B pa3paboTke, U 3TO
03Ha4aeT, YTO Ka4eCTBO CKBAXKWH-KaHAMOATOB YXYALLAETCS 13 rofa B rof. Ho C NOCTOSIHHBIM YCOBEPLLEHCTBO-
BaHMEM MPAKTUKM CTUMYNSLMN 1 XKECTKMM KOHTPONIEM Ka4ecTBa HaM yaaeTcs NoAAePXKMBaTh A00bIYY Ha KO-
HOMWYECKOM YPOBHE U axe yBeNn4MTb 00beMbl paboT MO CPaBHEHWMIO C NpedblayLLMMM FrofaMu. STa CTaTbs
OMUCbIBAET OMbIT, HAKOMEHHbIN 3a LWECTb NIeT KUCOTHbIX 00paboTok B OpeHbyprckon 0bnacT € y4eTom m3-
BJIEYEHHbIX YPOKOB 1 NepefoBbIX MPaKTUK.

The Volga-Ural basin is one of the largest oil-producing regions in Russia. Orenburg region is an essential part
of Volga-Ural basin and represents most of the challenges existing in other parts of the basin. More than a half
of the wells produce exclusively from carbonate formations and require periodic acidizing treatments to maintain
economical production. Carbonate stimulation treatments are usually based on pumping of hydrochloric acid into
formation using special diverters to maximize zone coverage by acid treatment. Some of the formation properties
in the Volga-Ural basin create additional challenges for successful acidizing treatment. These challenges include but
are not limited to significant reservoir pressure depletion, high water cut, formation heterogeneity with high and
low permeable streaks, low reservoir temperature, crude oil tending to form emulsion and sludge, enormous thief
zones created by previous acidizing treatments. Uncertainties in formation properties in many cases make the task
even more complex.

Carbonate stimulation practices were continuously improving during the last six years in Orenburg region.
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It started with implementation of degradable balls and polymer self-diverting acid to improve zone coverage. Later,
viscoelastic self-diverting acid was introduced to eliminate retained damage associated with polymer. At the same
time, viscoelastic selective diverter was used to minimize risk of water cut increase after the treatment. Finally, foam
diversion with and without small-diameter coiled tubing (CT) placement was implemented to account for reservoir
pressure depletion. Many lessons were learned during this period with recommendations for better technologies

utilization at different reservoir and wellbore conditions.

The majority of the fields in Orenburg region are old, and this implies that quality of well candidates became
worse from year to year. However, with continuous improving stimulation practices and rigorous quality control,
we manage to maintain stimulation at economic level and even increase work scope compared with previous years.
This paper will describe experience gained during six years of acidizing treatments in Orenburg region with lessons

learned and best practices.

BBEAEHUE
HeKOTOPBIE 13 CBOUCTB I1acTa B OPEHOYPrCcKOMN

06JIACTH CO3AAI0T JONIOTHUTEIBHBIE TPYIHOCTH AJIS

YCIENTHOT'O NPOBEAEHUS KUCIIOTHOIM OOPabOTKH. DTH

OPOOGIEMBI ONTUCAHBI HXKE.

* MICTOIIEHNE MIJIACTOBOT'O JABIECHHU . BONBITUHCTBO

KapOOHATHBIX IIJIACTOB HAXOAATCA B Pa3paboTKe

HA IPOTSIKEHUU MHOTUX JIECATHIIETHH, U 3AKAYKa

BOJIbI ObLJIA BBE/ICHA /IS TOAAEPKAHUS ILITACTOBOTO

JIABJIEHUS. DTO MO3BOJIET OIPAIUTh CPEAHEE

IUIACTOBOE JJABJIEHUE OT PE3KOI'O UCTOMIEHUSL, HO

HE MOXET ITOJTHOCTBIO OCTAHOBUTD TOT MPOLIECC.

CpenHee TeKyLee IIIACTOBOE AABJIEHUE COCTABIIAET

oT 60 10 75% OT NIEPBOHAYATBLHOT'O TABJICHUS IS

OOBIINHCTBA KAPOOHATHBIX IIACTOB.

Bricokast OOBOIHEHHOCTB NPOAYKIINU. Kpome

[TYOOKUX ICBOHCKUX TUTACTOB ([15-116), cpemHsist

OOBOHEHHOCTD 3HAYHTEJILHO BhITIE 50%.

VICTOYHUK 3TOI BOJBI MOXKET OBITh PA3/TMYHBIM

(OT HArHETATEIBHBIX CKBAKUH, TIOBBIIICHUS

BOJOHE(MTAHOI'O KOHTAKTA, MEXKIITACTOBOTO

IIEPETOKA 32 OOCATHOI KOJIOHHOH, TPHUPOIHBIX

TPENMNH, HEYAAYHOU cTuMyianuu ¢ I'PI 1o coceqamnx

BOZJOHOCHBIX CJIOEB U T.[1.).

* Huzkas TeMnepartypa riacTa. Y HOAaBIAIONIErO
OOJIBIIMHCTBA KAPOOHATHBIX IJIACTOB B OPEHOYPIrCKO
06J1aCTH CTA0MIBHAS TeMuepaTypa nacta (CT3C)
ot 30 10 60 °C. TO/IbKO y IeBOHCKMX T1acTOB CT3C
Bbiire 60 °C, HO KOJIMYECTBO CKBAYKMH, TOOBIBAIOIIHX
U3 IEBOHCKUX IUIACTOB, 3HAYUTEJIBHO MEHBIIIE, YEM U3
KAMEHHOYTOJIbHBIX.

* HeopHOpOAHOCTD 1171aCTa. KapOOHATHBIE IIJIACTHI B

OpeHOYPrcKor 061aCTU OYEHB CJIOMCTHIE. KonmnuecTBo

MPOAYKTUBHBIX [IPOIUIACTKOB B OTMHOYHOM IJIACTE

MOKET BAPBUPOBATHCS OT 3 10 30 U Jjasxe O0IIbIIE.

IIpOLYKTUBHBIE ITPOIIACTKU PA3ZEIEHBI INIOTHBIMHA

1 HETTPOHHULAEMBIMH ITPOCJIIOUKAMU CPABHUTEIBLHO

OJIMHAKOBOM BBICOTHL I IpHUCYTCTBUE BOJJOHACHIIIEHHDBIX

30H BOJIN3U LIEJIEBBIX MHTEPBAJIOB TAKKE OOO3HAUEHO.

ChIpast HEPTb, IOJBEPKEHHAS OOPA30BAHUIO

3MYJIbCHUH U 11aMa. B ob1ieMm, ceipast HeTb B Bonro-

YPpasIbCKOM PETMOHE TsKEIasA U BA3Kas. [TouTn n3 Bcex

CKBA’KHH JJOOBIBAIOT TAXKENYIO HEPTD € 70% CKBAYKHMH,

JOOBIBAIONINX YIVIEBOJOPO C IIIOTHOCTBIO API MeHee

40 rpaaycos. [Ipn3aboriHasa BA3KOCTb HEPTHU

cocTasasgeT 6onee 3 cll 111 TOJOBUHBI CKBAKIH.

XOpOoHIO U3BECTHO, YTO BA3KAA TSXKEIAd HEPTb UMEET

TEH/ICHIIMIO K OOPA30BAHUIO IMYJIbCUHU U1 1I1JIAMA C

KHUCJIOTAMU. PUCYHOK 1 2) M1 6) IPEACTABIIAIOT IJIOXHUE

U XOPOIIUE PE3YJIBTATH TECTOB HA COBMECTUMOCTD

INTRODUCTION

Some of the formation properties in Orenburg
region create additional challenges for successful
acidizing treatment. These challenges are described
below.
* Reservoir pressure depletion. Most of the carbonate
formations have been in development for many
decades, and water injection was establish for
formation pressure maintenance. It allows keeping
average reservoir pressure from sharp depletion
but cannot completely stop this process. Average
current reservoir pressure is from 60 to 75% of the
initial value for most of the carbonate formations.
High water production. The specific of the Volga-
Ural region is that oil saturated layers are usually
located just near water saturated zones, or have
active aquifer. Not surprising that after decades
of production most of the formation produces at
high water cut. Except deep Devonian formations
(D5-D06), average water cut is significantly above
50%. The source of this water may be different
(from injector wells, rise of water oil contact, cross
flow behind casing, natural fissures, unsuccessful
stimulation with breakdown to adjacent water
layer, etc).
Low reservoir temperature. Vast majority of
carbonate formations in Orenburg region have
stable reservoir temperature (BHST) from
30° to 60 °C. The only formations with BHST above
60 °C are Devonian, but amount of wells producing
from Devonian formations is much lower than
from Carboniferous.
Formation heterogeneity. Carbonate formations
in Orenburg region are highly laminated. Amount
of productive sublayers in single formation may
vary from 3 to 30 and even more. The productive
sublayers are separated by tight and impermeable
streaks with comparable height. The presence of
water saturated zones near target intervals is also
noted.
Crude oil tending to form emulsion and sludge
creation. In general, the crude oil in Volga-Ural
region is heavy and viscous. Almost all wells
are producing black oil with 70% of the wells
producing hydrocarbon at API value less than 40
degrees. BH viscosity of the oil is more than 3 cP
for half of the wells. It is well known that viscous
black oil tends to create emulsions and sludge with
acids. Figure 1 a) and b) represents bad and good
results of compatibility test between crude and
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ChIpOU HEPTH C 15%-11 COMSTHOU KUCIOTOMU /1151 OTHON
U3 CKBAXUH B OpEHOYPrCKOM PETHUOHE: JIEBBIN CHUMOK
IIOKA3BbIBAET OOPA30BAHUE OCAJKA B PE3Y/IBTATE
CMEMMBAHUSA 06PA31]a CBIPOH HEPTU C KUCIOTOMN. [l
JIOCTHKEHUS XOPOLIUX PE3YIBTATOB COBMECTUMOCTU
HEOOXOJUMO UCTIOIb30BATh CIELIUAIBHBIE
J06aBKU. CpeAH A KOHIIEHTPAIUS TAKUX JOOABOK B
OpeHOYPrcKOM PETMOHE OYEHD BLICOKA U JJAXKE BBIIIIE
PEKOMEHJOBAHHBIX MAKCHMAJIbHBIX 3HAYEHUI 17151
KaK/JI0M JO6aBKU. HO Takas BBICOKASI KOHLICHTPAITUS
JI06ABOK ObLIA IPUHATA JIJ/ISI MUHUMU3ALIUU PUCKA
06pPa30BaAHM ITOBPEXKICHUS IIACTA BO BPEMSA
KUCJIOTHON OOPAOOTKH.

¢ MHOTOKpaTHBIE KUCIOTHBIE O6pabOTKU. B X0/1€
KaK/IOM KUCJIOTHOM OOPabOTKH PACTBOPAETCA
3HAYUTEJIBHOE KOJIMYECTBO MOPO/BI IIJTACTA, TAKUM
06pa30M YBEIMUYUBAA IJIOMIAb KOHTAKTA C IVTACTOM
U OTEHIIUAJIBHO CO3/1aBas 30HBI IOITIOMICHUS,
KOTOPBIE MOI'YT HOIVIOIIATh OOJBIIYIO YACTb KUAKOCTH
UHTEHCU(PUKAIHN IPU NTOCTAEAYIOMNX OOPAOOTKAX.
TaxuM 06pa3om, 3PHEKTUBHOCTD KAXKJOM
OCJIEYIOIECH OOPAOOTKHU, KAK IIPABUJIO, CHUKACTCSL.
Ha prcyHKe 2 NOKa3aHO KOJIMYECTBO IOBTOPAIOLUXCSI
KUCJIOTHBIX OOpabOoTOK B iepuoz ¢ 2007 o 2012 rog.
O4eBUIHO, 9YTO KOJTMYECTBO ITIOBTOPHO OO6PA6OTAHHBIX
CKBA’KHH ITOCTOSTHHO PACTET CO BPEMEHEM, 1 JIOTUYHO,
4TO 3TA TEHJEHIINA OyJET MPOAOIKATECA U B OYIYIIEM.

* HeonpeeneHHOCTU B CBOHMCTBAX ILJIACTA.
KapOoHaTHBIE IJIACTHI PEIKO OBIBAIOT PABHOMEPHBIMU,
U CBOVICTBA IUIACTA MOT'YT BAPBUPOBATHCA OT
OJTHOM CKBAKMHBI K JIPYI'OU JA’KE HA OJTHOM U TOM
JK€ MECTOPOXK/IEHUH. PaHee ObUIO OTMEYEHO, UYTO
OpeHOYPIrCKUI PErHOH XAPAKTEPU3YETCS OOJIBIIINM
KOJIMYECTBOM HEOOJBIINX MECTOPOXKIEHUH C
PAa3/IMYHBIMU IUIACTOBBIMM CBOUCTBAMU. [ IpoBenenme
UCTIBITAHUI CKBAYKHUH IS KAXKJOT'O MECTOPOXKACHUA
HE ABJIAETCA 9KOHOMUYECKHU LIENIECOOOPAZHBIM,
4 MHOTI/IA U IIPOCTO HEBO3MOXKHO, [IOTOMY YTO Y
MHOTUX CKBaKHH ObIBACT OJHOBPEMEHHA 1006bIYA
U3 HECKOJIBKUX IIJIACTOB. Kpome TOro, nsmepeHus
NpOodUIA IPUTOKA HE MPOBOAUTCS HA KAKAOHN
CKBAKMHE JJO U IIOCJIE KUCIIOTHOM OOPabOTKU. DTO
JIEIAET 3a/1a4y [IPOBEAEHUS YCIIENTHON KMCJIOTHON
06pabOTKU enie 60JIee CIOXKHOM.

SBONOUMA METOAOB
OTKJTIOHEHWNS, NCMONb3YEMbIX
B OPEHBYPITCKOM PETMOHE

PaBHOMEpPHA O6PAOOTKA IPOAYKTUBHON YaCTH
TJIACTA ABJISIETCSI HAMOOIee BAXKHOM 3a4a4€H 111 JIIOOOH
KHUCJIOTHOHM OOPaBOTKH B KAPOOHATHBIX KOJUIEKTOPAX.
J1J151 yCIIETHOTO BBIIIOJIHEHH S 3TOU 32/1a49U ObLIN
Pa3pabOoTaHBI PA3TMYHBIE TEXHOJIOIMU OTKJIOHEHUS.
MHOrue u3 3TUX TEXHOJIOT U OBUIN OIPOOOBAHBI B
OpeHOYPIcKOH 06/1aCTH, U HEKOTOPBIE U3 HUX ObLIN
YCHENTHBIMH U JIJINTEJIBHOE BPEMS UCIIOIb30BAINCH
JUIS CTUMYJISIIMH, HO HEKOTOPBIE ObLITH OTMEHEHBI
IOCJIE IIEPBBIX UCTIBITAHNH. Ha puCyHKax 3 14 —
KPAaTKU 0630p JOCTUTHYTBIX PE3YIBTATOB IO KAXK/I0MU
KOHKPETHOU TEXHOJIOTUH JIJI1 MECTOPOXKICHUH
B OpPEHOYPrCKOU OOIACTH, TAE HAUOOIEE YACTO
IIPOBOAWIIACH CTUMYJIALUA. PUCYHOK 3 IIOKA3bIBAET

26 Ne1(051) Mapr / March 2015

Pucynox 1 - Ilnoxue (a) u xopowue (6)
pe3yrsmamusr mecma Ha cCOBMeCmMuUMOCG
Figure 1 — Bad (a) and good (b) results of
compatibility test

15% HCIl for one of the wells in Orenburg region:
left picture shows sludge creation as a result of
mixing crude sample with acid. To achieve good
compatibility results, some special additives should
be used. Average concentration for such additives
in Orenburg region is very high and even higher
than recommended maximum values for each
additive. But such high concentration of additives
was accepted to minimize the risk of formation
damaging during acidizing treatment.

Multiple acidizing treatments. Each acidizing
treatment dissolves significant amount of
formation rock, thus increasing the contact area
with formation and potentially creating thief
zones that may consume most of the stimulation
fluid during subsequent treatments. Thus,
effectiveness of the each subsequent treatment
will usually decrease. Figure 2 shows amount of
repeated acidizing treatments in period from 2007
to 2012. It is clear that amount of re-treated wells is
continuously increasing with time and it is logical
that this trend will continue in future.
Uncertainties in formation properties. Carbonate
formations are rarely uniform and formation
properties may vary from one well to another even
on the same field. Previously was mentioned that
Orenburg region is characterized by large amount
of small fields with variety of formation properties.
Providing of well test operations for each field

is not economically feasible and sometimes just
impossible because many wells have commingled
production from multiple formations. Additionally,
production logging is not performed on every
well before and after acidizing treatment. This
makes the task of performing successful acidizing
treatment even more complex.

EVOLUTION OF DIVERSION TECHNIQUES
USED IN ORENBURG REGION

Uniform zone coverage is the most important
task for any carbonate acidizing treatment. Different
diversion technologies have been develop to succeed
with this task. Many of these technologies were
tried in Orenburg region, some of them succeeded,
and continuously used for stimulation treatments,
but some were cancelled after initial trials. Figures
3 and 4 provide the summary of the achieved
results with each particular technology for the most
frequently stimulated fields in Orenburg area. Figure



YBEJIMYEHHNE IPOAYKTUBHOCTHU 34 CYET CTUMYIIALIUN
CKBAKUH C UMEIOMIECHCS IMHAMUKOM JOOBIYH J1IO
KUCJIOTHOHN OOPAaOOTKHU («CTAPBIE» CKBA’KHUHBL). 3HAUEHHE
YBEJIMYEHHN I HOPMATTU30BAJIOCH 10 HAUOOJIBILIETO
3HAYEHUS JJIS1 KAKJOT'O MECTOPOXKAECHUA. TakuM
06pa3oM, 3HaYEHHE «1» Ha TPAPHUKE NOKAZBIBAECT JTYUIINI
CPEIHUN PE3YJIBTAT, IOy YEHHBIN HA KOHKPETHOM
MeCTOpOXAcHUN. Ha prcyHKe 4 peAcTaBiacHa
OPOIYKTUBHOCTD IOCJIE KUCJIOTHOM OOPAOOTKH JIJIsT
CKBAKUH 6€3 UMEIOMICHCI JUHAMUKH JOOBIYHU JIO
KUCJIOTHOHN OOPAabOTKH (<HOBBIE» CKBA’KHHBI), KAK
MPAaBUJIO, /111 BHOBb IPOOYPEHHBIX CKBAKIUH, CKBAKUH

C 3aPE3KOI HOBBIX CTBOJIOB WJIM C UBMEHEHHUEM
OPOAYKTUBHOI'O UHTEPBAIA. [IpOyKTHBHOCTD ITOCJIE
KHUCJIOTHOH OOPAabOTKH TAKKE HOPMAJINU30BAIAChH

JIO MAKCUMAJIbBHOT'O 3HAYEHU JIJI KA2KIOTO
MECTOPOXKAEHUA. YEPHBIMU TOPU3OHTATIBHBIMHA
JIMHUAMUA HA PUC. 3 1 4 ITOKA3aHO YBEJIMYEHNUE CPETHETO
HOPMAJIM30BAHHOT'O KO3 dunrenTa Pl ninn sHadenus Pl
MOCJIE KUCJTOTHOM O6PA6OTKHU IO KAXKJOM KOHKPETHOMN
TEXHOJIOTUU. 3EJIEHBIMH TOYKAMH ITOKA33aHO O01Iee
KOJIMYECTBO PAOOT J1JI KAXKAOU TEXHOJIOTUH HA
KOHKPETHOM MECTOPOXKIAECHUN, KDACHBIMH TOYKAMH
NPEJCTABICHO KOJIMYECTBO HEYCIIEITHBIX PAOOT.
[TpUYHUHBI HEYCIIENTHOCTUA MOI'YT OBITh PA3HBIMHU, HO
Hanb0JIEE PACIIPOCTPAHEHHBIMHU SIBJIAIOTCA IPOPLIB
BO/IbI 1 HEBO3MOKHOCTb OCBOOOANUTD CKBAKHUHY OT
JKMJKOCTEN OOPAOOTKU M3-34 HUZKOT'O IIIACTOBOT'O
JaByieHUs. O6CYKIEHHE PEZYIIBTATOB, IIPEACTABIEHHBIX
Ha pUC. 3 U4, 6yeT U3JI0KEHO B CJIEIYIONINX PA3/Ie/Iax
3TOM CTATBH, BKJIIOYAA OIIBIT, ITIOJIYYEHHBIN OT KAJKJ0U U3
HCIIOJIb3YEMBIX TEXHOJIOT .

BA3KOYTIPYTAs1 CAMOOTKJ/IOHAIOLLASI KUCJIOTA (BYCK)
Baskoynipyrasa camooTkinonaonasa kucaora (BYCK) —
3TO OE3MOIUMEPHAA CUCTEMA OTKJIOHEHUA. OHA COCTOUT
M3 COJIAHOM KHUCJIOTBI, CMENTAHHOM C BA3KOYIIPYTUM
MOBEPXHOCTHO-AKTUBHBIM I'€JIEOOPA3YIOIINM AT€HTOM.
[TOBEPXHOCTHO-AKTUBHOE BEIIECTBO 3AT'€JIUBAETCA 1O
MepE PACXOAOBAHNA KMCJIOTBL YBEJIMUYEHUE BA3KOCTH
BBI3BIBAET BPEMEHHYIO 3aKYTIOPKY IIPOTPABIEHHBIX
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4 represents Pl increase due to stimulation for the
wells with existed pre-acidizing production history
(“old” wells). Value of PI increase was normalized

to the largest value for each field, so the value of

1 on the chart represents the best average result
achieved on particular field. Figure 4 represents
post-acidizing PI for the wells without existed pre-
acidizing production history (“new” wells), usually
newly drilled wells, sidetracks or wells with change
in producing interval. Post-acidizing PI was also
normalized to the maximum value for each field. The
black horizontal lines on figures 3 and 4 represent
the average normalized Pl increase or post-acidizing
PI values for each particular technology. Green dots
show the total jobs count for each technology on
particular field and red dots represents amount

of unsuccessful jobs. The reasons of job’s failure

can be different, but the most common are water
break through and inability to unload the well

from treating fluids due to low reservoir pressure.
Discussion of the results presented on figures 3 and
4 will be provided in the following sections of this
paper with experience gained from each of the used
technologies.

VISCOELASTIC SELF-DIVERTING ACID
Viscoelastic self-diverting acid (VSDA) is a polymer-
free diverting system. It consists of hydrochloric acid }
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Figure 3 — Average results of acidizing treatments performed on “old” wells for the most

Jrequently stimulated oil fields
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Figure 4 — Average results of acidizing treatments performed on “new” wells for the most

Jrequently stimulated oil fields

KaHAJIOB, YTOOBI OOECIIEYUTD HETPEPBIBHYIO KUCIOTHYIO
06pabOTKY HEOOPAOOTAHHOI 30HBI (YaHT U COaBT., 2001,
Tan0p 1 coasT, 2003) .

Ha pucyHKe 5 NOKa3aH TUITNYHBINA TPO(MUIIb BAZKOCTH
BYCK KaK (DyHKIIMU PACXOAOBAHUS COJISTHON KHUCJIOTHL
Baskocts BYCK HAaUMHAET YBEJIMUUBATHCA, KOIA COJIAHAS
KHMCJIOTA PACXOAYETCA C KOHIEeHTpanyu 20% 1o 12%
(COOTBETCTBYET PACXOAOBAHUIO 8%-11 COJITHON KUCJIOTDI
Ha rpaduke). JKugkoCTb NOAJEPKUBAET BBICOKYIO
BA3KOCTD IIPU JAJIBHEUIIIEM PACXOAOBAHHUY KHCJIOTEI,
4TOOBI MOKHO ObLIIO JIOCTUT'HYTh HENIPEPBIBHOT'O
OTKJIOHEHM BO BPEMs 3aKa4KU. [Ip1 BO3OOGHOBJIEHUH
JIOOBIYH JOOBIBAEMBIE YIVIEBOJOPOABI 9(PPEKTUBHO
paspymarot [TAB u cHmxaroT Ba3kocts BYCK.

INpumenenue BYCK B Bonro-Ypanabckom 6accerine
OBUIO TAKXKE OITUCAHO JJIs JPYTUX YACTEN PETUOHA.
Wibacos ¢ coasT. (2010) onmcan npumenenne BYCK u
BA3KOYIIPYI'OI'O CEJIEKTUBHOIO OTKJIOHUTENA (BCO) B
7 ra30BBIX U 3 HEPTAHBIX CKBAKMHAX B CAPATOBCKONA
obmmactu. CKkBaXUHBL, 06paboTanHele BYCK 1 BCO,
nokasaju yseauuenue KII B 5 pas 11 1ra30BbIX CKBAKHH
U 12 11t He(PTAHBIX CKBAXKWH. [ITHUCTPAHCKUI C
coasropamu (2012) npeacTasuil JaHHbBIE CTUMYISALIUNA
¢ BYCK ropr30HTAa/IbHON CKBA’KMHBI B OPEHOYPrCKOM
o6nactu. BYCK 6b11a 3akauana yepe3 THKT. O6paboTka
BYCK npusena Kk 20%-My YBEJIMYEHHUIO I€OUTA.

Bcero 6p110 BBITIOHEHO 35 06paboToK ¢ BYCK Ha
OpeHOYPrckux MecTopoXxaeHuax ¢ 2007 o 2013 rog,
BKJIIOYAs] 23 HOBBIX CKBAXKUHBI U 12 06pabOTOK Ha
JIEUCTBYIOIEM (POH/IE CKBAXKMH. B OOJIBIIMHCTBE CIy4YaeB
06padoTKa ¢ BYCK nokasasa iy4ine pe3ynabTaTsl, 4eM
06pabOTKA COCEHNX CKBAXKUH JIPYTUMHU BA3KUMU
oTtkioHuTEeRsIMU (pUC. 15 1 16). HecMOTpst HA TO, UTO
BYCK pana nmyumne pesdynpsrarel, yeM CKITO nnu fpyrue
BSI3KHE OTKJIOHUTENN B OpEHOYPIrCKOM PErHOHE, OHA
HE CTaJIa CTAHJAPTOM PErHOHAIBHOIO IPUMEHEHUA
10 HECKOJIBKMM IPUYHHAM. [TepBO€ 1 caMOe€ TTIaBHOE —
3TO TO, YTO JAXKE UMESA JIyUIINE KAYECTBA OTKIOHEHUA
U PACIIPOCTPAHEHM S yepBOTOUYNH, BYCK T€M He
MEHEE OCTAETCA BA3ZKUM OTKJIOHUTEJIEM, KOTOPOMY
HEOOXOIUMO JOCTATOYHOE KOJIMYECTBO S3HEPT UM JIJIA
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mixed with a viscoelastic surfactant gelling agent.
The surfactant gels as the acid spends. The increase
in viscosity causes temporary plugging of the acid-
etched channels to allow continuous acidizing of the
unstimulated zone (Chang et al. 2001, Taylor et al.
2003).

Figure 5 shows a typical viscosity profile of VSDA
as a function of HCI spent. VSDA starts to develop
viscosity when the acid spends from 20% down to
12% (corresponds to 8% of HCl spent on the chart).
The fluid maintains a high viscosity with further
acid spending so that continuous diversion can
be achieved during pumping. When production
resumes, the producing hydrocarbon effectively
breaks the surfactant and lowers the VSDA viscosity.

The application of VSDA in Volga-Ural region has
been also described for other parts of the region.
Iliasov et al. (2010) described the application of VSDA
and Viscoelastic Selective Diverter (VSD) for 7 gas
and 3 oil wells in Saratov region. The wells treated
with VSDA and VSD showed Pl increase of 5 for gas
wells and 12 for oil wells. Dnistryansky et al. (2012)
presented data of VSDA stimulation of a horizontal

250
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CONAHOU KUCIOMBL

Figure 5 — VSDA viscosity development in 20%

HCl as a function of volume percentage of
HCl spent



BBIHOCA ITOCJIE OOPAOOTKH, YTO YACTO HE NOAXOAUNT JIJISI
UCTOILIEHHBIX IIACTOB B OpeHOyprckoi obmacTu. [ozxe
TEXHOJOrUs npuMeHeHust BYCK 6b11a COBMEIIEHA C
430TUPOBAHUEM JIJ11 OOPA30BAHUS CTAOMIIBHOU BA3KOMU
TEHBI JUIS1 OTKJIOHEHUS U YIIYYIIEHHON OTPAOOTKH.
Bropas npru4nHa 3aKJII0YA€TCS B OOBOAHEHHOCTU:
SIBJISISICh KMCJIOTHBIM OTKJIOHHTENEM, BYCK He momMoraeT
COKPATUTD WIH JJA’KE COXPAHUTH OOBOJTHEHHOCTD Ha
TOM K€ YPOBHE, KAK JJO IPOBEJEHUS OOPAOOTKU. TaKUM
06pa30M, CYIIECTBOBAJIA HECOOXOIUMOCTD B [IPyTOTrO
POAa METOAAX CACPKUBAHUS POCTA OOBOJJHEHHOCTH

U 3(PPEKTUBHON CTUMYIISILIUNU UCTOMEHHBIX [JIACTOB,
pEelIeHHas1 BIIOCIEACTBUM C IOMOIIBIO IPUMEHECHU S
TIEHHOT'O OTKJIOHUTEIS.

BSI3KOYIPYIVI CEJIEKTVIBHbIVI OTKJIOHUTE/Tb (BCO)

Panee ObUI0 OTMEYEHO, YTO CKBA’KHUHBI C
KapOOHATHBIMU KOJUIEKTOPAMU B OpEHOYPICKOI
06JIACTH UMEIOT BBICOKYIO OOBOJTHEHHOCTS. [1pn
KHUCJIOTHOHM OOPa®OTKE CKBAKUHBI C BLICOKOM
O6BOJHEHHOCTBIO UJIH C U3BECTHBIM BOJJOHE(MDTAHBIM
KOHTAaKTOM (BHK) HEOOXOOUMO NPUHHUMATD
CHELMNAJIBHBIE MEPBI TPEAOCTOPOKHOCTH JJIS
MHHHUMHU3ALIUH PUCKA YBETUYEHNUS OOBOJHEHHOCTH
nocue 06padOTKU. OGBIYHO B TAKUX CIY4YASAX 3AKAYKa
KHCJIOTHI «B JIOO» 6€3 CIIEIINATbHBIX OTKJIOHUTEJICI
MNPUBOAUT K CTUMYJIALIMHA BOZOHOCHOM 30HBI U OCTABJISAET
HE(PTEHOCHYIO 30HY HEOOPAOOTAHHOI B CBA3H CO
CPOACTBOM KUCIOTHI K BOJE. ICTOPUYECKHU CIIOXKUIOCH
TAK, YTO CKBA’KHMHBI C BBICOKOI O6BOJJTHEHHOCTBIO
B OpeHObypPreKoi 061ACTH HE PACCMATPUBAIINCH B
K44€CTBE KAHNUIATOB /11 KHCJIOTHOM OOPabOTKU U3-
32 OTCYTCTBUS CIIELIUATIBHBIX TEXHOJIOI'UH, KOTOPBIE
MOT'YT OTKJIOHUTDb KUCJIOTY OT BOJIOHACHIIIIEHHBIX 30H.
Ho curyanmsa namennnacs B 2008 roay, KOrja Hadaamn
TIIPHUMEHATD BA3KOYIIPYTUH CEJIEKTUBHBIN OTKJIOHUTED
(BCO) B OpeHbypreKoit 061aCcTH.

BCO ucnonp3yeTcs 11s IPOBEACHUS MATPUYHOMN
KUCJIOTHOM OO6PA0OTKH 1151 OTKJIOHEHUSI KMCJIOTHI OT
30HBI BBICOKOH BOZJOHACBIIIIEHHOCTH B 30HY, 60TaTyIO
YITIEBOAOPOAAMU. DTO JKHUJKOCTb HA BOJHOM OCHOBE C
BA3KOYTNIPYIuM ITAB 1 ¢ ©U3HAYAIBHO BBICOKOM BA3KOCTBIO.
Bo BpeMs MATPHUYHOM KUCJIOTHOM O6pPA0OTKH OHA
3aKAYMBAETCS BO BCE 30HBI, HO €€ BA3KOCTb PEZKO
NaAA€T IIPH KOHTAKTE C HEPTDHIO B HACBIIIEHHBIX
YITIEBOAOPOAAMU IIPOIIACTKAX. M3-32 JOMUHHPYIOIIETO
IIPUCYTCTBUS COJIEHBIX IIJIACTOBBIX BOJ, BA3KOCTb BCO
OCTAETCsI CTAOWUJIBHOM B BOJIOHACHIITICHHBIX MHTEPBAJIAX.
DTO NPENOTBPAIACT 3AKAUYKY KHUCIOTHI B BOJJOHOCHBIC
30HBI, IEPEHATIPABJISIS KUCIOTY U3 BOJIOHACHIIICHHBIX
MIPOIJIACTKOB B IIPOIUIACTKH, HACHIITICHHBIC
YIIEBOJOPO/IAMHU. B pe3yrnbrare He(pTEHOCHBIE TIIACTBI
CTAHOBSTCS OOPAOOTAHHBIMH, 4 BOAOHACHIIIEHHBIC
MIPOIJIACTKU BPEMEHHO OJIOKUPYIOTCS BO BpEMS
06paboTKH. HUKAKMX OCTATOYHBIX ITIOBPEXKACHUI HE
OCTAETCH, [IOTOMY YTO MATEPUAJI HE IOJTMMEPHBIN.
Cepust 1a60PATOPHBIX TECTOB C JJAHHBIM CEJIEKTUBHBIM
OTKJIOHUTEJIEM ObIA ONTUCaHA YaHT'OM U COABT.

(1998). ’KnaxoCTH 3aKa4MBAINCh IAPAJIJIEJILHO Yepes
JIBA KEPHA C PA3HOM HACKIIIEHHOCTHIO. [IO TOT'O KaK
CEJIEKTUBHBII OTKJIOHUTEND ObLI 3aKa4aH, 60JIbIIAS
YaCTh BBEJICHHBIX KUIKOCTEHN IIPOIIIA YEPE3 KEPH C

well in Orenburg region. VSDA was placed via coil
tubing (CT). Treatment with VSDA system resulted to
20% production enhancement.

A total of 35 VSDA treatments have been
performed in Orenburg fields from 2007 to 2013
including 23 newly drilled wells and 12 treatments
on producing wells. On most of this treatments,
VSDA have demonstrated better results than in
offsets treated with other viscosified diverters
(fig.15 and 16). Although VSDA have shown better
results than PSDA or other viscosified diversion
techniques for Orenburg region, it has not become
aregional standard for a several reasons. The
first and the most important is that, even having
better diversion qualities and better wormhole
propagation, VSDA has still remained a viscous
diverter that needs sufficient energy to flowback
after the treatment which is often not the case for
depleted formations in Orenburg region. Later, VSDA
technology has been incorporated with nitrogen
energizing to form stable viscous foam for diversion
and enhance flowback. Second reason is water cut:
being an acidic diverter, VSDA didn’t help to reduce
or even retain water cut at the same level as prior the
treatment. A need for techniques of different kind to
retain water cut and effectively stimulate depleted
reservoirs was later addressed by implementing of
foam diverter.

VISCOELASTIC SELECTIVE DIVERTER

It was previously mentioned that wells producing
from carbonate reservoirs in Orenburg region has
high water cut. When acidizing a well with high
water cut or with existing oil water contact (OWC),
special precaution is needed to minimize the risk of
water cut increase after the treatment. Typically, in
such situations, bullheading the acid without special
diverters will result in stimulating the water zone
and leaving the oil zone unstimulated due to acids
affinity for water. Historically, high water cut wells in
Orenburg region was not considered as candidates
for acidizing due to lack of special technologies that
might divert acid away from water saturated zones.
But situation changed in 2008, when viscoelastic
selective diverter (VSD) was introduced in Orenburg
region.

VSD is used for matrix stimulation applications
to divert acid away from a high-water-saturation
zone into a hydrocarbon-rich zone. It is a water-
based fluid with viscoelastic surfactant and initially
has high viscosity. During the matrix acidizing
treatment, it is injected into all zones, but its
viscosity sharply drops in contact with oil in the
hydrocarbon-saturated zones. Due to the dominate
presence of formation brine, its viscosity keeps stable
in water-saturated intervals. This prevents acid from
being injected into water zones, redirecting acid
from water-saturated sublayers to hydrocarbon-
saturated sublayers. As a result, oil producing
formations became stimulated and water-saturated
sublayers are temporarily blocked during treatment.
No residual damage remains because the material is
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6071e€ BBICOKOH BOJIOHACHIIIEHHOCTBIO BCJIEICTBHEC
3a(ppeKrTa OTHOCUTETBHOU (PA30BOU TPOHULIAEMOCTH
(puc. 6). TTociie BBEACHUS OTKJIOHSIIOIICTO ATCHTA BSI3KAsI
Opo6KA 6bLIA OOPA30BAHA B 3TOM KEPHE C BBICOKOH
BOJIOHACBIIIEHHOCTBIO U PA3PYLIIACE IPU IPOTEKAHUU
4Jepes KEPH € 60s1e€ HU3KOU BOJIOHACKIIIIEHHOCTBIO.

Kaxk TobKO Bsi3Kasg IPOOKA ObLIIa O6PA30BAHA B KEPHE C
BBICOKOH BOZJOHACBIIIEHHOCTBIO, KUCIOTA U30UPATEIBHO
HOMNAJIA ¥ HA49a/1a OOPAbOTKY KEPHA C BBICOKOM
HACBIEHHOCTBIO YIVIEBOJOPOJAMHU.

ITpumenenune BCO B co4eTaHNU C JPYTUMU
TEXHOJIOTUSAMU OTKJIOHEHUS BO BPEMS OOPaO6OTKU
CTaJI0 OOBIYHON NTPAKTUKOI B BONITO-YpanbCKkoMm
pernone. B atom ciaydae BCO 3aKa4MBa€TCA HA CTAUN
3AKAYKH XKUJKOCTH JJI51 IPEJBAPUTEIBHOM O6pA6OTKH
IUIACTA A0 MOMAJaHUS XKUJKOCTEN PEATUPOBAHUA B
IUTACT. DTO NO3BOJIAET OJIOKUPOBATH MOTEHIIUATIBHBIE
BOZOHACBIIEHHBIE 30HBI OT ITOCJIEAYIOMIEN KUCTOTHON
06padoTku. ITocse Toro kak BCO nHUIIUHpPYET IPOLIECC,
NPOAOJDKAETCA OObIYHAA MATPUYHAA KUCIIOTHASA
06pabOTKA C IEPEMEHHBIMU CTA/IUSAMU KUCJIOTHOT'O U
XHMMUYECKOI'O OTKJIOHEHM . [IHUCTPAHCKNI U COABT.
(2012) nokasaju npumMepbl MCoab30BaHusa BCO Ha
HAYaJIbHOM CTAIUU BO BPEMA MATPHUYHON KUCJIOTHOMN
06pabOTKN HA FTUTAHTCKOM OpeHOYPICKOM HE(PTAHOM
rasokoHzgeHcaTHoM mecTopoxaeHruu (OHI'KM). Ecin
PEABIIYIINE KUCTOTHBIE 00paboTKU HAa OHT'KM
9aCTO IIPUBOJVIIM K IIPOPBIBY BOJIBL, TO BOJOIIPHUTOK HE
HaOII01AJICS HA CKBAKMHAX, 00paboTaHHbIX BCO Ha
HA4aJIbHOM CTAAUN. [Ipyron npuMep UCIIONIb30OBAHUA
BCO B Boiro-YpanbCKOM PETMOHE ObLI OITYyOJIMKOBAH
NibsicoBbIM U COaBT. (2010). OH cOO61IMII O
3HAYMUTEIHBHOM CHIKEHUH OOBOJHEHHOCTH IIOCTIE 6
onepauuti ¢ BCO, Ha Tpex 3 KoTopelx BCO 6bL1 3aKauaH
Ha HAYAJIbBHOM JTAIIE C TTOCJIELYIONUM UCTIOIb30BAHUEM
BYCK B KaueCTBE OCHOBHOI'O OTKJIOHUTEJIS.

B cirtyuae kucinoTHOM 0OpabOTKU CKBAKUH C OYE€Hb
BBICOKOHM OOBOAHEHHOCTBIO (OOBIYHO 60s1€ee 70%)

BCO ucnonp3yeTcst B KAYECTBE €AUHCTBEHHOI'O
OTKJIOHUTEJIS JIJIs1 BCEH OOpabOTKU. B 3TOM City4dae
PEAKTUBHASA XKUJKOCTD 3AKAYUBAETCS MEXK/Y STAIIAMU
3akauku BCO. CkBaknHa Ne 143 TOKCKOro He(OTAHOTO
MECTOPOXKACHUS (IU1ACT T1) MOXKET CIIYKUTh XOPOIINUM
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non-polymeric.

A series of laboratory tests with this selective diverter
were described by Chang et al. (1998). The fluids
were pumped through two cores with different
saturations in parallel. Before the selective diverter
was pumped, the majority of the injected fluids
went through the core with higher water saturation
because of the relative permeability effect (fig. 6).
Upon injection of the diverting agent, a viscous
plug was formed in this high-water-saturation core
and degraded while flowing through the lower
water-saturation core. Once a viscous plug was
formed in the highly water-saturated core, the acid
preferentially entered and stimulated the high-
hydrocarbon-saturation core.

It is common practice in Volga-Ural region that
VSD is combined with other diverting technologies
during the treatment. In this case, VSD is pumped as
spearhead stage before any reacting fluids penetrate
into formation. It allows to block potentially water
saturated zones from the following acidizing
treatment. After VSD spearhead, normal matrix
acidizing treatment is continued with alternating
stages of acid and chemical diverter. Dnistryansky
et al. (2012) showed examples of using VSD
spearhead stages during matrix acidizing on giant
Orenburg oil, gas and condensate field (OOGCF).
While previously acidizing treatments on OOGCF
often lead to water breakthrough, no water
production was observed on wells treated with
spearhead stage of VSD. Another example of using
VSD in Volga-Ural region was published by Ilyasov et
al. (2010). He reported significant water cut decrease
after 6 treatments with VSD, on three of them VSD
was pumped as spearhead stage with subsequent
usage of VSDA as main diverter.

In case of acidizing treatment of wells with very
high water cut (usually above 70%) VSD is used
as a sole diverter for entire treatment. In this case
reactive fluid is pumped between stages of VSD. Well
143 on Tokskoe oil field (T1 formation) can be used
as a good example of VSD treatment of well with
high water cut. Before the treatment, well produced
205 m?/d of fluid with 76% water cut. The source of
water was not known. Matrix acidizing treatment
with 4 stages of VSD and 15% HCl stages between
them was pumped. After the treatment, stabilized
production of 288 m?/day of fluid was achieved with
water cut dropped to 60%. As a result, post-acidizing
oil production was more than doubled, from 42.5 to
995 tons of oil per day.

But not all VSD treatments was successful, some
treatments resulted in substantial water cut increase
(red dots on fig. 15 and 16). The suspected reason
is the presence of natural fissures or channels in
cement behind casing that links perforated interval
with water saturated layers. In this case, the size of
the pathway to water is much larger compared with
porous media where VSD suppose to work. It is well
known that only viscosity can be not enough to
provide efficient diversion in fissures or channels.
Additional mechanical diversion (i.e. fibers or other



npuMepoM 06paboTku ¢ BCO CKBA>KUHBI C BBICOKOH
O6BOHEHHOCTHIO. [I0 06pabOTKN O6'BEM I0OBIBAEMOL
JKUZIKOCTH COCTABIIs1 205 M3 /CyT ¢ 76% O6BOJHEHHOCTH.
VICTOYHUK BOJBI ObLIT HEU3BECTEH. MaTpHUUHAA
KUCJIOTHAS1 O6Pa60TKA COCTOSIA U3 YETBIPEX ITATIOB
3aka4yku BCO M 3TANOB 3aKaYKU PACTBOPA 15%-11
COJITHOM KMCJIOTBI MEX Y HUMU. [Tociie 06paboTKn
ObLIA JOCTUTHYTA CTAOMIN3UPOBAHHASA JOObIYA
JKUIKOCTH B 0O6'beMe 288 M3 /CyT CO CHUIKEHHOI 10 60%
O6BOJHEHHOCTBIO. B pesynbsraTte 1066192 HEPTH TOCTIE
KUCJIOTHOHM OOPabOTKH YBETUYHMIIACH 60OJIEE YEM B /IBA
pasza —c 42,5 10 99,5 THIC. TOHH HE(DTHU B CYTKH.

Ho ne Bce 06paboTku ¢ BCO ObIN yCTIEITHBIMH.
HekoTopsle onepanuu NpUBEIn K CyIIECTBEHHOMY
YBEITUYEHHIO OOBOHECHHOCTHU (IIOKA3aHO KPACHBIMU
TOYKAMU HA PUC. 15 1 16). OCHOBHOM ITPUYHUHOMN
SIBJIAETCS HAJTMYHE TPUPOIHBIX TPEITUH WU KAHATIOB
B IIEMEHTE 32 OOCATHON KOJIOHHOW, KOTOPAsI CBA3bIBACT
UHTEPBAJI NEP(OPAITUYM BOJIOHACHIINICHHBIMHU CIOSIMU.

B aTOM Citydae pazmep npoxo/ia K BOJI€ HAMHOTI'O 6OJIbIIIE
IO CPABHEHUIO C IIOPUCTON CPEJIOH, ITIE, TIPEATIONATACTCS,
JIOJIKEH paboTaTh BCO. XOpOIIO U3BECTHO, YTO TOIBKO
BSIBKOCTH MOJKET OBITh HEJJOCTATOYHO JJISI OOECIICUYCHIST
3(PHEKTUBHOIO OTKJIOHEHUS B TPEUTUHAX UITU

KaHWIAX. B TaKUX Cy4asx C/IeIyeT pacCMaTPHUBATh
JIOTIOJTHUTENBHBIN METO/ MEXAHUYECKOI'O OTKJIOHCHUST
(T.€. BOJIOKHA UJI IPYT'HE YACTHUILIBL), YTOOBI
MHHUMH3UPOBATH ITOTOK KUCJIOTHI B BOJJOHACHIIIICHHBIE
30HBL.

MEHHBIVI OTKJIOHUTE/b (10)

MeToz OTKJIOHEHU I IEHOK ObLII BHE/IPEH OYEHD
JaBHO B UICTOPHM UHKEHEPHOM MATPHUYHOM
KUCJIOTHOM O6pa0OTKU. FICIIONIb30BAHNE BOJHOI
TICHBI JUT5T OTKJIOHEHHSI B KOHIIE 60-X I'T. 6BIJIO OITUCAHO
Cmurom u 1ip. (1969). TTozske 3ep6y6 u coanrt. (1991)
NPOAEMOHCTPUPOBAJIH YIYUIIEHHOE TPUMEHEHHNE
METO/IA OTKJIOHEHH IIEHOM U €TO IPEUMYIIECTBA 1T
OOJIBIIMHCTBA TPYAHOCTEN IIPU KUCJIOTHON OOPAOOTKE —
30H4 OXBAT4, IOBBIIIEHNE BEIHOCA IPOAYKTOB PEAKITUU U
CHIKEHHE OOBOTHEHHOCTH.

YacTo METO/ OTKJIOHEHU A IIEHOU HE PACCMATPHUBAETCA
B KAYECTBE NPEAITOYTUTEIBHOI'O METO/A U3-34
JIOTUCTHUKHU M OI'PAHUYEHUI O60PYAOBAHUA.
B OpeHOyprckoi 0671aCTH OTKJIOHEHHE IIEHOM OKA34JI0Ch
CaMBIM HAaJIE’KHBIM METOJJOM OTKJIOHEHUSA B YCIIOBUAX
UCTOIIECHHBIX IIJIACTOB C MHOI'OKPATHBIMU OOPa60TKAMU
U BO3PACTAIOIICH OOBOAHEHHOCTBIO. TAKMM 00Pa30oM,
¢ 2011 roza 60IPIIMHCTBO MATPUYHBIX KUCJIOTHBIX
06pabOTOK IIEPENLIN B OTKJIOHEHUE HA IIECHHOU OCHOBE
(puc. 4).

Ilena MUHUMM3HPYET MOBPEXIEHUE TIACTA
BO BPEM OTKJIOHEHMUS, C IPYTON CTOPOHBI, OHA
BKJIIOYAETCA B IIPOLIECC HAIJIEKAEN CTUMYJIALIUN
BCEX MPOAYKTHUBHBIX 30H KAK JJOKA3aHHbBIN AKTUBHBIA
OTKJIOHUTENb. Hammane a30Ta TIOMOTaeT BBIHECTH
l'[pO,/IyKTbI pCaKL[I/II/I, BHHYCTI/ITI) CKBA’KMHY B
IKCILIyATALIUIO CPA3Y ITOC/IE OOPAOOTKH, YETO OCOOEHHO
TPYAHO JOCTHUYD B CJIydae TPAJUITMOHHOM KUCIOTHOM
06pPaOOTKHU UCTOMEHHBIX CKBAXUH. /17151 JOCTUXKEHU S
Han60b1Ier 3PPEKTUBHOCTH IIEHHOI'O OTKJIOHEHHU S
6BLJIa PEKOMEH/IOBAHA CJIEIYIONIAs TOCIEA0BATEIBHOCTD

particulates) should be considered in such cases to
minimize acid flow into water saturated zones.

FOAM DIVERTER

Foam diversion has been implemented very early
in history of engineered matrix acidizing. Utilization
of aquatic foam for diversion purposes in late 60’s has
been described by Smith et al. (1969). Later Zerboub
etal. (1991) has demonstrated improved application
for foam diversion and its benefits for major acidizing
challenges - zone coverage, enhanced flow back and
water cut reduction.

Often foam diversion is not considered as preferred
method because of logistics and equipment
limitations. In Orenburg region foam turned out
to be the most reliable diversion technique under
conditions of depleted reservoirs with repeated
treatments and increasing water cut. Thus, since 2011,
the majority of matrix acidizing treatments switched
to foam-based diversion (fig. 4).

Foam minimizes formation damage while
diversion, on the other hand incorporates in proper
stimulation of all producing zones as proven active
diverter. Presence of nitrogen helps to flow back
reaction byproducts, kick-off the well and put
on production immediately after the stimulation
treatment, which especially hard to achieve in case of
conventional acidizing on depleted wells. For the best
foam diversion performance, the following sequence
of stages was recommended for foam diversion in
Orenburg region.

1. Clean the near wellbore, if necessary. A mutual
solvent removes oil from near-wellbore region (oil
destroys foam), and water wets the formation.

2. Inject a preflush containing surfactant. The
preflush displaces the mutual solvent (detrimental
for foam) and minimizes the absorption of the
surfactant inside the foam.

3. Inject a foam pill. The foam preferentially plugs
the high-permeability zones.

4. Shut in the well. Following the foam penetration
into the matrix, a short shut-in time is helpful to
attain a stabilized diversion regime quickly.

5. Inject treating fluids containing surfactants. If
surfactant is not added, the acid stage destroys
foam and the diversion effect vanished quickly.

Design sequence described above was revised
for the wells where acidizing treatment has been
performed previously. Usually, previous treatments
consisted of un-engineered bull heading of 0.5-1 m?
of 14% HCl per meter of perforation with no diverters,
performed by local workover companies. In case of
acidizing treatment performed on the well, vugs and
face dissolution can exist across the most permeable
zones. In this case, acidizing treatment may start
from foam diversion stage. It is recommended to
increase first foam preflush and first foam diversion
stage proportionally to the amount of carbonate rock
dissolved during previous treatment. For example,
1000 gal (3.78 m?) of 15%HCI dissolves approximately
80 gal (0.3 m?) of limestone rock before full spending.
Imagine 3000 gallons of 15% HCl pumped on
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3TANOB OTKJIOHEHUS NEHOH B OPEHOYPrCKON OOIACTU.

1. TIpoBeauTe OYUCTKY IPU3A60NHON 30HBI B CJIy4Yae
HEOOXOAUMOCTHU. VICTIO/Ib30BAHUE COBMECTHOTO
PaCTBOPHUTENA YAAIAET HE(PTh U3 IPHU3A00MHON
obmactu (HeTh PA3PYIIAET IIEHY), U BOZA 3aJIUBAET
IIACT.

2. Bsepure ITAB, copepxariee )KUJIKOCTb
NPEABAPUTENBHON NPOMBIBKI. [IpOMBIBOYHAS
JKMJIKOCTD BBITECHSET B3aUMHBIN PACTBOPUTEND
(pa3pymurTENbHOE AECTBUE HA IEHY) U CBOJUT K
MHHHUMYMY HOIVIOHIEHHE TOBEPXHOCTHO-AKTUBHOT'O
BEIIIECTBA BHYTPU IIEHDL

3. BBepuTe NEHHBIN COCTAB. [IeHa IPeATIOYTUTEIBHO
3aKYIOPHUBAET BLICOKOIIPOHHUIIAEMBIE 30HBL

4. OCTaHOBUTE CKBAKMHY. B TO BpeMs KaK II€HA
MPOHHUKAET B MATPUILY, KODOTKASI OCTAHOBKA
CKBA’KHHBI CITOCOOCTBYET OBICTPOMY JTOCTHKEHUIO
CTAOUJIBHOT'O PEKHUMA OTKJIOHEHHUSL.

5. Beeaure KUAKOCTU OOPAOOTKH, COACPKAIINE
ITAB. Eciti ITAB HeE 106aBAEH, KUC/IOTHAS CTAIUS
paspymaet neny ¥ 3p@EKT OTKJIOHEHUS OBICTPO
UCYE3AET.

OMnMCaHHAA BBIIIE TOCIEOBATEIBHOCTD ONIEPAIUIA
ObLIA IEPECMOTPEHA JJ11 CKBAKUH, I7IE PAHEE YKE
POBOAWIIACH KUCIOTHASI O6pa00TKA. OO6BIYHO
IpeapAyIue O6padoTKU COCTOAT U3 HEAOPAOOTAHHON
3aKa4YKHU «BJI0O» 0,5—1 M> 14%-11 CONTHOM KUCIOTHI HA
MeTp nep@doparmu 6€3 OTKJIOHUTEIIEH, BBIITOIHIEMON
MeCTHBIMU KoMnanuaMu 11o KPC. B ciydae nposeieHUA
KHCJIOTHON OOPA60TKH B CKBAKHHE, ITYCTOTHI U
MOBEPXHOCTHOE PACTBOPEHME MOT'YT OBITh B HAUOOJIEE
MPOHUIIAEMBIX 30HAX. B 3TOM CiTy4dae KUCIOTHASA
06pabOTKA MOXKET HAYATHCS C ATANA OTKJIOHCHUST
IEHOMN. PEKOMEHyeTCA YBEJIMYUTD CTAJUIO [IEPBOI
MIPEABAPUTEIBHOM IIPOMBIBKU IIEHOU U IIEPBOI'O
OTKJIOHEHH A TIEHOH NPONOPLUOHAIBHO KOTTHYECTBY
KapOOHATHBIX ITOPOJ], PACTBOPEHHBIX BO BPEMS
npeapayiie o6padorku. Hanpumep, 1000 ran
(3,78 M?) 15%-11 CONSAHOI KUCJIOTHI PACTBOPSIET
npumepHO 80 rai (0,3 M*) U3BECTHAKOBBIX ITIOPO/

JIO TIOJTHOTO pacxogoBaHus. [Ipeacrassre 3000

rain 15%-1 COISTHOM KUCJIOTHI, 3aKA9dHHOU BO

BpEMs NIPEABIAYIEH OOPAOOTKH, 3aTEM HA NIEPBBIX

CTAUAX IIPEBAPUTEIBHOU IIPOMBIBKH IIEHOM U

MEHOOOPA30BAHUS IOJIKHO OBITh YBEJITMYEHHUE TPUMEPHO

Ha 240 raJ 111 CKBa>KUHHDBIX YCJIOBUI.

HeCKonbKO 06padOTOK OBLIO BBIIIOJIHEHO C
NPUMEHEHUEM HU(PPOBBIX MAHOMETPOB 3260MHOTO
JIABJIEHUS, U TIOKA34HO, YTO IIPEJJIArAEMOE IIEHHOE
OTKJIOHEHHE MOXKET ObITh O4€Hb 3(P(PEKTUBHBIM U
CHOCOOCTBYET YBEJIUYEHUIO JIABJICHUSI OOPAOOTKH HA
3a60e€ 10 100 at™m (puc. 7).

st IIUTENBbHBIX OOPA6OTOK IIEHHBIN OTKJIOHUTEb
MOJKET PA3PYIIATHCA MPH 3AKAYKE KUCIOTHBIX CTAJUI.
BO3MOXXHBIM IPU3HAKOM TAKOT'O PA3PYIIEHUA MOXKET
OBITh CHIKEHUE TABJIECHUSA HA CJIEAYIOMEM KHCIOTHOM
Tane (HAIpUuMep, pyuc. 7), XOTd TAKOE CHUKEHUE
JIABJIEHUS TAKXKE MOXKET ObITh IPU3HAKOM IIPOPBIBA
KHUCJIOTBI YEPE3 NMOBPEXACHUE K OOPA3Z0OBAHUA HOBBIX
KaHaJ10B. ITocJie O1IeHKH JJAHHBIX 3200MHOT'O TABJICHHST
13 (POH/IA CKBAKUH IIEPHO, OCTAHOBKH IOCJIE 3TAIA
MEHHOI'O OTKJIOHEHHU ObLI 3HAYUTEIBHO COKPAIIIEH,
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[aBnenue (atm), CKopoCTb a3oTa (CMK/MUH)

previous treatment, and then approximately 240
gallons for downhole conditions should increase the
first foam preflush and foaming stage.

A number of treatments have been performed
with bottomhole pressure memory gauges, and it
is demonstrated that proposed foamed diversion
can be very efficient and provides an increase in
bottomhole treating pressure up to 100 atm (fig. 7).

For extended treatments foam diverter can
degrade while pumping acid stages. Possible sign of
this kind of degradation can be decreasing pressure
on the next acid stage (i.e. fig. 7), although this
pressure decrease can also be an indication of acid
breaking through the damage. After evaluation of
bottomhole pressure data from numbers of wells,
shut-in period after the foamed diverter stage was
significantly decreased in order to gain viscosity yield
and not compromise foam stability.

For low injectivity formations in order to
increase stability and diversion efficiency; it is
also recommended to use foamed, VSDA: being a
surfactant-based fluid, VSDA doesn’t need additional
foaming agents and has extended stability of 3 and
more hours of foam half-life.

Foam diversion was primarily used with an
application of CT placement. Acidizing was
performed on different formations with long
production intervals and low reservoir pressure.

The wells producing from deep Devonian
formation (D5) were chosen as trial candidates for
bullhead acidizing treatments with FD. Formation’s
TVD 4200-4300 m, average gross height 3—8 meters,
formation permeability typically ranging from 2 to
5 md, low reservoir pressure range 200-300 atm in
combination with very light crude about 48° APL
Without stimulation, wells were producing at low
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YTOOBI IOJIyYUTh BA3KOCTb U HE IOJIBEPTATh PUCKY
YCTONYUBOCTD IIEHBL

JIJ151 IJIACTOB C HU3KOU ITPUEMUCTOCTBIO C LIEIBIO
MHOBBIIIEHUS CTAOUIBHOCTU U 3(P(PEKTUBHOCTU
OTKJIOHEHU S TAKXKE PEKOMEH/IYETCS UCIIOIb30BATh
BCIIEHEHHYIO KUCIOTY BYCK: 6y1y4n *KUIKOCTBIO HA
ocHOBe [TAB BYCK He HyKX/1a€TCA B JOITOTHUTEIBHBIX
MEHOOOPA30BATENAX 1 OOIAAET IPOAOJIKUTEIBHOM
CTaOMJIBHOCTBIO OT TPEX U 60JIEE YACOB IIEPUO/IA
OJIyPACHa/A IIEHBL

IleHHOE OTKJIOHEHHUE U3HAYAJIBHO HCIIOIb30BATIOCh
c npumeHeHneM ruokux HKT. KucnotHeie 06paboTku
MIPOBOJWJIMCDH HA PA3/IMYHBIX IUTACTAX C JJIATEIBHBIMU
OPOAYKTUBHBIMUA MUHTEPBAJIAMU U HU3KHM ILJIACTOBBIM
JIABJICHHUEM.

CKBAKUHBI, JOOBIBAIOIIUE U3 IITyOOKHX IEBOHCKHUX
w1acToB (/15), ObUIN BEIOPAHBI B KAYECTBE MPOOHBIX
KaH/IUJIATOB HA IIPOBE/ICHUE KUCTIOTHON OOPAOOTKH «B
JIOO» C NIEHHBIM OTKJIOHUTENEM. BEpTHKAIbHASA [NTyOHHA
CKBaXKUHBI 4200—-4300 M, cpefHsst 0011141 BBICOTA 3—8 M,
MPOHHUIIAEMOCTD IUIACTA OOBIYHO BAPBUPYETCS
OT 2 10 5 M/, HU3KUU JTUATTA30H IIJIACTOBOTO JIABJICHU S
200-300 aTM B COY9€TAHUU C OYEHD JIETKOM ChIPOU
HedTBIO OKONO 48° AHH (API). be3 ctumynanuu
CKBAKMHBI 1ABAJIM HU3KUH 1COUT HEPTH, U
3HAYUTEJIbHBINA OJIOKUTENIBHBIN CKUH-(DAKTOP ObLIT
PACCYMTAH B IUAIIA30HE OT 5 110 15. XOTs, OCHOBBIBAACH
HAa JAHHBIX Y3JI0BOTI'O 4HAJIN34, CKBAKHMHBI TTOKA3AJIH
MOTEHIINAJI JUIS ECTECTBEHHOI'O ITPUTOKA, TPAJAUITUOHHAS
KUCJIOTHASI OOPAaBOTKA C BI3KMMU OTKJIOHUTEISIMU HA
COCETHUX CKBAKMHAX HE JJAJ1A XKETAEMBIX PE3YJIBTATOB
M3-32 TPYJHOCTEN BLIHOCA B INTyOOKUX CKBAKMHAX, JIEAS
IPUHSATHUE OKOHYATEJIbHOI'O PE3YJIBTATa OOPAOOTKHU B
OCHOBHOM 34BUCHMBIM OT Ka4€CTBA BBIHOCA U BEIOPOCA,
4 HE KAY€eCTBA CAMOM KMCJIOTHOM O6pabOTKU. Bbliia
pOBEJEHA OOPAOOTKA ITSITH JJIEBOHCKUX CKBAKHH B 2010
rO/ly B KA4€CTBE MUJIOTHOI'O IIPOEKTA JIJIs KUCJIOTHOM
06pPaOOTKU 3AKAYKOH «B JIOO» C IPUMEHEHHUEM [IEHHOT'O
OTKJIOHUTEIS1 B OpeHOYprckor obactu. ITocie
06pPabOTKH ObLJIO YCTAHOBJIEHO CPE/THEE YBEINYEHE
PI B 4,4 paza u npupocrt gebura Hedp1tu 48 TOHH Ha
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Figure 8 — Foam diversion productivity results
in comparison to other acidizing job on D5
Jormation
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oil rate and significant positive skin was estimated
ranging from 5 to 15. Although, based on nodal
analysis, wells have shown potential for natural
flow, conventional acidizing with viscous diverters
on offset wells didn’t give desired results because
of difficulties in flowback on deep wells making
the final result of the treatment mostly dependent
on quality of flowback and kick off rather than the
quality of acidizing treatment itself. Five Devonian
wells were treated in 2010 as a pilot project for
bullhead acidizing with FD in Orenburg region. Post
treatment production established average Pl increase
of 4.4 times and oil incremental of 48 tons per
well in average (fig. 8). Success of these 5 wells has
predetermined foam diversion to become a regional
standard for acidizing. Overall production results in
figures 15 and 16 showed good effectiveness of foam
diverter regardless of new or old wells were treated.
The specific of the Volga-Ural region is that
oil-saturated layers is usually located just near water-
saturated zones, or have active aquifer. Most of the
formations produce at high water cut and majority
of the produced fluid is water. After 2010, most of
the acidizing treatments performed in the region
incorporated foam diversion (fig.4) and statistic
showed trend of reduced post-acidizing water cut
increase after FD introduction (fig. 9).

USING COIL TUBING FOR MATRIX ACIDIZING
Conventional method for matrix acidizing is
bullheading. The approach is widely used but, under
some conditions has lower efficiency due to non-
uniform stimulation. Coiled Tubing has a number

of advantages over bullheading in matrix acidizing

especially for long interval treatments:

1. Ithelps to place treating fluids across the entire
interval during the treatment. Thomas et al.
(1995) using computer simulator and real case
studies showed that coiled tubing placement in
combination with chemical diverters yields good
zone coverage in horizontal and vertical wells
completed in massive carbonate reservoirs.

2. Using CT allows pickling the CT string on
the surface before running it in the hole, thus
eliminating the risk of iron invasion into the
formation with acid.

3. Performing the treatment through CT avoids
exposing the wellhead or completion tubing to
direct contact with corrosive treatment fluids.

4. Integrated treatments. Associated operations
can be performed as part of an integrated service
prior to the matrix treatment, for example,
fill removal prior to a treatment; acid wash or
cleanout of the rat hole from incompatible fluids.
It is imperative in many matrix treatments to
perform the well flow back as soon as possible
after the acid job. Nitrogen kickoff can be
performed right after the treatment to recover
as much treating fluid from the formation as
possible and easily put the well into production.
Production logging can be performed before and
after the treatment.
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CKBAXKHHY B cpegHeM (PUC. 8). YCIIEX ITHUX 5 CKBAXKUH
PEIONPEACTII CTAHOBIECHHE IEHHOT'O OTKJIOHEHUS
PETHOHAIIBHBIM CTAHAPTOM 151 KHCJIOTHOM
06paboTKU. O6IIME PEZYIBTATEL JOOBIYM HA PUCYHKAX
15 1 16 moKa3a711 XOPOIIYIO 3(h(HEKTUBHOCTD IICHHOTO
OTKJIOHUTEJISI HE3ABUCUMO OT TOT'O, B KAKUX CKBAKUHAX
MIPOBOJMIIACE OOPAOOTKA (HOBBIE WJIH CTAPBIE
CKBA)KWHBI).

Crenndrka Bonro-YpaabCKoro peruoHa 3aKaI04acTcs
B TOM, YTO HE(DTEHACBIIICHHBIC CJIOH, KAK IPABUJIO,
HAXO/ISITCS B HETOCPEACTBEHHOM OJIM30CTH OT
BOJIOHACHIIIECHHOM 30HBI TUOO UMEETCSI AKTUBHBI
BOJIOHOCHBII TOPU3OHT. B GOIBITMHCTBE I1JIACTOB JOObIYA
UJIET IIPU BBICOKOY OOBOJIHEHHOCTH, U OCHOBHBIM
JIO6BIBAEMBIM (DIIIOUIOM SIBJIsIETCS BojA. [Tocae 2010 roga
B COCTAB OOIBIINMHCTBA KUCIOTHBIX OOPa00TOK,
IPOBOAVMBIX B PETUOHE, BXOAUT IIEHHBIN OTKJIOHUTEIb
(puc. 4), 1 CTATUCTHUKA ITOKA34J1a TEHAEHIIAIO CHUKEHU A
YPOBHSI OOBOJHEHHOCTH ITOCJIE KUCJIOTHOHN OOPAOOTKHU
C BBE€JEHHUEM [IEHHOI'O OTKJIOHUTENIA (pHUC. 9).

MMPUMEHEHWE MHKT 47151 MATPUYHOW
KUCJIOTHOV OBPABOTKU
TpasruIIMOHHBIM METOJOM MATPHUYHOM KUCJTOTHOHU

O6PaOOTKU SBJISIETCS 3aKAYKA «B JIOO». [JAHHBIN METOJ,

IIUPOKO HUCIIOJIb3YETCS, HO B HEKOTOPBIX YCJIIOBUAX UMEET

60J11€€ HU3KYIO 3(P(PEKTUBHOCTD U3-32 HEOAHOPOAHOM

crumynsanun. Ilpumenenne ru6kux HKT nmeer pan

MPEUMYIIECTB IO CPABHEHHIO C 3AKAYKOM «B JIOO» B

MATPHUYHOU KMCJIOTHOI O6pabOTKE, OCOOEHHO [IJIA

JUIMHHBIX NTHTEPBAJIOB O0OPAOOTKU:

1. DTOMO3BOIAET PA3MECTUTD JKHUJKOCTb OOPA6OTKH IO
BCEMY HHTEPBAIY BO BpeMs 06paboTKH. ICcOnb3yst
KOMITBIOTEPHBIN CUMYJISATOP M PEATIbHBIE IIPUMEPDI
uccaeoBaHuu, Tomac u 1p. (1995) nokaszainy,
4TO UCIIOJIb30BAHUE I'NOKUX TPYO B COUETAHUH C
XUMHWYECKMMU OTKJIOHHUTENSAMH JAET XOPOIIYIO
30HY ITOKPBITHA B 3KOHYEHHBIX TOPU3OHTAIbHBIX
1 BEPTHUKAJIBHBIX CKBA)KMHAX B MACCUBHBIX
KapOOHATHBIX KOJJIEKTOPAX.

2. Hcnonp3oanue 'HKT O3BOISAET BEIIOJIHUTD
npoTpasauBaHue KoaoHHbI THKT Ha OBEpXHOCTU
MIEPEJ] €€ CITYCKOM B CKBAXXUHY, TAKUM OOPA30M
YCTPAHASA PUCK NOMNAJAHUA XKEJIE34 B IUIACT C
KHUCJIOTOM.

3. TIposenenue o6padorku yepes T'HKT nnossosnser
M36€XKaATD IIPAMOI'O KOHTAKT4 YCTEBOI'O
obopynosanus U noasecku HKT ¢ KOppO3ZMOHHO-
AKTHUBHBIMU )KUJIKOCTAMU OOPAOOTKH.

4. KomiuiekcHble O6pa0OTKH. COBMECTHBIC
OIIEPAIU MOT'YT OBITD BBHITTOJTHEHBI KAK YaCTh
WHTETPHUPOBAHHOI'O KOMIIJIEKCA /TO MATPUYHON
KHUCJIOTHOM OOPabOTKH, HAIIPUMED, Y AJICHUE
OTJIOKEHUI IO IPOBEJEHUS OOPAOOTKY;

IIPOMBIBKA KHUCJIOTOM WJIM OYHCTKA CTBOJIA OT
HECMEIITMBAIOIIUXCA XKUJIKOCTEN. BO BpeMs MHOI'MX
MATPHUYHBIX KUCJIOTHBIX O6PA60TOK KPAMHE BAKHO
KaK MOYKHO CKOP€€ IPOBECTU OTPAOOTKY CKBASKHUHBI
MIOCJIE KUCTIOTHOH OIIEPAaITHU. 3aITyCK 430Ta MOXKET
OBITD BBITIOJTHEH CPA3y IOCJIE OOPAOOTKHU, UTOOBI
W3BJICYb KAK MOXXHO 6O0JIBIIIE XXUIKOCTH OOPA6OTKHU
U 6ECIIPENITCTBEHHO 3aMIYCTUTh CKBAXKHUHY B

34 Ne1(051) Mapr /March 2015

40% 1

35%

30%

25%

20%

15% +

0O6BoaHeHHOCTL Nocne KO

CpepHss o6BogHeHHOCTb / Average Water Cut

10% - == Water Cut after acidizing
06BoaHeHHOCTb 0 KO
5% - = Water Cut before acidizing
0% 4 +
2007 2008 2009 2010 20M 2012

Pucynok 9 - Yeeauuenue 06600HeHHOCIU
nocae KO 66110 MUHUMU3IuPOGano
npumenenuem neHHo20 OMKJIOHUMENA
Figure 9 — Post-acidizing water cut increase
was minimized using foam diverter

5. Live well treatments. The CT pressure control
equipment configuration allows the treatment to be
performed on a live well. The potential formation
damage associated with well killing operation and
the corresponding loss of production time are
thereby avoided.

6. Mobile point of injection. Jetting effect is something
that can be effective in casings and provided if a
proper purpose built nozzle tool is used.

“Dual string” pumping technique was introduced in
Orenburg region in 2009. With this technique, treating
fluids are pumped into both CT and annulus between
CT and tubing at the same treatment. As friction pressure
in annulus is significantly lower than that inside CT, we
can increase pump rate significantly, thus increasing
wormhole penetration and decreasing pumping time.
If required, diverter and main acid can be pumped
at the same time. Acid is pumped at high pumping
rate to the CT-tubing annulus while foam is pumped
simultaneously through CT across thief zone. Thus, the
thief zone is continuously saturated by foam, providing
effective dynamic diversion during treatment and
allowing the stimulation to be performed selectively.

Well 608 Efremo-Zykovskoe oilfield is one of the
examples of using “dual string” pumping technique in

Orenburg region. This well has 4 perforated intervals

across different formations; table 1 demonstrates

properties of each formation. Df formation has
appeared to be the thief zone based on pre-treatment
production log. Low reservoir pressure, clear thief zone
and significant depth difference between treated zones
definitely made this well excellent candidate for matrix
acidizing through CT with foam diversion and “dual
string” technique.

Design was done in a way to exclude stimulation
of thief Df formation and stimulation of T1, ZI-1 and
Z1-2 was the main aim of this treatment. The following
sequence of stages was used during treatment:

1. Pickle CT on surface till returned acid will have less
than 2000 ppm of iron.

2. Riginhole CT. Establish circulation (2% KCI + N,
due to low Pres). Circulate 8 m? of 15% HCI+ N, with
direct circulation to surface. The aim of this step is to
pickle annulus between CT and tubing.

3. Preflush with mutual solvent through CT across all



IKCIUIYATAUIO. TUIPOANHAMUYECKUI KAPOTAXK
MOMKET OBITH ITIPOBE/ICH JIO U TTOCJIE OOPAOOTKH.

5. TIpoBenecHME O6PAOOTKU 6€3 3AKPBITHS CKBAXKUHBIL.
KoMIOHOBKAa OO0PYJOBAHUS KOHTPOJIA JABJIECHUSA
I'HKT no3BoisieT IPOBOJAUTL OOPAOOTKY B
CKBA>KMHE MOJ JaBJIEHUEM. TEM CAMBIM MOXKHO
U306€XKATh TOTEHITUAIBHOI'O TOBPEXACHUS IIACTA,
CBA3AHHOTI'O C PA0OTAMU MO ITTYMIEHUIO CKBA>KHUHBI,
U COOTBETCTBYIOIIUX OTEPh TPOJOJIKHUTEITBHOCTH
IKCIUIYATALTUN.

6. Mo6uibHas1 TOYKA HATHETAHUSL. DPPEKT CTPYHHOM
MIPOMBIBKU MOKET OBITh PE3YIBTATHBHBIM B KOJIOHHAX
TPYO U MOXKET OBITh IOCTUTHYT C UCIIOJIb30BAHUEM
HA/JIEKAIIEH, CIIENUAIBHO CKOHCTPYUPOBAHHON
HACA/IKU.

MeTo/ 3aKaYKU «IBOMHOM KOJIOHHOM» OBLT BBEACH
B Openobyprckor oo6mactu B 2009 roay. C HOMOIIBIO
3TOT'O METO/IA JKHUJIKOCTU OOPAOOTKH 3AKAYUBAIOTCS
opHOBpeMeHHO U B 'HKT, 1 B KOJIBLIEBOE MPOCTPAHCTBO
mexay THKT u HKT BO BpeMst OfTHOM M TOM ke
06paboTKU. TaK KAK JaBJICHUE TPEHUS B KOJIBIIEBOM
IPOCTPAHCTBE 3HAYUTEIBHO HIKE, yeM B THKT, MOXXHO
3HAYUTENIBHO YBEJTUYUTD CKOPOCTD 3aKAYKH, TEM
CaMBIM YBEJTUYHUBAS PACIIPOCTPAHEHNUE YEPBOTOYMH U
CHIDKAA BPEMS 3aKA4KU. [Ipr HEOOXOAUMOCTH MOKHO
OJHOBPEMEHHO 34KA4YUBATHh OTKJIOHUTEIIb U OCHOBHYIO
KHACAOTY. KMCIOTA 3aKAYHUBAETCA C BLICOKOM CKOPOCTBIO
34KA4KHM B KOJIbLEBOE NTpoCcTpaHcTBO 'HKT, B TO
BpEMs KAK [TEHA 3aKA9MBAETC OJJHOBPEMEHHO YeEPE3
I'HKT no Bcelt 30He NoIoumeHus. Takum o6pas3om,
30H4 ITOCTOSIHHO HACHIIIAETCA IIEHOM, OO6ECTIEUNBAs
3(PPEKTUBHOE TUHAMUYECKOE OTKJIOHEHHE BO BPEMSI
06pPabOTKU 1 IO3BOJISIS [IPOBEJEHUE CEJIEKTHBHOU
CTUMYJIALAH.

CxBaxnHa Ne 608 EppemMo-KyKOBCKOTO
MECTOPOXKIEHHUA ABJIAETCA OJHUM U3 IIPHMEPOB
HCIIOJIb30BAHUSI METO/IA 3aKAYKU «IBOMHOM KOJTOHHOM»
B OpeHbypPrcKoit 061aCTH. B 3TOM CKBAXKUHE €CTh
4 nepOpUPOBAHHBIX UHTEPBAJIA B PA3JTMYHBIX
mracTax. Taémuiia 1 ToKa3bIBAET CBOMCTBA KAXK/IOI'O
r1acta. ITnact ¢ oxka3asics 30HOH HOIIONIEHS Ha
OCHOBAaHUH IIPOMBICJIOBOI'O KAPOTAXKA, IPOBEJEHHOIO
J10 06paboTKN. HU3KOE IIaCTOBOE 1ABJICHUE, SIBHAS
30H4 IOIVIOIMIECHUA U 3HAYUTEIbHASA PA3HULIA INTYOHNH
MEXIY 30HAMH OOPA6OTKU — BCE ITO CAEAJIO CKBAXKHUHY
OTVIMYHBIM KaHINUIATOM JJIs IIPOBEAECHUA MATPUIYHOMN
KHCJIOTHOU 06paboTKU yepe3 'HKT ¢ nenHbiM
OTKJIOHHUTEJIEM U METOJIOM «IBOMHOM KOJIOHHBI».

JI13a11H ObLI BBIIIOJIHEH TAKUM OOPa30M, YTOOEI

HUCKJIIOYUTD CTUMYJISIIHIO TTOIVIOMIAIOMEro 11acTa Ih u

COCPEOTOYNTHCS HAa 06paboTKe 11acToB T1, 371-1 1 351-2.

Bo BpeMs 06paboTKU 6bl1a UCIIOIb30BAHA CJIEAYIONAs

[IOCJIE/IOBATEIBHOCTD ATATIOB:

1. TIporpaska THKT Ha MIOBEPXHOCTHU JIO TEX MOP, TTIOKA B
BO3BPATHOM KUCJIOTE OyIeT copepKarbcs MeHee 2000
4acTe Ha MUJIJIMOH JKEJIe34.

2. INoaroroska 'HKT B ckBaxkuHe. Co3paHue
UUPKYIALUU (296-s1 KCl+ N, 13-32 HU3KOTO
nasienus). 3akauka 8 m? 15%-i1 HCl + N, ¢ npsaMor
LUPKYJIALNEN Ha IOBEPXHOCTD. LIEJIbIO 3TOrO 3Tana
SIBJIIETCS IPOTPABKA 3aTPyOHOT'O MPOCTPAHCTBA
mex gy F'HKT n HKT.

Taoauya 1 - Ckeaxcuna Ne 608 E¢fhpemo-
Kyxoecxozom/P. XapaxkmePpucmurka CKeaMCunbL

00 00pabomKu

Table 1 — Well 608 Efremo-Zykovskoe oilfield.

Pre-treatment well data

HasBaHve nnacta / Formation name

T

711

Zl-2

Df

BepTvkanbHas rnybuHa cke. m / TVD, m

1734

1829

1854

1899

MnactoBoe fasnexve, atM / Reservoir Pressure, atm

77

87

89

93

Temnepatypa nnacta, ‘C / Reservoir Temperature, “C

40

40

40

40

QakTnyeckas fLobblya, M?/neHs /
Actual Production, m?/day

58

ObBoAHeHHOCTb, % / Water cut, %

12

dakTnyeckas [obbl4a HedTW, T/AeHb /
Actual Oil Production, t/day

44

YBenudeHune fobbm ot TUC (PLT), % /
Production contribution from PLT, %

0

64

SddekTrBHaA ToNnWwwmHa nnacta, M / Net Pay, m

6.4

8.4

OxunpaaeMas NPoHNLaemMoCcTb, M /
Expected permeability, mD

25

27

24

85

zones to dissolve heavy hydrocarbons in the near

wellbore zone.

4. Displace wellbore fluid by 15% HCl in the CT-tubing

annulus.

5. Pump surfactant solution through CT across all

zones.

6. Pump Foam through CT across all zones till ~
10-20 bars increase in circulation pressure (sign of
diversion). Shut in for foam stabilization. Place end of
CT across thief zone (Df formation).

7. Pump 15% HCI through CT-tubing annulus and
pump foam through CT at the same time.

8. Repeat stages 67 till finish of acid in the tanks.
Displace fluids in CT and CT-tubing annulus.

9. Kick off the well.

Unfortunately, production log was not run after the

treatments, so we cannot directly compare production
profiles before and after the treatment. But production
results showed that productivity index increased more
than 3 times: from 1.04 to 3.2 m?/day/atm at the same
level of water cut. In general, all treatments with “dual
string” pumping technique showed excellent results in
the complicated conditions of the wells in Orenburg
region. The thief zone must be well known before the
treatment to maximize benefits of this technique.
Utilization of highly retarded emulsified acid (REA)
can help to create wormholes even with a low pumping
rate through CT. Dnistryansky et al. (2012) provided
an example of using REA for stimulation of depleted
horizontal open hole well through CT in Orenburg
region with gas production increase after the treatment
of 20% compared with pre-treatment data. Some
other methods to improve the effectiveness of matrix
acidizing through CT will be described later in ways
forward section.

CONCLUSIONS

Aswas mentioned before, all coiled tubing jobs were
performed with 1.5-inch string at maximum pumping
rate of 0.15 m?/min because of the high friction and
circulation pressure limitations. Implementation
of bigger CT string (OD 1.75” or 2”) can increase
maximum pumping rate through CT, which will be
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3. IIpenBapuUTEIbHAS IPOMBIBKA C B3AUMHBIM
pactrBopurenem uepe3 THKT Bo Bcex 30HaAX
JUIS PACCTBOPEHUS TSIKEJIBIX YIVIEBOJOPOJIOB B
NPHU3200MHON 30HE CKBA’KMHBL

4. BbITECHEHHE CKBAXKUHHOTO (prmonpa 15%-11 CONTHON
KHCJIOTOMH B 3aTpy6HOM npocTpancTse THKT.

5. 3akauka pactopa I[TAB uepe3 THKT BO BCEX 30HAX.

6. 3akauka nieusl uepes THKT BO Bcex 30HAX 10
YBEJIMUEHU IABICHUS HUPKYIAnUU 10 ~ 10-20 6ap
(IpU3HAK OTKJIOHEHU). OCTAHOBKA CKBAKUHBI JJ11
cTabuan3anuu neHel Pazmemenue koxia THKT B
30HE NOIVIOIMEHUA (T11acT Ad).

7. OmHOBpEMEHHAA 3aKA4YKa 15%-11 COIAHOU KUCJIOTHI
uepes 3aTpyoHoe npoctpaHcTBO THKT u 3akauka
nensl yepe3 'HKT.

8. TloBTOpeHue 6—7 ATATMOB /IO TTOJTHOT'O PACXOOBAHHS
KHCJIOTBI B EMKOCTSX. BEITECHEHHE KUJTKOCTH B
3aTpybHoM npocrpanctse THKT n HKT.

9. 3amyCK CKBa’KMHBI B 9KCILTYATAIHAIO.

K coxaIEHUIO, TPOMBICJIOBBIA KAPOTAK HE OBLI
BBITIOJIHEH ITOCJIE OOPAOOTOK, HIOITOMY MBI HE MOYKEM
HAIPAMYIO CPaBHUBATb IPOMUINA JOOBIYHU JIO U
nocJie 06paboTKu. Ho pe3ynbraTel JOOBIYU TOKA3AIH,
4TO MHJEKC MIPOAYKTUBHOCTHU YBEJIMUUIICA OOJIEe
4yeM B 3 pasa: ¢ 1,04 10 3,2 M3/ieHb /ATM. C TEM K€
YPOBHEM OO6BOJJHEHHOCTH. B 06111€M, BCE OnEpaliuu
METOJIOM 3aKa4YKHU «TBOMHOM KOJIOHHOM» ITOKA34JIU
OTJINYHBIE PEYJIBTATHI B CJIOKHBIX YCIIOBHUAX CKBAKUH
OpeHOYpPrckoi 0671aCTU. 30HA MOVIOICHU S IOJIKHA
OBITh XOPOIIO U3BECTHA JIO IPOBEJICHUS OOPAOOTKH,
4TOOBI MAKCUMAJIBHO UCTIONIb30BATh IPEUMYIIECTBA
3TOrO METOJA.

HICrIONIb30BAHUE KHUCJIOTHBIX AMYJIbCUI CUIIBHOTO
3aMEIJIEHHOTO ACHCTBUS MOXKET IIOMOYb B CO3[JAHUH
YEPBOTOYUH JAXKE NTPH HU3KOU CKOPOCTH 3AKAUYKU YEPE3
I'HKT. JHUCTPSAHCKUN U COABT. (2012) mpUBEIU IpUMep
UCIIONIb30BAHUS KUCIOTHBIX AMYJIbCUI 3aMEIJIEHHOTO
JEUCTBUA 11 CTUMYIAIUH UCTOMEHHOI'O
TOPU3OHTAJIIBHOT'O OTKPBITOI'O CTBOJIA CKBAXKIHBI YEPE3
I'HKT B OpeHbyprckoi 061aCTH C YBEIUYEHHE T0OBIYN
raza Ha 20% 1nose 06pabOTKU IO CPABHEHUIO C JAHHBIMHU
JI0 06pabOTKH. HEKOTOPBIE IPYTHUE METOABI YIYYIICHUA
3(pPEKTUBHOCTH MATPHUIHOM KUCTIOTHOM OOPabOTKH
uepes 'HKT 6yayT OmHUcaHbl TO3AHEE B Pa3feie
«JlaJIbHENIIME IUIAHBI I10 PA3BUTHIO IIPOEKTA>.

BbIBObI

Kax 6110 yIOMAHYTO BbIIIE, BCE paboThl ¢ 'HKT 661111
BBITIOJIHEHHI C 1,5 TIOMMOBOM KOJTOHHOM C MAKCUMAJIbHOM
CKOPOCTBIO 3aKa4dku 0,15 M?/MHUH M3-32 BBICOKOT'O TPEHU S
Y OT'PAHHUYEHUI JABJICHU IUPKYIAUN. [IpuMeHeHne
xonoHHel THKT 6onbiiero guamerpa (Ol 1,75” nnu 27)
MOJKET YBEJIMYUTh MAKCUMAJIBHYIO CKOPOCTD 3aKAYKH
ugepes 'HKT, aTo OyAeT ONE3HO B YCJIOBUSX BBICOKOH
3(PHEKTUBHOCTU UCTOIICHHBIX MECTOPOK/ICHU
OpenHbypra.

INpumenenue 'HKT B OTKPBITOM CTBOJIE
TOPU3OHTAJIIBHOM CKBAXKUHEI B IIEJIOM CIIOCOOCTBYET
605ee PaBHOMEPHOMY CTUMYJIUPOBAHUIO
TOPU3OHTAJIBHOI'O YIACTKA B yCTAHOBJIEHHBIE
CpOKH. HaZtyBHBIE TAKEPDI OY1yT UCIIOIb30BAHBI 15
MPOBEJICHUS MEXAHUYECKOT'O OTKJIOHEHM B ITMHHBIX
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beneficial in high infectivity environment of depleted

Orenburg fields.

Coiled tubing application in open hole horizontal
well generally allows more uniform stimulation

of horizontal section in timely manner. Inflatable

packers will be implemented to provide mechanical

diversion in long intervals with known thief zones.

Another option for coiled tubing application in

horizontal open holes and slotted liners is to combine

acidizing chemical reaction with wellbore cleanout
using jetting energy. In this case jetting is performed
with jetting nozzle and organic solvent as a wellbore
cleanout stage before the main acidizing treatment.
The paper summarizes experience gained during
six years of acidizing treatments in Orenburg region.

Different pumping techniques and stimulation

technologies are described in details with case studies,

production results and analysis. Below is a short
summary of the described material:

1. Three quarters of wells in Orenburg region
produce completely or partially from carbonate
formations. The following challenges need to be
considered for successful stimulation treatment:

» Reservoir pressure depletion.

» High water production.

* Low reservoir temperature.

» Formation heterogeneity.

 Crude oil tending to form emulsion and sludge.
* Multiple acidizing treatments.

» Uncertainties in formation properties.

2. Some insight into carbonate acidizing is provided.
The main types of acidizing treatments are
explained and critical additives to acidic fluids are
described.

3. Arigid and comprehensive QAQC standard for
acid stimulation was established by operating
company in Orenburg region to enable the service
companies to perform at a higher service delivery
level. The standard established a set of obligatory
requirements to HSE, operations and laboratory
testing for any acidizing treatments.

4. Most of the performed treatments are bullhead
matrix acidizing. Coiled tubing (CT) placement
is rarely performed because of pump rate
limitations, but it has some unique benefits like
simultaneous pumping through CT and CT-tubing
annulus. Amount of acid fracturing treatments is
decreasing during the last 2 years because of the
limited amount of good candidates for this type of
treatments.

5. Degradable ball sealers showed poor diverting
efficiency due to multiple perforations and poor
cement quality.

6. The polymer-based self diverting acid provided
satisfactory results on new wells but failed
on old wells comparing with other diverting
technologies. Stimulation of “old” wells represents
the major challenge for diverter efficiency because
of previous treatments and potential existence of
drained thief zones in pay intervals.

7. Viscoelastic self-diverting acid has demonstrated
better results than other viscosified diverters, but



MHTEPBAJIAX C U3BECTHBIMU 30HAMH IOIJIOMIEHU .

Ene onHuM BapuanTom nnpumenenusi THKT B

TOPU3OHTAJIBHBIX OTKPBITBIX CTBOJIAX U ITIEJIEBBIX

(PUIBTPAX ABIAETCA COYETAHUE XMMHUUECKON PEAKITUHN

KUCJIOTHOM O6PA00TKHU C OYUCTKOM CTBOJIA CKBA’KUHBI C

UCIIOJIb30BAHUEM SHEPTUU CTPYUHOM IIPOMBIBKU.

B 3TOM Citygae cTpyiiHasa IPOMBIBKA CTBOJIA

BBITIOJIHSETCS C IOMOIIBIO CIIELNAJIBHOM HACAIKU U

OPraHUYECKOI'O PACTBOPHUTEIIS HA CTAJUH OYUCTKU

CTBOJIA CKBA>KHHBI IIEPE]; OCHOBHOM KMCJIOTHOM

06pabOTKOM.

HJanHast paboTa 0600IA€T OIBIT, HAKOIVICHHBIH B
XOJI€ MIECTHU JIET MIPOBEACHM I KUCIIOTHBIX OOPa00TOK B
OpeHOYPrcKor 06/1acTU. Pa3ImyHbIe METO/IBI 3AKAYKU
Y TEXHOJIOTUH CTUMYJISALIAHN NOAPOOHO OMMUCAHEI C
NPAKTUYECKUMU UCCJIEJOBAHUAMH, PEZYJIBTATAMU
JIOOBIYU M AaHATTU30M JAHHBIX. HYKe TPUBOAUTCS
KPATKOE OMHUCAHUE U3JIOKEHHOI'O MATEPHUAIA:

1. TpuueTBEPTU CKBAKUH B OPEHOYPICKOM OOIACTU
BEAYT AOOBIUY ITOJTHOCTBIO UJIA YACTUYHO U3
KapOOHATHBIX IJTACTOB. HEO6XOAMMO YUYUTHIBATD
CJIEAYIOMHE TPOOJIEMBI [JIA YCIIEITHOT'O IPOBEICHUA
CTUMYJIALAH:
¢ MCTOIIEHNE MIIACTOBOT'O JABJICHHUS.

* Bosnbimas 06BOJHEHHOCTD IPOAYKITUN CKBA’KHMHBL

» Huskas TeMnepaTtypa IIacToB.

* HeoqHOpOAHOCTD IVIACTOB.

¢ CpIpasg HEPTBH C TEH/ICHIIUEN K OOPA30BAHUIO
3MYIbCHUH U IIJIAMA.

* MHOI'OKPAaTHOE IPOBEAEHUE KUCIOTHBIX
06pabOTOK.

* HeonpeesieHHOCTH B IJIACTOBBIX CBOMCTBAX.

2. JlaeTcsa HEKOTOPOE NMPEACTABIEHNE O TPOBEJEHUN
KHUCJIOTHOU OOPAOOTKH B KAPOOHATHBIX IIJIACTAX.
OO6BSICHAIOTCS OCHOBHBIC BU/IbI KUCJIOTHOM
O6pPAO0OTKH U OMHCHIBAIOTCS KDUTHYECKUE JOOABKU
K KUCJIOTHBIM KUJIKOCTSM.

3. Crporuii ¥ BCEOOBEMIIIONINHI CTAHAPT IO
COOJIIOAEHHUIO O6ECTIEYECHU I KOHTPOJIS KA4ECTBA IPU
KHUCJIOTHOU O6PabOTKE ObLII CO3/1aH JEUCTBYIOLIECH
KOMIIaHUEH B OpeHOypPrcKor 001aCTH, YTOObL JaTh
BO3MOXXHOCTb NOJAPAAHBIM OPTAHU3AIIUAM PAOOTATH
Ha 60J1e€ BBICOKOM YPOBHE IIPEJOCTABIEHHA YCIIYT,
CraHaapTOM ObLI YCTAHOBJIEH DS/l O0S3ATCIbHBIX
TpeboBanmi K OT, Tb n OOC, onepanusam u
J1260pPaTOPHOMY TECTUPOBAHUIO JIJIs1 JTIOOBIX BUIOB
KHUCJIOTHBIX OOPabOTOK.

4. BOJBIIHUHCTBO IIPOBEACHHBIX ONIEPALI —
MATPHUYHAA KUCJIOTHASA OOPA00TKA 3aKAYKON
«B 7106»>. icnonbzosanue 'HKT nnpuMeHseTcs peako
M3-32 OIPAHUYEHUI CKOPOCTH 3aKAYKH, HO OHO
HUMEET pH,Z[ YHUKAJIbHBIX HpCI/IMyH_[CCTB, TAKHUX KaK
OIHOBpEMEHHAs 3aKauka yepe3 THKT u 3arpy6HOE
npoctpancTso FHKT. KonruecTBo onepanuii
KHCJIOTHOT'O PAa3pPbIBA YMEHBIIIACTCS B TEYCHHUE
MOCJIETHUX JIBYX JIET B CBSI3U C OTPAHUYECHHBIM
KOJINYECTBOM XOPOIUINX KAH/IUAATOB JIJIS1 3TOT'O BUA
06pPabOTKH.

5. Pazmaraemsle yIUIOTHSIONIME HIAPUKU ITOKA3aIN
HHU3KYIO 9P PEKTUBHOCTDL OTKJIOHEHUA U3-34
MHOXECTBA IEPPOPAITUOHHBIX OTBEPCTUH M HU3KOI'O
Ka4eCTBA [IEMEHTA.

it has not become a regional standard because
any viscous diverter needs sufficient energy to
flowback after the treatment, which is difficult in
case of depleted formations in Orenburg region.
Also, VSDA is an acidic diverter and can stimulate
water zones if they exist in perforated interval.
These challenges can be potentially overcome

by using nitrified VSDA or/and by decreasing the
surfactant concentration.

8. Viscoelastic selective diverter can provide a

temporary blockage of water saturated zones
during matrix acidizing. In Volga-Ural region,
VSD is often combined with other diverting
technologies during the single treatment. Some
treatments with VSD still resulted in substantial
water cut increase. The suspected reason is the
presence of natural fissures or channels in cement
behind casing that links perforated interval with
water saturated layers.

9. Foam diverter appeared to be the most reliable

diversion technique in challenging conditions
of depleted reservoirs with repeated treatments
and high water cut in Orenburg region. Overall
production results showed good effectiveness of
foam diverter regardless of new or old wells were
treated. Additionally, reduction of post-acidizing
water cut increase was noticed after foam
diversion introduction in the region.

10. Using coil tubing with foam diverter and “dual
string” pumping technique provides excellent
production results when location of the thief
zone is well known. In this case, CT can be
placed in front of thief zone and foam diverter is
continuously pumped through CT while acidic
fluids are pumped simultaneously through CT-
tubing annulus.

11. Most of the reservoirs in Orenburg region are not
suitable for acid fracturing because of two main
reasons: close proximity of water saturated zones
and high minimum in-situ stresses. However,
some massive, tight and heterogeneous formations
demonstrated better production results after acid
fracturing comparing to matrix acidizing. Further
implementation of acid fracturing technique
should be focused only on such formations.

12. Retarded emulsified acid in combination with
foamed diversion has demonstrated excellent
production results while matrix acidizing of
deep and relatively hot D5 formation. Achieved
productivity index is 3 times higher than offset
wells treated with straight 15% HCL

13. Proppant fracturing can be applied on carbonate
formation if proper candidate selection and
treatment design considered. Recent experience in
the region showed that candidate well should be
cased hole with good cement bond. Filling of the
created acid frac with proppant should be avoided
because fracture face will be significantly etched
by acid and formation may not be able to apply
enough stress on proppant pack to keep it from
flowing.

14. The following types of stimulation treatments
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6. CaMOOTKJIOHSIIONIASI KUCIOTA HA TIOJTUMEPHOL
OCHOBE IIOKA34J14 Y/IOBJIETBOPUTEILHBIE
PE3YNBTATHI HA HOBBIX CKBAXKUHAX, HO IJIOXHE HA
CTaPBIX CKBA’KMHAX 1O CPABHEHMUIO C IPYTHMH
TEXHOJIOTUSIMU OTKJIOHEHUSL, CTUMYJIALIUSA «CTAPbIX>
CKBAXKUH MPEACTABIAET CEPBE3HYIO TPOOIIEMY [T
3(pPEKTUBHOCTH OTKJIOHUTEIIA U3-32 IPEABIIYIITNIX
06pabOTOK U NOTEHITUATIBHOT'O CYIIECTBOBAHUSA
HUCTOLIEHHBIX 30H NOIVIOMEHUS B MPOAYKTUBHBIX
UHTEPBAJIAX.

7. Baskoylpyras CaMOOTKJIOHAOMmM A KUCI0Ta (BYCK)
NPOAEMOHCTPUPOBAJIA JIyUIITHE PEIYIBTATHL, YEM
JPYTHE 3aTYIAIOMINE OTKIOHUTEN, HO OHA HE CTAJIA
PETHOHAIBHBIM CTAHAAPTOM, IOTOMY YTO JIIOOOMY
BA3KOMY OTKJIOHUTEIO HEOOXOTUMA SHEPT U,
JIOCTATOYHAS JJ151 BBIHOCA MTOCJIE O6PAOOTKHU, YTO
TPYAHONOCTHUKUMO B YCJIOBUAX UCTOIIEHHBIX
w1acToB OpeHbyprckor oomactu. Kpome Toro,

BYCK — KUCIOTHBIH OTKJIOHUTENb, 1 OHA MOXET
CTUMY/IUPOBATH BOJOHOCHBIE 30HBIL, €CJTU OHU
CYHIECTBYIOT B MUHTEPBAJIE IEP(POPALITUN. DTH
PO6IEMBI MOXKHO ITOTEHIIUAIBHO ITPEOAOIIETD
C IIOMOILIBIO A30TUPOBAHHON BYCK 1/mim myrem
CHIDKEHNA KOHLIeHTpanuu [TAB.

8. Baskoynpyruii ceJIeKTUBHBIA OTKJIOHUTEND (BCO)
MOXET OOECTIEUUTD BDEMEHHYIO GJIOKUPOBKY
BOJIOHACBIIIEHHBIX 30H BO BPEMS MATPUYHOI
KHUCJIOTHOM 00paboTKH. B Bonro-Ypanbckom
perunone BCO 4acTo UCONB3YETCA B COYETAHUN
C IPyTUMH TEXHOJIOTUSAMH OTKJIOHEHH A BO BPEMSA
O HOM NpoLeyprl. HekoTOpbIE 06padoTKH ¢ BCO
€llle IPHUBOJAAT K CYIECTBEHHOMY YBEJIMYEHHIO
O6BOAHEHHOCTU. [TTABHOM IPUYHHOMU SIBJISIETCS
HAJIMYHE IPUPOAHBIX TPEMTUH WJIN KAHAJIOB B
LIEMEHTE 32 06CAJHOM KOJIOHHOI, KOTOPAsI CBSI3bIBACT
UHTEPBAI NEPPOPALTUUA BOAOHACHIIEHHBIMH CJIOSIMH.

9. TleHHBIH OTKJIOHUTEb OKA3aJICS CAMBIM HAJIEKHBIM
METO/IOM OTKJIOHEHHUA B CJIO’KHBIX YCJIOBUAX
UCTOIIECHHBIX IIJIACTOB C IOBTOPHBIMH OOPA60TKAMU
U BBICOKO¥ OOBOJJHEHHOCTBIO B OpEHOYPI'CKON
obactu. O61Ke IPOU3BO/ICTBEHHBIE PE3Y/IBTATHI
[OKA32JIU XOPOIIYIO 3(PPEKTUBHOCTD IIEHHOT'O
OTKJIOHUTEIA HE3ABUCHUMO OT TOT'O, B KAKOM
CKBaKHHE [IPOBOAMIIACH OOPA0OTKA — HOBOU WJIH
cTapoi. Kpome Toro, 010 3aMEYEHO CHIKEHHE
YBEJIUYEHUSI OOBOHEHHOCTU MOCJIE KUCJIOTHOH
06pabOTKH ITOCJIE IPUMEHEHUS METO/A IIEHHOTI'O
OTKJIOHEHH A B PETUOHE.

10. cionb3oBanue 'HKT ¢ TeHHBIM OTKJIOHUTEIEM U
METOJ], 3KAYKH «JBOMHON KOJIOHHBI> OOECTIEYHNBAET
IIPEBOCXOHBIE PE3YIBTATHI, KOI'Jd XOPOIIO U3BECTHO
PaCIIONOKEHME 30HBI IIOIVIOIIEHUA. B 3TOM Ciy4dae
I'HKT MOXET OBITh Pa3MellieHa ITepe/1 30HOH
IOIVIOIIEHU S, U IIEHHBIY OTKJIOHUTEb HEIIPEPBIBHO
3akaunBaeTcs yepes 'HKT, B TO BpeMsi KaKk KUCTIOTHbIE
SKMJIKOCTHU 3aKAYUBAIOTCS OTHOBPEMEHHO YEPE3
3aTpy6bHOE MpocTpaHcTBO T'HKT.

11. BOJBIIMHCTBO MIACTOB B OPEHOYPICKOM 06IaCTH
HE NOAXO/IAT /1151 TPOBEACHUSA KUCIOTHBIX
Pa3pPBIBOB IO JIBYM OCHOBHBIM IPUYHNHAM: 6JIM30CTh
BO/IOHACBIINIEHHBIX 30H U BBICOKOE MUHHMAIBHOE
HAIIPSIKEHHE B IUTacTe. TeM He MeHee HEKOTOpPbIE
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are planning to be implemented on carbonate
formations in Orenburg region in nearest future:
complex treatments against mixed deposits, CT
matrix acidizing and multi-stage fracturing on
horizontal wells, acid fracturing with high rate
nitrogen pumping, CT stimulation with inflatable
packers and some others.
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KPYIIHBIE, INIOTHBIEC ¥ HEOJHOPOAHBIE KOJUIEKTOPBI
IIPOIEMOHCTPHUPOBAJIN JTYUIITHE PE3YIIBTATH
IIOCJIE TTPOBEACHMS B HUX KHCJIOTHOTO PAa3PhIBA 11O

CPaBHECHMUIO C MATPUYHON KUCIOTHOU OOPABOTKOM.
JanpHeniee NpuMEHEHUE METOAA KMCIOTHOTO I'PIT

JIOJIZKHO OBITh COCPEIOTOYCHO TOJIBKO HA TAKUX
TJIACTAX.

12. KuC10THAA 3MYJIbCUA 3AMELJIEHHOI'O JEHUCTBUA
B COYECTAHHH C IIEHHBIM OTKJIOHEHHEM

IPOACMOHCTPHUPOBAJIA OTIIMYHBIC PEIYIBTATHI IIPU

MPOBEICHUN MATPUYHOU KMCJIOTHOH O6pabOTKH
ITyOOKOI'O M OTHOCHUTEJIBHO IOPSYEro macta 5.
JOoCTUTrHYTBIN KO3 OUITUEHT NIPOAYKTUBHOCTHA
(PI) B 3 pasza BbIIIE, €M HA COCEAHNX CKBAXKNHAX,
06pabOTAHHBIX TPAJUITUOHHON 15%-11 CONAHON
KHUCJIOTOM.

13. TIponmanTHbINA I'PIT II71aCTa MOXKET OBITE TPUMEHEH

JUI KAPOOHATHBIX IIJIACTOB, €CJIN ObLT BEITTOTHEH
MPAaBUJIBHBIN BEIOOD CKBAKUH-KAHJUIATOB 1
JIN3a1H 00pab0TKU. ONBIT HOCJICIHUX JIET B
PETHOHE NOKA34JI, YTO CKBAKMHA-KAHU/IAT
JIO/KHA OBITh OOCAKEHA C XOPOITHUM IIEMEHTHBIM
cuennenyueM. CraegyeT n36erarb HAOIHEHU S
CO3ZJaHHOU KMCJIOTOU TPEIUHBI IPOIIIAHTOM,
MOCKOJIbKY ITOBEPXHOCTD TPEIIUHEI OyIET
3HAYUTEJIBHO NPOTPABJIEHA KUCJIOTOU, Y IIACT HE
CMOKET IPUMEHUTB JIOCTATOYHOE HATIPSKEHUE
HAa IIPOIITAHTHYIO ITAYKY, YTOOBI yOEPEYb €€ OT
NPOTEKAHUA.

14. B 6mmkariiee BpeMs IJIAHUPYETCS BBIITOTHUTD
CJIEYIOUIUE BUIBI CTUMYJIALIAN HA KAPOOHATHBIX
w1acTax B OpeHOyprcKor 00IaCTU: KOMIUIEKCHYIO
06pabOTKY IPOTHUB CMEMIAHHBIX OTJIOKEHUI,
MATPHUYHYIO KUCIOTHYIO 00paboTKy ¢c THKT n
MHOI'OCTaAUMHBIN I'PIT HA rOPpM30HTAIBHBIX
CKBAKMHAX, KUCJIOTHBIN I'MIPOPA3PHIB C BBICOKOHU
CKOPOCTBIO 34KA49KHU a30T4, CTUMYAnuio ¢ THKT ¢
HAJyBHBIMH ITAKEPAMU U HEKOTOPBIE JIPYTHE.

ABTOpPbI OnarogapsT KOMMaHum «PocHedTb» U
«LLIntombepxke» 3a Mx NOJAEPXKKY U paspeLleHme
Ha NybnMKaLMIo 3TOW CTaTb. ABTOPbI BbipakatoT
MPU3HATENBbHOCTL CreuUmancTaM reoiormyeckmx
otaenoB «OpeHOyprHedTb» 3a X MOCTOSIHHYIO
NOOAEPXKY B peann3aLm HOBbIX TEXHONOMMM Ha
OpeHbyprckmx MecTopoX AeHMsX. ABTOPbI TaKKe
BbIpa>kaloT CBOO OniaroAapHOCTL rpynnam no

O6Cﬂy>KI/IBaHl/IIO CKBa>XWHbl 1 BHYTPNCKBAa>XXNHHbIM

pabotam KoMnaHum «LLintombepske» B by3ynyke
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Esrenuio, Metngey EsreHuio, CaMmurynnmHy
Pumy 1 CrenaneHko MapuHe, Yb paboTbl ObIu
MNCNOJb30BaHbI NPW HAMMCAHWUK 3TOW CTaTbW.
HakoHeL, aBTOpbI XoTenu Obl nobnarogapuTb
KoMaHay nabopatopum TEXHUHECKOM NOAAEPXKKM
koMnaHun «LLintombepske» B TIOMEHM 3a UX

MNOCTOAHHYIO MNOAAEPXKKY B MPOBEAEHUM KMCOTHbIX
0bpaboTok B Bonro-Ypanbckom pernmoHe, ocobeHHo

bopuiceHko Anekces, JTtoHrBKLA bepHxapaa v
MapxoHtoka Cepresi. ©

10.

11.

12.

13.

14.

15.

16.

Grace, J.D. 2005. Russian Oil Supply. Performance
and Prospects. Ney York: Oxford University Press Inc.

llyasov, S. et al. 2010. Chemical diverters for
production enhancement and water cut decrease
(XuMuyeckme oTKNoHUTENM AN1s MOBbILEHWS
NPOAYKTUBHOCTU U CHUXKEHUSt 0OBOAHEHHOCTU
ckBaxwuH). Oil & Gas Journal Russia, May 2010,
pages 62-64.

Lungwitz, B. et al. 2004. Diversion and Cleanup
Studies of Viscoelastic Surfactant-Based Self-
Diverting Acid. Paper SPE 86504 presented at the
SPE International Symposium and Exhibition on
Formation Damage Control held in Lafayette,
Louisiana, USA, 18-20 February 2004.

Navarrete, R.C. et al. 1998 Emulsified Acid Enhances
Well Production in High-Temperature Carbonate
Formations. Paper 50612 presented at the SPE
European Petroleum Conference held in The Hague,
The Netherlands, 20-22 October 1998.

ONAKO. 1997. Geological Structure and Oil - Gas
Content of the Orenburg Region (lfeonorunyeckoe
CTpoeHuve n HedbTerasoHocHocTb OpeHbyprckomn
O6nacTu). Orenburg: Orenburg Book Publisher.

Smith, C.L., Anderson, L.J., Roberts, P.G. 1969. New
Diverting Techniques for Acidizing and Fracturing.
Paper SPE 2751 presented at the 40th Annual
California Regional Meeting of the SPE of AIME held
in San Francisco, California, USA, 6-7 November
1969.

Taylor, D. et al. 2003. Viscoelastic Surfactant based
Self-diverting Acid for Enhanced Stimulation in
Carbonate Reservoirs. Paper SPE 82263 presented at
the SPE European Formation Damage Conference
held in The Hague, The Netherlands, 13-14 May
2003.

Thomas, R.L., Saxon, A., Milne, A.W. 1995. The Use of
Coiled Tubing During Matrix Acidizing of Carbonate
Reservoirs Completed in Horizontal, Deviated, and
Vertical Wells. Paper SPE 50964 presented at the SPE
Asia Pacific Oil and Gas Conference held in Kuala
Lumpur, 20-22 April 1995.

TNK-BP. 2008. Combined Quality Assurance Quality
Control Standards for Frac/Acid Stimulation.
Version 11.1.

Williams, B.B., Gidley, J.L., Schechter, R.S. 1979.
Acidizing Fundamentals, monograph series. Dallas:
Society of Petroleum Engineers.

Zerhboub, M. et al. 1991. Matrix Acidizing: A Novel
Approach to Foam Diversion. Paper SPE 22854
presented at the SPE Annual Conference and
Exhibition held in Dallas, USA, 6-9 October 1991.

Ne 1 (051) Mapr / March 2015 39

TECHNOLOGIES



TEXHOJIOI'M

TEXHOJIOrN YAAJNEHUA OTJIOXXEHUN
C KOJIOHHbI JINPTOBbLIX TPYB

HEDOTEANOBbLIBAIOUWINX CKBAXXUH

H.3. JTEHHCJIAMOB, Y(pHMCKHIH rOCyJapCTBEHHBIN HE(DTAHOM
TEXHHUIECKHH YHHBEPCHUTET;
A.M.TAJIMMOB, OO0 bamuedT1h-J06B192> HIY «YekmarymHedTh>

1. DENISLAMOYV, Ufa State Petroleum Technological University;
A. GALIMOYV, Bashneft-Dobycha LLC, NGDU Chekmagushneft

BeimageHue achaabTeEHOB, CMOJI U TAaPa(hUHOB 13
JO6BIBAEMO HE(PTU B CKBAKMHHBIX JIN(PTOBBIX TPyOaX
SIBJIAETCS 71 HEKOTOPBIX MECTOPOXACHU SIBJIEHUEM
IIUPOKO PACIPOCTPAHEHHBIM U OObEKTUBHBIM. OOPa30BAHUE
OTJIOKEHU IPOUCXOJUT M3-34 UBMEHEHUA TEPMOOAPHUUECKUX
YCIIOBUH IPEOBIBAHMA HE(PTU: TEMIIEPATYPA U JABJICHUE B
TPyOaX NafAIOT 10 KPUTUYECKUX 3HAYECHUI, HAUNHAIOTCS
MNPOLECCH KPUCTAJUIN3ALNY TAPAPHUHOB U UX 3AKPETJICHUS
HA [IOBEPXHOCTHU TPYO. [IJIs1 HEKOTOPBIX THUIIOB HEPTEH
MPAKTUYECKH HEBO3MOXHO MTOA06PATH IPHUEMIIEMBIH
WHTUOUTOP NMapa(PUHOOOPA30BAHUSA U3 CYLIECTBYIOMIETO B
Poccuu criekTpa peareHToB. Takue npo6IeMHBIE CKBAXKUHBI
NEPUOAUYECKH 00pa6aTEIBAIOT pacTBOpUTENEM ACIIO.
Hauboiee nporpecCuBHOM SIBJISIETCS KOTIOOUHIOBASI
TEXHOJIOTHA [1], B KOTOPOY rHOKast HACOCHO-KOMITPECCOPHASA
Tpy6a (THKT) criyckaeTcs 1m60 1o KOJIOHHE TU(PTOBBIX
TPYO, TMOO IO MEXTPYOHOMY IPOCTPAHCTBY. B mocieqHem
cinydae TpyOy COYCKAIOT /10 30HbI NIYOMHHOI'O HACOCA, 10 HEH
3aKAYMUBAIOT HEOOXOANMBIIN OOBEM PACTBOPUTEIS, KOTOPBIH
NONAJAET B TU(PTOBBIE TPYOBI C TIOMOIIBIO ITTyOMHHOTI'O
Hacoca.

I'mbKue TPyObl MEHBIIETO TUAMETPA U CTAITMOHAPHOTI'O
WCIIOJTHEHUSA YK€ MHOTO JIET UCTIONIB3YIOT IS aiPECHON
JOCTAaBKH XMMHUYECKUX PEATEHTOB HA IIPUEM ITTyOMHHOI'O
HACOCA COMIACHO U300PETEHUIO [2]. TAKOE TEXHUYECKOE
pEIIeHnE IO N306PETEHHUIO [3] AJAITUPOBAHO JJIA
OJHOMOMEHTHO! 3aKA4YKU PACTBOPUTEA 3HAYHUTEIBHOI'O
06beMa HA IIPUEM INIYOMHHOT'O HACOCA. TPyOHBIN KOHTEMHED
eMKOCTBIO 100—600 IUTPOB C OTKPBITHIM HHU30M I'€PMETHIHO
MOHTHUPYETCS K BXOy B HACOC. K BepXHeH 4acTU KOHTENHEPaA
TAKKE TEPMETUYIHO (PUKCUPYETCA CTALTMOHAPHAA TPYy6a
©12—15 MM, ITO KOTOPOW C YCThs CKBAKUHBI IIOJAETCA HACOCOM
PaCcTBOPHUTEID UJIN JIIOOOM JPYTOA TEXHOJIOTMYECKUN
peareHT. 3aIIoJITHEHUE KOHTEMHEPA PACTBOPUTENIEM
MPOUCXOUT IIPU 3AKPBITOM 3aBUKKE BBIKH/1A TN(PTOBBIX
TPYO, a IEpEMENIEHNE PACTBOPHUTEIA U3 KOHTEHHEDPA B
KOJIOHHY JIM(PTOBBIX TPYO OCYIIECTBIAETCA ITTyOUHHBIM
HACOCOM B OIITUMAJIbHOI MOCJIEAOBATEBHOCTN.

IIpeaBaprTENbHBIE PACYETHI ITIOKA3BIBAIOT, YTO JJI
CKBaXHH, 060pynoBaHHbIX HICHY Ha rimybune 1000 M,

CO CpEAHNUM OO'BEMOM OTIOXKEHHNH B JIMPTOBBIX TPYOaX
(400—-600 TUTPOB) TPEBYETCSI OT 2-X 710 3-X ITUKJIOB ITOJIAYH
pactBopuTesns B KoioHHY HKT. LIUK/IMdecKas 3aKkadka
peareHTa B KOJIOHHY TN TOBBIX TPYO AA€T OIPEACICHHBIN
TOJIOKUTENBHBIH 3(P(EKT, 3aKIIOYAIONTUIICA B YCUJIEHUN
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Deposition of asphaltenes and resins in
production strings of oil wells is a widespread and
objective phenomenon at some oilfields. Deposits
are formed due to the change of pressure and
temperature conditions of oil: in the production
string temperature and pressure drop to the critical
level, paraffins start to crystalize and deposit
on the production string walls. Unfortunately,
for some types of oils it is impossible to choose
an adequate inhibitor out of the whole range of
chemicals available in Russia. Such problematic
wells are treated with the solvent of asphalt, resin
and paraffin deposits. Coiled tubing is considered
to be the most advanced treatment technology [1].
Coiled tube is run into the well via the production
string or annulus. In the latter case CT is run to
reach a downhole pump, then the needed volume of
solvent is injected through the CT and subsequently
pumped into the production string with the help of
downhole pump.

Stationary coiled tubes of smaller diameter
have been used for targeted delivery of chemical
agents to the suction of downhole pump for many
years already [2]. The technical solution of such an
invention [3] is suitable for one-time large-volume
injection of solvent to the suction of the downhole
pump. Open-bottom tube container with the
capacity of 100—-600 liters is hermetically mounted
at the intake of the pump. A 12—15 mm tube is
hermetically connected to the top of the container.
Solvent or any other agent is injected via this tube
from the wellhead. The container is filled with the
solvent while the valve of the production string
bleed line is closed; then the solvent is pumped from
the container to the production string with the help
of the downhole pump in the optimal sequence.

Estimates show that for wells with a sucker rod
pump installed at the depth of 1,000 meters with the
average amount of deposits in the production string



MAaCCOOOMEHHBIX IPOLIECCOB MPH ABU>KEHUH PEATEHTA BAOJIb
TPYOHBIX OTIIOKEHH.

3aKka4ka paCTBOPUTEIS Yepe3 TPyOy HA IPHUEM HACOCA U
MEPEMEIIEHUE ITOI'O PACTBOPUTEIS B IM(PTOBBIE TPYODI C
MOMOIIIBIO INTyOGUHHOTI'O HACOCA MOT'YT BECTUCh OJHOBPEMEHHO
MPHU YCJIOBUH, YTO IIPOU3BOAUTENBHOCTD HACOCA IO 3AKAYKE
PaCTBOPHUTEIA B TPYOKY OYZET HE HUXKE, UEM I1O[ja4a
INIYOMHHOTI'O HACOCA.

PerreHue B 6iusKaniem OyAymeM 3TUX 337124 [0 4J]PECHON
JIOCTABKE 1 60s1ee 3(PPHEKTUBHOMY UCTIOTB30BAHUIO
pacrTBopuTeen B CKBaXKMHAX ¢ ACITO, Ha Hamm B3IVIAN,
MO3BOJIUT YBETUYUTD IPOJOJLKUTEIBHOCTb OE3PEMOHTHOTIO
epPHUOAA PAOOTHI CKBAXKUH, CHU3UTD 3aTPATHI HA
NPHUOOPETEHNUE PACTBOPUTENIEN U TPOBEACHUE MOA3EMHBIX
PEMOHTOB.

OnpegeneHHass 4acTb HePTEAOOBIBAIOIINX CKBAKUH
Bonro-YpanbCKoi IPOBUHLIMU 3KCIUTYATUPYETCA B
KparHe OCJIOKHEHHBIX YCJIOBUAX. C OHOM CTOPOHBI,

B INTyOMHHO-HACOCHOM OOOPYAOBAHUU U KOJIOHHE
JIN(PTOBBIX TPYO MPOUCXOANUT UHTEHCUBHOE OOPA30OBAHHE
AC(PAIBTOCMOJIOBBIX M MAPA(PUHOBBIX OTIIOKEHUI.

Jpyro# npo61eMOH SIBJISIETCS HAJTMYHE B CKBAXKUHHO
NPOAYKIIUHU CEPOBOOPO/IA MOBBINEHHON KOHIIEHTPALIU .
CUTyausa MOXET YCYTYOIATCSA HATUIUEM B BOJHOI (hase
TUTACTOBOY )KHUJIKOCTH CYIb(PATBOCCTAHABINBAIOIINX
OaKTEPUI, CTIOCOOHBIX HA NOPAJJOK ITOBBICUTH CKOPOCTD
KOPPO3UOHHBIX ITPOLIECCOB B OTHOCUTEIBHO CIIOKOMHOIM
cpene. K Takoi1 OIacHOM 30HE B CKBAKUHE OTHOCUTCA
MEXTPYOHOE ITPOCTPAHCTBO € O6CATHON KOJIOHHOM, IOTEPS
T€PMETUYHOCTU KOTOPOI PEZKO MOBBIMIAET BCE PACXO/ABI HA
JAJIBHENIITYIO 9KCIUTYaTAI IO CKBAKUHBL.

IpeamaraeTcsa TEXHOIOTUA IKCIUTYATAIUH TAKUX CKBAKHUH
C INTyOUHHBIM ILUTYHXEPHBIM HACOCOM, B KOTOPOU KJIIOYEBLIM
MOMEHTOM SIBJISIETCSI HAJIUYHE B TeJie KOJTOHHBI HKT
ob6partHoro kinanaHa (OK), pacnonoXeHHOI'O Ha/Jl INTyOMHHbBIM
HACOCOM [4]. MeXXTpyOHOE IPOCTPAHCTBO B 30HE ITTYOUHHOI'O
HACOCA FTEPMETUUPYETCS IMTAKEPOM 1 3ATIOJTHACTCSA
TEXHUYECKOM JKUJJKOCTDIO C ITOBBIINIEHHOM KOHIIEHTPAITUEN
WHI'MOUTOPOB KOPPO3UHU U OAKTEPUIIUAOB. [1J151 UICKJIFOUCHU S
IIEPETOKA CKBAKMHHOM IPOAYKIINH U3 JIM(PTOBBIX TPYO B
MEXKTPYOHOE ITPOCTPAHCTBO HA YCThE CKBAKUHBI YIJTIOBOH
BEHTUJIb OOCA/THOIM KOJIOHHBI IEPEKPBIBACTCA U [JI5
HUCKJIIOYEHM I MTHIMJEHTOB CHA6KAETCA JIEKTPOKOHTAKTHBIM
MaHOMETPOM. CXE€MA PEAIMIALMU TEXHOJIOTUH IIPUBEACHA HA
puc. 1.

TexXHUYECKAS )KUJKOCTb B MEXXTPYOHOM ITPOCTPAHCTBE
UMEET JIBOMHOE Ha3Ha4YeHue. [TepBas (pyHKumnsg —
MHTUOUTOPHAA 3a11Ta KOIOHHBI HKT M 3KCIITyaTaliioOHHOM
KOJIOHHBI OT KOPPO3HOHHBIX TPOIECCOB. Bropas (pyHKIus —
HA/IeKHOE 3aKPBITHE OOPATHOIO KJIANaHa 4 32 CYET
IMOBBIIMIEHHOM IIJIOTHOCTH TEXHUYECKOM JKUJIKOCTU. DTO
BA’KHO B JITHHU ITPOCTANBAHHS CKBAKUHBI, KOI7IA Yepes
HEPAOOTAIOMNI HACOC IIJIACTOBAS JKUJIKOCTD C I'a30M OyZEeT
nocTynaTh B KONOHHY HKT. Tak Kak B MOMEHT OCTAHOBKH
CKBAXUHBI THIPOCTATUYECKOE JIABJIEHHE B MEXXTPYOHOM
MPOCTPAHCTBE 6Y/IET BBIIIE, YEM aHAJIOTMYHOC JIABJICHHC
B KostoHHE HKT, TO 3TOT (hakTOp OYAET UMETH BECOMOE
3HAYEHUE /IS 3AKPBITOI'O COCTOSTHUS OOPATHOI'O KJIATIAHA.

DIEKTPOKOHTAKTHBIN MAHOMETP 8 CBA3AH C IYJIETOM
YIIPaBIECHHUS PAOOTON ITTyOUMHHOI'O HACOCA: OTK/IIOYAET
IEKTPONUTAHNE HACOCA IIPU OBBIINICHUH JJABJICHHUS B
MEXTPYOHOM IIPOCTPAHCTBE BBIIIE JJOITYCTUMOT'O 3HAYEHUS.

(400-600 liters) one will need to have 2 to 3 cycles
of solvent injection into the production tubing
string. Cyclic solvent injection into the production
string yields certain positive results — improvement
of mass-exchange processes while the agent is
moving along the depositions in the production
string.

Solvent injection from the wellhead into the tube
can be done simultaneously with the delivery of
solvent to the production string with the help of
downhole pump, provided that the capacity of the
pump that injects the solvent from the wellhead is at
least the same as the pumping rate of the downhole
pump.

Improvement of solvent targeted delivery and
more efficient use of solvents at wells with asphalt,
paraffin and resin deposits will allow extending the
period of workover-free operation of wells, reducing
solvent procurement costs and well servicing costs.

Certain number of oil wells in the Volga-Urals
province is operated in extremely complex
conditions. On the one hand, there is an intensive
deposition of asphalt, resin and paraffin on
the downhole pumping equipment and in the
production string. Another issue is high H2S
concentrations in the production fluid. The whole
situation might be aggravated by the presence of
sulfate-reducing bacteria in the water phase. These
bacteria can accelerate the corrosion processes
by several times in relatively calm environment.
Annulus and the casing are the main risk zones in
awell. Loss of their leak tightness leads to a sharp
increase in the cost of well operation.

We propose a technology of operating such
wells with downhole plunger pump. The key point
here is to have a back valve in the production
string located above the downhole pump [4]. The
annular space in the area of the downhole pump
is sealed with packer and is filled with service fluid
with high concentrations of corrosion inhibitors
and bactericides. Angle valve of the casing is shut
off to avoid the flow of production fluid from the
production string to the annular space. To avoid
incidents there should also be installed an electric
contact pressure gauge. The technology scheme is
shown in Figure 1.

Service fluid in the annular space serves double
purpose. First function — protection of the tubing
and the production string from corrosion processes.
Second function — reliable closure of the back valve
4 due to high density of the service fluid. This is
important during well’s downtime when formation
fluid with gas will be flowing to the production
string through the non-working pump. Since at
the moment of well shutoff hydrostatic pressure in
the annulus will be higher than the pressure in the
production string, this factor will be very important
for the off-state of the back valve.

Electric contact pressure gauge 8 is connected
to the downhole pump remote control: it shuts the
power supply to the pump off if pressure in the
annulus exceeds the allowable value. Such situation
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Takast CUTyalus MOXKET BOBHUKHYTb IPU PA6OTAIOMIEM
HACOCE U BHE3AITHOM UJIH IIOCTEIIEHHOM 3AKYIIOPKE
JIM(PTOBBIX TPYO UJIM HA3EMHBIX TPYOOIIPOBOJOB OT
CKBAKMHBI OTIIOKEHUAMHA PA3IUYHOIO Xapakrepa: ACI1O,
MEX. IPUMECSIMU WJIM IOCTOPOHHUMMU IPEIMETAMHU.

INoazeMHOE O60PYAOBAHNE UCHONB3YETCA B IBYX
peXUMAX:

1. OKCrTyaTanysa npoayKTUBHOI'O IJIACTA: YITIOBOM BEHTU/Ib
MEXTPYOHOT'O MPOCTPAHCTBA 7 3AKPbIT, CKBAXKMHHAS
OPOYKIIHS TOJITHUMAETCS TOJIBKO O KosioHHE HKT,
OOPATHBIN KJIATIAH B MEKTPYOHOE IIPOCTPAHCTBO 3AKPBIT
TU/IPABJINYECKU (JIABJIEHUE B MEXTPYOHOM IIPOCTPAHCTBE
Oyzer Bollle, yeM B kosionHe HKT).
[0 MOMEHTA TYCKa B pabOTy NIYOMHHOT'O HACOCA 3TOMY OYACT,
B Y4CTHOCTH, CIIOCOOCTBOBATD MOBBIIIEHHAS INIOTHOCTh
TEXHUYECKOU )KUJJKOCTU B MEKTPYOHOM IPOCTPAHCTBE.

2.3aKavyKa PaCTBOPUTEJIA B KOJIOHHY TU(PTOBBIX TPYO:
YIJIOBOY BEHTWJIb 7 OTKPHIT, B KOJIOHHY HKT € ycThs

1 — xonouna udmosvix mpyo,
2 — 2/1YOUHHBLLL HACOC,

3 — oopamuusLil KaanaH Hacocd,
4 — oopammbiil Kaanar 6
mencmpyoHoe npocmpaHcimeo,
5 —naxep, 6 —mexcmpyoroe
npocmparcmeo, 7 — )2a0801
senmusb, 8 — DKM

1 — production string, 2 — downhole
pump, 3 — pump’s back valve,

4 — annular space back valve,

5 — packer, 6 — annular space,

7 — angle valve, 8 — eleciric contact
pressure gauge
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Pucynox 1 - Cnoco6 oocmasxu peazenma
6 KOJIOHHY TUPMOBHIX MPYO CKEANCUHDBL

Figure 1 — Method of delivering chemical
agents to the production string of a well

3dKA4YMBAIOT PeareHT, Ipy 3ToM OK OTKPBIBAETCA IO/
JICCTBUEM IIEPEIA/Ia JABICHM L. B II0CIe/1yIomeM HacOC
IYCKAIOT B 3KCIUIYATALINIO, PACTBOPEHHDIE OTIOKEHH A

BMECTE C IPOYKIMEH CKBAKHMHBI BBIHOCSTCS 110 JIU(PTOBBIM

TPy6aM HAa HIOBEPXHOCTD 3€EMJIH.

BbIBObI

1. B 3aBUCMMOCTH OT CYyTOYHOM IIPOU3BOJUTENBLHOCTHU
CKBAXKUHBI ITO HEPTH (KOMMEPYECKOH LIEHHOCTH) OyJET

(OPMHUPOBATHCS €€ TTOJIBEMHOE OGOPYIOBAHUE U TEXHOIOTHUH

OOCITYKUBAHUS U UCCJIEJOBAHUA. B MOHATHE IOA3EMHOTO
060pyIOBAHUSA B CKOPOM BPEMEHU K INTyOUHHOMY HACOCY
U JIUQPTOBBIM TPy6aM JOOABUTCS AUATHOCTUUIECKOE
060pPYIOBAHUE CTALTMOHAPHOI'O UCIONIHEHUS. [TepBbIe
IIATH B BUJIE JATYHUKOB JABJICHUSA WU TEMIIEPATYPEI
B 30HE MOI'PYKHOT'O MEKTPOJIBUTATENS yCTAHOBKHU
AEKTPOLIEHTPOOEKHOI'O HACOCA YKE CJIEIAHBIL, 1 ITOJTy4EHA
MH(MOPMAIUA IO ITIOTHOCTH KUJIKOCTHU B MEKTPYOHOM
OPOCTPAHCTEBE [5].

2. TexXHOIOTUHU y1aJIEHUS OTIIOKEHUI U3 KONMOHHBI HKT
HedTETOOBIBAIOIINX CKBAXKUH ITOCTOSHHO PA3BUBAIOTCS,
U1 HEOOXOAMMO, YTOOBI 3TU HOBBIE PEIMIEHN HCTIBITHIBAIUCH
B IPOU3BO/JICTBEHHBIX YCJIOBUAX C TEM, YTOOBI HANTH
JOCTOMHYIO AJIBTEPHATUBY HOBCEMECTHO IPUMEHAEMOMY
COCOOY TOCTABKUA PACTBOPUTEJIEN B IONIOCTb INTyOUHHOT'O

HACOCA U TU(PTOBBIX TPYD YEPE3 MEKTPYOHOE MIPOCTPAHCTBO.

JINTEPATYPA

1. Kabnaw Ceprent. MUHU-KONTIOOUHT KaK OH ecTb//BpemMs KonTiobuHra.

—2009.-N24 (29). - C. 28-30.

2.MNaTteHT PO Ha nsobpeteHune N2 2302513/Cnocob nogaym peareHTa
B ckBaXKxmHy//E.H. CacdoHos, H.C. Bonoukos, B.A. CTpuxHeB. n ap. -
Bton. N2 19. Ony6n. 10.07.2007.

3.NateHT PO Ha nsobpeteHune N2 2445448, Cnocob o4ncTKn
rnyGUHHOro Hacoca U KONOHHbI NUMTOBLIX TPYO OT OTNOXEHWNA/
®.®. XacaHos, A.M. lfanumos, U.3. leHncnamos. Ony6n. 20.03.12.
Bron. N2 8.

4. MaTeHT Ha n3o06peTeHne N2 2464409 PO. Cnocob focTaBKM peareHTa

B KOJIOHHY NN TOBbLIX TPY6 ckBaxuHbl/W.3. JeHncnamos, A.M.
lanumos, LL.A. fadapos v gp. Ony6:n. 20.10.2012. Bion.N2 29.

5. AeHncnamos W.3., facdapos W.A., EHnkeeB P.M. IHTepnpeTaumsa
[aHHbIX COBPEMEHHOWN TeNleMeTPUM CKBaXKUHHbIX
3NEeKTPOLEHTPOOEXHbIX HacocoB//HedbTerasosble TEXHONOMMMU U

HoBble MaTepuarnsl. [pobnemsl 1 pelieHus: ¢6. Hayy. Tp. — Bbin. 3(8).

—-Yda: 000 «MoHorpadusa», 2014. - C. 243-250.

42 Ne1(051) Mapr /March 2015

can occur if the pump is operating and there
occurs a sudden blockage of the production string
or surface pipeline by: asphalt, paraffin and resin
deposits, solids or foreign objects.

Downhole equipment is used in two modes:

1. Operation of the producing formation: angle
valve for the annular space 7 is closed, well fluid is
lifted via the production string, annular space back
valve is hydraulically closed (pressure in the annulus
will be higher than the pressure in the production
string). Before the downhole pump is started, this
state is achieved, in particular, due to higher density
of the service fluid in the annular space.

2. Solvent injection into the production string:
angle valve 7 is open, chemical agent is injected
from the wellhead to the production string and the
back valve is set open due to pressure differential.
Later on, the pump is started and dissolved deposits
are lifted to the surface together with the well fluid
via the production string.

CONCLUSIONS

1. Set of downhole equipment as well as
technology of well servicing and exploration
is selected based on the oil yield of a particular
well (its commercial value). Very soon downhole
equipment will also include stationary diagnostic
tools, besides downhole pump and production
tubing. First steps have already been made —
pressure and temperature sensors are installed
in the area of electrical submersible pump. Data
on fluid density in the annulus has already been
acquired [5].

2. Technologies of deposit removal from the
production strings of oil wells are constantly
developing. It is necessary that all these new
solutions are tested in the field conditions in order
to find a worthy alternative to the currently widely
used method of delivering solvents to the downhole
pump and the production string via annular space.



3aBoj NoO NpoOU3BOACTBY XUAKOro asora B 3anagHon Cubunpu

B nayane 2014r. komnaduen Nafta - Siberian Nitrogen 2aeof No NPov3BoACTEY XWAKOro asorta

Bein 3anyued 3asof No NPpoW3BOACTEY MWOKOMo asoTa. Mafta Siberian Nitrogen saenseTcs yHUKANEHEIM
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47 TPYNNA ®UA cano HOBUHKA

HHHOBAUNOHHDE DEOFYADBAHKE

KucaotoctpyiiHoe Gypenue — oaHa U3 Haubonee apPeKTUBHBIX
TEXHOAOTHiA NOBbILIEHHA HedTeoTAauM NAacTa — obecneynsaer
CO3AaHHe QUALTPALIMOHHBIX KAHAAOB W3 OTKPLITOrO CTEOAA WAH B
BbipE3aHHO 30He IKCNAYaTaUHOHHOKH KOAOHHLI B KapOoHaTHBIX
KOANEKTOpaX.

06opyaoBanue obecneunBaeT BO3IMOXHOCTD:

« 3JKCMAYaTaLMM B Cpeaax ¢ BbICOKHM coaepxanuem H,S u CO,c makcumanbHoi paboyeii
Temneparypoii 120 °C;

.+ CTPOMTEAbCTBA YYacTKOB C MaAbIM PaAMYCOM HCKPUBAEHHUA (0T 7 M),

" s pa3MbITHA HECKOAbKHX 6OKOBBIX CTBOAOB 3a 0AHY CTO Ha pa3AHuHBIX YPOBHAX W Pa3AMUHBIX

" a3MMYTaAbHbIX HaNPaBACHHAX;

* C03paHUA GOKOBbLIX KAaHAAOB B KapOOHATHBIX NAACTaX HEOOABLLIOH MOLUHOCTH;

* OCBOEHWSA CKBa)XWMHbI B NPOLECCE CTPOUTEALCTEA CTBOAA,

* 3anucH TPaeKTOPHH CKBAXHHBI.

OcHoBHbIe NpeHMylLiecTBa:

* BbICOKaA CKOPOCTb NPOXOAKM;

* KOpPOTKHE CPOKM NPOBEAEHHUA Onepauuu;
+ OTCYTCTBHE PEeaKTWBHOTO MOMEHTa;

* HM3KaA CTOMMOCTb 000pyAOBaHHS.

NpumeHseTca ¢ KoATIOOMHIOBOH YCTAHOBKO#H, OCHALWEHHOW rHOKO# Tpy6oi Auamerpom 38,1 mm
UAH 44,5 MM, AMaMeTp NpUMeHAeMbIX Hacaaok 54 MM, 64 mm, 76 mm.

B kauectee paboueii XMAKOCTH HenoAb3yeTca pacTeop HCI ¢ koHueHTpauuei o 20%.

WAEAABHOE PELUEHUE AAAI MTHN
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POCCUNCKUNIN TOCYOAPCTBEHHbIA YHUBEPCUTET
HE®DTUN NTA3A vm. N.M. T'YBKHA

bazoBbii BY3 HedTerazosoro komnnekca Poccum

26 uoHA 2015 ropga B POCCMINCKOM rocyaapcTBEHHOM YHMBeEpcUTETe HedTU U rasa umeHn .M. TybkunHa
(r. MockBa, JIeHMHCKUI NpoCneKT, 4. 65) cocTonTCs

_ IMBEXXAYHAPOJHAS HAYYHO-NPAKTU4ECKASl KOH®EPEHLINSA
(X BCEPOCCUNCKASA HAYYHO-MPAKTUYECKAA KOH®EPEHLINA) «<HEDTENMPOMbIC/TIOBAA XUMUA»

KoHdbepeHums noceswaeTca 85-netuto PTY HedTh 1 rasa um. .M. lybkunHa. OpraHusaTtopaMmm MeponpusaTms BbICTYMNatoT:
MwuHucTepcTBO 0bpa3oBaHus U Haykn Poccniickon Depepaumu, PoccMiicknii rocyaapcTBEHHbIN YHUBEPCUTET HehTH M rasa
umeHu .M. TybkumHa (HaumoHanbHbIV nccnegoBaTenbckmii yHuBepenteT), HOL, «MpombiciioBas xumus», TexHonornyeckas

nnatcdopma «TexHoNnornm pobbI4M U UCNONb30BaHWUS yrneBoAopoaoBy», HIM «HauvoHanbHbIN UHCTUTYT HEedTU 1 rasa.

B koHbepeHUMM NpeanonaraeTcs yyactue npeactasutenen HUW, Bysos, npeanpuatnin n vpmMm, 3aHMMaloLLMXCA
pa3paboTkol, NPOM3BOACTBOM, MOCTABKOW U MPUMEHEHNEM XMMUYECKMX PeareHToB A5l HeTAHOM 1 ra3oBom
MPOMBbILAEHHOCTN Ha TeppuTopmn Poccum u ctpan CHI.

Y4yacTHMKaM KOHepPeHLMU NPEAOCTaBASETCS BO3MOXHOCTb BbISIBUTb OCHOBHbIE TEHAEHLMWN B Pa3BUTUN MUPOBOIO U
POCCUIACKOTO PbIHKA XMMUYECKMX peareHToB, YCTaHOBUTb KOHTaKThbl Y MONYYUTb HEOOXOAUMYIO MH(OPMALLMIO O COBPEMEHHOM
YPOBHe NPOM3BOACTBA U MPUMEHEHUS XMMNYECKUX peareHToB Al HeTSHOM U ra30BOM MPOMBbILLIEHHOCTY.

TEMATUKA KOH®EPEHLIUW:

® peareHTbl Ans OypeHus, 3aKaHYMBaAHNS N PEMOHTA CKBaXWH; L5 yuacTus B paboTe koHbepeHLMM o 31 mas 2015 T.

® peareHTbl U TEXHONIOMMU X MPUMEHEHNS B MPOLEeccax NoBbILLEHNS
HedTeoTAauYM NNacToB, UHTEeHCMdUKaLUKM JOObIM HeDTY;

® MpUYMEHEHNE XMMNYECKMX peareHToB Npu TpaHCcnopTe HedTU U

I'IpOIZ,CI,I/ITe OHHaVIH-peFMCTpaLWIIO Nno ccblyiKke:
http://gubkinuniv.timepad.ru/event/185991/.

Te3uncobl fokNagoB (He bonee ogHOM CTPaHKLLbI)

HedTenpoayKTOB.;

¢ pa3spaboTka 1 NprMeHeHMe COBPEMEHHbIX 3aLLUTHbIX MaTepuasnos 1 nnm cTaTeio (He Gonee Tpex CTpaHWL) oTnpaenAlTe
MHIMOUTOPOB KOPPO3UU, CONEOTIOXEHMUS U NapadUHOOTIOXEHUS Ans He no3xe 31 mas 2015 . Ha 3NeKTPOHHbLIN agpec
HedTAHOro 1 ra3oBoro 060pyﬂ,OBaHVIF|; npch@gubkin_ru_

® MpUYMeHeHNe BOJOPaCcTBOPMMbIX MONMMEPHbIX MaTepUanos B
npoueccax akcnnyaTaumm HedTAHbIX MECTOPOXAEHWUI;

® MOBEPXHOCTHO-aKTUBHbIE BELLECTBA B HE(DTAHOM 1 Fa30BOM
NPOMBbILINEHHOCTY;

® 3KOMornyeckme acnekTbl MPOU3BOACTBA M MPUMEHEHNS XMMUYECKNX
peareHTOB B HE(TAHOW N Fa30BOM MPOMBILLIEHHOCTY;

¢ MHbOopMaLMOHHOe obecrneyeHre N MapKeTUHT B 0bnacTy Npon3BoacTBa
N NPYMeHeHUs XMMNYEeCKNX peareHToB Ansi HeTSHOW U ra3oBoM
NPOMBILNEHHOCTH.
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[IpruMeHEHUE HOBBIX TeXHOJIOTUM ['PI1
C IIPOIIIAHTOM B KAPOOHATHBIX KOJUIEKTOPAX
BEPENCKOT'O TOPU30OHTA CPEHETO KAPOOHA
HA MECTOPOXKICHUAX C TPYAHOUIBICKACMBIMU
3aI1aCaMH HA TEPPUTOPUU
Pecniybirku TaTapcTan

Application of New Proppant Fracturing
echnologies in Carbonate Reservoirs
of Vereiskian Stage at the Oilfields with
Hard-To-Recover Reserves on the Territory
of the Republic of Tatarstan

P.III. TAXAYTIWUHOB, P.®. BAJIHEB, 0.3. HCMATHJ/IOB, M.I. HOBHUKOB, OOO YK JllemMaorii»;
A.P. TABJIETOB, A.M.TA3HU30B, B.C. MUPOHOB, StrataGen

R. TAKHAUTDINOYV, R. VALIEYV, O. ISMAGILOV, M. NOVIKOYV, ‘Sheshmaoil’ Management Company LLC;
A.DAVLETOV, A. GAZIZOV, V. MIRONOYV, StrataGen

Pecrry6mka TaTapCTaH ABISETCAI OTHUM U3
CcTapenmux He(pTeJOOBIBAIOIIUX PEFTHOHOB
Poccuy, 3HAYUTENIBHAS YACTh CTPATUTPAPUIECKOTO
paspes3a KOTOPOro NPEACTABIEHA KAPOOHATHBIMU
OTJIOKEHUSAMU. JIO IOCJIEHETO BDEMEHU CUUTAJIOCD,
YTO OCHOBHBIM METO/IOM HHTEHCU(PUKAITUU
JIOOBIYM B KAPOOHATHBIX KOJUIEKTOPAX SBJISAETCS
KHUCJIOTHAs1 00paboTKa n1acTa. [TociegHue OnbITHO-
MIPOMBIIUIEHHBIE PA6OTHI HA MECTOPOXKICHUSAX
VK JdIlemmaoir Ipyu NHXKXEHEPHOU HOAJEPKKE
KOHCYJIBTAHTOB StrataGen IOKa3aJI1 3HA4YUTE/IbHbIE
NPENUMYIIECTBA HOBBIX TeXHONMOruu I'PI1 o
CPAaBHEHUIO C TPAAUIITMOHHBIMU KUCJIOTHBIMUA
06pabOTKAMH, 4 UMEHHO: 60JIEE BBICOKHUE CTAPTOBBIE
JIEOUTBI U IOJITOCPOYHBIA IPUPOCT JOOBIYH.

B yc10BUsIX HEOOXOAUMOCTH CTAOMIN3ALIUHN JOOBIYN
HePTHU HEPTAHBIMUA KOMITAHUAMU Pecriybmnku
TaTapCTaH NPEeINPUHUMAETCA MHOT'O YCUJIHH 11O
Pa3BUTHIO ¥ BHEJIPEHHIO PAZIUYHBIX TEXHOJIOTUH
MOBBIIMIEHUA HE(PTEOTAAUHN IIJIACTA. YKA3AHHOE B
OCOOEHHOCTH OTHOCHUTCH K BBICOKOIIPOJYKTUBHBIM
KPYITHBIM MECTOPOXKICHUAM, HAXOIAIIHUMCS
H4 IIO3[JHUX CTAAUAX pa3paboTku. Kpome Toro,
YAENAETCA MHOT'O BHUMAHUA ITPOOIEMAM OCBOECHUSA
CJIOJKHBIX 3AJIEXKEN YITIEBOJOPOIOB: JOOBIYE ChIPbA U3
OUTYMUHO3HBIX IOPOJ, IEPCHEKTUBAM ITOMCKOBBIX
PaboT B KAPOOHATHBIX OTJIOKEHUAX IEBOHA U IPYTHM.

I1pyr 3TOM OCTAETCA OTKPBITBIM BOIIPOC MOBBINEHUA
PEHTAOEIBHOCTU PA3PA6OTKY 3HAYUTEIBHOI'O YUCIIA
Mas103(P(PEKTUBHBIX MEJIKMX MECTOPOXKIAECHUI
pecnyb/IMKHU C TPYAHOU3BIEKAEMBIMH 3aITACAMU.
OJHUM 13 OOBEKTOB PA3PAOOTKU SABIISIETCS BEPEUCKUN
TOPU3OHT CPEAHETO KapOoHa. Pa3zpaboTKa JaHHOIO
OO'BEKTA B OCHOBHOM OCJIO’KHEHA JIBYMS (DAKTOPAMHU:
CJIOKHOE T€O0JIOTUYECKOE CTPOEHUE, BA3KAA TAXKEIAS
CMOJIMCTO-IapaduHUcTas HePThb. IIpu 3TOM Ha
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The Republic of Tatarstan is one of the oldest oil
producing regions in Russia. Its geology is mainly
represented by carbonate deposits. Until recently,
acid treatments were considered the only EOR
method in carbonate reservoirs. Latest field trials
conducted at the fields of Sheshmaoil Management
Company with the engineering support of
StrataGen consultants showed considerable
advantages of new fracturing technologies
compared to conventional acid treatments — in
particular, higher initial well yields and long-term
production build-up.

Striving to stabilize oil production rates oil
companies of Tatarstan make a lot of effort to
develop and introduce various EOR technologies.
This, in particular, concerns highly-productive
large mature oilfields. Besides, attention is paid to
the development of less accessible hydrocarbon
deposits — hydrocarbon production from
bituminous rocks, hydrocarbon exploration in
carbonate deposits of Devonian period, etc.

However, increasing profitability of development
of great number of small inefficient oilfields with
hard-to-recover reserves remains an open issue.
Formations of the Vereiskian stage are one of the
targeted areas. Development of such formations is
complicated by two factors: complex geology and
heavy viscous paraffin-resinous oil. Meanwhile,
sizeable proportion of Sheshmaoil’s recoverable
deposits (14 to 35%) is located in the Vereiskian
stage. Oil recovery factors are 0.25 to 0.29,
development rates are not high — 0.006 to 0.032.
Average well yields are also quite low: fluid yield is
2m?/day, oil yield — 1.4 tons/day, water cut — 24%.

Additional features of the formation in question
are: low oil saturation according to logging data



MECTOPOXK/ICHUSIX JIOOBIBAIONINX KOMIIAHUH YK
«Ilemmaory» Ha BEPEUCKUM TOPU3OHT IIPUXOANUTCA
3HAYUTEIbHAS JOJISI U3BJIEKAEMBIX 3211ACOB — OT 14% 110
35%. YrBepxaeHHble KMH nipu 3T1OM OT

0,25 10 0,29, TeMITbI pa3paboTKu HU3KHue — ot 0,006

110 0,032, CpegHue oKa3aTeNan 10O CKBAKMHAM TAKXKE
OTMEYAIOTCA HU3KUMU 3HAUYECHUSIMU U COCTABJISAIOT:
JEOUT KUJKOCTH — 2 M?/CyT, 10 HEPTHU — 1.4 T/CYT,
OOBOJTHEHHOCTD — 24%.

JIONOMHUTENBHBIMU OTIUYUTEIBHBIMU (DAKTOPAMH,
XAPAKTEPUIYIOIIUMHU PACCMATPUBAEMBII OOBEKT,
ABJIAIOTCA (PAKTOP HU3KOIM HE(PTEHACBIILIEHHOCTH IO
I'MC 1 OTHOCUTENIBHO HU3KAA [IJIACTOBAS TEMIIEPATYPA
(19-21 °C). B 60nee uem 90% CKBaKHUH KO3 PUITUEHT
He(dTEHACHIIIEHHOCTY, 1O AaHHBIM ['YIC, McHEe
55%, 9TO ABJIAETCA HYDKHEN I'PAHULEH KOHAUITUHU
MPOMBIIUIEHHO-IIPOAYKTUBHBIX IIJIACTOB. Kpome
TOT'O, YKa3aHHOE HE COITIACYETCS CO CPEJHUMHU
MOKA3aTEIAMU PA6OTEI CKBAKHH 11O OOBOJHEHHOCTU
JIOOBIBAEMOU ITPOAYKIIUH U, CKOPEE, CBUIETE/ILCTBYET
O HEJJOHACBIMIEHHOM XaPAKTEPE OOBEKTA. DTO
MOJKET NOATBEPKAATHCA HU3KUMU 3HAYEHUAMU
JIACTOBOI'O JJaBJIEHUS (OCOOEHHO B 30HE OTOOPA)

C KO3 (PUITMEHTOM aHOMAJIBHOCTH MeHee 0,5,
MNOCTOSAHHBIMHY 3(P(PEKTAMHU MOIVIOIMEHU S )KUIKOCTEN
B IIPOLIECCE PA6OT HA CKBAKUHAX (B TOM YUCJIE
HAT'HETATEIbHBIX).

Beperickuri ropu30HT HPEACTABIEH ABYM ITAYKAMU.
BepxHsAA CIOXKEHA ATIEBPOIHUTO-TTIMHUCTEIMUA
nopogaMu TONMHOM 20—30 M. B HEM npakTU4eCcKn
OTCYTCTBYIOT HOPUCTO-TIPOHUIIAEMBIE ITPOIIACTKHU, U
BCSI OHA ABJIAETCS PETMOHAJIBHBIM BOJOHEMTEYIIOPOM
JULA 3A7IEKEN CPEHETO KApOOHA. B 60IBIIMHCTBE
CKBAXXWH BEPXHUE IIACTHI BEPEHCKOIO TOPU3OHTA
(Bp-4-Bp-6) u HuskHUH (Bp-1) c1abopasBUThL U
BKJIIOYAIOT B OCHOBHOM YIIJIOTHEHHBIE PA3HOCTHA
INIMHUCTO-KAPOOHATHBIX NOPOA. HUKHHME TITACTHI-
KOJUIEKTOPHI (Bp-2 u Bp-3), 3aeraoomue noy,
PETUOHAJIBHO BBIAEPKAHHOM IIJIOTHOM ITAYKOU TOPO/I,
MPOCJEXEHBI B PA3PE3aX OOIBITUHCTBA CKBAKHUH
¢ ob1ert TomuuHou Bp-2 (1-3 m), Bp-3 (3—7 m).

YHCJI0 HOPUCTO-TIPOHUILIAEMBIX ITPOIIACTKOB B HUX
cocTapisaeT 1-3. ITnacTel OTAEAEHbI ITTHHUCTOM ITAaYKOM
TONIMHON 0,8—1,0 M 1 0OPA3YIOT €JMHBIN IIPUPOAHBIN
pe3epByap MIaCTOBOrO THMA. [TO (PU3UKO-XUMUYIECKHUM
CBOMCTBAM HE(PTH BEPEUCKUE OTIOKEHUS OTHOCITCS K
CMOJIMCTBIM, TAPAMPHUHUCTBIM, BICOKOCEPHUCTBIM

(3% 1 60s1€€) 1 BBICOKOBA3ZKUM (80—90 MITa.0),
IVIOTHOCTB IIOBEPXHOCTHHBIX ITPO6 0,912-0,918 1/cM?,
ra30BbIA (PAKTOP HU3KUU CO 3HAYEHUSIMHU MEHEE 5 MY /T.

Pa3paboTka BEPEHCKOTO OO'bEKTA TPAJTUITMOHHO
BEZIETCS C IPUMEHEHUEM CJIEAVIOIMIUX OCHOBHBIX
HAITPABJIEHUU: KUCJIOTHOE BO3/ICHCTBUE HA
KapOOHATHBIN KOJUIEKTOP MO PA3JIMYHBIM
TEXHOJIOTHAM, 3aBOJHEHME (IPEUMYIIECTBEHHO
HECTALIUOHAPHOE) C IPUMEHEHUEM B KAYECTBE ATEHTA
CTOYHOMH WJIN IJIACTOBOM BOJIBI C IIEJIBIO ITOAAEPKAHMSA,
MOBBIIIEHUA I1ACTOBOIO Aasnenusd (ITI110) u
BBITCCHEHUSI HE(PTU.

B yC/IOBUAX BBIMIEYKA3AHHBIX OCOOEHHOCTEN U
KaBEPHO3HO-TIOPOBO-TPEIIUHOBATON CTPYKTYPBI
KOJUUIEKTOPA 3aKA4K4d BOZABI TA2KE B €€ IUKJINYHOM

and relatively low reservoir temperature (19-21 °C).

In more than 90% of wells oil saturation factor
isless than 55%, which is the lowest acceptable
quality threshold of a producing formation.
Besides, the abovementioned is not consistent with
the average fluid water cut data and is indicative of
the undersaturation of the formation in question.
This can be confirmed by low reservoir pressure
(especially in the oil recovery zone) with the
anomaly ratio below 0.5, and continuous fluid

loss effects during well interventions (including
injection wells).

Vereiskian formation consists of two units. The
upper unit is represented by siltstone-clay rocks
20-30 meters thick. Porous and permeable layers
are almost non-existent; the whole unit serves as
water and oil confining stratum to the deposits
of Middle Pennsylvanian. In the majority of wells
upper layers of the Vereiskian formation
(Vr-4-Vr-6) and the bottom one (Vr-1)are
underdeveloped and are represented by consolidated
varieties of carbonate and clay rocks. Lower
reservoirs (Vr-2 and Vr-3), which are located under
the solid rock unit, can be observed in the majority
of well logs. Total thickness of Vr-2 is 1-3 meters,
Vr-3 — 3 to 7 meters. They contain from one to
three porous and permeable layers. The layers are
separated by a clay unit 0.8-1.0 meter thick and
constitute a single natural formation. In terms
of physical and chemical properties Vereiskian
formation crude is tarry and waxy with high sulfur
content (3% and more). The crude is highly viscous
(80-90 mPa.s); gravity of surface samples is
0912-0918 g/cm?; gas factor is low — less than
5 m3/ton.

Vereiskian formations are traditionally
developed with the use of the following methods:
acid treatment of carbonate reservoirs employing
various technologies, water flooding (mainly
non-stationary) with the use of waste water or
formation water with the aim of increasing or
sustaining reservoir pressure and oil displacement.

Under the abovementioned conditions and
taking into account the porous and fissured
structure of reservoirs, water injection (even
cyclical) is not very efficient. One can surely say
that there is no piston-like displacement effect;
great portion of the injection is wasted. Quite
often we observe negative effects of injections
in the form of water breakthrough in first line
wells. Authors believe that the attempts to boost
injection efficiency by introducing conventional
diverter technologies and polymer flooding do not
yield desirable effect. On the contrary, they lead to
negative effects: diverting agent breakthrough into
the producing wells, clogging of the oil containing
carbonate rock and, consequently, reduction of oil
recovery.

As far as acid treatments are concerned, a
number of technologies and methods were used:
conventional hydrochloric acid treatments,
hydrochloric acid treatment in combination with
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MIPOABICHUH HECET HU3KYIO 3(P(PEKTUBHOCTD.
MOKHO OJHO3HAYHO YTBEPXKAATD, YTO 3(PPEKT
MOPIIHEBOI'O BBITECHEHUS OTCYTCTBYET, BEJIMKA OIS
HEMPOU3BOAUTENBHOM 3aKa4Ku. Hepeaku NposBIeHUSA
HETaTUBHOT'O BO3ZEHMCTBUA B BUJIE IPOPBIBA BOJLI HA
CKBaKMHBI IIEPBBIX PANOB. [TONBITKY HOBBIIIEHU S
3(PPEKTUBHOCTH 3AKAYKU ITYTEM BHEAPEHUS
KJIACCUYECKUX MTOTOKOOTKJIOHSIOMUX TEXHOJIOTUH,
MOJIMMEPHOT'O 3aBOJHEHHUS, IO MHEHUIO aBTOPOB,

HE IIPUHOCAT KEJAEMOI'O PE3YIBTATA, 4 HAOOOPOT,
BJIEKYT OTPULIATEIBHBIE TIOCIECTBUA: IPOPBIBBI U
BBIMBIB OTKJIOHUTEJEN B JOOBIBAIOIINE CKBAYKHHBI,
KOJIbMATALIHIO HE(PTECOAEPKAIIEN MATPHUIIBI
KapOOHATHOU ITOPOJBI, 1, KAK CIENCTBUE, CHHUKEHHE
HedTeoTnauN.

I1o HAaIPaBJIEHUIO KUCJIOTHOI'O BO3IEUCTBUSA
Ha JAHHOM OO'bEKTE NPUMEHATIOCH MHOKECTBO
TEXHOJIOTUH: OOBIYHBIE COJIITHO-KHUCIOTHBIE
o6paboTtku (CKO), komrnekcupopanue CKO ¢
3aKa4KOM pacTBOpHTEIEH, HanpasjaeHHoe CKO-
BO3JIENCTBHE, CEJIEKTUBHOE BO3AECHCTBHUE, IPHMEHEHNE
PA3JIMYHOTO PpOJid OTKJIIOHUTENEHN, BO3JIEUCTBHE
OMHAPHBIMU CMECSIMU U T.ZI. [IPAKTHKA IOKA3bIBAJIA
KpariHe HU3KYIO 3(P(PEKTUBHOCTb NIPUMEHAEMBIX
METOJIOB, KOTOPBIE HE NO3BOJIAIN OOECTIEYNUTD
MPUEMJIEMYIO TEXHOJIOTUUYECKYIO U 9KOHOMHYECKYIO
3(pPEKTUBHOCTE.

Jlonroe Bpems yAEIAIOCh HEAOCTATOYHO
BHUMAHM A JTAO0OPATOPHBIM UCCJIEJOBAHUAM (TECTHI
HA COBMECTUMOCTD 34KAYHBAEMBIX PEATEHTOB
C IIJIACTOBBIMH (DIIONIAaMU, (PUIBTPALIMOHHBIE
3KCIEPUMEHTDBI HA KEPHE U PAJL IPYTUX) U
MATEMATUYECKOMY MOJAETHUPOBAHUIO (PACYET
IIPOLIECCOB PACTBOPEHMS) OOpabOTKU. B pamkax
PadoT IO NOBBIIEHUIO 3(PPEKTUBHOCTU KUCJTOTHOI'O
Boazaericteus B 2013 rogy VK «llemmaoi» ¢
MPUBJIEIEHUEM HAYYHO-HUCCIIETOBATEIBCKOTO
MHCTUTYTA IIPOBEJIA IIOJTHBIN [IUKJI OOOCHOBAHUA
PadoT, BKJIIOUAS JIAOOPATOPHBIE UCCIEAOBAHMUS HA
KEPHE U COCTABJIEHUE IUIAHOB 3aKA4EK HA OCHOBAHUU
OIITUMAJIBHBIX MOJIEJIEN ITpoLecca. B Hos6pe
2013 rozsa Ha pacCMATPUBAEMOM OO'BEKTE OBLIIN
IIPOBEAEHBI ONBITHBIE PA6OTHI HA IBYX CKBAXKUHAX
KpacHOOKTAOPbCKOTO MECTOPOXKACHUSA: OJTHA C
KHCJIOTHBIM BO3/ICHCTBHEM YBEIUYECHHBIM OObEMOM
KHCJIOTBI B KOMIIJIEKCE C 3aKAYKOH PACTBOPUTEI,
apyras — KI'PIT ¢ MCIio/ib30BaHUEM 3MYJIbI MPOBAHHOI'O
KHUCJIOTHOI'O COCTaBa. D(PPEKT OIyU€H HE ObLIL

B cBs13u ¢ HU3KOU 3(PPEKTUBHOCTBIO KUCJIOTHBIX
06pabOTOK KOMITAHHUA IIPUCTYIIUIA K OIBITHO-
MMPOMBINIJICHHBIM UCITBITAHUAM TCXHOJIOT U
IHJIPABINYECKOIO Pa3phlBa IIJ1ACTA C IPOMNIIAHTOM Ha
BEPEICKOM I'OpU30HTE. B nione u asrycre 2013 roga
ObUIN IPOBEJEHBI TponnanTHbie ['PIT HA 1By X
CKBA>KHMHAX TOTO k€ KPpaCHOOKTA6pbCKOIO
MECTOPOXK/ICHHUS IPU YIACTUU HHKEHEPOB-
KOHCY/IBTAHTOB StrataGen. ITosydeH NoNIoXKUTENbHBIN
ad¢exr. ITo cocrosnuio Ha 01.12.14 1ONOIHUTEIbHAS
JOo6BIYa HEPTHU COCTABUIA 3,4 THIC. TOHH IIPU
cpeaHeld HapaboTke 477 CYT., 1 CAMOE BAKHOE, UTO
apdpexT npopokaercs. B 2014 rogy paboTe! 66111
NPOJOKEHEL Beero 3a mosrropa roga nposegenns I'PIT
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solvent injection, targeted acid treatment, selective

treatment, application of various diverting agents,

application of binary mixtures, etc. Events proved

these methods to be inefficient, since they did

not ensure the necessary technical and economic

feasibility.

For quite a long period of time little attention was
paid to laboratory studies (tests for compatibility
of injected agents with formation fluids, filtration
tests on the core, etc.) and mathematical simulation
(modelling of dissolution processes) of treatment
operations. In 2013 in order to improve the
efficiency of acid treatments Sheshmaoil in
cooperation with research institute conducted a
feasibility study, including tests on the core and
preparation of injection plans based on optimal
process models. In November 2013 they conducted
trials at two wells of Krasnooktyabrskoye oilfield:
one well — acid treatment with higher acid volume
in combination with solvent injection, the other
well — acid fracturing with the use of emulsified
acid composition. There was no effect achieved.

Due to low efficiency of acid treatments
the company started field trials of proppant
fracturing at Vereiskian formation. In June and
August 2013 proppant-based hydraulic fracturing
operations were done at two wells of the same
Krasnooktyabrskoye oilfield with the participation
of StrataGen consultant engineers. The results
were positive. As of December 1, 2014 incremental
oil production amounted to 3.4 thousand tones
with the mean operation time of 477 days. Most
importantly, long-lasting effect was achieved.
Treatments continued in 2014. Within
1.5 years’ time more than twenty hydraulic
fracturing jobs have been conducted at the wells of
Vereiskian formation.

When planning and conducting hydraulic
fracturing in carbonate reservoirs the main
challenges faced are:

1. High permeability (50—-450 mD) due to natural
fissures system,

2. Low reservoir pressure ("40 bar, vertical
reservoir depth — 7850 m), low reservoir
temperature (19-21 °C),

3. Weak streaks and bridges that separate the
target formation;

4. Formations with high closure gradients and
Young’s modulus.

Typically, carbonate formation matrix does
not exhibit considerable permeability or
porosity, while a system of natural fissures might
considerably affect porosity and permeability
properties of the formation. That is why hydraulic
fracturing of carbonate rock, unlike conventional
terrigenous rock, requires injecting larger volumes
of fluid.

We try to select fracturing method with lower
volumes of guar in order to reduce damage to the
formation done by polymers. Under low reservoir
pressure polymers remain in the fracture and
around it, they clog the proppant pack and when



Ha CKBA’KMHAX BEPEHICKOIO FTOPU3OHTA BBIIIOJIHEHO

6onee 20 T'PIT.

OCHOBHBIE TPOOIEMBL, BO3HUKAIOMINE IIPU
OPOEKTUPOBAHNU U TPOBeicHNHU I'PIT B KapOOHATHBIX
IIACTAX:

1. Bercokas nponuraeMmocts (50—450 m/1),
OO6YCJIOBIIEHHASI HATUYUEM €CTECTBEHHON
TPEIMUHOBATOCTH;

2. Huskoe miactroBoe gasnenue (“40 arM, 1pu
BEPTHUKAJIBHON INTyOHHE 3ayIeTaHusA ~ 850 M), HU3KAs
miacrosad remueparypa (19-21 °C);

3. Ciabple IEPEMBIYKU, OTACISIONINE IEJIEBOU
TOPUBOHT;

4. T11aCThI C BLICOKUMU I'PAIUEHTAMU 3AKPBITUA U
MoayiasamMu IOHra.

Marpuiia KapOOHATHOIO IJIACTA Y4IIE BCETO HE
00612/12€T KAKOH-THUO0 3HAYUMON IIPOHUIAEMOCTBIO
WA TIOPUCTOCTBIO, 4 HAJTUYHE CETH €CTECTBEHHBIX
TPEIINH MOKET 3HAYUTEIBHO MTOBJIUATD HA
(PUIIBTPAITMOHHO-EMKOCTHBIE CBOMCTBA IJIACTA,
noatomy nposegieHnue I'PIT B KapOOHATHBIX TIOPOJAX B
OTJIMYME OT TPAJUILIMOHHBIX TEPPUT€HHBIX OTIMYAETCA
OOJIBLIINM OO'BEMOM 3aKAYUBAEMOM JKUJIKOCTH.

C LIEIBIO YMEHBIIEHUS TOBPEXKJECHU IIACTA
MOJIMMEPAMH B YCJIOBUAX HUZKUX IIACTOBBIX
JIABJIEHUH, KOTOPBIE OCTAIOTCS B TPEIINUHE U BOKPYT
Hee, 3a6MBAS YITAKOBKY IPOIITAHTA U NTOMNA/Jas B IIACT,
06pa3ys IMJIOTHYIO KOPKY Ha TIOBEPXHOCTHU TPEIIUHBI
U NPEMATCTBYA JOOBIYE YITIEBOJOPOJOB, BEJETCS
HOA00P PELENTYP B CTOPOHY YMEHBIIEHHU 3T DY3KU
ryapa. OCHOBHOU padouei ;kuaKkoCThio ['PIT ssBsieTcs
CHCTEMA Ha OCHOBE T'yapa C 3arpPy3Kor 2,8 Kr/m?

(cyxoi 3kBUBAJIEHT). ['paduK CTA6UIBHOCTH (pa3pylie-

HUS) TeJIs C 3arPy3KOI 2,8 KI/M? TIPEACTABIIEH HA PUC. 1.
C 1esIbIo ToAHOPA ONITUMATLHOM CUCTEMBI CO

CHH>KEHHOM 3aI'Py3KOM IIPU YCIIOBUU JOCTATOYHOU

BAI3KOCTU U TPAHCIIOPTHBIX CBOKCTB ObLIN

IPOTECTUPOBAHBI IAGOPATOPHBIE OOPA3IIHL C

3arpyskamu 2,5 u 2,0 Kr/m>. B pe3ynsrare 115t OnbITHOH

33KaYKH OblJIA BBIOPAaHA CUCTEMA C 3ATPY3KOH el

2,0 kr/M? (CyXOU 3KBUBAJIEHT). ['papuK CTAOUIBHOCTH

(paspyuieHus) reis ¢ 3arpy3koi 2,0 Kr/M> IpefcTaBaeH

Ha puUC. 2.

IIpoBeAEHUE U AHAINU3 ONBITHBIX pa60T I'PIT HA
CHMIKEHHBIX 3aI'Dy3KaX, IOMHUMO U/IEH CHUKECHUS
3arps3HEHUSA IIIACTA, HOBBIIIEHN S TPOBOJUMOCTH
TPEIIMHBL, TAKXKE UMEET BAXKHOE 3HAYEHUE [T
YIIPABJICHUS '€OMETPUEH TPEIUHBL. KaK U3BeCTHO
U3 MEX/TYHAPOAHON OOIIENPU3HAHHON IPAKTUKH,
YMEHBIIECHUE BA3KOCTU paboden :KUAKOCTU I'PIT
OPUBOJUT K YMEHBIIEHUIO BBICOTHI TPENIUHEI,
YBEJIMYEHHUIO JUIMHBI TPEMUHBL, YTO OYEHD BA2KHO
MPU BO3AECHCTBUU HA KOHKPETHBIHN 11€JIEBOM OOBEKT
B YCIIOBUSIX OTCYTCTBUSA 6APbEPOB U OTPAHUYEHUNA
1O BbICOTE. CHUKEHUE BABKOCTU TTO3BOJIAET
ONTUMH3UPOBATH BO3IEHUCTBUE HA IIJIACT IIPH
OJJHOBPEMEHHOM UCKIIOUYEHUHN B TPHOOIIEHUHN IPYTUX
OO'BEKTOB PA3PAO6OTKHU. TAaKUM 0OPa30M, MBI UMEEM
BO3MOXKHOCTB YBEJIUYUTb O6'beM PaboThI I'PIT (TOHHAXK
U Ky0aTypy paboder JKUJKOCTH) JIJI LEJIEBOT'O IIIACTA,
TEM CAMBIM JJOOMBASACH MAKCHMAJIBHOI'O U JUIMTEIBHOT'O

adexra.

they get into the reservoir they form a solid crust
on the fracture’s surface hampering recovery of
oil. Main fracturing fluid is a guar-based system
with guar concentration of 2.8 kg/m? (dry
equivalent). Gel stability (destruction) chart (with
concentration of 2.8 kg/m?) is shown in Figure 1.

In order to select an optimal system with lower
guar concentration (provided that sufficient
viscosity and transportation properties are
achieved), we tested laboratory samples with
concentrations of 2.5 and 2.0 kg/m?3. After
laboratory testing we have selected a system with
gel concentration of 2.0 kg/m? (dry equivalent). Gel
stability (destruction) chart (with concentration of
2.0 kg/m?) is shown in Figure 2.

Besides the aim of reducing reservoir
contamination and improving fracture
conductivity, field trials of hydraulic fracturing
with lower gel concentrations and analysis of its
results is also important for managing fracture
geometry. As we know from internationally
recognized practice, reduction in fracturing fluid
viscosity leads to reduction in fracture height and
increase in its length, which is important in case
of particular target area provided that there are
no barriers and height limitations. Reduction in
viscosity allows optimizing formation stimulation,
and at the same time allows excluding other
productive layers. Thus, we can increase the scope
of hydraulic fracturing job (tonnage and volume
of the fracking fluid) for the targeted formation,
achieving maximum and long-time effect.

Beyond all doubt, another important concurrent
factor is the reduction of the surface injection
pressure when using systems with lower viscosity.
It allows reducing load on the equipment,
performing treatment operations with higher flow
rates, ensuring safety of works.

Lower viscosity of the fracturing fluid helps
to transport proppant deeper into the fracture
and to ensure its penetration into natural small
fissures in the formation that allows achieving
better coverage by fracking and involving natural
fissure system. Taking into account all the
abovementioned factors a decision was made to
conduct a series of field trials at the Vereiskian
formation. Well No. 3725 of Dachnoye oilfield
became the first well for trial.

Taking into account lack of fracking experience
with gel concentration of 2.0 kg/m? we prepared
the design and a model of hydraulic fracturing
for 20 tons (quartz sand plus ceramic proppant).
Geometry simulation done with the use of
Fracpro software showed a 30% longer fracture
compared to similar fracking operation with gel
concentration of 2.8 kg/m?3.

Before the main job some standard test injections
were made: injection of 5 m? of water, displacement
with linear gel, stepwise flow rate reduction test
and mini-fracking using a 1-ton quartz sand
pack. We analyzed the data of test injections and
calibrated the fracturing model, as well as changed
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Brookfield Viscosity Profile / IIpod i BA3KOCTH
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Pucynox 1 - I'pagpux cmaouavnocmu (paspyuenus) zeasn c 3azpy3xou 2,8 kz/m?
Figure 1 — Gel stability (destruction) chart (with concentration of 2.8 kg/m?)

Brookfield Viscosity Profile / [Ipodwib BA3KOCTH
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Pucynok 2 - I'pagpux cmaounrsnocmu (paspyuwenusn) zeasn c 3azpy3xoi 2,0 kz/m?
Figure 2 — Gel stability (destruction) chart (with concentration of 2.0 Rg/m?3)

HeCOMHEHHO, BAXKHBIM COITyTCTBYIOIIUM (DAKTOM fracturing programme (increased the volume
SIBJISIETCSI CHUXKEHHUE TOBEPXHOCTHOTO /IABJICHU S of displacement fluid). Hydraulic fracturing was
3aKa4YKU MPU UCITOIB30BAHUU CUCTEM C IOHUKEHHOU successfully conducted in November 2014 (see
BSI3KOCTBIO, YTO YMEHBIIIAET HAIPY3Ky HA pabouee Figure 3). At present this well is in operation and
060PYJOBAHUE, JAET BO3MOKHOCTb IPOBOAUTH shows high productivity. Sheshmaoil decided to
06pabOTKY HAa MOBBIIIEHHBIX PACXOAX, OOECTIEYNBAET continue trials at other wells of Vereiskian horizon.
6€30MaCHOCTb IPOBEAEHUS PAOOT. Hydraulic fracturing with lower gel

IToHMXEeHME BAZKOCTHU PAOOYEN XKUJKOCTH YIY4IIIAET concentration has a number of constraining
TPAaHCHOPTHUPOBKY NPOMIMIAHTA BITTyOb TPEIIHUHEL, 4 factors: a) use of mainly quartz sand and fine-
TAKKE €I'O IPOHUKHOBEHUE B CUCTEMY €CTECTBEHHBIX fraction proppant; b) use of lightweight proppant;
MEJIKUX TPEIIUH I17IACTA, TEM CAMBIM YIy4IlIast OXBAT ©) limitation in terms of maximum proppant
BO3AEUCTBUA U BOBJIEKAS B IIPOLIECC ECTECTBEHHYIO concentration; d) inclination angle limitation in
TPELUIMHOBATOCTD. YUUTBIBAS BbIIECIIPHUBEICHHDBIEC the perforation interval.

(paKTOPBL, 6BIJIO PEMIEHO IIPOBECTU CEPHIO OMIBITHO- Creation of a fracture largely depends on
MPOMBIIUIEHHBIX PA0OT B YCJIOBUAX BEPEUCKOTO the distribution of stress in the formation. In
ropu3oHTa. [1epBOIt CKBA>KUHOM CTAJ1a CKBAKUHA porous and fissured carbonate formations stress
Ne 3725 JIa4HOTO MECTOPOXKIECHUA. distribution is anisotropic. That is why the
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Pucynox 3 — I'eomempusn mpeuwsunot I'PII ckgadxcunovt Ne 3725 Jaunoe m/p
Figure 3 - Fracture geometry. Well No. 3975, Dachnoye oilfield

YuuTeIBAsA OTCYTCTBHUE OIbITA NpoBeaeHMs I'PIT Ha
reJsie € 3arpy3kor 2,0 Kr/m?, 6611 HOAIOTOBJIEH IU3AUH
U paccyuTaHa Mojenb nposeaenus ['PIT 20 ToHH
(KBapLIEBBIN IIECOK + KEPAMHUYECKUH IIPOIIAHT). Pacuer
reomeTpuu I'PIL, oCy1ecTBI€HHBIN HA IIPOrPAMMHOM
npoaykre Fracpro, HOKa3aJ1 yBeJIM4YEHHUE JJIUMHBI
TpemuHbl HA 30% B CPaBHEHWUH C AHAJIOT'MYHBIMU
paboTaMu Ha 3arpy3Ke rend 2,8 Kr/m?>.

Ilepen paboTOM 6BUIN IPOBEAECHBI CTAHJAPTHBIE
TECTOBBIE 3AKAYKU — TECT C 3aKAYKOI BO/IBI B OObEME
5 M?, 3aMEIIEHUE TMHEUHBIM I'€JIEM CO CTYIIEHYATBIM
TECTOM CHMXKEHUA pacxona U MUHU-T'PII ¢ maukon
KBapLEeBOro rnecka 1 1. I1o pesyabraram aHaau3a
JAHHBIX TECTOBBIX 3aKadeK Mojeab I'PIT 6bL1a
OTKAJIUOPOBAHA, IpOorpamma nposeaeHus I'PIT
u3MeHeHa (yBenndeHa o 6ydpepa). I'PIT 6611
YCIIENTHO 3aKa4aH B HosA6pe 2014 roga (puc. 3). B
JAaHHDBIN MOMEHT CKBA>KUHA HAXOAWUTCS B PEXKUME
IKCIUIYATALUU U XAPAKTEPUIYETCS BBICOKOI
NPOAYKTUBHOCTEIO. [To pemenunio VK dllemmaoitn
3KCHEPUMEHT OyJIET IPOAOJIKEH HA IPYTUX CKBAKMHAX
BEPEUCKOI'O TOPHU30HTA.

OrpaHUYUBAIONIUMHU (PAKTOPaMU TpoBeaeHus I'PIT
HAa IeJie C IOHUKEHHOM 3aI'DY3KOU I'eJIs ABJIAETCS: A)
UCIOJIb30BAHME IIPEUMYIECTBEHHO KBAPLIEBOI'O IIECKA
U MIPOMIAHTA MEJIKUX (PPAKLINL; 6) UCITOIb30BAHUE
OOJIETYEHHBIX MTPOIIIAHTOB; B) OrPAHUYEHUSA 10O
MAaKCHUMAJIbHOM KOHLIEHTPALIMH IIPOIIIAHTA;

I') OrPAaHUYEHMU 110 3EHUTHOMY YIJIY B MHTEPBAJIE
nepdopanuu.

Cosanue TPEYH B IVIACTAX B 3HAYUTEIbHOU
CTENEHU 3aBUCUT OT PACHPENEIEHN A HAIIPAKEHU
B IIOPOZE. B KaBEpHO3HO-TIOPOBO-TPEIIUHOBATBIX
KapOOHATHBIX IUIACTAX PACIPEIEICHIE HATIPAKEHUA
SAIBJIAECTCA 110 CBOEMY XAPAKTEPY AHU30TPOITHBIM.
[ToaTomy appeKTUBHOCTD TpoBeacHUs1 ['PIT 1
06PA30BAHUE TPEITUHBI MJIM CUCTEMBI TPEIIUH 3ABUCHT
OT CTENEHN AHU30TPOINH TEKYILETO HAIIPAKEHHO-
J1e(POPMHUPOBAHHOI'O COCTOAHUA IIIACTA. MTHUIIManus
Y PA3BUTHE TPEMIUH B TAKUX IIJIACTAX MOXKET

efficiency of the hydraulic fracturing job and
creation of a system of fractures depends on the
level of anisotropy under the current stressed and
deformed state of a formation. Fracture initiation
and propagation in such formations might

occur in different directions depending on the
orientation of natural fissures that appear on the
pathway of propagating fracture. Due to this fact,
hydraulic fracturing operations in such formations
are mainly aimed at expanding the fracking
coverage and inclusion of the maximum possible
reservoir area.

Conducting hydraulic fracturing in carbonate
reservoirs of the Vereiskian formation, which
is interstratified by clay bands, is to a great
extent stipulated by the need to create a highly-
conductive canal that would link producing
carbonate reservoirs together.

Table 1 shows average operational data of the
stimulated wells.

As one can see, the technology allows increasing
the yield of fluid by more than six times. At the
same time, increase in water cut was the only
factor that affected the level of oil yield. Logging
conducted after the fracturing operation showed
that the wells were in good technical order and
fluid was coming from target perforated reservoirs.

In that context a decision was made to conduct
hydraulic fracturing with the use of non-
radioactive traceable proppant in order to asses
fracture geometry and to find the reason for water
cut increase after fracking.

Well No. 9873 is located at the
Krasnooktyabrskoye oilfiled of Sheshmaoil
Management Company. Target interval —
Vereiskian formation — is located at the depth
of 909 to 947 meters and is represented by
heterogeneous carbonate rock dating to Middle
Pennsylvanian with interstratified clay bands.

The proportion of clay bands is higher in the
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IIPOHUCXOAUNTD B PA3HBIX HAIIPABJIECHUAX B 3ABUCMOCTU
OT KOJIMYECTBA U HAIIPABJIEHHOCTU €CTECTBEHHBIX
TPELIUH, BCTPEYAIOIINXCA HA ITyTU PACIIPOCTPAHEHU
TPEIWHBL B CBsA3M € 3THM nnposegeHue 'PIT HA JTaHHBIX
IUIACTAX HAIIPABJIEHO HA YBEJINYEHHE OXBATA U
BOBJIEYEHHE MAKCUMAJILHO OOJIBIIENH 30HBI OOBEKTA.

IMposenenue I'PIT ¢ TponmaHTOM B KapObOHATAX
BEPENICKOI'O TOPU3OHTA, IIEPECTAUBAIOIINXCSA
IVIMHUCTBIMU NPOILJIACTKAMH, B OOJIBIIEN CTENEHH
06YCIIOBJICHO HEOOXOAUMOCTBIO CO3/IAHUS
BBICOKOITPOBOANMOTO KaHAJIA, OObETUHSAIOMIETO
NPOAYKTUBHBIE KAPOOHATHBIE IPOILIACTKU MEXY
COOOI.

B tabnuiie 1 npeacTaBieHbl JAHHBIC ITO CPEAHNUM
MOKA3aTENAM PAOOTHI OCBOEHHBIX CKBAKUH.

Kax BUZIHO, TEXHOJIOTUS TO3BOJISAET OTYUYUTh
[IPUPOCT ACOUTA JKUIKOCTHU Gosiee ueM B 6 pas. [Ipu
3TOM OCHOBHBIM (DAKTOPOM, BIIMSAIONIUM HA BEJTUYUHY
addexra 1o HePTH, CTATT POCT OOBOJHEHHOCTH.
ITpoBOANMBIE reO(PU3NIECKUE UCCIIENOBAHNA B
CKBXKMHAX nocse I'PIT mokaspiBaay UCIIPABHOE
TEXHUYECKOE COCTOAHNE CKBAXKUH, IIPUTOK BbIABJIEH
U3 11EJIEBBIX NEP(MOPHUPOBAHHBIX IJIACTOB.

B 37071 CBA3U 6BLIIO IPUHATO PEMIEHUE U
nposegeH I'PIT ¢ MCnonb30BaHUEM MAPKHUPOBAHHOI'O
HEPAJUOAKTUBHOI'O ITPOIITAHTA IS OLEHKHU
T€OMETPHUHU TPEIIHMHBI U BBIABJICHUA IIPUYHH POCTA
OOGBOAHEHHOCTH NPOAYKIIUU CKBAXXUH 1tocie T'PIT.

CkBakuHa Ne 9873 pacriosiokeHa Ha
KpacHOOKTA6PBCKOM MECTOPOXKAECHUN KOMITAHHUH
VK dIlemmaoiin. MTHTEpBa 00pabOTKH — BEPEUCKUI
TOPHU30HT, 3aJIETaeT HA IyouHe OT 909-947 M u
PEACTABIISIET COOO HEOJTHOPOAHBIE KAPOOHATHBIE
MOPOABI CPEJHETO KAPOOHA, TEPECTIOCHHBIE
ITIMHUCTBIMU IIPOCIOMKAMU. [IPOLIEHTHOE OTHOIIEHUE
ITIMHUCTBIX BKIIOYEHU YBEJTMYUBACTCA B BEPXHEN,
MaJIOIIPOHMIIAEMOM YaCTHU UHTEPBAJIA. CBEPXY (BBILIEC
900 M) IUIACT NEPEXOAUT B MOIIHBIN BOJIOHACHIIIICHHBII
IUIACT KAPOOHATHBIX OTJIOKEHUN (KA PCKUH
TrOPU30HT). HMKe — € TIyOUHBL 959 M ITACT IEPEXOAUT
B BOJIOHACBIIIEHHBIE KAPOOHATHBIE OTIIOKEHU A
(GamKUpPCKUI TOPU30HT). YIOJI HAKJIOHA CTBOJIA
CKBA’KMHBI B MHTEPBAJIE ITEP(POPALIMU COCTABIIAET
4,1 rpag. CymMapHas HE(PTEHACHIEHHAA MOITHOCTD
IJIACTOB BeperiCKOTro TOpU30HTa COCTABIACT 4,60 M.

CxBaxnHa Ne 9873 KpacHOOKTAOPBCKOI'O MECTO-
POXAECHUS IPOOYPEHA U BBEJICHA B KCILIYATALIUIO
B 2012 rogy. B nexabpe 2012 roga Ha CKBAXKUHE
IIPOBEJEHA CONISTHO-KUCJIOTHASI OOPA0O0TKA C
Ucronb3osaHueM 24%-1 HCI B o6beme 3 M2,

1 onpeneneHus NOTEHIMAIbBHBIX BO3MOXKHOCTEN
CKBa>KUHBI MHXXKEHEPaMHU StrataGen 6bl1 IPOBEJCH
4AHAJIN3 T€0JIOTO-TEXHUYECKOH NH(OPMALTUH 1O
COCEJTHUM CKBAKMHAM M CKBAXKMHE OOPAOOTKHY,
IOCTPOEHO HECKOJIBKO INU3ANHOB JIJ1 OIIPEICICHUA
OIITUMAJIBHOI'O C UCIIOJIb30BAHHUEM IIPOI'PAMMHOIO
obecnieyenusd Fracpro. M3-32 pocTa O6BOAHEHHOCTHU B
MIPOAYKLIMHU CKBAXXKUH 110Cj1€ I'PIT OueHb OCTPO BCTAL
BOIIPOC KAJIMOPOBKH MEXAHUYECKUX CBOVCTB ITOPOJ,
UCHOJIb3YEMBIX B MOJie/iv I'PIT, YTOOBI UCKIIOYUTD
BEPOATHOCTD IIPOPBIBA TPpemUHbL ['PIT B HYDKHUNA
OOGBOJHEHHBI TOPU3OHT. 1JIs1 pELIICHU S 3TOU 33/1a4U B
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Taoauua 1 - Jannsie no CPeoHUM ROKAIAMENAAM
pabomuL 0OC60eHHBLX CKEANCUH

Table 1 — Average operational data of the
stimulated wells

Cpeonue noxasamenu padomot CKEANCUH
Average operational indicators
Ilocne I'PIT mexyuyue na
Konu- o IPIT 01.12.14
uecmeo 3
OCGO TN Before fracturing After fracturing as of
CKBANCUH December 1, 2014
Number of
stimulated
wells g3 5 g 3 5
- D O | | I I
Aol 8 $| {|AQ| x| g 8|~ ¢
SE| ~ SE[l =
15 14 1,2 7% 7 95 36 | 59% 10

upper (less permeable) part of the target interval.
On top of that interval (above 900 meters) the
formation passes into a thick water-saturated
carbonate deposit (Kashirskian stage). Below the
target interval (below 959 meters) the formation
passes into water-saturated carbonate deposit
(Bashkirian stage). In the perforated interval
borehole deviation angle is 4.1 degrees. Total oil
saturated thickness of reservoirs in the Vereiskian
formation is 4.6 meters.

Well No9873 at Krasnooktyabrskoye oilfield
was drilled and put into operation in 2012. In
December 2012 the well was subjected to 24% HCI
acid treatment. Injected volume was 3 m?.

In order to identify well potential StrataGen
engineers analyzed geological and engineering
data of the neighbouring wells and treatment
well, as well as prepared several designs using
Fracpro software. Due to increase of production
fluid water cut it was important to calibrate
rocks’ mechanical properties that are used in the
fracturing model in order to avoid the possibility
of fracture propagation into the lower water-
saturated horizon. In order to accomplish this task
and to identify the fixed fracture height after the
fracturing operation we used CARBOPROP NRT
traceable proppant of 16/30 and 12/18 fraction.

As a fracturing fluid we used water-based
guar-borate crosslinked system with polymer
concentration of 2.8 kg/m?. The following data
were obtained as a result of displacement and
mini-fracturing analysis:

* ISIP — 50.6 bar

¢ Bottomhole closure pressure — 99.8 bar;
* Fracturing gradient — 0.11 bar/my;

¢ Wellhead closure pressure — 10 bar;

* Closure time — 5.6 min;

« Fluid efficiency — 36%;

» Estimated effective pressure — 40 bar.

As a result of stepwise flow rate reduction test,
friction pressure drop in the bottomhole area
was 45 bar, in the perforation area — 0 bar. Data
analysis revealed that test results are close to the



Ka4eCTBE PACKINHUBAIONICTO AI'€HTA OBLIIO
PEIIEHO UCIOIB30BATh MAPKUPOBAHHBIA
nponnadT CARBOPROP NRT pazmepom
16/30 u 12/18 piist onipeAecHuUst

32KPETIEHHON BBICOTHI TPEIUHBI ITOCIIE IInacmoesoe daenenue — nauwdanrvhoe / mexyujee Mila 32/3
TPII Reservoir pressure — initial / current MPa
) Texyuyee 3abotiroe oaenerHue MIla
1
B kauecrtBe xuaxocTu I'PIT npuMeHsiach | currens vottompote pressure MPa
ryapo-60parHas CIIUTAasI CUCTEMA Ha BOJHOMU unamumeckutl,] cmamwecruii yposerts m )
OCHOBE C KOHLICHTPALIMCH TONUMEPA 2.8 KI/M. | pynamic /static level m 922/585
1o pesynbraTaM aHaJIM3a 3aMEICHUS U Koagppurguerm npooyxmueHocmu my/cymMna 0,089
MUHU-T'PII 110/1y4eHsI ClIeAyIOoME JaHHbBIC: Productivity index tons/day ’
e ISIP — 50.6 ATM; Harxonnennas 000bi4a : negpmu (m) / 600b6L (M?) 1204, 1474
* 3260MHOE JaBJIEHUE CMBIKAHUSA — 99,8 aTM; Cumulative production oil (tons) / water (m?)
o TpaguenT paspbisa — 0,11 aTv/m; Oncuoaemolii npupocm om I'PIT 3
Expected gain as a result of hydraulic fracturing
e JlaBJIeHHE CMBIKAHMA HAa yCThe — 10 aTy; :
Tercyuee cocmosrue no ckeaxcure 3a 6.mecsies
* Bpems cMbikanus — 5,6 MUH; 1PeObIOYUeLE SKCNAYAMAUULL
* DPDHEKTUBHOCTD KUIKOCTU — 36%;. Current well conditions over the period of recent
* PacueTHoe appeKTUBHOE JaBIEHHE — BT
0 0e6UM HCUOKOCIIU M fcym
D am Fluid yield m Jday 39/22/23/20/17/16
ITo PE3YAbTATAM TECTA CTYIICHYATOI'O
oebum rnegpmiu m/cym 5 10/20/17 /1571
CHHIKCHUS PACXOAA ITOTCPH JABICHU Crude yield tons /day 32/19/20/17/15/14
HA TPDEHME B IPU3A60HHONU 30HE IIACTA PTG %
12/8/8/8/5/5
COCTAaBUJIH 45 aTM, B Iepopariuu Water cut % 78787873/
notepu cocrasuau O atMm. [Tocie anannsa Tlopucmocmo % 150
JAaHHBIX IOJy4YEHHbIX HA MUHU-TPIT, B Porosity % :
CBSI3U C IOy YCHUEM GITU3KUX K IU3ANHY Cpeonasn negpmenacoiyernocmo % 63.1
napaMeTpoB 06pabOTKH, GbLIO TPUHATO Llegiohaaion i
. B; [1a.
peleHe OCTaBUTh PACITUCAHNIE OCHOBHOE ASKOCIG He@Mmiu 6 IAGCMOHIX yonosuAx  mIlac 759
o In-situ oil viscosity mPa.s
34KA4YKM O€3 U3MEHEHMI.
Hepeﬂ IIPOBEJCHUEM I'PIT Ha paHHOM Tercyujee cocmosmue 1no cOCCOHUM CKBANCUHAM = < 3| . d
.| (monnacmy) i%’ §§ SN P IS
CKBaKHE TAK)KE IIPOBOINJICS AKYCTHUYECKUH ) ) SN R RS N
Current status of the neighbouring wells T RIS SRS RN a
KApOTaK C LEJIbIO OIIPEICIICHUS MOYJIS (in the reservoir) = S x® S &
IOHra u koaddunuenTa Ilyaccona. ITo —
JAHHBIM AKYCTUYECKUX UCCIIEIOBAHNL, CreaxcunalNe 9874 Y[ 2] o | 8|S
» Well No9874 = S |8
JUHAMUYECKU MOoaysb FOHTa f11a
~
KapOOHATHBIX KOJIJIEKTOPOB COCTABUJI B Creancuna /Ne 9872 \3 ) Y 3 i
cpennem 3,8'104 MIla, nj1s IMMHUCTBIX Well No9872 S |

OTJIO}KEHHUH BBIIIE UHTEPBAIA OOPAOOTKU —

Taonuuya 2 — I'eonozuueckue OanHsle GCKPBIIMOZO
naacma/napamempuot Paoomvl CKEaANCUHbBL

Table 2 — Reservoir geological data / well parameters

2,5"104 MIla, nepecyeTHhIA CTATUYECKUA MOAYJIb
IOHTra 1719 KapOOHATHBIX KOJUIEKTOPOB COCTABHII
npuMepHoO 2104 MIIa, ;1A IIMTUHUCTBIX OTIOKEHUNA
BBIIIIE UHTEPBAIA 00paboTKU — 1,2°104 MIIa, uTO
XAPAKTEPU3YET PACCMATPUBAEMBIE KADOOHATHBIE

IIOPOZBI KaK 6OJIeE TBEP/BIE B CDABHEHUH C
IJIMHUCTBIMU [IOPOJAMU, T.€. BEPOSITHOCTD

B/IABJINBAHUS IIPONIIAHTA B INTHHUCTYIO IOPOJY

6OJ'IbH_IC, YCM BCPOATHOCTD €T'O BJABJINBAHUS B

KapOOHATHYIO IOPOZAY.
ITo peaynbraram 'MC BeICOTA TPEIIHUHBI C

MaKCHUMAaJTbHOM IIPOBOUMOCTBIO COCTABUIA 16 M

(B uHTEpBAJIE INIYyOMH 934,3-950,4 M), OBHAKO BHICOTA
OTKAIUOPOBAHHON MOZIE/IN TPEIIMHBI HECKOIBKO
BBIIIIE, TAK KaK [IpOrpaMmma Mmozaeanposanus I'PIT
CUMTAET IPOBOAMUMOI O6IACTDL C HAMMEHBIIEN
[IPEAEIbHON KOHLIEHTPALIUEN IIPOMNNAHTA,
HEOOXOAMMOI /I CO3/JaHHA IIPOBOJUMOCTH
TPCIIUHBI C YI4CTOM BAABJIVMBAHUWA IIPOIIIAHTA,
MOBPEXKACHUS T U APYTUX 3(PpdeKTOB. HanMeHbInas
NpeJebHAA KOHIEHTPANA IPOMNIIAHTA 10
YMOJIYaHMIO paBHA 1,0 KI/M?, T.€. HEMHOTI'O MEHBIIIE,
4eM CIJIOMITHOM MOHOCJION npornmanTa 20/40.
ABTOPBI HEKOTOPBIX HEZJABHO OITyOJIMKOBAHHBIX

designed mini-fracturing treatment parameters,
therefore, it was decided to leave main injection
schedule without any changes.

Before the fracturing operation an acoustic
logging was done in this well in order to
determine Young’s modulus and Poisson’s ratio.
According to acoustic logging, dynamic Young’s
modulus for carbonate reservoirs is, on average,
3.8"104 MPa, for clay bands located above the
treatment interval — 2.5°104 MPa. Static Young’s
modulus for carbonate reservoirs was about 2104
MPa, for clay bands above the treatment interval —
1.2°104 MPa. Such results describe carbonate
rock as harder one compared to clay band, i.e. the
probability of proppant embedment into the clay
band is higher than the probability of proppant
embedment into the carbonate rock.

Logging data showed that the height of fracture
with maximum conductivity was 16 meters
(934.3-950.4 meters interval). However, in the
calibrated model the fracture is higher, since
the fracturing simulation software considers an
area to be conductive, if it contains minimum
necessary proppant concentration for ensuring
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Pucynox 4 — Pegyavmamst uccaeooganuii HHI'K u HHI'K-C (C/O kapomadic)
Figure 4 — Results of pulsed neutron gamma logging and pulsed neutron gamma spectral logging
(carbon/oxygen logging)

HAYYHBIX CTATEN CYUTAIOT, YTO JJIS1 CO3/JaHUSI XOPOIIO fracture conductivity, with account of proppant
IPOBOAMMOI TPEINHBI MUHUMAJIbHASI KOHIIEHTPALIUA embedment, gel damage and other effects.
OPONIMAHTA JOJIKHA COCTABIIATD 2,5 KI/M?. By default, minimum necessary proppant

To ecTp IpU HAIMYNH MATKUX IOPOJI HUKHUH ITOPOT concentration is considered to be 1.0 kg/m?
KOHIIEHTPALINHU JIOJIKEH OBITH BBIIIIE U3-32 O0JIee i.e. a bit less than complete monolayer of 20/40
WHTEHCHUBHOT'O B/JABJIMBAHM A IIPOIIIAHTA B IOPOAY. proppant. Some authors of recently published
Ha npeacTaBaeHHOM HUKE PUCYHKE (PUC. 4) BBICOTA C scientific articles believe that in order to ensure
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HAUOOJIBIIEN IPOBOJUMOCTBIO TPEIINHEL, HAN60IEE
npuemaeMas s (PUKCAUN reO(PU3HIECKUMU
MMPUOOPAMHU, TAKIKE COCTABIIAET MOPsAAKa 16 M. Takum
06pa30M, OTCYTCTBHE 3aMETHOU JIJIs1 TIPHOOPOB

LU PUHBI TPEIUHEI BBIIIIE UHTEPBAIA Iepopaniuu
MOJKET OBITB CBA34AHO C HAJTUYHUEM MOITHBIX TTTMHUCTBIX
OTJIOKEHHH B KPOBJIE IIJIACTA, YTO TAKXKE OOBACHSIETCS
UX IVIOXUMH (PUIBTPALMOHHO-EMKOCTHBIMUA
CBOUCTBAMU. HU3KME YTEUKU B INIMHUCTBIX [IOPOAAX
CO34AI0T YCJIOBUA JJI YXYAIEHUA TPAHCIIOPTHPOBKU
CMECH C IIPOHITAHTOM, HECMOTPS HA CO34ABAEMBIH B
HUX I'UJPABIMYECKUI KaHaJl BO BpeMs ['PIT

ITocne I'PIT CKBa’kMHA OCBAWBAJIACH JJINTEIbHOE
BPEMS, B TEYEHHE JIBYX MECALIEB OOBOJJHEHHOCTD
MIPOAYKLIUU COCTaBIIsIa 98%. IToce yero
OOBOTHEHHOCTD HAYAJIA CHUKATBCA Y HA JAHHBIA
MOMEHT B CpE€HEM CcOoCTaBgeT 70%.

IToMHUMO OLIEHKH I'€OMETPHU TPEILIHUHBI, OCHOBHOU
LIEJIBIO TAKIKE ABJISAJIOCH BbISIBJIEHHE IIPUYUH POCTA
O6BOTHEHHOCTH NPOAYKIIUH CKBAKUHBI IToce ['PIL
B nnporiecce kommiekca 'MC Ha ckBaskuHE Ne 9873 ObL1
nposejicH CO-KapOTaX, IO TJAHHBIM KOTOPOT'O O6bLIA
OIpe/Ie/IEHA BETMYNHA HE(PTEHACBIIIEHUS, PABHAA 1O
MNPOIUIACTKAM OT 23 10 72%, 4TO OOBACHSET BEICOKYIO
O6BOTHEHHOCTD NPOAYKIINHU ntocie I'PIT 1 uckmovaer
MPEAIIOJIOKEHUE O IIPOPLIBE TPEILIHMHbI
B HIMJKEJIEKAIY IO BOAOHACHIIIECHHYIO 30HY.

Ha pucyHxke 5 IpuBOAUTCA F€OMETPUSA
KIMOPOBAHHON MOAEIN TPEUIUHBI I10 IN3AHHY
nepey I'PIT n kannbpoBaHHAA MOJEb TPEINUHEI IO
pesynbraram MuHu-TPIT Ha puc. 6.

IIprMenenne HOBBIX TeEXHOIOTHUHN ['PIT Ha
CKBA)KUHAX BEPEHUCKOI'O ITOPU3OHTA IIO3BOJIUJIO }

good fracture conductivity minimum proppant
concentration should be 2.5 kg/m?. It means that

if we have a soft rock, lower threshold of proppant
concentration should be higher due to more
intensive proppant embedment into the rock.

The figure (Fig. 4) shows that the height of fracture
with maximum conductivity, which can be best
recorded by logging tools, is also around 16 meters.
Thus, absence of recordable fracture width above
the perforation interval may be due to thick clay
deposits in the top of the formation, what can

also be explained by their poor porosity and
permeability properties. Low leakages in clay

rock create conditions for poor transportation of
proppant mixture despite the hydraulic canal that
is created during the fracturing operation.

Well stimulation took quite a time after
fracturing job. During two months water cut level
was 98%; after that water cut started to reduce and
is currently at the level of 70%, on average.

Besides assessment of fracture geometry, our
aim was to find the reasons for increase in water
cut after hydraulic fracturing job. Within the
framework of logging operations a carbon-oxygen
logging was conducted at well No.9873, which
helped to identify the degree of oil saturation in
different layers, varying from 23% to 72%. This
explains high water cut of the production fluid
after hydraulic fracturing and does not confirm
the hypothesis of fracture breakthrough into the
underlying water-saturated area.

Figure 5 shows calibrated model fracture
geometry according to the design before hydraulic }
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Pucynox 5 — Ilnanoeasn zeomempus mpeujunot
Figure 5 — Designed fracture geometry
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Pucynox 6 — I'eomempus mpewunst, omxaauoposannan no peyyromamammunu-IPI1
Figure 6 — Fracture geometry, calibrated as a result of mini-fracturing

HOBBICUTB 3(PPEKTUBHOCTD PA6OT IO
MHTEHCU(PUKALINY JOOBIYH HE(PTH, YBETUUUTD, 4
TAKIKE BOBJIEYDb B PA3PAOOTKY IIPOILJIACTKH, KOTOPBIE
paHee CYUTAIUCh TPYJHOU3BIEKAEMBIMHU.

Bornee riyboKUil NCCIETOBATENBCKUI U
WHKEHEPHBIH MOAXO/, ITO3BOINII HAUTH K104
K 3P PEKTUBHOM pa3pabOTKE 3a11ACOB HEPTU
KapOOHATHOTO BEPENCKOrO rOPU30HTA. Ternepn
CTOUT 32/Ja44 MO MOBBIIIEHUIO 3(PPEKTUBHOCTU
JIAHHBIX METOJIOB, €CTb IIJIAHBI OITPOOOBATH HOBBIE
TEXHOJIOI'MH, TAKHUE KAK I'€JIb C HU3KO 3aIPy3KOHA
ryapa nunu jaxe Slickwater (Boga ¢ HOHU3UTENIEM
TPEHMU), OOJIETUEHHBIIN IPOMNITAHT, KOMOMHUPOBAHHNE
JIMHEHOTO U CIIUTOTO I'eJis, MOBBIIIEHUE CKOPOCTH
34KA4YKH, IO00P CHELNAIBHOTO I'PadHKA U P
JPYTHX.

C Ipyrou CTOPOHBI, ITOTyYEHHE TOJTOKUTETBHOI'O
a(dpeKTa B PE3YABTATE HIPUMEHECHUS HOBBIX
TexHonorut I'PIT, yauTbiBas JOIIOJIHUTEIBHYIO
BAXKHYIO UHPOPMAIUIO 06 OOBEKTE, KOTOPYIO MBI
MOJIYY4€EM B IIPOIIECCE 3AKAYEK, B COBOKYITHOCTH C
Tre€OJIOTUYECKUMU OCOOEHHOCTAMH, IPOBEJEHHUEM
JIOTIOJIHUTEIBHBIX UCCIIEAOBATENBCKAX PAO6OT
MOJKET CTATb OOOCHOBAHHEM JIJIS IPUMEHEHUA
HAJIOTOBBIX JIBI'OT HA JOOBIYY HE(PTH 11O aHAJIOTMYHBIM
O6BEKTAM. DTO MTOCTYKUT CTUMYJIOM JIS1 BHEIPEHUA
BBICOKOTEXHOJIOTUYHBIX MEPONPUATHI, TAKUX KAK
['PTT, OTAN4AI0NIUXCA BBICOKOU CTOUMOCTBIO.

ABmopbL 8bIDANCAIOM NPUSHATNCNLHOCHTL
VK dlleiumaoiin 3a 603MONCHOCIIG 1) ODUKAUUL
amoti cmamuoit. OmoensHy10 6aa200apHOCHIb A6IMoPbL
BLIDANCAIONM UHICCHEPAM-KOHCYILIMAHINAM KOMNAHULL
StrataGen 3a uriceneproe conposoNCOeHUe, AHANUS
OaHHBIX 1L TO00EPICKY 8 meueriie 6ce2o npoexmad. ©
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fracturing. Figure 6 shows a calibrated fracture model
based on the results of mini-fracturing.

Application of new hydraulic fracturing
technologies at the wells of Vereiskian formation
allowed improving efficiency of oil production
stimulation, increasing oil recovery factor, as
well including into the production process those
reservoirs that were previously considered hard to
recover.

Deeper research and engineering approach helped
to find a ‘key’ to efficient recovery of oil deposits
from Vereiskian formation. At present there is a task
to further improve efficiency of these methods;
there are plants to try new technologies such as gel
with lower guar concentration or even Slickwater
(water with friction reducer), lightweight proppant,
combination of linear and crosslinked gel, increase
in injection rate, choosing special schedule and some
others.

Positive effect of new technologies application,
taking into account important information about
reservoirs and wells that we get during the injection
process, in combination with geological peculiarities
and additional research and exploration could
become a good ground for obtaining tax relief for oil
recovery from similar wells and reservoirs. This will
serve as an incentive for application of costly high-
tech methods, like hydraulic fracturing.

The authors would like to express appreciation to
Shesbhmaoil Management Company for the possibility
to publish this article. Separate acknowledgements
go to engineers of StrataGen for their engineering
assistance, data analysis and support throughout the
project. ©
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rMMAPABJIMMECKUNA PA3PDbIB NJIACTA
CNMPUMVMIEHEHMEM CTPYUHDIX HACOCOB

HYDRAULIC FRACTURING USING JET PUNMIPS

10.A. BAJTIAKHPOB, 1. 1. H., ipodeccop, akageMuk, U.B. BYPKHHCKUM, 1. 1. 1., A.1. KYYEPYK, 00O JOr-Hedreras»

Yu. BALAKIROY, D.Eng., professor, member of the Academy of Sciences; I. BURKINSKIY, D.Eng.; A. KUCHERUK, Yug-Neftegaz LLC

€IOCTATKOM BCEX HIUPOKO PACIIPOCTPAHEHHBIX

COCOOOB POBEAEHU S TH/IPABINYECKOTO

Pa3phIBa IUIACTA SABJSETCS TO, YTO BBICOKOMY
JIABJICHUIO TIOABEPTAIOTCS HE TOIBKO CKBAKUHBI,
06pa6aTHIBAEMBIE C TOBEPXHOCTH, HO U CKBAYKUHBI,
HaXOAAIMECS C HUMM IO coceAcTBy. Ecimm I'PIT
IPOUBBOAAT B CTAPBIX CKBAXUHAX, JJTUTEIBHO
JIEVICTBOBABIIUX B PA3JIMYHBIE IEPHUO/IbI BEIDAOOTKH
HEPTAHOTO IJIACTA, TO BBIJIEPKUBATL CKBAXKHUHY
0/ OOJIBIINM JABJIEHUEM BECBMA CJIOKHO C TOUKH
3PEHUSA HAPYIIEHU TPEIWH U [IEMEHTHOI'O Y4aCTKA
€€ 3aKOJIOHHOM 11€NU B O6JIACTH HATIPABJISIONICH
KOJIOHHBI, KOTOPAs, B OTIIMYUE OT IKCILTYyaTAIITUOHHON
KOJIOHHBI, KDEMMUTCS C MEHBIIINUM 3HAKOM ITPOYHOCTH.
A TaMm, IJIe TOHKO, BCET/1a MOXKHO OKMJATh IOPHIBA
06CaJHOM KOJIOHHBI TPYO.

KpomMe TOro, K 4ucj1y HeIOCTATKOB CJIEAYET OTHECTHU
TO OOCTOSITENBCTBO, YTO MOOWJIBHBIE ATPETATHI (Pr10TA
HEOAHOBPEMEHHO HAOMPAIOT HY>KHOE IMPOEKTHOE
JaBJICHUE, U TAKAs HECOIVIACOBAHHOCTD HErATUBHO
BO3/JIEUCTBYET HA KPEITb CKBA’KUHBI X PACIIATBIBAET
KOJIOHHY OOCa/IHBIX TPYO.

W36exaTh HETATUBHBIX SIBJIEHUN MOKHO, €CJIN
UCHonab30BaTh (Pr0T I'PIT TOMBKO YaCTUYHO, HAIIPUMED,
MNPUMEHATD BCETO OJJUH HACOCHBIN ArPETAT C BBICOKUM
nasyieHueM — 110 100 v 120 MITa B 3aBUCUMOCTH OT
IJIYOMHBI CKBA>KUHBL. OCTAJIbHBIE HACOCHBIE AT PETATHI
(J10Ta MOT'YT OKA34ThCA JIMITHUMU.

Co31aTh TPEMUHY B TEJIE IIACTA, OKA3bIBAETCH,
MOXKHO, Y €CJI1 1A 1Iposeaenua 'PI1 B 301y 3ameranma
NPOAYKTHUBHOI'O HE(PTAHOTO WK FA30HOCHOI'O
IUIACTA OITYCTUTD KOJIOHHY TPYO CO CKBAXKUHHBIMH
CTPYHUHBIMH HACOCAMHM.

BoxypHaie «Bpemst KOonTIoOUHra» Ne 3 (49)

(«I'PIT — «pyKaMu» CAMOH CKBA)KUHbBD, banmakupos IO.A,
MameioB @.C)) YUTATENU YKE OTYUYUIU HTHHOPMALTHIO
O BO3MOXHOCTH NposeieHus1 I'PIT 6€3 mpuMeHeHu st
CHELMAJIBHOIO (PI0TA, COCTOAMIETO U3 MHOXECTBA
SHEPIOHACHIIICHHBIX MOOMJIBHBIX AIPEraTOB — 8—15

U 60J1€€ €JUHUILL B 3aBUCUMOCTH OT BH/1d PAOOT.

ABTOpDBI TOH ITyOJIMKAIIM Y, BJIOXHOBJIEHHBIE CBEXKEN
UJIeE, IIPEJIATAJIN IUIABHOE AKKYMYJIHPOBAHUE
JIaBJIEHUA B CKBA)KMHE OT OPUTMHAJILHOT'O
I'AJIPOMMITYJILCHOT'O yCTPOHCTBA, KOTOPOE,
COBCTBEHHO I'OBOP#, U ABJIAECTCA TULPOUMITYILCHBIM
HacocoM. Ho niozsxe, korna uzaest OTCTos1nach,

56 No1 (051) Mapr / March 2015

flaw in all widely used methods of hydraulic
fracturing is that high pressure is applied not
nly to the wells that are treated from the
surface but also to the adjacent wells. If hydraulic
fracturing is performed in old wells with longstanding
history of reservoir recovery, then it is very difficult
to ensure that the well endures the pressure in terms
of failure of the fracture and the cemented section
of its behind-the-casing chains in the area of the
conductor string which, unlike the production string,
is fixed with a lower strength value. And where there
is a ‘weak link;” you can always expect a rupture in the
casing string.

Among other flaws is the fact that mobile fleet
units do not build up the required design pressure
simultaneously and such inconsistence has an adverse
impact on the well support and upsets the casing
string.

It is possible to avoid adverse effects by using
fraccing fleet only partially, e.g. using only one
100-120 MPa high-pressure pump unit depending on
the depth of the hole. The remaining fleet units may
be redundant.

It turns out that it is possible to create a fracture
in the body of the formation if in order to perform
hydraulic fracturing a pipe string with hydraulic jet
pumps is lowered into a producing oil or gas-bearing
bed.

In Coiled Tubing Times #3(49) (Hydraulic
Fracturing — By the hand of the well itself authored
by Yu.A. Balakirov, E.S. Mamedov) the readers already
received information about the possibility to perform
hydraulic fracturing without using special fleet
consisting of numerous energy-intensive mobile
units — 8 to 15 or more units depending on the type of
operations.

The authors of that publication inspired by the fresh
idea suggested smooth pressure build-up in the well
from the original mud-pulse system which is actually
the mud-pulse pump. But later when the idea settled,
the authors took into account that any production
units in oil and gas associations and divisions readily
implement only certified and not ‘handmade’
equipment.

That is why instead of the mud-pulse system, jet
pumps were suggested — which are well known



4ABTOPBI PUHAIN BO BHUMAHHUE, YTO JIIOObIE
IIPOM3BOACTBEHHBIE CTPYKTYPBL B CUCTEME
HeE(PTEra30BbIX OObEAUHEHNH 1 YIIPABJIEHUN
OXOTHO BHEJPSAIOT TOIBKO CEPTU(PULIMPOBAHHOE
060pYAOBAHUE, HO HE KAKUE-TO CAMOJICIIKH.

IToaTOMy BMECTO I'MIPOUMITYJILCHOI'O YCTPOUCTBA
OBLTH IPEJIOKEHDI K UCTIOIb30BAHUIO U3BECTHDBIC
B TEXHHKE CTPYUHBIE HACOCHL, ABJIAIOIIUECST CBOET'O
pozia TOOPATUMAMHU I'MJIPOHUMITYJIbCHBIX HACOCOB,
IIOCKOJIbKY U T€, U APYI'HE OTHOCATCA K KJIACCY
MHEPLUOHHBIX HACOCOB.

B 32BOJICKOM HCIIOJTHEHUH U CEPTU(MPHUITUPOBAHHOM
BH/IE UMEETCSI MHOKECTBO MOZEJIEN CTPYHHBIX
HACOCOB K4K OTEYECTBEHHOTO, TAK U 3aPYOEKHOTO
IIPOM3BOACTBA.

H3BECTHO, UTO CTPYIHBIE HACOCHI OTHOCATCA K TUITY
WHEPIIMOHHBIX HACOCOB [2], MIOCKOJIBKY JJI1 UX Pa6OThI
HEOOXOANMO C TIOBEPXHOCTU CKBA’KUHBI HATHETATD
CHJIOBYIO JKMJJKOCTb B HEOOXOJMIMOM KOJIMUECTBE (3TO
JIOJIKHO OBITB MIPESYCMOTPEHO B IIPOEKTE BO3EHCTBUSA
i ocymecTsiieHus I'PIT).

C OMOIIBIO CTPYHHBIX HACOCOB BO3MOXKHO 6€3
OCIa6JIEHNUA KPETTU CKBA’KUHBI M PACIIATBIBAHUSA
06CaJHOM KOJIOHHBI TPYO IUIAaBHO HAOPATH [JABJICHHE
JIO TOPHOTO, IPU KOTOPOM OyJIET CO3/1aBATHCA TPEMIMHA
JUI CTUMYJIALIMU IPUTOKA. M 3TO HE €AMHCTBEHHOE
MNPENMYIIECTBO UCIIOIb30BAHNA CTPYUHBIX HACOCOB
Jia nposegenus I'PIL [Ipyras BasKkHas CTOpoOHa — IIPU
HCIOJIb30BAHNH CKBA’KMHHBIX HACOCOB JJ11 OCBOEHU A
U BbI30OBA IIPUTOKA (DIIOU/IOB U3 IIACTA B CKBAXKUHY
OTHAJA€T HEOOXOAUMOCTD IIPUBJICYEHH ST OpUT A,
MOJ3EMHOI'O U KATIUTAJIbBHOI'O PEMOHTA CKBA’KHH.

IIpu BBI6GOPE CTPYHHBIX HACOCOB HY>KHO CJIEIUTD 34
TEM, YTOOBI OHH ITO CBOUM PA3MEPAM COOTBETCTBOBAIN
JHUAMETPaM SKCILTyATAITHOHHBIX KOTOHH 140 MM 1 168
MM; IIPOU3BOJAUTEIBHOCTD UX JOJIKHA OOECTIEYNBATD
MO/IBEM HA IIOBEPXHOCTD CKBAKUHBI 1O 20—150 m?
JKHUJIKOCTU B CyTKU.

O4eHb BaXKHO TAKXKE, YTOOBI IPEBEHTOPHOE
060pPYAOBAHUE HA YCThE CKBA’KUHBI ObLIO CIOCOOHO
MOMEHTAJIbHO IIOI'ACUTD IIEPEIUB I1IJIACTOBOM
JKMJJKOCTH Ha ITIOBEPXHOCTDb. HenuiHe 6yzeT emie pas
OTMETUTD: YCThEBBIE IIPEBEHTOPDI U BCE 3JIEMEHTDI
3aIIOPHOT'O YCTPOUCTBA JJOJIKHBI ObITh T'OTOBBI B JIIOOOH
MOMEHT BKJIIOUYUTBCS B PAOOTY U UCKJIIOUUTDb [IEPETHB
¢iron1a Ha IOBEPXHOCTD.

U emie: HA CTAAUM OATOTOBKU PAOOT OYEHD BAJKHO
MPAaBHUJIBHO BEIOPATH HE CTOJIBKO CAMY CKBAXKHUHY-
KaHIM/JATa, CKOJIbKO TO MECTO B IIJIACTOBOM CUCTEME,
KOTOPOE MO3BOJIMT COOUPATENBHO UCIIOIb30BATh
Tpemuny I'PIT 17151 TOBBIIECHMU S ICOUTA CKBAXKUHBI
JENCTBUEM <«ITYYKaA» TUAPOAUHAMUYECKON S3HEPI'UU HA
IO/ OBIBIINX U HOTPEOEHHBIX PEYHBIX MACCUBOB
U 'a30BbIX OKAMEHEBIINX CKOIIJICHUM.

ATropuTM NIPOBEAEHMA IIPOLIECCOB B CJIydae
IIPUMEHEHH A CTPYUHBIX HACOCOB TAKOM JK€, KAK U IIPU
UCIHOJIb30BAHUN I'MPOUMITYJIbCHBIX HACOCOB.

in the field of engineering and are a kind of sworn
brothers of mud-pulse pumps since both belong to
the category of inertial pumps.

There are many as-built and certified models of jet
pumps manufactured both domestically and overseas.

It is a known fact that jet pumps fall in the category
of inertial pumps as for their operation it is necessary
to force the load-bearing fluid in the required amount
from the well surface (this should be envisaged in the
stimulation plan for hydraulic fracturing.

Using jet pumps it is possible without weakening
the well support and upsetting the casing string to
smoothly build the pressure up to the formation
pressure at which the fracture will be created for
stimulation purposes. And this is not the only
advantage of using jet pumps for hydraulic fracturing.
Another important aspect is that using borehole
pumps for well development and stimulation of fluid
influx from the formation into the well eliminates the
need to engage well-servicing and workover teams.

When choosing jet pumps it is necessary to make
sure that their size corresponds to the diameter of
the production string of 140 mm and 168 mm; their
capacity should ensure bringing of 20—150 m? of fluid

C NoOMOLLBIO CTPYUHBIX HACOCOB
BO3MOXHO 0e3 ocniabneHust Kpenm
CKBaXXWHbI M paclliaTbiBaHUs obcagHoM
KOJIOHHbI TPYO NnaBHO HabpaTb AaBneHne
[10 FOPHOIO, NPV KOTOpPOM OyaeT
CO34aBaTbCs TPELLMHA AN CTUMYNALUN
npuToKa.

Using jet pumps it is possible without
weakening the well support and upsetting
the casing string to smoothly build the
pressure up to the formation pressure

at which the fracture will be created for
stimulation purposes.

to the well surface per day.

It is also very important to ensure that blowout
preventers at the well head are capable to
instantaneously cancel the overflow of the formation
fluid to the surface. It is also worth mentioning again
that wellhead blowout preventers and all elements
of the locking device should be ready to switch into
operation at any moment and prevent the overflow of
the fluid to the surface.

One more thing: at the stage of preparation for
operations it is very important to correctly choose not
so much the prospective well as the location in the
formation system that will allow for aggregate use of
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AJITOPUTM NPOBEAEHNA MPOLECCOB

MNPU YNPABNAEMOM C MOBEPXHOCTU

rMMAPABJIMYECKOM PA3PbIBE MNNACTA

1. BpIOOP CKBAKHUH NPOHU3BOAUTCA ITyTEM
TIIATEIBHOI'O AaHAINU3a PAOOTHI ICUCTBYIOMUX
HEPTAHBIX U T'A30BbIX CKBAXKUH C
AKIIECHTUPOBAHUEM MAJIOJICONTHBIX IO HEPTHU
U T'a3y CKBAXKUH, IIPU 3TOM IPUHHUMAIOTCS BO
BHUMAaHHE OOBOJAHEHHOCTD MPOAYKIIMH CKBAKIH,
TEHACHIIUU K IPEOOPA30BAHUIO U PYTUE
HETATUBHBIE TTOCJIEICTBUSL

2. BpIGpaHHBIE CKBAKUHEBI JJO/IKHBI OBIThH
pacnonoxensl 0T BHK no 'HK Ha paccrosHnu
601ee 500—800 M BO n3bexkaHue O6BOJHEHHOCTH
U 34T'A30BAHHOCTH M3-32 BO3MOXKHOTI'O IPOPHIBA B
30HY BOJIOHE(PTAHOI'O KOHTAKTA U I'A30BOM IAIIKU
IJIACTOBOM CUCTEMBL

3. BbIOpaHHBIC CKBAXKUHBI JJOJI>KHBI OBITh
CEPTU(PULIPOBAHBI UHANKATOPHBIMUA
JUATPAMMAMH U KDUBBIMH BOCCTAHOBJIEHU S
JaBJIEHU IJIS1 ONIPENEIIEHUSA IPOAYKTUBHOCTHA
CKBAXXUH (C 006532 TEIBbHBIM ONPEJEIEHUEM
CKHH-(DAKTOPA) B CJIy4a€ CTAIIMOHAPHOTO U
HECTAIUOHAPHOT'O IPUTOKOB (DIIIOHU/IOB U3 IIIACTA
B CKBAJKHHY.

4. DKCIUTyaTallTUOHHBIE KOJIOHHBI BBIOPAHHBIX
CKBAKUH JIOJIKHBI OBITh TEPMETUYHBIMUA
U BBIJIEPKUBATH IIPU HEOOXOJIUMOCTH
OIIPECCOBOYHOE JIABJIEHHE, A4 TAKXKE JTOJIKHBI
OBITb OOOPYIOBAHBEI IPOTUBOBBIOPOCOBBIMHU
MIPEBEHTOPAMH.

5. JKemartesipHO O HAYAJ1A TUPABINYECKOIO PA3PhIBa

IIPOBECTHU I'AMMA-HEUTPOHHBIIN KAPOTAXK, YTOObI
OBITb YBEPEHHBIMU B UCIIPABHOCTHU UHTEPBAIA
nep@opanmu u ero paboToCnOCOOHOCTH.

6. Tlocne BpIOOPA CKBAKUH AuaMmeTpamu 140 u
168 MM 17151 OCyIIIECTBICHUS TpoBezcHust TPIT
MO NIPEJJIATAEMOI TEXHOJIOTUU B CKBAXKUHY
CIIYCKAIOTCA CTPYMHBIE HACOCHI C JUAMETPAMU
cooTBEeTCTBEHHO 140 1 168 MM Ha T1y6HHY 1311
[TpOBOANTCA ITMAPABINYECKUN PA3PHIB IVIACTA
IO CTAHAAPTHOM TEXHOJIOI'MHU C 3aKPENUTEIIEM
TPEIIHHBIL.

IIpepnaraemas TEXHOJIOIUA HOCUT OTPACIEBOM
XAPAKTEP U MO3BOJIAET B 3HAUUTEIBHOU CTENIEHNU
YCOBEPIIEHCTBOBATDH U3II0OJIEHHBIN CIIEUATUCTAMUA
CTIIOCOO6 TOBBIMEHNA IPOU3BOAUTEBHOCTH
HEPTAHBIX U T'430BbIX CKBAXKUH M TEM CAMBIM
YBEJIMYUTD HEPTE- U TA300TAAYY IIJIACTOBOU CUCTEMBI
BIICJIOM. ©
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the fraccing crack to increase well flow rate using the
hydrodynamic energy ‘beam’ in the area of former
and buried rivers and gas petrified accumulations.

When using jet pumps the process algorithm is the
same as in the case of mud-pulse pumps.

PROCESS ALGORITHM FOR SURFACE-

CONTROLLED HYDRAULIC FRACTURING

1. The well is chosen by thorough analysis of the
operation of existing oil and gas wells with focus
on low oil and gas flow rate wells with account for
water cut, tendency for transformation and other
adverse consequences.

2. The chosen wells should be located — from water-
oil contact to gas-liquid contact — at a distance
of over 500—800 m to avoid water cutting and
gas accumulation due to possible breakthrough
into the water-oil contact zone and gas cap of the
formation system.

3. The chosen wells should be certified with
indicator diagrams and pressure build-up
curves to determine the well productivity (with
mandatory determination of the skin factor) in
case of steady and non-steady influx of fluids from
the formation into the well.

4. The production strings of the chosen wells
should be air-tight and endure, if necessary, the
test pressure and be equipped with blowout
preventers.

5. Itis preferable prior to starting the hydraulic
fracturing to run a gamma-neutron log to make
sure that the perforation interval is operational.

6. After choosing the wells with diameters
of 140 and 160 mm for hydraulic fracturing
the suggested technique requires lowering of
jet pumps with diameters of 140 and 168 mm
respectively into the well to the depth of the
bottom-hole formation zone. Then the hydraulic
fracturing is performed according to the standard
method using propping agents.

The suggested technique is industry-specific and
improves considerably on the method of increasing
oil and gas well productivity favored by many
specialists and, hence, enhances oil and gas recovery
from the formation system on the whole. ®
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ONBIT IPUMEHEHHU A KOJTTIOOMHTOBBIX
TEXHOJIOTHH HA MECTOPOKIECHUAX
TarapcraHa

PM AXMETIITHH, 2naenslil uricerep,
00O <Tammnegpmo-AxmioourcrPemCepsucs

CeropiHs Ha MECTOPOXKIEHUAX TaTapcTana 25% Bcex
KaIHUTAIBHBIX PEMOHTOB CKBA>KMH BBITIOTHSIETCS C
NPUMEHEHUEM KOJITIOOUHTA. B cCpeJHEM IPOBOANTCS
okosio 1000 peMOHTOB B rojl. HakorjieHHbIN
OMBIT TTO3BOJISIET HPOBOJUTD HIUPOKUH CIIEKTP
PaboT. DTO yIpaBIeHUE PA3PAOOTKON HE(PTAHBIX
3AJICKEH; MHTECHCU(PUKAITUS ITPOLIECCOB IPUTOKA;
cnenuaabHble padOTeL C Pa3BUTUEM TEXHOIOTUH
OypEHUS U SKCILTYaTAIIMA TOPUZOHTAIbHBIX CKBAKHUH
MPOBOJUTCS MHOT'O ONBITHO-TIPOMBIIIUVIEHHBIX U
3KCIEPHUMEHTAIBHBIX PA6OT.

C 11eJ1BIO NOBBIIIEHN 9(P(PEKTUBHOCTH
3KCIUIYATALIUU TOPU3OHTAJIBHBIX CKBAKHH,
BBIABJIEHUS UCTOYHUKOB OOBOJJHEHU A, HEPAOOTAIOIINX
Y4YACTKOB YBEJIMYHUBAETCA TOTPEOHOCTD IIPOBEICHUS
reo(pU3NIECKUX UCCIETOBAHUN B TAKUX CKBAXKUHAX.
C 2013 roga Aj1s1 IOCTaBKU reO(PpU3NIECKUX IPUOOPOB
B TOPU3OHTAJIBHBIA YYACTOK CTBOJIA CKBAKUHBI
MNPUMEHAETCA THOKAS TPyOa C 3AITACOBAHHBIM B
HEE TPEXKUIBHBIM IreO(pU3ndeCcKuM Kabenem. [
CO3IaHHA IETIPECCUN UCTIONb3YIOTCS 39KEKTOPHbBIE
ycrporictsa YOI'MIC (CTpyHHBIN HACOC) CO CbEMHOM
BCTA4BKOI1, NO3BOJIAIONIEN 3arepMeTu3npoBatb 'HKT B
CTPYHHOM Hacoce. K HacToAamemMy BpeEMEHH TPOBEJEHO
36 UCCIeJOBAHMI. YCTIENTHOCTD PA6OT I10 JIOCTABKE
IPUOOPOB COCTABIACT 95% .

TF'opuzonTtanpHOE 6ypenne u MI'PIT cTaHOBATCA
BCeE 60JIEE PACTIPOCTPAHEHHBIMH ONEPAITUAMHU B
pa3pabOTKe HU3KONIPOHHUITAEMBIX HE(PTEHOCHBIX
IUIACTOB. JJaHHAA TEXHOIOT U 3AKII0YAETCS B
MPOBEJIEHNUH OINPEAECIEHHOIO KOJIMYECTBA OEPALTAN
[TIITyepe3 'HKT c mocnenyromum I'PIT. I1epsbie
onblITHBIE pa60ThI I'TITT 1 I'PIT O6bUIM IPOBEEHBI HA
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Case records of coiled tubing technologies
application at the fields of Tatarstan

Rubin ACHMETSHIN, Chief Technology Officer, T1atnefi-
AktyubinskRemService, LLC

Today, at the fields of Tatarstan about 25% of all
well workover operations are performed with coiled
tubing (CT) application. An average of 1,000 workover
operations is performed annually. Experience gained
during these operations allows to carry out a wide
range of workover jobs. Among them one can find
reservoir management, enhanced oil recovery and
rigless operations. With drilling and horizontal wells
operation technologies evolving, a large number of
pilot projects are realized.

In order to increase the efficiency of horizontal wells
operation, identify the sources of water troubles and
non-productive intervals, one has to perform well
logging operations in such boreholes. Starting from
2013, the conveyance of logging tools into horizontal
sections of wells is performed by our company with
the application of CT and three-core logging cable
injected into it. UEGIS ejection units (jet pumps)
equipped with removable insert that allow to seal CT
in the jet pump are used for creation of depression.

A total of 36 well logging operations have been
performed so far. The success rate is 95%.

Horizontal drilling and multi-stage fracturing
operations are becoming more and more used for
development of low-permeability reservoirs. The
technology involves performing a given number of
hydraulic jet perforations using CT with subsequent
hydraulic fracturing of perforated intervals. First pilot
surveys of this technology have been performed
in the well of Romashkinskoe oilfield operated by
Aznakaevskneft. One more technology that is used by
Tatneft-Remservice involves milling a liner shoe and
horizontal well reconditioning. We have recently started
to perform milling of multi-stage frac ports as well.



CKBA’XKUHE POMAIIKMHCKOro MecTopoxaeHus HIZTY
«A3HAKAEBCKHE(PTD». Ellle O/1HA NCIIONIb3yeMasi HAMU
TEXHOJIOTUS — (Pppe3epoBaHNE HANIMAKA XBOCTOBHUKA
U1 BOCCTAHOBJIEHUE TOPHU30OHTAIBHOT'O CTBOMA. Taxkxke
MBI HAYaJI1 3aHUMATbCS Pa36ypHUBAHUEM ITIOPTOB
MHoOrocTtaaurHoro I'PIT.

B TaTapcTraHe BEJETCA aKTUBHAS Pa3paboTKa
OUTYMHBIX MECTOPOK/ICHUH MAPATPABUTAIIIOHHBIM
METOOM JIOOBIYH. B KOHCTPYKIIMU GUTYMHBIX
CKBAKUH NPUMEHSAETCS (PUIBTP — XBOCTOBUK
JUaMeTpoM 168 MM, IMEIOIIUI TTYCTOTETbIC
JIOPAJIEBLIE 3ATTTYIIKH, KOTOPBIE YAAIAIOTCSA IEPE],
BBOJIOM CKBA’KHMHBI B 3KCILIyaTalHIO. [IepBOHAYAIBHO
YAAJIEHUE 3aTTYIIEK IPOBOJUIOCH OYPOBOIT 6pUTrafion
C HAKJIOHHOM ycTaHOBKHU K-2000 criyckom dppes-
JIONI0TA HA OY PUIBHBIX TPYOAX. MBI HA49aJIN PAOOTHI C
HCIIOJIb30BAHUEM I'MOKOU TPYOBI IUAMETPOM 38,1 MM,
HO Ha IyorHax 6osiee 900 M Tpy6a CKI1a/1bIBATIACHh
Y HE JOHOCHJIA HAT'PY3KY HA 3A00MHBINA IBUTATED.
[Nepemnn Ha rTHOKYIO TPYOy OOJIBIIETO TUAMETPA —
44 MM, B pE3YJIBTATE TPOOIIEMA ObLIIA CHATA.
ITpOAOIKUTENBHOCTD PA6OT CHMIKEHA B IBA PA34 IO
CPaBHEHMUIO C PA0OTAMH C UCHOJIb30BAHUEM OYPOBOM
YCTAHOBKI.

JIoBmiabHbIe ontepanuu ¢ THKT Ha
ckBakuHax C ABII/I — orteIT 3amajHOM
Cubupu

Lmumpuit KOHIKHH, Zimumpuit AHYYK, Koncmarmum
BYF/IHH, Tlasen BPABKOB, /Imumputi CEPHKOB,
dIlmomobepces

CIOXKHBIE JIOBUIBHBIE ONIEPALINY OBLIN BBITIOTHEHEI
HA I'd30BbIX CKBAXKUHAX C ABII/I 17151 KPYyITHEHMIIETO
POCCUHICKOTO HE3ABUCUMOT'O IIPOMU3BOJUTENS
IPUPOAHOrO ra3a B 3anagHor Cuéupu. CKBaXKUHBI
OBUIH HAM IIEPEIAHBI B CJIEAVIOMIEM COCTOSIHUH:
TEPBast BO BPEMS IPOBEICHUS IreO(PU3UIECKIX
paboT ObLIA 3aMOPOXKEHA, ¥ TPOU30IIIE] OOPBIB
MHCTPYMEHTA, BO BTOPOY CKBA’KHMHE OBUIH OCTABJIEHBI
WHHUIIUUPOBAHHBIE NEP(OPATOPHI BCJIEICTBHAE
06pa30BaHUA I'HIPATOB. O6€E CKBAKHUHBI 601€E
TPEX MECALIEB HAXOJWINCh B OXKUTAHUU HAYAJIA
NPOBENCHUSA PEMOHTHBIX PA6OT.

®not T'HKT, cocTOsAIMMIM 13 HAACKHOTO 1
MIPOBEPEHHOT'O O60PYAOBAHUS, TOAXOAAIIETO JJIs
BBITIOJIHEHUS PA6OT B CJIOKHBIX KITUMATUUYECKUX
YCIIOBUSAX, BMECTE C OOy4EHHBIM IIEPCOHAJIOM U
ONBITHBIMU CHETUATIUCTAMHU ObLIT MOOUTN30BAH
Ha MECTOPOXAeHHUE. OCO60€ BHUMAHHUE YAETAIOCh
BBIOOPY JIOBUJIBHOT'O HHCTPYMEHTA U PA3PA6OTKE
J€TAJIBHOM IOIATOBOM IIPOLEAYPBL, YTO B KOHEYHOM
UTOTE€ U IIPUBEJIO K YCIIEXY BCEN ONEPAIUL.

CyMMAapHO [ATb HEJIE/Ib IOTPAYEHHOI'O BDEMEHH
1 46 CITYCKO-TIOTbEMHBIX OTIEPATTHE O6ECIICTHTH
JONTOXKAAHHBINA PE3YIBTAT — FeO(PHU3UIECKasd COOPKA
C OCTATKAMH Ka6esa U MIPUTPY3aAMHU OOIIEHN JJIMHOU
25,2 M (82,7 yTa) HA OZHOU CKBAKHMHE U
nep@OopaTOPHI C yTSXKETUTEIIMA OOIIEH AJIMHOMN
15,7 M (51,5 dpyTa) HA APYTO¥ CKBA’KMUHE OBUIN YCIIEITHO
U3BJIEYEHDBI HA IOBEPXHOCTD. [IPOAYKTUBHOCTD
BBICOKOJICOMTHBIX CKBAKHH OblLJIA IIOJTHOCTBIO

The Chosen Abstracts of the 15t
International Scientific and Practical

Coiled Tubing, Hydraulic Fracturing and
Well Intervention Conference

Active development of bitumen oilfields is currently
being performed in Tatarstan using steam-assisted
gravity drainage technique. The technology involves
utilization of a 6-5/8 in. slotted liner that has hollow
light-alloy plugs which have to be removed prior to
well commissioning. Originally, the removal of plugs
was under the responsibility of a drill crew. K-2000
slant drilling rig has been usually used for lowering
of a mill into well. We have started to use 1-1/2 in.

CT for plugs removal, but at the depth of more than
2,950 ft. CT string has been collapsing all the time.
After switching to 1-3/4 in. CT, the problem has been
resolved. The duration of operations has been reduced
by two times in comparison with jobs performed by a
drill crew.

CT fishing campaign on HPHT gas wells —
Siberian experience

Dmitry KOSHKIN, Dmitry YANCHUK, Konstantin
BURDIN, Pavel BRAVKOV, Dmitry SERIKOV;
Schlumberger

Heavy duty fishing operations were performed on
HPHT gas wells for a major independent gas producet,
located far north of Western Siberia, Russia. One well
was shut in with a logging tool string and a second
well was plugged with initiated perforators left in hole.
Both wells were waiting for a solution for more than
three months.

A CT fleet, consisting of reliable and suitable
units for working in harsh environmental, together
with skilled crew and experienced specialists, was
mobilized to the field. Special attention was focused
on the selection of downhole tools, as well as the
planning and development of the step-by-step fishing
procedure attributed to the success of the operations.

Five weeks of total spent time and 46 various runs
provided a long-awaited result — the logging string
and geophysical cable with a total length of 82.7 ft
(25.2 m) on one well and perforators, weight bars
and cable with a total length 51.5 ft (15.7 m) on the
second well were successfully retrieved to the surface.
Operation of the high-productions gas wells was fully
restored for further planned intervention.

The following substandard conditions added to the
challenges during fishing operations in both wells:

* long and hard ice hydrate plugs;

» completely frozen-in hydrate tools and cable;

* 6906.7 psi (47.6 MPa) pressure differential across the
fish;

« restriction with ID limited 2.52 in (64 mm) and
partially plugged SSSV;

* lack of confident information about the situation in
the wellbore;

* equipment limitations due to wellhead stack height.

The combination of team-work and technical
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BOCCTAHOBJIEHA, 4 CKBA’KUHBI TOTOBBI K BBITTOJTHEHUIO

JJIBHEUITNX 3ATIJIAHUPOBAHHBIX PAOOT.

Ha 06enx CKBaKMHAX IPHUCYTCTBOBAIN CIEAYIOINE

HECTAHAAPTHBIE YCJIOBUA U OTPAHUYEHMS:

* IPOTSKEHHASA U TBEPAAA I'MIPATHAA IIPOOKA,;

* IIOJIHOCTBIO 3AMOPOKEHHBIN OCTABJICHHbBIN

UHCTPYMEHT U KAO€Ib;

TIeperta;j] 1aBaeHus B ~47.6 MI1a o mpo6KOif;

* CY’KEHHE B CKBAKMHE C IPOXOAHBIM JUAMETPOM
64 MM,

* YACTUYHO 326/IOKMPOBAHHBIIN KJIAIIAH-OTCEKATEND;

* OTCYTCTBHE JOCTOBEPHONU MH(POPMALIUH O TEKYIIEM
COCTOAHUHU CKBAKUHBI;

* OrpaHUYEHUA OOOPYAOBAHM S, CBA3AHHDIE C
HEOOXOIMMOI BBICOTOM JIYOPUKATOPOB.
KoM6HHa11s KOMaH/HOM pa0OThl U TEXHUYECKUX

peneHni 06ecnevnia yCremHoe yCTpaHEHHUE

pOo6aeMBL JIOBUJIBHBIE OIIEPALIUU ObLIN

BBITIOJIHEHBI C COOIIOEHHEM BCEX TPEOOBAHNI

TEXHUKH O€30MACHOCTH U 6€3 IIPON3BOJCTBEHHDBIX

WHIIUEHTOB, 4 PE3Y/ILTAT IIPEB3OIIET BCE OKHUIAHUA

34KA34YUKA.

OnbIT BHEAPEeHU s 00opyaoBanws s ITHIT

H.B. MAKCHUMOBHY, 3amecmument HauaibHUuKa
omoena HazHemamebHo20 000PYO0BaHUsL,
Tpynna OHJ]

15 yBeTMYeHN HE(PTEOTAAUN CKBAXKUH,
HAXOASAIMMNXCA HA O3/THEM 3TAIE PA3PAOOTKH,
HEOOXOAMMBI TEXHOJIOTUH NOBBIMIEHUA HE(PTEOTAUN
U TEXHUKA, KOTOPAsI PEATIU3YET ITHU TEXHOJIOTUU.
I'pynma ®U /I pa3zpadoTana U IPOU3BOAUT TAKYIO
TEXHUKY.

KomIuiekc HacOCHbIH npurorasausaomuil KHIT1
NPEHA3HAYEH JJ151 HEIPEPBIBHOI'O IIPUT'OTOBJIEHUS
U 3AKAYKH B CKBAXXUHY OCAIKOr€JIE00PA3YIOMNX
KOMIIO3ULINI C TOYHBIM Y4ETOM PACXO/d U JJO3UPOBKU
CBINYYHX U XKUJKUX XUMPEAT€HTOB. [IprMeHsaeTcs
PU IPOBEJAEHUU PAOOT C UCTIOIBb30BAHUEM
MOTOKOOTKJIOHAIONIUX TEXHOJIOT UM, HATIPABIECHHBIX

Ha ITOBBIINICHHNC HC(pTCOTIIQ.‘-II/I HCOOHOPOAHBIX ITJIACTOB

HAa [MO3JHEN CTAJUH Pa3PA0OTKH MECTOPOXKACHUI. Bee
060PYIOBAHUE KOMILJIEKCA PA6OTAET OT TPEeX(Pa3HOMI
cetr 380V 1 CMOHTHPOBAHO B IBYX U30TEPMUYECKUX

(PyproHax, paCrogOKEHHBIX HA OTJEIBHBIX ITPULIETIAX.

CHCTEMBI KOMIUIEKCA CHAOKEHBI AJIEKTPONPHUBOIAMU.
Bce onepanmu 110 IpUIroTOBJIEHUIO U 3AKAYKE
KOMIIO3ULIMH KOHTPOJIUPYIOTCSI CUCTEMOM
ABTOMATHYECKOI'O YIIPABJIEHU S, KOTOPAas
06€eCIIeEYnBAET B3aMMOJIEUCTBHE COCTABHBIX

4aCTEN KOMIUIEKCA, JO3UPOBAHNE, CMELIUBAHNE 1
MO3BOJIAET PETUCTPUPOBATD, BU3YAJIU3UPOBATH U

JOKYMEHTHUPOBATD (CO34aBATH OTYETHI) BCE ITAPAMETPLI

TEXHOJIOTUYECKOTO ITponecca. Komrmieke KHIT1 nmeer
BO3MOXXHOCTb OTHOBPEMEHHO JIO3UPOBATD /IBA CYXUX
U TP KUJIKUX XUMPEAre€HTA.
Pacxop max. 9 m?/4ac.
Jasnenue npu Max. pacxoge — 30 MIIa.
TexHUYECKHNE OCOOEHHOCTH KOMILIEKCA:
¢ TIostHAs1 aBTOMATU3AITHS AJITOPUTMOB PAOOTHI;
 [ITPOKUI BBIOOP PELENTYP NIPUTOTABINBAEMBIX
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N36paHHbIe Te3ucbl 15-n
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«KonTioOMHrosble TexHonorum, P,
BHYTPUCKBa)KUHHbIE paboTbi»

solutions enabled the successful resolution of the
problems, the campaign was completed without any
HSE and SQ issues and the customer was satisfied with
the results.

Experience of EOR equipment
implementation

Nikolay MAKSIMOVICH, Deputy Head of Pumping
Equipment Department, FID Group

To increase oil recovery of wells being on the
late stage of development, one needs enhanced oil
recovery (EOR) technologies and equipment that
will implement these technologies. FID Group has
developed and is now manufacturing the following
equipment.

KNP1 pumping and mixing complex is intended
for continuous knocking up and injection of
sediment-gel forming agents into well with accurate
discharge and dosing rates recording. The complex
can be used during operations that require application
of flow deviation technologies, which are necessary
for flow stimulation of heterogeneous formations at
the brownfields. All equipment units of the complex
operate off the 380V tf supply line and are mounted
on two separate trailers with insulated bodies. All
systems of the complex have electric drives. All
operations are monitored by an automatic control
system that provides communication between
different parts of the complex, batching, mixing,
and allows registration, visualization, and recording
(reports creation) of all process variables. KNP1
complex is able to simultaneously batch two dry and
three liquid chemicals.

Max. discharge rate is 9 cubic meters per hour.
In such case, maximum pressure is 30 MPa.
Technical features of the complex:
* Full automation of operation;
* Wide range of prepared compositions formulation;
* The ability to work with various EOR techniques;



KOMITO3HUIH;

* BO3MOXHOCTB Pa6OTHI C PA3JIMYHBIMUA
TEXHOJIOTUSAMU NOBBIIIEHUA HEPTEOTAAYHU IIJIACTOB;

* BO3MOXHOCTB KOHTPOJIS KAYECTBA
IIPUT'OTABINBAEMOI KOMIIO3UITUHU (TIOTOYHBIN
BUCKO3UMETD, INIOTHOMED, TEPMOMETD);

* BO3MOXHOCTD UCTIOIB30BAHUSA 6JIOKOB KOMILIIEKCA
I10 OTAEIBHOCTH;

* Hanmume CUCTEMBI ITIOATOTOBKU JKHUJIKOCTH
(OYMUCTKA OT B3BEMIEHHBIX YACTULL, OPIrAHUYECKHUX
3ArPsIBHEHUI, COCIMHEHU JXene3a (IO 5 MI/1)).
Bo3MOKXHA MOZIEPHU3AIUA KOMIUIEKCA COTTIACHO

TPEeOOBAHUIM 3aKA3UHUKA.

ONBIT IPOBEICHHUS KHCJIOTHOH 00Pa0OTKH
B OCJIO’KHEHHBIX YCJIOBHAX KAPOOHATHBIX
KOJLIEKTOPOB BoIro-ypaabCKoro peruoHa
Poccumn

Pugpam KAFOMOB, Andpeii KOHYEHKO,

Anexceti BAHPAMOB, Apmewm KJTFOBHH,
OnecaJIEBAHIOK;, dllniombepoice»; Anoperit YHUKHH,
Bnaoucnas PHPCOB, Eszeriuii HHKYJIBIIIHIH,
Pocregpmuo»

Bonro-YpasnbCKurt 6aCCENH — OIUH U3 KPYITHENIITNX
HedTEIOOBIBAIOIINX PETMOHOB B Poccuu.
OpeH6YpPrckas 061aCcTb ABISAETCS HEOTBEMIEMON
4aCTBIO BONMTO-YpanbCKOro 6acceiina U AEMOHCTPUPYET
OONBITHHCTBO NPOHIIEM, CYIIECTBYIONIUX B IPYTHUX
4JacTax 6acceriHa. bosnee NOMIOBUHBI CKBAXKHH AI0T
HEPTDb UCKIIIOYUTENBHO U3 KAPOOHATHBIX IIJIACTOB U
MNEPHUOAUYECKH HYK/IAIOTCS B IPOBEJEHUN KUCJIOTHOM
06pPabOTKU JIJIs1 NOJJICPKAHUS PEHTAOCTIBHOCTH
Jo6b14n. [IpoBEIEHUE KUCTIOTHON OOPAOOTKH
KapOOHATHBIX KOJJIEKTOPOB OOBIYHO OCHOBAHO HA
3aKAYKE COJITHOU KMCJIOTHI B IUTACT C UCIOJIb30BAHUEM
CHELMNAJIBHBIX 3AKYITOPUBAIONMIUX AT€HTOB JIJIs
YBEJIMYEHUA 30HBI TOKPBITUSA KUCJIOTHON OOPAOOTKH.
HexoToprle 13 CBOUCTB IIACTA B BOITro-YpaaibCcKom
6accelfHe CO3/1aI0T JOTIOTHUTEIbHbBIC IPOOIEMBI JJI51
YCIIEMTHOT'O IPOBEICHUSI KUCJIOTHOM OOPaOOTKU. DTU
POOGIEMBI BKITIOUAIOT B €65 (HO HE OTPAHUYHUBAIOTCSA
TOJIBKO 3THUM): 3HAYUTEIBHOE CHUYKEHHUE IIJIACTOBOT'O
JIaBJIEHUS, BBICOKYIO OOBOJHEHHOCTD, (DPOPMUPOBAHUE
HEOAHOPOJHOCTEN C NMPOIJIACTKAMU BBICOKOH U
HM3KOM IIPOHUIIAEMOCTH, HU3KOU TEMIIEPATYPOH
IJIACTA, CBIPOY HE(PTBIO C TEHJICHIIUEH K OOPA30BAHUIO
3MYIBCUHU U IUITAMOOOPA30BAHHUIO, OT POMHBIMU
30HAMH ITOTEPD OT NPEABIAYIIUX KUCTOTHBIX
06paboTOK. HeorpeieIeHHOCTU B CBOMICTBAX IJIACTOB
BO MHOT'UX CJIYYasIX JICJIAIOT 32/5a49y €llie 6osee
CJIOKHOM.

Ha npOoTsaKEHNUH NOCTIEAHUX MECTH JIET ITIPAKTHUKA
NPOBEACHUA KUCIIOTHOM O6PA0OTKN KAPOOHATHBIX
KOJUIEKTOPOB B OpEeHOYPI'CKOIM O6IACTHU ITOCTOSTHHO
COBEPHIEHCTBOBAIACH. BCE HAUNHAIOCH C
MIPHUMCHEHMUS PA3JIATAEMBIX IIIAPUKOB U ITOJIMMECPHOH
CaMOOTKJIOHSIOIICHCS KUCJIOTHI /1JIs1 YBEJIMYCHUS 30HbI
MOKPBITHSL [TO3XKE 6bL1a ITPE/ICTABICHA BA3KOYIIPYTas
CaMOOTKJIOHSIOIIAS KUCJIOTA JJIs1 YCTPAHCHU S
COXPAHSIOMIETOCS TTOBPEXK/CHUS, CBI3AHHOT'O
C IIOJINMEPOM. B TO k€ BpeMsI UCTIO/Ib30BAJICS }
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* The possibility of prepared compositions quality
control (flow meter, density meter, temperature
gauge);

* The ability to use equipment units separately;

» The presence of fluid preparation system (removal
of suspended particles, organic impurities, and iron
compounds (up to 5 mg/liter)).

We can upgrade the complex according to customer
requirements.

Carbonate acidizing in the challenging
environment of the Volga-Urals region

of Russia

Rifat KAYUMOV, Andrey KONCHENKO,

Alexey BAIRAMOV, Artem KLYUBIN, Olesya LEVANYUK,
Schlumberger; Andrey CHIKIN, Viadisliav FIRSOV,
Evgeniy NIKULSHIN, Rosneft

The Volga-Urals basin is one of the largest oil-
producing regions in Russia. Orenburg region is
essential part of Volga-Urals basin and it represents
most of the challenges existed in the other parts
of the basin. More than half of the wells produce
exclusively from carbonate formations and
require periodic acidizing treatments to maintain
economical production. Carbonate stimulation
treatments are usually based on pumping of
hydrochloric acid into formation with utilization
of special diverters to maximize zone coverage by
acid treatment. Some of the formation properties
in Volga-Urals basin creates additional challenges
for successful acidizing treatment. These challenges
include but not limited with significant reservoir
pressure depletion, high water cut, formation
heterogeneity with high and low permeable streaks,
low reservoir temperature, crude with tendency
for emulsion and sludge creation, enormous thief
zones created by previous acidizing treatments.
Uncertainties in formation properties in many cases
make the task even more complex.

Carbonate stimulation practices were continuously
improving during the last six years in Orenburg
region. It starts with implementation of degradable
balls and polymer self-diverting acid to improve zone
coverage. Later, viscoelastic self-diverting acid was
introduced to eliminate retained damage associated
with polymer. At the same time, viscoelastic selective
diverter was used to minimize risk of water cut
increase after the treatment. Finally, foam diversion
with and without coiled tubing (CT) placement
was implemented to account for reservoir pressure
depletion. Many lessons were acknowledged during
this period with recommendations for better
technologies utilization at different reservoir and
wellbore conditions.
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BA3KOYIIPYI'MH CEJIEKTUBHBIN OTKIOHUTEIb JIJ1A
MMHHUMHU3ALNUA PUCKA YBEJTMYEHUA OOBOJHEHHOCTH
nocsue 06paboTkn. HakoHen NpuMeHUIN CUCTEMY
OTKJIOHEHUS IIEHOU C UCTIOIIb30BAHUEM U 6€3
UCIONb30BaHMA TMOKNX HKT mManoro guamerpa
JUIA y9€Ta UICTOMEHHNA TNIACTOBOT'O JABJIEHUS.
MHOTO YPOKOB OBLIO U3BJIEYEHO 34 3TOT IIEPHOJ,

C PEKOMEHJIAIIUAMU ITO UCIIOJIb30BAHUIO 60sIee
COBEPIIEHHBIX TEXHOJIOTUI B PA3HBIX IIJIACTOBBIX U
CKBA)KUHHBIX YCJIOBUSAX.

IToMHMO TEXHOJIOTUH, EIIE OFHOU CYIIECTBEHHON
YACTBIO YCIIEITHOI'O IPUMEHEHNA KAPOOHATHOM
KHUCJIOTHOM OOPabOTKH SBJISIETCS HAJJIEKAIIEE
JIabOpATOPHOE TECTUPOBAHUE. [IpUHUMASA 3TO BO
BHHMAaHUE, ObLJI pA3PA00TAH U BHEAPEH KOMIICKCHBIH
CTAHZAPT IO OOECTIEYEHUIO KOHTPOJIA KA4ECTBA
(QAQC) 1J1s1 KUCJIIOTHBIX 00PaboTOK. Kpome Toro,
OBbUIH CJIEJIAHBI JOTIOJTHUTENIbHBIE TA00PATOPHBIE
PpabOoThl, TAKKE KAK UCCIENOBAHNE (DUIBTPAITMOHHO-
€MKOCTHBIX XaPAKTEPUCTUK KEPHA MJIM TECTUPOBAHME,
YTOOBI TPOSCHUTD HEKOTOPBIE JOIIOJTHUTEIBHbBIE
ACTIEKTHI BBIIIOJTHAEMBIX O6PAOOTOK.

BONBIIMHCTBO MECTOPOXKAECHUN B OpEHOYPICKOM
06JIACTH CTAPBIE, A TO O3HAYAET, YTO KAYECTBO
CKBXUH-KAH/N/IATOB YXV/AIIA€TCS M3 To/1a B rofi. Ho
C HIOCTOSTHHBIM YCOBEPIIECHCTBOBAHUEM MTPAKTUKHU
CTUMYJISIIMU U JKECTKHUM KOHTPOJIEM Ka4€CTBA HAM
y/1a€TCsI IOA/IEP’KUBATH JOOBIYY HA SKOHOMHYECKOM
YPOBHE U IAKE YBETUYUTD OOBEMBI PAOOT IO
CPAaBHEHUIO C IPEIBIYIUMU T'OAAMMU.

HNHHOBAITUU B IPOU3BOJICTBE U
IIPHUMEHECHUH IPOIIIAHTOB

AB.CAKYJIHH, B.B. CKYPHUXHH, OC. KYSHEIOBA,
OAO «BopoBUHCKULL KOMOUHAM 02HEYNODOB»

OAO «BOpOBHUYCKHI KOMOHMHAT OTHEYIIOPOB»>
SIBJIACTCS IIMOHEPOM CPEAN POCCUMCKUX
MPEAIIPUATHI IO OCBOEHUIO B IIPOU3BOJCTBE
MIPOMIIAaHTOB TOProBoy Mapku BORPROP® (1998 ropx)
3aBOJCKUM HCCIEN0BATEILCKUM LIEHTPOM
pa3pabdOTaHbl HOBBIE BUBI TPOYKIIUN.

1. CBEpXIIPOYHBIN IIPOMIIAHT.

IMponnant BORPROP SSP nipencTasiseT cCoO0MU

CBEPXIIPOYHBIA OCMOJIEHHBIN KEPAMHUYECKUA

AJIIOMOCHJIMKATHBIN [IPOIIAHT C IIPEABAPUTEILHO

OTBEPKICHHBIM IIOJIMMEPHBIM IIOKPBITUEM.

34 CUET COXPAHEHNA JTACTUYHBIX CBONCTB

HOKPBITHE HA IIOBEPXHOCTH IIPOIIAHTA TOJIIHWHON

10—-15 MKM CHOCOOHO YaCTUYHO J1e(POPMUPOBATHCS.

DTO NO3BOJIAET:
¢ IIpy IpHUJIOKEHUHU AABJIEHUA 34 CYET

B3aMMHOI'O UHJEHTUPOBAHMA (BLABIUBAHUSA)

COIIPHUKACAIOUIUXCS YACTUL] YBEJIMYUTD IUIOIIAAb

UX KOHTAKTA U CHU3UTDb HATPY3KY HA KAXKIYIO B

OTAEIBHOCTH YACTULLY IIPOMIIAHTA, 3d CYET YETO

HOBBICUTb COIPOTUBJIEHHE PA3IABIUBAHUIO

HPOIIAHTA;

* VBEJINYUTD IIPOBOJAUMOCTD YIIAKOBKH IIPOIIIIAHTOB

IIPH BBICOKUX JIABJIEHUAX;
¢ TIony4uThb BBICOKYIO YCTOUYMBOCTD K IUK/INYECKUM

HArpy3KaM.
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Apart of technologies, another essential part of
carbonate acidizing success is proper laboratory
testing. To account for this, a comprehensive Quality
Assurance Quality Control (QAQC) standard has been
developed and implemented for acidizing treatments.
Moreover, additional laboratory work such as core
flow testing has been done to clarify some additional
aspects of performed treatments.

The majority of the fields in Orenburg region are
old and this implies that quality of well candidates
became worse from year to year. But with continuous
improving in stimulation practices and rigorous
quality control we manage to maintain production
at economic level and even increase work scope
compared with previous years.

Innovations in manufacturing and
application of proppants

AV.SAKULIN, VV.SKURIHIN, O.S. KUZNETSOVA,
Borovichskiy Refractory Materials Factory, JSC

Borovichskiy Refractory Materials Factory, JSC is
the pioneer among Russian companies that develop
and manufacture porppants of BORPROP® trade
mark (1998). The research center of the company has
developed several new products.

1. Superstrength proppant.

BORPROP SSP proppant is a pitched ceramic

aluminosilicate proppant of high strength with

preliminary hardened polymer coating,.

Since the coating that is 10—15 microns thick

conserves its elastic properties, the proppant has

the ability to partially buckle. It allows to:

Increase the contact area of proppant particles and

lower the load per particle due to the inter-dimpling

of contacting particles. This increases the proppant

crushing strength;

* Increase the conductivity of proppant pack under
high pressure conditions;

* Obtain high immunity to cyclic loads.

The degree of polymer coating stiffness depends
on both the polymer composition (it may contain
modifying agents, in that case proppant is marked as
BORPROP SSP-M) and the temperature. Under high
pressure/temperature conditions, when the coating
softens, the proppant pack acquires the “quasi-
hardening” property due to the inter-dimpling of
contacting particles. Particles’ bonding is driven by
the increase of frictional drag coefficient of pitched
proppant squeezed particles. This effect does not
allow the proppant particles to “pop out” from the
pack under the fluid flowing through.
2.Marked proppants.

BORPROP MRK proppants are marked by the

non-radioactive element additive that is able to



CreneHb )KECTKOCTH IMOJIMMEPHOTO MOKPBITUSA
3aBUCUT KaK OT COCTABA TTOJIUMEPA (B HETO MOI'YT
OBITB BBEICHBI MOJU(DHUITUPYIOMIUE TOOABKH, TOTAA
nponmnanT uMeHyeTcst Kak BORPROP SSP-M), Tak
U OT TEMIIEPATYPBL ITpU BEICOKOM JJABJIECHUH U
TEMIIEPATYPE, KOITIA IOKPBITHE «PA3MATIACTCS,
YIIAKOBKA [IPOMNITAHTOB IIPOSBIISAET CBOMCTBO
«KBA3UCXBATBIBAHUS> — 34 CIET B3AUMHOI'O
UH/ICHTHPOBAHUS CONPUKACAIONIUXCS YACTHUILL,
CueneHne 4acTUL, O6yCIOBIEHO OBBIIIEHUEM
KO3(PUITUEHTA TPEHUS CKOJIBKEHUS C/IABJICHHBIX
YACTULL OCMOJIEHHOTO MPOMMNAHTA U HE TTO3BOJIAET
YACTULIAM MIPOMMIAHTA «BbICKAJIb3bIBATh> U3 YITAKOBKU
O/ ACHCTBUEM ABIKYIIETOCH (PIIOUA.

2. MapKrpOBAHHBIE TPONIIAHTHI.

IMponmanTel BORPROP MRK, MapKupOBaHHbIE

JTI06aBKOU HEPAJUOAKTUBHOI'O JIEMEHTA,

CIIOCOOHOTO NOITIOMIATh HEUTPOHHOE

naiydenue, — ananor nponmnanta CARBO NRT.

IIponmnaHT npeAHa3HAYEH I OIIPEACICHUSA

MECTOPACIIONIOKEHUA U TEOMETPUUIECKUX

[IaPaAMETPOB TPEMUHBI F'HIPOPA3PbIBA.

Bce TexHH4YeCKHE XaPAKTEPHUCTUKH ITPOIIIAHTA
COOTBETCTBYIOT TpeboBanusM TOCT P 51761-

2013. B Ka4eCTBE MaPKEPA B IIPOIMITAHT JOOABIEHO
COEAMHEHHNE OJTHOI'O U3 PEKO3EMENIBbHBIX JIEMEHTOB
(P3D) u3 rpynnsl JaHTAaHOHUI0B. KonnuecTBo
JI06ABJISIEMOTO /17151 MAPKHUPOBKU OKCHJa P3D — oT
0,005 1o 0,5% macc. OCO6EHHOCTBIO IIPONITAHTA C
TAKOM JJOOABKOM SIBJISIETCS CTIOCOOHOCTD MOIVIONIATH
HEUTPOHHOE U3JTYYEHUE, OTINYAIONIEECA BBICOKOM
MPOHUKAIOMEN CITOCOOHOCTBIO.

OO6HAPYKEHUE MECTOPACTIONOXKEHS U
r€OMETPHUYECKUX NAPAMETPOB TPENUHEI
TUAPOPA3PEIBA IIPH UCTIOJIb30BAHNH ITPOIITAHTOB
Mapky BORPROP MRK BciieCTBHE UX CIIOCOOHOCTH
MOIVIOIATh HEMTPOHHOE U3JIyYEHHUE ITPOU3BOAUTCS
METOAAMU HEUTPOHHOI'O KapoTaxa. [1o MHEHUIO
cnenuanucTos OAO HITLI «I'Bepbreopusnka», cpeau
METOZIOB HEMTPOHHOI'O KAPOTAK4 IPUMEHUTEILHO
K IIponmaxTy, ananorugyHomy CARBO NRT, gosken
UCTIOJIB30BATHCA CIIEKTPOMETPUYECKUN UMITYIbCHBIHN
HEUTPOHHBIN I'AMMA-KAPOTAXK, 4 B KAYECTBE
UCTOYHUKA HEUTPOHHOT'O U3JIYYEHUA — TEHEPATOP
HEUTPOHOB 14M.

Jpyrou Buj MapKUPOBAHHBIX IIPOIIIAHTOB
MAapPKHUPOBAH JJOOABKOI KPACAIIEI'O BEIECTBA U
MOKET OBITH BBIIIOJIHEH B JIIOOOM I1BETOBOI I'AMME.
[IpeanasHadeH [ BbIABJIEHHUA UICTOYHHUKA BBIHOCA
MNPOMITAHTA IIPU MHOI'O30HHOM I'MJIPOPA3PbIBE B
TOPUBOHTAIBHBIX CKBAKHMHAX.

IIpuMeHeHHe a30THBIX YCTAHOBOK
pu padore c THKT

KA JTVBOBHIIKHH, 3amecmumesns Oupexmopad no
mexHono2uu npou3soocmea, OO0 <HegpmeXum-
TIpomlIosonincwe»

B oKJ1a/1€ MOCTABIEHBI IEJTU TIPUMEHEHUS A30THBIX
YCTAaHOBOK, ITEPEYHCICHBI MOIM(PHUKAITIA UMCIOIITHUXCS
Ha PBIHKE 230 THBIX YCTAHOBOK U JIAHA CPABHUTCIbHAS
XAPAKTEPUCTUKA UX TEXHUUYECKUX BO3MOKHOCTEH.
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absorb neutron radiation. These proppants are

similar to CARBO NRT proppants. Such proppants

are intended for allocation of fractures and
identification of their geometries.

All proppant specifications comply with GOST R
51761-2013 standard. As a marker for proppant we use
one of the rare-earth element of lanthanides group.
The amount of marker element can vary from 0.005
to 0.5% of the total proppant mass. The main feature
of such proppant is its ability to absorb neutron
radiation.

Allocation of fractures and identification of their
geometries is easily performed by means of neutron
logging techniques due to the ability of BORPROP
MRK proppant to absorb neutron radiation.
According to the specialists of Tvergeofizika, JSC,
when using a proppant similar to CARBO NRT one
has to chose spectrometric pulsed neutron gamma
log among other neutron logging methods. Moreover,
a 14M neutron generator should be used as a source of
neutrons.

Another type of marked proppants has a color
additive (a wide range of colors can be used). It is
intended for identification of proppant flowback
sources during multi-stage hydraulic fracturing
operations in horizontal wells.

Application of nitrogen units during CT
operations

Konstantin DUBOVITSKIY, Deputy Director, Production
Engineering, NefteHimPromPouvolzhje

The report narrates about the purposes of nitrogen
units’ application, and the types of commercially
available nitrogen units. The comparative analysis of
these units is presented in the report as well.

Also, the report includes detailed information about }
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IToAPOOHO PACCKA3AHO OO OMBITE PAOOTHI C CEMbIO
A30THBIMU YCTaHOBKaMU ['Y-16/22, TV-20/25,T'V-30/30
npousBoaCcTBa PO, ¢ moMomnbio KOTOPHIX ¢ 2008 roga
npoussezeHo 3500 onepanui N0 OCBOEHUIO CKBAXKUH
Ha MECTOPOXAeHUAX Ypajo-TTooikesa. B 2014 rogy
BBIIIOJIHEHO 73 OIEPALMM IO HOPMAJIM3AIUU 32004 U
OCBOEHUIO CKBAKUH. YCIIENTHOCTb PAOOT COCTABUIA
95%. IIpoaHaIn3NPOBAHBI IIPUYUHBI HEYCIIEXa 5%
onepanyi. JJansl yHUBEPCAIbHBIE PEKOMEHIAITNN 11O
MPOBEAECHUIO PAOOT.

Bo BTOpO¥ 9acTH AOKIaja paCCMOTpPEHA
WHHOBAIIMOHHAS TEXHOJIOT'US YKPEIJICHUSI
KOJIJIEKTOPA OT BBIHOCA ITECKA B HEPTAHBIX CKBAXKUHAX,
OCHOBAHHA51 HA IPUMEHEHUU KDEMHUHOPIaHUYECKOTO
HOJIMMEPA, IaHbl PEKOMEH/IAIIHNH 110 BBIOOPY
CKB2>KUHBI JIJISI IPUMEHEHU S JAHHOM TEXHOJIOTUU U
HOAPOOHO PACCKA3AHO OO 3TANAX BBIIIOJIHEHUS PAOOT.
CaesiaHbl CIEAYIOIIYE BBIBO/IBL: OOPA3YIOUIUICS B
PE3YJIbTATE B3AUMOACHUCTBUA KDEMHUMOPIaHUYECKOI'O
HOJIMMEPA C IIECKOM U IIPOAYBKH 430TOM ECYAHUK
061271a€T BBICOKMMHU IIPOYHOCTHBIMU CBOHCTBAMHU,
YTO UCKJIIOYAET BBIHOC MEXAHUYECKUX IIPUMECEH B
CKBa)KHHE, IIPU 3TOM IPOHHUIIAEMOCTD 1O HE(PTH HE
YMEHBIIIAETCS, 4 BO3PACTAeT HA 27%. [IpuMenenne
JIAHHOM TEXHOJIOI'NH IIO3BOJISIET: YMEHBIIUTD
BBIHOC I1€CK3; IPOJJIATH CPOK IKCILJIYATAIIUU
BHYTPUCKBAKUHHOI'O O60PYJOBAHNS; CHU3UTD
34TPaThl HA IIPOBEAECHUE KAITUTAJIBHOI'O PEMOHTA
CKBA)KIH.

CoBepIlIeHCTBOBAHHE KOHCTPYKITHH
CKBAKHHHOI'O IITAHIOBOI'O HACOCA
(CIIH) a5 moBbImeHUA 3(hPeKTHBHOCTH
(bopCcHPOBAHHOTO OTOOPA *KHUIKOCTH IIPH
ITHII

B.IO.MYCTAPHUH, acnupanm YTHTY, urnxcerep OI'M,
OAO AHK «bawnedmov> OO0 baunedmo-/{oobia»
HIZIY Hexmazyuiredmo»

B goknaze npencrasiieHa HOBAst KOHCTPYKIIUS
CIIIH, no3Bongomas ONTUHMHU3UPOBATH NPOLECC
(POPCUPOBAHHOTIO OTOOPA KUKOCTU ITpy ITHIT
MOYTEM HOBBIIIEHUS HACOCHOU 3(D(PEKTUBHOCTHU U
CHWKCHHU HAI'PY3O0K B TOYKE ITOJBECA KOJIOHHBI
wrrar [IpeacTraBiieHbl PE3Y/IbTAThL IIPOMBICIOBBIX
UCTIBITAHUI.

IIprMeHeHHE reO(PU3NIESCKHX TeXHOJTOTHH
000 dIakep CepBUC»

O.FO. CAAKOB, mextHonoz cayncool I HKT,
000 dlaxep Cepsuc»

Pa3paboTka MECTOPOXACHUIN YTTIEBOAOPOIOB C
HCIIOIb30BAHUEM I'OPHU30HTAIBHBIX CKBAKUH ABJISCTCS
NEPCHEKTUBHBIM U 3(P(PEKTHBHBIM METOAOM JIOOBIYN
He(TH U ra3a. I IPOBEAEHUSA FE€OIOTO-TEXHUYECKUX
MEPOIPUATUN AKTYAJIbHOU TEMOI ABJIAETCS
06€eCTIeYeHUE Ie0IOrO-TeO(PU3NIECKON HH(POPMALTHEH
JIAHHBIX CKBAXKUH /11 3(P(PEKTHUBHOIM JOOBIYH
YIJIEJOBOPOJOB.

OOO dlakep CepBHC» OKA3BIBACT YCJIYIH T10
MPOMBICJIOBO-T€O(PU3NIECKUM UCCIEAOBAHUAM
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operational background of seven GU-16/22, GU-20/25,
and GU-30/30 nitrogen units manufactured in Russia.
These units have performed more than 3,500 well
development operations at the fields of Ural-Povolzhje
region since 2008. A total of 73 well cleaning and
development operations were performed in 2014.
The success rate was 95%. The failure origins of the
remaining 5% of operations were also analyzed in the
report. General advices were given as well.

The second part of the report contains the
information about the innovation technology
on sand production protection in oil wells. The
technology is based in the application of organo-
silicon polymer. A set of recommendations on
selection of wells suitable for technology application
was given. Detailed information about project
completion stages was included in the report as well.
The following conclusions were made: the sandstone
that is formed as a result of organo-silicon polymer
and sand interaction has high strength properties.
This eliminates lifting of solid particles, while oil
permeability increases by 27%. Application of given
technology enables: reduction of sand production;
increase of downhole equipment lifespan; reduction
of well workver costs.

Improvement of sucker rod pump (SRP)
design for increasing of forced production
efficiency during EOR operations

VYu. MUSTAFIN, Ph.D. student, Ufa State Petroleum
Technological University, Engineer at Department of
Mechanical Engineering, Bashneft, Bashnefi-Dobycha,
LLC, NGDU Chekmagushneft

The report presents the information about new
sucker rod pump desing that allows to optimize
the process of liquid forced production during EOR
operations by means of increasing pumping efficiency
and reducing loads at the hang point of rods line. The
results of field tests are presented as well.



TOPU3OHTAJIBHBIX CKBA’KHH C IPUMEHEHUEM THOKUX
HKT. JJocTaBKa KOHTPOJIBHO-U3MEPHUTENBHON
ANIapaTypsl B CKBAXKUHY C NOAJEPKAHUEM CUTHAJIA B
pEXHUME OHJIATH OCYIIECTBIIAETCA ITyTEM COBMEIEHUA
Ka0€JIbHOTO HAKOHEYHUKA, CKOHCTPYUPOBAHHOT'O 15
AIEKTPUUECKOTO U MEXAHUYECKOT'O MOJCOEJUHEHUA
K MHOT'OKUJIBHOMY I'€O(PU3UYECKOMY KA6EIO,
3armacoBaHHOMY B THOKue HKT u K reopusnyaeckomy
npubopy. KabensHbIM HAKOHEYHUK Pa3PabOTaH U
MU3TOTOBJIEH IO 3AKA3Y I'€OJIOTO-TEXHOJIOTMIECKOM
ciyx6b61 OO0 dlakep CepBUC» U COBMECTUM

CO BCEMU I'€O(PU3NYECKUMH IPUOOPAMHU 151
MIPOMBICJIOBO-TEO(PUUECKUX UCCIIEJOBAHNUIT CKBAKUH
4Jepes COOTBETCTBYIOMINME TPUCOEAUHUTELHBIE
NEPEBOJHUKN.

ITpon3BOACTBEHHEBIE BO3MOKHOCTH,
OCYIIECTBIAEMBIE IIPH IIOMOIIH
COBPEMEHHBIX KOJITIOOMHTOBBIX YCTAHOBOK

Anmon JIFO, 3amecmumens 21a6s.
npeocmasumenscmea 6 Poccuu, Yaniai Jereb Oilfield
Services Group Co., Lid

CoOr1acHO NOCAEAHUM IAHHBIM, B Poccuu U cTpaHax
CHT B HacTosiee Bpems paboraet 6omee 250
KOJITIOOMHIOBBIX YCTAHOBOK. CEM4YaC KOITIOOMHTIOBBIE
TEXHOJIOTUU OJIYUM/IA 3HAYUTENBHOE pa3BuTHe. Ha
KOJITIOOMHTE BBITIOJTHAIOTCS HE TOJIBKO ONEPALIUU
O IIPOMBIBKE CKBA>KHH U JIOBUJIBHBIE PAOOTHI,

HO Taxske nposoaaTcsa I'PIT, nepdopaiuoOHHBIE U
(pe3ePOBOYHBIE PAOOTEL, OyPEHUE, KAPOTAXK U JP.
HM3-32 BBICOKOI'O CIIPOCA Ha O60PYJOBAHUE U CTPOTUX
TPEOOBAHUI, IPEIBABIAEMBIX K KOJITIOOMHI'OBBIM
TEXHOJIOTUAM, B Poccum u ctpanax CHI cettuac
Ha6JIIOAAIOTCS TPYJHOCTU C 6E30ITACHOCTHIO
060PYAOBAHUA U €TO IKCILTYyaTALMOHHON
HAaJIEKHOCTBIO.

KOnTIOGMHIOBAsl YCTAHOBKA — 3TO aBTOHOMHAS
MHOTO(YHKIITMOHAIbHAS MAIITMHA, KOTOPAs
CIOCOGHA BBITIOHATD MPAKTUYECKH BCE TO XK€,
4TO U TPAJULIMOHHASA YCTAHOBKA JIJISI DPEMOHTA
CKBaXKUH. [T03TOMY OHA XaPAKTEPU3YETCS CIOKHOM
CTPYKTYPOM 1 TPEOYET BBICOKOX KBATHU(PHUKAIITNU
OT OIIEPATOPOB, OOCIIYKUBAIOINX e€. CUcTeEMA
JR-MIT ABnA€TCA UHTEIEKTYAIBHOU CTPYKTYPOH,
ONTUMU3HUPOBAHHOM 711 COBMECTHOU PAOOTHI
KOJNTIOOMHIOBOI'O HHIKEKTOPA M HATIPABJIAIOIIETO
POJIHKA, KOTOPas KOHTPOJIHPYET CKOPOCTb NOJAYHN
TPYOBI U €€ HATAKEHUE IIPU IIEPEMOTKE UJIH
CITyCKE B CKBAXXKUHY. CUCTEMA TTO3BOJIUT CHU3UTD
TPYAO3ATPATHI U TAPAHTUPYET CTAOUIIBHYIO Pa60Ty
YCTAHOBKH. DTO OCOOEHHO AKTYAJIBHO /I OIIEPAIINIA
10 UHTEJUIEKTYAJIbBHOMY 6yPEHUIO U IPOOIEHHIO,
KHUCJIOTHOIM O6PA60TKE TOPU3OHTANBHBIX CKBA’KHH,
rasauTHON SKCIUTYATALIUU U JP. ONIEPALTHTL.

Cucrema AWP (aBTOMaTUYECKAs ABAPHUIUHO-
NpeAyIpEAUTENbHAA CUCTEMA) ABJIACTCSA IIOJIHOCTBIO
ABTOMATHUYECKOM CUCTEMOU CUT'HAJIM3ALUU, KOTOPAas
UCIIOJIb3YETCA I UHIUKALIUU CJIUIIIKOM MaJIOr'O MJIN
O0JIBIIOTO BeCa HA Tpy6e. [Ipy HAJIMYHU HEMITATHOU
CUTYALIAM [TOCBUIAIOTCA IPEAYIIPEXKIEHHNS,

BKJIIOYAs JJAHHBIE O PA60YEM JABJIICHUH HHXEKTOPA, }

The Chosen Abstracts of the 15t
International Scientific and Practical

Coiled Tubing, Hydraulic Fracturing and
Well Intervention Conference

Application of geophysical technologies at
Packer Service, LLC

O.Yu. SAAKOV, Process Engineer, CT Department,
Packer Service, LLC

Development of hydrocarbon fields with
application of horizontal drilling technologies is
an efficient and advanced method of oil and gas
production. During well intervention operations it is
crucial to obtain geology and geophysics data in order
to produce hydrocarbons efficiently.

Packer Service, LLC renders logging services in
horizontal wells with application of coiled tubing
technologies. Conveyance of control equipment into
well with online transmission of signal is performed
by means of a cable head that is designed to provide
electric and mechanical connection of a multicore
logging cable injected into CT with a logging tool. The
cable head is developed and manufactured through
the request of Geology Engineering Service of Packer
Service, LLC. It is compatible with all logging tools
through the help of corresponding adapter subs.

Industrial opportunities brought by
modern CTU

Anton LIU, Vice Couniry Manager, Yantai Jereb Oilfield
Services Group Co., Lid.

According to the latest data, there are more than 250
sets of CTUs working in Russian and Commonwealth
of the Independent States. Nowadays, coiled tubing
technology has been developed greatly to achieve
not only well washing or fishing operations but also
fracturing, perforation, cutting, logging and drilling
etc. With great demand for the equipment and strict
requirement for coiled tubing technologies, Russia
and CIS now suffer from challenges of equipment
safety and operation reliability.

A coil tubing unit is a self-contained multi-
use machine that can do almost anything thata
conventional service rig does, so it has complex
structure and requires high-level operation skills
to the operators. JR-MIT SYSTEM is an intelligent
system optimized the collaborative work between
CTU injector and roller to control tube’s speed and
tightening when inserting or recoiling the pipe. It
will reduce labor cost and ensure stable operation,
especially for intelligent drilling and grinding,
horizontal well acidizing and gas lifting operation etc.

AWP SYSTEM (Automatic Warning Protection
System) is an automatic alarming system used to
indicate heavy and light weight of the tube. It will
send alerts when there is an abnormal situation and
also deliver data including injector working pressure,
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HAIPAaBJIIONIEIO POIHKA U T.IL DTO CYIIECTBEHHO
VJIY4IIaeT 6€30IACHOCTD PA6OTHI KOJITIOOMHI'OBOM
YCTAHOBKHU.

JloK1a/1 MOCBSIIIEH BOIIPOCAM Pa3paboTKU
COBPEMEHHOI'O KOJITIOOMHI'OBOI'O OOOPYAOBAHU
U YIIYYIICHUSIM, CBSI3AHHBIM C HA/ICKHOCTBIO,
6E30MACHOCTBIO, IPONU3BOAUTEIBHOCTBIO U

TIPOU3BOACTBCHHBIMHU BO3MOXKHOCTAMH COBPECMCHHBIX

KOJITIOOMHTOBBIX YCTAaHOBOK.

KoMIUTEKCHOE CTPAXOBAHHE 1A
IPEeaIPHUATHIH HE(PTErazoBoro CEKTopa

PA HUI'MJIOB, cogemmui 2eHepaibHo2o Ouperxmopd
3A0 CAO dLEDECT>

CrpaxoBoe akIMoHepHOoE 06111eCcTBO «IEDPECT»
co31aHo B 1993 rony B MOCKBe. B HacTosIIEee BpeM
YCTABHBINA KAITUTAJI KOMIIAHWUU COCTABJIACT 750 MIH
py6nen. Aktusbl CAO «'EPECT»> NOMHOCTBIO
COCTOSAT U3 TNKBU/IHBIX, HAJIEXKHBIX 1 BO3BPATHBIX
UHCTPYMEHTOB, IPU 3TOM UHBECTHUITUOHHBI
nopT@enb KOMIAHUU XOPOIIO IUBEPCU(PUITUPOBAH.
O@HCBI KOMITAHUU PAOOTAIOT B 22 TOPOAAX CTPAHBL

CAO JEPECT> UMeET pEUTHHTH MEXAYHAPOJHOTO
arenTcTBa Fitch Ratings: «A» IO HAITMOHAJIBHON HIKAJIE
U «B+» IO MEXXAYHAPOJHOI, IPOTHO3 «CTAOUIBHBII.
Taxoke KOMIIAHUH IPUCBOEH PEUTHHT AT€HTCTBA
«DKcnepT PA» Ha yPOBHE «A+», IPOTHO3 «CTAOUIBHBIN.

CAO JEPECT» MHOTO JIET yYACTBYET B PEAINU3ALIHN
OIO/I>KETHBIX MTHBECTULITMOHHBIX ITPOEKTOB 1 OIIIT,
O6ECIIEYNBAET CTPAXOBYIO 3AUTUTY IIPOEKTOB,
(PMHAHCHUPYEMBIX 32 CUET (PEAEPATBHBIX U
pernoHanbHbIX 6107KETOB. CAO «I'EQECT> 61710
JIOBEPEHO OOECIIEYUBATH CTPAXOBOM 3AUTOMN

CTPOUTENBCTBO OOJIBIIOIO YHUC/IA UH(PPACTPYKTYPHBIX,

COLIMAIBHBIX OOBEKTOB, IPEAHA3HAYEHHBIX JIIS
nposejicHus caMmMuTa ATDC u ONIMMIIMHACKUX UTP B
Coun.

KoMImaHusa akKpeAUTOBAHA IIPU KPYITHEN X
OAHKAX CTPAHBL, IOTOMY AKTUBHO Y4aCTBYET
B CTPAXOBAHUH UMYIIECTBA IOPUANIECKHX U
(PU3UYECKUX JIULL, ABJIAIOIETOCS IIPEJMETOM KPEANTA,
3aJI0ra.

CAO J'EDPECT>» mmeeT BCce HEOOXOAHUMBIC JINLICH3UH
HA CTPAXOBAHHE UMYIIECTBEHHBIX PUCKOB U
OTBETCTBEHHOCTHU NIPEATIPUATUI B PA3TMYHBIX
OTPACNAX HIKOHOMUKH. B 4aCTHOCTH, HA CTPAXOBAHUE
UMYIIECTBA IOPUIUYIECKUX JIULL, TPY30B, CTPAXOBAHUE
CPEACTB HA3EMHOTI'O TPAHCIOPTA U AP. Takke Ha
06434TENIBHOE CTPAXOBAHHE OTBETCTBEHHOCTH
BiazesblieB OITO 1 00A3aTENIBHOE CTPAXOBAHNE
OTBETCTBEHHOCTHU IIEPEBO3YNKOB ITACCAKUPOB.

3a 20 sieT paboT1el CAO «T'EDECT> yperynmnpoBaio
60stee 63 THIC. CTPAXOBBIX CJTYYa€B U BHITIIATHIIO
BO3MEIIICHUH Ha OOIIYIO CYMMY OoJiee 3,8 Mip, pyo.
KoMnaHuM NpUHAJIEKAT KPYITHEUIIINE BLITLIATHI
B MCTOPHM PBIHKA CTPAXOBAHMUA CTPOUTEIBHO-
MOHTAaKHBIX PUCKOB. B yactHOCTH, B 2010 rony
509 MJIH pyO. 6BLIO BBIIIJIAYEHO 34 [IOBPEK/ACHUE
LITOPMOM CTPOAIIETOCA IPYy30BOIo nopta B Coun. ©
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N36paHHbIe Te3ucbl 15-n
MexpayHapoaHOn Hay4HO-

npaKkTn4eckon KoHdepeHUn
«KonTioOMHrosble TexHonorum, PN,
BHYTPUCKBa)KUHHbIE paboTbi»

roller working pressure and so on, which greatly

improves the safety of the coiled tubing operation.
This article is mainly about the development

of modern coiled tubing equipment and

its improvements on equipment reliability,

performance, security and industrial opportunities

brought by modern CTU.

Package insurance for the enterprises
of O&G sector

Ruslan IGILOV, advisor to the Director General
of Gefest Insurance_Joint-Stock Companny.

Gefest Insurance Joint-Stock Company was
founded in 1993 in Moscow. At the moment the
statutory capital of the company amounts to 750 m
rubles. The assets of Gefest Insurance Joint-Stock
Company include liquid, reliable and returnable
instruments. The company's investment portfolio is
well diversified. It has offices in 22 cities.

Gefest Insurance Joint-Stock Company is rated by
Fitch Ratings as "A" according to the national scale
and "B+" according to the international scale.

For many years Gefest Insurance Joint-Stock
Company takes part in selling budget investment
projects and federal target programs, secures the
investment protection of the projects financed
by federal and regional budgets. Gefest Insurance
Joint-Stock Company was charged with providing
insurance to a great number of infrastructure
and social sites within such projects as APEC CEO
Summit and Olympic Games in Sochi.

The company is accredited with the leading
national banks and that is why takes an active part
in insuring the property of legal and physical person,
which was encumbered by credits or liens.

Gefest Insurance Joint-Stock Company has all
necessary licenses for insuring property risks and
risks of enterprises operating in various fileds of
economy. For instance, it is licensed to insure the
property of legal entities, cargoes, insuring vehicles
for land transport, mandatory insurance of the
owners of hazardous facilities, passenger carriers
insurance.

During the 20 years of its work Gefest Insurance
Joint-Stock Company settled over 63 000
insurance cases and paid over 3.8 billion rubles of
compensations. The biggest payments in the history
of insurance against construction and assembly
risks also belong to Gefest. For instance, 509 billion
rubles was paid in 2010, when the cargo port under
construction in Sochi was damaged by the storm. ©
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Beceoa c C.M. Ky3y60m,
HAUATIGHUKOM CIYHCObL BHeULHe20
cepsuca Ynpasnenus no
NOBBLULCHUIO HehIMeomoauL
NAACMO8 U PEMOMHINEY CKBANCUH
PYTI 10 «benopycrepdhniv».

Interview with S.M. Kuzub, Head of
the External Services, Directorate
of Enhanced Oil Recovery and Well
Workover, Belorusneft Production
Association.

Mbl 130panmn TOT XXe NyTb,
4TO U MUPOBbIE NOEPSI

We Follow the Same Route
as Global Leaders

C.M.Ky3y6 poouscs 16 mapma 1980 200a.

B 2002 200y orxonyun Iomenscruli
20CY0apPCIMBEHHbILL MEeXHUHCCKULL Y HUBEDCUIMem
umeru I1.0. Cyxo020 1o cneyuaisHoCiu
«Daspabomisa u KCNYaAMmauiLsl HePmanoLx
MeCmopoxcoeruit». Ionyuus K8aruPpuraruIo
«QOPHOBLL UHIHCEHED>.

B 2007 200y okoruun I'omenseruil
MOP2060-IKOHOMUHCCKULL YHUBCPCUIMEN.
nompeoumebCKoll Koonepavi 1o
CNeUUAIbHOCIIU QKOHOMUKA U YNPABACHUE H
NPeoOnPUAMULL>.

Zl8ancobL no6vLULAL KEANIUPDUKALUIO HA KYDCAX
68 PI'Y negpmu u 2asa um.1'yoxura. Hmeem .
MEANCOYHAPOOHBLLL cepmugburam cynepsaiidepa no
eepcuu International Well Control Forum (IWCF).
TIpouren kypcot <Mamepuaiot, mexHon02uLL i
obopyoosarue, npumensemoie npu I Pl1»,

Tpyooesyro oesmensrocms Havan 6 2002 200y

6 PYII 10 «benopycredmv» 6 00NACHOCIIUL
NOMOUGHUKA OYDUNBUUKA UeXa KANUMANLHO20
pemonma cxsaxncun. I10ceoo8amensio 3aHumal
00NACHOCIMU UHICCHEDA-mexHOon02a uexa KPC u
MexXHOL02UMECK020 0OMOeJLd, 6e0Yie20 UHICeHepd
yexa Kanumdaasro20o pemonma ckéaxcur (I11IHI1 u
LITI]), navaieHukd mexHoi02U4ecko2o 0moeJid
VITHII u PC, HauaasHUuKa mexHo102uteckozo

S.M. Kuzub was born on March 10,
1980.

In 2002 be graduated from
Gomel State Technical University
named after P.O. Sukboi majoring
in ‘Oilfield Development and
Operation’. He was qualified as
Mining Engineer.

In 2007 be graduated from
Belarusian Trade and Economic
University of Consumer
Cooperatives majoring in
Economics and Company
Management’.

Completed two professioncl
development courses at Gubkin
Russian State University of Oil

. and Gas.Has an international

~ . supervisor certificate of
International Well Control Forum
(AWCF). Underwent training
course Materials, Technologies
and Equipment fir Hydraulic
Fracturing’.

Mr. Kuzub started bis career
in 2002 as Assistant Driller

at Workover Department of Belorusneft Production Association. Later

omoena punuana PYI1 d10 Benopycredpmo»

8 PD (noire OO0 «benopycredpms — Cubups»),
pecuonansrozo pyxosooumens OO0
«benopycrepmo — CUOUPB>, 3AMECUIMETLA
navanvruxa LIIZIC yenmpansto2o annapamcd
PYIT 10 «benopycreghmuo».

B 2013 200y cmaJi 21a6HbIM UHHICCHEPDOM

OO0 «CEPBHC OHJI>, 00ueprezo npednpusmus
PYTI J10 «Benopycrhedpmo» 6 Yipatue.

Bwmapme 2014 200a 3aH 1 nOCIN HAYMAJGHUKA
cyoncobL 61eutre2o cepeuca YIIHIT u PC PYTI 10
«benopycrepmo». Aensemcsa pyKkosooumeiem

be sequentially worked on the following positions: Process Engineer

of Workover Department and Process Engineering Department, Lead
Engineer of Workover Department (enhanced oil recovery and formation
pressure maintenance), Head of Process Engineering Department of EOR
and Well Workover Directorate, Head of Process Engineering Department
of Belarusneft’s branch in the Russian Federation (currently — Belorusnefi-
Sibir LLC), Regional Manager of Belorusnefi-Sibir LLC, Deputy Head of
Production Dispatcher Service of Belorusneft Production Association.

In 2013 was promoted to the position of Chief Engineer of Service Oil LLC —
Ukrainian subsidiary of Belorusneft Production Association.

InMarch 2014 became the Head of External Services, Directorate of
Enbanced Oil Recovery and Well Workover, Belorusneft Production

1POCKNOE N0 OKA3AHUIO CePBUCHBLX YCILY2 10 3BC,
KPC,I'HKT,I'PI1.

«BpeMsa KOITIOOHHTIa»: Cepre¥i MUXarsioBHY,
JIJIsI KAKHX 1eJIeH Ob11a c(hopMHUpPOBaAHA CIIY>KOA
BHEIIHET'O CEPBHCA, KOTOPYIO BBl Bo3rmasisiere?

Cepreri Kysy0: B 2014 rogy Mbl chOpMHUPOBATH
3Ty CIIyk0y Ha 6a3€ YIIPaBJICHUS IO OBBIIIEHUIO
HE(TEOTAAYN IITACTOB M PEMOHTY CKBA’KHH C [ICJIBIO
ONTUMU3AIIUU PA6OTHI BO BHEIITHUX ITPOEKTAX. DTH
IIPOEKTBHI PA3BUBAIOTCS YK€ JIOCTATOUHO JIONTO, Y HAC
HETIPEPBIBHO W/ICT PACIINPEHHE CIIEKTPA YCIIYT.

B poIIoM rofiy Mbl BBIIIUIM HA PBIHOK CO CBOMM (DJIOTOM
I'HKT, B COCTaB KOTOPOI'O, IOMUMO KOJITIO-OUHI'OBOH
YCTAaHOBKH, BXO/ISIT A30THAS YCTAHOBKA UCIIAPUTEIBHOTO
THITA X1 HACOCHASI yCTAHOBKA.

BK: O60pygoBaHHE KAKHUX IIPONU3BOTHTEICH
IIPEeAIOYHUTACT BO3IaBIsieMast Bamu ciry>k6a?
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Association. Mr. Kuzub is managing sidetracking, well workover, coiled
tubing and hydraulic fracturing projects.

Coiled Tubing Times: Mr. Kuzub, what was
the purpose of establishing the External
Services Department, which you are
the head of?

Sergey Kuzub: We established the External
Services in 2014 under the Directorate of
Enhanced Oil Recovery and Well Workover in
order to optimize our work within the framework
of external projects. Such projects have been
implemented for quite a long period of time; we
continuously expand the range of services rendered
under such projects. Last year we came to the
market with our own coiled tubing fleet. Besides
coiled tubing units, it also includes an evaporating
nitrogen unit and a pumping unit.



C.K.: Bce 060pyIOBaHHE BBITYIEHO HAIIINM
BEPHBIM ITapTHEpOM — I'pynnon O/, K ¢10By, Mbl
OBLIN IPHUATHO YAUBJIEHDI, BBIXOZAA HA PIHOK HOBOTO
VpeHros, TeM, 4TO HAIIIU IIPAMBIE B 3TOM PETUOHE
KOHKYPEHTBI C TPOMKUM UMEHEM «['a3IIpOM» UMEIOT
(hIIOT, LAECHTUYHBIH HAILIEMY.

BK:/Ia, HalI >)KypHaJI HEOGHOKPATHO
ITHCAJI O JOCTHKEHHUAX KOMIIAHHH «['a31IpoM
IO/A3€MPEMOHT YPEHTIOF» B 00JIACTH IPHMEHECHH I
KOJITFOOMHI'OBBIX TEXHOJIOTHI. A KAKHE
OoIlepaIuH IIpeAIaraeT 3aka3uukam Bamra
cIy:xk6a?

C.K.: PEIHOK, HA KOTOPOM MBI Pa60Ta€eM, OO PHBIN.
'aMMy CBOMX PEMOHTOB MBI IIOCTOSTHHO PACHIUPSIEM.
OCBOMJIM HNIUPOKUU CIIEKTP KOITIOOUHI'OBBIX
onepanui. Takke 3aHUMAEMCS OYyPEHUEM, B paliOHE
KaymHMHIpaja OKa3bIBAEM YCITYTU KOMIIAHUH
JTYKOWJI-KamuuuHrpaaMopHedTh. Bee 310
AKKYMYJIMPYETCS B HAILIEU Cy>k0e. PaboTa mHTEpECHAS,
4 V11 MHOT'HIX COTPYJHHKOB — HOBAs, IOTOMY YTO OJJHO
BPEMS IIPUHATO OBLJIO CYUTATD, YTO MBI OOCTy>KHBAEM
€IMHCTBEHHOI'O 3AKA34HKA — JJOOBIYHOE NPEAIIPUATHE,
npuHajexaee «benopycued iy, Ho npumnuio
MOHUMAHHUE, YTO B HATUX YCJIYTAX HYXKIJAIOTCA U IPYTHE
KOMITAaHWU. [Ta1eKO 32 IpeAeIaMy HAIEU CTPAHBI 3HAIOT
W LIEHAT OIBIT, KBATU(PUKALIUIO, OTBETCTBEHHOCTD
OEJIOPYCCKOIO NEPCOHAIIA. Y HAC pA0OTAIOT YHUKAJIBHBIC
CHELINAJIUCTBL, KOTOPHBIE, 6€3 ITPEYBEINYIEHHUA, HA BEC
30J10TA. DTO MOATBEPKAACTCS TEM, YTO HEIIPEPHIBHO
HUJET MACIITAOHOE NEPEMAHUBAHNE HAIIUX
CIIELINATTUCTOB B POCCUMICKUE KOMITAHUN. HECKOIBKO
YEJIOBEK JIAKE YIAJIOCh IIEPEMAHUTD, HO 6OJIBITUHCTBO
JEPKUATCSA, TOTOMY YTO Y HAC 3AMEYATEIbHBII
KOJUIEKTUB, UHTEPECHAA PA00TA U IOCTOMHASA OIJIATA

TPY/IA.

BK: Bbl yIHOMAHYJIH HAKJIOHHO-HAIIPABJIECHHOE
oypenue. Pedsb €T O TPATUITHOHHOM
OypPEHHH WJIH O KOJITIOOUHIOBOM, C
KOTOPHIM «beropycHeTh» HeOEe3yCIIENTHO
3KCIIEpHMEHTHPYET?

C.K.: O TpaguiiioHHOM. KOnTIOOGMHIOBOE OypeHUe
IIOKA HE BBIILIO Y HAC HA CTAOWJIBbHBIN yPOBEHD. Mbl
CTABUM BBICHTYIO IJIAHKY ¥ BBIHOCUM Ha PBIHOK TOJIBKO
TO, YTO JIOBEJIH JJO COBEPIIEHCTBA y ceb4 B benapycu.

BK: A KakHe TEXHOJIOI'HH HA PHIHOK y>Ke
BBbIHECEHBI?

C.K.: Kontobunrossle TexHonoruy, 'PIT, 6ypenue
OOKOBBIX CTBOJIOB, HAKJIOHHO-HAIIPABJICHHOE OypEHHE,
KA TAJIbHBIA PEMOHT CKBA’KHH C TPAJAULIMOHHBIX
YCTAHOBOK. BOT OCHOBHBIE ITO3UIUH.

BK: Kaxosa reorpadusa pador Bameri ciry>k051?

C.K.: MBI OCYIIECTBJIAEM CEPBUC B POCCUIICKOM
Oepepaunu. BocHoBHOM 310 IHAO 1
Kaymnunrpaackasa o6aacte. TPIT ipoBoguM B
LenTpanbHoit Poccuy, B 4aCTHOCTHU B BOrorpaackomn
06/1aCTH. B IpOIIIOM rofly K HaIew reorpaguu
J06aBuIACh YeueHckas PecryOimka, riie Mel
BBINTONHAN I'PIT 11a «PocHedTr». IO TOro Kax A }

CTT: What equipment manufacturers does
your department prefer?

S.K.: All the equipment has been manufactured by
our reliable partner — FID Group. By the way, when
we were entering the market of Novy Urengoy, we
were surprised that our renowned competitor —
Gazprom — has a CT fleet identical to ours.

PRACTICE

CTT: Yes, our journal has been writing
several times about the progress of Gazprom
Podzemremont Urengoy in the field of
coiled tubing technologies application. What
operations does your department offer to
clients?

S.K.: The market, which we are operating on,
is very vast. We constantly expand the range of
workover operations we provide. We have mastered
a wide array of coiled tubing operations. We also
do some drilling. Near the town of Kaliningrad we
provide our services to LUKOIL-Kaliningradmorneft.
All the expertise is accumulated in our department.
The work we do is very interesting; for many of the
employees this is a new type of work, because it has
been widely assumed that we provide services to
only one client — a production company belonging
to Belorusneft. But now there is an understanding
that other companies also need our services. Far
beyond the borders of our country people know and
value experience, qualification and responsibility
of Belarusian personnel. We have unique specialists
who are worth their weight in gold. This is confirmed
by the fact that there are continuous attempts to lure
our specialists to Russian companies. Some people
leave, but most of the specialists stay with us, since
we have a very good team, interesting work and
decent salaries.

CTT: You have mentioned directional
drilling. Do you mean conventional drilling or
coiled tubing drilling, with which Belorusneft
is experimenting with certain level of success?

S.K.: I mean conventional drilling. Coiled tubing
drilling has not yet come to a stable performance
level. We set the bar very high and bring to the
market only those services that have been brought to
perfection in Belarus.

CTT: What technologies have already been
brought to the market?

S.K.: Coiled tubing technologies, hydraulic
fracturing, sidetracking, steerable drilling, well
workover using conventional workover rigs. These
are the main jobs.

CTT: What about the geography of your
operations?

S.K.: We provide our services in the Russian
Federation. Mainly, in Yamalo-Nenets Autonomous
Okrug and in Kaliningrad Oblast. Hydraulic
fracturing is performed in Central Russia, in
particular, in Volgograd Oblast. Last year we did
hydraulic fracturing for Rosneft in the Chechen
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BO3IVIABHJI CTY>KOY BHEIITHETO CEPBHCA, 51 ABJIAJICSA
IVIAaBHBIM MHKeHEPOM KoMaHUU OO0 «Cepsuc
O — ToYepHETO NpeanpusaTus «benopycHe T,
paboTaromero B YKparuHe. Mbl BBIIIOJTHUIIN JBE
YCIHEIIHbIE CKBAKMHHBIE oniepanuu 11o I'PIT o 3akasy
COBMECTHOI'O KAHA/ICKO-YKPAUHCKOI'O IPEAIIPUATUL
DTU CKBA)KHMHBI HAXOIATCA B JIYTAHCKOHM OOJIACTH 1, K
COXKAJIEHUIO, MTH(PPACTPYKTYPA TAM CEHYAC YACTUIHO
YHUYTOXEHA, TO3TOMY HPOECKT IIPHIIIOCH 3aMOPO3UTh.
XOTA IPEANIPUATHE-3AKA3UHK IOPUAYCCKU HE
JIMKBUJIMPOBAHO, B HACTOSIIICE BPEMs OHO HE
(PYHKIITUOHUPYET.

BK: Bamia ciry:x6a pab0TaeT B pEeruoHaX,
BeChbMa PA3THYHBIX ITO T€0JIOTHIECKHUM U
KJIMMATHYIECKHM yCJIOBHAM. O9€eBHIHO,
000PYIOBAHHE IIPUXOTUTCA IIEPEHACTPANUBATD,
JOOCHAIATh HA Ka’KJJOM HOBOM MeECTe padoT1?

C.K.: A6comoTHO BepHO. PaboTa B 3anagHon Cuéupu
KAapAWHAJIBHO OTIIUYAETCA OT PAOOTEI B YKPAWHE,
Kanmnnunnrpazge nim Yeune. [loaToMy npexae yem
OTCBUIATh OOOpyAOBaHUE B AHAO, MBI IESTAEM €TO
JOOCHACTKY. M ClIEUaINCTOB MBI TOJKE TOTOBUM K
KOHKPETHBIM YCI0OBUAM PpaboT. Hanmpumep, BO3UIN UX
Ha 06y4yeHue B 3anaJHy10 CUOHUPb, YTOOBI JTIOJIU 3HAJIH,
C 4E€M UM IIPUAETCSA CTOIMKHYTBCA B IPOU3BOJCTBEHHBIX
YCIOBUAX. DTO TEPMOIIYODL, CIIEITUAIbHBIE CAPKO(DArH...
VreruseTcs BCE — He TONBbKO caM (ot THKT, Ho n
UHPPACTPYKTYPA, KUJIHUIIHBIN KOMILJIEKC. Y HAC B
3anaiHoM Cubupu ecTb JouepHee npegnpusarrae OO0
«benopycHePTh-CUOUPB», B KOTOPOM 1 TOXKE KOTZIA-TO
paboTaJl, KAK ¥ MHOI'MIE€ MOU KOJUIETH. [T03TOMY MBI
HE ITOHACJIBIIIKE 3HAEM, YTO TAKOE CYPOBBIE YCJIOBUSL.
TTOIB3YACH CJIyYaEM, XOUY IIEPEAATD IPHUBET KOJIJIEraM
B «benopycHeTh-Cudupu». D10 CUOUPSIKH, KOTOPBIE
ABJIAIOTCA BBIXOALIAMU U3 Bemapycn, KOTOPBIX MBI
He 326bI1BaeM. 11 OHU TOXKE TPEIETHO OTHOCATCA K
CBOEN UCTOPUUIECKOUN POAUHE, K TEM MECTAM, IZI€ OHU
BBIPOCJIN, BBIYYWIHCh, IIOJTYYU/IN IIEPBBII OIBIT HA
OO'BEKTAX, OTKYJA OHU IIPUBE3INU B CUOMPb BECOMBIH
Oarax 3HaHUM, O1aroaPsI KOTOPOMY PACTET U
Pa3BUBAETCS MOIITHOE IPEANIPUATUE, TIE CETOIHA
TPYAUTCA OOJIEE ABYX THICAY YETIOBEK.

BK: B 2014 roay pOCCHICKO€ OTeJICHUE
ACCOIIHAIIHH CIIETTHATHCTOB IO KOJITIOOHHT'Y
M BHYTPHUCKBA>KHHHBIM padoram (ICoTA)
00paABUIO <beropycHePTh> IOOEeAUTEIEM
Intervention Technology Award B HOMuHaIiuu
JIy4dnias KOMIIAHHA 10 IIPOJABHKEHHUIO
uHHOBanui B Poccuu u CHI>. Byger iu
IIpeyBeIHnYE€HHEM CKA3aTh, 4TO Baiua
KOMIIAHH S ABJIAECTCA MEXKTYHAPOIHOM
CEpPBHCHOH KOMIIAHHEH, KOTOPASA OKA3bIBAET
YCIYTH B PA3JIMYHBIX perHOHax? Bo3MOKHO,
IIOKA HE B TAKHUX MACHITA0aX, KAK BEAylIHe
MHMPOBBIE THAEPDI, HO ITYTh IPOCMATPHUBAETCA
AHAJIOTHYHBIM: M CBOA HCCJIEJOBATE/IbCKAA
crpykrypa — betHUIINHedTH, © MHOKECTBO
9KCIIEPHMEHTAIBHBIX PA0OT, I BBICOKOE
Ka4eCTBO yCIyT.

C.K.: [lymalo, 4TO He 6yACT IPEYBETNUEHUEM CKA3ATh
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Republic. Before becoming the Head of External
Services I worked as Chief Engineer of Service Oil
LLC — Ukrainian subsidiary of Belorusneft. We did
two successful hydraulic fracturing operations on the
order of the Ukrainian-Canadian joint venture. These
wells are located in the Lugansk Oblast of Ukraine.
Unfortunately, the infrastructure was partially
destroyed there, and we had to suspend the project.
Despite the fact that our client company has not
been dissolved de jure, de facto it is not operational
now.

CTT: Your department is working in the
regions which are quite diverse in terms of
climate and geology. Obviously, you have to
readjust equipment and upgrade it at each new
location, don’t you?

S.K.: You are absolutely right. Work in western
Siberia is completely different from that in Ukraine,
Kaliningrad or Chechnya. That is why before
sending our equipment to the Yamalo-Nenets
Autonomous Okrug we do upgrade it. And we also
train our specialists to be able to work under specific
conditions. For example, we organized training in
Western Siberia to show people the conditions they
are going to work in. This includes heat insulation,
special sarcophagi, etc. Everything should be made
cold proof — not only the coiled tubing fleet itself,
but also the infrastructure, residential premises.

In Western Siberia we have a subsidiary company

— Belorusneft-Sibir — in which I used to work like
many of my colleagues. That is why we know about
harsh conditions firsthand. I would like to use this
opportunity to send my best regards to colleagues
from Belorusneft-Sibir. They are Siberians of
Belarusian descend, and we never forget them. And
they also have a very good attitude to their ancestral
land, where they grew up, where they studied, where
they got their first field experience, from where
they took a bundle of knowledge to Siberia. Thanks
to that knowledge the subsidiary company, that
currently employs more than two thousand people,
is growing and developing.

CTT: In 2014 Russian Chapter of Intervention
and Coiled Tubing Association (ICOTA)
announced Belorusneft as an Intervention
Technology Award winner in the nomination
‘Best innovating company in Russia and CIS
countries’. Will it be an exaggeration to say
that your company is an international service
company that provides its services in various
regions? Probably, you have not yet reached
the scope of leading international companies,
but you are following the same route: in-house
research capacity —- BeINIPIneft Research
Institute, numerous experimental works and
high quality of services.

S.K.: I do not think it will be an exaggeration
to say so. Yes, we follow the same route as global
leaders; but they started much earlier than we did.
That is why we are at the first stage of development,



TaK. J1a, MBI U30PAJIN TOT XK€ ITyTh, YTO 1 MUPOBBIE
JIMJEPDL, TOJIBKO OHU HAYAJIN I'OPA3/0 PAHBIIIE, YEM
MBI IT03TOMY MBI HAa IIEPBOY CTAJUU PA3BUTHS, 4 OHU
— HA4 YETBEPTON WU IATON. OHU 3AIIOJIHU/IU PBIHOK,
MBI BUanUM «1lmomMoep:xe» Be3ze. I Mbl CTPEMUMCS
WJTU [IAPAJUIETIBHO C HUMU. MBI IOHUMAEM, YTO
CMOXKEM 3aBOEBATD T€ IMO3ULIUH, KOTOPBIE €111
CBOOOZIHBI, 4 KOE-TJIE MBI MOXKEM M IOTECHUTD 3TY
YBAKAEMYIO KOMIIAHUIO, YTO y2KE U IIPOU3OIILIO, B
YACTHOCTH, B YKpArHE. MBI y4aCTBOBAIU B TEHAECPE HA
nposegenue I'PIT 1 COpEBHOBAINCH TOJIBKO C OIHOU
KOMITaHHUEI — co dIImombepxke». Y1 MbI BBIMTPATIA TOT
TEHJIEP, U BBIIIOIHUIN pabOoThI ITO I'PI1, MOIHOCTHIO
YIOBJECTBOPUBIIIHE 3aKA34YHKA. TaK 4TO BBl 40COMIOTHO
pasbl. Hall THCTUTYT, HAIIA IPOU3BOACTBCHHASL
IUIOIAIKA, HAIIIHM MECTOPOXKACHM S, HA KOTOPBIX
OTPadaTBIBAIOTCA U OTTAYUBAIOTCA TEXHOJIOTHH,
06y4aeTC IEPCOHAIT — BCE TOTOBO, CO3PEJIO U YKE
HA4aJI0 IPUHOCUTB IIOABI B PA60OTE MEKAYHAPOAHBIX
MPOEKTOB NPEANPUATUI «BeTopycHEPTH.

BK: Kak BiuseT Ha Banry paboTy moruTudecKas
CHUTyaluAa?

C.K.: 3anmaJiHbIC CAHKIIUH BIUSIOT HE TOJIBKO HA
ousHeC B cpepe HEPTETOObIYH, HO U HA OU3HEC
B HE(PTECEPBUCE, KOTOPBII MBI OCYIIECTBIAEM. 1
CUTYaLVs PA3BUBAETCS HE B IIOJIb3Y 3aPyOEKHBIX
KOMITAHUU. I HE CKAXY, UTO PENJIOKEHNUH CTAJIO
OOJBIIIE, HO MBI BUJVIM, YTO MOJIE JEATETBHOCTHA Y
HAC PaCIINPAETCs, HaAM CTAJIO JIerde AblaTh. Ho 310
HE 3HAYUT, YTO MBI MOJKEM PACCIAOUTHCA U HAYATD
BBIOUPATH: 3/1€Ch O6y/IeM pabOTaTh, 4 TaM He OyzieM. C
JPYTOM CTOPOHBL, 3TA CUTYAIIUA OY€HDb CIIOCOOCTBYET
TOMY, YTOOBI MBI YKPEITUIN CBOI aBTOPUTET.

BK: O0'beKTHBHO JH BbI OlIeHHBaeTe CBOH
BO3MO>KHOCTH HA (hOHE 3aITATHBIX KOMITAHH?

C.K.: YcnoBUs BBIIIOJTHEHUA BCEX HOMEHKIATYPbI
peMmonTOB ¢ THKT 1UKTYeT 3aKa34HK, HO ECTh
OINIPEJENIEHHBIE BU/IBI PA6OT, KOTOPBIE MBI, K COKAJIEHUIO,
MOK4 €III€ HY PA3Y HE BBITIOIHAJIMN U MIOKA JJAXKE HE
OpaINCh 32 HUX B CUJIy TEXHUUECKHUX OCOOECHHOCTEH,
OTCYTCTBUSA F€PMETUZUPYIOMIETO CIIELOOOPYAOBAHM,
JPYyrux Npu4rH. Takue padoTs! <Ilnomoepxe»
JIEJIAET yoKE KAK PAJIOBYIO CKBA’KMHHYIO OIEPALIHIO.
[To3TOMY B TEKYIIEM I'OJly MBI INTAHUPYEM JJOOCHACTHUTD
Hamu ¢guiora F’HKT, OoKyIUTh HEO6XOUMOE
repMETU3UPYIONIEE OOOPYIOBAHUE.

BK: 1 kakue TEXHOJIOT'HH C IIOMOII IO HErO Bol
coOHpaeTech OCBOUTH?

C.K.: MBI XOTHUM, B YaCTHOCTH, OCBOUTb TEXHOJIOT' IO
(Pppe3epoOBaHN ABAPUITHOI'O MHCTPYMEHTA UJIU YACTHUIL
B ckBaxrHe B HKT B 3arupadeHHbIX O6'beKTax ¢ ABIT/.
C TaKHMMU YCTBEBBIMU JIABJICHU MY PAOOTAIOIUX
CKBaXUH, KaK, Harpumep, 480 atm J1lmrombepxe» Takue
Pa6bOTHI IPOU3BOAUT. A MBI IIOKA TOTOBUMCSL.

BK: Bepum, ur0o y Bac Bce moryumnrcsa!

Bena Geceny I'annua Byiabika, <BpeMs KOJITIOOHHIA»

and they are on the fourth or on the fifth one.

They flooded the market, we see Schlumberger
everywhere. And we try to move in parallel with
them. We understand that we can tap the market
niches that are still vacant; but in some areas we can
even put a competitive pressure on this renowned
company taking their positions on the market, what
happened in Ukraine, in particular. We took part in
the tender for hydraulic fracturing and Schlumberger
was our only competitor in this tender. Finally, we
won that contract and did the hydraulic fracturing
job; our client was fully satisfied with it. So, you are
absolutely right. We have our own research institute,
our production facility, our fields where we test and
perfect our technologies, personnel is trained —
everything is in place and ready and has started to
bear its fruit within the framework of Belorusneft’s
international projects.

PRACTICE

CTT: Does the political situation affect your
work?

S.K.: Sanctions imposed by the West affect not
only the upstream sector, but also the oilfield
services sector. Current situation is not favorable
for international companies. I would not say that
we have more orders, but we see that the field of
operation is expanding, we can breathe easier. But
this situation does not mean that we can rest €asy
and start selecting jobs: we will work here, but we
will not work there. On the other hand, this situation
helps us to strengthen our authority.

CTT: Do you objectively assess your
capabilities compared to international
companies?

S.K.: Client dictates the conditions for the whole
range of coiled tubing operations; but there are
certain types of works that we, unfortunately,
have not yet done or have not even tried to do
due to some technical peculiarities, lack of special
sealing equipment and due to other reasons.

For Schlumberger such works are ordinary well
interventions. That is why this year we plan to
upgrade our coiled tubing fleet and procure the
necessary sealing equipment.

CTT: What new technologies and jobs do
you plan to master with the help of new
equipment?

S.K.: In particular, we would like to master the
technology of milling stuck tools and parts in well
tubing with hydrate accumulations and abnormally
high formation pressure. For example, Schlumberger
performs interventions on flowing wells with
wellhead pressure of 480 bar. And we are getting
prepared for performing such interventions.

CTT: We do believe that you will succeed!

By Halina Bulyka, Coiled Tubing Times
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[ nasHble kKpumepuu
OUEHKU — 0301 ACHOCIMD,
Kauwecmeo, dgpgher-
MUBHOCITb

beceoa c A AT puzopbesoim, Haua/lHUKOM
omoeaa cynepeaiturza no I'PI1u T HKT,
OOO «PH-IOzanckHepmezas».

Main Assessmenit Criteria —

Safety, Quality, Efficiency

Interview with A.A Grigoryev, Head

of the Coiled Tubing and Hydraulic
Fracturing Superuvising Department, RN-
Yuganskneftegaz LLC.

«BpeMs1 KOJITIOOHMHTa»:
AHIAPOHHUK ABAKOBHY,
kakue hbyHKIuu
HCHOJHACT HAXOJ AU HICA
nojg Bamrum HagaiioMm
oraen? Kakue KpuTepHH
II0JIOKE€HEI B OCHOBY €TI0
padoTsI?

AHApPOHHUK 'pHTIOpBEB:

B 2000 roay, Korma cepBUCH
BBIJIEJIMJIN U3 COCTABA
JIOOBIBAIONIUX NPENIPUATHHI,
OBLI CO3/JaH HAIIl OT/AE CYNEPBAN3UHTIA, IPU3BAHHBIN
OCYIIECTBIATh OPTAHU3ALUIO U KOHTPOJIb 32
O€30MaCHOCTBIO U KAYECTBOM CEPBUCHBIX pa0OT. Ham
KPHUTEPUI OLIEHKU COCTOUT U3 TPEX YACTEHN. DTO B
MEPBYIO OYEPEb 6E30MACHOCTD, TOCKOJIBKY CEPBUCHI
PaboTaIOT HA OO'BEKTAX IPOMBIIIJIEHHOM OITACHOCTH,
4 TAKXKE KA4eCTBO U 3P(PEKTUBHOCTD PAOOT.

OdeHb BAXKHO, YTOOBI Y CEPBUCA ObLII OOy YEHHBII,

COOTBETCTBYIONUI HAIUM TPEGOBAHUAM IIEPCOHAI U

BBICOKOIIPOU3BOJJUTEIBHOE OOOPYIOBAHUE. A TIOHATUE
«(PPEKTUBHOCTD» 151 HAC 3AKJIIOYAETCS B TOM,
4TOOBI BCE PAOOTHI CTOWJIN CTOJIBKO, CKOJIBKO OHU
JIEHCTBUTEIBHO CTOSIT HA PBIHKE, YTOOBI 11€HA ObLIa

0OOCHOBAHHA U CHUKAJIACh 32 CYET BHC/PCHMA HOBBIX

TEXHOJIOTUH.

BK: Kakue cepBHCHBIC KOMIIAHHH OOJIBIIIE
HOAXO/SAT OA Banu TpeGoBaHUA: POCCUFICKHE
HJIM MEXKAYHApPOIHbIE?

A.I.: B HacTos1iee BpeMs y HaC paboTaroT
U POCCUUICKUE, U 3aPYOEKHBIEC KOMIIAHWUH:
«Imombep:xe», Trican Well Services, <dnTerpa-

CepBuChD, ITakep CepBHUC»... TO €CTb IPAKTUYECKH BCE
KOMIIAHUH, IIPEJICTABIEHHBIE CETOAHA HA PBIHKE, Y HAC

PaboTaIoT, IEPUOUYECKH MEHSISICh, B 3ABUCUMOCTH
OT TEHJEPHBIX YCIOBUU. KOryia KOMIIaHUM 32XO/IAT,
OHH BUJST TEXHUYECKOE 32JAHUE, KOTOPOMY
JIOJIZKHBI COOTBETCTBOBATD, U €CJIM COOTBETCTBYIOT,
TO NOOEXKAAIOT B TEHJEPE U pabOTAIOT IO HAIIUM
KOHTPOJIEM.

BK: Yto y Bac Ha mepBOM MecCTe IIPH 0TOOpE
CEPBHCHOM KOMIIAHUH — II€HA HJIH KA9€CTBO?

A.I.: COOTHOIIIEHUE IICHBI ¥ KA4ECTBA HE CTOJIb
OJJHO3HAYHO, KAK MOJKET II0KA3aThCs. Korga numercs
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Coiled Tubing Times: Mr. Grigoryev, what
are the main functions of your department?
What are the main criteria of the department’s
work?

Andronik Grigoryev: Our Supervising
Department was established in the year 2000,
when oilfield services were separated from the
operations of the producing company. The aim of the
department is to ensure safety and quality of oilfield
service operations and exercise control over it. Our
assessment criterion is three-fold. Firstly, safety, since
oilfield services are provided at hazardous industrial
sites; and also quality and efficiency. It is especially
important to have well-trained personnel meeting
all our requirements, as well as high-performance
equipment. Term ‘efficiency’ means for us that
the price for services should be market-based, the
price should be justified and should reduce due to
introduction of new technologies.

CTT: What oilfield service companies better
meet your requirements: Russian companies
or international companies?

A.G.: At present we work with both Russian and
international companies: Schlumberger, Trican Well
Services, Integra-Services, Packer Service... So, we
work with almost all the companies represented on
the market; once in a while the companies change
depending on tender conditions. When a company
wants to provide its services to us, they check the
TOR, if they meet the requirements they participate
in a tender, win it, and then work under our
supervision.

MoHaTne «3pPeKTNBHOCTLY AN

HacC 3aKJIl04aeTCs B TOM, YTOObI BCe
PaboThbl CTOMNN CTOJILKO, CKOJILKO OHU
LEeNCTBUTENIbHO CTOAT Ha PbIHKE, YTOObI
LieHa Oblnia 06oCcHOBaHHA U CHUXKANachb
3a cYeT BHeAPEHUSI HOBbIX TEXHONOTUIA.

Term ‘efficiency’ means for us that the price
for services should be market-based, the
price should be justified and should reduce
due to introduction of new technologies.




TEXHUYECKOE 33/IaHUE, B HETO 1IEHA U3HAYATIBHO
HE 33aKJIaAbIBAETCA. [lepeuncnaercs Habop
COCTABJISIIONINX, KOTOPBIM NOAPAAYUK JOJIKEH
COOTBETCTBOBATD, KaKas TPEOYETCS KBATU(PUKALIN
MEPCOHANA, KAKOE OO0PYJOBAHHUE TOJIKHO UMETHCS
U €1I[€ MHOT'O BCETO, BIUIOTD /IO JIOTUCTHUKH — T.€.

B PETUOHE Pab0T y MOAPASINKA JOJKHBI OBITH
PEMOHTHBIE 6A3BI, YTOOBI MOKHO OBLIO ONEPATHBHO
BJIMATB HA paboTy 060pygoBaHus. Ha mociennem
3TATE OCTAIOTCS TOJIBKO TE€ KOMIIAHUU, KOTOPBIE
COOTBETCTBYIOT BCEM TPEOOBAHUAM TEXHUUECKOTO
3aaHuA. M TONBKO IIPH HA60PE AaHATIOTUYHBIX
MaPaMETPOB MNEPEXOJAAT K 3TAIY PACCMOTPEHUSA
LIEH — KaKas KOMIAHUA HA KAKYIO CTOUMOCTb YCJIYT
3asBUJIACH. B HACTOsAIIIEE BpEMSA y HAC PAOOTAET
MHOTO KOMITAHHH, U HE y BCEX Y HUX OAMHAKOBAS
[IEHA, IOTOMY YTO OJIMH U TOT K€ BUJ, YCJIYT MOXHO
NPEAOCTABUTh 3P(PEKTUBHO, HO ITO-pa3HOMY. TO
€CTb PA3JIMYHBIN HA00OP MOXET OBITh B OJJHOM U
TOM K€ BH/JIE YCIIYT. [T0O3TOMY BOIIPOC LIEHBI JJ11 HAC
OJJHO3HAYHO HE HA IIEPBOM MECTE.

BK: Banra KOMIIAaHU S BEJAET JOOBIUY TOJIHKO B
PEruoHe, COOTBETCTBYIOUIEM €€ HA3BAHHUIO?

A.I.: «PH-IOraHnckHedTEeraz» — 31O HE
TEPPUTOPUATIBHOE OOPA30BAHUE. DTO NIPEANIPUSATUE,
Y KOTOPOTI'O JINIEH3UOHHBIE MECTOPOX/IEHU A
HAXOAATCA B Pa3HbIX 4acTAX XMAO (XaHTbI-
MaHCHHUCKOTro aBTOHOMHOTI'O OKPyTa). Hanmpumep,
[TpHOOCKOE MECTOPOXKAECHUE PACIIONIOKEHO
HENOJAJIEKY OT XaHThI-MaHCHUCKa, 2 DanHCKOE —
onrexe K Cypryty. Macitab paboTs «PH-
IOranckuedrerasa» — rae-1o 250-300 kM.

BK: «PH-IOranckHedTeras» mo3suIfHOHUPYETCI

Kak HedTerazogoo0pIBaroIee NPeaIpusaTHe.
Y10 ABJIAETCS €I0 OCHOBHOH NPOJYKIITUEH —
HedTH MK ra3?

A.T'.: Y HAC B OCHOBHOM HE(PTAHBIE MECTOPOK/ICHHUSL.

EcTb ra3oBbIH CEKTOP, HO ITIABHAA IPOAYKLIVSA —
HEPTD.

BK: Kak BIHSIOT HA PA0OTY IIPEIIIPUSITH I
3anmagHble CAHKITHH, IIPHHATHIC IIPOTHB
Poccum?

A.T.: [17151 HAC, KAK JUIS1 JOOBIBAIOIIEIO IPEATIIPHUATHS,

HHUYETO HE MEHAETCSL. Kak 6pIN IPHOPUTETHI IO
0€30ITACHOCTH, KAYECTBY, 9P (PEKTUBHOCTH, TAK

U OCTAIOTCs. EC/IN B CBSI3U C CAHKIIUSIMU Y HAC B
KAa4EeCTBE MOJPSTYHKOB HE Oy/1yT 33/ICHHCTBOBAHBI
KaKHe-TO KOMITAHUH, 3HAYUT, OyAyT padboTaTh IPyTrHe.
Hara 3a/1a4a OT 3TOro HE U3MEHUTCSL.

BK: Kakue BBICOKHE TEXHOJIOTHH
HedTerazosoro cepuca B «PH-IOraHck-
HedTeraze» 0CO6€HHO BOCTPEOOBAHBI?

A.I.: TIpex e Bcero, MHOrocraaurineii I'PIL. O1a
TEXHOJIOI'US B TPEHJE HE TOJIBKO Y HAC, HO M BO BCEM
MHUPE, IOTOMY YTO CKBAKHMHA C TOPU3OHTAJIBHBIM

CTT: When choosing a service company what

is number one factor: price or quality?

A.G.: The issue is not as simple as just price-
to-quality ratio. When the terms of reference are
prepared it does not envisage any price. It lists a
number of requirements contractor should meet,
qualification of personnel, availability of equipment
and many other things, including logistics — i.e. that
the client should have equipment repair depots in
the region where the works are to be performed, so
that the client is able to ensure that equipment isin

working order. Only companies that meet all the TOR

requirements get to the last stage of the tendering
process. Then we start comparing the prices
proposed by the companies with similar parameters.
At present we work with many companies and they
do not have equal prices, because one and the same
type of service can be provided efficiently but in a
different manner. That means that the same type of
service may include different components. So, for us
price is not in the first place.

CTT: Does your company produce

hydrocarbons only in the region mentioned in

the name of the company?

A.G.: RN-Yuganskneftegaz is not a territorial
entity. We are a company and our licensed oilfields
are located in different parts of Khanty-Mansi
Autonomous Okrug. For example, Priobskoye field
is located near Khanty-Mansiysk, while Fainskoye

field is loctated closer to Surgut. RN-Yuganskneftegaz

operates on the area of about 250-300 kilometers.

CTT: RN-Yuganskneftegaz is positioned as oil

and gas producing company. What is the main
product of the company - oil or gas?

A.G.: We mainly have oilfields. We also have a gas
sector, but the main product is oil.

MHoroctagumHbiv IPI1 B TpeHAe He TONbKO
y Hac, HO 1 BO BCEM MUPE, MOTOMY YTO
CKBaXXMHa C rOPU30OHTaNbHbIM CTBOJIOM
CNocoOHa 3aMeHUTb ABe-TPU HAKJIOHHO-
HarnpaBfieHHbIX CKBaXXWHbI, XOTS OHa U
obxoanTCs fopoxe.

Multi-stage hydraulic fracturing is in
demand not only in our company but all
over the world, since one horizontal well is
worth two-three slanted wells despite the
fact that it comes at a higher cost.

CTT: Do sanctions imposed by the western
countries against Russia affect the company?

A.G.: Nothing changes for us as a producing
company. Our priorities — safety, quality, efficiency —
stay the same. If some companies will not be able to
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CTBOJIOM CIIOCOOHA 3AMEHHUTD ABE-TPH HAKIOHHO-
HAIPABIEHHBIX CKBA’KHUHBI, XOTS OHA U

O6XOUTCS JOPOXKE. B CBA3M C TEM, UTO OYpPUTCA
MHOI'O HAKJIOHHO-HAIIPABJICHHBIX CKBAXKUH,

OYEHbB AKTYAJIbHBI PA6OTHI C UCITOJIb30BAHUEM
TUOKOH TPYOBI, TOTOMY YTO OHU ITO3BOJIAIOT
MUHHUMH3UPOBATD 3ATPATHI HA OCBOECHUE

CKBA>XMH, COKPATHUTb PUCKU ABAPUUHOCTH,
HOJIYYUTBb HONYTHYIO MTH(POPMALUIO, PA3IMYHYIO

B 3dBUCMMOCTHU OT ITIOCTABJICHHBIX 33/1a4. DTO TOXKE
TpeHJ. Y HaC BCE 3T YCJIYT'H BOCTPEOOBAHBL, 3TO

BCE PabOTAET HA HAIUX MECTOPOXKIEHUAX YKE HE
nepsbld rof,. Ho TEXHOIOINU COBEPIICHCTBYIOTCH,
MOCTOSIHHO MOABJISACTCA YTO-TO HOBOE, IIO3TOMY

MBI CTAPAE€MCS OTCJIEKNUBATD MHHOBALIUH,
AKKYMYJIIMPOBATh IEPESOBOU OITBIT, CIIOCOOHBIN 1aTh
NPAKTUYECKUI PE3Y/IbTAT. B 3TOM HAM, B Y4aCTHOCTH,
IIOMOTI'ACT U €XXerofHas MexiyHapogHas HayYHO-
OpaKTUYeCKasa KoH(pepeHnus «KorTio6nHIOBbIE
TexHooruy, I'PT1, BHyTPHUCKBAKMHHBIE PAOOTHD,
I7le COOMPAIOTCS CIENNAIUCTBI U3 PA3HBIX PETMOHOB
U IEJIATCA OYEHD IIOJIE3HBIM OIBITOM, U XKYPHAJ
«Bpems KONTIOOUHT 2>,

Haut noopaoyuux ece
pabomot nPouU3600UN
Ha BbICOKOM YDOBHE

beceoa ¢ BC. Hznamwe8uiM, 2/1a8HbIM
urncerepom 3A0 HHK-3anao».

work with us due to sanctions, we will contract other
companies. Our main objective will stay the same.

CTT: What cutting-edge technologies in the
field of oilfield services are in greatest demand
in RN-Yuganskneftegaz?

A.G.: First of all, multi-stage hydraulic fracturing.
This technology is in demand not only in our
company but all over the world, since one horizontal
well is worth two-three slanted wells despite the fact
that it comes at a higher cost. Due to the fact that
alot of slanted wells are drilled at present, there is
demand for coiled tubing operations, since coiled
tubing allows minimizing well stimulation costs,
reducing risk of accidents, obtaining additional data
and information, which differs depending on the
assigned mission. This is also a popular technology.
All these services are in demand and have been
provided at our oilfields for several years already.

But technologies are improving, new methods
appear; that is why we try to keep ourselves informed
about innovations, try to accumulate best practices
that can yield tangible results. We also find Coiled
Tubing Times Journal and International Coiled
Tubing Hydraulic Fracturing and Well Intervention
Conference — which gathers specialists from various
regions who can share valuable experience — very
helpful in this.

«BpeMs KOITIOOHHTA»: Braguciaas
CepreeBu4, HACKOJIBKO HIMPOKA cpepa Bareit
JEeATEIbHOCTH?

Braaguciaas UrHaTheB: S B XONJUHIE paboTaio
¢ nexadps 2013, 3aHUMAIO JOJIKHOCTH B TPEX
KOMITAHUSIX: SIBJISIIOCH IJIABHBIM MHXEHEPOM B
3A0 «MHK-3anaiy, 3aMeCTUTEIEM I'€HEPATIBHOT'O
Jupekropa 1o 6ypenuio OO0 JIHK-
Hedrelazl'eonorus» v riiaBHbBIM HHXEHEPOM
OO0 «Jlenanedreras».

BK: Bl npsamo kak I0auii le3aps! KakoBa
IIPAKTHKA IIPHBJICYECHH A CEPBHCHEBIX YCIYT B
«HAHK-3aman»?

B.N.: Camo 3A0 «MMTHK-3amai» — 3TO COBMECTHOE
POCCUHUCKO-ATIOHCKOE IIpeAtpusTue. louepHss
KOMITaHUs Haero xoaaunra — «MTHK-Cepsuc»
ABJIAETCA HAITAM NOAPAJIUKOM. KoMImanus
NPOU3BOJUT HIMPOKUI CHEKTP paboT C
HUCIIOJIBb30BAHHUEM KOJITIOOMHI'A U IPYTOr'o
BHYTPHUCKBAXKMHHOI'O OO0PYIOBAHUS. A KOTJa
paboTaenb C KOMIIAHUEH-TIOAPAJINKOM U3 CBOETO
JK€ XOJIIMHT'4, OYEHD BAXKHO IIOHUMATD CYI[HOCTD
PaboTBl 3TOM KOMIIAHUH, YTOOBI IIPABHUJIBHO CTABUTH
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Our Contractor Does
the Job to the Highest
Standard

Interview with V.S. Ignatyeuv, Chief
Engineer of INK-Zapadi.

Coiled Tubing Times:
Mr. Ignatyev, what is the
scope of your job duties?

Vladislav Ignatyev:

I have been working at the
holding since December
2013.1hold positions in three
companies: Chief Engineer at
INK-Zapad, Deputy Director
General for Drilling at INK-
NefteGazGeologiya and Chief
Engineer at Lenaneftegaz.

CTT: Oh, you are like Julius Caesar! What is
the practice of using oilfield services at INK-
Zapad?

V.I.: INK-Zapad is a Russian-Japanese joint venture.
INK-Service — a subsidiary of our holding —
is our contractor. This company performs a wide
range of services with the use of coiled tubing and



3314491 U OTCJICKHUBATh KAYECTBO UCIIOJIHEHHUS.
ITo3TOMY MHE OY€Hb HHTEPECHO OBLIIO YY4aCTBOBATh
B pa6oTe 15-i1 MexXIyHapOAHOU HAyYHO-
OPAaKTUYECKOU KOH(pEPEHIINU «KOITIOOUHTOBBIE
TEeXHOJOTUY, I'PTI, BHYyTPUCKBA)KMHHBIE PA6OTHD>.
Mou KOJIETH NOCEMIAIOT €€ PETYISPHO, 5 ABJIACS
€€ YYACTHHKOM B IIEPBBIN, HO, YMAIO, HE

B IIOCJIEAHUU Pa3.

BK: OueHb MHOTHE POCCHICKHE
CEPBHCHBIE AKTHBHI BBIIIJIN U3 COCTABa
JTOOBIBAIONIHX KOMIIAHHUI U OPIrAaHU30BATHUCH
B CAMOCTOATEJAbHBIE CIPYKTYPbI. Bain
MOAPATIHUK IIPOJOJIZKAET OCTABATHCA B
xoaguHre. KakoBbl IVIFOCBI 1 MHHYCBI TAKOM
nmozuuuu? He BBIrOJHEE 1IN IIPUBJICKATH
PA3IHNYHBIX CTOPOHHUX IOJAPATINKOB,
CIEIHATHU3HUPYIONIHUXCSI HAa KOHKPETHBIX
BHAAX pabOT?

B.H.: Jly4iie, KOHEYHO, UMETH CBOETO NOAPAINKA,
MOTOMY 4TO CBOA py6axa OJIMIKE K TETY.

BK: C 1OCI0BHIIEH HE IOCIIOPHII B, HO BEAH
MO’KET BO3HHKHYTh HEOOXO/JTHMOCTH B TAKHX
BHAAX PabOT, KOTOPHIE Bal OAPATIHK enre
HE OCBOHI.

Korpa paboTtaelub ¢ KoMNaHNen-
NoAPAAYNKOM M3 CBOETO Xe XONANHTa,
O4Y€eHb BaXKHO NMOHNMATb CYLLHOCTb PadOThl
3TOM KOMMaHWK, YTOObI MPaBUIIbHO
CTaBUTb 3afa4M 1 OTCNIEXMBATb Ka4ecTBO
NCNOSTHEHWS.

When you contract a company from your own
holding, it is very important to understand
the essence of this company’s operations in
order to prepare proper terms of reference
and control the quality of works.

C nomMoLwpbto KONTIOOKMHIa Y Hac
NpPOU3BOANTCS TaKXKe pa3byprBaHmne
NOPTOB MHOrocTagmnHoro PI1.

We use coiled tubing to drill out multi-stage
hydraulic fracturing ports.

B.M.: Her, 1 nymato, yro Ham «MTHK-Cepsuc»
BIIOJIHE YCTPAUBAET BCE KOMITAHUM XOJIJIMHTA.
Bce paboThl IPOU3BOISATCS HA BBICHIEM
ypoBHE. CHEUATHUCTBI IPEKPACHO OOYYEHBL.
MHe O4eHb IPUATHO PA6OTATh C MUXAUIOM
Bukroposnuem KOMIKOBBIM — AUPEKTOPOM
KOMIIAHUHW. B3aMMONIOHUMAHUE Y HAC IIOTHOE.
Oducel HAXOAATCS B OHOM 3/1aHNH. < THK-
CepBHUC» B COBEPHIEHCTBE OCBOMJI KOJITIOOUHI OBBIE
TEXHOJIOTHUU. UTO Xe Kacaercs ['PIT, To ceoero
$10Ta Yy HAC HET ¥ MBI IIPUIVIAMIAEM JUIS 9TUX PAOOT
CTOPOHHETO NOJPALYNKA.

BK: Kaxoro uMmeHHO?

B.H.: 510 OO0 «ApKTUK-I'EPC>. ¥ 2TOI1 KOMITAaHUN
nmeeTca GaoT 'PIT aMeEPUKAHCKOTO TPOU3BOJACTBA.
KoHeuHO, HaM TOXKE XOTEJIOCH O6bI CBOU (PJIOT UMETD,
4TOOBI IEHBI'Y [IJIM BHYTPH XOJIJIMHT'A U OCTABAJIMCh
Ha HAIIMX cYeTax. Ha IEPCIEKTHUBY MBI CTABUM
TAKYIO 34/1a49Y.

BK: Ha kakue eure padooTsI Bel mpuriamaere
CTOPOHHHX IIOAPATIHUKOB?

B.H.: B OCHOBHOM HA CTPOUTENBCTBO CKBAXXHUH
MO, KJII0Y: OypEHUE, KPEIJICHUE, UCTIBITAHUS.

other downhole equipment. When you contract a
company from your own holding, it is very important
to understand the essence of this company’s
operations in order to prepare proper terms of
reference and control the quality of works. That is
why, for me it was very interesting to attend the 15t
International Coiled Tubing, Hydraulic Fracturing
and Well Intervention Conference. My colleagues
attend this conference on a regular basis. It was the
first time I had attended the conference and I hope
to participate in the conference once again.

CTT: Many Russian oilfield service
departments have separated from the
producing companies and have become
independent entities. Your contractor
continues to be part of the holding. What
are advantages and disadvantages of such
situation? Wouldn’t it be more feasible
to outsource oilfield services to several
companies, who specialize in specific types
of operations?

V.1.: Of course, it is better to have your own
contractor. You know, one’s own shirt is closer to the
body.

CTT: Yes, this proverb is true, but you might
need a type of service that has not yet been
mastered by your subsidiary company.

V.I.: I think that all the members of the holding are
satisfied with our INK-Service. All the works are done
to the highest standard. Specialists are well trained.

It is great pleasure for me to work with Mikhail
Yushkov, Director of this company. We have achieved
mutual understanding. Offices of our companies

are located in the same building. INK-Service has
achieved perfection in coiled tubing technologies. As
far as hydraulic fracturing is concerned, we do not
have our own fleet of equipment and we outsource
this type of service.

CTT: What company is the contractor?
V.1.: This is Arctic-GERS. This company has

American equipment. Of course, we wish we had our }
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Ecnu B 3anagHon Cnbupm bypeHue
CKBa)XMHbI MPON3BOAMTCS 3a OQHY-ABE
Hepenw, To y Hac, B BoctouHomn, ogHa
CKBaXXMHa bypuTcs Tpu mecaua.

While in Western Siberia you need one-two
weeks to drill a well, here, in Eastern Siberia
we spend three months to drill one well.

DTH paboTy y HAC IPOU3BOJAUT 1O OOJbIIEH

qactu 3AO «Cubupckas CepsucHasa Komnanus»
(CCK). Ha cepBuce y HaC paboTaroT TaKXKE
«CMmuTtlIpogakimHTexXHOIONXKN> U OypOBas
KOMNAHUA U3 SIKyTrH «Buiioit». IIpyuBieKkaioTcs

U KOMITAaHUY, crienranusupyromuecs Ha KPC.
HapekaHnuii K NOAPSAYHNKAM y HAC HET. Bce paboTH
MPOU3BOJATCS HA BBICIIIEM YPOBHE, IEPCOHA
OOYyJEHHBII.

BK: Kakue KOJTTIOOHMHI'OBBIE TEXHOJIOTHH Y
Bac Han6os1ee BocTpeGoBaHbI?

B.H.: I 6yy rOBOPUTE HE O XOJIJIMHTE B IIEJIOM, 4
HUMEHHO 0 koMmItauuu «MHK-3anaa». Y Hac Haubonee
BOCTPEOOBAHBI TAKUE TEXHOJIOTUH, KAK yIAJIEHHE
TUJPATOOOPA30BAHUN, IPOMBIBKH ILJIIOC BO3MOXHOE
JIYIIEHUE CKBAKUH, IOTOMY YTO MbI pA0OTAEM B
YCIIOBUSIX aHOMAJIBHO BBICOKHX IIJIACTOBBIX JIABJICHUI —
nox 410 armocgep. C TOMOIIBIO KOJITIOONHTA Y
HA4C IIPOU3BOJIUTCS TAKXKE pa36ypuBaHUE NIOPTOB
MHOTOCTaauuHOro I'PIT. B camort kommmanuu «MTHK»,
JIyMaIO, BOCTPEOOBAHBI AHAJIOTUYHBIC OIIEPAITHH.

BK: BsI cka3anu nmpo ABII/I, a KaKkue B
MecTax Banux paGoT reoIoru4ecKkue 1
KJIMMATHYECKHE YCIOBHUA?

B.M.: KiiInMaT B HAIUX KPAsAX PE3KO
KOHTHHEHTAJIBHBIIN: 3UMOM 10 MUHYC 50—55 IpaiycoB
110 LleTbCHrIo JOXOAUT, JIETOM — 110 ILTIOC 45. To eCcTh
nepernaj MPakTUIeCKU CTO IPaJlyCOB, HO BCSI TEXHUKA
PaboTaET, HE NOABOAUT. A T€OJIOTUUYECKUE YCIIOBUS —
Y HAC CKBAXKUHBI B OCHOBHOM IMTyOHUHOM 10 4000 M,
ropusoHTHI — 10 500—-1000 m. A o mopoaam y HaC
BEPXHSIS YACTD TO YAIIE BCET'O COJIb, 4 HUXKHSS —
JIOJIOMUTBL, OYE€Hb KPENKas nopoza. Eciau B 3anagHoi
Cubrpu OypeHUE CKBAKUHBI [IPOU3BOAUTCS 34 OTHY-
JIBE€ HEJIEIN, TO Y HAC, B BOCTOYHOI, OJHA CKBA)KMHA
OypHUTCA TPU MECATLIA.

BK: Bania KOMIIaHHA CIIEIIHATIH3UPYETCA HA
moobrue HedTH HIH ra3a? U 3aaeiiCTBOBAHA JIHU
Bama KOMIIaHHA B CTPATETHYECKHUX IVTAHAX
corpyauudecrsa c Kuraem?

B.H.: Y Hac 1 HePTh, U ra3. KoHeuHo, < THK»

OyZET NOCTABJIATH I'a3 KUTAIO 1O 3aKJIIOUEHHOMY
B 2014 rofly MEXIroCyJapCTBEHHOMY KOHTPAKTY —
10 razonposoay «Cuia Cudbupw». Enje onuH
CTPATErUYECKUI IIPOEKT — 3aBOJ] IO IIEPEPAOOTKE
NPONAHO-0yTAHOBOU CMECH B ITOJIMATUIIEH,
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own hydraulic fracturing fleet, so that money could
remain on the holding’s accounts. This is our task for
the future.

CTT: What other operations do you outsource?

V.1.: Mainly, well construction on a turn-key basis:
drilling, casing and testing. Usually such works are
done by Siberian Service Company (SSK). We also
contract Smith Prodcution Technology and Vilyui
Drilling Company from Yakutia. We also contract
companies that specialize in well workover. We
are satisfied with our contractors. All the works are
performed to the highest standards; the personnel are
well trained.

CTT: What coiled tubing technologies are in
greatest demand in your company?

V.1.: I will tell you about our holding in general,
not only about INK-Zapad. The most demanded
technologies are: removal of hydrates, well cleanouts
and well killing, since we deal with abnormally high
reservoir pressures — up to 410 bar. We use coiled
tubing to drill out multi-stage hydraulic fracturing
ports. I think that the same operations are in demand
in INK-Zapad.

CTT: You mentioned abnormally high reservoir
pressure. What are climatic and geological
conditions in the regions where you operate?

V.I.: Climate in our region is sharply continental:
temperature in winter can reach minus 50-55 degrees
Celsius, in summer — up to plus 45 degrees. So, it is
almost one hundred degree temperature difference,
but equipment works well. As far as geology is
concerned, depth of the major part of our wells
is up to 4,000 meters, horizontal legs are up to
500-1,000 meters. Top parts of our formation are
represented by salt, bottom parts — by dolomites, very
hard rock. While in Western Siberia you need one-two
weeks to drill a well, here, in Eastern Siberia we spend
three months to drill one well.

CTT: Does your company specialize in the
production of oil or gas? Is your company
involved in the strategic plans to cooperate
with Chine?

V.I.: We produce both oil and gas. Of course, INK
will be supplying gas to China under the contract
signed in 2014. The gas will be transported via the
Power of Siberia pipeline. One more strategic project
is construction of the factory to produce polyethylene
from propane-butane mixture. The factory is
currently under construction in Ust Kut. This will
be a very large enterprise and we are to supply raw
material for it.

CTT: Are sanctions imposed by western
countries able to affect the work of your
company?



CTPOUTENBCTBO KOTOPOT'O B HACTOSIIEE BPEMS
BeeTCs B YCTh-KyTe. DTO 6yIET O4€HDb 60IBIIOE
OPEANPUATHE, U MBI OYAEM IOCTABIIATD EMY ChIPBE.

BK: Kak cIIOCOOHBI IIOBJIHATH HA PA0OTY
Banrer KOMIIAaHUH 3aTTATHBIC CAHKITHH?

B.HN.: I nymaro, HUKaK. MBI UX a6CONMIOTHO HE
omymaeM. HUKak1X nepe6oeB B MOCTABKAX y HAC HE
OyzeT.

BK: Kakue TeXHOJIOruH He()TerazoBoro
cepBHca OyayT, mo BanmeMy MHEHHIO,
BOCTPEOOBAHBI Y€PE3 MATH-TECATH JIET?

B.H.: I nymMalo, 4To B 6JIMKANIIEM IECATHIETUN
HUYEro KapAUHAJIBHO MEHATHCS HE OYAET. B mo60oM
clIy4dae 6yAyT BBICOKO BOCTPEOOBAHBI TEXHOJIOTUU
I'PIT 1 KONTIOOWHTOBBIE OIIEPALIUY, [IOTOMY UYTO OHH
O4YEHbD YIOOHBI B UCIIOIBb30BAHUU U 3(P(HEKTUBHBL

BK: Y10 6bI BBI XOTEJIH, IOIB3YSICH CIyUaeM,
IMOZKEJIATh KOJJIETaM U3 IPYI'HX PETrHOHOB
Poccum?

B.J.: 51 6B61 XOTEJ MOXKEAATD UM KPEIKOT'O 37JOPOBbSI.
A OCTaJIBHOE MBI TPUOOPETEM!

B.irobom meroepe
OCHOBHbLE Kpumepuu —
MO CIMOUMOCNTD

U KA1ecmaeo

beceoa c A.M. Paxumossim,
3amecmumesiem 2eHepaibHozo
oupexmopa no o6yperuro u KPC,
3A0 A EOTPAHCIA3.

«BpeMs1 KOJITIOOHHTA»: A¥ipatT MapaToBHy,
KaKOBa CHIEHUATU3AN U IPESNIPUATHA
«<T'EOTPAHCIA3»?

Axipar PaxumosB: 3AO TEOTPAHCTA3» —
TOOBIBAIOIAS KOMITAHU . MBI UMEEM
JIMLEH3UIO Ha pa3paboTKy beperosoro
Tra30KOHJIEHCATHOT'O MECTOPOXKAEHUA U OHOTO
M3 YYACTKOB YPEHTOMCKOTI'O MECTOPOXKICHHUA.

DTU MECTOPOKACHUS HAXOSITCA HEJAJIEKO OT
nocenka Ypenrou. Korja Hama KoMman/a ImpuIia
Ha beperoBoe MECTOPOXKICHUE, TAM YKE ObLIIU
PAa3BEJOYHBIE CKBAXKUHBL. 34 IISITh JIET PA6OTHI

MBI OOYCTPOUIN MECTOPOXK/ICHUE, IOCTPOUIHN
YCTAHOBKY KOMIUIEKCHOM NOATOTOBKM raza (YKIIT).
A Ha YPEHT'OMCKOM MECTOPOXKAECHUU HAII y9ACTOK
[IOK4 HA CTA/IUH PA3BEIKU.

BK: Yem BbI3BaH Banr mHTEpEC K
Koudepenuu <KOTTIOOHMHIOBBIEC TEXHOJIOTHH,
I'PII, BHYTPHCKBAKUHHBIE PAGOTHI»?

V.I.: Tdo not think they will affect us somehow.
We do not feel the sanctions at all. There will be no
supply problems.

CTT: What technologies in oilfield services
sector will be in demand in the next five to ten
years?

V.1.: I think that in the coming ten years there
will be no considerable changes. In any case, there
will be demand for hydraulic fracturing and coiled
tubing technologies, since they are very efficient and
convenient to use.

CTT: Using this opportunity, what would you
like to wish your colleagues in other regions of
Russia?

V.1.: I'would like to wish them good health; all the
other stuff can be purchased!

Price and Quality
Are the Main Criteria
inAny lender

Interview with A.M. Rakbimouv, Deputy
Director General for Drilling and Well
Workover, GEOTRANSGAZ.

Coiled Tubing Times: Mr. Rakhimov, what is the
specialization of GEOTRANSGAZ?

Ayrat Rakhimov: GEOTRANSGAZ is a producing
company. We have a license to develop Beregovoye gas
condensate field and one
of the sites at Urengoy field.
These fields are located near
Urengoy. When we came to
Beregovoye field, exploration
wells had already been
drilled. Over the period of
five years we have developed
the necessary infrastructure
at the field, constructed gas
treatment facility. At the
Urengoy field we still do
exploration work on our site.

CTT: Why are you interested in Coiled Tubing,
Hydraulic Fracturing and Well Intervention
Conference?

A.R.: At Beregovoye field we produce gas and
condensate, and the technologies to be used there are
quite clear. As far as our licensed site at Urengoy field is
concerned, there are issues with permeability properties
of reservoirs — they are low-permeability reservoirs.
Therefore, such reservoirs will give a good yield only
after hydraulic fracturing. Secondly, if one conducts
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A.P.: Ha Beperosom MeCTOpOXJEHUHN MBI BEIEM
JIOOBIUY 'a33 U KOHJIEHCATA, U C TEXHOJIOTHAMU TaM
BCE ACHO. YTO KaCA€TCA JIMLIEH3UOHHOI'O Y4aCTKA
VPEHTONCKOI'O MECTOPOXKIECHUSA, TO TAM €CTb
BOIIPOCHI 10 KOJUIEKTOPCKUM CBOUCTBAM ILJIACTOB —
OHM HU3KOIIPOHUILaeMbI€. COOTBETCTBEHHO,

MBI CMOXKEM MOJIYYUTb IPOMBIIIJIEHHBIN JEOUT
TOJIBKO IIOCJIE TUAPOPA3PHIBA. DTO BO-IIEPBLIX.

A, BO-BTOPBIX, €CJIU IPOBOAUTD TN POPA3PHIB B
OOBIYHOM HAKJIOHHO-HAIIPABJIEHHOU CKBAKHMHE
WJIU B BEDTUKAJIBHOM, TO Y€PE3 HEKOTOPDIN IIEPUOT,
BPEMEHU JIEOUTDI, KAK ITIOKA3BIBAET IIPAKTHUKA,
CHMXKAIOTCA. [I09TOMY HAC O4€Hb HHTEPECYIOT
TEXHOJIOTUU OyPEHUSA UMEHHO TOPHU30HTAJIbHBIX
CKBAKMH C HOCIEAYIONUM MHOTOCTAJUHHBIM ['PT1,
ceneKTuBHbIM ['PIT.

BK: 3HauuT, BBl XOTHTE IIOJIYyYHTH IIOJTHY IO
HHOOPMAITHIO IO TAKUM TE€XHOJIOTHAM, YTOOBI
IIOHHUMATh, KAKUX NOAPATINKOB IIPHUBIECKATH C
TOYKH 3PEHHU A X BO3MOKHOCTEH M CTOUMOCTH
padcor?

A.P.: [1a — C TOYKH 3pEHUA IEHBI U KAYECTBA.

M, KpoMe TOro, MBI BOOOIIIE XOTUM PA300PAThCS
B 3THUX TEXHOJIOT'UAX, IIOHITh, OYJET JIL OT HUX
PE3YIBTAT KOHKPETHO HA HAIIIEM MECTOPOXKIACHUH.

BK: Bbl y>xe IPHMEPH/IH HA POJIb IOAPATIHKA
KAKYIO-JTHOO CEPBHCHYIO KOMIIAHHIO?

A.P.: DTOT BOIIPOC MBI IOKA TPOPAOATHIBAEM.
EcTecTBEHHO, MBI HE UMEEM B BUJY KAKYIO-TO
KOHKPETHYIO KOMIIAHUIO. Y HAC IEUCTBYET CUCTEMA
TEHJIEPOB, KaK Be3zie B Poccurickoit depepanuu u
cTpaHax TaMOXXEHHOT'O COI034.

BK: Kakue KpUTEepHH IIPH BHIOOPE
mooeauTesNs TeHaAepa 11 Bac Hanbosree
3HAYHUMBI?

A.P.: B 11060M T€HIEPE OCHOBHBIE KDUTEPHUH —
3TO CTOMMOCTBD U KAYECTBO.

BK: M KaKO¥ B3 3THUX ABYX KPHTE€PHEB, HA Bamt
B3IVISAI, BaKHee?

A.P.: Ha MO B31151/], 60OJIBIIION MUHYC B TOM,
4TO IIPAKTUYECKU BCE TEH/IEPHI «3ATOYEHBI> HA
TO, YTOOBI CTOUMOCTD PA0OT ObLIA KAK MOXKHO
MEHBIIIE. A KOT/IA NOAPANYUK IPEIAraeT 6oiee
BBICOKYIO CTOMMOCTD YCIIYT, HO U COOTBETCTBYIOIIEE
Ka4ECTBO, 31KA34YUKY IIPUXOANTCS JOKA3BIBATD
CBOUM (PUHAHCOBBIM CTPYKTYPAM, YTO 3TH PabOThI
HA4CTOJIBKO HEOOXO/IMMBI, UTO BBII'OJJHEE IIPUITIACUTD
HOAPALYNKA, KOTOPBIN BBIIIOJIHHUT PA6OTHI XOTS U
JIOPOXKE, HO KadyeCcTBeHHee. KOHEUHO, peub HE UJIET O
CTOUMOCTH, KOTOPAsI B PA3bI IIEPEKPBIBAET CTOUMOCTD
PadoT APYToro NOTEHIIMAIBHOI'O HOAPAYMKA.

BK: Kakue cepBHCHBIE KOMIIAHHH

«<TEOTPAHCIA3» NpUITIAIIAET YAIIE —
OTEeYEeCTBEHHBIE HIH 3aPyOesKHbIE?
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Ecnm npoBoanTb rmapopaspbiB B 00bIYHOM
HaKJIOHHO-HaMNpPaBIEHHOW CKBaXXUHEe nin

B BEPTUKAJIbHOM, TO Yepe3 HEKOTOpPbIN
nepuop BpeMeHn AebunTbl, Kak nokasbiBaeT
npakTuKa, CHUXaroTcs. No3TomMy Hac O4YeHb
NHTEepPEeCYIOT TEXHONOIrMM bypeHns UMeHHO
FOPU3OHTaSIbHbIX CKBa>XMH C NoCeayowmm
MHoroctagumHbim 'PI1, cenekTmBHbIM MPI.

If one conducts hydraulic fracturing in a
slanted or vertical well, after a certain period of
time flow rates reduce. That is why we are very
much interested in drilling horizontal wells with
subsequent multi-stage fracturing or selective

fracturing.

hydraulic fracturing in a slanted or vertical well, after a
certain period of time flow rates reduce. That is why we
are very much interested in drilling horizontal wells with
subsequent multi-stage fracturing or selective fracturing.

CTIT: So, that means that you want to get full
information about these technologies in order to
understand what service companies to contract in
terms of their capabilities and cost of works.

A.R.: Yes, that is right, in terms of price and quality.
Moreover, we would like to see into the topic and to
understand whether such technologies will yield us any
result at our field.

CTT: Have you already thought of any service
company that might be contracted?

A.R.: We are working on this matter. Of course we will
not just contract a specific company. The contracting
process should be based on competitive bidding like
anywhere in the Russian Federation or member states of
the Customs Union.

CTT: What criteria are the most important for
you during the bidding process?
A.R.:In any tender main criteria are price and quality.

CTT: Which of the two is more important?

A.R.:1think one of the biggest disadvantages is that
almost all the tenders are aimed at selecting the bidder
with the lowest price. When a bidder offers higher price

JTa Henpoctaa cMtyaunma 3aCTaBUT Hallln
KOMIMaHNK BblMNYyCKaTb o6opy,u,OBaH|/|e Ha
YPOBHE 3arnagHoro.

This difficult situation will force our
domestic companies to improve the
quality of their equipment to the level of
international manufacturers.




A.P.: 3AO L' EOTPAHCTA3» — HEKpyIIHAsA
KOMITAHHA C HEOOJIBIIUMU OObEMAMHU OypPEHNUA,
TEHJEP MO 6yPEHUIO BEIMT'PAJIA OTEYECTBEHHASA
OypOBas KOMITAHMA, 6232 KOTOPOI HAXOOUTCA
B HoBOM YpeHTroe, psAaoM C HAITUMU
MECTOPOXAECHUAMH.

B HacTodAmee BpeMs MBI 340ypHUBAEM [1BA KyCT4
U OIHY PA3BENKY.

BK: A KTO y Bac mpoBoguT
BBICOKOTEXHOJJIOTHYHBIE CEPBHCHBIE
onepamumn?

A.P.: YTO KacaeTcsa BBICOKOTEXHOJIOIMYHBIX
orepanui, To y Hac Asa I'PIT nposenra komnanusa
«ImoMbepke». X pabOTON MBI OCTAJIHCH
JIOBOJIBHBI, HO TTOCKOJIBbKY I'PIT Ob11IM IPOBEIEHBI HA
HAKJIOHHO-HAIIPABJIEHHBIX CKBA)KUHAX, TO I€ONUTHI
NPOABJIAIOT TCHACHIINIO K ITAICHHUIO.

BK: B cirenyromuii pa3 oygere IpoOBOSHUTH HA
TOPU30HTAJIBHBIX CKBAKHHAX?
A.P.: [1a.

BK: BiauaroT iu Ha Bamry paGoTy 3anmagHsbie
CAaHKIIUH, IPUHATHIC NIPpOTUB Poccuu?

A.P.: Bnuanue, KOHEYHO, omymaeTcsa. Haunnaem
33IyMBIBATHCS U HATIPABJISITh MBICIU HA TO, YTOOBI
HAUTHU JOCTOMHBIE OTEYECTBEHHBIE AHAJIOTH
UMIIOPTHOT'O OOOPYJOBAHU S U UMIIOPTHBIX YCIIYT.
YeCTHO IrOBOPSI, HE BCET[A KAYECTBO OOOPYJOBAHUSA
HAIIUX IIPOU3BOAUTEJIEH U YCIIYT POCCUNCKUX
KOMITAHUH COOTBETCTBYET HAIUM TPEOOBAHUSIM.
Ho g gyMaIo, 9TO 3Ta HENPOCTASA CUTYALUA 3ACTABUT
HAaIlIX KOMITAHUU BBIITYCKATh OOOPYAOBAHUE
Ha YPOBHE 3aa/THOTO. 5l BCET/1a OBLII M OCTAIOCh
NATPUOTOM U IIOHUMAIO, YTO TOCYLAPCTBY, KAK U
4EJIOBEKY, HY>KHO HAZEAThCS IIPEXKE BCEI'O HA CEO5I.

BK: Kak 7aBHO Bl 3HaeTe HauI >KypHaa? Kak
BBI OIICHHUBAETE €r0 CoAEpIKAHNe?

A.P.: 51 1aBHO 3HA10 «BpeMs KONTIOOMHTIA», YUTAIO
JKYPHAJI, HONY4al0 €KEHEAETBHYIO HOBOCTHYIO
PacChUIKY. MHE OYE€Hb HPABUTCH, YTO B XKy PHAJIE
MHOI'O IIOJIE3HOY IPAKTUYECKON NH(POPM ALY,

B 94CTHOCTH, IO TexHoJsioruam I'PI1, koTtopsie

O4YEHb UHTEPECYIOT HAIY KOMITAHUIO. M )KypHaJI, 1
Kongepenuus «KoaTioOuHIoBble TEXHOJIOTUH, I'PIT)
BHYTPHUCKBA)KHHHBIE PA6OTHI» CTAPAIOTCS OBITH HA
OCTPHE MEPESOBBIX TEXHOJIOIUMN.

BK: Crtacu60 Bam 3a 1o0OpsIe C/I10BAa.
Hajgeemcsa U Jajabiie momMorars Bam B padore.

Marepuaa nmoarorosunaa OiasraJluc,
«Bpems KOJITIOOHUHIA>

and better quality, very often a person needs to prove to
the financial department that a certain type of work is
badly needed and that it would be feasible to contract a
company with higher price but better quality. Of course
we are not speaking about the situation when the price is
several times higher compared to other bidders.

CTT: What service companies does
GEOTRANSGAZ contracts more often, domestic of
international ones?

A.R.: GEOTRANSGAZ is a small company with
small scope of drilling; tender for drilling was won by a
domestic drilling company that is based in Novy Urengoy,
nearby our field. At present we are drilling two cluster
wells and one exploration well.

CTT: Who provides high-tech services for you?
A.R.: As far as high-tech services are concerned,
Schlumberger has done two hydraulic fracturing jobs
at our field. We are satisfied with their work, but since
hydraulic fracturing was done in slanted wells flow rates
tend to decrease.

CTT: Do you plan to frac horizontal wells next
time?
A.R.: Yes.

CTT: Do sanctions imposed by western countries
affect your operations?

A.R.: Of course, there is an effect. We start thinking
of finding descent domestic analogues of imported
equipment and services. Honestly saying, not always
domestic equipment and services meet our requirements.
But I think that this difficult situation will force our
domestic companies to improve the quality of their
equipment to the level of international manufacturers. I
am a patriot and I understand that the government, like a
person, should rely only on itself.

CTT: For how long do you read our journal? How
would you assess the contents?

A.R.:Iam along-standing reader of Coiled Tubing
Times and I also receive a weekly newsletter. I like
that the journal contains a lot of useful information,
in particular, about hydraulic fracturing technologies,
which our company is very much interested in. Both
the journal and the Coiled tubing, Hydraulic Fracturing
and Well Intervention Conference continue to be at the
forefront of modern technologies.

CTT: Thank you for a word of encouragement.
We hope to continue being useful.

Interview by Olga Lis, Coiled Tubing Times
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JAKIIMOHHOI'O COBETA

KOJIOHKA YJIEHA PE

DTIOIBI PABOTDI

KOJITIOBMHI'OBBIX YCTAHOBOK
ETUDES FOR COILED TUBING RIGS

10.A. BAJIAKHPOB, a. T. H., mpodeccop, akageMHUK, 3aMEeCTHTEIb JHPEKTOPA IO HAyKe U TexHuke, 000 JOr-Hedreras»

Yu. BALAKIROYV, D. Eng., professor, member of the Academy of Sciences, Deputy Director for Science and Technologies,
Yug-Neftegaz Private Limited

OJITIOOMHTOBbIE yCTAHOBKU (KVY) B35/ HA CBOU

MOT'YYHE IIJIEYU CTONBKO PA3HBIX TEXHUKO-

TEXHOJIOTUYECKUX IPOLIECCOB AOOBIYN HEPTU U
raza, 4To IIPHIIJIO BPEMS BCE UX YMEHHS PA3JIOKUTD 110
OTAENBHBIM ITOJIKAM, YTOOBI JIEr4Ye 6bLIO UX IPUMEHATD
Ha [IPAKTUKE. BO3MOXHO, BBl YIUBUTECH, HO, 10 BCEX
BEPOSATHOCTH, uziesd camux KY Morya 6bITh TOPOXK/EHA...
3EMCHAPIIaMHU. 3EMCHAPAbI C IOMONIBIO THOKOM TPYObI
(HA30BEM €€ YCJIOBHO «XO60TOM»), OOPA30BAHHOM ITyTEM
COYJIEHEHUS C PA3JIMYHBIMU 11O JUIMHE U JUAMETPY
TPyOOIPOBOAAMHU U OTJAJIEHHO HAIIOMUHAIOMEN F'HOKYIO
TPyOy KOITIOOMHTIOBOM YCTAHOBKHU, MOT'YT BBIIIOJIHATH
PAa3JIMYHBIE 321491, CBA3AHHBIE C HAMBIBOM (UJIN
Pa3MBIBOM) OTAENbHBIX PEYHBIX UM MOPCKHUX OCTPOBOB,
B YaCTHOCTH, HAMBIBOM CO3/4dBATb [IECYAHBIE OCTPOBKU
HA4 PEYHOM UJIX MOPCKOM MACCHUBE 711 OYPEHUSA
CKBa’KMHBI MJIN 326y PKH OMOPHBIX AJIEKTPUUECKUX
madt. OgHako y KY rubkas Tpyba Bcerja OrnyckaeTcs
BEPTHKAJIbHO BHU3, B OTIIMYUE OT 3€MCHAPALOB,
KOTOPBIX «XO00T» YACTO JIOKUTCS TOPU3OHTAIBHO Ha
PEYHOM UIM MOPCKOM MaccuB. Bnpouem, KY Takxe
OT/IMYHO CIIPABJIAECTCA C PA3MBIBOM — C PA3MBIBOM
NECYAHO-TVIMHHBIX IIPOOOK U BBIHOCOM UX Ha
MOBEPXHOCTD CKBAKMHBI.

HoO 04MCTKA CKBAKUHBI OT INIMHUCTO-TIECYAHBIX
NPOOOK — JAJIIEKO HE EAUHCTBEHHAS U HE IVIABHASA 3371444,
KOTOpas no cuinam KY. Mbl He CTy9aiHO O603HAYNIN
JKAHP 3TOI'O MaTepHaJIad KaK 3TIOAbL: OTIAE/IbHbBIX
3TIOJIOB, BBIIIOJIHSIEMBIX KOJITIOOMHI'OBOU YCTAHOBKOI,
MHOXECTBO! B 3TOM HOMEpE KYypPHaAI1a MBI OCTAHOBUMCH
MOKA TOJIBKO Ha HECKOJIbKUX U3 HUX.

OueHb BAXKHOM 33/Ja49€N ABIAECTCA 3aAPE3KA
BTOPOI'O CTBOJA. B HacTOAEE BpeMA 6pUTa/Ibl
KaIIUTAJIbHOI'O PEMOHTA ITTyOHMHY 3APE3KH BTOPOT'O
CTBOJIA ONIPEAEAIOT ITyTEM MYYHUTEIBHO JONTOM
NPOPAOOTKH KAPOTAKHOU JUATDAMMEBI /17151 BBIOGOPA
UHTEPBAIA U1 IEPPOPALIMIOHHBIX PA60T. Kak N3BECTHO,
K4apOTAKHbBIE JUATPAMMBI CHUMAIOTCS IIOCJIE OyPEHUSA
CKBa’KUHBI, TO €CTb OHH 3HAYUTEJIBHO PAHBIIIE, YEM
TpebyeTCs ONPEACIUTD ITTyOUHY 3APE3KU BTOPOI'O
CTBOJIA UJIU HAKJIOHHBIX CTBOJIOB, U 3TO «PAHbIIIE>
MOJKET OLIEHUBATHCA IECATKAMM JIET. ECTECTBEHHO, 32
TAKO€ BPEM4 B IIJIACTOBOM CUCTEME MOT'YT IPOU3OUTHU
CepbE3HBIE TUAPOJAUHAMUYECKHE IIPOLECCHI, CBA3AHHBIE
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oiled tubing

rigs (CT rigs)

carry on their
strong shoulders such
a variety of technical
and technological
processes of oil and
gas production that it
is time to unscramble
everything they are
capable of in order
to facilitate their
practical application.
It may come as a
surprise to you but
apparently the idea of
coiled tubing rigs was
originated by... dredgers. Dredgers using a flexible
pipe (let’s call it a ‘hose’) formed by connecting
pipes of various lengths and diameters and
remotely resembling coiled tubing can perform
different tasks related to inwash (or wash-out)
of individual river or sea isles, and, particularly,
by means of inwash to create sand isles in rivers
or seas to bore a hole or to spud supporting
electrical masts. However, coiled tubing in a CT
rig is always run down vertically unlike dredgers
whose ‘hose’ often lies horizontally on the river
or sea. Although coiled tubing rigs performs
perfectly in terms of wash-outs — sand and clay
plug washing-out and bringing to the surface.

But removing clay and sand plugs from the
well is by no means the only and the main task a
coiled tubing rig is capable of performing. It is not
by coincidence that we defined the genre of this
text as etudes: there is a vast variety of individual
etudes performed by a coiled tubing rig! In this
journal’s issue we will focus only on some of
them.

A very important task is sidetracking. At present
workover teams determine the sidetracking
depth by painfully time-consuming study of the
borehole log to choose the perforation interval.
It is a known fact that logging is performed after



C 1o6Bp19e HePTU UK ra3a. OTCIO/1d HEYTEIUTEIBHBIN
BBIBOJ; INTYOUHY 3aPE3KU BTOPOI'O HAKJIOHHOT'O CTBOJIA
CETO/IHS MBI OIIPEAEAEM, MOKHO CKA34Th, BCJIENYIO,
«METO/IOM TBIKa».

C IpuUXOJOM MYAPOU U YMEJION KONTIOOUHIOBOI
YCTAHOBKHU MOSIBUJIACH BO3MOKHOCTD TOYHO ONPEAETATD
INIyOHMHY 3aPE3KH BTOPOT'O CTBOJIA. B OTHOM M3 HOMEPOB
JKYPHAJIA 3TA TEXHOJIOI' U ObLIA OITUCAHA HAMH,

BKPATIIE MOKEM ITIOBTOPUTH: THOKYIO TPyOy KV
CHA6KAIOT reO(PU3UIECKUMHU IPUOOPAMU, KOTOPLIE
MPU TPAHCIIOPTUPOBKE UX IO KOJIOHHE CITOCOOHBI
OOHAPYKUBATH HAJIMYHE YITIEBOJOPOOB 34
IKCIUIyATAIUOHHON KOJIOHHON CKBAXKUHBL TaKHUM
06pa3oM, 3a71a4a BEIOOPA ITYOUHBI 1151 3APE3KU BTOPOT'O
CTBOJIA 3HAYUTENBHO OOJIErYaeTCs.

KpoMe TOro, Mbl JOJIKHBI IOMHHTB, 4TO B IIPOLIECCE
(pUIBTPALIUN HEPTH NOABEPTAETCA OKUCIEHUIO IO/
JEHCTBUEM CYIb(PATBOCCTAHABINBAIONIUX OAKTEPUIL.
ITO3TOMY OCTATOK 3AJIEKHU 34 IKCIUIYATALUOHHONM
KOJIOHHOM, KaK IIPABUJIO, IIPEACTABJICH «MEPTBOMU»>
JIETA3UPOBAHHON HEPTHIO. 3HAYUT, HAJO IIOJIATATh, YTO
JBIKEHHE 3TOU «<MEPTBOI» HE(PTHU OYAET IPOTEKATD O]
JEUCTBUEM CHUJIBI I'PABUTALINH, T.€. TIO/] AEUCTBUEM CHUJIBI
TSAKECTH U BECA CaMOU HEPTHU. [IpH TOM JKENATENBHO,
4TOOBI CBEPXY OT TAKOU 3AJIEIKH OOA3ATEIBHO
PAaCIIONaraiacs ra3oBbIi IIPOILIACTOK, KOTOPBIN BbIIIOIH AL
OBl (PDYHKITHIO ITOPIITHA U 34 CYET ABUKEHU A IIPUBOJUI K
YMEHBIIEHUIO MACCHI 3TON OCTATOYHON HEPTH.

51 IMEIO CMEJIOCTD YTBEPKAATh, YTO BBIOOP ITTyOHNHBI
33apE3KU BTOPOTI'O CTBOJIA 6€3 y4eTad OCOOEHHOCTEN
«MEPTBOM» OCTATOYHOU HEPTU SBJISCTCS, MSI'KO I'OBOPSI,
OECCMBICIIEHHOH 34TEEH, ITYyCTOMN TPATOM ICHEKHBIX
pECYPCOB.

Crenyonun 3T X049y IIOCBATUTb OHON U3 CAMBIX
MHOIYIAPHBIX HBIHE TEXHOJIOTUUA — TUPABINYECKOMY
pas3peIBY I1acTa. OH MOXKET IPOU3BOAUTLCSA C
3aKPEIVIEHUEM TPEMUHBI MJIN 6€3 3aKPETIEHUA
TPEMUHBIL, KOT[A IIPOLIECC OCYIECTBIAETCA C IOMOIIBIO
KHCJIOTHOI'O BO3/IECHCTBUSL.

«AHATOMHUA» JAHHOI'O IIPOLIECCA ITOAPOOHO OITUCAHA
B KypHaJe «BpeMs konTio6uHra» (banakupos I0.A,
To6onpueHko AWM., BpoBuyk B.H. «YnnpaBisieMblii C
MOBEPXHOCTU CKBAKUHBI TU/IPABJINYECKUN PA3PbIB
[J1ACTA C TIOMOIIBIO KONITIOOUHTA», «BK» Ne 48, C. 36-37).
Ha 3Ty ny6JIMKALMIO g XO4Uy HANIPABUTh BHUMAHHE
YUTATEJIEN.

TaxOBBI U3OPAHHBIC ATIOABI PAOOTHI KOJITIOOMHI'OBOHU
YCTAHOBKU B PEAIbHBIX YCAOBUSIX HA HEPTAHBIX U
I'a30BbIX MCCTOpO)KJICHI/IHX. HpI/I JKEJIaHUU YU TATEIU
MOT'YT BOCITPOM3BECTH UX Y CEOs HA IIPOU3BO/ICTBE.

..Korza crourb BO371€ UCIIOINHA, UMEHYEMOTO
KOJITIOOMHTOBBIM aIpPEraTOM, TO HAUNHAEIIb
YyBCTBOBATb €I'0 MOIIb 1 CJIBIIATD IIPU3BIB COBEPIIATH
TEXHOJIOTUYECKUE NOABUTH... CO MHO TPOUCXOUT
MMEHHO TaK.

Bot uTO Takoe: kon-mio-ounz! @

well drilling, i.e. significantly earlier than when
it becomes necessary to determine the depth of
sidetracking or a slanting hole, and this ‘earlier’
may mean dozens of years. Naturally during such
period the formation system may experience
significant hydrodynamic processes related to oil
and gas production, hence the non-encouraging
conclusion: today we determine the depth

of sidetracking, so to say, ‘blindfolded’, using
guesswork.

The arrival of the wise and capable coiled
tubing rig enabled us to accurately determine
the depth of sidetracking. In one of the issues
of the journal we gave a description of this
technique; we can give a brief overview: coiled
tubing is fitted with geophysical tools which
when transported along the string are capable
of detecting the presence of hydrocarbons
behind the production string. Thus, the task
of determining the depth of sidetracking is
considerably facilitated.

Besides, we should keep in mind that during
filtration oil is oxidized under the effect of sulfur
reducing bacteria. Therefore, the residual deposit
behind the production string contains ‘dead’
degassed oil. So one must assume that the dead
oil will flow by gravity, i.e. under the action of
gravity and the weight of oil itself. In such case
it is preferable that a gas streak be located above
such deposit which would perform the piston
function and by movement would reduce the
weight of that residual oil.

I'would argue that trying to determine the
sidetracking depth without accounting for
the characteristics of the dead residual oil is
unreasonable and a waste of money.

I'would like to dedicate my next etude to
currently one of the most popular technologies
— hydraulic fracturing. It can be performed both
by propping and without it when the process is
carried out using acid treatment.

The ‘anatomy’ of this process is extensively
described in Coiled Tubing Times journal
(‘Surface-controlled hydraulic fracturing using
coiled tubing’ by Y.A. Balakirov, A.I. Tobolchenko,
B.N. Brovchuk, CTT, #46, pp. 36—37). 1 would like
to call the readers’ attention to that publication.

These are the selected etudes for the real-
life operation of a coiled tubing rig in gas and
oilfields. The readers can replicate them on their
own fields, if they want to..

..When you stand close to a giant called a coiled
tubing rig, you start feeling its power and hear the
call to make technological breakthroughs... That’s
exactly what happens to.

That’s what coiled tubing is about! @

COLUMN BY MEMBER OF THE EDITORIAL BOARD
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(O630p 3apybexxHom MHpopmaumn. Hactb 2)*

10.A. BAJTAKHPOB, 1. T. H., Ipodeccop, aKaJeMHK, 3aMECTHTEIb JHPEKTOPA IT0 HayKe U TexHHuKe; B.H. BPOBYVK, cyniepsaiizep

HedTEeIPOMBICIOBHIX IIpoueccos, 000 JOr-Hedreras»
“Yacmo 1 6bira onybaukosana 6 «BK> Ne 50.

JIJ151 KOHTPOJIS 32 YTEYKAMHU KHCJIOTHOTO (pronsa
OBbLIIN PA3PA6OTAHBI PA3JIMUHBIC JOOABKU U METO/IbL.
Cpeiu CaMbIX PAHHHUX OBbLIN €CTECTBEHHBIC
MaTepHaJIbl TUNA KJes karaya.

B oTninyne OT 60MBIIMHCTBA KJIEEB, karaya JErko
HE PACTBOPSAETCS, HO OH HAOYXAET B KUCJIOTE U
06pa3yeT MAJIEHbKUE PACITYXIITHUE YACTUIIBI TEJI,
KOTOPBIE IPEAOTBPAIIAIOT PA3BUTHE «4EPBOTOYNH»,
(PU3UYECKU OIOKUPYS UX BXOJHBIE OTBEPCTUSA ITOYTH
TAK JK€, KAK TO JIEJIAIOT MIAPUKOBBIE T€PMETHU3ATOPHI
c nepPOPaATMOHHBIMHU OTBEPCTUAMU. Kitert
karaya UCIIOJIb30BAJICS UJIU CaM IO CeO€, MU B
KOMOWHAIINHU C TBEP/BIM CBA3YIOIINM MATEPUATIOM
HAa OCHOBE, HAIIPUMED, KBAPLIEBON MYKU UJIN
PacTBOPUMOH B HE(PTU CMOJIBL B TO BpeMs KaK B
HU3KOTEMIIEPATYPHBIX IPUMEHEHUAX KJIeH karaya
obecnneuynBaeT 3PPEKTUBHBIA KOHTPOJIb 32 YTEYKAMU
KUCJIOTBI, KUCJIOTHBIN TU/IPOJIA3 IEJIAET €ETO
HE3(PEKTUBHBIM IIPU TEMIIEPATYPaX 6oee 52 °C.

Nierode u Kruk (1973) oLieHUBaIU PA3JIMYHBIE
CHMKAIOIUE YTEYKY KUCIOTBI JOOABKH U INIPHUIILIN
K BBIBOJlY, YTO €AUHCTBEHHAA 3(P(PEKTUBHAA
J06aBKa — MIPOAYKT, COCTABJIEHHBIN U3 CMECH
HEPTEPACTBOPUMBIX CMOJL. DTA CMECh COCTOUT U3
JKECTKOT'O MATEPHANa, CICTAHHOI'O U3 OOJIBIINX
YACTHULL, KOTOPBIE COEJUHAIOT OOJIBIINE HOPBHL, 4
TAKKE TUOKOM CMOJIBI, C/ICTAHHOMN U3 MEHBIITHUX
YACTHULL, KOTOPAS 3ATIIOTHAET U U30JIUPYET MECTA
MEIK/Ty OOJBITUMH YaCTUIAMH. XOTS CMECH
3P PEKTUBHO NPEAOTBPAIAIA KUCIOTHYIO YTEUKY,
TPe6OBANACH €€ KOHLIEHTPALNA 24 KI/M? KUCJIOTBL.
BBICOKA51 CTOUMMOCTD OI'PAHUYNIIA KOMMEPYECKOE
HCIIOJIb30BAHHE 3THUX JOOABOK.

Boobe 106aBKH, CHIDKAIOIMINUE YTEYKY
KUCJIOTBL, MHUPOKO HE UCIOIb30BAJINCH U3-32
IKCIUTYaTALUOHHBIX U (PUHAHCOBBIX OI'DAHUYEHUIL.

B pesynbraTe 4acTO UCHOIb30BAINCH IONOIHU-
TEJIbHBbIE METO/IBI KOHTPOJIS yTeueK. Hanbosnee obias
METOJUKA BKJIIOYAET UCIIONb30BAHUE BA3KOU ITPOOKH,
NPEAIMIECTBYIONEH KUCTIOTE.

IIpo6Ka UCTIONB3YETCA JIJIS1 TOT'O, YTOOBI OOPA30BATh
TPEIMHY U OCATUTD (PHUIIBTPYIONTYIO KOPKY, KOTOPAs
OyJeT AEUCTBOBATD KAK 6ApbED /151 KUCTIOTHOU
yTedku. Kpome TOro, npo6Ka UMEET IPYTU€E MTOJIE3HBIE
pyHKUINA. OHA OXJIAKIAET TPYODL, YEPE3 KOTOPHIE
JIOJIKHA T€Yb KUCJIOT4, U BCJIEJCTBUE 3TOT'O CHHUXKAET
KOPPO3HUIO. TaK:Ke OHA OXJIAXKAAET TPEIINHY,

YTO CHUXKAET CKOPOCTD BCTYIJIEHUS KUCTIOTHI B
PEAKIUIO U YBEJIMYUBAET IPOHUKHOBEHHE AKTUBHOI
KUCTIOTEL [IpOOKA YBETMYUBAET NIUPHUHY TPEIIHUHEL,
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YTO TAKXKE YIIYUIIAET IPOHUKHOBEHNE KMUCJIOTHL
JOnOITHNUTEIBHON ITONIB30M ABIAECTCA IIPENATCTBHE
NPOOGKU BAZBKOCTHOMY A3BIKOOOPA30BAHUIO. DTO
YMEHBIIAET IUIOIIA/b IIOBEPXHOCTH, C KOTOPOH
KUCJIOTA CONPHUKACAETCS, U YBEIMYUBAET JJTUHY
TPEINHBI ¥ TPOBOAUMOCTD. ONITUMAJIbHBIN OObEM
JKHUJKOCTH IPOOKU OOBIYHO ONPEAEIAECTCA ITyTEM
MOJIEJIMPOBAHUSA, IIPH KOTOPOM PACCUUTBIBAETCSA
OTHOUIEHUE ITPOAYKTUBHOCTEN (JI0 U ITOCIIE)
06pPabOTKH JIJISI PA3JIMYHBIX OO’bEMOB IIPOOKH. XOTS
OTHOIIEHUE OO'bEMA ITPOOKU K OOBEMY KUCJIOTHI
MOYKET U3MEHATBCSA, OHO OOBIYHO JAEPKUTCA MEKIY
1:1 1 3:1.

JercTBuTeNbHAS CIIOCOOHOCTD IIPOOOK BA3KUX
JKMJIKOCTEMN YIIPABJIATD YTEYKAMH HAXOJUTCA O],
ponpocoM. Mccnegosanusa Nierode u Knik (1973),
Coulter u apyrux (1976), Crowe u apyrux (1987)
MOKA34JIH, YTO OCA/IOK, O6PA30BAHHBIN C IOMOIIBIO
MIPOOKHU, OBICTPO MIPOHMUSBIBAETCS «I€PBOTOYNHAMM»,
06PA3YIOMMMUCS IIPH KUCIOTHOM yTeuke. Kak
TOJIBKO 3TO IIPOU3OUJIET, KUCJIOTHAA yTEYKA
CTAHOBUTCS TAKOU K€, KAK M B TOM CJIy4dde, KOIZid He
UCIIOJIb30BAJIACh HUKAKASA IIPOOKA.

e
— —
T { Cake 1 1
OUIBTPYIONIAs
KOpKa
SR
Kepmn, IIpokauka resns, IIpokauka
06pabOTAHHBIN ITOTOM KHCJIOTBI KHCJIOTBI, TOTOM
KHCJIOTOM (IpOPBIB Yepe3 reJis, HIOTOM
(IPOPBIB Yepe3 20 cek.) KHCJIOTBI
15 cek.) (IpOPBIB YeEpE3
15-20 cek.)

Pucynok 8 — Cxemanadopamoprvix
ucnoimanuii KeprHoe noxasviéaem,

KaK 3an0IHeHHbIN 2enem Kana
npomusocmoum ymeure, 6 mo 6Pema Kax
0CadoK nPocmoii Koprumarodgppexmusen
(no Coulter u op., 1976)

B nocnegnue roasl A1 yIpasiIeHUs KUCJIOTHOU
YTEYKOH UCIIOJIb30BAIACh YCTAHOBKA MHOTOKPATHBIX
MOPITNIL BSI3KOI Tpo6Ku (Coulter u gpyrue, 1976).

B aTOM METOIMKE TPEMMHA IIEPBOHAYATIBHO
CO3/JA€TCs TENE0OPA3ZHOU TPOOKOH, TOCTIE
KOTOPOY CIEAYIOT MONEPEMEHHO KUCIOTHAS U
JIOTIOJTHUTEIbHASI HPOOKU. DTH IONOTHUTEIbHBIC
OPpOOKU Pa3pabOTaHBI JJI TOTO, YTOOBI BOUTHU B
«4€PBOTOYUHBI», CO3/JAHHBIC ITPEIIIECTBYIONICH



KHUCJIOTOH, U U30JIMPOBATh UX. [IpH UCIIO/Ib30BAHUN
MHONEPEMEHHO KUCIOTHI U IPOOOK I'eisd yTEUKa
KUCJIOTBL B «4€EPBOTOYHHDBD U B yBEJIMYEHHBIE
€CTECTBEHHbIE TPEIIUHBI KOHTPOIUPYETCA

U 3PPEKTUBHOCTb OOPAOOTKH yTydIIAETCA.
[TepeMeHHBIE TOPLUU TPOOKH, HCIIOIb3YEMBIE ITPH
3TOU 06PABOTKE, OOBIYHO PABHBI UJIH OOJBIINE, YEM
NPEAMECTBYIOMAS KUCIOTHASI TPOOKA. KOHTPOIb

34 KUCJIOTHOU YTEYKOU C IIOMONIBIO 3TOM METOAUKNU
MOJKET OBITh IPOJIEMOHCTPUPOBAH JTAO0OPATOPHBIMHA
UCHbITAaHUAMU. Ha pUCyHKeE 8 ITIOKA3aH IIOIIEPEYHbBIN
Pa3pe3 TPEX KEPHOB JUAMETPOM 25,4 M U AJTMHOU
152,4 MM, KOTOPBIE OBLIN OABEPTHYTHI UCIIBITAHUAM
H4 YTE€UYKY KMCJIOTBL JIEBBIX KEPH MOACHSAET
PE3YJIBTATHI HEYIIPABIAEMON KUCJIOTHOU YTEUKU;
06pa30BAHNE KAHAJIOB YEPES BECh KEPH ITPOU3OIILIO
OpUOIU3UTENBHO 32 15 ceKyH/I. Yepes3 KEPH B LIEHTPE
CHAYaJIa TPOKAYHUBAJIA IIPOOKY, COCTOAIIYIO U3 BOJBI,
3aI'yIIEHHOM KJIEEM, 4 3aTEM IIPOKAYNBAJIN KHUCIIOTY.
O6pa30BaHNE KAHAJIOB IIPOU3OIIO TOIBKO ITOCIE
20 cexyH/I. B npaBoM KepHE BHa4as1€ 6blJIN CO3/1AHbI
«4€PBOTOYUHDI> ITyTEM HAIHETAHUSA OI PAHUYEHHOI'O
KOJIHUYECTBA KUCJIOTBL, 3aTEM CJIEIOBANIA TPOOKA, 4

34TCM CJICIOBAJIO YIKC OObIIIEE KOTUYECTBO KUCIOTHL

B 3TOM HCITBITAHUH OO6PA30BAHUE KAHATIOB BTOPOH
KHUCJIOTHOU MPOOKOI 6BIO 3aMEJICHO /10 BDEMEHH
oT 15 10 25 MMH, 9TO FOBOPHUT 06 3(P(PEKTUBHOCTHA
3TOU METOAUKH JIJIA YIIPABIECHUA KUCIOTHOM
YTEUYKON. DTA IPOLEAYPA KUCIOTHON O6PAOOTKH,
HCIIOJIb3YIOIAsA HEOJHOKPATHBIE IOIIEPEMEHHBIE
IPOOKU KUCJIOTH U THEPTHBIE IPOOKU, U POKO
UCIIOJIb3YETCS IPU KMCJIOTHOM I'HJIPOPA3PHIBE.

Yr06BI TOMOYB B KOHTPOJIE 34 YTEUKOM, 4ACTO B
IPOOKU JOOABIIAIOT MATEPUAJI U3 MEJIKUX YACTULL,
DTOT TOHKO3EPHUCTBHIN MATEPHUAJI 3ATIOTHACT
U COETMHSAET «4€EPBOTOYHMHBI> U €ECTECTBEHHBIE
TPEUIMHBI U yay4daeT 3PPEKTUBHOCTD AEUCTBUS
JKMJKOCTH. Hanbosee 4acTo B KA4€CTBE TAKOI'O
MATEPUAJIA UCTIOIB3YETCA MIECOK C PA3MEPOM YACTHUL],
100 MK, OOBIYHO JOOABISAEMBIN B KOHLICHTPAIIUNU
ot 120 1o 360 kr/m? (Coulter u ipyrue, 1976). Takxe
HCIIOJIb3YIOTCS MACTIOPACTBOPHUMBIE CMOJIBI U
COJIb C YaCTULIAMU NOJOOHOI KPYITHOCTU. XOTS
MACJIOPACTBOPUMBIE CMOJIBI CTOST 3HAYUTEIBHO
JIOPOXKE, UX NIPEANOUYTUTEIBHO UCIIOIb30BATD,
MOCKOJIBKY OHH UCKJIIOYAIOT YXYIIIEHNE
IPOBOANUMOCTH, KOTOPAsl BO3MOXKHA IIPU
UCIIOJIb30BAHUH B TPEMIUHE MECKA C YACTUIIAMU B
100 Mk. IToTeHanbHble IPOGIEMBL, BO3HUKAIOIIHE
M13-34 OOPATHOI'O MOTOKA IECKA B CTBOJI CKBA’KUHBL,
MIPU 3TOM TAKXKE OKA3BIBAIOTCS YCTPAHEHHBIMU. [1pn
KUCJIOTHOM TUJIPOPA3PBIBE B BOJOHATHETATENBHBIX
CKBaKMHAX MHOTJA UCIIOJIb3YETCS TOHKO3EPHUCTAS
conb (Schriefer m Shaw, 1978). Bo BpeMs Taknx
06PaBbOTOK /1151 TOT'O, YTOOBI HACHITUTD KMCJIOTHBIH
pacTBOP, JOOABIAIOT JOCTATOYHO COIH, YTOOBI
06eCIEYnBATh U30BITOK MATEPUAJIA B BUZIE
4aCTUIL 1P 32601HOM Temmieparype. [Tocue
06pabOTKH JII0OA OCTAIOMAACS COJIb PACTBOPSETCA
34KAa4YUBAEMO BOJOMU.

XOT4 /11 IPUTOTOBJIEHUS TPOOKU resIc0Opa3HON
JKMJIKOCTH MOT'YT UCIIOJIb30BATHCA PA3JIMYHBIE

MOJIMMEPBI, TO-BUIUMOMY, KJIEH guar ABIAETCA
Haunbosee 00IUM. MOTr'yT UCHIOIb30BATHCS KAK
BBICOKOBA3KHE IIEPEKPECTHO-CIIUTHIE I'EJIN, TAK U
MAaJIOBA3KME JIMHENHBIE I'e/In. [TepeKpeCcTHO-CIIUThIE
reJIi OOBIYHO O0JIEE TTPEATIOUTHUTENBHBIL, IIOCKOJIBKY
OHU UMEIOT IPEUMYIIECTBO B BUJE CO3JjaHUSA Hoee
IMMUPOKUX TPEIMUH. /1711 IPUTOTOBJIEHUA TAKUX
resieit B pacTBop guar ot 4,8 10 9,6 K1/M? 0GABIISIIOT
MEPEKPECTHOCHIUBATEb TUIA IIUPKOHUS, TUTAHA
unu 60para. CHHTETUUECKHUE PACTBOPHUMBIE B BOJIE
HOJIMMEPBI TUITA TPOU3BOIHBIX LEJITIONIO3bI U
CBIPBSI HA OCHOBE MOJTUAKPHUIAMUA TAKKE MOT'YT
UCIIOJIb30BAThCS IS TOATOTOBKY rejisg. Guar u
MPOU3BOAHBIE LIEJUIIOIO3bI OOBIYHO PEKOMEHYIOTCS
pu TEMIIEPATYPaAX 10 93 °C. MOr'yT TaKXKe IIpU
06pabOTKAX UCIIOIb30BATHCS B XKUJAKOCTAX IIPOOOK
HEKOTOPBIE CONOIUMEPDI HA AKPUJIAMH/JHOM OCHOBE
TOT'O 2K€ TUIA, KOTOPBIA OOBIYHO UCIIONb3YETCS AJI
TOT'O, YTOOBI 3AT'yCTUTb KUCIOTY. DTH 3aI'yCTUTEIN
UMEIOT XOPOIIYIO KUCTOTHYIO U TEMIIEPATYPHYIO
YCTOMYUBOCTb U OCOOEHHO MOJIE3HBI B )KU/IKOCTIX
OPOOOK JJI1 UICIIOIB30BAHUA IIPH TEMIIEPATYPAX
Bole 93 °C.

IToTepu KUCIOTHOTO (PIIONIA MOTYT OBITh
YMEHBIIEHBI TAKXKE 3ATYIIEHUEM KUCJIOTBL DTOT
METOJ] YIIPABJIEHHUA CTAJI IUPOKO NPAKTUKYEMBIM
6arofaps pa3padoTke 601e€ KUCIOTOYCTOMYUBBIX
saryctuaresier. O6bIYHO 3aT'yCTUTENIH BKIIIOYAIOT
OHMONOIUMEDPBDI, PA3/IMYHBIE AKPUIAMHU/THBIE
COIIOJIMMEPHI M HEKOTOPBIE ITAB, KOTOpBIE 3aIyIIAIOT
KUCJIOTY ITyTEM MULIEJIIAPHOM ACCOLTUAIINU.

IIpoABIAATE OCTOPOXHOCTD IIPU BEIOODE
rejieo6pasyiomero areHTa. OH JOJIKEH ObITh
JIOCTATOYHO YCTOUYUBBIM [IJI1 TOT'O, YTOORI
MO3BOJIATH 3AT'yIIEHHOM KHUCJIOTE COXPAHATD
BSI3KOCTD IIPH TEMIIEPATYPE OOPAOOTKU. OOBIYHO
3Ta TEMIIEPATYPA HE PABHA 3A00MHON TEMIIEPATYPE,
MOTOMY YTO OXJIAK/IEHUE TPEMUHBI IPUBOJUT
3Ty TEMIIEPATYPY K 6071€€ HUZKOMY YPOBHIO.

Kpome Toro, npu HArHETAHUH B ITACT KUCJIOTA
pacxonyeTcs ObICTPO, ¥ 3TO IPUBOAUT K O0JIEE
MEJIJIEHHOMY PaCHaly HOJIUMEPA, YEM TOT, KOTOPBIH
Ha6JIIOAAETCS B 1A60PATOPUH IIPU UCIIOIb30BAHUN
CBEKMX KUCJIOTHBIX PACTBOPOB. [Ipyroe BaxxHOe
COOOPAKEHUE — COCTOAHUE ITPOPEATUPOBABIIEN
KHCJIOTHL EC/IN BA3KOCTD IPOPEATUPOBABIIEH
KUCJIOTBI CJIMIIKOM BBICOKA HJIU €CJIM IOJIMMEDP
pacnagaeTcsa ¢ 06Pa30BAHUEM HEPACTBOPHUMBIX
NPOAYKTOB PEAKIIUH, TO MOKET UMETh MECTO
ME/UIEHHAA OYUCTKA MU (PAKTUYECKAS 3AKYTIOPKA
CKBaXXUHBL [Iponie1ypsl 718 OLIEHKU 3aI'yCTUTEJIEN
KHCJIOTBI U IPEUMYILECTB U OTPAHUYECHUH
PAa3JIMYHBIX MATEPHUAJIOB ObLIIN OITHCAHbI CTOWE U
apyrumu (1981). Guar 1 3aryCTUTENIM HA OCHOBE
LIEJUTIONI03bI UMEIOT HEAOCTATOUHYIO CTAOWIBHOCTD
IIPU UCTIOTB30BAHUU B KUCTIOTE IIPH TEMIIEPATYPAX
BoIIe 52 °C. KcaHTaHHbBIE OMOIIOIUMEPBI MOKHO
UCIOJIb30BATH IIPU TEMIIEPATYPaX 10 93 °C; ipu
00J1€€ BBICOKUX TEMIIEPATYPAX OOBIYHO UCIIOIB3YIOT
AKPUIAMU/IHBIE COTIOIUMEPBL XOTS HEKOTOPBIE
AKPUJIAMUIHBIE COIIOJIMMEPDI YCTOMYUBbI IIPU
BBICOKMX TEMIIEPATYPAX U HE OOPA30BBIBAIOT
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HEPACTBOPUMBIX IPOJYKTOB PEAKIIUH,
AKPUIAMUIHBIE TOMOIIOIUMEPDI HE JJOTIKHBI
HCIIOJIb30BAThCS KAK KUCJIOTHBIE 3aT'YCTUTEIH IIPU
TeMIiepaTypax Beiiie 66 °C. BbIIlie 3TOM TeMITePaTyPhI
OHU OBICTPO I'UJIPOIU3YIOTCS, OOBEAUHAIOTCS C
KaJIBIIUEM M OOPA3YIOT HEPACTBOPUMBII OCAJJOK
TOCJIE PEATUPOBAHUA BCEN KUCIOTDL

BpL1 pa3paboTaH LENbI Pl IEPEKPECTHO-
CIIMTBIX 3aI'YCTUTEJIEN KUCIOTHL DTH CUCTEMBI
HCIIOJIb3YIOT PA3JIUYHBIE 3aT YIIAIOMUE KUCIOTY
Ar€HTBI — KAK MHOT'OBAJIEHTHBIE METAJIJINYECKHUE
HMIOHBI, TAK U JIbJIETU/IBI B KAYECTBE IEPEKPECTHBIX
cimBartesnei. Boooie, nonepeuyHo-CIINTHIE KMCIOThI
4YBCTBUTEBHBI K C/IBUT'Y U OOBIYHO HECTAOMIIbHBI
MIPU NIOBBIIIEHHBIX TEMITEPATypax. [Tpobiemort
TAKIKE ABJIAETCA PA3PYLIEHUE NTOIEPEYHO-CIIUTOIO
reJis B IPOpearupoBaBUIed KUCI0TE. YacTo
TPEOBYETCH, UTOOBI T'€JIb OBLI PA3PYIIEH ITOCIE
TOT'O, KAK KMCJIOTA IIPOPEATUPOBATIA, 1 OOBIYHO
NPEACTABIAIOTCA JAHHBIE, TOKA3BIBAIOMIUE ITIOTEPIO
BA3KOCTHU JEUCTBYIONEH KUCIOTBI CO BDEMEHEM.
OIHAKO HA IPAKTUKE KHUCJIOTA PEATUPYET OBICTPO U
HE OCTAETCA JOCTATOYHOI'O KOJIMYECTBA AKTUBHOM
KUCJIOTBL, CIIOCOOHON PA3JIOXKUTB ouMep. M3-3a
CBO€I OYEHD BBICOKOM BA3KOCTH IIONIEPEYHO-CIIUTHIE
CHUCTEMBI IIPEJCTABIIAIOT OOJBIINI PUCK HAPYIIEHUA
IKCIUTYaTAIIUOHHBIX KAYECTB IVIACTA ¥ [IO3TOMY HE
HAIIJIA ITUPOKOT'O IPUMEHEHMUSL.

HeKkoTOpbI€ TOBEPXHOCTHO-AKTUBHBIE BEIIECTBA
TAKKE MOT'YT UCIIOJIb30BATbCA KAK 3aT'yCTUTEIN
JUId reneobpasyronmux KucaoT (Norman, 1978;
Kubala, 1986). DT res1e06pasyIoiinue areHTbl
3arymaloT KUCIOTY, 06pa3ysl MULIEJUIBL, KOTOPBIE
ACCOILIMUPYIOTCA B T€JI€00PA3HBIE CTPYKTYPhI
U, CJIETOBATENIBHO, BEAYT CEOS OUEHD ITOXOXKE HA
NOoNMMeEPBL [ele06pasHble KUCIOTHI 3TOI'O TUIIA
COBEPIIEHHO YCTONYUBBI K CAABUT'Y, [IOCKOJIBKY
MUIIEJUISIPHBIE LIETTU OBICTPO MIPEOOPA3ZOBBIBAIOT
3TOT CABUT. [Ipyroe NpeUMyIeCTBO IOBEPXHOCTHO-
AKTUBHBIX 3AT'YCTUTEJIEN — MaJIas BABKOCTD
MIPOPEATUPOBABIIEA KUCIOTBL DTU KUCIOTHBIE
3aryCTHUTENIN OOBIYHO Pa3pabaThIBAIOTCS TAKUMU,
4TOOBI OOECIICYUTD 3HAYUTEIIbHYIO BA3KOCTD
AKTUBHOU KHCJIOTBI, HO YMEHDIIATD 3TY BA3KOCTD I10
MEPE PEArUPOBAHUS. DTO IIPOUCXOIUT B PE3YJIBTATE
pacmaja MULIEJUIAPHON ACCOLIUALIY, BBI3BAHHOU
N3MCHCHUAMHU B MOHHOM Opr)KCHI/II/I, CBA3AHHBIMU C
YBCIINYCHUCM KOHL[CHTpﬂI_H/II/I HpO,/IyKTOB pCaKLII/II/I,
O6PA3YIOIIUXCA 10 MEPE PEATUPOBAHUS KUCIOTHI.
DTa IOHUKEHHAS BA3KOCTDb IIPOPEATUPOBABIIECH
KHCJIOTBI [IOMOT'A€T IIPH YAAJIECHUU KUJKOCTEN
06pabOTKM OCIIE 3aBEPIIEHUA OOPA6OTKU. OJHAKO
3TO CBOVICTBO TAKXKE MOXKET CTATb HEJOCTATKOM.
TToTeps KUCIOTHOTO (DJIIONU/IA CUIBHO 3aBUCUT OT
BA3KOCTH YTEKAIONIEH MPOPEATNPOBABIICH KUCIOTHL.
B pesysprare noTepst KUCIOTHL, 3aI'YIIEHHON
MMOBEPXHOCTHO-AKTUBHBIMH 3aT'YCTUTE/ISIMH,
KOTOPBIE PACHA/JAI0TCS B IPOIIECCE PEATNPOBAHU A
KHCJIOTBI, HE3HAYUTEIBHO OTIMYACTCS OT
TAKOBOM /IJIS1 HE3AT'yIIICHHOM KHUC/IOTHL TOJIBKO TE
reseo6pasHbIe KMCJIOTHI, KOTOPBIE COXPAHSIOT
CBOIO BA3KOCTB BO BPEMSI YTEUKH, CIIOCOOHBI
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obecrnednTb 3PPEKTUBHBIN KOHTPOJID 34 YTEYKOH.
JpyruM HEJOCTATKOM 3TOT'O 3aT'yCTUTEIIS SIBIISETCS
OT'PAaHHUYECHHBIN HHTEPBAJI TEMIIEPATYP, B KOTOPOM
OH MOJKET UCTIONB30BATHCA. XOTA caM ITAB ycToinuus
B KHCJIOTE, HO IIPH TEMIIEPATYPE Bbitie 66 °C OH
06€CTIEYNBAET JIUIIb HEOOJIBIIOE YBEIUUECHHUE
BSIBKOCTU. BBICOKME TEMIIEPATYPHI PA3PBIBAIOT
MUILEJUIIPHYIO ACCOLIHUAITUIO, OTBETCTBEHHYIO
32 BAIBKOCTb KMCJIOTBL

Nierode u Kruk (1973) npeacTaBuIn JaHHBIE,
MOKA3bIBAIOIINE, YTO KUCIOTHAS BHEIIHSAS SMY/IbCHUS,
cocTosas u3 He(PTAHOM BHYTPEHHEN (Pas3bl U
3aryIieHHON KUC/IOTHI B KA4E€CTBE BHENTHEN (DA3BI,
06€eCTIeYnBaAET XOPOUIUH KOHTPOJIb 34 YTEYKOM.
CocCTaB 3TOM 3MYJIbCUU PACIIUPEH BBEACHUEM
JIOTIOJIHUTEIBHBIX I06ABOK, CHUKAIOIUX YTEUKY.
CaMBbIi1 60JIBIION HEAOCTATOK 3TUX IMYJIBCUN —
OOBIION OObEM HEPTH, TPEOYEMOM /IS UX
IPUTOTOBJICHUS. HEPTH CHIKAET KOJIMYECTBO
KUCJIOTBL, HOABOAUMON IS PA3bENAHUSA TPEIIUHBI,
U 3TO MOXKET OIPAHUYUTD IPOBOAUMOCTD TPEIUHBI
U, CJIEIOBATENIBHO, CHU3UTD 3(PPEKT OT OOPAOOTKHU
(OTHOLIEHME ITPOAYKTUBHOCTEL). [I0 CUX ITOP
UCIOJIb30BAHUE 3TUX KUCJIOTHBIX BHEITHUX
3MYJIbCUI IIPU OOPAOOTKE CKBAXKUHBI OBLIO
JIOBOJIBHO OTPAaHUYEHHBIM.

Vcr1O/Ib30BaHUE NEHAMEUCA KUCIOTHI — OJIMH
13 Hanuboee 3PPEKTUBHBIX METOJOB YIIPABJICHUS
YTEUKAMH KHMCJIOTBL Scherubel 1 Crowe u ipyrue
(1978), ®opna (1980) nokazaiu, 4TO NEHAIUECT
KUCJIOTBI O6ECTIEYUBAIOT IPEBOCXOTHBIN
KOHTPOJIb 3d YTEYKOUN. DTOT KOHTPOJIb MOXET
OBITB €111 60JIEE PACITUPEH ITPU ITIOMOIIU BA3KOU
NPOOKH, IPEAMIECTBYIOMIEH NEHAMENCA KUCIOTE.
OIHAKO BBICOKA CTOUMMOCTD KUCJIOTBI CHUXKAET
3P HEKTUBHOE KOJIUYECTBO KUCIOTHI, HOCTYHAIOMIECH
JUIA PA3bENAHUSA, IOCKOIBKY B 9TOM CIIy4a€ UMEETCS
MEHBIIIEE KOJIMYECTBO KUCIOTHI, NPUXOAAIIEUCA HA
€IMHUILY HATHETAEMOT'O OO’beMa. B pesynbrare 11
TOT'O, YTOOBI JOBECTHU IO MAKCUMYM4 KOJIMYECTBO
KUCJIOTBL, UYIIEH HA PA3bEeJAHUE TPEIIUHBI,
MIPU ITOATOTOBKE NEHAMENCA KUCJIOTHI IOJIKHA
UCHONb30BaATHCA 28%-a HCL

HeobxoauMOCTb CHU3UTB CKOPOCTb PEAKITUU
KUCJIOTBI JJI1 TOT'O, YTOOBI JOCTUYb YBEJIMIYEHHOH
OPOTAKEHHOCTU TPEMIHUHBI, HACTO PACCMATPUBAETCS
KaK Ba)KHas Ipo6eMa. B ToO BpeMs Kak /1/151 CKBAXKUH
C HU3KMMU U YMEPEHHBIMH TEMIIEPATYPAMH HEACHO,
HEOOXOAMMO JIM 3aTOPMAKUBATH PEAKITUIO KUCIOTHI
JUIS1 BBICOKUX TEMIIEPATYP HO, HO-BUIUMOMY, 3TO
BBITO/IHO. Nierode u Kruk (1973) onieHunay, 4To
paccTogHue, HAa KOTOPOE IIPOHUKAET KUCIOTA,
JIMMHUTHUPYETCA YPEZMEPHON CKOPOCTHIO PEAKITHH,
€CJIM TEMIIEPATYPA NOPO/IBI B CKBA’KUHE BBIIIIE, YEM
npubausnTeabHo 121 °C. Huxe 3TOH TeMIIEpaTyPhl
JIMMUTUPYIOIIUM (PAKTOPOM SIBIISIETCS,
O-BUJIUMOMY, YT€YKA KMCJIOTBL

Jpyrue MaTeMaTUYECKUE MOJIEN TAKXKE



MOKA3BIBAIOT, YTO IIPU OOECTIEYEHU N
HE3HAYUTEIBHOCTH YTEYKH AKTUBHAS KUCJIOTA
CIIOCOOHA MPOHUKATD HA 3HAYUTEJIBHOE PACCTOSHHE,
NpeXJe 4eM IPOPEATUPYET NOTHOCTDIO, AAXKE IIPU
Temneparypax 1o 177 °C (Ren Shu-guan Xiong
Hong-jie, 1986).

J17151 yIIpaBIIEHUA CKOPOCTBIO PEAKIIUU KUCIOTHI
OBIIM PA3paOOTAHBI PA3IMYHBIE MATEPHUAIBI 1
TEXHOJIOIUH 0OpaboTKU. OJJUH U3 HAUOOJIEE
OBIIMX METOJIOB YBETUUYEHU A IPOHUKHOBEHU A
AKTHUBHOU KHCJIOTHI BKJIIOYAET HATHETAHUE
BSI3KOM HEPEAKITMOHHOCIIOCOOHOM IPOOKU NEPE]
HAIHETAHHUEM KHUCJIOTHL DTa IPOOKA CHUKAET
CKOPOCTb PEAKIINY KUCJIOTDI, YBEJIMUUBAS ITUPUHY
TPEMWHBI U OXJIAK/1as €€ CTEHKU. Kpome Toro,
NPHUCYTCTBHE B TPEMUHE OOJIEE BASKUX JKUIKOCTEN
NPENOTBPAIIAET BASKOCTHOE OOPA30BAHUE A3BIKOB
KUCJIOTBL, YTO YMEHBIIAET BEIMYUHY O BEPrAEMON
BO3JEHCTBHIO IJIOMAN IOBEPXHOCTH, HA KOTOPYIO
KUCJIOTA IEUCTBYET. B pe3ynbTaTe JaHHBIA OObEM
KHCJIOTBHI CHIOCOOEH TPOHUKHYTh HA HAMHOT'O
OOJbIIIEE PACCTOAHME, IOTOMY YTO 3TOT OObEM
MOYKET COCTABJIATD JIUIIb TPUOIUZUTEIBHO OT
40% no 50% o6'peMa TPEMMUHBL. DTO BBIBOPOYHOE
06pPA30BAHME AZBIKOB UMEET TEHECHIINIO TAKXKE
YBENINYHUBATH 3(PHEKTUBHYIO IPOBOJIUMOCTD
Pa3beJEHHOU TPEIIMHDL

WHrubuTOps! TUNA AJIKUICYIB(OHATOB,
AnKWIpocdaToOB WX AJTIKUJIAMHUHOB IIPU
JOGABJIEHNH K KUCJIOTE CHUKAIOT CKOPOCTDb PEAKIINH,
06pasys ruZipodPOOHBIE IIJIEHKU HA TIOBEPXHOCTIAX
Kap6bOHATA C 3aIHUTHBIM CJIOEM, KOTOPBIE IEHCTBYIOT
K4K 0apbep, 3aMeAIAION U KUCJIOTHOE PACTBOPEHUE.
ODTU UTHI'UOUTOPHI (PYHKIIUOHUPYIOT [IOYTH TAKHUM
JKE CIIOCOOOM, KOTOPBIM UHI'MOUTOPBI KUCIIOTHOM
KOPPO3HUHU 3ALUIIAIOT CTAJIbHBIE [IOBEPXHOCTH.

HexoTopele Ipyryue KUCJIOTHBIE MHTUOUTOPBI
3AMEAJIAIOT CKOPOCTDb PEAKIIUHN ITyTEM 3AITUTHI
MMOBEPXHOCTU KAPOOHATA TOHKHM CJIOEM U3 IIEHEI
JUOKCH/1A yIiiepoad. [TOCKOIBKY KOJIMYECTBO
JUOKCH/IA YIJIEPO/A, OOPA3YEMOT'O B IIPOLIECCE
peArnpoBaAHUS KUCIOTDI, GOJIBIIE TOIO KOJIUYECTBA,
KOTOPOE MOXET PACTBOPUTHCA B OTPAOOTAHHON
KHUCJIOTE, TO OOPA3YETCSI A3000PA3HBIN JUOKCH/
yIIEpod. B IpuCyTCTBUM IEHOOOPA30BATEIICIH HA
IMOBEPXHOCTSX KAPOOHATA PA3BUBACTCS YCTOMYUBBIN
CJIOU IIEHBI, KOTOPBIH CITYKUT 6apbEPOM,
3aMEJIITIONTUM KHCJIOTHOE pacTBOpeHue. Crowe 1
apyrue (1988) npeacTaBuiu JAHHBIE, TOKA3bIBAIOIIHE
3(PPEKTUBHOCTL OOOUX TUIIOB UHTMOUTOPOB B
TEKYIIMX YCJIIOBHUAX U IIPU TeMIeparypax 10 139 °C.

3aMe/IJIEHHBIE KUCIOTHI IOJIKHBI BCETTA
OLICHUBATBCS B YCIIOBUSIX, MOJICTTHUPYIOUIUX YCIIOBUS,
CYIIECTBYIOUIUE B IIJ1ACTE. I3MEPEHUE CTATUYECKUX
CKOPOCTEN PEAKIIUHU IIPU ATMOC(PEPHOM JIABJICHHUH,
KaK IPaBUJIO, HE UMEET CMBIC/IA. ODMYIbIUPOBAHUE
TAKXKE OOBIYHO UCIIOJIb3YETCS KAK CPEJICTBO
3aMEJIJIEHUS PEAKIIUU. DMYIbCUN OOBIYHO
NPUTOTABINBAIOTCS C UCIIOIb30BAHUEM KEPOCUHA
WJIM IM3TOIINBA B KAYECTBE HEPTAHOM (ha3bl U
COJIAHOM KMCJIOTHI KaK BOAHOU (a3bl. MCIONIb3YIOTCA
3MYJILCHUU C BHEIIHEN (PA30M B BUJIE KAK HEPTH,

TAaK U KUCJOTHL. Hanbosee O61UMU SIBIISTIOTCS
3MYJIbCUM C HEPTAHOU BHENTHEN (PA3OI, TIOTOMY
4TO BHENHAA HePTAHAA (pa3a PUIUYECKU OTAETAET
KUCJIOTY OT aKTUBHPOBAHHOM OBEPXHOCTU
KkapOoHaTa. CKOPOCTb PEAKIINU KUCTOTBI

MOKET OBITh AAJIEE 3AMEJIEHA IOBEPXHOCTHO-
AKTHUBHBIMH UHTHOUTOPAMHU, KOTOPBIE IIPEBPAIIAIOT
MOBEPXHOCTU KAPOOHATA B CMAYNBAEMBbIE HEPTBHIO.
KoM6uHaIus 3MyAbrMPOBAHUS U HEPTIHOTO
CMAaYUBAHUS, OOECIIEYEHHOI'O C IOMOMIBIO

ITAB, CHMXKA€ET CKOPOCTD PEAKIIUH KUCIOTHI JJO
YPE3BBIYANHO HU3KOI'O YPOBHS. DTHU 3MYJIbCUU
IIOKA3bIBAIOT XOPOIIEE 3AMEJICHUE IIPHU CTATUYECKUX
YCJIOBUSIX U B YCJIOBUSIX TEYECHUS.

BA3KOCTb SMYJIBI'MPOBAHHOM KHCJIOTHI B
3HAYUTETBHON CTENIEHU ONPENEIAETCA JONE 06beMa
U BA3KOCTBIO BHEITHEH (ha3bl [IprMEHABIINECS
paHee 3MYJIbCUU C BHENTHEN HEDTAHOM (PA30H
OBLIH OOBIYHO OYEHD BA3KUE; IPU UX ITOATOTOBKE
UCHOJIb30BAJIOCH TOJIBKO OT 10% 10 15% Hedru.

DTO NPUBOAMIIO K OYEHB BBICOKUM OTEPSIM
JIABJIEHMS HA TDEHUE BO BPEMS HATHETAHUSL.
BONBIIMHCTBO UCHOIb3YEMBIX B HACTOSIIEE

BPEMS KUCJIOTHBIX SMYJIbCUI IPUTOTOBIIAECTCSA
OpUOIU3UTENBHO C 30% HedTH. [ToTepu AaBICHUA
Ha TPEHUE /IS STUX AMY/IbCUH MTOYTH TAKUE XKE, KAK
U U1 HE(PTU, UCTIONIb3YEMOM JIISI UX TOJATOTOBKH.
DMYIBCUU C BHEMTHEN KUCTOTHOM (PA30I, XOTS OHU
HE IPUMEHSIIOTCS MUPOKO, TAKKE NPUTOHBI JIJIS
KUCJIOTHOT'O TU/IPOPA3PHIBA. DTU IMYIbCUH, KOTOPBIE
OOBIYHO NPUT'OTABIUBAIOT C UCTIOJIb30BAHHUEM
BSI3KOU KUCJIOTHOI BHEIMIHEN (PA3bl, HOKA3BIBAIOT
YMEHBIIEHHYIO CKOPOCTDb PEAKIIUH U HU3KYIO YTEUKY
xucnotel (Nierode u Kruk, 1973).

MHOra B KA4ECTBE 3aMEAJIEHHBIX KUCJIOT
UCIIOJIb3YIOTCA YKCYCHASI U MypaBbUHAA. OHU
TAKKE UCIIOJIb3YIOTCA U B CMECAX C CONITHON
KUCJIOTOH. DTHU C1a60 HOHU3UPYIOIMTUEC KUCIOTHI
pEeArnpyoT HAMHOI'O MEJIJIEHHEE, YEM COJITHASA
KUCJIOTA, JAXKE IIPU OYEHD BBICOKUX TEMIIEPATYPAX.
OpHako OHU MeHee 3(PPEKTUBHBI B CMBICJIE UX
CIIOCOOGHOCTHU PACTBOPATH KAPOOHATHIL, IOCKOJIBKY
MOCJIE PEAKIIUN B TEUEHUE JJINTEIBHBIX [IEPUOIOB
BPEMEHHM OCTAIOTCSA OOJIBIINE KOTUYECTBA
HENIPOPEAruPOBABIIEH KMCJIOTEL Smith u fpyrue
(1970) u Chatelaine n apyrue (1970) nokasanu,
4TO CJ1a60 MIOHU3UPOBAHHBIE KUCTIOTHI HE
pEArnupyIoT 10 KOHIIA, IOCKOJIbKY YCTAHABIUBAETCA
PaBHOBECHE MEK/Y OPIraHUYECKUMU KUCIIOTAMU
U UX IIPOAYKTAMHU PEAKIUN. X TOTTOMTHUTETbHBIA
HENOCTATOK — 3TO YBEJIMYEHHBIN pacxon. OHU
UMEIOT 60BN MOJIEKY/ISIPHBIH BEC, YEM
COJIIHAA KMCJIOTA, Y IIOJIHOCTBIO HE PACXOAYIOTCH,
CJIEIOBATEJIBHO, UX CTOUMOCTD HA €ITUHUILY
PACTBOPSIIONIEH CIIOCOOHOCTHU HAMHOI'O OOJIBIIE.
OnHAKO OHU UMEIOT OIPEZEIEHHBIE IIPEUMYINECTBA
B HEKOTOPBIX ITPHUJIOKEHUAX. Bylydn eCTECTBEHHO
M€EHeE KOPPO3MOHHO-AKTUBHBIMH, OHU MOTYT
OBbITb UHI'MOMPOBAHBI IIPU BBICOKHX TEMIIEPATYPAX
B TEYEHUE JUIUTEJBHBIX IIEPHUOJIOB BDEMEHU.

DTO NPHUBEJIO K UX UCTIOb30BAHHUIO B KAYECTBE
nepOpaLMOHHBIX XKUAKOCTEN. MTHIMONPOBAHHAS
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YKCYCHas KUCJIOTA TAKXKE MOKET UCIIONIb30BAThCS I
yAAIEHUS NUIAMA B IPUCYTCTBUU XPOMUPOBAHUSL.
ITpu 106aBIEHUN K THTUOUPOBAHHON COJITHON
KUCJIOTE HEOOBIIOTO KOJIMYECTBA MyPaBbUHON
KUCJIOTBI HOCJIEHSS MOXKET CJIYKUTD B KAYECTBE
THOMOIIIY UHTUOUTOPY U CHHKATH COJISIHO-
KHCJIOTHYIO KOPPO3HUIO.

l'eneo6pasHble KUCIOTHI YACTO UCTIONb3YIOTCS
B KUCJIOTHBIX THJIPOPA3PHIBAX U CYUTAIOTCS
3aMeIVIEHHBIMU. OOBIYHO TOJIATAIOT, YTO
YBEJIUUECHUE BA3KOCTH KMCJIOThI CHUKACT
CKOPOCTb MACCONEPEIAYN HA CTEHKE TPEIIHUHBI
U TAKUM OOPA30M CHUIKAET CKOPOCTh PEAKIUU.

B IeriCTBUTENIBHOCTH JKE BEJTMYNHA 3AME/IJIEHNS,
KOTOPYIO O6ECIIEUNBACT OBBIIIICHHAS B3KOCTh
KHUCJIOTBL, MOKET ObITh MAJICHBKOMH, U 3AT'YIIICHHUE
KHUCJIOTBI MOXKET (PAKTUYECKU YBEITUYUTh CKOPOCTh
PEAKIINN KUCIOTHI B YCIOBUSIX TEUYCHUS. DTO
OOHAPYKUBAETCS IPU UCCIECIOBAHUU JAHHBIX,
npeacrasiacHHbIX Gdanski u Norman (1983) u Crowe
uap. (1988).

B Tabnuue 1 npeacTaBieHO CPABHEHNE
(PAKTUYECKUX XAPAKTEPUCTUK PEAKIIUY,
U3MEPEHHBIX B YCJIOBUSIX TEUCHUS, 111
HE3AT'YIIEHHON KHUCIOTHI U 11 KUCJIOTHI, CI'YIIIEHHOM
C TIOMOIIIBIO TTOMUMepPOB 1inn [TAB. O tu fannbie
TOKA3bIBAIOT, YTO B OTCYTCTBHE YTEUKH YBEIUYCHUE
BSI3KOCTU KUCJIOTBI OOBIYHO YCKOPSIET PEAKIIHIO.
DTOT (PAKT HECKOJIBKO YUBJISIET, HO OH, BO3MOYKHO,
SIBJISIETCS PE3YJIBTATOM YIAJIEHUS IIPOJYKTOB
PEAKIIMH C IIOBEPXHOCTH U3BECTHSIKA OOJIee
BA3KOM KHCJIOTOM. B CPABHUTEIbHBIX UCIIBITAHUAX,
CJICJIAHHBIX B YCJIOBUSAX, MOAECTUPYIOIUX YTECUKY
KHCJIOTBI YEPE3 NNOBEPXHOCTh TPEIHUHBI, CKOPOCTh
peaKy 6blJIa YMEHBIIICHA 34 CYET 3aI'yI]AIOIETO
AT€HTA, OCAXK/IAIOMIEI'O KOPKY Ha [IOBEPXHOCTH
U3BECTHSKA.

BcrnieHMBaHNUE KUCIOTHI TAKXKE OBLIIO IIPEIJIOXKEHO
K4K METO/ 3aMeiIeHUsI peakuu. OO6bIYHO
IIPEAIIOIATAETCS, YTO PE3YJIBTUPYIONAs 6oiee
BBICOKA51 BABKOCTb BCIIECHEHHO KHUCIOTBI 3AMEJISET
MAaCCOOOMEH U YMEHBIIAET CKOPOCTh PEAKIIHN
KUCJIOTBI. OJIHAKO JAHHBIE, IO TBEP)KJAIOIINE 3TO
IIPEATIOJIOKEHUE, JOBOJIBHO OrpaHUYeHbl. Holcomb
(1977) npeaCTaByil JAHHBIE, TOATBEPXK A0 NE
XOPOILIEE 3AMEIJICHUE JIJIS [ICHSAECHCS KUCIOTHI.
OJIHAKO YCJIOBHUS €0 UCITbITAHNI ObLJIN HE BIIOJIHE
O61M3KU K peanbHOCTH. Scherubel u Crowe (1978)

u ®opx (1980) TakKe UCCIeSOBAIN IIEHAIUECS
KHUCJIOTBI, HO OHH IIPEK/E BCEI'O CKOHLICHTPUPOBAIU
BHUMA4HME HA UCCIEJJOBAHUU XAPAKTEPUCTHK YTCUCK.
Dop HAGJIIOAAIL, YTO B OIIBITAX 110 PA3bEJAHUIO
TPELMHBI OOJIBIIECE KOJIUYECTBO MATEPUAJIA KEPHA
OBLIIO PACTBOPEHO IEHSIIENCS, 4 HE OOBIYHOIM
KHCJIOTOU. DTO IPOTUBOPEYUT PAHEE YIIOMAHYTHIM
uccnenosanusaM Holcomb. B ¢Bg3u ¢ HEJOCTATKOM
HAJICKHBIX JJAHHBIX OTHOCUTEIBHO CKOPOCTH
PEAKIINHN NEHANINXCS KUCIOT, HE SICHO, OOECIIEYNBACT
JIV IEHATIASICST KUCJIOTA OYEHBb 6OJIBIIIOE
JENUCTBUTEIBHOE 3aMeIJICHHE. B 1I060M ciiydae
pas36aBIeHUE KUCTOTHI OOJIBIIUM KOJTUYECTBOM

ra3a, TpebyeMBbIM JIJIsl TOT'O, YTOOBI CO3/1aTh
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YCTOMYHBYIO IIEHY, IO-BUAUMOMY, aHHYJIUDYET
J060€ MIPEUMYIIECTBO 60J1e€ HU3KOHM CKOPOCTH
peaxuu. [lepBUYHBIC IPEUMYIIECTBA IEHAIIECHCS
KHCJIOTBI — OYEBUHO HU3KHE YTCUKH U YIy4IICHHBIC
XAPAKTEPUCTUKU OYHUCTKU.

J17151 TOrO 4TO6B! KUCJIOTHBIN I'H/IPOPA3PHIB OBLIT
3(pPEKTUBHBIM, CTEHKU TPEIINHBI, IO/IBEPTra€MbIE
BO3/JICVICTBUIO KUCJIOTBL, JOJIKHBI OBITh PA3bEICHBI
JIOCTATOYHO, YTOOBI ITOCJIE OOPAO6OTKU OCTAIUCH
OPOBOAALINE KaHAJIBL Ha IPOBOANMMOCTB
Pa3beICHHON TPEINUHBI BIUAET KOJIUYECTBO
PACTBOPEHHOI'O MATEPHUAJIA U TO, KAK ITOT MATEPUAT
yaaneH. EC/ii CTEHKU TPEMUHEBL PA3beIaI0TCS
PaBHOMEPHO, IPOBOANMOCTB IMOCJIE TOT'O, KAK
TPEIMNHA COMKHETCS, O4€Hb HU3K4. K C4acThIO, pAs
(PaKTOPOB BBI3BIBAET HEPABHOMEPHOE PA3bEJAHUE
CTEHOK TPEIMNH. BOIBITHHCTBO NPOAYKTUBHBIX
IUTACTOB COAEPKUT PA3TUYHBIE MUHEPAJIBL Tak
KaK KHCJIOTA PEATUPYET C PA3HBIMU MUHEPATIAMU
C PA3JIMYHBIMU CKOPOCTSIMU, B PE3YIBTATE
pas3belaHUE MOIYIAETCI HEPABHOMEPHBIM. Kpome
TOT'0, HA CKOPOCTb PEAKIIUU KHUCJIOTHI 3HAYUTEIBHO
BJIMAET CKOPOCTDb IOTOKA KUCIOTHL [1pH BEICOKMX
CKOPOCTAX IOTOKA CKOPOCTD PEAKIIUH BBIIIE
U YAANAETCS OOJbIIEE KOTUMYECTBO MATEPHUATIA;
MEHBIIIEE KOJIMYECTBO MUHEPAJIA PACTBOPAETCA IPU
MEJIEHHOM JIBUKEHUH UJIU B CTATUYECKUX YCIIOBUSX.
DTO ABJIEHUE IPUBOJUT K 9PO3UU CTEHOK TPEMIUH B
06JIACTAX € 60J1€€ OBICTPBIM KUCJIOTHBIM IIOTOKOM,
4TO U CO3/AE€T IPO3UOHHYIO CETD, BHENTHE ITOXOXYIO
HA PEKU U JOJIHHBL ECJIN 3TN KaHAJIbI PA3BUBAIOTCH,
TO KUCJIOTA 6yJIET T€Yb B OCHOBHOM M30UPATEIBHO
BJIOJIb HECKOJIBKUX U3 OOJIBIINX KAHAJIOB, U OOJIbIIAA
Y4CTb CTEHOK TPEIMIUHBI OCTAETCA OTHOCHUTEIBHO
HEPAZBENECHHOI. DTO HE TOJIBKO IIPEAOTBPAIAET
YBEIUYEHNE IPOBOAUMOCTH TPEIHHBL, HO U
YBEIUYUBAET YTEUYKY AKTUBHOM KHCJIOTHI 32 CYET
YMEHBIIEHUSA BEJIMYUHBI AKTUBHOI [IOBEPXHOCTH,

C KOTOPOU KHCJIOTA CONpUKacaeTca. Kuciornoe
TpaBJIeHHE (PAKTUYIECKH IPOUCXOJUT TOJIBKO
npuban3nTeNIbHO Ha 40% NOBEPXHOCTH TPEUIUHBIL.

Jpyrumu BAXKHBIMU (DAKTOPAMH, BIUAIONUMUA
Ha OKOHYATEJIbHYIO IPOBOJUMOCTD TPEIINHBI,
ABJIAIOTCA IIPOYHOCTb FTOPHOM ITOPO/IBI ¥ HATIPAKEHHE
CMBIKAHUA TPEMUHBL EC/IM rOpHAA TOPOAA CIIUIIKOM
MAT'KA WA HAIPSPKEHHUE CMBIKAHMSA CITHIIKOM BEJIUKO,
pa3pyHeHne CTEHOK TPEIUHBI MOKET IPUBOAUTD
K IIOTE€PE IMTPOBOAUMOCTU. MATKHE MEJIOBBIE IIACTHI
OCOOEHHO MOJIBEPKEHBI 3TOH ITPOOIIEME.

IIpy DOMBITKAX MAKCUMH3AIIUU IPOBOJUMOCTU
TPEUMHBI ObLJIN PA3PA0OTAHBI PA3JIUYHBIE
TEXHOJIOTHUU U MaTCpI/IaJIbI. TCXHOHOFI/IH,
UCIIOIb3YEMAs YAIIIE€ BCETO, BKJIIOYAET 3AKAUKY
TIOPIIMU BA3KOM KU/IKOCTH TIEPES KUCIOTOL.
ITpucyrcTBUe 3TOM 6051€€ BA3KOU XKUAKOCTU B
TPEMHUHE IPEIOTBPANIAET BA3KOCTHOE OO6PA30BAHUE
A3BIKOB IMOCTYIAIONIEN CIEJOM MEHEE BA3KOU
KUCJIOTBL DTOT BbIJIEJIEHHBIM KUCJIOTHBIM ITOTOK



Taoauua 1 - Bauanue 6:13K0CMu KUCAOMbL
Ha ckopocmb mexyuyeli kucaomot (Gdanskiu
Hopman, 1983)

Konuenmpauvus xuc- H3menenue
s0mul (2-moav/1.1) cKopocmu
Tun ze- peaxuyuu
Jneoopa- DC CKo- no cpaene-
3yrouiezo | Hauann- Koneu- pocms | Huro c He3a-
azenma Hasn Has 2YueHno
Kucaomoti
)
Ilem 0,165 0,150 0,015 1,20
Honumep 0,165 0,147 0,018 133 +33
Ilem 0,319 0,282 0,037 1,14
Tonumep 0,319 0,283 0,036 1,33 +14
TIAB 0,315 0,279 0,036 1,32 +16
Ilem 0,980 0,898 0,082 1,08
+3
THonumep 0,976 0,906 0,070 1,30
1IAB 0,976 0911 0,065 1,26 -8
TIpumeuanue. Cpasrenue CKoOpocmeit pearxiuuil 6binoHeHo ¢
86€0eHUeM NONPABOK HA PA3HULY) 80 BDeMENHAX PeazupOsaHiis,
BLUMEKAIOUL)10 U3 PASHOCELL 8 CKOPOCMAX SAKAUKU.

YBEJIIMYHUBAET PACCTOSIHUE IPOHUKHOBEHHU I KUCIOTHI
U BEJIET K CO3/IaHUIO ITTyOOKHUX KAHAJIOB C XOPOMIEH
IpoBOAUMOCTHIO. Broaddus u Knox (1965) 3asBuiy,
YTO UCMIOIb30BAHNUE HHTUOUTOPOB KUCJIOTHI TUIIA
ITAB Taxoxe yjy4uaeT IIPOBOAUMOCTD TPEIIHDL,
CIIOCOOCTBYET HEPABHOMEPHOMY TPABJIECHUIO. OJJHAKO
3ITO KAKETCA HEOKA3AHHBIM B CBETE OOJIEE TO3THUX
uccnegosanui Nierode n Kruk (1973), NOKa3aBIIHX,
4TO TAKHE UHI'HOUTOPBI HEA(P(PEKTUBHEI B YCJIOBUSAX,
MOJIEJIMPYIOIINUX TUITUYHBIE IPOMBICIOBBIE.

ITpu KUCIOTHOM I'UAPOPA3PHIBE JIJIS TOJYIECHUS
©0J1€€ BBICOKOY MTPOBOJJUMOCTHU TPEMUHDI
HCIIOJIb3YIOTCS TAKXKE 3AKPEIIIAIONIUE MATEPUAIBL.
OO6BIYHO OHU HATHETAIOTCS B KOHIIE OOPAOOTKH,
4TOOBI OOECTIEYUTD XOPOIIYIO IPOBOJUMOCTD B
MPUCKBA)KUHHOM OOIACTH. DTA TEXHOJIOTUS OOBIYHO
UCHOJIB3YETCS IIPU KUCAOTHOM OOPAOOTKE MATKUX
HOPOJ, KOTOPBIE IIJIOXO NOAJAIOTCSA KUCJIOTHOMY
TUAPOPA3PBIBY U3-34 PA3PYIIEHUS PA3bEIAEMOI
KHUCJIOTOH TPEIIUHBIL.

VIMEIOTCA pa3/IMYHBIE MATEMATUYECKUE MOJIENIN
JULS TIPENCKA3AHUS PE3YIBTATOB KUCJIOTHOI'O
ruApopaspeiBa. Barron u apyrue (1962) coobummmn
O IIEPBOI ONBITKE MOACIUPOBAHUSA IIPOLIECCA
KUCJIOTHOT'O TUAIPOPA3PbIBa. MccnenoBarenu
U3MEPSIN CKOPOCTb PEAKIIUU KHUCJIOTHI, TEKYIIEH
MEXY IaPAJUIETBHBIMU MPAMOPHBIMU MJIACTUHAMU.
JlaHHBIE 6BUIN MACIITAOUPOBAHBI K IPOMBICJIOBLIM
YCIOBUSAM U UCTIOJIB30BAJINCH JIJISI TOT'O, YTOOBI
BBIYHCJIUTD PACCTOSIHUE NIPOHUKHOBEHUS KUCIOTHL
13 3T0M paHHEN paOOTHI ObUIN PA3BUTHI OOJIEE
CJIOJKHBIE MOJIENIH, TAK KAK ABTOPHI ITOJIATAJIH,

YTO TAKHE MOJIEH JOJIKHBI OBITH 60JICe
MNPEACTABUTEIBHBIMUA JJIS IPOLIECCA KUCIOTHOTO
TUJpopa3psiBa. DTO Mozaenu Roberts 1 Guin (1975),
Nierode u ap. (1972), Nierode n Williams (1971)

u van Domselaar u ap. (1973), pa3zpaboTaHHbIE

JULA IPEJCKA3AHUSA PACCTOIHUA 3(PPEKTUBHOTO

IIPOHUKHOBEHHS KUCJIOTH 1 OCHOBAHHBIE HA
3aKOHAX [IOBEPXHOCTHOM KMHETHUKH, TEYCHU B
TPEMMNHAX U DUIBTPALIUHY YEPE3 CTEHKU TPEIIHH.

CBOHCTBA TOPHON NTOPO/ABL U (PIIOK/1A B ILJIACTE,
KOTOPBIH JJOJDKEH OBITH O BEPIHYT KUCIOTHOMY
TUAPOPA3PHIBY, TOKA3aHBI B TA0JL. 2, MOJETUPOBAHUE
PabOTEL U €TO PE3YIBTATEI IOKA3AHBI B TA0I. 3 U4 U
Ha puc. 9. [TapaMeTpbl IPOLECCA TPUBEACHBI B TA0IL. 3.
DBOJIOLYA KM PUHBI TPELIWHBI THPOPA3PbIBa
IIOKA3aHa Ha pUC. 9. BO BpeMs 3a4Ka4KH IIEPBLIX
76 M3 MHEPTHOIM IMPOGKU MIUPUHA TPEIUHBI
TUAPOPA3PHIBA YBEINUHBAETCS U3-34 OOJIEE BBICOKOM
BSI3KOCTU NPOOKU. [I06ABIIEHUE MEHEE BA3KOU
KUCJIOTBI IPUBOJUT K YMEHBIICHUIO U PUHBI
TpemuHbL [IpOCTas KWHETUKA PEAKLIUU ITIO3BOJIAET
BBIYUC/IUTD LIUPHUHY PA3BEACHHON YACTU TPEIIWHBL
Pe3ysbTaThl TOKA3aHBL B TA0I. 4, OTKY/1a BUTHO, YTO
CpeAHsAs MUPHUHA PA3BEACHHON YaCTH PABHA
2,5-107 M, 2 OJIy/IJIMHA TPEUIUHBI PABHA 98 M.

Taonuya 2 — Ceoticmea 20pHOIL NOPOObL
U NAACM08020 P.110uda a8 npumepa
npoexma Kucaomuozo zuopopaspuieéa

Mooyns FOuza 41368,6 MIla
Koagppurguenm Ilyaccona 0,25
Buoicoma 3anexcu (1emmo) 15,24 m
Boicoma mpeujurol 4572 m
BA3KOCmb NAACMOB020 PtoUdd 03 cm

Tlonnas corcumaemocnio 3a1excu 1,38> 10-7 1/MIla

Pacmeopumocmo 6 HCI 99%
Temnepamypa 82,2C
Inowyads 16,19 2a

Taonuya 3 — Tannsle 0 HazHemMaemoll
HCUOKoOCcmu 0 npumepa npoexma

O6Bem unepmHoli npooKu 75,7 m?
Ob6sem kucromol (15%
( 5% 26, 5 w3
6eCOBbLX)
O6Bem npomoiexu (600bt) 114 m°
CKOpOCMb 3aKaAuKU 1,59 M3/ mun
Junetinas
AHCUOKOCTI HA
Hnepmuasn npobra B0OHOLL OCHOBE
C NOHU3UMEIeM
80000MOAHU
Tokasamenu cmenexu 05
3aKOHA 2UOPABIUKL g
Koncucmenyus
0,0049 2-cex/ cm?
AHCUOKOCIUL ,0049 o/
Koagpgpuvuernm ymeuru
PP 4 0,6 Mm/mur
AHCUOKOCTIU
Kucnoma 15
Hb10monoeckas 6’ a3Kicmo 1 canmunya3s 1cn3
Jlobagok, cruicaroujux
ymeuxy, Hem
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MHEHNWE

Hy>xHa HOBAA
IIPOMBIIIJICHHAS TTOJTUTUKA

New Industrial Policy
Needed

CﬂQMZ/L&lJZMCWZbL H€¢m€20l306020 cepsuca 056_)/%00”077’1 BIUAHUC NOSIUMULECKOL
cumyavuil Ha pas3euniue onpacsid.

Gas and oilfield service specialists discuss the influence of the political situation
on the industry development.

Anexceit ABJIOB, pyKOBOZHTEIb CTY>KOBI
I'HKT, OOO dIakep CepBHC>:

— CEKTOpAIbHBIE CAHKIIUHM HAC ITOKA HE KOCHYJ/INCh
HAIPSAMYIO, HO CUTYallusl HAIPSIKEHHAS, IOTOMY
4TO OYEHDb MAJIO POCCUUCKUX (DUPM IIPEIATAIOT
3(p(PEKTUBHBIE TEXHOJIIOIUH ITO PEMOHTY CKBAXKHH,
0 U3TOTOBJIEHUIO OOOPYZOBAaHHU. BECbMa AaKTHBHO
pab6oTtaet JdIlmomMbepxe» U JPYyTUe KOMITAHUU C
WHOCTPAHHBIM KAITUTAJIOM, OHU IPHUHECIN
MHOT'O ITOJIE3HBIX THHOBAIUI B OTPAC/Ib, HO
4TO-TO HE3AMETHO YYACTHUS B TOM IIPOLIECCE
HAIINX YHUBEPCUTETOB, HHCTUTYTOB,

Hanei CUIMKOHOBOM JOJIMHLL [ToaTOMY
XOTEJIOCDH OBl ITOXKENIATh, YTOOBI 3TA CUTYALIUA
JEUCTBUTEIIBHO IBUIACH OBl TOJTYKOM IS
HaIIEH HAYKU U IS HAITUX UHCTUTYTOB,
4TOOBI OTEYECTBEHHBIE CIIEITUATIUCTHI
OCYIIECTBUJIM IIPOPHIB B TEXHOJIOTUAX U
NOMOITTH POCCHH B OCBOEHHH €€ K€ OOTATCTB.
Hamemy TaMOX€HHOMY COIO3Y HY>KHO

HE 32BHUCETD OT TEX HHTEPECOB, KOTOPLIE
CETOHA ECTb B MUPE. MBI IOJIKHBI OBITH
CaMOJIOCTATOYHBL, YTOOBI B TAKUE MOMEHTHI,
KaKOU MBI IIEPEKUBAEM CEUYAC, HE 3aBUCETD OT
oTHOIEHU K Poccun 1 TAMOXKEHHOMY COIO3Y
CO CTOPOHBI IPYTUX I'OCYJAPCTB U TOJTUTUYECKUX
06pPa30BaAHUI.

ITIasea IIOIIOB, xupexTop,
000 HedTera3zrexHOJIOTrus»:

— B niosnie Hamero o6Cy X eH1s B OCHOBHOM
TEXHOJIOI'MH, KOTOPBIE IPUIIIN K HAM C 3araza.
B tpenje I'PI1, KOTTIOOGMHI OBbIE TEXHOJIOT U ...
Ho s1 xoTes 061 06paTUTh BHUMAHHE HA TEXHOJIOTUH
WHHOBAIJMOHHBIE, KOTOPBIE TOJIBKO HAYUHAIOT
BHEAPATHCA. BEIb y KAXKION TEXHOJIOTUH €CTh CBOU
TIEPUO/, )KM3HU, U HY>KHO IIOHUMATh, YTO HEJIb35
cpasHuBaTh ['PII ¢, HamprMep, HOBOM TEXHOJIOIMEN
CENCMHYECKOT'O BO3AEUCTBUS Ha 3a71€Kb. Ha KAk oM
TAIE TEXHOIOI'MS UMEET CBOM BO3PACT, IO3TOMY K
KAXKJ0M TEXHOJIOI'MH JO/DKHO ObITh COOTBETCTBYIOIICE
OTHOUIEHHE KAK HEJJPOIIOIb30BATEIICH, TAK 1
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CuTyaums Hanpsi>xeHHas,
NOTOMY YTO OYEHb Marso
POCCUNCKMX pUpM NpegnaratoT
3¢ddeKTUBHbIE TEXHONOMU

MO PEMOHTY CKBaXWH, No
N3roToBNIEHUIO 00OPYAOBAHUSI.

The situation is tense as there
are very few Russian companies
which offer effective workover
and equipment-production
technologies.

Aleksey ABLOV, CT Service Manager,Packer
Service LLC:

— The sectoral sanctions have not yet affected us
directly but the situation is tense as there are very few
Russian companies which offer effective workover and
equipment-production technologies. Schlumberger
and other companies with a foreign capital have been
quite active; they implemented a number of useful
innovations in the
industry, however, the
participation of our
universities, institutes,
and the ‘Silicon Valley’
in this process has
been unnoticeable.
Therefore, I would
like this situation
to become a driver
for our science and
our institutes and I
wish our domestic
specialists would
make a technological
breakthrough and
help Russia reclaim
its own riches. Our Customs Union should not depend
on the prevailing interests in the world We should
be self-sufficient so that is such situations as the one
we are experiencing now we would not depend on
the attitude of other countries and political entities
towards Russia and the Customs Union.

Pavel POPOV,Director, Neftegaztekhnologiya
LLC:

— The focus of our attention is, mainly, on
technologies which came to us from the West.
Hydraulic fracturing, coiled tubing technologies
are on trend... But I would like to bring to notice
innovative technologies which are only beginning
to be implemented. Each technology has its own life
cycle and we should realize that we cannot compare
hydraulic fracturing with, say, the technique of seismic



HOJPAAHBIX OPraHU3AIUI. Sl TPU3BIBAIO
HE/IPOIIOJIb30BATEJIEH K OIIbITHO-
MPOMBIIIJIEHHBIM PA60TAM, K TOMY,
4TOOBI OHU 60JIEE OTKPBITO TN
HABCTPEYY NOAPAJHBIM OPraHU3ALHAM,
CO371aBAJIN YCIIOBHA IS POCTA
MHHOBAIIUI. IHa4Ye MBI TaK U OyZEM,
06PA3HO BBIPAXKASICh, «3AIVIS/IBIBATH 34
3200p».

Pyciaan UTUIOB,
KOMMEPYECKHUH JTHPEKTOP,
000 <TexHOCTPOMIHN3HUHIY:

— IIporeccsl, OT KOTOPBIX Mbl
34dBHCHM, 1 MTHHOBAITUH B 9TUX
MIPOLECCAX, K COXKATIEHHUIO, HE BCE
pa3pabOoTaHbI B HAIIEH CTpaHe. IToaTOMy cerogHs
OYEHB BA7KHO MPOABUTATh HAYYHYIO COCTABJIAIONIYIO,
Pa3pabaTeIBATh COOCTBEHHBIE MHHOBAIIMOHHBIC
noAaxoAeL [Topa yke He TPOCTO NEPEHUMATB OITBIT, 4
CaAMHM CTAHOBUTBHCA YIUTCIISIMU.

Anexceri KOJIOIA, r/IaBHBIH CIICITHATIHCT,
000 daznpom HedTh meabd»:

- CCKTOpaJII)HI)IC CAHKIINH OYCHDb YYBCTBUTC/IbHBI
JUIsI OCBOEHUS MENTB(POBBIX MECTOPOXKAECHUI, IOTOMY
4TO Y POCCUMCKUX Pa3pabOTOK, KACAIOMUXCS
OCBOCHMHA HICJIb(pa, OIIbITAd UCIIOJIb3OBAHU A
IIPAKTHYECKU HET, U TEXHOIOI'UH, KOTOPBIC MBI
IPUMEHAEM, HA IIPOLIEHTOB 95 NHOCTPAHHBIE. 5] UMEIO
B BU/Y 3aKAHYMBAHUC CKBAKHUH U JPYTHC CJIOKHBIC
PadoTHL

Aayapa COPOKHMH,
HAYAJIBHHK OTIE/Ia TEXHOJIOTH
BHYTPHUCKBAKHHHBIX Pa0OT,

1 npu3bIBato HegpPoMnosb30-
BaTesier K ToMy, 4Tobbl OHM
Oonee OTKPbITO LM HAaBCTPeYy
NoAPSAHbIM OpraHMU3aUmsaMm,
co3faBanu yc1oBUs AN pocTta
MHHOBAaLUN.

| call on users of subsurface
resources to be eager to meet
contracting organizations
halfway, to enable growth of
innovations.

o cpaBHEeHUIO C ApYyrMMU
komnaHuamu «JTYKOWJT»
aKTMBHO BHeApSAeT UMEHHO

reservoir exposure. At each
stage a technology has its
age, therefore both users of
subsurface resources and
contracting organizations
need to have corresponding
attitude to each technology.
Icall on users of subsurface
resources to run field
trials,to be eager to meet
contracting organizations
halfway, to enable growth
of innovations. Otherwise
we will still be, figuratively
speaking, peeking over the
fence.

OPINION

Ruslan IGILOV, Commercial Director,
Tekhnostroylizing LLC:

— Not all of the processes we depend on and
innovations in these processes have, unfortunately,
been developed in our country. That is why it is very
important to promote science, to develop our own
innovative approaches. It is time we did not simply
adopt practices but became teachers ourselves.

Aleksey KOLODA, Chief Specialist, Gazprom
Shelf Neft LLC:

— Sectoral sanctions have a strong impact on the
development of offshore fields as Russian companies
have practically no experience in developing offshore-
field development
techniques and 95% of the
technologies we use are
produced overseas.I mean
well completion and other

000 JIYKOWI-UHKHHHPHUHI: OTeYeCcTBEHHbIN ne penoBo y complex operations.
— o cpasHermo ¢ Apyriit onbIT. JMHaMu1Ka pocTa Ymcna
koMnaHUAMH «JIYKOMJI» akTUBHO . Eduard
BHE/IPSICT UIMEHHO OTECYECTBCHHBIN OfbITHO-NMPOMbILINEHHbIX SOROKIN,Head of
II€pEIOBO OIBIT. JJMTHAMMKA POCTA pa6OT B nodjieaHne roabl y Hac the Department for
YHC/TAa ONBITHO-TIPOMBINLIEHHBIX PA6OT coctaenseT 20-25%. Well Intervention
B nocnoe/:[Hne T'OZIBl Y HAC COCTABJIAET Com pa red to other com pa nies, Tecl.lniqu.es, LUKOIL-
et ool LUKOIL has actively Ensinecring LG
P , » METOARL ACBD implemented specifically b
MOXXAJIOBATh K Ham! - : companies, LUKOIL has
domestic best practices.Over the actively implemented
Pycnan JIUTOYJI)IUH, recentyears the g rowth rates specifically domestic best

Beaymui na:xxenep oraena TKPC
JemaprameHTa 100b1yu He(TH 1 Ta34,
000 bamuePTH-J00BIUA:

— 51 CYUTAIO, UTO CEKTOPAJIbHBIC CAHKIINU
TIOMOT'YT Pa3BHUTHCS HALIEMY POCCUICKOMY CEPBHUCY;
Ja7yT TOTYOK HAIIEN IIPUK/IATHON HAyKe. KOHEeYHO,
MBI HE 3AMEHUM A6COJIIOTHO BCE, UTO IIONAJET IO/,
CAHKIIMH, HO 51 CYUTAIO, UTO UMITYJIbC JIJISI PA3BUTHUS
OyzeT. XBaTUT HAM CMOTPETh Ha 3araj!

20-25%.

Baxa COBPAJIMEB, COBETHHK I'€HEPAJIbHOT'O
aupekropa, OAO «POCreoIorus»:
— CeropgHAMHAA CUTyalus HartoMuHaeT 2008 rog, }

for field trials have equaled

practices.Over the recent
years the growth rates for
field trials have equaled
20-25%.If you have
advanced ideas, interesting technologies, methods, you
are welcome to join us!

Ruslan LITFULLIN, Lead Engineer, Well
Servicing and Workover Unit, Oil and Gas
Production Department, Bashneft-Dobycha LLC:

— I believe that sectoral sanctions will help our
Russian service develop and will serve as a driver for
our applied science. Naturally we are not going to

Ne 1 (051) Mapr / March 2015 93



KOT/A 1IeHA Ha HE(DTh TOXKE PE3KO yIasa

— 710 40 posunapos. Torna 1ieHa 66ICTPO
MO/IHSJIACH, HO BBIBOJIOB U3 TOU CUTYALIUU
MBI HE C/ICIAJIU U TIPAKTUYCCKH HUKAKUX
JIENCTBUI HE IPEATIPUHSIN. 1 ceronns, ecim
HA43bIBATh BENTY CBOMMHU UMEHAMH, OTPACJIb,
K COXKAIEHUIO, HAXOAUTCS «HUIKE INIMHTYCA>.

HE CMOXET CJEIATh, IOTOMY YTO OAHKOBCKAS
CHCTEMA KaK HE Pad0TaIa HA PEAJIbHBIN
CEKTOP, TAK U HE paboTaeT. Ha Te NpOLIEHTHI U TE
KOPOTKHME JIEHBI'H, KOTOPBIE AEHCTBYIOT, MOXKHO
3aHHUMATBCA TOIBKO KYIUIEH-TIEPENTPOJAKEN, TOTAA KAK
MPOU3BOJICTBO TPEOYET JOITOCPOUYHBIX BJIOKEHUI U
COOTBETCTBYIOIIETO OAHKOBCKOI'O ITPOLICHTA.

K coxxaneHuIo, TYyT HUYETO HE MEHSETCS, U TO,

4TO MBI 32 KODOTKHI NEPUO]] MOXKEM MTEPETIOMUTH
CUTYALMIO — WUTIO3UA. Hy KHbBI KOHKPETHBIE
PpEemeHr A, KOTOPBIC ITIO3BOJIAT KOMIIAHUAM HAYATh
ABUTATBCA BIICPC, A HC ICK/IAPATUBHBIC 3ABJICHUA.
IIpOM3BOACTBEHHUKY, Y4ACTBYIOLIUE B PEAJIBHOM
CEKTOPE SKOHOMHUKH, TPEKPACHO MTOHUMAIOT, UTO
COOOM NIPEACTABIISIIOT JJOTOBOPBL, OCOOEHHO TE€,
KOTOPBIC UAYT OT MOHOITOJIbHBIX KPYITHBIX KOMITAaHUH
U IIPEATIONATAIOT OIUIATY YEPES MOJITOAA UJIN

BOCEMb MECALIEB ITPH ITOJIHOM OTBETCTBEHHOCTH,
TIOHATHO, CO CTOPOHBI ITIOAPATIHNKOB — CCPBUCHBIX
KOMITAHUI K OTCYTCTBUM OTBETCTBEHHOCTU KAK
TAKOBOM CO CTOPOHBI 3aKA3YUKOB. CUTyalyus

TI0 IITyYbEMY BCJICHUIO HC U3MCHUTCAL. HY}KHa

HOBAA MPOMBIIIIJICHHAA IIOJTUTHUKA B TOCYAAaPCTBE,
KOHKPETHBIE ICHCTBUA.

Anaponuk I'PUTOPBEB, Haua/IBHHK OTAEIA
cynepsarizuHra no I'PII u THKT, OOO «PH-
IOranckHedreras»:

— CaHKIUH, KOTOPBIE IIPUHATHL B
OTHOIIEHNH HAIIEN OTPACIH, OOHAKUIIN
BCE ITPOOGIIEMBL JIEIO B TOM, YTO MBI HE OJTHO
JECATHIIETUE CMOTPEJIMN Ha 3arnaj 1 6panu
OTTY/la TEXHOJIOITMHU U OOOPYIOBAHUE. MEI
CTPEMHJIMCh COOTBETCTBOBATD 3AII4/1y, XOTA
POCCUIICKAA HEPTErA30BAsL OTPACTb UMEET
00J1E€€ YEM CTOJIETHIOI UCTOPUIO. CEroHsA
MHOT'HE NOAPAAYHUKUA UCTIBITBIBAIOT CJIOKHOCTH
10 JIMHWH OILJIATHI YCIYT 3aKA3YMKAMHU, HO B TO
JK€ BpeM GOJIBIIMHCTBO U3 TUX CEPBUCHBIX
KOMITAHUI )KUBYT Y PA3BUBAIOTC, IOTOMY YTO
CcKazanu cebe: «HeT rmpejiena COBepIIEeHCTBY>.
Kaxk npaBnjio, MHTEHCUBHO PA3BUBAIOIINECH
KOMITAHUH PACIIONIArAIOT CBOE PYKOBOJACTBO HE
B CTOJIMIIE, 4 HA MECTAX, II€ OCYIECTBIACTCA
MPOU3BOJCTBO, TEM CAMBIM 3HAYUTEIBHO COKPAIAs
32TPATHI HA COAEP KAHME ATIIIAPATA YIIPABJIeHUA. I He
IIPOTHO3UPYIO, YTO Y 3aKA3YMKOB [OSIBUTCS OOJIbIIIE
JIEHET /11 CEPBUCHBIX KOMIIAHWH. IT09TOMY COBETYIO
CEPBUCHBIM KOMITAHUAM PACHIUPATD CBOH KPyro30p
U 6paTh Ha BOOPYKEHUE CaMbI€ 3(P(HEKTHUBHBIE
TexHosnornu. Komnanus Jd1mom6ep:xe» NPOoIBETACT
HE TOJBKO IOTOMY, YTO YCTAHABIMBACT BBICOKYIO IICHY
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Mpown3BopacTBo TpebyeT
AOJITOCPOYHbIX BJIOXEHNI
N COOTBETCTBYIOLLEFO
6aHKOBCKOro MpoLieHTa. [,

Production requires long-
B CJIOKUBIIMXCA YCJIOBUAX PEAJIBHBIN CEKTOP term investments and
POCCHICKOY 9KOHOMUKH CaM O CE6€ HUYETO adequ ate interest rates.

Russian oil and gas industry
is more than one hundred
years old.

replace everything that will
be targeted by the sanctions
but I think we will receive an
impetus for development. We
should stop looking up to the

Vakha SOBRALIYEYV,
Adviser to CEO, OJSC
ROSGEO:

— Today’s situation reminds
of 2008 when the oil price also dropped rapidly to $40.
The price then grew up quickly but we did not draw
conclusions from that situation and took practically
no action.And today, if we call it like it is, the industry
has unfortunately hit the bottom. Under the current
circumstances the real sector of the Russian economy
cannot do anything on its own because the banking
system did not and still does not work for the benefit
of the real sector.The interest rates and the short-term
money they offer can only serve to purchase and resell
whereas production requires long-term investments
and adequate interest rates. Unfortunately, nothing
is changing and it is an illusion that we will be able
to turn the tide over a short period of time. We need
specific decisions which would allow companies
to move forward and not declarative statements.
Manufacturers who participate in the real sector
of economy fully realize what contracts add up to,
especially those coming from major monopolies,
and prefer payments due in half a year or eighteen
months and require full liability from contractors—
oilfield service companies and no liability as such from
customers. The situation will not change as if by magic.
The country needs new industrial policy, specific
actions.

Andronik

GRIGORYEYV, Head
Mei cTpemunncs of the Hydraulic
COOTBETCTBOBATL Fracturing and
3anagy, XoTa poccnmckas Coiled Tubing
HedTerasosas oTpacib Supervising Unit, RN-
nmeet bonee Yyem Yuganskneftegaz LLC:
CTOJIETHIOIO UCTOPUIO. — The sanctions imposed
We have strived to conform :Epﬁ;gﬂ‘fig gigglem s
with the West although the  [BeSaI—"w.

decades we have looked up
to the West and borrowed
their technologies and
equipment. We have
strived to conform with
the West although the Russian oil and gas industry

is more than one hundred years old. Today many
contractors experience difficulties with being paid by
their customers for the services provided, but at the
same time most of those oilfield service companies
are alive and kicking because they told themselves,
“There is always room for perfection.”As a rule, the
management of intensively developing companies is



HA YCJIYTH, 4 €IIE U 32 CIET TOT'O, UTO OHA pabOTAET

B PA3HBIX PETUOHAX, UMEET IIUPOKUU CIIEKTP
TEXHOJIOTHUH, AEMOHCTPUPYET TMOKUI TOJXO/ K
34Ka349MKaM. B3ATb HA BOOPYKEHUE 3TU IIPUHIIUIIBI —
MOE MOKEJIAHUE BCEM.

Bragumup CKYPUXHH,
3aMECTHUTE/Ib HAYATBHHUKA
TEXHHUYIECKOI'0 OT/AEe/1a,
BOPOBHUYCKHUIT KOMOHMHAT
OTHEYIIOPOB:

— BopoBUUYCKHIT KOMOWHAT
OTHEYIIOPOB, KAK POCCUCKOE
OPEANPUITUE, IPAKTUYECKU HE
3ABUCHT OT 3AMaJHBIX CAHKIIHUI, MBI
UCIIONIb3YEM OTEYECTBEHHBIE MATEPHAJIBI
U IIPOLIECCHL, 4 TOTOMY MOYKEM cebe
MO3BOJIUTh PA6OTATh 6€3 MPUMEHEHNS UMIIOPTHBIX
U UMITOPTO3AMEIAIOMINX TEXHOJIOTUNU. MBI CAMH /14
CeOs1 TAK HOCTABUJIU 32/1a49Y U BBIIIOIHSIEM €€: OOIbIIAs
4aCTh HAIINX PA3PAOOTOK IPOBOAMIIACH I1O HAIEH
COOCTBEHHOW MHUIUATUBE. EC/IN y HAIIINX 32KaA39YUKOB
€CTb KAKHE-TO TPEOOBAHUS WJIU ITOKEITAHHUS [1O
U3MEHEHUIO (DYHKITMOHAIBHBIX CBOMCTB IIPOIIIAHTOB
B COOTBETCTBUH C YCJIOBUSIMU UX IIPUMEHEHU S, MbI
T'OTOBBI UX PACCMOTPETD U PEATU30BATh B CBOEM
TEXHOJIOTMYECKOM Iporiecce. [To TeM TpeGOBAHUSAM,
KOTOpPBIE CYIIECTBYIOT CEHYAC, MBI BBIITYCKAEM
NPOAYKT, BOCTPEOOBAHHBII HA PBIHKE. [T0 CpaBHEHUIO
¢ 2013 rozoM Mbl Ha 16% ¢ HEGOBITUM YBETUMUIHITA
06'bEMBI IIPOU3BOACTBA. KOHEYHO, HAM IOMOT'aI0T
CAHKIINH, KOTOPBIE NIPEJOTBPATUIN NOCTYIIJICHUE
Ha POCCUMCKUH PBIHOK HEKOTOPOI'O KOJIMYECTBA
332pyOEKHOI'O IPONITAHTA. MBI BU/IUM CBOE PA3BUTHUE
B COOCTBEHHBIX CHJIAX, TEXHOJIOT'UAX U MATEPUAIAX.
ECTb U CJIO)KHOCTU: TUKTAT MOHOIIOJIMUCTOB,
34KA34YHKOB U T.71. HO BOpoBHMYCKMIT KOMOMHAT
OTHEYIIOPOB — HEOOJIBIIOE MPEAIIPUSTUE, U MBI Y3KE
TIPUCIIOCOOUIINUCH K THUM JIaBJICHUAM. CJIOXKHOCTH HAC
YIKE HE ITYTAIOT.

KoncranTuH BYPIWH, 1i1aBHBIN HHKEHED
JEenapTaMeHTa II0 PEMOHTY CKBakuH ¢ THKT,
JILTrOMOEepsKe»:

— He60s1b1mo KOMMEHTAPUH B 3AIIUTY KOMITAHHUH
JIImoMbepxe», KOTOPOX BCE Yale MPUXOANUTCS
BBICJIYIIMBATH yIIPEKU. [IpHBeIy HECKOJIBKO (DAKTOB.
W3 mecTHa AT ThICSY PAOOTHUKOB KOMITAHUH
B Poccurickort dejiepaniiu y HaC He 60JIEE 1ECATHU
4EJIOBEK MHOCTPAHILIEB. B IPOLIEHTHOM OTHOLIEHHUU
3TO MEHBUIE JOIN IPOLICHTA. TEXHOIOIUYECKas
xommaHus JmomMbepxe» 3aperucTPUPOBAHA
B Poccun. BONBIIMHCTBO €€ IPUOOPETEHHBIX
JIOYEPHUX KOMITAHUN TAKXKE 3APETUCTPHUPOBAHBI
B Poccun. Te TEXHOIOUH, KOTOPBIE MBI
IIPUMEH SN, IIPOJOJDKAIOT IIPUMEHATHCA B Poccun
u certuac. ITog CaHKIMAMH y HAC TONIBKO APKTHKA,
HETPAANULMOHHBIE 3A11aChI U deep water, HO Mbl
MMEEM IIPABO PAOOTATh U B ATUX HATIPABJICHUIX
C, YCJIOBHO T'OBOPSI, POCCUHICKUM OOOPY/IOBAHUEM.
OTCI07a BBITEKACT HAIIIE TEXHUYECKOE 34 AHUE

Mb! BUAMM cBo€
pa3BUTME B COOCTBEHHbIX
cuUnax, TeEXHONOMUSIX U
MaTepuanax.

In our development we
rely on our own strength,
technologies and
materials.

not located in the capital but at the place of production
thus significantly reducing the costs of administration. I
do not anticipate that customers will have more money
for oilfield service companies. Therefore, I recommend
that service company broaden their
horizons and adopt most effective
technologies. Schlumberger

thrives not only because they set
the highest price for their services
but also because they work in
various regions, have a wide range
of technologies, demonstrate a
flexible approach to customers. My
wish is that all companies adopt
those principles.

Vladimir SKURIKHIN,
Deputy Head of the Technical Department,
Borovichi Refractories Plant:

— Borovichi Refractories Plant, being a Russian
enterprise, practically is not affected by the western
sanctions. We use domestic materials and processes
and therefore we are able to work without using
imported and import-substituting technologies. That
is the task we set before ourselves and we are fulfilling
it: most of our developments have been made on
our own initiative If our customers have any specific
requirements or preferences related to changing the
functionalities of our proppants according to the
conditions of their use, we are ready to consider them
and implement in our process. In line with current
requirements we produce a products which in high
demand at the market. Compared to 2013, we have
increased our output by slightly over 16%. Naturally,
we benefitted from the sanctions that prevented
certain amount of foreign proppant from coming
to the Russian market. In our development we rely
on our own strength, technologies and materials.
Nevertheless, there are certain challenges: the dictate of
monopolists, customers, etc. But Borovichi Refractories
Plant is a small-scale enterprise and we have adapted to
such pressure. We are not easily scared by difficulties.

Konstantin
Y «lliniombepxe» ot BURDIN, Chief
3anajHoro octanmcb Process fangineer,
TONLKO TEXHONOUN U CT-Assisted
Hallle YecTHoe UMS. Well Workover
Technologies and goodwill [k
are the only western Schlumberger:
things Schlumberger ~ Lwill speale
shortly in defense of
now has. Schlumberger who
more often than not

has to suffer criticism.
Let me give some background:out of sixteen thousand
employees in the Russian Federation not more than ten
people are foreign nationals. Percentage-wise it is less
than a thousandth part of a percent. Schlumberger is an
engineering company registered in Russia. Most of its
acquired subsidiaries are also registered in Russia. The

Ne 1 (051) Mapr / March 2015 95



K «PUIMAIIly» O BO3MOKHOCTH U3rOTOBJICHUA
KOJITIOOMHI'OBOH YCTAHOBKH 7151 O(pIopa. Mel

TAKXKE UMEEM IIPOrPAMMY UMIIOPTO3AMEIIEHU. B
HACTOSIIIECE BPEMS MBI UITIEM POCCUHCKUE AaHAJIOTU
OOJIBIIIMHCTBA PEATCHTOB U OOJIBIIECH YACTH
TEXHOJIOTUYECKOTO OOOPYAOBAHUS U COOUPAEMCSI BCE
3TO 3aKyNaTh. [IPOU3BOACTBO NPOAYKIIUH, KOTOPAs
PaHbIIIE BBIITYCKAIACh B AMEPUKE U EBporie, ceruac
IEPEHOCUTCA HAIIEH KOMITAaHUEN Ha BocTok. [1o
KOHI1a 2015 roga 60s1bIas 4aCTb 3TOTO OOOPYIOBAHUSA
OyZET TOCTYIIHA 1 BBIM/IET U3-TIO/ CAHKIUI. Tak 4TO

y JILmoMOepsKe» OT 3aaJHOTO OCTATIUCH TOIBKO
TEXHOJIOTUU U HAIIIE YECTHOE UMSL.

IOmurpuit TPUBAHOBCKUM, uieH cosera
I'pynasr O/

— HecOMHEHHO, YTO B COBPEMEHHBIX YCJIOBUSX
JUIS CEPBUCHBIX U JOOBIBAIOIINX KOMITAHUIA
YBEJIMUUBAETCSA CIOKHOCTD [OITYIYEHUA
COBPEMEHHBIX TEXHOJIOTUH U OO0OPYAOBAHUA
OT MTHOCTPAHHBIX KOMIAHUI. IMEHHO certyac
CTAaHOBHUTCS IMTOHATHO, YTO OTEYECTBEHHBIM
MPOU3BOUTEIIAM OOOPYJOBAHUA [JIA
BBICOKOTEXHOJIOTUYHOT'O HE(PTEra30BOI'O CEPBUCA
U €T'0 IOTPEOUTENAM OUYEHDb BAKHO JIEPKATBCA BMECTE
JUIS CO3JAHUA COOCTBEHHOTI'O HE3ABUCUMOT'O PBIHKA U
060pyIOBAHUA U YCAYT. [IpU rpaMOTHO ITOCTABJIEHHBIX
TEXHUYECKHUX 32Ja49aX, [IPH YETKOM IOHUMAHUN
TEXHOJIOTUHU ¥ OCOOEHHOCTEN IKCIUTYaTAI[UH MBI KAK
MPOU3BOUTEIIN TOTOBBI PEMIATD TPAKTUYECKH JIIOObIE
3a/Ja41 IPU CO3/JAHUH HOBBIX MHHOBAIIMOHHBIX
06pa3LOB HEPTETa30BOro OO6OPYIOBAHUA. MOry
BAC YBEPUTD U HA KOHKPETHBIX IIPUMEPAX 3TO
NPOAEMOHCTPHUPOBATD.

Ho nokaskuTe: €CJIN BBl 3aMHTEPECOBAHLI B
MOJIYYEHHNH HOBEHIITNX OOPA3LI0B O60PYAOBAHM,

I7I€ MOKHO O3HAKOMUTBCA C IEPCIIEKTUBHBIMHA
TEXHOJIOTUAMHM, OCBOEHHE KOTOPBIX IS BAC CENYAC
AKTYAJIBbHO? 1€ MOKHO O3HAKOMMTBCA C IPOEKTAMU
TEXHUYECKUX 33JJAHHUI HAd MHTEPECYIONIEE BAC
o6pasLpl?

XOouy BBICTYIIUTB C INIPEAJIOKEHHUEM CO3ATh OAHK
TEXHUYECKUX 3aJAHUN (W11 MHPOPMALIMOHHYIO
TUIOWIA/IKY JUI UX PA3MENIEHMA) U IIPEJOCTABUTD
TIPOU3BOJUTENAM OOOPYJOBAHUA BO3MOKHOCTD
C HUMHU O3HAKAMJIMBATBCA JJ1 BBIPAOOTKH
3(PPEKTUBHBIX TEXHUYECKHUX IIPEIIOKEHUI.

JlaBariTe HAUHEM OOMEHHBATHCS UJIEIMU! DTO MOXKET
CTATh UMITYJIbCOM K PA3BUTHIO OTEYECTBEHHOT'O
HE@TEra3oBOro PbIHKA YCJIYI' U O60PyIOBAHM !

OT pegakIuH ;KypHaaIa <BpeMst KOJITIOOHMHTA»:

JdaBayiTe HAYHEM OOMEHHUBATHCA HACIMH!
IIpeasaraeM B KA4€CTBE IVTOUIATKH JIJISI TAKOTO
OOMEHA CTPAHHUILY CaFiTa WWW.Cttimes.org

IIpuckLIaiTe IO aJApecy cttimes@cttimes.org
CBOM TEXHHUYECKHE 3aJAHUS JIJISI CO3aATeIeH
00OPYIOBAHU S, 2 MBI HX BBIBECHM JIJISI
O3HAKOMJIEHHS 1 OOCY KICHHI.

96 No 1 (051) Mapr /March 2015

NEEE GG ERREY
obmeHMBaTbCA nageamu!

Let’s start sharing ideas!

technologies we used are still used in Russia today.Only
the Arctic Region, non-conventional reserves and deep
water are targeted by the sanctions but we can work in
those areas as well if we use Russian equipment,hence
our terms of reference for NOV FIDMASH to produce a
coiled-tubing rig for offshore operations. We also have
an import-substitution program in place. At present we
are searching for Russian alternatives to most reagents
and process equipment and are going to procure them.
Our company is now relocating our production from
America and Europe to the East. Before the end of 2015
most of that equipment will become available and the
relevant sanctions will be lifted. Thus, technologies and
goodwill are the only western things Schlumberger
now has.

Dmitriy
GRIBANOVSKIY,
Member of the Board,
FID Group:

— There is no doubt
that under current
circumstances oilfield
service and production
companies experience increasing difficulties in
obtaining state-of-art technologies and equipment
from foreign companies.It is precisely now that we
have realized that the domestic manufacturers of gas
and oilfield service equipment and its users should
stick together to create their own independent market
both of equipment and services.Given the adequate
technical specifications and clear understanding
of technologies and operating features, we as
manufacturers are ready to solve practically any tasks
related the development of new innovative prototypes
of oil and gas equipment. I can assure you of that and
prove it by giving specific examples.

If you are interested in obtaining cutting-edge
prototypes, then show us where we can familiarize
with advanced technologies you are most eager to
developWhere can we find out about the terms of
reference for the prototypes are you interested in?

I'would like to propose to create a ToR database (or
aToR information platform) and to enable equipment
manufacturers to familiarize with them and to come
up with feasible technical proposals.

Let’s start sharing ideas!This may become an
impetus to develop the domestic market of oil and gas
equipment and services!

From the Editor’s Office of Coiled Tubing
Times:

Let’s start sharing ideas! We suggest using the
web-page www.cttimes.org as a platform for
such sharing

Send your terms of reference for equipment
manufacturers to cttimes@cttimes.org and we
will post them for information and discussion.
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HOBDBIE KHHUT'HM

[TPOMbICJIOBAA XNMIAA

B HEDTEFA30OBOW OTPACSIN

VBaskaeMbI€ KOJLJIETH!

Bamemy BHUMaHHIO
MIPEIATAE€TCA TOJIBKO
4TO BBIIIEAIIEE B
Poccuu B u3ateibCTBe
dIpodeccus» (CaHKT-
[eTepbypr) usganue
KHUTU MaJIkoma
Kennanpa JIpomeicioBas
XHUMUs B HEPTETA30BON
OTPACIN». DTO IEPEBOJ
BTOPOT'O U3/IAHUS
KHUTY, BBIIIC/IIICH
B usgareabcTBe CRC
Press Taylor & Francis
Group (Boca Raton-
London-New York) B
2014 rony, yTOYHEHHOE U
JOTOJIHEHHOE ABTOPOM.

ABTOp IPUIIIEN K BBIBOJTY, YTO CYIIIECTBYET
HENOCTATOK HAYYHOM JINTEPATY PbI, IOCBAILIEHHOMN

Pa3JIMYHBIM BOIIPOCAM HE(DTENPOMBICIOBOH XMMUH.

He 6pU10 KHUT'H, KOTOPAS IOAPOOHO PACCMATPUBACT
CTPYKTYPBI HE(PTENIPOMBICIIOBBIX PEATEHTOB 1

UX BO3/ICHICTBUE HA OKPYKAIOIIYIO CPENY, C TEM
YTOOBI IOMOYb KOMITAHHSIM U IIPOU3BOJUTEIISIM
PEAreHTOB Pa3padaThIBATh OOJIEE KAYECTBCHHBIC U
3KOJIOI'MYECKU 6E30I1ACHbIE PEATEHTBL

B kHUre CO6paH MaTepual o pa3padoTKe U
IIPUMEHEHHUIO PEATEHTOB /151 HEPTEra30/100b191
U TPAHCIIOPTA YIVIEBOJIOPO/IOB, CO3/JAHHBIN
MHOTHUMH UCCIIEIOBATESIMU, U KOTOPBIHA
SIBJISICTCS AKTYAJIbHBIM HA CETO/IHSIIHUN JICHb.
ITpencTaBieHbl OCHOBHBIE KJIACCHI XUMUYECKUX
BEINECTB, TPHUMEHSIIONINXCS JUIs1 3TOM IEITH, Ky
BXOJAT KAK IIPOCTBIC COCIUHEHMA, HAIIPHUMED,
HCOPI'aHMYCCKUC KUCJIOTHI, HCO6XOL[I/IMBIC JJISA
KHUCJIOTHBIX OOPabOTOK, CONU, UCIIOTb3YEMBIC JIJIsI
[JIYIIIEHUS], CIIMPTBHI, U3BECTHBIE KAK PACTBOPUTEIN
WJIA UHTUOHUTOPBI THIPATOOOPA30BAHMS, TAK U
BOCTPEOOBAHHBIE JIJIs1 PA3JIMYHBIX ITIPOLIECCOB
CJIOKHBIE OPTaHUYECKHE COCIMTHEHUS, TAKHE KAK
TIOBECPXHOCTHO-AKTHBHBIC BCIICCTBA, IIOJIMMCPHI,
CMOJIBI U1 IP.

CHenuaaucTbl, KOTOPbIE 3aHUMAIOTCS
HUCCIENOBAHUAMU B OOJIACTU HE(PTEIIPOMBICIIOBOI
XUMUH, IOJIyYHJIU IPEKPACHYIO BO3MOXKHOCTD
OXBATHUTB IMTUPOKUI CIIEKTP CYIIECTBYIONNX
Pa3pabOTOK 32 PyOEKOM.

VHUKAJIBHOCTD U3/IAHUS 3AKTIOYACTCS B TOM, YTO
4ABTOP IPE/IJIATACT YUTATEIIIO HE TOIBKO TOBAPHBIE
HAa3BAHU U XaPAKTEPHUCTUKHU PEATEHTOB, KAK 3TO
CErOJiHS IIPUHSATO B OTEYECTBEHHDBIX U3JJAHUAX, 4 UX
XUMHWYECKYIO CyTh — IIPEJICTABICHBI CTPYKTYPHBIC
(pOpMYJIBI PEATECHTOB PA3INYHBIX KJIACCOB,
MOKA34aHO, KaK PA0OTAIOT UX MOAN(DUKAITIHN U
COCTABbI HA X OCHOBE. DTH MaTepUasbl MajKom
Kemnnman oy B IEPBYIO OYEPEb IIPU AHATH3E
OT'POMHOI'O OO'bEMA MATEHTHOU MH(MOPMAITUU
W JINTEPATYPHBIX UCTOYHUKOB I10 pa3paboTKe U
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IIPUMEHEHHIO PEATEHTOB, KOTOPBIN CTAJI BO3MOXCH
Onarogaps MMHUPOKOMY KPyrO30py U COOCTBEHHOMY
OMBITY ABTOPA, TOCBATHUBIIETO JAHHOM OO/IACTH
3HAHWM MHOI'ME T'OJIbL.

ManxkonMm Kemnan ¢ OTIMYHUEM OKOHYMIT
XUMHUYECKUI (PAKYIbTET OKCPOPACKOTO
yausepcurera. C 1991 mo 2000 rox on
pa6oran B uHCTUTYTE RF-Rogaland Research
(CraBanrep), BOCHOBHOM B IIPOEKTAX,

CBSI3aHHBIX C HE(PTEMPOMBICIIOBOM XUMUE, B
TOM YHCJIE IIOCBAIICHHBIX IA30BbIM I'HPATaM,
COJIEOTIIOKEHUAM, KOPPO3UHY, ITapadUuHAM

U XUMHUYCCKUM PCArcHTaAM I CHUKCHUA
TU/IPABJINYECKUX ITOTEPD. [T0Cie onbITa

PaboThI B HEOOBIION CEPBUCHOMN KOMITAHUN
HE(MTENPOMBICIIOBBIX peareHToB, B 2001 roay

OH IIEpEMNIEN HA PA0OTY B YHUBEPCUTET Ir'OPOIa
Crasanrep (UiS) (Hopserus), riae B HACTOAIIEE
BpEM ABJIAETCA IPOPECCOPOM HEOPI'AHUYECKOH
XUMHUH. OH TAKXKE SIBJISICTCS ITIABHBIM JUPEKTOPOM
o Hayke Eco Inhibitors, nogpaszaenenus UiS,
KOTOPOE OKA3bIBAE€T KOHCYJIBTALIH 11O IIOBOAY
HEPTENPOMBICJIOBBIX PEATEHTOB U BIIAJICET
JINLIEH3UEN Ha PAJL HOBBIX THTUOUTOPOB
TUJIPATOOOPA3OBAHMUSL.

B nipeparaeMoy KHUT'€ PACCMOTPEH IHMPOKUHI
ACCOPTUMEHT IIPOAYKTOB JIJIs1 HE(PTEIIPOMBICIIOBOH
XHUMUWH, Ky/]a BXOJAT PEATEHTHI Jj151 O0PBOBI C
OCJIOKHEHUSMU IIPU TOOBIYE YITIEBOJOPOOB:
JIEIMYIIBIATOPBI, (PIIOKYIITHTBI, OMOIIH/IB,
UHI'UOUTODBI KOPPO3UH, COJIEOOPA30BAHUS,
OTJIOKEHH S ITAPAPHUHOB, AC(PAJIBTCHOB,
ra30ru/IpaTos, HOIVIOTUTEIN KUCJIOPO/ia U
CEPOBOIOPOAA, AHTU(PPUKLIUOHHBIE IPHUCAIKH,
AHTUBCIICHUBATEJIN, 4 TAK)XKE PEATEHTHI,
TIIPUMCHACMBIC B TCXHOJIOTUAX CTUMYIALTNA
HedTEra3ofo0bI4H, TAKUX KAK KUCJIOTHBIC
06pabOTKH, OIPAHUYCHHE BOIOIIPUTOKOB U
ra30BbIJICJIEHU S, KDEIJICHUE [IECKA, VIAJIEHHUE TPU
IIOMOIIU IIEHOOOPA30BATENIEH JKUAKOCTH C 3a605
Ta30BbIX CKBAKUH.

B pabore 60i1bI10€ MECTO OTBEAEHO BOIIPOCAM
3KOJIOTHH, KOTOPBIC BCEIIA BO3HUKAIOT ITPHU
TIPUMCHCHUHN XUMHUYCCKHUX PCATCHTOB HA
IIPOMBICIIE, 4 TAKXKE aHAJIN3Y IIPOMBICJIOBOI'O OIbITA
IIPUMEHEHMS PEATCHTOB.

DTa KHUT'A MOXET OBITh OJIE3HA CIEITUATIHCTAM
HEPTAHBIX U I'A30BbIX KOMITAHHH, CEPBUCHBIX
OpraHu3aLMH, HAYYHO-HUCCIEA0BATEIbCKUX
IICHTPOB, PA3PA6OTUYNKAM 1 ITOCTABITUKAM
PEAreHTOB, 4 TAKXKE CTYACHTAM PAa3/IUYHbIX
CHEIHUATIBHOCTEN HEPTAHBIX U XUMUUYCCKUX BY30B,
M3Y4aIOIUM HEPTENTPOMBICIOBYIO XUMUIO.

O. 1. H., ipodeccop kadeaphl TEXHOIOTHHA
XHMHYECKHX BE€IIECTB I He(DTTHOH H ra30BOH
IIPpOMBINUIEHHOCTH PI'Y He(bTH B raza HMEeHH
.M. I'yOKHHA, HAYYHBIH KOHCYJIBTAHT >KypHaIa
«BpeMsi KOJITIOOMHTIA» IO IIPOMBICJIOBOM XHMHH

JIL.A. Mazaooea
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AHKETA «BPEMIEHM KOJITIOBMHIA»

Pecnonoernmam ool npeonioxceHot Caeoyroujue 601pocst:
The following questions were asked:

1. IIpodunb AeATENBHOCTH Baer KOMITAaHNUU (HEPTEra30100bIBAIONI A, HE(PTEra30CEPBUCHAA,
KOMITAHUA — IPOU3BOIUTENb OOOPYAOBAHU S, HAYYHO-NUCCIEA0BATENBCKAS CTPYKTYPA, BY3).

Business profile of your Company (oil and gas producing, oil and gas servicing, equipment manufacturing
company, research and development company, university/institute).

2. Kak gaBHO Bbl 3HaeTe s)KypHaJl «BpeMs KOJITIOOUHI'2»?
How long have you known Coiled Tubing Times Journal?

3. O KaKHX TEXHOJIOTUAX HEPTETA30BOI'0O CEPBUCA BaM XOTENIOCH O6bI IPOYECTD B X)KypPHAJIE «Bpems
KOJITIOOMHI'2»?

About which oil and gas service technologies would you like to read
in Coiled Tubing Times Journal?

4. Kakue BbICOKHE HE(PTECEPBUCHBIE TEXHOJIOTUU UCIIONBb3YIOTCS HAa Baliem npeAnpusaTum?
Which high-tech oilfield service technologies are used in your Company?

5. IlpuMmenseT iy Bamra KOMITAaHUA KOJITIOOMHIOBBIE TEXHOJIOTUH? ECIIM 14, TO KAKHE KOJITIOONMHIOBBIE
TEXHOJIOTUHU HANOO0JIEE BOCTPEOOBAHBI B PETMOHE (-aX) IIPOBEACHUSA PpA0OT Bamer KOMITaHUN?

Does your Company use coiled tubing technologies? If the answer is yes, then which coiled tubing
technologies are in demand within the area of your Company’s activity?

6. KonTIoGUHTOBBIE YCTAHOBKH KAKUX ITPOU3BOAUTE/ICH UCTIOAb3yeT Bara KoMITaHusT?
Coiled tubing units of which manufacturers does your Company utilize?

7. Kakue yHHUKa/IbHBIE pAOOTHI Bam 1 Bammmum KoJjiieraM yaaBajloCh IPOBOJUTD?
Were there any unique operations that you and your colleagues managed to perform?

8. Ilpumenser mu Bama komnanua trexHoaoruio I'PIT? Eciu 1a, To kakne Buabl [PIT appeKTUBHBI HA
CKBAKMHAX Bamero perunona?

Does your Company use hydraulic fracturing technology? If the answer is yes, which hydraulic fracturing
types are effective in your region?

9.  O6opynosanue s nposeaeHust I'PIT KaKUX NPOU3BOAUTENEN UCTIOIB3YET
Bamra komnanms?

Hydraulic fracturing equipment of which manufacturers does your Company utilize?

10. Kakwue texnosnoruu ITHIT aBndAioTcs, 1o BameMmy MHEHUIO, HAUOO0JIEE AKTYAIbHBIMU HA CETOAHAITHUI
JI€Hb?

In your opinion, which EOR technologies are of vital importance today?

11. Kaxue BBICOKHE TEXHOJIOIMU HEPTEra30BOI0O CEPBUCA OYAYT HA TUKE BOCTPEOOBAHHOCTH
B 6imkariei (5—-10 j1eT) NeEPCHEKTHBE?

Which high-tech oilfield service technologies will be in demand in the near term (5-10 years)?

12. Kakne CerMeHThl POCCUMCKOTO HEPTEra30BOI'O CEPBHUCA MOT'YT CTOJIKHYTBCA C CAMBIMHU OOJIBIIHMHA
IpPOOGJIEMAMH B CBA3U C CEKTOPAIBHBIMU CAHKIIUAMU, IPUHATBIMHY 3aI1aJHBIMH CTPAHAMMU?

Which segments of the Russian oil and gas service may face the most serious problems
due to the sectoral sanctions imposed by Western governments?

13. Kax MOTr'yT U3MEHUTBCA Y HEPTETA30CEPBUCHBIX KOMITAHUH IIOAXO/bI K IPUOOPETEHUIO
JOPOT'OCTOAIIETO OOOPYIOBAHUA?

How can oil and gas service companies change their approaches of purchasing expensive equipment?
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AXMETIIHH PyonH MygapHCOBHY, ITTABHBIH
uHKeHep, 000 TarHedTh-AKTIOOHMHCK
PemCepBuc»

1. HedrerazocepBucHasl.

2. C2003rona.

3. TexXHOJIOrnH U OOOPYAOBAHUE JOCTABKHU C
noMoIbio 'HKT B rOpU30HTAIBHBIN CTBOJI
OPOTAKEHHOCTHIO 601ee 1000 M.

4. TTIInpu MI'PIT, pa3zoypusanue noptos MI'PIT,
cenekruBHble OI13 ¢ TaKEpHBIMU KOMIIOHOBKAMU.

5. Ha.OIl3 HarHeTaTeJIbHbIX CKBAXKUH, [IDOMbBIBKA
CKBaKUHBI Itepe nnposegenueM I'MC
UCCJIEAOBAHNE TOPU3OHTAIbHBIX CKBAJKIH.

6. «®UJIMAII», Hydra Rig, Stewart & Stevenson.

7. KucnorHoe TyHHETUPOBAaHUE, (PPEIEPOBAHUE
METAJUTUYECKOTO 6AMMAKA XBOCTOBHKA.

8. TIIpumenser. CraHgapTHBIN NPONNAaHTOBbIM ['PIT.

9. «DPHUIMAII», Stewart & Stevenson.

10. BeipaBHHUBaHUE TPOPUIA TPUEMHUCTOCTH.

11. MuorocTtaguiinsii I'PI1, U301A11MOHHBIE PA6OTHI
C IPUMEHEHUEM MAKEPHBIX KOMIIOHOBOK.

12. BBICOKOTEXHOJIOTUYHOE OYPEHHE U PEMOHT
CKBa’KMH.

13. ByayT 3aKkynartbcs O60PyJOBAHUE U
MPUBJIEKATHCA TEXHOJIOIUH, TAPAHTUPYIOMUE
MIPUPOCT JOOBIYN U IOKPBITUE MHBECTULINA.

JINTBUHEHKO Butanuii Bukroposuu,
pykxosoautens npoekra 'HKT, OO0 dlakep
CepBHC>
1. HedrerazocepBucHas.

2. Okosoropa.

3. Hosermune TEXHOJIOINH 110 paboTe ¢
KOJTIOOMHI'OM.

4. MIPII (mposeanenue I'PITu ppesepoBaHue nocie
I'PIT).

5. Ha. ®dpeseposanue nocie MIPIT.

6. «OUJIMAIl», Hydra Rig,

7. JIOBHUJIBHBIE PA6OTEHI C IPUMEHEHUEM
KOJITIOOMHTI 4.

8. IIpumensercs MI'PIT.

9. -

10. —

11. Texnonoruu MI'PII.

12. -

13. -

ABUBOPOOYUNH Muxaunia ®EéxgopoBuy,
3aMeCTHTEIb HAYAJIbHHKA JEeapTAMEHTA IO
oypenuro u BCP, OAO d'a3ipom HedTh»

1. HedrerazogoosiBaroniasi.

2. TIATb-IIECTD JIET.

3. T'mb6pugnble ycTaHOBKH 14 6ypenus, KPC, THKT.

4. Crangaprable TexHonoruu 'HKT, paz6ypusanue
noptos MI'PII, uccienosanmne CKBaXkKMH.

5. Hama KoMHnaHus IPUMEHSET KOJITIOOUHIOBBIC
TEXHOJIOI'MHU B peruoHax Hoa6pbcka, XaHThI-
Mamncuricka, OpeHbypra, ToMmcka.

6. B OCHOBHOM UMIIOPTHOT'O IIPOU3BO/ICTBA. }

COILED TUBING TIMES QUESTIONNAIRE

Rubin AHMETSHIN, Chief Technology Officer,

Tatneft-AktyubinskRemService, LLC

1. Oiland gas service.

2. Since 2003.

3. About technologies and equipment for CT
conveyance of tools into long (more than 3,280 ft)
horizontal sections.

4. Hydraulic jet perforation during multi-stage
fracturing, milling of multi-stage frac ports/sleeves,
selective bottomhole zone treatments with the use
of packer assemblies.

5. Yes. Bottomhole zone treatments of injection
wells, well cleanouts prior to logging operations,
horizontal wells logging.

6. NOV FIDMASH, Hydra Rig, Stewart & Stevenson.

Acid tunneling, milling of liner’s metal shoe.

8. Yes, we use it. It’s standard hydraulic fracturing
(with proppant).

9. NOV FIDMASH, Stewart & Stevenson.

10. Conformance control.

11. Multi-stage fracturing, isolation operations with the
application of packer assemblies.

12. High-tech drilling and repair of wells.

13. They will purchase equipment and introduce
technologies that guarantee production gain and
return on investments.

~

Vitaliy LITVIENKo, Head of Coiled Tubing
Project, Packer-Service, LLC
1. Oiland gas service.
For about a year.
About the newest coiled tubing technologies.
Multi-stage fracturing operations (including
fracturing itself and milling of frac ports).
5. Yes. Milling of multi-stage frac ports.
6. NOV FIDMASH, Hydra Rig.
-
8

Eal A

Fishing operations with CT utilization.

. Yes, we use multi-stage hydraulic fracturing.
9 -
10. —

11. Multi-stage hydraulic fracturing technologies.
12. -

13. -

Michael DVIBORODCHIN, Deputy Head,
Drilling and Well Intervention Department,
Gazprom Neft, JSC
1. Oiland gas producing.

2. For five or six years.

3. About hybrid drilling rigs, well workover and CT
technologies.

4. Standard CT technologies, milling of multi-stage
frac ports, well logging operations.

5. Our company applies CT technologies in Noyabrsk,
Khanty-Mansiysk, Orenburg and Tomsk regions.

6. Mainly, of foreign manufacturers.

7. Hydraulic fracturing of wells with inner diameter
limitations that constrain the use of packers.

8. Yes. Mainly, we use conventional hydraulic
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7. TPIIHa CKBAXKMHAX C OTPAHUYCHHEM I10
BHYTPEHHEMY AUAMETPY JJI CIIyCKA IIAKEPA.

8. Ia.B ocuosHOM npormnanTHasie I'PIT, B peruone
OpeHobypra — KUCJIOTHBIE.

9. Mpb1niokymnaem ycayru o I'PITy cepBUCHBIX
KOMITAHUM.

10. T'PI1, OII3.

11. KOJNTIOGMHTOBBIE TEXHOJIOTUH, PA3/IMYHBIE BUJbI
3aKAaHYMBAHUA CKBAXUH U ['PIT.

12. T'PIT, 3aKkaHYUBAHUE CKBAKUH, OYypEHUE.

13. B 3aBucumocTu oT nonuTuku BUHK 1 ieHs1 Ha
HEPTB.

CADHUH BauyeciaB ®PaHIraToBU4, I'TABHBIH
reosior, 000 «Ypanx-AuzausH-ITHII>

1. HedrerazocepBucHas.

2. 2roja.

3. O60 BCeX HOBBIX TEXHOJIOTUSX, B YACTHOCTH, O
KOJITIOOMHT'OBOM OYPEHHH Ha AETIPECCUN.

4. Tloutu Bce, 32 uckiaodeHuem I'PIT u
KOJTIOOMHT'OBOI'O OypeHUS (TIOKA).

5. Ha. ®pezeposanue nopTos MI'PIT, BBIMBIB
MPONITAHTA, OCBOEHHE CKBA’KHUH 430TOM.

6. «DUIMAIID.

7. dusnyecKad JUKBUAAIHSA CKBA’)KUHBI, 3211ACOBKA
rperoniero Kabess B IoJI0CTb TPYOOIIPOBOAA.

8. Her

9 -

10. Kontiobunrosoe 6ypenue, MI'PIT.

11. TPIT+ 'HKT-T€XHOIOIUY, NEPEKIIOUEHNUE
nopros MI'PIT, I'TIIT Ha THKT ¢ nocaegyonmum
I'PIT.

12. OCBOEHUE APKTUUECKOI'O MIEIb(a.

13. TloBauAIOT HA JOJTOCPOYHBIN JIM3HUHI, [IOUCK
OaHKOBCKOI'O IPOAYKTA C HAUMEHBIINMU
MIPOLICHTAMH.

CMHUPHOB Muxaui CepreeBmud, MH>KEHEP-
TexHoior, HII® Jdlakep»
1. HedrerazocepBrucHass KOMIAHUS,
IPOU3BOAUTEIH OOOPYAOBAHMS.

2. 1lrom.
3. TIpuMEHEHUE ITAKEPHOI'O OYpEHUS IIPU
KOJITIOOMHTE.

OPT3.
Her.

4
5

6 -
VAR
8. Her
9 —
10. —
11

12, -
13. ByzeT pacmmpATbCA UMIIOPTO3AMELIEHUE.

POMAHEII BuUKTOp BUKTOPOBHY, HAYAJTBHHK
oTae A cynepBamn3epcKkoro KouTposus TKPC
000 bamHedTH-T100BIYA>
1. HedrerazonoosiBaromas.

102 Ne 1 (051) Mapr / March 2015

2
3
4
5. No.
6
7
8

AHKETA «BPEMIEHM KOJITIOBMHIA»

fracturing (with proppant), while in Orenburg
region we practice acid fracturing.

9.  We purchase hydraulic fracturing services from
oilfield service companies.

10. Hydraulic fracturing, bottomhole zone treatments.

11. CT technologies, various types of well completions
and fracturing operations.

12. Hydraulic fracturing, well completion, and drilling
operations.

13. It depends on the policy of a vertically integrated oil
company and on oil prices.

Vyacheslav SAFIN, Chief Geologist, Ural-

Design-PNP, LLC

1. Oiland gas service.

2. TFor 2 years.

3. About all new technologies and underbalanced
coiled tubing drilling in particular.

4. Almost all, except for hydraulic fracturing and
coiled tubing drilling.

5. Yes. Milling of multi-stage frac ports, proppant
removal and nitrogen lift.

6. NOV FIDMASH.

7. Well abandonment, injection of heating cable into a
pipeline.

8. No.

9 -

10. Coiled tubing drilling, multi-stage hydraulic
fracturing.

11. CT hydraulic fracturing technologies, shifting
of multi-stage frac ports/sleeves, CT-conveyed
hydraulic jet perforation with subsequent hydraulic
fracturing.

12. Development of Arctic shelf reserves.

13. Capital lease will be affected. The companies will
try to seek for banking products offering the lowest
interest.

Michael SMIRNOV, Process Engineer, NPF Packer
Oil & gas service and equipment manufacturing
company.

For 1 year.
About the application of packers during CT drilling.
ORTZ??

—_

12. -
13. Import substitution will be expanded.

Viktor ROMANEC, Head of Supervision

Department, Well Workover and Servicing,
Bashneft-Dobycha, LLC.

1. Oiland gas producing.
2. For 2years.



COILED TUBING TIMES QUESTIONNAIRE

AR

NN INNCN

12.
13.

2ropa.

Pa6bora THKT B XBOCTOBHKAX MAJIOT'O IMAMETPA.
MTIPIT, T'PIT, KTPI1, ocBoenue 'HKT ¢ a3oToM.
Ja.¥Y Hac pa6oTaeT 8 (p/IO0TOB, U3 HUX 2 — C
A30THBIM KOMIIJIEKCOM.

«DUIMATII>.

Ha. ITponnanTHer I'PIT u KI'PIT.

71 IpOM3BOJCTBA 3TUX PA6OT HAMU
MIPUBJIEKAIOTCA KoMITaHuU Trican Well Services
IImomo6epxe».

. 3bC, 3bC u I'PIT, KI'PIT, MI'PIT.
. Bypenwne ropuszonTanbHbIX CTBOJIOB ¢ MI'PII, B

Tom uuciie 3bC ¢ MI'PIT u I'PIT.
BBICOKOTEXHOIOTUYHBIE CEPBHUCHBIE YCITYTH.
BypeT pa3BuBaATbCA UMIOPTO3AMENICHHE.

MAPYEHKO Baagumup Baragumuposuy,
uH:xkeHep I'PII, betHUIINHeDTD,
PYII JI0 <bemxopycHeDTH>

1.

10.
11.

12.

13.

Hedrerazonobeisaromias, HEQTEra30CEPBUCHAS,
UCCJIEJOBATENBCKASA CTPYKTYPA.

5 jIer.

Paszsutne Texnosorui I'PI1, HOBbIE TEXHOIOTUN
O UHTEHCU(PUKAITUH ITPUTOKA, HOBBIE
TexHonoruu Ha 'HKT.

PBIT, T'PIT, MI'PI1, BCEBO3MOXHBIE paOOTHI HA
I'HKT.

Ja. PBIT, mpOMBIBKA CKBA>KIH, Pa30ypHUBAHUE
nopros MI'PIT.

«PUIMAII>.

I'PIT 1 OCBOEHHE CKBAKUH ITTyOMHOI 6051€€
5500 M r1pu 1u1acTOBOM Temrieparype 180 °C ¢
IrpagrenToM rugpopaspsisa 220 MITa/m.
Ha.T'PIT c npormmanToMm, KUCaoTHbIN ['PIT ¢
nponmnanTom, MI'PIT, I'PIT Ha TMHEMHBIX T'EIAX/
BA3KOyIHpyrux ITAB.

«OUIMAIII».

I'PTI, MI'PI1, PBIL

MI'PIT B C/TaHIIEBBIX KOLJIEKTOPAX,
BcrioMoraresipHble pabotsl THKT, 6ypenne
TOPU3OHTAJIBHBIX CKBA’KMH U OOKOBBIX CTBOJIOB.
BBICOKOTEXHOJIOr'MYHbBIE CEPBUCHBIE YCITYTH:
I'PIT, MI'PI1, 6ypeHue.

ByayT pa3BUBATbCA OTEYECTBEHHDIE
KOHCTPYKTOPCKHE Y HAYYHO-
UCCJIEJOBATENBCKUE CTPYKTYPBI C LIEIBIO
CO3/1aHUsI OOOPYJOBAHUS.

COPOKHH dayapa BUKTOPOBHY, HAYAJIBHHUK
OTIE/IAa TEXHOJIOTHH BHYTPHCKBAXKHHHBIX
pa6ot, 000 JIVKOM/I-MH>KMHHPHHT>

1.
2.
3.

HedrerazogoopiBaronias.

3ropa.

MI'PII — OmbIT OTKPBIBAEMBIX ITIOPTOB, ONIbIT PHP
(BT.4.cTHKT) Bropu3OHTA/IbHBIX CKBAKMHAX.
3BC ¢ IPpOTAKEHHBIMHA T'OPU3OHTAIbHBIMHU
y4yacTkamu, MI'PIT, THKT.

Ja. Ho 11ioka He O4eHb N POKO.

10.

11.

12.
13.

About the operation of CT in small diameter liners.
Multi-stage, hydraulic and acid fracturing, CT-
assisted nitrogen lift.

Yes. We have 8 CT fleets. Two of them include
nitrogen complexes.

NOV FIDMASH.

Yes. Conventional hydraulic fracturing (with
proppant) and acid fracturing.

We use the services of Schlumberger and Trican
Well Services for performing such operations.
Sidetracking, sidetracking and hydraulic fracturing,
acid fracturing, multi-stage fracturing.

Drilling of horizontal wells with subsequent multi-
stage fracturing, including sidetracking operations
with multi-stage and conventional hydraulic
fracturing.

High-tech oilfield services.

Import substitution will be developing,.

Vladimir MARCHENKO, HF Engineer,
BelNIPIneft, RUP PO Belorusneft

1.

11.

12.

13.

Oil and gas production, oilfield service, and R&D
company.

For 5 years.

About the development of hydraulic fracturing,
EOR and CT technologies.

Radial drilling, hydraulic fracturing, multi-stage
fracturing, and various CT operations.

Yes. Radial drilling, well cleanouts, and milling of
multi-stage frac ports.

NOV FIDMASH.

Hydraulic fracturing and completion of wells
deeper than 18,000 ft with formation temperatures
up to 356°F and frac gradient up to 9,753 psi per feet.
Yes. Hydraulic fracturing with proppant, acid
fracturing with proppant, multi-stage fracturing,
fracturing with linear gels and VDA's utilization.
NOV FIDMASH.

. Hydraulic fracturing, multi-stage fracturing, and

radial drilling.

Multi-stage fracturing of shale formations, CT by-
works, drilling of horizontal wells, and sidetracking
operations.

High-tech ailfield services: Hydraulic fracturing,
multi-stage fracturing, and drilling.

Domestic engineering and R&D companies will
evolve and create new samples of equipment.

Eduard SOROKIN, Head of Well Intervention
Technologies Department, Lukoil-engineering,

LLC

1. Oiland gas producing.

2. For 3 years.

3. About multi-stage fracturing and shifting/opening

of frac ports, cement squeeze operations (including
CT-assisted) in horizontal wells.

Sidetracking operations, multi-stage fracturing, CT
technologies.
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AHKETA «BPEMIEHM KOJITIOBMHIA»

6.

~

IIpuBIEKAEM HA CEPBUC TTOAPSATIHUKOB.
V HOAPAAYUKOB ITAPK OT PA3IUYHBIX
IIPOU3BOAUTEIIEH.

KucyioTHOE TYHHENUPOBAHME.

IIa, B OCHOBHOM 3TO OOJIBIIIEOOBEMHEBIC
KHCJIOTHBIE TpOoITanTHbIe I'PIT.
IIpuBIEKAEM HA CEPBUC TTOAPATIHUKOB.
V HOAPALYUKOB ITAPK OT PA3TUYHBIX
IIPOU3BOAUTEIIEH.

10. TexHOIOTUH, ITIO3BOJISIONIHE U3BJIEKATH

BBICOKOBSI3KME HEPTH; CEJIEKTUBHBIE COCTABBI
a1 OBIL

11. TopusoHTanbHOE GypEHUE C NPOTAKEHHBIMHA

CTBOJIAMU (BKJIIOUast odpmop), MI'PIT ¢
oTtkpbiBaeMbIMU opTamy, F'HKT pma T'MC/KPC B
OPOTAKEHHBIX TOPU30OHTABHBIX CKBAKMHAX.

12. Bypenue — npoBojka cTBoja Ha o¢iope; KPC —

3HAYUTEIbHAA 9aCTh [TA MOHTHPYETCA HA IACCH
KpA3 (Ykpauna); THKT (mpu y>keCcTOUYEHUU
CAHKLUI), IOCKOJIbKY OTCYTCTBYET
KAa4E€CTBEHHASI TUOKAs TPyHA POCCUICKOTO
IIPOU3BOACTBA.

13. Ilpu ganpHENIEM CHUKEHUU HEPTSIHBIX 1IEH

BEPOATHO 3AMOPAKHUBAHUE KAITUTATIOEMKAX
IIPOEKTOB.

MATIAJOBA JIr060Bb AGay/1a€BHA, Ipocdeccop,

PIY HedbTH 1 ra3za um H.M. I'yOkuHAa

HccneoBaTenbCcKas CTPyKTypa.

10 ner.

Texnonornu ITHIT, PUP ¢ npuMeHeHHEM
KOJITIOOHHTIA.

I'PIT, ITHII, PUP, rnymenue, V_O, XUMHU3AL U
Ja. KucinorHsie 06pabOTKH.
«PUIMAII>.

I'PTI ¢ UBIT.

Ja.

Stewart & Stevenson, «OHJIMAIIl», CMM,
KUTANCKOE OO60PYIOBAHHUE.

10. ITonmumepHoOe 3aBogHEHNE, ASP-32BO/JHEHHUE,

BBIPABHHUBAHUE NTPOQUIIs (MHOI'O BUJIOB).

11. Topu3oHTaIBHOE O6YPEHNE, MHOI'OCTAJUHHBIH

I'PIT, I'PIT c npuMeHenuem Tpaccepos, 'PIT
B COYETAHNHU (U30JIALIHA BOJOIPHUTOKOB,
COJIEOTJIOKEHUH U T.IL.).

12. T'PIL
13. ByayT IOKyIaTh, ACBATHCS HEKYAA!

Joporue unrarenu! Bamie ygactue B onpoce

MIOMOJKET XKYPHAITY «Bpems KOJITIOOUHT'a» CTATh
60JIe€ MHTEPECHBIM U ITOJIE3HBIM. BBIPEKbTE,
MOXATYHCTA, AaHKETY, 3AII0JIHUTE €€, OTCKAHUPYHTE

u

IIPULLJIMTE 110 4/IpeCy cttimes@cttimes.org

wiu halina.bulyka@cttimes.org
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10.

11.

12.

13.

Yes. But the range is not very wide yet.

We employ the services of independent contractors.
They all have their own CT fleets of various
manufacturers.

Acid tunneling.

Yes. Mainly, we use large-volume acid fracturing
with proppant.

We employ the services of independent contractors.
They all have their own CT fleets of various
manufacturers.

Technologies that allow extraction of high-viscous
oil; selective compositions for water shutoff
operations.

Drilling of long horizontal sections (including
offshore drilling), multi-stage fracturing with
openable ports, and CT-assisted well logging/
workover operations in long horizontal wellbores.
Drilling, including offshore drilling; well workover
operations (since the major part of units are based
on foreign KrAZ chassis); coiled tubing (if the
sanctions will be expanded), since there is no high-
quality Russian-manufactured coiled tubing.

If the oil prices continue to decline, capital-intensive
projects will be suspended.

Lyubov’ MAGADOVA, Professor, The I.M. Gubkin
Russian State University of Oil and Gas

1.
2.
3.

O W oW

11.

12.
13.

Research and development structure.

For 10 years.

About EOR and cement squeeze technologies with
CT application.

Hydraulic fracturing, EOR operations, cement
squeeze, well killing operations, V_O, and
chemization.

Yes. Acid treatments.

NOV FIDMASH.

Hydraulic fracturing with water shutoff.

Yes.

Stewart & Stevenson, NOV FIDMASH, SMM, CJSC,
and Chinese equipment.

. Polymer flooding, ASP flooding, and conformance

control (various types).

Horizontal drilling, multi-stage hydraulic fracturing,
hydraulic fracturing with the use of marked proppant,
complex fracturing operations (including water
shutoff operations, scale buildups isolation, etc.).
Hydraulic fracturing,

They will buy it! There is no other way!

Dear readers! Your feedback will help Coiled Tubing
Times Journal to be more useful and interesting for you.
Please, kindly fill in the questionnaire, cut it out, scan
and send either to cttimes@cttimes.org
or halina.bulyka@cttimes.org



Coiled/tubing

Joporue gpy3ba! N SPEMA ren lee S

KypHaa «<BpeMsa KOJITIOOHHIA» IPOCHT Bac OTBETHTH HA HECKOJIBKO BOIIPOCOB

O.N.0.

KoMitanust /opraHmu3arus

JIOJDKHOCTD

> oo

[Tpoduib AeATeIBHOCTH KOMIIAHUHN (HEPTETra30400bIBAIONA, HE(PTETA30CEPBHUCHAS,
KOMITAHMs — IPOUBBOJUTENL OOOPYAOBAHMSA, HAYYHO-UCCIIENOBATEIBCKAS CTPYKTYPA,
BY3) (Hyacrnoe noouepiryms) pyroe

5. Kaxk gaBHO Brl 3HaeTe xKypHas «Bpema KonTioouHra»?

6. O KaKUX TEXHOJIOTHAX HE(PTEra30BOro CEpBUCA BaM XOTENOCH 6bI MPOYECTD B JKYPHAJIE
«Bpemsa KkonTioouHra»?

7. Kaxwme BbICOKHE HE(PTECEPBUCHBIE TEXHOJIOTUH UCIIONb3YIOTCA HA BammeM npeanpuarumn’?

8. ITlpumenser mu Bama KoMIaHus KOJTIOOMHI'OBBIE TEXHOJIOIMU? ECiu 1a, TO KaKue
KOJITIOOMHI'OBBIE TEXHOJIOTUH HANOO0JIEE BOCTPEOOBAHBI B PETMOHE (-4X) IPOBEICHUA
paboT Bamen KoMnaHnumn?

9. KonTIOOMHIOBBIE YCTAHOBKH KAKHX IIPOU3BOJAUTENEHN UCIIOIb3YET Balra KoMImanua?

10. Kakue yHuKaibHbIE pab0ThI BaM 1 Bammm KOJIIeram yJ1aBaaoCh IPOBOAUTD?

11. ITpumensiet au Bamia kommanus TexHosaoruto I'PIT? Ecnu ga, To kakue Bubl [PIT
3(PpPEKTUBHBI HA CKBA)KMHAX Bamero peruona?

12. O6opygosanme s nnposeaeHusa I'PIT Kakux Npou3BOAUTEIEN UCTIONb3YeT Bamna
KOMIIAHUS?
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13. Kakue Texnonoruu ITHIT aBnsaioTcs, 1o BameMy MHEHHIO, HANOOJIEE AKTYAIbHBIMY Ha
CErOHSIIHHANI JCHB?

14. Kakue BBICOKUE TEXHOJIOTUH HEPTEra30BOIO CEPBUCA OYIyT HA MTUKE BOCTPEOOBAHHOCTH
B Omkarimeit (5—10 JieT) IepCcreKTuBe?

15. Kakue cermeHTbl POCCUIICKOT'O HE(PTETA30BOTO CEPBUCA MOI'YT CTOJIKHYTHCS
C CaMBIMHM OOJIBIITUMH TPOOJIEMAMHU B CBSI3U C CEKTOPATIbHBIMU CAHKITUSIMU,
INPUHATBIMHA 3a11aTHBIMU CTpaHaMI/I?

16. Kak MOT'YyT U3MEHHUTBHCA Y HE(PTETA30CEPBUCHBIX KOMITAHUM TTOIXO/TbI
K IIPHOOPETEHUIO JOPOIOCTOALIETO OOOPYAOBAHUA?

17. IIpy KaKUX 11IeHAX HA HEMPTb MOKHO IIPOTrHO3UPOBATH 3AMEICHUE TEMIIOB PA3BUTHA
BBICOKOTEXHOJIOTMYHOT'O CETMEHTA HEPTEra30BOI'O CEPBUCA?

18. Xorenu Ob1 Bl HOJ'[X‘{Q_TI; €XKEHE/CJIbHYIO HOBOCTHYIO PACCBUIKY C CAMTA
www.cttimes.org¢

19. Eciin Bl OTBETUIIN TTOJIOKUTENBHO, TO YKAKUTE, [TOKAIYHICTA,
CBOM 3JICKTPOHHBIN apec.

Crmacu60, YTO HAIIUTH BpeMs JIJISI OTBETA HA HAIITH BOIIPOCHI!
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BBIX TEXHOJIOT Ui
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25-29 maa 2015,

Mimnosammonmsie  MECTO NPOBEAEHUSI:
TeXHOAOTHI Pecnybanka Kpbim, T. SIATa

CEMUHAP-KOH®EPEHLLIASI

MHHOBALUMOHHbIE peLueHus B o6AacTtu KPC,
P, FTHKT, BHYyTPUCKBAXXUHHbIE PAOOTHI
M CYNepBAN3UHT B TOPU3OHTAAbHbBIX
> M PA3BETBAEHHbIX CKBAXKUHAX

- 5 — |
YL - ’ - " AAS1 yHOCTHS1 B CEMUHAPE-KOHPEPEHLIMM MPUAQLLIAEM UHKEHEPOB MO | a0
' TKPC, nHxeHepoB Mo BYPEeHUIO, MHKEHEPOB MO A0DLIYE, TEOAOTOB U AP. | :H"fi h.ﬁ ,

B xoA€e CEMUHAPO-KOHDEPEHLIMN SKCMEPTh MIOASASTCS CBOVMMM
3HOHWSIMM, OMbITOM U PE3YALTOTAMM BHEAREHMS

OBCYXAAEMbIE BOMPOCH!:

Tenemetpus npu KPC, CT1O, OT13, PUP, TAyLLEHWN, AOBUABHBIX PABOTAX; |- ot =R

NOBUAbHbIE PaBoThI B [C, PIC, 3BC;
GUBNKO-XMMMYECKME OBPABOTKN IC;
ocBoeHue [C;

rEOAOTMYECKME NCCASAOBAHWS TC;
cynepsananHr TKPC;
MC ropr3oHTAABHbBIX CKBAYKH BO BPEMSI PEMOHTQ;

INBP B ropn30OHTOABHBIX CKBOYKMHAX BO BpeMst TKPC;

1. '”_ ¥ s S PEMOHTHO-N3OASILIMIOHHBIE PABOThI B FOPU3OHTAABHBIX CKBDKVHAOX;
oy ! i:*h. L X ..?‘ *
M“__ FAYLLEHME FOPU3OHTAABHBIX CKBODKH;
e 2 TEXHUKA AN MPOoBeAEHNS TKPC B rOpU30OHTAABHBIX CKBCDKHAX;
= .
060pYAOBAHME AAS MPOBEAEHMS TKPC B rOp130OHTAABHbBIX CKBODKMHAX;

e iy

Ui AN
-3

...*"' OrbIT MPOBEeAEHWA CAOXKHBIX PEMOHTOB B TOOU3OHTAABbHbIX CKBAXKNHAX;

pa3bypuBaHME NopPToB [PIT;

=
L

’

cepBUCHbIE PaboThl MO TKPC B rOpr3OHTAABHbBIX CKBOMKMHAX.

http://togc.info/

+7 (3452) 534-009




POCCUCKAS
HEDPTEIASOBAA
TEXHUYHECKAA
KOH®EPEHUWNA SPE

26-28 oktabpa 2015 ¥ UndollpocTpancreo, Mockea, Poccuna
www.spe.org/events/rpc/2015

lNMogaya pabort oTKpbITAa:

« CneyuansHas ceccua Monoasix CrneumanncTos
(kpaitHWi cpok nogadu — 20 anpena 2015r)

« PervoHanbHbIi KOHKYPC CTyaeH4eckux pabor
(KpaiHWW cpok nogadn — 15 uwoHa 2015r)

3a gononHuTensHOW MHhopMaUven, NoxanyncTa,
obpaulanTece K Mapui Tulkoson: russianocilandgas@spe.org;
mtishkova@spe.org. Ten: +7-495-268-04-54
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Coiled tubing

BPEMS KOJITIOBUHIA
BPEMA ren

119017 r. MockBa, MNbixxeBckumn nep., 4. 5, ctp. 1, opunc 224
Ten.: +7 499 788 914, ten./dakc: +7 499 788 91 19.

Joporue untatenu!
Moanmcky Ha Hay4YHO-NPaKTUYECKUI XypHan

«Bpemsi KonTioOMHra»

Bbl MOXeTe 0hopMUTb B NIoGOM oTaeneHun «Pocneyati»
B Nepuop NpoBeAeHNs NOAMNMUCHbIX KaMMaHWUN.

MHAEKC B NOANMMNCHOM KATAJNOTE «POCMEYATU» —84119.

KomnaHuu MoryT ochopMUTb FOA0BYIO NOAMUCKY
HernocpeacTBEHHO B peAakumn XypHana (He MeHee YeM Ha
3 ak3emnnspa). Moanucka B pefakunmy BO3MoXHa ¢ loboro
MecsLla roga.

MuHMManbHas CTOMMOCTb rOgOBOM NOAMNUCKM (3 3K3. X 4 BbIM.):
13 200 py6. (Bkntovasi HAC 10%) + CTOMMOCTb JOCTaBKM.

[ns odopmneHust NoANnckM Yepes pefakLmio oTnpaBnsanTe

3anpoc no agpecy: cttimes@cttimes.org

For English-speaking readers we recommend to subscribe
for PDF-version of the Journal.

Please send your subscription request to:
cttimes@cttimes.org

Year subscription price for PDF-version: 80%.

IMouernbiit pepakTop — POH Knapk (rc@cttimes.org);
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STELKRAFT

Coiled Tubing and Pumps
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Combine
CT Power
Pack&Control Cabin Colled Tublng Power Pack
KomGumuposatmbii Moayne Moaynbk nuTaHma KonmobuH
rOBOWM YCTaHOBKK

(kabBuHa ynpagneHua 1
MOAYNE NMUTAHKUA)

Controf Cabin Coiled Tubing =
Lifting F
Kabuwa ynpagnenus Power Reel ﬂonﬁuf:;;ama
MexaHuecKn

bapabau MTHKT
i
|

Jacking Frame

Nopran nogsEmMHMKa
(CAMANOEMAMEOUSIOLE

Gypoaoro 0ouonav) Telescopic Spooler )
TeneckonuyecKud - &
cnynep ! /

Coiled Tubing
Injector
Mumextop THKT

Clip-in-Drum Walking Platform
HasuaouHblin Bapabam NoamocTicn

SINGAPORE LISA, RUSSIA AND FORMER USSR

Barbara Viner
Stelkraft Coiled Tubing and Pumps Lid Telephones: 1(203)570-2115 - Mobil

3

OA, Benoi Sector, Singapore 629862 1 (203) 353-0068 - Otfice

Phone: (65) 6208 0188 1 (203) 353-0068 - Fax (after 6 rings)

Fax: (65) 6268 2893
E-mail: 1
Website

Website



MpepcTaBUTENLCTED B F'::u_.. M DU OcepBUCH
ren.: +7 {916) 281 15 53

LL

L1 “
EAAAAY “\.Iﬂ
‘:‘“‘“ "“tim“ A
Riasasii

A
KonTro6uHroeoe!
'a30THOE [5]
:‘: 06 DVOOBE
f':.; *C DilecC hing
Nltrngemand Pumping
w \Equipment

220033. Belarus. Minsk. Rybalko str. 26

Tel.: +375 17 298 24 17,

fax: +375 17 248 30 26

E-mail: fidrtashsalest@nov.com, www.fidmashnov.by
Representative office in Russia LLC "FIDservice",
tel.: +7 (916) 281 15 53




