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CJIOBO PEJAKTOPA

Jpy3bs1, CBEXUI HOMED JXypHaJIA
criemuT K Bam! Hama pegaxkiiys no o6e
CTOPOHBI ATJIAHTUKHU PA6OTAET, YTOOBI
JIOHECTH JJO BAC CAMYIO AKTYAJIbHYIO
nHdOopManuIo. Ho eciiu mpoCTPaHCTBO
MBI HAYYHJIUCh IPEOJOIEBATD
HOCPECTBOM UHTEPHETA
MNPAKTUYECKU MTHOBEHHO, TO BPEMSI
HaM HEIMOABAACTHO. [ToMHUTE, 4,
NO3/1PaBIIAsa BAC C HOBBIM rozioM,
HAJIesJICs, YTO 9yucao 2020 OKakeTCst
cuacTIuBBIM? 10 BCEM IPUMETAM
JIOJIKHO OBLIO BBITH UMEHHO TAaK, HO
ITOT KAXKYIIUUCSI 6ECKOHEYHBIM 'O/l TOCHLIAET HAM BCE
HOBBIE UCITBITAHUSL. B 3TOM cBOEM «CJIOBE» 51 XOTEN Obl
MIPUITIACUTD HANTHUX JOPOTUX YUTATEIICH HA OYEPEIHYIO
21-10 MeXyHaAPOJHYIO HAYYHO-TIPAKTUYECKYIO
KOH(pepeHIUIO «KONTIOOMHTOBBIE TEXHONOTUH, ['PI],
BHYTPUCKBAXKUHHBIE PAOOTHI», KOTOPAs €XKETOJHO
POBOAUTCS B HOSIOpE B MOCKBe 110z aru1or ICoTA.

Ho Ha HACTOAIUNA MOMEHT A HE MOT'Y C YBEPEHHOCTbBIO
YTBEPKAATh, UTO HAIIIA BCTPEYA COCTOUTCSA B OUHOM
¢popmMmare. BO3MOKHO, UTO 3aKPBITHIE U3-34 ITAHIECMUU
COVID-19 rpaHulibl U KAPAHTUHHBIE OT'PAHUYCHU A
BBIHY/SAT OPTAHHU34TOPOB IPOBECTH KOH(PEPEHITUIO

B OHJIariH-(popMare. [Toxkanyiucra, caegure

3a nHdOopMaIIHEi HA caifiTe www.cttimes.org.

MBI COOOIINM O TOYHBIX JaTaX H popmare
KOH(EepEeHIINH, KAK TOJIBKO CHTYAITHS IIPOICHHTCS.

B Teky1eM BBIITYCKE OOPATHUTE BHUMAHUE HA TIOIOOPKY
TE3UCOB KOH(PEPEHIINH 10 KOJATIOOUMHI'OBBIM TEXHOJIOTHUSIM
U BHYTPHUCKBA)KUHHBIM padoTam SPE/ICOTA 2020,
cocrosBuiencs secHou B Bypnengce (Texac, CIITA). OueHb
MHOTHE PA60THI, KPATKOE OMTUCAHUE KOTOPHIX JJAHO B
TE3UCAX, OTIINYAJINCh UICTUHHBIM ITOJIETOM UHXKEHEPHOMN
MBIC/IA. HE COMHEBAIOCH, YTO BBI ITOJIYUYUTE NOACKA3KU,
KOTOPBIE TTIOMOTYT CTOJB K€ 3(P(PEKTUBHO OCYIIECTBUTD
YHUKAJIbHBIE ONEPAIIMH HA BAIIUX CKBAXKUHAX.

HecMOTps Ha ATAKU BUPYCOB U GHUPIKEBBIX CIIEKYISHTOB,
He(TECEPBUC UJET BIIEPE/, A TPOU3BOAUTEIHN
060PYAOBAHUA NPEIATAIOT MHHOBAITUOHHBIE
MHOT'OO6€EMAI0NUE NPOAYKTEL [TapTHEPOM HOMEPA
apisgeTcsa DCTM — poccuiickuii npoussogurens THKT.

S paj coOO6IUTE BAM, YTO NPEAIIPUATHE OCBOUIIO

BBIITYCK 'MOKUX TPYO C IEPEMEHHOM TONIUHON CTEHKU

— TEMIIUPOBAHHBIX. OHH BBICOKO BOCTPEOOBAHBI 715
CKB4KHMH CO CJIOKHOM reoMeTpuen. [lepeMeHHas ToMIIuHA
CTEHOK IMO3BOJIAET CHU3UTb OOIIUI BEC TPYOBI U JOOUTBHCS
6osee r11y60KOro CITyCKa B FOPU30HTAJIBHBIN YYaCTOK
CKBA’KHHBL

Kaxk Bcerja, B HOMEPE HAIIU TPAIUITUOHHBIE
pyopuku. O6paTUTe BHUMAHHE HA «MHOT'OKAHAIbHBIHA
KONTIOOUHT» B « THHOBALTUAX» U «CaMO3aTyIIAIOIYIOCS
NOTOKOOTKJIOHAIONYIO KOMITO3UIIHIO JI HAIIPABIECHHBIX
KHCJIOTHBIX OOpa60TOK KAPOOHATHBIX KOJJIEKTOPOB
3anajgHoro Kazaxcrana» B «<HepTEnpOMBICIOBOY XUMUM».
ITox60PKY HOBOCTEN 3aBEPLIAET AAUKECT CBEXKETO
Outlook BP, mpeaaraionuii Tpu ClicHapus Pa3BUTHUS
IHEPrETUYECKON OTPACIH HA OIIMKANIITNE
30 sieT. Bce OHU IPEPEKAIOT MAEHUE CIIPOCA HA HEPTD,
OJTHAKO JJaXKE CaMBII IJIOXO0M, Net Zero crieHapuH, BCé
K€ OCTABJIACT HAIIEH OTPACIN JOCTATOYHO 6OJIBIIOE
MOJIE JEATEIBHOCTU. TAK 4TO ONITUMU3M JIMUHO MEHS HE
MHOKU/IAET.

Pon Knapx

EDITORIAL

Dear friends, this is the latest issue of the
journal hot from the press! Our editorial board
has been working on both sides of the Atlantic
for you to have the most recent information.
But while we have learnt to cover distances in
no time due to Internet, the time is still beyond
our control. Do you happen to remember my
wishing you a Happy New Year and expressing
hopes that 2020 would be a lucky number? It
had all the earmarks of that, but instead we are
having a year which seems never-ending in its
attempts to challenge us day after day. I would
like this editorial to become an invitation to yet
another, the 21st International Scientific and
Practical Coiled Tubing, Hydraulic Fracturing
and Well Intervention Conference which is held
in Moscow every November under the aegis of
ICoTA. However, for the time being, I am not
sure that we will be able to meet in person. The
COVID-19 pandemic, having closed the borders
and imposed quarantine restrictions, may
force the hosts of the conference to opt for the
online meeting. Please, stay informed with
our website www.cttimes.org. As soon as
the situation is made clear, we will notify
you of the exact dates and the form of the
conference.

In our current issue you will find a selection
of abstracts from the reports delivered at the
SPE/ICOTA Coiled Tubing & Well Intervention
Conference 2020 which took place in spring in
the Woodlands, Texas, USA. It is evident from the
abstracts that a range of works have provided
overflowing engineering creativity. I have
no doubt that they may become a source of
inspiration for you to rely on and to achieve
the same results while carrying out unique
operations at your wells.

Despite virus attacks and the onslaught of stock
gamblers, oil service makes headway and the
equipment manufacturers offer promising state-
of-the-art products. The partner of this issue is
ESTM, a Russian coiled tubing manufacturer.I am
pleased to inform you that ESTM has launched
tapered strings. They are in high demand for the
wells with complicated geometry. The tapered
thickness makes the string less heavy and thus
allows it to reach deviated sidetracks of the well.

The issue, as always, features its usual columns.
You will find it worth your attention the
articles like Multichannel Coiled Tubing under
the Innovations heading and Self~Thickening
Flow-Diverter Composition for Directed Acid
Treatments in Carbonate Reservoirs in Western
Kazakbstan in the Oilfield Chemistry column.
The closing item in the news column is a fresh
Outlook BP digest containing three scenarios
for the development of energy industry in the
next 30 years. All of them predict oil demand
contraction, but even the worst Net Zero case
scenario leaves our industry with enough wriggle
room. So, as for me, the prospects still look
optimistic.

Ron Clarke
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KoudepeHIIusa COCTONTCS
26-27 Hosa6Pps1 2020 roga B MOCKBe

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

Odunmanbias noAAePKKa: MUHHUCTEPCTBO SHEPTIETUKH
Poccurickor denepaniu.

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

CTpPYyKTypa MEPOIPUATUS: 3AINIAHUPOBAHBI IIIECTH
TEXHUYCCKUX CEKIIHI.

Hx reMaruka:
¢ KoJrTIoOMHTOBBIE TEXHOJIOTHH,

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

* Kucnorabsle 06padoTKH (B T4 MaTpuuHblie BCKO);

e PaguasibHOE BCKPBITHE IIJIACTOB;

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

*  BHYTPHUCKBaXMHHBIA MHCTPYMEHT JJIs1
BBICOKOTEXHOJIOTUYHBIX PA6OT;

¢ 3ape3ka 60KOBBIX CTBOJIOB;

* TUIAPOMOHHTOPHOE 6YPEHHUE;

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

* HoBblE METOABI MOBBIMEHNA HE(PTEOTAYHN ILTACTOB;

*  PEMOHTHO-U3OJIALIMOHHBIE PAOOTHI,

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

ToOpKECTBEHHBINA IIPUEM.

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

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

MexyHapOaHAA HAYYHO-TIPAKTUYECKAA KOH(PEPEHIINA
«KonrrobuHrossle TexHOMOruy, I'PI1, BHyTPUCKBA)KUHHBIE
PabOThI» IPOBOJUTCS €3KET'OHO. DTO CTAPEHIIINHI B
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The conference will be held
November 26-27, 2020, in Moscow

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

Supported by the Ministry of Energy of the Russian
Federation.

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

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

Topics of the sessions:

* Coiled tubing technologies;

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

* Acid Treatments (including matrix acidizing);

* Radial Drilling;

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

* High-tech well intervention equipment;

» Sidetracking;

» Jetdrilling;

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

* New EOR technologies;

* Cement squeeze operations;

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

Welcome Reception.

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

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

The International Scientific and Practical Coiled
Tubing, Hydraulic Fracturing and Well Intervention
Conference is held on an annual basis. It is the Russian
longest-standing professional forum for oil and gas
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Poccun npodeCcCUOHAIBHBIN (DOPYM 118 CIEITUATIHNCTOB
HE(PTEra30BOro CEPBHUCA, 3aKA3YNKOB BBICOKOTEXHOJIOIMYHBIX
He(PTECEPBUCHBIX YCIYT U IPOU3BOJUTEIEN COOTBETCTBYIOIIETO
060pPYIOBAHMUSL

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

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

Ha 21-11 koH(pepeHIIUH OY1yT IIPEAOCTABJIEHBI BCE YCJIOBUS
JUIA IPOJYKTHUBHOTI'O KaK (POPMATIBHOTO, TAK M HE(POPMATTBHOTO
KYJIYapHOT'O OBIIEHHU CIIELIUAIUCTOB B IIPOLIECCe KOope-
OPENKOB, (pypIIeTa ¥ TOPIKECTBEHHOT'O ITPHEMA. BB CMOXeETE
OO6CYANTD AKTYaJIBHBIE TTPOOGIIEMBI C KOJUIETAMH U3 BEAYIITUX
KOMITAHUI, IOOECENOBATD C AHIVIOA3BIYHBIMU YYACTHUKAMU
KOH(PEPEHIINHU C IOMOIIBIO KBATU(PUITUPOBAHHBIX
IEPEBOJYNKOB.

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

HO U BCTPETUTE HOBBIX APY3€H.

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

HMupopmanus 0 CIOHCOPCKUX BO3MOKHOCTAX BBICBUIAETCA
TI0 3aMPOCY.

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

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

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

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

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

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

At the 21" conference you will have a possibility
to communicate with colleagues both in formal
and informal surroundings (during coffee breaks,
standing buffet or evening party). You will be able
to discuss timely topics and problems with the
specialists of the presented leading oil and gas
companies. Our interpreters are always ready to help
with linguistic barrier breaking.

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

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

Information about Sponsorship Packages is
available upon request.

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

We look forward to meeting you!
Organizing Commiltee
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Te3uncobl KOHCI)EPEHIJ‘VIM No KOJNTIOOMHIroBbIM
TEXHOJIOrMAM N BHYTPUNCKBaAXXUHHbIM
paGOTaM SPE/ICoTA 2020 (uacts 1)

SPE/ICoTA Coiled Tubing & Well Intervention
Conference 2020 Abstracts (part 1)

Mexncoyrnapoonas koHgpepery s no
KOJUMIOOUH208bIM 1MEXHOJI02UAM U
srympucksaicurHoim pabomam SPE/ICOTA
npoutna 6 Byonernoce, wumam Texac, CIIIA,
24-25 mapma 2020 2. Kongpeperivus
nPOBOOUMNICSL €IHCe200HO, OP2AHUAMOPAMU
KOH@epeHuuL mPaoutilOHHO 6bLCHIYNUIU
Obuecmeo uHIceHepoB-HedmaHUKo8
(SPE) u Accoyuauyiss cneyuaiiucmos

10 KOMIOOUH20BbIM MEXHONIOZUAM U
8rympucksaicurmrovim paoomam (ICoTA).

Cekuus 1. PeleHus B 0651aCTV BHYTPUCKBAXKMHHbIX paboTt

B aHHOWM cekumm 0bCyXaancs WMpPOoKM Kpyr npobnem 1 pelueHnii B

obnactn BHYTPUNCKBa>XMHHbIX pa6OT I NOBbILLEHNA HedJTEOT,ELa‘-H/I nnacra.

Bbinn npencraBneHbl MHHOBALMIOHHbIE Cnocobsbl pelleHns KOMNNeKCHbIX
3a[a4, C KOTOPbIMW CTaflKMBaeTCA Hallla OTpadilb, a Takxe I'IOJ'IyLIeHHbIl;I onbIT.
MpennoxeHHble pelleHnst B 06NnacT BHYTPUCKBaXKMHHbIX paboT ByayT nonesHsl
1 B APYrvX CTPaHax, roe MMeIoTCs CXOXKMe TPYLHOCTM U NPpobnembl.

YcnewHbin onbIT U3BNEYEHUS NEPBOM
YCTaHOBIEHHOW CKOPOCTHOW KONMOHHbI —

npumep ¢ bnnxxHero Boctoka

AGpyina Cy6arin, MyTa3s P. Ane-T'y6arinm, fccep IllaBsiau, Saudi Aramco;
Pycrem CyHarartos, Januim Axmena, Moxammaa ApucduH, BareHTuxn
IIoueTHBIN, Moxammes CanTaaH, Schlumberger

I'HKT gnunort 14 200 ¢pyToB 1 ArzameTpom 2 3/8 grorma
OBLIa YCTAHOBJIEHA B KAYECTBE CKOPOCTHON KOJIOHHBI JIJIS1
MHOBBIIIEHN ] CKOPOCTH U3BJICYCHUS JKUJKOCTH U YCTPAHECHUS
OpPO6IEMBI HAKOIIJIEHUS JKUJKOCTH B TA30BOU CKBAXKUHE. [Toce
YCIIEITHOM YCTAHOBKH KOJIOHHBI B TEYEHUE HECKOJIBKUX JIET
CKBaKMHA pab0TaIa B SKOHOMHUUECKU I(PPEKTUBHOM PEKUME.
ITOCKOJBKY 3TO 6bLI NUJIOTHBINM MPOEKT, HATIPABJICHHBIA HA
JIEMOHCTPAITUIO TOT'O, YTO CKBAKMHA MOXKET 3P (PEKTUBHO
paboTaTh CO CIIYIIEHHOM CKOPOCTHOM KOJIOHHOMH, OIEPATOP
MPUHSJI PENIEHHE U3BJIEYb KOJIOHHY. [IpOLIECC U3BICUYEHUS
MIPEACTABIIA COOOM CIIOXKHYIO 33/1a49Y, TAK KAK TAKasl JUIMHHAS
KOJIOHHA 60JIEE TPEX JIET HAXOAMIIACH B CKBAKMHE C KMCJION
cpenott (40000 ppm CO,, 40 ppm H,S). B kauecTBe MaTepuaia
JUIS1 CKODOCTHOU KOJIOHHBI ObL/Ia BEIOPAaHA HU3KOYITIEPOJUCTAS
CTaIb C IpeaenoM Tekydectr 90 000 psi a1 3a1uTel OT
KOPPO3UOHHOTO PACTPECKUBAHUS IO/, BO3/ACHCTBUEM CEPBL.
Bou1a ncnonb3osaHa Beimka I'HKT a5 focTyna B pabodyio 30Hy
B XO/IE€ PE3KU TPYObI U U3BJICYEHH S 3A00MHON KOMIIOHOBKH.

V3BjIe4ueHNE CKOPOCTHONM KOJIOHHBI IPOUCXOAUIIO B
HECKOJIBKO 3TAIOB. Ha IepBOM aTare 6bl1a CIYIIEHA IPOBOJIOKA
JUIS YCTAHOBKH OOPATHBIX KJIATTAHOB BHU3Y CKOPOCTHOH
KOJIOHHBL. Ha BTOPOM 3Tane rnepej; MOHTAXXOM O60PYJOBAHH
I'HKT yCTaHOBJIEHHBIE KJIAIIAHbI ObLIA UCIIBITAHBI HA IIPUTOK.
3aTeM Ha YCThE O6bLIa CMOHTHUPOBAHA KOJITIOOUMHIOBAS

8 Ne 3 (073) Cenrsabps/September 2020

The Coiled Tubing & Well
Intervention Conference took place
in Woodlandes, Texas, USA on March
24-25, 2020. The annual event

was traditionally organized by

the Society of Petroleum Engineers
(SPE) and the Intervention & Coiled
Tubing Association (ICOTA).

Session 1: Intervention Solutions

This session presents a broad range of well intervention
and production enhancement challenges and solutions.

[t showcases innovative ways to solve the complex issues
our industry faces as well as the lessons learned along the
process. These intervention solutions will be of use in other
locations facing similar issues.

Successful Retrieval of First
Installed Velocity String —

A Case Study from Middle East
Abdullah Subaii, Mutaz R. Al Ghubayni, Yasser
Shawli, Saudi Aramco; Rustem Sunagatov, Danish
Ahmed, Mohammad Arifin, Valentin Pochetnyy,
Mohammed Santal, Schlumberger

Installation of 14,200 ft of 2 3/8-in. coiled
tubing (CT) as a velocity string (VS) was
performed to increase the fluid production
velocity and avoid a liquid loadup problem in
a gas well. After the successful installation, the
well produced at economic rates for few years.
Because this was a pilot project to ascertain
the well's deliverability with the VS installed,
the operator decided to retrieve the VS.

The main challenge during the VS retrieval
intervention was to retrieve such a long VS
that had been in a sour well (40,000-ppm
CO,, 40-ppm H,S) for more than 3 years. Low
carbon 90,000 psi yield strength was chosen
as a material for VS to withstand corrosion
and Sulphur-stress cracking. A CT tower was
utilized to have the access to the work area
during pipe cutting and the bottomhole
assembly (BHA) removal process.

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



ycranoBKa M 'HKT criiyiieHa B CKBaXKUHY BMECTE CO
CIIEUATIBHON KOMIIOHOBKOM JIJI51 U3BJIEYEHH I CKOPOCTHOM
KOJIOHHBI, BKJIIOUAIOHIEN B CE651 TO'bEMHBIN HHCTPYMEHT
(GS-Tumn). C 1OMOIBIO NOABEMHOI'O UHCTPYMEHTA OBLI
IIPOU3BEICH 3aLIEII KOMIIOHOBKHU CKOPOCTHOU KOJIOHHBI U
IIyTEM IIPAMOI'O HATSDKEHUS CABUHYT C MECTA IIAKEP, KOTOPBIA
UCTIONB30BAJICS 115 IIOABECA CKOPOCTHOM KOJIOHHEL B
PE3YABTATE ONEPAIIUH CKOPOCTHAS KOJIOHHA ObLIA U3BJICYEHA
HA IOBEPXHOCTb BMECTE C MAKEPOM. BCsI KOMIIOHOBKA ObLIA
3a(PUKCUPOBAHA TPYOHBIMU IJIAIIKAMHU HA IPEBEHTOPE.
[Tocne npoBeAeHUsI HEOOXOJUMBbIX UCIIBITAHUNI HA IPUTOK
060PYyJOBAHUE /151 KOHTPOJIA YCTHEBOI'O JABIEHHU S OBLIO
oTKpbITO M T'HKT 6bL112 OTpE3aHa HIDKE MaKkepa. Bece
UHCTPYMEHTHI ObJIM OTCOETMHEHBL 34TEM OBLIIO CIETAHO
MPUTOTHOE K HAMATBIBAHHIO BHYTPEHHEE COETMHEHHUE, YTOODI
coequHuTb THKT (KOTOpasi UCHOIb30BAIACH 1151 U3BIICUCHU S
KOJIOHHBI) HENOCPEACTBEHHO CO CKOPOCTHOM KOJIOHHOU. B
UTOT'e€ CKOPOCTHAs KOJIOHHA ObLIA 6€30MACHO U3BJIEYEHA HA
IIOBEPXHOCTbD.

ITojie n3BIEYEHU HA IIOBEPXHOCTD BEPXHEU KOMIIOHOBKU
CKOPOCTHOH KOJIOHHBI OBLIO OTCOEJUHEHO OBICTPOPA3ZBEMHOE
COEUHEHME, UCTIOIb30BaBIIeeCs 1151 onpeccoBky, THKT
OBbLIA OTPE3aHA C HOMOIIBIO THIPABINYECKOr'O TPYOOPE3a.
Pe3MHOBBIE 27IEMEHTHI BEPXHETO MAKEPA ObLIN ITOBPEXKACHBI ITIPU
U3BJICYCHUHU M3 CKBAKUHBL CIIELINAJIMCTHI CAEAJIM BHyTPEHHEE
MPUTOAHOE K HAMATBIBAHUIO COCAUHEHNE 1 UCIIBITAJIN €0 Ha
HaTspreHue nipu 1,25 seca THKT B noaBEIEHHOM COCTOSIHUML.
ITocse OTKPBITHA TPYOHBIX /CKONB3AMUX Itamek THKT 6b11a
YCIICIIHO HAMOTAaHA Ha 6apabaH.

W3BneyeHne CKOPOCTHOM KOJIOHHBI OBLIIO IIPOBEICHO
32 opHy CIIO, ob1iee Bpems onepanuyu CoOCTaBuIo 30 4acos.

1o pe3ynpraram 3TOH ONlepaliu ObliId ITOJIy4eHa UH(POPMAIUS,
KOTOPAs ITO3BOJINT JIYYIIE NOHATD ACIEKTHI IPUMEHEHNA
CKOPOCTHBIX KOJIOHH B I'd30BBIX CKBAKHMHAX. DTO MH(POPMALUA
O TEXHOJIOT'UAX, BHYTPUCKBA>KUHHBIX HHCTPYMEHTAX,
NpOoLEAYyPaAX ¥ MEPAX ITO KOHTPOIIIO 34 PUCKAMHU B XOJI€
MU3BJICYEHUSI CKOPOCTHOU KOJIOHHBI U3 PabOoTaIonIeH
CKBAKHHBI.

Apantauua F'HKT ana pa3paboTku cnaHUeBbIX
MecTopoXAeHu: 81 AeHb HenpepbIBHOW PabOoThI
nepBoOro rnpoekTa no ,D,O6b|'-le CNaHUEeBOIO ra3a Ha
MaTEPMNKOBOM MECTOPOXAEHNN BeJ'II/IKO6pI/ITaHVIVI
Jduero A. ®epHaHgec, dpHecto Ppanko 1., Kapaoc BunarpanaIl.,
AHxexp Makago, Schlumberger

B jaHHOM cTaTbe NPEACTABIEHBI IIPOLEAYPhL, IIEPELOBLIC
IPAKTUYECKUE METOJUKU U PE3Y/IBTATHI [IPOEKTA C
npumeHenueM 'HKT, B paMKax KOTOPOI'O BIEPBbLIE
OCYILIECTBJICHO 3aKAHYHMBAHUE CKBAXKUHbBI HETPAJUIIMOHHBIM
CIIOCOHOM C UCHOIB30BAHHUEM METOAA MHOTOCTATUIHOTO
I'PTI Ha HA3EMHOM MECTOPOXK/ICHUHU B BEMTMKOOpUTAHUU
C LIEJIBIO OO6ECTIEYEHUSI KOMMEPUYECKH BBITOJJHOM TOOBIUHN
ra3a Ha MATEPHUKOBBIX CJIAHIIEBBIX IIACTAX. LIenbio paboT
OBLJIO IPOBECTU MHOTOCTAINHHBIH ['PIT uepes 3aTpybHOE
npoctpanctso Mexay FTHKT 1 HKT 3a oguy CIIO; O1HAaKO 3Ta
YHHUBEPCAJIbHAS TEXHOJIOTUsI ObLIIA IPUMEHEHA JIJIS LIETIOTO
pAa BHYTPHUCKBAXKUHHBIX PA6OT B PAMKAX JAHHOTO IIPOEKTA.

Pa3zpaboTka 1 yctaHOBKa KONbLLEBOW ra3nnugTHOM
cuctemMbl B CeBepHOM Mope B BennkobputaHnm
Taxen Moddar, Weatherford

RIH with the VS retrieval assembly consisting
of a GS pulling tool. The VS retrieval tool was
latched onto the installed VS assembly, and,
by applying a straight overpull, the packer
that was used to hang the VS was unset. The
VS was eventually pulled to surface along
with the packer. The whole assembly was
secured by pipe rams on blowout preventers
(BOPs). After the required inflow tests on the
BOP pipe rams were performed, the pressure
control equipment (PCE) stack was opened
and the CT was cut below the VS packer. All
tools were disconnected, and a spoolable
internal connector was made up to connect
the retrieving CT with the VS. Eventually the
VS was safely pulled to surface.

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

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

Coiled Tubing Adaptability in the
Development of Shale Plays: 81
Days of Continuous Operation in
the First UK Land Gas Shale Project

Diego A. Fernandez C, Ernesto Franco D., Carlos
Villagrana P., Angel Machado, Schlumberger

This paper presents the procedures, best
practices and results of a coiled tubing project
on the first unconventional completion
using the multistage fracturing technique
onshore in the United Kingdom, to achieve
commercial gas flow rates from the inland
shale formations. The main goal of the coiled
tubing operations was to deliver multiple
hydraulic fracturing stages through the
CT/tubing annulus in a single run; but the
versatile technology was used for a wide range
of intervention activities during the project.

Concentric Gas Lift System
Development and Installa-
tion in the UK North Sea

Andrew Galen Moffat, Weatherford
A high water cut Brent oil producer that

requires Concentric Gas Lift for the well to
flow at an economic rate. A Concentric Gas
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IIpeMETOM PACCMOTPEHUS SIBJISICTCSI BBICOKOOOBOTHEHHAS
HedTe0OBIBAIONIAS CKBAXKUHA HA MECTOPOXK/ICHNUM BpeHnT, 115t
KOTOPOU HEOOXOAUMA KOJIBIEBAS IA3IU(PTHASI CUCTEMA, YTOODI
BBIBECTU CKBAXKUHY HA 9KOHOMHUYECKHU LIETIECOOOPA3HBIN
ypOBeHb JiebuTa. Konbriesas ra3nu@THas CUCTEMA COCTOUT
W3 HATHETATEABHOTIO KJaMaHa, nogacoeauHeHHoro k THKT
guameTpom 1 % mrorima (ctanb 19%Cr), CKONb3AIMEro
COEIMHUTEJIS, IBYyXIOTOYHOTI'O NIPETOXPAHUTEIBHOTO
KJIAITAHA ¥ OJIBECKU C HOJIUPOBAHHBIM IIPUEMHBIM
OTBEPCTUEM JIJII XBOCTOBUKA, YTO COCTABJISIET HUXKHIOIO
KOMITOHOBKY 3aKaHYMUBAHUSL. BEpXHs KOMIIOHOBKA
3aKAHYHBAHUS [IPEJCTABICHA XBOCTOBUKOM C Ha/ICTABKOU
U3 YIVIOTHUTEIBHOI'O CEP/ICYHUKA U [ICHTPAIN3ATOPAMY,
KOTOpPBIE NOACOEANHEHHI K 300-MeTpoBOoi cexkiin HKT
JguameTpom 2 3/8 grorma (ctasb S13%Cr) 1 KOIbLEBOH
MOABECKE, 3AKPEIJIECHHON HA YCTbEBOM IIPOMEKYTOYHOU
Karymke. CTaHapTHast QOHTAHHAS ApMaTypa
YCTAHABAUBACTCS HAJI KATYIIKOH, 4 KATYIIKA UCIIOIb3yETCS 1151
HArHETAHUS ra3a.

Korza BCst cuCTEMA YCTAHOBJICHA, HOSIBJISIETCSI BOBMOYKHOCTD
HOCTOSIHHOT'O 3aKAYMBAHMS 'd34 UYEPE3 HATHETATEIbHBIN
IOPT B YCTHEBOM KATYIIKE. 3aTEM I'a3 IIPOXOANT Yepe3
KOJIBIIEBYIO ITO/IBECKY, IBYXIIOTOUYHBIH NIPEIOXPAHUTEIBHBIH
KJIAIIAH U [JAJIEE B IIO/IBEIICHHYIO HATHETATEIBHYIO
KOJIOHHY, B PE3YJIBTATE YET'O I'd3 MONAJACT HA ITIYyOUHY HUXKE
MAKEPa CUCTEMBI 3aKaHYUBAHU . CUCTEMA 3AKAHUYNBAHUS
00€ECIIEYnBAET OCYIIECTBICHUE OeCcriepeOOHOM
JIOOBIYM 61ar0fapsi IBYXIIOTOKOBOM CUCTEME KAK B
NPEJOXPAHUTEIBHOM KJIANaHE, TAK U B IIOJIBECKE YCThEBOM
KATyIIKHU.

OCHOBHOE OTJIMYUE OT 3TOU CKBA’KUHBI 3AKJII0YACTCH
B TOM, YTO OH4 ObL/IA CIIELIUAIBHO CIIPOEKTUPOBAHA IO/
ob6parnylo cucremy razanugra (IGLS/CGL), COOTBETCTBEHHO,
OH4 OCHAIIICHA IT'/IPABINYECKUM HUIIIIEJIEM C OTBEPCTUSMU
BMECTO 3260MHOI'O KJIAIMAHA-OTCEKATEIS, CITyCKAEMOI'O U
M3BJICKAEMOI'O HA TU(PTOBOM KOJIOHHE U YIIPABJISIEMOI'O C
OBEPXHOCTH, U IIAPOBBIM KJIAIIAHOM.

JaHHasg HEPTAHAS CKBA’KMHA UMEECT BBICOKYIO
OOBOJITHEHHOCTb, MAKCUMAJIBHOE /1aBJICHHE (DOHTAHUPOBAHUSI
Ha YCThE OBLIO 26 ATM, TEMIIEPATYPA MOTOKA (hiron/ia — 88 °C,
a MAKCUMAJIBHOE CTATHYECKOE YCTHEBOE JaBacHUE — 136 aT™
(1972 psi).

OI'IbIT, I'IOJ'Iy‘-IGHHbIVI B pe3yJibTaTe CrnycCcka
CKOpOCTHOl‘/’I KOJTOHHbI C NCMoJib30BaHNeM
pa3nuyHbIx cnctem noasecku M'HKT bes
M3MEHEeHUM Ha YCTb€ CKBa>XUHbI

Juero AnexaHapo Mapo3s3unau, Xopxe I1adao Apporio, Baker Hughes;
DaxkyHJ0 AJIpHUK, MapuaHo Pesepra, Total SA

lazoBoe mecTopoXxacHUE Aryaaa-ITnyana pacronaraercs
B CAMOM IIEHTPE 60raToro 3anacamu HEKBEHCKOTO 6aCCerHa
B ApreHTuHe. Ha MECTOPOK/ICHHUH BEICTCS I00bIYA I'A3a
M I'a30BOT'O KOHJIEHCATA U3 CKBAKHUH C OJHOCTBOJIBHBIM
3akaHuuBaHueM. Haunnag ¢ 2006 roga HabI01a710Ch
YBCIII/I‘{CHI/IC HAaKOIIVICHHUA JKUJKOCTH B CKBA’KMHAX, YTO CTAJIO
HETATUBHO CKA3BIBATHCS HA PEXKUME UX PA6OTHI U TIOTPEOOBATIO
YMEHBIIEHU JUAMETPOB IKCILTyaTalMOHHBIX HKT s
obecneyeHu s CTAOMIBHOM JOOBIYN I'da32 Y TIOCTOSHHOI'O
YAAJICHUS )KUIKOH (pa3bl IToce NpoOBEJEHHOTO AaHAIN3a
CIICIIUAJIMCTBI ITPUIIJIIN K BBIBOAY, YTO HauboJiee IIPUEMJICMBIM
PEIIEHHUEM CTAHET CIIYCK B CKBAYKMHY CKOPOCTHOM KOJIOHHBI
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Lift system consists of an Injection Valve
connected to 1-1/2" 19%Cr coiled tubing, a
slip connector, Dual flow Safety Valve (DFSV)
and Suspension Hanger incorporating a
Polished Seal Bore (PBR) to complete the
lower completion. A seal bore stinger with a
tie back seal mandrel and locating centralisers
are connected to an approximately 300
metres length of 2-3/8" S13%Cr tubing and a
Concentric Hanger landed off inside a surface
spacer spool for the upper completion. A
standard production tree is installed above
the spacer spool and the spool is utilised

for downhole gas injection when fully
commissioned.

With the system installed, continuous gas
injection is then possible through the gas
injection port in the surface spool piece,
this then enters the concentric hanger,
down to the dual flow safety valve and into
the injection string hung below — allowing
injection gas to reach depths below the
completion packer. Continuous production
is possible within the completion thanks to
the dual flow paths present in both the safety
valve and the concentric hanger within the
surface spool.

The major difference to this well is that it
has been specifically designed for IGLS/CGL
and consequently has a hydraulic ported
nipple instead of a tubing retrievable surface
controlled subsurface safety valve (TRSCSSV)
and an open / close ball valve installed.

The well is a high water cut oil producer
with a historic maximum wellhead flowing
pressure of 26bar, a flowing temperature
of 88°C and a maximum wellhead shut-in
pressure of 136bar (1,972psi).

Lessons Learned After Velocity
String Campaign Using Different
CT Hanger System with Out

Well Head Modifications

Diego Alejandro Marozzini, | Jorge Pablo Arroyo,
Baker; Facundo Alric, Mariano Raverta, Total SA

The Aguada Pichana Gas field is located in
the center of the prolific Neuqu n Basin, in
Argentina. It produces gas and condensate
through monobore completions. Since
20006, an increase in liquid loading has
become an issue in current wells conditions,
resulting in the need of reducing production
tubing size to enable stable gas production
for continuous liquid removal. Following
analysis, the appropriate solution resulted
in running a velocity string (VS) as an
effective means for liquid removal at current
and future production conditions. The
challenge was to find a hanger system,
which would allow, without killing the well,
to hang a 2.0-in[CSH1] CT VS. Additionally,



B Ka4eCTBE 3(P(PEKTUBHOTIO CIIOCOOA YAANEHUS )KUJIKOCTH B
TEKYIINUX U OyYIIUX YCIOBUAX JOOBIYU. OCHOBHAS CIIOKHOCTD
34KJIIOYAETCS B TOM, UTOOBI HAUTU NOJBECKY, KOTOPAS ITO3BOJIUT
0€3 INTYIIEHU CKBAXKUHBI TOJJBECUTD ABYXAIONMOBYIO THKT
(CSH1) B KauecTBE CKOPOCTHOM KOJOHHBL. bosee Toro,
MO/IBECKA IOJIKHA CIOCOOCTBOBATD PA3I'PY3KE CKBAXKHUHBI
(myTeM LUUPKYIALMU A30TA) U BOCCTAHOBJIEHU IebuTa 6€3
HEOOXOJUMOCTH U3BJICUEHU S CKOPOCTHOM KOJIOHHBL

ITocJie oneBbIX UCIBITAHUM IIEPBBII 3TAIl IPOEKTA
3aBEPIINJICA BHEJPEHHUEM CIEUAIBHO Pa3PabOTAHHOTO
JKEJIOOYATOTr'O CATbBHUKA U U3BJIEKAEMON CUCTEMBI ITIOJIBECKU
I'HKT B kaueCTBE CKOPOCTHOU KOJIOHHBI (20 CKBA’KHUHO-
OTIepaIfuin), a mocje Broporo aramna (60 CKBaKMHO-
OIIEpaIlnit) 6114 Pa3paboOTaHA HEAOPOTOCTOAILAS
HAJIE’KHASA OTEYECTBEHHAA CUCTEMA. B pabOTeE ONMHUCHIBAETCA
MJIAHUPOBAHUE ONEPALINH, CDABHUBAIOTCS PA3JINYHBIE
CHCTEMBI TTIOJJBECKU, METO/IBI UX YCTAHOBKH, 4 TAKKE OIIBIT,
MOJIyYE€HHBIN 10 PE3Y/IbTAaTaM IIPOBeaeHUA 80 CKBAXKUHO-
OIEepPaAIUIL

MoBblweHne 3pPeKTUBHOCTN OYNUCTKU CKBAXMH
n CTMMyNnNpoBaHUA NPMUTOKa C MOMOLLbIO
pocrasnsgemoro Ha 'HKT nHcrpymeHTta

Onsa nMmnyn bCHOM N PoaaBKN XNOKOCTU U
TOYEYHOM 3aKauKu peareHToB B niacr

Ankem Harap, Cairn Oil & Gas Vedanta Limited; BperT J3BHICOH,
Wavefront Technology Solutions Inc; IIpe¥iac CpuBacTasa, Haxyx
Bepma, IIpana¥ lIpusacrasa, Carnm Kymap HeKKaHTH, ABUHAII
Boxpa, Cana:kees Bepmanu, Cairn Oil & Gas Vedanta Limited

OCHOBHO TPOOIEMOI MECTOPOXKACHUI MaHrana, bxarnam
U AMIIBApUA ABISAECTCA UX HU3KASA 9(PPEKTUBHOCTD. Hanmuuue
BBICOKOIIPOHMIIAEMBIX IPOIJIACTKOB U 30H MOIVIOIEHUSA
MEX/y HATHETATEIbHBIMU U JJOOBIBAIOIUMH CKBAXKUHAMHU
OPUBOJUT K NPEXKAECBPEMEHHOMY IIPOPBIBY BO/IbI, BLICOKOH
OOBOAHEHHOCTH U HU3KOMY KOI(D(PUIITMEHTY OXBATA IO OOBEMY
1ACTA. B pe3ynbTare CyleCTBEHHBIE OObEMBI HE(PTH B ILJIACTE
OCTAIOTCA HE 3aTPOHYTHI HATHETATEIBHOU XKUJAKOCTDIO.
Taxxxe 06€CIOKOEHHOCTD BbI3BIBAET HU3KUH KO3(MPPUITUEHT
koMneHcanuu ot6opa (VRR) B HEKOTOPBIX CIIOSX BBUY
CHM>KEHHOU IPUEMUCTOCTH ITOPObL. COOTBETCTBEHHO, 3TO
OPUBOJUT K HEAOCTATOYHOMY U3BJIEYEHUIO YITIEBOJOPOIA
M3 TAKHUX IJIACTOB. OB0CTPAETCA U TPOOIEMA OTIIOKEHUS
MOJIHUMEPOB B CKBAXKUHAX, OCOOEHHO HA MECTOPOXK/ICHUN
Manrana (KOTOpO€E B HACTOSIIEE BPEMS MOIBEPTAETCA
MAaCIITAOHOMY HOTUMEPHOMY 3aBOAHEHUIO), YTO BBI3BIBAET
HEOOXOJUMOCTD MNPOBEAECHUS CIOKHBIX OIEPAIUIL TTO OUHUCTKE.

B nponuIoM NpUMEHSIITUCH PA3JTUYHBIE METOJUKH
(MEXAHUYECKME U XUMHUYECKUE) AJ15 NOBBIIECHU A
3PPEKTUBHOCTH KUJKOCTEH, UCITOIb3YEMBIX J1JIs1
MHTEHCU(PUKAIIUU IIPUTOKA. B JaHHOIT pa®OoTe NPEACTABICHA
HOBAS IPAKTUYHAA, 3(PHEKTUBHAA U IOJITO JEHCTBYIOM A
TEXHOJIOTUSA 3aKAYKH, HATIPABJIEHHAS HA PACIIUPEHNE
30HBI OXBAT4 32BOJJHEHHEM, 4 TAKXKE HOBOE UCIIOJTHEHHE
UHCTPYMEHTA [/ IPOBEAECHUA OUUCTKH CKBAKUH B CJIOKHBIX
BHYTPHUCKBA’)KUHHBIX YCIOBUAX. Kak MpaBuiio, iepes
CITyCKOM B CKBA’)KMHY HHCTPYMEHTA JJ1 TOYEHOM 3aKAYKN
OCYMIECTBIIAETCA CITYCK HHCTPYMEHTA C PETYJIMPYEMON
T'OJIOBKOW JIJISL O4YMCTKHU 30HBI TEP(POPATUN U CTBOIA
CKBaKUHBL MHCTPYMEHT C JUHAMHUYECKOU MOAYIAIIUEN
34KA4YKH JJI TOYEYHON CTUMYIIALIMU IIPUTOKA O3BOJIAET
HOBBICUTD 3(P(PEKTUBHOCTL CTUMYJIALIAHN 34 CUET YIyYIIEHHOTO

the hanger should facilitate unloading the
well by circulating nitrogen and restore the
production rate without the need to recover
the VS.

After a field trial, the first phase of the
campaign has been completed with the
introducion of a special designed fluted
seal and retrievable CT VS hanger system
(quantity: 20 jobs), and second phase of
campaign (quantity: 60 jobs) with a low cost
and locally manufactured reliable system. The
paper describes the operational planning,
different hanger systems, deployment
methods and lessons learned after more than
80 jobs.

Effective Wellbore Cleanup

and Improvement of Injection
Performance and Conformance
Using Coil Tubing Conveyed Tool
for Waveform Dominated Fluid
Dispersion and Pin-Point Chemical
Placement During Well Stimulation
Ankesh Nagar, Cairn Oil & Gas Vedanta Limited;
Brett Davidson, Wavefront Technology Solutions
Inc; Preyas Srivastava, Nakul Verma, Pranay, Satish
Kumar Nekkanti, Avinash Bohra, Sanjeev Vermani,
Cairn Oil & Gas Vedanta Limited

Poor conformance is a major concern of
Mangala, Bhagyam & Aishwarya (MBA) fields.
The presence of high permeability streaks or
thief layers between injection and production
wells typically results in pre-mature water
breakthrough, high water cut and deficient
volumetric sweep. As a result, significant
oil volumes in the reservoir may not be
contacted by the injection fluid. Another
concern is of low VRR (Voidage Replacement
Ratio) in some of the layers due to reduced
injectivity in those sands. Consequently, it
has led to poor recovery from those sands. It
is also a growing problem with the polymer
deposition taking place in the wellbore
particularly Mangala (undergoing full-field
polymer flooding), leading to challenging
wellbore cleanup operations.

Several methods have been used in the past,
both mechanical and chemical to improve
the treatment fluids during stimulation. In
this paper, we introduce a novel placement
technique for Conformance Improvement
which is practical, effective and durable
as well as another tool variant that helps
cleanup challenging wellbore environments.
Typically, prior to the tool allowing for pin-
point placement, the adjustable nozzle tool
is run to ensure that the perforation and
wellbore is cleaned up thoroughly with help
of advanced fluid dynamics. The dynamic
injection modulation (hereinafter referred
to as, "DIM") tool for pin-point stimulation
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pacrIpeieneHus 3aKa9UBAEMON XKUJKOCTH B CTPYKTYPE
KOJLJIEKTOPA. IaHHBIN UHCTPYMEHT I'€HEPUPYET MOIIHBIHA
JKMJIKOCTHBIN HMITYJIBC, YTO MTO3BOJISIET OXBATHIBATD
JIOTIOJTHUTENbHBIE 30HBL Barogapss UMITyIbCYy IPOUCXOAUT
pacupeHre MOPUCTOrO IPOCTPAHCTBA, U 3AKAYUBAEMAs
JKHJIKOCTb PACIPOCTPAHAETCA TTIYOXKE B KOIJIEKTOP.
TouyeuHBIN XapaKTep OO6PA6OTKHU ITO3BOJISIET OXBATHIBATH
30HBI, HE 3aTPOHYTHIE IPU TPAJTUIITUOHHON CTUMYIISALIUNA
MIPUTOKA, TPU KOTOPOI JOMHUHUPYIOT 3(PPEKTHI BAZKOCTHOI'O
A3BIKOOOPA30BAHUSA. B pe3ynbTaTe NPUMEHEHNS HOBOM
TEXHOJIOTUH KHUJIKOCTb [IOCTYITAET B HE3ATPOHYTHIE CJIOH, 4YTO
MO3BOJIAET NOBBICUTD KO(D(PUIITUEHT BRITECHEHU . ElTle OHUM
MPEUMYIIECTBOM JAHHOI'O MHCTPYMEHTA ABJISACTCA JIETKAS
WHTETPaLs B CyHECTBYIOMYIO NUH(PPACTPYKTYPY. MHCTPYMEHT
MOKET ObITh YCTaHOBJIEH HA THKT, 1711 TOro Ha HOBEPXHOCTHU
HEOOXOJUMO JIMIIb JOOABUTD AKKYMYJIATOPHYIO YCTAHOBKY.

B nokiaze onuceBaeTCs PUu3nKa paboTel HHCTPYMEHTA,
MJIAHUPOBAHUE CKBAKMHHBIX ONIEPALIU, BHEAPEHUE
TEXHOJIOTUH MHTEHCU(PHUKAIIUY IPUTOKA IIPU ITIOMOIIA
WHCTPYMEHTA C (PyHKIITMEN MOJYJIALINN 3AKAYKH, 4 TAKXKE
TEXHOJIOTUA 60s1e€ IPPHEKTUBHOU OUUCTKH CKBAXKUH. OCOo60€
BHUMAHUE YAEIAETCA IPUMEPAM IIPOBEJEHUS PAOOT IO
MHTEHCU(PUKAIIUY IIPUTOKA HA YKA3AHHBIX MECTOPOXK/ICHUAX,
C YKa3aHUEM BO3HUKIIUX TPYAHOCTEM, IIPENTOKEHHBIX
pELIEHNH U IIOJIYYEHHBIX PE3yabTaTOB. [ToslydeHHbIe Ha
MECTOPOXK/IEHUN PEIYIBTATEI CBUAETENBCTBYIOT O ITOBBIIIEHUN
3PPEKTUBHOCTHU 3AKAYKHU OOJIEE UEM HA 75% 11O CPABHEHUIO
C TPAAUILIMOHHBIMU METOIAMH, UCIIOIb3YEMBIMH PAHEE.

YTO KaCAETCA OUUCTKH CKBAXKIH, YCOBEPIIEHCTBOBAHHBIH
MHCTPYMEHT TAKXKE IMOKA34JI IPEUMYINECTBO NEPE,
TPAAUILITMOHHBIMHA METOJAMU OUYUCTKH CKBA’KHUH B PAJIE
CJIOKHBIX CIy4a€B OTIOKEHHUA TOJIMMEPOB U ITECKA.

Cekuus 2. [laHHble KaK Ba)XHbI 3/IeMeHT BHYTPUCKBAXXWHHbIX

pa60T N ANarHoCTukKkun

Crapble 1 HoBble CpeficTBa cOOpa MHAPOPMALMMN O COCTOSIHUM CKBAXKMHBbI

1 00OpyAOBaHMSA NO3BONAIOT YCOBEPLLUEHCTBOBATL NPOBEAeHNe
BHYTPMCKBaXMHHbIX PabOoT Ha pa3HbIx 3Tanax, Ha4ynHas C Bbibopa CKBaXMH-
KaHLAMLATOB M 3aKaH4YMBasi HEMOCPEACTBEHHbBIM NMPOBEAEHVEM OMNepaLmm 1
aHaNM30M pe3yneTaToB. B AaHHOW CeKLmMM pacCMaTpUBaIOTCA MPenMyLLeCTBa
6onee aKTMBHOrO CHOpa AaHHbIX (Kak Mo KONMYECTBY, Tak 1 MO TUMY JaHHbIX)
N YCOBEPLLUEHCTBOBAHHbIX MOAEMNEN X MHTEPMPETALMM C TeM, YTOObI flaHHas!
MHOPMaLMs MOTa UCMOMb30BaTLCS B PEXMME peasibHOro BpeMeHu npm
NpPOBeLEeHNI CKBAXNHHbBIX OMEPaLMI C LIesbio MNOBLILWEHWS X SPHEKTUBHOCTA 1
CHWXXEHMS OMNEePaLMOHHBIX PUCKOB.

Cuna, c KOTOpPOW HEOOXOAMMO CHMTATLCA: aHaNu3
NCNoNb30BaHUs MHCTPYMEHTa ans pa3dypmBaHus
NPo6oK B ropn30oHTaNbHbIX CTBOJIAX CKBAXWH

J:xericoH M. Ckydxa, Nine Energy Service

B OOJIBIIMHCTBE C/y4a€B CKBAXKUHBI B CIITA 3aKaHYHUBAIOTCS
MyTEM YCTAHOBJIEHUS IPOOOK U IPOBEICHUEM IIEP(POPALTUH.
ITociie BBI30BA IPUTOKA B 30HE NTEP(POPALUU B CKBAKHUHBI
criiyckaloT (ppesy Ha THKT as pazbypuBaHus NPpOOOK
U1 OYMCTKHU CKBAKUHBL TaK KAK CKBA>KUHBI UMEIOT
TOPU3OHTAJIBHBIE YYACTKH, JUISI JOCTABKHU (PPE3BI O 32005
UCIOIB3YETCA CIELUATBHBIN MTHCTPYMEHT JJ11 Pa6OTHL B
CKBa)KHMHAX C OOJIBITUM OTXOAOM OT BEPTHKAJIH.

J17151 IOJTHOTO TIOHUMAHUS TPOoLecca (PPE3EPOBAHUA
IPpOOOK 6B PA3pPA00TAH CHEITUATBHBIN HUHCTPYMEHT JIJIsT
3aIIUCH ITAPAMETPOB ONEPAUU. [ITAaHHBINA HHCTPYMEHT
BCTPOEH B (PPEZEPOBOUHYIO KOMIIOHOBKY U €XKECEKYHIHO
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placement improves the distribution of
injected fluid in the reservoir matrix by the
process of dispersion. The tool generates

an energized fluid pulse that allows fluid

to be diverted away from established fluid
paths. The pressure pulse, as it travels dilates
the pore spaces thus propagating the wave
further into the reservoir. The pin-point
accuracy of placements leads to treating of
reservoir layers which are left untreated during
conventional stimulation treatments where
viscous fingering effects dominate. As a result,
injection fluid would divert into uncontacted
layers to improve sweep efficiency. The other
advantage of the tool is the relatively easy
integration of tool with existing infrastructure.
The tool is easily run with coiled tubing ("CT")
with only addition of an accumulator unit on
surface.

This paper will document the tool physics,
job design and Implementation technique for
stimulation using Fluid Modulation tool as well
enhanced well cleanup. Particular attention
is paid to multiple injector and producer well
stimulation case studies from these fields,
the challenges faced, the solution proposed,
and finally the results obtained. The results
observed across the field with respect to
injection performance is consistently greater
than 75% over conventional methods used
earlier. Also specifically, in scenarios of difficult
fill cleanups, the advanced wellbore cleanup
tool variant helped in multiple polymer and
sand fill environment cleanouts over various
wells over conventional methods of cleanup.

Session 2: Data Enhanced Interventions and
Diagnostics

Historical and new means of gathering subsurface and
equipment data can be used to improve well interventions
in each stage of a job, from candidate selection through
operational execution and post-job analysis. This session
examines the benefits of increased data collection, in
quantity and types, and enhanced interpretation models
to use that information in real time during operations to
deliver better intervention outcomes and reduce opera-
tional risks.

A Force to be Reckoned with: The
Effects of Extended Reach Tools
on Plug Mill-Out Operations

Jason M. Skufca, Nine Energy Service

Well completions in the United States are
predominantly completed using the plug
and perforate process. Following the fracture
stimulation treatment, coiled tubing (CT)
is utilized to convey a downhole milling
assembly to remove these plugs and clean out
the wellbore. As wells continue to extend in
lateral length, an extended reach tool (ERT)
is commonly used to aid in achieving these
depths.



PETUCTPUPYET CAEAYIOMME TAPAMETPBL: HATPY3Ka HA JOJIOTO,
KPYTAIIUI MOMEHT, JABJIE€HUE, TEMIIEPATYPA U BUOPALIUS.
Peructpupyommui UHCTPYMEHT UCIIOIb30BAJICS HA
pa3nnuHbIX KOMNOHOBKaxX Ha THKT guameTpomM 2 3/8 froriMa u
2 5/8 nroriMa; 6BI0 IPOBEAECHO 60JIEE 35 CKBAKUHO-OIEPAIINI,
B XO/I€ KOTOPBIX 6BLJIO Pa36ypeHO 1500 KOMITO3UTHBIX
npo6ok I'PTL

Peructpupyemsble JaHHBIE 3ATEM CPABHUBAIOTCS C JAHHBIMU
Ha NOBEPXHOCTHU U MO3BOJIAIOT C(DOPMUPOBATD IETAIBHOE
MIPEACTABIEHUE O XOJE ONEPALIUU 1O PA3OYPUBAHUIO
NpPOO6OK. MCIONMB3yeMBI MHCTPYMEHT /IS JOCTABKU
KOMIIOHOBKHU B TOPU3OHTAIBHBIE YYACTKH CKBA>KIHEI
MO3BOJIAET PETUCTPUPOBATH HATPY3KY HA JJOJIOTO B
nporecce (PpPe3epPOBAHU, YTO HE MOT'YT CIIPOTHO3UPOBATD
KOMMEPUYECKHUE MPOTPAMMBI 11O MOJETUPOBAHUIO MTAPAMETPOB
I'HKT. CpaBHEHHE TAPAMETPOB O HATPY3KE, PETUCTPUPYEMBIX
HA IOBEPXHOCTH, C HAPAMETPAMH HATPY3KHU HA I0JIOTO,
PETUCTPHUPYEMBIMHU B CKBA’KUHE, ITIO3BOJIAET JIy4IIE IOHATh
JeNCTBUE (PUBUYECKUX CHUJI HA YPOBHE KOMIIOHOBKU. DTH
JIaHHBIE [IOMOT'YT OOJIEE TIATEIBHO IJIAHUPOBATH ONIEPALITUH
U IPUHUMATh HH(POPMHUPOBAHHBIE PEMIEHUA OTHOCUTEIBHO
BBIOOPA HHCTPYMEHTOB MU KOMIIOHOBOK JIJ11 PA6OTHI B
TOPU3OHTAJIBHBIX CTBOJIAX.

NcnbiTaHWe 3neKTpoMarHUMTHbIX MHCTPYMEHTOB
LNS1 OLLEHKMN TOJLLMHbI CTEHOK TPYO, MPUMEHSIEMbIX
B 0OBOJHEHHbIX YCJIOBUSIX, HA MpUMepe

nedeKToB C a3uMyTanbHbIMU OFrPaHNUYEHUAMMN

JIrocu HerrurTt-Illaii6ep, BP America Inc.; Tom I'paxam, BP

Koppo3sus Tpy6 B OOBOJHEHHBIX CKBAKMHAX BCET/[A
IPEACTABIIIIA NPOGIEMY /I OTPACIH, 4 BEPOATHOCTD
KOPPO3HH, KAK [IPABUJIO, YYUTHIBAIOT NIPHU IIJIAHUPOBAHUU
MEPBOTO 3TANA 3AKAYNBAHUS CKBA’KHUHBL YK€ TABHO
CYIIECTBYET NIPAKTHUKA IPSIMOH OLIEHKU ITIOTEPh METAJLIIA B
IKCILTyaTAIIMOHHBIX KOJIOHHAX; [JIS 9TOT'O HA PBIHKE UMEETCS
LEIBIA P THCTPYMEHTOB, OOECTIEUNBAIOIIUX TOUYHBIC
A3UMYTAJIbHBIE U3MEPEHUS. HEKOTOPBIE N3 3TUX TEXHOJIOTUH
MOTYT IPUMEHSATBHCS U 1151 OLIEHKU MOBPEXAECHUI O6CaTHON
KOJIOHHBI 4EPE3 IKCILIYATALIMOHHYIO, HO B 3TOM CJIy4ae
OHHU OYZyT UMETh MEHBIIIEE PA3PENIEHUE, 2 UBMEPEHUS
OyZeT IPOBOJUTHCA KPYTOHAIIPABJIEHHO. BBIIN IPOBEJEHBI
UCIIBITAHUSA PAAA JIEKTPOMATHUTHBIX UHCTPYMEHTOB C LIEIBIO
BBISIBJICHUSI UX HU)KHETO TIPE/IEa OOHAPYKEHU S U OOIIEH
TOYHOCTHU NIPpU NPOoxoxAcHUU HKT ¢ MHOXXECTBEHHBIMU
HUCKYCCTBEHHBIMU AC(PEKTAMH, UMEIOIUMU A3UMYTAIbHBIE
OTrpaHUYEHUS.

714 nesieit UCnbplTaHNUH ObLIIO IPUHSTO, UYTO
NPOCTPAHCTBEHHASI KOPPO3HA B TPYOAX MOXKET OBITH TUO6O
OJJHOPOJHO PACHPEAETIEHHOMH, IMOO JIOKATU30BAHHOI.
Omnpepenenue TouedHor Kopposun yepes HKT Bcerna
NPENCTABIIAIOCH CJIOKHOM 32/1A49€H BBUY PA3PEIIAIONIEN
CITIOCOOHOCTH UHCTPYMEHTA. TEOPETUUECKU TPYOA MOXKET
OBITh CUJIBHO ITOPa’KEHA KOPPO3UET, A NEKTPOMATHUTHBIA
WHCTPYMEHT MOKA3BIBAET OTCYTCTBUE KOPPO3UHU WIH
HE3HAYUTENBHYIO €€ CTENEHD, TAK KAK OObEMHAA ITOTEPS
METAJUIA HEBEIUKA. Ha pa3/IMYHBIX CEKITUAX OOCATHBIX
TPy6 OBUIN UCKYCCTBEHHO MIPOU3BEIEHBI MEXAHUYECKHE
Je(PEKThI; HEKOTOPBIE N3 HUX ObLJIN B BU/JIE OOIINX Je(PEKTOB
(YMEHBIIEHUE BHENIHET'O TUAMETPA TPYOBI), 4 IPyTrHe —

B BU/IC JIOKAJIBHBIX JJE(PEKTOB (IIPOCBEPJICHHBIE YYACTKHU HA
BHEIIHEM JJUAMETPE). 3aATEM B KAXKYIO CEKIINIO OOCATHOM

In order to truly understand the milling
process using an ERT, a downhole memory
tool was developed. The memory tool is run
in-line with the milling assembly and obtains
weight on bit (WOB), torque, pressure,
temperature, and vibration at one second
sampling rates. The tool has been run on
multiple bottom hole assemblies (BHA) on
both 2 3/8-in and 2 5/8-in CT on over 35 jobs
accounting for 1,500 composite frac plugs.

The data collected is compared to surface
data providing a detailed view of the overall
plug milling operation. The ERTs used
provide WOB while milling at a level that is
unpredictable by commercial CT modeling
software. Comparison of the surface weight
gauge with the downhole WOB enables a
clearer understanding of the forces delivered
by the ERT. This data provides an avenue for
better job planning and informed decisions
on ERT selection.

Testing Electromagnetic Multi-
Pipe Thickness Tools in Azi-
muthally Constrained Defects
for Deepwater Applications

Lucy Pettitt-Schieber, BP America Inc.;
Tom Graham, BP

Tubular corrosion in high water-cut wells
has long been an industry concern, typically
accounted for during the initial completion
design phase. Direct evaluation of metal
loss in production tubing is an established
practice, with a range of tools on the market
to deliver accurate azimuthal measurements.
Some of these same techniques can be
employed to evaluate casing through tubing
but have reduced resolution and are currently
omnidirectional in their measurement.

A yard test was performed with several
electromagnetic wireline tools to understand
the lower detection limits of the tools and
their overall accuracy when logged through
tubulars containing multiple azimuthally
constrained engineered defects.

For the purposes of testing, it was supposed
that spatial corrosion in tubulars can occur
either homogenously or localized. Detecting
pitting through pipe has historically been
more difficult due to tool resolution. A
tubular could theoretically contain severe
localized corrosion, but the electromagnetic
tools could measure little to no corrosion
since bulk metal volume loss is low. Defects
were machined into several joints of casing;
some in the form of general defects (pipe OD
reduction) and others in the form of localized
defects (drilled features on pipe OD). Chrome
tubing (25%) was inserted into the machined
string of casing, with control (non-defect)
casing on either end. Four logging tools were
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KONOHHEI BcTasisanack HKT ¢ copeprkanueM xpoma (25%), mpu
3TOM C KAXKJOT'O KOHI]A OCTABAJIUCH KOHTPOJIBHBIE YUACTKHU
06CaTHOU TPYOHI (T. €. 6€3 1e(PEKTOB). B UCITBITAHUAX OBLIIO
33/IEICTBOBAHO YETBIPE PA3IUYHBIX UHCTPYMEHTA.

Bce yeThIpe MHCTPYMEHTA BBIIBUIN MEXAHUYECKUE
nedeKTh B O6CATHON KOJIOHHE. B 11€710M KOTMYECTBEHHBIH
AHAJIN3 HOTEPU METAJLIIA OBLI KOHCEPBATHBHBIM: U3MEPEHHAS
OprubOpaMH TOJIIMHA CTCHKH ObLIIA MEHBIIIE, YEM (DAKTUYECKAS
TOJIIIUHA B MeCTe e(eKTA. Pe3ynbTaThl UI3BMEPEHUN
YTOHUYEHM S METAJIA OBLIIA 6OJIEE TOYHBIMH B OTHOIIEHUN
00HUX 1€(PEKTOB 1O CPABHEHUIO C JIOKAJIN30OBAHHBIMHU.
ITprOOPBI NOKA3AJIH JIyUIIEE PA3PEMIEHUE IO Ae(PEKTAM C
MEHBIIUMHU OTEPSAMH METAJLIA, YEM IO JJe(PEKTAM C OOIBIIUMU
NOTEPSAMUA. VICIIBITAHUA TPOAEMOHCTPUPOBAJIH, UTO JE(PEKTHI
C A3UMYTAJIBHBIMU OIPAHUYEHUAMH (T. €. HEKPYTOBBIE
nedexTrr Ha 360 rpaJyCoB) MOKHO BBISIBUTD C IIOMOIIBIO BCEX
4eThIPEX IPOTECTUPOBAHHBIX MHCTPYMEHTOB, JAKE IIPU 5%-11
O6'BEMHOI IOTEPE METAIIA (HA NATU(PYTOBBIN UHTEPBAJL).
OJHAKO HE BCEr/1a MHCTPYMEHTBI MOIVIM JJOCTATOYHO TOYHO
ONPEAEIUTD A6COMIOTHYIO ITIOTEPIO METAILIA.

B esioM JaHHOE KOHTPOJIMPYEMOE UCITBITAHUE TOATBEPANIIO
TOT (DAKT, YTO B PEATIBHBIX YCJIIOBUAX JIEKTPOMATHUTHBIN
CIIOCO6 U3MEPEHUS OOBIIIE TOAXOAUT JIJIS BBISBICHUS (DAKTA
NOTEPU METAJLIA, 4 HE JIJISI KOJIMYECTBEHHOI'O ONIPEECTIEHUA
TOJIIUHBI CTEHOK TPY6. Pazmep u (popMa KOPPO3UU WIH
Je(MEKTA UTPAIOT BAXKHOE 3HAYEHUE; PA3HBIE BUJIBI JIE(DEKTOB
BCE PABHO MOT'YT OBITh HHTEPIIPETUPOBAHBI KAK OUHAKOBOE
YTOHUYEHHE CTEHOK TPYOBI.

OnTummsaumsa paboT no dppesepoBaHUIO

M NHbIX BHYTPUCKBa>XUHHbIX orlepau,vn7|

B yAIOBMNAX HA3KOIO AaBJIEHUNA NyTEM
KOM6I/IHI/IpOBaHVIﬂ CKBaXXUHHOM TenemMmeTpumn
N OTKNIOHAKLWUNX peareHToB

Bbpax Barcon, ben JIaritoH, STEP Energy Services; KeBun Maruac,
Birchcliff Energy Ltd.

IIpu npoBEAEHNUH PA0OT MO (PPEIEPOBAHUIO HA ICTIPECCHU B
maacTe MoHTHH Ha 3amnagHo-KaHaackoM 0caJodyHOM 6acCerHe
B iepuoy ¢ 2017-ro no Havasno 2018 roga cepBUCHAA KOMITAHUSA
CTOJIKHYJIACH C TPEMS CJIYIaAsIMU ITOTHOM UMMOOHIN3AIIUNU
I'HKT. CepBHUCHA5 KOMITAHUA U ONIEPATOP CKBAKUH 3AITYCTUIN
WHULIMATHUBY JJIs PEMIEHUS YCYTYOISIOMNXCS IPOOIIEM,
CBSI3aHHBIX C (PPE3ZEPOBAHUEM HA AETIPECCUMU.

Bputa pazpadoTaHa rofoBasi IPOrpaMma IO BHEJAPEHUIO
CKBa)KMHHOU TEJIEMETPUHU B PEKUME PEAJIBHOI'O BDEMEHHU
U 1O UCTIOJIb30BAHUIO IOHU3UTENIEU BOJOOTAAYH IIPU
POBEAECHUN (PPE3EPOBOUYHBIX pA60T. CKBAKUHHAS
TEJIEMETPUS UCIIOTIb30BAIACD IS JIYIIIETO IOHUMAHUA
TOT'O, KAK pa00TAET 3a00UHBIH JIBUTATE/Ib, CHUKCHU S
BEPOSATHOCTH €T'0 TOBPEKICHUSA U BBISBIEHUS KJIIOYEBBIX
(PaKTOPOB, BBIZBIBAIONIUX OTEPIO IUPKYIALUN. 34TEM YEPES
MIPOMBIBOYHYIO I'OJIOBKY HUJIU (PPEZEPOBOUHYIO KOMIIOHOBKY
NPOBOAMIIACH 3aKAYKA OTKJIOHAIONUX PEATEHTOB JAJIBHETO
JENCTBUA C LEIBIO OITUMH3AIMH BO3BPATA )KUJKOCTH
(pacTBOPA) U CHUXKEHUS TPEOYEMBIX OO'BEMOB A30T4.

Ilocne aHaIM3a Oy YEHHBIX PE3Y/IBTATOB ObLIA BHEADPEHA
epesoBas NPAKTHUKA IS O6ECIEYEHUA TTIPOBEICHUA
oIepauum. B pe3yabrare He TOJIbKO Y4AJIOCh YCTPAHUTD CIy4dan
nMmmoounnzanuy F'HKT, HO M y/IydITUTh TAKUE TOKA3ATENH,
K4aK JOCTUTaeMas IMyOrHA, CJIOKHOCTb CKBA’KHUH, HA KOTOPBIX
MOT'YT BBIIIOJIHATBCS PA0OTHI, 3(PPEKTUBHOCTb CKBAKUHO-
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selected to participate in the test.

All four tools identified all machined defects
in the casing. Generally, the quantitative
analysis of the metal loss was conservative
— the measured wall thickness was less than
the actual machined defect wall thickness.
Metal loss measurements were generally
more accurate in measuring the general
defects metal loss than the localized defects.
Defects with less metal loss were generally
better resolved than those with larger metal
losses. The test ultimately illustrated that
azimuthally constrained defects (not 360-
deg circumferential defects) can still be
identified with all four tools, even with only
5% bulk metal loss (over a 5-foot interval), but
the tools were not always accurate in their
measurements of absolute metal loss.

Overall, this controlled test reaffirmed that
electromagnetic measurements are more
appropriate for use as metal loss identification
tools than wall thickness measurements to be
relied upon quantitatively when dealing with
real world scenarios. The size and shape of the
potential corrosion or pipe defect was shown
to be significant; different defect types can
lead to the same interpreted wall loss.

Optimized Milling and Intervention
Operations in Low Pressure Wells
by Combining Real-Time Downhole
Telemetry and Diverting Agents
Brad Watson, Ben Layton, STEP Energy Services;
Kevin Matiasz, Birchcliff Energy Ltd.

During an underbalanced milling campaign
in an area of the Montney formation in
the Western Canadian Sedimentary Basin
(WCSB) in 2017 to early 2018, a well servicing
company experienced a series of three coiled
tubing complete immobilization incidents.
An initiative was created between the well
servicing company and the well operator to
address the growing challenges associated
with underbalanced milling.

The approach was a yearlong process of
introducing real time downhole telemetry
and fluid loss agents to milling operations.
Downhole telemetry was utilized to better
understand motor performance, decrease
motor damage and identify the key factors
in lost circulation events. Far field diverting
agents were then pumped through the
cleanout or milling bottomhole assembly
(BHA) to optimize fluid returns and reduce
the required nitrogen volumes.

After tracking results, best practices
were put in place to ensure a repeatable
operation. Not only were immobilization
events eliminated, but achievable depth, well
complexity and operational efficiencies were
all pushed further than predicted. By utilizing
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Oonepanui. AHAIU3 JAHHBIX CKBA)KUHHOM TEJIEMETPUU
MOKA3aJ1, YTO NPUTOK KHUJKOCTH B OIPEJETIEHHBIX 30HAX
CTAHOBMJICA [IPUYUHOU ITIOTEPU UUPKY/IALUN. BblIM BHEAPEHDI
METOZBI I10 BBIABICHUIO U YCTPAHEHUIO IIPUTOKA )KUJIKOCTHU B
60J1e€ KOPOTKHE BDEMEHHBIE PAMKH, YeEM paHee. Oneparopy
YAAJIOCh COKPATHUTb BDEMEHHBIC ITOKA3ATE/IU OIIEPALINH,
4 TAKXKE JOOUTHCS ITIOBTOPIEMOCTU MOJOXKUTETBHBIX
PE3YIABTATOB, YTO IPUBEJIO K CHUKEHUIO (PUHAHCOBBIX PUCKOB.
B 1aHHOI paboTe ONMUCHIBAIOTCS TEXHUYECKUE ACTIECKThI
HOBOT'O ¥ YHUKAJIBHOT'O NOJ X0/ K IIPOBEJECHHUIO ONIEPAITUNA
¢ 'HKT Ha fenpeccuy, 4To O3BOIUIO OTKPBITh HOBBIE
BO3MOKHOCTH Pa60THI B CJIOKHBIX BHYTPUCKBAKUHHBIX
YCJIOBHUAX.

TepmomeTpus Ha THKT B pexxnme peanbHOro
BpemMeHn angd oueHKUN repMeTnHHOCTN CKBa>kMHbI
c nocneayoLemn 3aKkavykom noanmMepHoOn
CNCTEMbI Angd OoCTaHOBKHA BO‘EI,OFIpOﬂBJ'IeHI/IVI B
CKBaXXMHaX C ABYXKOTOHHOM KOHCTPYKLVEN:
mHonBmayanbHO pa3pa60TaHHoe peweHne
Moxammen Aab Marap, Camapenapa Moxanarpa, Xamaa Allb-ATE€€EKH,
KOC; Pumuka I'ayp, Canmna Yasiaa, Hakya Xanaenasasa, Moxammaz
Anmecdep, Cam Iopru, Halliburton

IToBBIIEHUE OOBOAHEHHOCTH U HAPYIIEHNE TEPMETUYHOCTU
CKBAXMH B HACTOAIIEE BPEMS ABJIAIOTCA OJHOU U3 OCHOBHBIX
npobeM, OCOOEHHO Ha MECTOPOKACHUSIX, HAXO/SIIITMUXCS HA
HOCJIEAHEN CTAJUU PA3PAOOTKU. YPE3ZMEPHOE COAEPKAHUE
BOJIBI B IOOBIBAEMOM (DITIOW/IE HETATUBHO CKA3BbIBACTCS HA
PEHTA6ENBHOCTH JOOBIYH YIVIEBOAOPOJOB, COOTBETCTBEHHO,
3TO TPEOYET TOJKHOTO KOHTPOJIA. B faHHOI padoTe
OIIMCBIBACTCA IIPUMED YCIIEMHOU 30HAJIbHOU U30JIALUU
C IPUMEHEHHUEM MOJU(PUITUPOBAHHOIO OPraHUYECKH
cruruToro nonuMmepa (M-OCIT) u u3sMepeHusa TEMIIEPATYPbL
B PEXKMME PEAIbHOTO BpeMeHHU ¢ nnomoinbsio 'HKT B
CKBAKMHE C JBYXKOJIOHHOM KOHCTPYKILIUEH C IEPEMEHHON
MPOHUIAEMOCTBIO KOJUIEKTOPA M IPOOIEMAMH B UACTH
I€pMETUYHOCTHU.

Cucrema M-OCII npecTaBisieT CoOO0H KOMOUHAITUIO
TEPMUYECKH AKTUBUPYEMOI'O, OPIraHUYECKH CIIUTOI'O
MOJIMMEPA U 3EPHUCTOI'O MATEPHAJIA CO CBONCTBOM
HEITYOOKOI'O IPOHUKHOBEHUSA B MATPHILY TOPOJBI C
LIE€IBIO OTPAHUYEHN A BOJONPUTOKA. CUCTEMA yCTONYNBA
K KHUCJIOTaM, pabOTA€ET B CEPOBOAOPOIHON CPEZE,

MO3BOJIAET KOHTPOJIUPOBATD IIPOLIECC IIPOHUKHOBEHU A

B IUIACT U JIEFKO BBIMBIBAETCSI C IIOMOIIIBIO BPAIAIOIIEICSA
IIPOMBIBOYHOM I'OJIOBKH. BpeMs 3aKperuieHus 1ojammepa
MO’KHO TOYHO PACCUUTATD, TIPOBEASA TAOOPATOPHBIE
UCHBITAHUA. DTU XaPAKTEPUCTHUKN CUCTEMBI JEJIAIOT €€

00J1€€ NIPEAIOYTUTENBHOI IO CPABHEHUIO C TPAANUIIUOHHOMN
MPOAABKOM LIEMEHTA, KOTOPAA BECbMA 34TPATHA C TOYKU
3PEHMA BDEMEHHN U (PUHAHCOB. [IMarHOCTUYECKOE
COnpoBoOxacHUE 6b110 nTpeacTaiaeHo THKT ¢ ontuyeckum
BOJIOKHOM JIJI51 PACIIPEAETIEHHOI'O U3MEPEHMA TEMIIEPATYPHI B
PEXHUME PEAJIBHOT'O BPEMEHH, UTO ITO3BOJISAET KOHTPOIHUPOBATD
T€PMETUYHOCTD CKBA’KHHBI, OLIEHUBATH [IPOHU3BOJAUTEIBHOCTD
KOJIJIEKTOPA U BU3YAJIM3UPOBATh 9(P(PEKTUBHOCTD 3AKAUYKHU
noauMepa. JJUarHoCTUKA B PEXUME PEAJIBHOTO BDEMEHHU
IOMOIJIA ITIOATBEPAUTL I'EPMETHYHOCTD U 11EJIOCTHOCTb HKT,
COOTBETCTBEHHO, 32 Ty k¢ CITO 6bLy1a IPOBE/ICHA 3aKAYK4,
4TOOBI IPEJOTBPATUTD BEPOATHOCTD HEKEIATEIBHBIX
BOZAOIPOABIACHUN. [TOCIIE€ 3aKPEIICHUS ITOJIMMEDPA ObLIa

data from the downhole telemetry tools, fluid
inflow in specific zones was identified as the
reason for lost circulation. Best practices were
then put in place to identify and rectify fluid
inflow in less time than previous practices.
Overall time savings were realized by the
operator along with repeatable results that
reduced financial risk.

This paper outlines the technical details
that contributed to a new and unique
approach to underbalanced coiled tubing
interventions that has exceeded the limits
previously considered possible in challenging
well conditions.

Coiled Tubing-Assisted Real-

Time Temperature Mapping for
Discerning Completion Integrity
Followed by Optimized Placement
and Evaluation of a Porosity Fill
Treatment for Water Shutoff

in Dual-String Completion

Wells: Customized Solution
Mohammed Al Matar, Samarendra Mohapatra,
Hamad Al-Ateeqi, KOC; Rishika Gaur, Sapna
Chawla, Nakul Khandelwal, Mohammad Almesfer,
Sam Gorgi, Halliburton

Increasing water cut and well integrity are
currently major concerns, particularly in
mature fields. Excessive water production
can detrimentally affect the profitability
of hydrocarbon-producing wells if not
controlled properly. This paper describes a
successful zonal isolation case study in a dual-
string completion well with well integrity
challenges and variable permeability intervals
using a modified organically crosslinked
polymer (m-OCP) and coiled tubing (CT)-
assisted real-time temperature sensing for
effective placement and post-operation
evaluation.

The m-OCP system is a combination of a
thermally activated, organically crosslinked
polymer and particulate material for leakoff
control to help ensure shallow matrix
penetration. It is acid resistant, H2S tolerant,
has controlled penetration, and is easy to
clean up using a rotating wash nozzle. The
setting time can be accurately predicted with
simple laboratory tests. These characteristics
make this system the preferred choice
compared to the traditional cement squeeze
method that is both time consuming and
exorbitant. Diagnostic services delivered
by CT-conveyed fiber-optic distributed
temperature sensing (DTS) that add real-
time capabilities to monitor well integrity
assess reservoir performance and visualize
treatment efficiency. Using real-time
diagnostic services, tubing integrity was
confirmed, and the treatment was placed in
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IIPOBEAEHA OIIPECCOBKA HMJIH PACIIPEAE/ICHHOE U3BMEPEHUE
TEMIIEPATYPHI (IPU HELIEJIECOOOPAZHOCTU IIPOBEACHU
OIIPECCOBKMN) JJIA ITOATBEPKIECHUA HAJEKHOCTU JJAHHOM
TEXHOJIOTUH.

B nepBbIii pa3 JaHHBIA METO/T 6B IPUMEHEH HA CKBAKHHE A;
IIPOBEAEHA YCIIEMHAA U30JIAL M C IToMOLbIo M-OCIT 1
TpaguiinonHou F'HKT. OgHako NpoBEICHUE ONIEPAITUU U
BOCCTAHOBJIEHUE JOOBIYU 3aHSJIO OOJIBIIE BDEMEHH, YEM
IJIAHUPOBAJIOCH, BBUIY HEONIPEEIEHHOCTU OTHOCUTENBHO
I'€pPMETUYHOCTU CKBAKHHBI C JBYXKOJIOHHOM KOHCTPYKILIUEH,

4 TAKXKE NOTEPU TUPKYIALUHU B UCTONIEHHOM KOJIJIEKTOPE,

YTO B UTOI'€ ITIOBJIHAIO HA SKOHOMHUYECKUE ITOKA3ATEN
onepauunu. B cKkBakrHe b (TaKOI K€ KOHCTPYKLIUHU, KaK

U CKBLXKUHA A, TPOOYpPEHA HA TOM K€ MECTOPOKACHUHN)
HaOJIIOJAJIUCH TE JKE CaMble TPOOIeMbl. OTHAKO B 3TOT Pa3 HA
OCHOBAHMHU NOJIYYEHHOT'O ONBITA ObLJIO IPUHATO PEHICHUE
HCIIONB30BATH IIPU NPOBEJAEHUH OIIEPALTUN JUATHOCTHUKY B
PEXUME PEATTBHOI'O BPEMEHU JIJIS1 OIIEHKH COCTOAHMNS CUCTEMBI
34KAHYMBAHUA, MOHUTOPHUHI'A TEPMETUYHOCTHU CKBAKUHBI 1
TOYEYHOU 3aKAYKU ONITHUMAJIBHOI'O OO'bEMA ITOJIUMEPA. DTO
TIO3BOJIMJIO TIOTYYNU T JIVUIINE PE3YIBTATHI U COKPATUTD BPEM S
OIlEpaLMH.

Ycnennas U301 30HbI BOAOIIPOABICHNA/YIAdCTKA
nepdopanyy Ha MECTOPOK/ACHUH B IOI'O-BOCTOYHOU 4aCTH
Kyserira ¢c ucnonb3osannem m-OCIT u pacripeeneHHON
TepmoMeTpun Ha THKT B pexxnMe peasbHOrO BDEMEHH MOXET
PacCMaTPUBATHCA B KAUECTBE TIEPEJOBOTO OITBITA IS PEMIEHM A
AHAJIOTUYHBIX 33/1a4 B IPYTHUX CTPAHAX MUPA.

BHYTPUCKBaXXUHHbIN YNbTPa3ByKOBOW aHanNms3
TONLLMHBI CTEHKM 00CaaHOMN KONOHHDbI:
CPaBHUTENbHbIN aHaNN3 MOAENN N3HOCA

TPyObl Ha 6a3e aaHHbIX TMC, nabopaTopHbIX
M3MEPEHUWN U PAaCYETHbIX MOKa3aTenen
LLeNIOCTHOCTM obcagHoM TpyObI

Ans6epro AGyranem Credenc, Schlumberger; Oxyrynae I:x.
AxunHpaune, ConocoPhillips Alaska Inc.; 9y 0. JIeoHr, Schlumberger

W3HOC 6yPOBBIX TPYO BBI3BIBAET OOECIIOKOEHHOCTD Y
OIIEPATOPOB, OCOOEHHO, KOIMIA IIJIAHUPYETCS MIOBTOPHO
UCIOIB30BATh TPYObI /UM OCHOBHOM CTBOJI CKBA>KHUHBI JIJI1
33apE3KU OOKOBBIX CTBOJIOB WJIH JKE IIJIAHUPYETCS IPOBOAUTD
OIPECCOBKY OOCAJHOM KOJIOHHBL BypeHue riybOKMX CKBAKUH
TAKIKE CONPSIKEHO C MPO6JIEMOI N3HOCA TPOMEKYTOYHBIX
U YCTBEBBIX O6CAJHBIX TPYO. OTIaCEHNSI OTHOCUTEIBHO
BO3MOXXHOI'O U3HOCA OOCATHOU KOJIOHHBI JJUKTYIOT
PAaCHONOXKEHUE IA3IU(PTHOH KAMEPBIL, YTO CYIIECTBEHHO
BJIMSIET HA IPOU3BOAUTEIBbHOCTD CKBAXKUHBL 1]€JIb JTaHHON
PabOoThI — CONOCTABUTD PE3YABTATH U3MEPEHUN TOJIIIHUHBI
CTEHOK OOCAIHBIX TPYO, IPOBEJEHHBIX B CKBA’KHUHE, C
U3MEPEHUSAMU, IPOBEJEHHBIMU HA IOBEPXHOCTH, JIJIS
JAIBHENIIETO UCTIOIb30BAHUSA ITUX JAHHBIX B MOJIE/ISIX U3HOCA
06CaTHBIX KOJTJOHH. CKBA>KMHHBIE U3MEPEHUS TOJIIUHBI
CTEHKHU TPYO C MOMOIIBIO YIBTPA3BYKOBOI'O OOOPYIOBAHUA
ABJIAIOTCS JABHO UCIOJIb3yEMOM TEXHOJIOTUEN B HEPTAHON U
I'a30BOM IIPOMBILIJIEHHOCTU. Pe3yIbTaThl TAKUX U3MEPEHHUI
UCIIOJIb3YIOTCA KAK JIJIS PACYETA IIOKA3ATEJIEHN Pa3pblBa/
CMATUSA TPYO, TAK U JJ1 TOATBEPKICHUA UX TEPMETUYHOCTH
U LIEJIOCTHOCTH B LEJIAX MIOBTOPHOT'O UCIIOJIb30BAHUSL.
VIIBTPAa3BYKOBOM METO/I 3aKJIIOYAETCA B UBMEPEHUN YACTOTHI
pE30HAHCA 00CAAHOM KOJIOHHBI B 43UMYTaIbHOU INIOCKOCTH
C IIAroM NPUOGIN3UTENBHO 1 JIOMM; 3aTEM 3HAYECHUS
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the same run, helping eliminate the possibility
of an undesired leakoff. After allowing the
setting time, a successful pressure test or
post-cleanout DTS (in case pressure test is not
feasible) was used to establish the reliability of
this method.

The first attempt was made on Well A of
the field; however, isolation was successful
using m-OCP and conventional CT. Operation
execution and production recovery took
more time than planned because of the
uncertainty concerning well integrity in the
dual-string completion and lost circulation
in the depleted reservoir, which affected the
economic deliverability of the operation. The
major challenges with Well B of the same
type in the same field remain the same. Thus,
as part of lessons learned from the previous
intervention, diagnostic services were chosen
for a real-time evaluation of the completion to
review well integrity and accurately place the
optimized treatment, thereby helping improve
overall results in the most time-saving and
lucrative manner.

The successful isolation of the water-
producing zone/perforations in the southeast
Kuwait field using m-OCP and CT-assisted
real-time DTS to review well integrity can
be considered a best practice for addressing
similar challenges globally.

Downhole Ultrasonic Thickness
Measurements for Inspection

of Casing: A Comparison of Log
Derived Modeled Casing Weair,
Surface Measurements, and
Calculations for Casing Integrity
Alberto Abouganem Stephens, Schlumberger;
Olutunde J. Akindipe, ConocoPhillips Alaska Inc.;
Chew Y. Leong, Schlumberger

Drillpipe wear is a concern of operators
when the tubular and/or the main bore
of the well will be reused, for example
in a sidetrack, or when the casing will be
pressure tested. Drilling of long reach wells
also creates a surface or intermediate casing
wear problem. The fear of possible casing
wear dictates the location of gas lift mandrel,
which greatly affects well production and
productivity. The objective of this paper is
to show how downhole measurements have
been compared with surface measurements
of casing thickness to validate their use
on casing wear models. Downhole tubular
thickness measurement with ultrasonic tools
is a well-known technique that has been used
for many years in the oil and gas industry.
The use of such downhole measurements
varies from calculating burst/collapse rating
to validating tubular integrity for reuse. These
ultrasonic thickness measurements are done



PE30OHAHCHOU YaCTOTHI IEPEBOJAATCS B 3HAYEHUS TOJIIUHBI
CTEHOK, UCXOJi1 U3 U3BECTHOI'O YPOBHS TEXHUKU H/HJIH C
MOMOIIBIO 3aIIATEHTOBAHHBIX AJITOPUTMOB. TOJIINHY CTEHOK
06CATHBIX TPYO MOXKHO TAKXKE U3MEPHUTD HA [IOBEPXHOCTHU
BJIAOOPATOPHBIX YCIOBUAX. JTAOOPATOPHBIE U3MEPEHUSA
TOJIIIUHBI CTEHOK HOBBIX OOCATHBIX TPYO MPOBOAATCS I
HOATBEPXKIEHUS UX XAPAKTEPUCTHUK U 11 POPMUPOBAHUS
6a30BOM JIMHHUU B LICJIX JAaJbHEHUIIIETO aHAJIN3a. TaKue ke
M3MEPEHUS MOXKHO MPOBECTU M HA U3BJIECYUEHHBIX OOCAIHBIX
TPy6aX C LIEIBIO IPOBEPKU UX COCTOSHUS U BEPU(PUKALTUHA
MO/JIEJIEN IPOTHO3a M3HOCA. Ha3eMHBIE U3MEPEHUS
OTINYAIOTCS TOPA3/10 O0JIEE BBICOKOH pa3pEIIAIONIEH
CITIOCOOHOCTBIO U 60JIEE YACTBIM HIAT'OM B 43UMYTAIbHONU
MJIOCKOCTHU MO CPABHEHUIO CO CKBA’)KMHHBIMHU U3MEPEHUSIMU.
BBUIM CONTOCTABJIEHBI PE3YABTATHI CKBAXKUHHBIX
3aMEPOB TONIIUHBI CTEHKU OOCAJHBIX TPYO U PE3YIBTATHI
JIaGOPATOPHBIX U3MEPEHUI. B NCCIETOBAHUN KOHCTATUPYETCA
COBITA/ICHUE MEK/Y PEZYIBTATAMH OOOUX METOJOB
U3MEPEHU, OTMEYAETC BJIMAHUE TEOPETUYECKUX 3HAHNH
O CKOPOCTH YJIBTPA3BYKa B CTAJIN, 4 TAKIKE IIPUBOJAUTCSA
CpaBHEHME IOKA3ATENEN TABICHUSA PA3PbIBA, PACCYUTAHHBIX
C IIOMOIIBIO TEO(PU3UYECKUX JTJAHHBIX U [IOJTYYEHHDBIX B
pe3yabTaTe 1a60PATOPHBIX UCITBITAHUM HA COETUHEHUAX.
ITo coefuHEHNAM UMEIOTCA U3MEPEHUS, TPOU3BEINEHHBIE
B CKBAKUHE U B JTA0OPATOPHBIX YCIOBUAX. Korma npu
MPOU3BOJCTBE TPYO NMPUMEHAIOTCA KOPPO3ZUOHHOCTOMKHE
CILJIABBL, AKYCTUYECKHE CBOMCTBA CTAIU OTIMYAIOTCSA OT
CBOMCTB CTAHJAPTHOM CTAJIN, HA KOTOPBIX OCHOBAHBI
CKBaKMHHBIE U3MEPEHUA. Pa3Has CKOPOCTb AKYCTUYECKON
BOJIHBI B PA3HBIX MATEPUAJIAX OTPAZUTCS U HA IOKA3ATENAX
TOJIIUHBI CTEHKH TPYO, IIOTyYEHHBIX YIBTPA3BYKOBBIMH
nprubOPaAMH B CKBAXKUHE U U3MEPEHHBIX B J1A60PATOPHBIX
YCIOBUAX. B TO BpeM KaK B JTIAGOPATOPHBIX YCIOBUAX MOXKHO
IIPOBECTU KAITUOPOBKY HA MECTE, JIJI51 OOECIIEUYECHUSI TOUHOCTH
CKBAKMHHBIX U3MEPEHUN TPEOYIOTCA TEOPETUUECKNE 3HAHUA
00 AKYCTUYECKUX CBOMCTBAX MATEPHUAIOB. B HacTOsIEM
JIOKJI4/I€ OITMCBIBAETCA JTUATIA30H AKYCTUUYECKUX CBOMCTB U UX
BJIMAHUE HA 3HAYEHHNA TONIIUHBI CTEHKU TPYO, PACCYUTAHHBIE
Ha ocHOBe 'MIC. Tak:ke NPUBOJUTCS CPABHEHNE TOYHOCTH
CKBAXKMHHBIX U3MEPEHUH U U3BMEPEHUI B JIAOOPATOPHBIX
YCIOBUAX, KOI'JId U3BECTHBI CBOUCTBA CTAJIH.

Cekuwusa 3. Pazeutune texHonorum FTHKT U HKT, HoBble o6nacTtu

npYMeHeHUs 1 pelieHns

lNoBbILLEHWE HAAEXHOCTU U YCMELLHOCTM BHYTPUCKBAXKMHHbIX OnepaLuumi —
Kno4eBon hakTop B 0becrneveHnm Haafiexallero kayectsa OCBOeHMS
CKBaXWH 1 3KCMyaTaLnm KOMNEKTOPOB, a TakxKe OMTMMM3aLLMN NPOoLLEeccoB
B Xofe [oOblun. N5 LOCTUXEHWS AaHHOW Lienn BefeTcs pa3paboTka HOBbIX
MaTepuranos 1 Npoaykumu, obecneymsaloLLmx NposeaeHne 3PhekTUBHbIX
1 pe3ynsTaTUBHbIX OMepaLuii B yCIOBUAX HeOnaronpusaTHOM cpefbl. JaHHas
ceKUMs NocesLlleHa pa3paboTke NPOAYKLMN 1 CEPBUCOB, 0OECNeYNBaIOLLX
©e3onacHoe 1 ycneLHoe NpoBefeHne BHYTPMCKBAaXKMHHBIX onepaumii.

BbicokonpoyHblie THKT — kak nospexaeHus

OT NJiallek rnpeBeHTopa BIANAIOT

Ha yCTanocTHbIN pecypc?

Cxorrt lllepman, Nexus Energy Technologies; Illon M Maiiko, Trican Well
Service; J:xedpu OrTOo, Nexus Energy Technologies

C MomeHTa Hagana npou3soacTsa 'HKT u3 BBICOKONIPOYHONU
Y 3a4KaJICHHOM CTAJIM MHOT'O Pa3 BO3HUKAJI OJJUH U TOT K€
Bonpoc. Heo6X0oanMOo 11 HaM CIIEITUAIIbBHOE OG0PY/JOBAHNE /1T
PaboTeI C HOBOM, 6071€€ TPOYHON U, COOTBETCTBEHHO, O60JICE

by computing the resonant frequency of the
casing azimuthally in several samples sized
around 1 in., then converting the resonant
frequency to a thickness using known art
and/or proprietary algorithms. The casing
thickness can also be measured in a surface
laboratory. The thickness of newer casing
is measured in the laboratory to confirm its
specifications and create a baseline. Similar
measurement can also be done on retrieved
casing to inspect their well and verify wear
prediction models. The surface measurements
are of much higher resolution and azimuthal
sampling than a downhole measurement tool.
The results of downhole thickness
measurements and those of surface thickness
measurements performed in a laboratory
facility are compared and will be presented.
The study highlights the match between
the two types of measurements, the impact
of a-priori knowledge of steel velocity, and
comparing the log calculated burst pressure
ratings to an actual laboratory measurement
on joints. These joints have both downhole
and surface measurements. When the tubulars
are manufactured with corrosion resistant
alloys, the steel acoustic properties deviate
from the standard steel which the downhole
measurements are based upon. The difference
on acoustic velocities of the materials will be
reflected on the thickness measurements of
both downhole ultrasonic tools and surface
laboratory measurements. Whereas surface
laboratory measurements can be calibrated
in-situ, downhole measurements need a
priori knowledge of the acoustic properties.
This paper describes the range of acoustic
properties and how they affect the log derived
thickness. Also, the accuracy of the downhole
measurement is compared with the surface
measurement when the steel properties are
known

Session 3: Coiled Tubing and Pipe Development,
Applications, and Solutions

Increasing reliability and delivering successful interventions
is required to ensure that well completions and reservoirs
are properly maintained and optimized through produc-
tion. This objective is enhanced by the development of
materials and products that provide effective and efficient
operations in a range of hostile environments. This session
will focus on development to products and services that
will deliver safe and successful intervention operations.

High Strength Coiled
Tubing - How is Fatigue Life
Affected by Slip Damage?

Scott Sherman, Nexus Energy Technologies; Sean
M Majko, Trican Well Service; Jeffrey Otto, Nexus
Energy Technologies

Since the inception of quench and tempered
coiled tubing, a question has come up
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TBEPAON TPyOOIi? Bojee TBEPABIN MaTEPHUATT, IPUMEHAEMBIN
Juis npousBogcTsa THKT, mogpaszyMeBaeT, 4TO B IPEBEHTOPAX
JIOJIZKHBI UCTIOJIB30BATHCS JOCTATOYHO IIPOYHBIE IIAIIKHA

JULSL YIEPKAHUS TPYOBI U JIOCTATOYHO IPOYHBIE JIE3BUS JJI

ee 06pe3aHusd. VICIIBITAHUS TTIOKA34JIH, YTO B OOJIBIINHCTBE
CJIY4a€B CYIIECTBYIOUUE KOMIIOHEHTHI IPOTUBOBBIOPOCOBBIX
IIPEBEHTOPOB CIIPABJIAIOTCA C 331a4€CH yAEPKAHUA U
oTpesaHus BBICOKonpouHoii THKT.

Ecu 32:KaTh IUIAIIKH IPEBEHTOPA X IPUMEHUTD PEAJIBHYIO
OOJIBIIYIO HATPY3KY Ha BBICOKONIpOouYHYI0 'HKT 13 3akanieHHOM
CTAJIN, KAK 3TO IOBJIUET HA €€ YCTAJIOCTHBIN PECYPC?

B ganHOI1 paboTe NPEACTABIEHBI PE3YIBTATH HEJTABHUX
UcCIbITaHUN BeICOKONTpOYHOU 'HKT 13 3akaseHHON
CTaJIN, KOTOPBIE CPABHUBAIOTCA C peadynbraTamu THKT u3
TPAAUIUOHHON CTAU. B UCTIBITAHUAX IIPUHUMAJIA yIACTUE
I'HKT gnametrpowm 2 3/8 gioriMa, K KOTOPOU NPUMEHATIOCh
pacTsarusarmoliee ycunue B 44 500 1EKaHbIOTOHOB
(100 000 (pyHTOB) IPU 3AKATHIX IIJIAMKAX IIPOTUBOBBIOPOCOBOTO
npeseHTopa. 3arem 'HKT 6b11a uCribITaHa HAa U3rH6 Ha
CIIEJUA/IBHOM CTEH/IE C LIEJIBIO OIIPENEICHUA KOJIUYECTBA
[JUKJIOB U3rn6a IO NMOJIOMKHU TPYOBI; U3TUOY OABEPTaJIC
Y4Y4CTOK C OTMETUHAMH OT IIAIIEK IPEBEHTOPA. BbLna
ucnbiTaHa FTHKT 13 yeThIpexX MapOK BBICOKOIIPOYHOL
3aKAJIEHHOU CTAJIH, 4 B KAYECTBE KOHTPOJIBHOI'O OOPA311a B34Ta
I'HKT u3 cranu mapku 100. Lenbio HacTos e paboTsl ObLIO
NPOAEMOHCTPUPOBATD, YTO COBPEMEHHBIE TPOTUBOBBIOPOCOBBIE
IIPEBEHTOPBI MOT'YT UCIIOIB30BATHCS C BBICOKONPOYHbIMU ['HKT,
4 TAKOKE IPOAHATIN3UPOBATD, KAK ITOJIyY4A€MBIE B PE3Y/IBTATE
UCIIOIB30BAHMS BMSATHHBI U OTMETHHBI BIHSIIOT HA YCTAJIOCTHBIN
pecypc 'HKT.

nO‘D,pO6HbIVI dHalln3 NCNoJib30BaHUA

FHKT gna pasbypmnBaHMUa KOMMNO3UTHbIX

N PacTBOPUMDbIX ﬂpO6OK B nepMCKOM
OaccenHe Ha dopmaumm Urn opa

T'masepmo I'apcniaaco Meca, lllarimaka bayTucra AsTapkoH, Parian
Jlayam, Schlumberger Coil tubing

Omnepanyu Ha THKT B Texace npuMeHsIoTcs B [IepMCKOM
6acceitne Ha (popmariuu Urn @opj B TOPU3OHTAIbHBIX
CKBAXKUHAX, 3aKOHYEeHHBIX MI'PIT 110 TexHosornu Plug & Perf.
KJII04€BBIM 3TAIOM B U3BJIEYEHUH IPOOOK U BBIBOJE CKBAKHUH
HA PEXKUM SABJISIETCS PA36yPHUBAHUE TPOOOK IPU MOMOIIU
I'HKT. 13 BCEro CeKkTpa UMEIOUNXCS IPOO6OK Hanboaee
HONYJISIPHBIMU SIBJISIOTCS KOMITIO3UTHBIE U PACTBOPUMBIE
npo6ku. B 1aHHON paboTe aHATU3UPYETCS ITU 1BA BUJA
OPOOOK C TOUYKH 3PEHUS UX pa30ypuBaHus ¢ nomompio 'HKT.

AHaJINU3 CTPOUTCA HA JAHHBIX, [IOJTyYEHHBIX B XO/I€
OIIEpaIlNI IO Pa36ypHUBAHUIO IPOOOK B ITepMCKOM 6acceriHe
Ha popmariuu Uit @opi: 63 CKBasKUHBI, 3AKOHYCHHbBIE
UCKJIIOYHUTEIBHO KOMIIO3UTHBIMH IPOOKAMH B KOJIMUECTBE
2664 nrryku, 60 CKBasKMH, 3aKOHYEHHBIX JIBYMST BUIAMHU
NPOOOK B KOMUYECTBE 382 paCTBOPSIEMBIX IPOOKU U 1792
KOMITO3UTHBIC IIPOOKH, 2 TAKXKE 16 CKBAKUH, 3aKOHYCHHBIX
PaCcTBOPHUMBIMHU IPOOKAMU OOIIUM KOJTUYECTBOM 543 IITYKH.
JaHHbIE OBLIU IPOAHATU3UPOBAHBI HA IPEJAMET B3aUMOCBA3EN
MEXy FEOMETPUEN CKBAKUH, JJIMHOM T'OPU3OHTAIbHBIX
Y4aCTKOB, BUIAMH UCIIOJIb30BAHHBIX IIPOOOK,
MECTOITOJIOKEHUEM PACTBOPHUMBIX IPOOOK B TOPU3OHTATIBHOM
Y4acCTKe (IATKA, HOCOK, BECb TOPU3OHTAJIbHBIN Y4AdCTOK) U
KJIIOYEBBIMU MTOKA3ATENAMHU 3(PPHEKTUBHOCTH, TAKUMHU KAK
ob11ee BpeMsa NPOBEIEHUA ONEPALIUU B CKBAKHHE, CPEAHEE
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numerous times. Do we need specialized
handling equipment for this stronger and
correspondingly harder pipe? Harder coiled
tubing implies that blow out preventers
(BOPs) must have sufficiently hard slips to
grip the pipe as well as sufficiently hard shear
blades to cut the pipe. Testing has shown that
in most cases, existing BOP components have
been sufficient to grip and cut quench and
tempered coiled tubing.

Once BOP slips have been set on the harder
pipe and a real world ‘pipe heavy’ load
applied, how significantly is the fatigue life of
quench and tempered coiled tubing affected?

This paper will highlight the findings of
some recent testing of quench and tempered
coiled tubing and will compare the results
to conventional coiled tubing. In this study,
2-3/8 coiled tubing was subjected to a tensile
load of 44,500 daN (100,000 Ibs) while being
held in BOP slips. The coiled tubing was then
tested on a bend fatigue machine with the
slip marks at the ‘sweet spot’ to determine
the number of cycles to failure. Four grades
of quenched and tempered coil tubing were
tested as well as a baseline sample of 100 grade
coiled tubing. The aim of this paper is to
demonstrate that modern BOPs can grip high
strength coiled tubing and point out the effect
on fatigue life of the resulting slip marks.

A Detailed Evaluation of Coiled
Tubing Drillouts of Composites
and Dissolvable Plugs In Permian
Basin and Eagle Ford Fields
Guillermo Garcilazo Meza, Xaymaca Bautista
Alarcon, Ryan Loundy, Schlumberger Coil tubing

Coiled tubing (CT) operations in Texas
are distributed in the Permian Basin and
Eagle Ford plays supporting unconventional
completion of horizontal wells using plug-
and-perf technology. CT drillouts are a key
step in performing the plug removal and
achieving full production potential. From
a wide variety of plugs available, the most
common plugs are composite and dissolvable.
This study presents an evaluation of both
plugs for CT drillout.

The analysis gathers post-drillout data
from CT interventions in the Permian basin
and the Eagle Ford: 63 wells completed
exclusively with 2,664 composite plugs, 60
wells completed with a combination of both
type of plugs for a total of 382 dissolvable
plugs and 1,792 composite plugs, and 16
wells completed with 543 dissolvable plugs.
Data were analyzed for correlations between
well geometry; lateral length; plugs used;
dissolvable plug location in the lateral
(heel, toe, full lateral); and key performance
indicators (KPIs) such as time in well, average
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OTBeYas Ha HOBbIe BbI3OBbI

KomnaHusa « DUAMALL» BbiBena Ha pbIHOK KONTIOOMHIOBYIO yCTaHOBKY Tshkenoro knacca MK40T -
MHOro3aaa4yHbii KOMMEKC, CNOCOGHbIN OTKIIMKHYThCA HA HOBbIe TEXHONOrMYeckue Bbi3OBbl.

MKA40T nonHOCTbIO COOTBETCTBYET OCHOBHbIM MUPOBbIM TPeHAaM Pa3BUTUS KONTIOOGUHIOBbIX TEXHONOI NI,
3Ta ycTaHOBKa — NpeAcTaBUTENb HOBOrO Kilacca KONTIoOOMHIoBoro o6opyaoBaHus, CyLLeCTBEHHO
pacwupsiolero Habop v NapamMeTpbl TEXHONOrMYeCKUX onepaunii. OHa cnoco6Ha He ToMbKO BbIMOMHATh
NpaKkTUYecKU Bce BUAbI PaboT No KanuTanbHOMY PEMOHTY CKBaXXMH, HO U 6narogaps MOLLHOMY UH)XeKTOopY,
yBenMyeHHOMY 06beMy y3n1a HAMOTKM, NCMOoSb30BaHUIO FIMGKOM TPyObl 60MbLUIOIO AUamMeTpa —
06Cny>XUBaTb CKBaXKMHbI 3HAYUTENbHbIX MYOUH C aHOManbHO BbICOKMM MIIAcTOBbIM AaBleHueM,
ucnonb3oBaTbhCs NPU HanpaBreHHOM bypeHuu, PI, nccnepoBaTenbckux paboTax Ha CkBaXKMHAX BCeX
TUNOB, B TOM YMC/le B FOPU3OHTalNbHbIX yYacTKaxX.

MNHHOBaLMOHHbIN an3anH yctaHoBkn MK40T no3BonseTt pa3mecTtuTb Ha OAHOM MOIHOMPUBOAHOM LLUACCcU
IVECO-AMT 10x10 KomnnekT 060pyAoBaHUs C y31OM HAMOTKN eMKOCTbio 7500 m FHKT ¢ 44,45 mm, 5400 m
'HKT ¢ 50,8 mm, 2800 m M'HKT ¢ 60,3 MM, MH)XXeKTOPOM € TAroBbiM ycunuem 45 1 u NBO ¢ ycnoBHbIM
npoxogom 100 Mmm.

KoHcTpykTopbl yctaHoBKM MK40T noctapanuch y4yectb BCe OCHOBHbIE
TpeGoBaHMA 3aKa34mKoB. KonTiobuHroByio ycraHoBKY MK40T oTnuyaer:

- MaHeBpPeHHOCTb U NPOXOANMOCTb: Bce 060pyA0BaHUe pa3MeLLLEHO HA OGHOM cneLyanbHOM
MONHOMNPUBOAHOM LLUACCU € KNTUPEHCOM 435 MMm;

— HafleXXHOCTb — MPOBepPEeHHbIN BpeMeHeM Au3anH rMAPoCcTaHLUM U OCHOBHbIX Y3/10B obecneyuT
6e30TKasHylo paboTy He3aBMCMMO OT YCITIOBUI OKpPYXKaloLLen cpefbl; B TOM Ynciie NpU HU3KUX
Temnepartypax -40 °C, ¢ BO3MOXXHOCTbIO XpaHeHus 8o -50 °C;

- MpOCTOpHas Tenso- 1 WyMousonupoBaHHas kabrHa oneparopa. [ins yBenuyeHUs 3proHoMuKn pabor
KabuHa nsrotaBnMBaeTcs C HAKJNIOHHbIM cTekJioM. [laHHOe peLleHMe NOo3BOoJISeT, HAX0AACh B Kpecie
ornepaTopa, Oo[HOBPEMEHHO ClleAUTb 3a UHXEKTOPOM, Y31IOM HaMOTKU, Nnpudopamu;

— 3ProHOMWYHbIN NYNbT yNPaBeHUs C 3NeKTPOHHOMN cucTemMomn c6opa AaHHbIX COBCTBEHHOW pa3paboTku
C3A0 «®UNAMALL», peann3oBaHHOW Ha NPOMbILLIIEHHbIX KOMIMbIOTEPAaX C CEHCOPHbIMW 3KpaHaMU;

- noaktoveHue K cepeucy «dunamawu-OHnanH».

220033, benapycb, MuHck, yn. Pbibanko, 26

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




BpeMs1 pa36bypUBAHUS, BDEMS IIPOMBIBKH, PACCTOSHUE MEKY
OpOOKAMHU U OOIIEE YHCIIO TPOOOK.

B xoz€e aHa1132a 6BLIO IPOBEAEHO CPABHEHUE MEXKY
CKBa)KMHAMH, 3aKOHYEHHBIMU TOJIBKO KOMIIO3UTHBIMHU
OPOOKAMHU, CKBAXKUHAMHU, 3aKOHUYEHHBIMH TOIBKO
PaCTBOPHUMBIMH NPOOKAMH, M CKBA)KUHAMH C [IBYMSI BUJTAMU
NPOOOK; ObLIA JaHA OLIEHKA 3(P(PEKTUBHOCTH PACTBOPEHUS
PAaCTBOPUMBIX TPOOOK. KOMITO3UTHBIE IPOOKU NOKA3AIHU
CTAOUIBHBIN PE3YIBTAT B TOPU3OHTAJIBHBIX CTBOIAX JJIMHOU
ot 1 10 1,5 Mub, riie BpeMs (ppe3epOBAHUA COCTABIISLIO 4—5
MUHYT, PA36CKKA — 3 MUHYTBL, 4 BDEMSI IIPOMBIBKU 26 MUHY'T;
B CTBOJIAX JUIMHHEE 1,5 MUJIb HAOIIOJAJIOCh YXYAIIEHUE
OKaszareserd. B ropu30HTAIbHBIX CTBOJIAX, 3dKOHYEHHBIX
PaCcTBOPHUMBIMU IPOOKAMHU, CPESHEE BPEMS PA30yPHUBAHUA
COCTABJIAJIO 7—9 MUHYT, Pa36€KKa YBETUYNBAIACH IO MEPE
YBETUYEHHUS TPOTAKEHHOCTH FTOPU3OHTAIBHOTO CTBOJIA, 4
BpPEMSI IIPOMBIBKH COCTABIISIO 26—36 MUHYT. B CKBAXKUHAX,
I7I€ UCTIOJIb30BAJIMCh PA3HBIE BU/IBI IPOOOK — PACTBOPUMBIE
B HOCKE CKBAKMHBI U KOMITO3UTHBIE B OCTAJIBHOHN Y4CTH
TOPU3OHTAIBHOI'O CTBOJIA — OOIIHUE MOKA3ATEIN ObLIH JIyYIIE:
BpeMs (PPE3EPOBAHUS COCTABUIIO CTAOMIBHBIE 4—5 MUHYT
BHE 34BUCHMOCTH OT JUIMHBI TOPU3OHTATIBHOIO Y4ACTK4, 4
pasbexka 1-3 MUHYTHI, O0Iee BpeMs PAOOTHI B CKBAXKUHE
JUTs Pa30yPUBAHIMSI BCEX IPOHOK 6bLIO HA 46% MCHBIIIC
O CPABHEHUIO CO CKBA’KMHAMM, 3aKOHYEHHBIMH TOIBKO
PaCcTBOPHUMBIMHU IPOOKAMU. AHAJIN3 TAKXKE ITOKA3AJL, YTO
He MeHee 45% PaCTBOPUMBIX IIPOOOK HE PACTBOPHIIMCh U
norpedosaics cnyck 'HKT.

Lenb AAHHOTO UCCAENOBAHUA — IPEJIOCTABUTD ONEPATOPAM
CKBAKMH MHCTPYMEHT JIJISI OLIEHKHU 32TPAT U IPEUMYIIECTB
MPUMEHEHUA PA3INYHBIX IIPOOOK JJI IIPOBEAEHUA
BHYTPHUCKBAXKUHHBIX PA00T HAanb01€€ 6€30I1ACHBIM 1
3 PEKTUBHBIM CIIOCOOOM. boJjiee Toro, cneyeT OTMETUTD,
4TO, KAK IIPABUJIO, IPUMEHEHHE PACTBOPUMBIX IIPOOOK
ACCOLIMMPYETCS CO CHUXKEHUEM CTOMMOCTH PA0OT, TAK KAK
OTHNA1AET HEOOXOANMOCTD B UX Pa30yPHUBAHUU C IIOMOIIBIO
I'HKT. OgHAaKO, KaK ITOKA3bIBAIOT IIOJIYYEHHBIC IAHHBIE,
pacTBOpeHHE NMPOOOK MPOUCXOAUT HE BCETAA, YTO ABJIACTCS
($HaAKTOPOM HEONPEAETEHHOCTH, YCTPAHUTD KOTOPBII MOXKHO
TOJIBKO ITyTeM nnpuMeHenust 'HKT a1 ux pazéypusBaHus.

PuckoBas noBunbHas onepaums
BO3BpaALLAEeT CKBAXWHY B 3KCMyaTauuto
nocsie YeTbipex neT NpocTos

Tanep Xerin, Weatherford

BypeHHe CKBAXKUHBI 3aBEPIIEHO 8 CeHTAOP 1991 roaa;
3TO FOPU30HTAIbHASI HEPTAHAS CKBAXKUHA HA METb()POBOM
MECTOPOXJAcHUH B EBporie. HikHee 3aKkaHYuBAHUE
TOPU3OHTAJIBHOI'O CTBOJIA IPOU3BEJEHO ITyTEM ' POPA3PhIBA
J12CTA C HPUMEHEHHUEM NPOMIIAHTA, CKBAXKMHA ObLIA CJAHA
B KCIUTyaTanuio 14 nexabps 1991 ropa. B Hosi6pe 2011 roga
OBLJI IPOBEJICH KAITUTAJIbHBIN PEMOHT CKBAKHHBI, B XO/I€
KOTOPOTr'O 6614 IPOU3BE/ICHA 3aMEHA KOMITOHOBKU BEPXHETO
3aKaH4YUBaHUsA. B mocnenyomeM, B pespaie 2015 roaa,
JIOOBIYA U3 CKBAKMHBI ObLJIA OCTAHOBJIEHA, IOCJIE TOI'O KAK
CKBAXKMHHBIHN KJIAITAH-OTCEKATENb HE IIPONIEJ UCIIBITAHUS HA
IIPUTOK.

ITo pe3ynbTaTaM HEYIAYHbIX UCIIBITAHWUI IPOBOANUIACH
006pabOTKA KJIaIaHA KUCIOTOH, OHAKO NOJOKHUTEIBHOI'O
adekra 310 He Aan0. CIEUAIUCTHI IPUIILIN K BBIBOAY, UYTO
pacxoaHas TPy6a KJIAMaHA 34CTPAId B OTKPBITOM OJIOXKEHUH,

milling, wash times, plugs spacing and total
number of plugs.

The evaluation was conducted by
comparing wells completed with only
composite plugs, only dissolvable plugs, or a
combination of both types, and it included
a review of dissolvable plug dissolution
performance. Composite plugs show a
consistent milling performance for laterals of
1 and 1.5 miles, with an average milling time
of 4 to 5 min and a variance of 3 min and
wash times of 26 min; for laterals longer than
1.5 miles, the performance declines. When
evaluating laterals completed with dissolvable
plugs average milling time is 7 to 9 min,
and the variance increases with the lateral
length, with wash times of 26 to 36 min. Wells
completed with a combination of dissolvable
plugs on the toe and composites in the rest
of the lateral show an improved overall
performance, with constant milling times
of 4 to 5 min regardless of the lateral length
and variance of 1 to 3 min; the overall time in
the well when plugs are combined is reduced
by 46% compared to laterals completed with
dissolvable only. The analysis also determined
that at least 45% of dissolvable plugs did not
dissolve and required CT intervention.

The aim of this is study is to give operators
a tool to assess the costs and benefits of using
different plug technologies with a strategic
placement to execute interventions in the
safest and most efficient manner. Additionally,
dissolvable plugs are commonly associated
with cost reduction related to eliminating the
need for CT milling. However, the data shows
that inconsistent dissolution of the dissolvable
plugs adds an uncertainty factor, which can
only be dissipated with intervention using CT.

High Risk Fishing Operations
Recovers Well After 4 yrs Shut in

Tyler Heyn, Weatherford

Well was spudded on Sept. 8th, 1991 as a
horizontal oil producer offshore Europe. The
lower horizontal completion had multi stage
proppant fracs and the well was handed over
to Production on Dec. 14th 1991. The well
was worked over in November 2011 when
the upper completion was changed and
subsequently was shut in in February 2015
when it failed Subsurface Safety Valve (SSSV)
inflow tests.

As a result of the SSSV inflow test failures,
it was treated with acid but without success
and it was concluded that the flow tube was
stuck in the open position possibly due to the
presence of scale — as a result the decision
was made to look into the possibility of re-
activating the SSSV using wireline techniques.
In October 2015 several gauge cutters,
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BEPOSITHO, IO IPUYUHE OOPA30BAHHUS OTIOXKEHUN. B
pe3yabTaTe 6bLJI0 IPUHSATO PEHIEHUE TOBTOPHO AKTUBUPOBATH
KJIAMTAH-OTCEKATE/b IIPU ITIOMOIIU KaHaTa. B okTsa6pe 2015 roaa
B CKBaXKHHY OBbIJIO CITYIIIEHO HECKOJIBKO KOJIBIIEBBIX CKPEOKOB,
OUYHMCTHBIX CHAPSAJOB U MIETOK /IS yIAJIEHU OTJIOXKEHU 10
KJIATTaHA-OTCEKATEIsI HA I1y6uHe 1560 ¢y ToB. B CKBaKUHY
ObL1a cnynieHa cucteMma TASK 1151 OUUCTKU PACXOTHOM
TPyOEL B mporiecce O4UCTKU OTIIOKEHUS U3 BEPXHEN YaCTU
OTBAJIMJIMCh U 3aChINAIN cUCcTEMY TASK CBEPXY, B pE3y/IbTATE
4Ero TPOC 661 0O6E3]BHKEH. BBIJIO CITYIIIEHO MPUCTIOCOOICHUE
JUISL PE3KH TPOCA, TPOC ObLII U3BJICUEH, 4 IPOBEJAECHHBIIN AHAIN3
MOKA3aJI, YTO JIOBUJIbHAS ENKA YUCTA.

B nocneayomeM B CKBAXKUHY OBLIO CITYIIEHO JIOBUIIBHOE
060PYIOBAHNE U MOITHOE MOA’EMHOE YCTPOUCTBO U
pou3Be/ieH 3atier. [IpoussezeHo 50—60 yaapoB siccoMm,

HO CIBUHYTb OOOPYZOBAHHE HE yAAN0Ch. Ha 3acTpsaBiee
000OpPYAOBAHUE OBLIA BBIINTA KUCJIOTA U IIPOU3BEJCHO €I
60 yaapoB siCCOM, HE AABIINX PE3ynbTaTa. K TOMy MOMEHTY
OTIepAIMH Ha CKBAKUHE JITTHIUCH yiKe 26 THei 63 KaKOro-
JIMOO nmporpecca. CHenUanuCcTbl IPUHSIN PENIECHUE
NPEKPATUTD NIPOBEAEHUE ONEPAUA U YCTAHOBUTH MOCTOBYIO
NPOOKY B CKBA’KHHE.

MOpPUAOHLIN 3NeKTPOONTUYECKNI

Kabenb ana nposeaeHus NMcCn
BHYTPUCKBaXXMHHbIX onepaumn ¢ FTHKT

Kopau Cerypa, Camia Tpymmep, Mapusa I'pucanrtu, [:xo3ed Bapku,
Hxedd MakKeit6, Mapk Xodaxkep, Kario ®panano, Jeseur Ilaraxk,
AsBaH KeoHr, CuHape Bunres, Schlumberger

B JaHHOM HUCCIEJOBAHUHU NIPECTABIECHA SBOJIIOL U
CKB4>KMHHOTO OIITOBOJIOKHA U MOSIBJIEHHUE HOBOT'O
TUOPHUTHOI'O AJIEKTPOOIITUYECKOTO KA6€EJIs 1151 IPUMEHEHU S
¢ THKT. OnTryeckoe BOTOKHO NO3BOISAET OCYMECTBIATD
ONTHUYECKYIO CBSI3b M IPOBOJUTD PACIIPEAECIEHHBIE
U3MEPEHUs, HAIIPUMEDP, TEMIIEPATYPHBIE NN AKYCTUYECKUE
U3MEPEHUS. DIEKTPUUECKUN CJION OOECTIEUUBAET NOAAYY
NEKTPONUTAHUS C HOBEPXHOCTH, YTO PEIIAET NPOOTIEMY
TPAAULIMOHHBIX OTPAHUYEHNH, CBA3AHHBIX C UCIIOJIb30BAHUEM
AKKYMYJIITOPHBIX OaTapPE: TEMIIEPATYPA, BDEMS PAOOTHI,
6€301aCHOCTb. DIAEKTPUUECKUHN CJIOH TAKKE OOECIICUYUBACT
TEJIEMETPHUIO.

I'n6puUAHBIN Ka6€Ib COCTOUT U3 HECKOJIBKUX CJIOEB:
BHYTPEHHSAA TPYOKA JIJIS 3aIIUTHI OITOBOJIOKHA, CJION
MPOBOJHUKOB C HU3KUM CONPOTUBIEHUEM ITOCTOSTHHOTO
TOKA, YTO MO3BOJAET NEPEABATD BBICOKOE HANIPSKEHUE
B CKBAXKUHY, U30JISIIIMOHHBIN CJION U BHEUIH S TPYOKA,
3AMMUIIAIONAS OT BO3AEMCTBUA PA3INIHBIX XKUJKOCTEMH,
npokayuBaemblx yepe3 'HKT. JanHasA coxHasa KabenbHas
CHUCTEMA UMEET HEOOIBIION BHENIHUI fuaMeTp (Bcero 1/8
JIOVIMA) 1A JOCTUKEHHU A MAKCUMAJIBHO BO3MOXHOI'O PACX0O/1a
B 'HKT. HazeMHO€ 1 BHYyTPHUCKBA>KMHHOE OOOPYAOBAHHUE,
UCTIOJIB3YEMOE C Ka6€eJIeM, CIIEIINAIBHO Pa3paboTaHO MO/
OKOHIIOBKY JJAHHOTO Ka0€JI C PA3/IeJIEHUEM IIPOBOJJHUKA U
OITTUYECKOI YACTH.

Kabenpb 6611 IPOU3BEECH, UCIIBITAH U 34IT1ACOBAH B
I'HKT. HazeMHOE U CKBAXKMHHOE OO0OPYIOBAHUE OBLIO
CHIELHMATIBHO Pa3pabOTaHO U CEPTUPUITUPOBAHO /1151
PaboThI B CYXONYTHBIX U MIEIb(POBBIX YCIOBHUSAX, 4 TAKXKE
IPOTECTUPOBAHO HA COBMECTUMOCTD C PA3JIMYHBIMHU
UHCTPYMEHTAMU: BHYTPUCKBA’KUHHBIM HUHCTPYMEHTOM C
JATYNKAMU JABJICHUS, TEMIIEPATY P, ITTyOUHBI U HATPY3KH;
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broaches and brushes were run in the well to
clean scale down to the SSSV at 1560ft. A task
Launcher was run into the well to treat the
flow tube and reinstate the well into service,
upon treatmeant with task launcher scale
from above and dropped ontop of the task
launcher and slickline was unable to move,
and since it proved impossible to retrieve the
tool string, a wire cutter was dropped and
the slickline was retrieved — the fishing neck
remaining was gauged and determined to be
clean.

Subsequently when the fishing tool string
and HD pulling tool were run the fish was
latched and some 50-60 jars applied without
movement of the fish being seen. Acid was
dumped on top of the fish and an additional
60 jars applied without success. By this
time some 26 days of operations had been
completed without any progress being made
operations were suspended and Bridge Plug
was set to secure the well.

Hybrid Electro-Optical Cable

for Coiled Tubing Logging

and Interventions

Jordi Segura, Sascha Trummer, Maria Grisanti,
Joseph Varkey, Jeff McCabe, Mark Hofacker,
Caio Fancio, Devesh Pathak, Azwan Keong,
Sindre Vingen, Schlumberger

This study presents the evolution of
downhole fiber optics to a new hybrid
electro-optical cable for coiled tubing (CT)
applications. The optical fibers enable
optical communication and distributed
measurements such as distributed
temperature and acoustic sensing. The
electrical layer delivers continuous surface
power to downhole tools, eliminating typical
battery limitations such as temperature,
operating time, and safety concerns. The
electrical layer also enables cable telemetry
operation of wireline tools.

The hybrid cable is composed of several
layers: an inner tube protecting the
optical fibers, a layer of low-DC-resistance
conductors to deliver high voltage
downhole, an insulator, and an outer tube
that is exposed to the fluids in the CT pipe.
This complex cable is packaged with an
outer diameter of only 1/8 in. to maintain
maximum flow rates achievable through the
pipe. Surface and downhole equipment used
with the cable are designed to accommodate
electro-optical terminations separating the
conductors and optical lines.

The cable has been manufactured, tested,
and installed in CT pipes. The surface and
downhole equipment has been designed and
certified to operate in both land and offshore
environments and tested with multiple



KAaHATHBIM OOOPYAOBAHUEM, B TOM YHCJIE UMIYJIbCHBIM
HEUTPOHHBIM I'€HEPATOPOM U UHCTPYMEHTOM JIJIS1
onpeneneHus NpoMUIsA IPUTOKA; ”HCTPYMEHTOM JIJIS
PabOTBI B MHOI'OCTBOJIBHBIX CKBAXKUHAX; JIEKTPUUECKU
AKTUBUPYEMBIMU U3BJIEKAEMBIMH IPOOKAMI.

bruto nposegeno caoime 20 CITO u 1000 yacoB paboTeL 6€3
MOTEPH AJICKTPONUTAHUS WIN TeJleMeTpuu. Ha banknem
BocToxke npumenenne ru6pugHoro kademnsa ¢ 'THKT nozsonnno
COKOHOMUTD 160 4aCOB BPEMEHH HA YCTHIPEX CKBAKHUHO-
onepanusix, s IPOBEJICHU KOTOPBIX paHee TPEOOBANIACH
Mobunuzanus Apyx KojsoHH 'HKT. Ha HOpBeXCKOM
KOHTHHEHTAJIBHOM HIENb(ME TaHHAA TEXHOJIOT U TIO3BOJINIIA
COKOHOMUTD OT 24 10 32 4aCOB HA OJHOM CKBAKHHO-
onepanuu 61arogapsa UCKIIOYEHUIO TONOTHUTEIBHBIX
MNOJ’'bEMOB KOJIOHHBI HA IOBEPXHOCTb JIJIS1 3aMEHBI
AKKYMYJIATOPHBIX OaTapert.

HoBBIN THOPUAHBIN KA6€JIb U COITYTCTBYIONIEE HA3EMHOE U
CKBA’KMHHOE OO0PYAOBAHUE TIPE/ICTABISIOT COO0OU €IUHOE
peneHune 4 NPOBEJEHNUA BHYTPHUCKBAXKUHHBIX PA6OT,
pacnpenenenneix uamepenuii u 'MC. JJannaa cucrema
OTKPBIBAET BO3MOXXHOCTH JJI1 CYyIECTBEHHOT'O MOBBIMIEHUA
3(PPEKTUBHOCTH BHYTPUCKBAKMHHBIX PAOOT U BEICTPAUBAHUSA
00JI€€E CIIOKHBIX U KOMIITIEKCHBIX IPOU3BOACTBEHHBIX
MPOLIECCOB.

Ncnonb3oBaHue MHKT gng ontummsaumm goobium
Buaxsa TxeBapasH, Shell UK Ltd; Hern Ipeiir, Helix Well Ops UK

B mae 2019 roga kommanug Shell UK E&P nansia
xommaHuio Helix Well Ops» ¢ cygaom Well Enhancer
JuLst mpoBejieHus pabot Ha 'HKT B ropu3oHTANIbHON
CKBa>KHMHE C UCIIOJIb30BAHUEM UX BOJOOTAEISAIONECH
CHCTEMBI [/ OITUMH3A1INU JOObIYH. [[aHHAA CUCTEMA
T'HKT mc1onb3oBanach ¢ 2016 roga, ogHaAKO Ha OCHOBAHNH
MOJYYEHHOI'O ONBITA CUCTEMA OBbLIIA yCOBEPIIEHCTBOBAHA
B 4aCTU BHEJPpEHUSA 6051€€ 3(PPEKTUBHBIX U HAJIEHKHBIX
cpeacts pazseproiBanusg 'HKT. [IpoBeieHHAs B Mae paboTa HA
CKBa’KHMHE CTaJIa IIEPBO MOCJIE MOJAEPHU3ALIUH CUCTEMBL.

BBUIH TOCTABJIEHBI CIEAYIOMINE TEXHUYECKUE 3AAUU:
¢ [[Ta6JIOHUPOBAHUE U OUYUCTKA C UCIIOJIb30BAHUEM

MOTOPHU3UPOBAHHOI TPYOKU BEHTYpPH 1O ITTyOHHBI

14 700 ¢yTOB.

e OCTAHOBKA CKBAXKMHBI U T'UAPOAUHAMUYECKHUI KAPOTAXK Ha

Y44CTKE EPPOPALINU TPOTAAKEHHOCTBIO 4000 (PyTOB.

* I[ToBTOpHAsA NTEp@POPALA B KOJUIEKTOPE yIACTKA

OpoTsKEHHOCTBIO 1000 (pyTOB.

Bce onepanuy 66N 3aBEPIIEHBI B yCTAHOBJIEHHOE BPEMS U
B PAMKaX BBIJICJIEHHOI'O OIO/I?KETA.

IpuMeHeHNe JAHHOU TEXHOIOIMH 6BbLIO IPU3HAHO
3(PPEKTUBHBIM, YTO OTKPBIBAET HOBBIE BO3MOXKXHOCTH
ucnosnb3oBaHus 'HKT a1 nposeeHus onepanum, rae
panee npumeHenue 'HKT canTa10Ch 3KOHOMHUYECKHU
HE3(POEKTUBHBIM UJIH AK€ HEBO3MOKHBIM 6€3 YCTAHOBKH
BBIIIKH.

Cekuus 4. HoBelwme gocTukeHus B 061actv o6opyaoBaHus,
MHCTPYMEHTOB, XXUAKOCTEN U MaTepnasnoBs Afis NpoBeaeHns

BHYTPUCKBaXXUHHbIX paboT

M3MeHeHMe CUTyaLmmn Ha pbIHKaX CTVMYIMPYET Pa3BUTUE TEXHOMNOMMN
NpoBefeHNs BHYTPUCKBAaXKMHHbIX Onepaumnii — BHeApeHWe MHHOBaLMIA U
YCIOXHeHWe ornepaLmi Ans Toro, 4Tobbl COOTBETCTBOBATL TPEOOBAHNAM
oTpacnu. B pamkax fLaHHOW CeKLmM NpeLcTaBneHbl Npe3eHTaL/MmM OnepaTtopoB
1 CEPBMCHBIX KOMMaHWI, LEMOHCTPYPYIOLLIME MPYMEHEHME HOBbIX TEXHONOTUIA

families of tools: well intervention tools
instrumented with pressure, temperature,
depth control, and load sensors; wireline
tools, including pulsed neutron generator
and flow profiling tools; a multilateral
re-entry tool; and an electrically actuated
multiple-set retrievable plug.

Over 20 runs and 1,000 hours of operation
have already been completed without any
power or telemetry loss. The system has saved
160 hours of operation time in Middle East
from the implementation of the hybrid cable
single-reel solution on four jobs that formerly
required two CT strings. In the Norwegian
continental shelf, the system saved between
24 hours and 32 hours in a single job by
eliminating trips to surface to replace the
batteries.

This new hybrid cable and its associated
surface and downhole system provide a
single solution for interventions, distributed
measurements, and logging. Altogether, they
pave the way for significant improvements
in well intervention efficiency and open new
avenues for more complex and demanding
operational workflows.

Rig-Less Coiled Tubing Intervention
for Production Optimisation

Vidhya Thevarayan, Shell UK Ltd; Neil Greig, Helix
Well Ops UK

In May 2019, Shell UK E&P contacted the
Helix Well Ops Light Well Intervention
Vessel; Well Enhancer to conduct a Coiled
Tubing Intervention in a horizontal well
using their riser system for production
optimisation. This CT system had been in
active use since 2016, however, based on
operational lessons learnt, it underwent
a series of upgrades and improvements to
create a more efficient and reliable means of
Coiled Tubing Deployment. The intervention
carried out in May was the first since the
upgrades were completed.

The technical objectives for the
intervention were:

* Drift and clean-up using a motorised
venturi to 14,700 ft

e Perform shut-in and flowing PLT log across
4,000ft of perforations

* Re- perforate 1,000ft of reservoir section

The operations were completed on time
and on budget.

This technology application has now
been proven and enables Coiled Tubing
opportunities, previously considered
uneconomical or technically unachievable
unless using a rig, to be sanctioned.

Session 4: Latest Developments in Equipment,
Tools, Fluids, and Materials for Interventions
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B 04€Hb Pa3HbIX 1 CJIOXKHbIX YCIIOBMUAX. STO Take TeXHOMOrMK, Kak HoBas

MayTa s KaHaTHbIX PaboT Ha Luenbde, KOTopas HelaBHO BbIMrpasna

npemMuio B 00aCT MHHOBALMIA 1 TEXHONOMMI ACCOLMALIMM CNeLmanicTos

MO KONTIOBMHIOBbIM TEXHOMOMVSIM 1 BHYTPUCKBaXKMHHbBIM paboTam (ICoTA).
MpepncraBneHa Kpyrosas kamepa, 3neKTpU4ecknin UHCTPYMeHT ANS ANarHOCTUKN
OypoBbIx KOTOHH. Obe 3T TexHonornm ncnonb3ytotca Ha FTHKT. B pamkax cekuymm
TaK>xe npefAcraBneHa TeXHONOMMA MCMOMb30BaHNA AaHHbIX CO CKBaXKMHHOIO
[aT4MKa, Nomy4aeMbix B peXXMe peasnibHoro BpemMeHu, Ans NnoBbiLLeHns
3chekTMBHOCTY pa3dyprBaHus Npodok Ha MHKT 1 npoBefeHMs KapoTaxa

B 3KCMyaTaLMOHHOM CKBaXMHe.

MHHOBaLI,VIOHHaﬂ KOHCTPYKUMA MadThbl And
KaHaTHbIX pa60T MNO3BONIAET MOBbLICUTb
©e3onacHoCTb 1 3¢ HEKTUBHOCTb

dnucrep MakJoHang, Shell UK Ltd.; Topcreiin Tomaccern, DWELLOP as

IIpu NpOBEAEHNY BHYTPUCKBAXKMHHBIX OIIEPAIIUI
C UCIIOJIb30BAHUEM KAHATA HA MOPCKOM I1aTpopMe
CIEUAJIMCTDI CTAJIKUBAIOTCS C LEIBIM PAJOM CJIOKHOCTEH.
7151 pemeHus npo6IeM, CBI3aHHBIX C 6€30IIACHOCTDIO, U
ONEPALUOHHBIX TPYAHOCTEN Obl/Ia Pa3pab0TaHa U BHEJPEHA
epBast B MUPE KOMOMHUPOBAHHAA MAYTO-0AIIEHHAS
CHUCTEMA JJIS1 IPOBEJICHUS KAHATHBIX PA0OT B CKBAXKHHE.
JaHHAag TEXHOJIOTUSA 6BLIA YCIIEITHO PEAIM30BAHA B
BeMKOOGPUTAHUU U NTOJIYYNIIA PAJ HATPAJ;: IPEMHUIO 32
MHHOBAIIMU U TEXHOJIOTUH ACCOLTUAITUH CIIELTUATIUCTOB
O KOJITIOOUMHIOBBIM TEXHOJIOTHUSIM U BHYTPHUCKBAKIHHBIM
padoram (ICOTA) 3a 2019 rog, KOTOpas NPUCYKIAECTCA
€2KETO/THO NIPECTABUTEISIMHU EBPOIIENCKOTO OTAECTIEHUS
ICOTA, opranuzanuu Oil & Gas UK u O61mecTBa MHKEHEPOB-
HEPTAHUKOB AGEPANHA; HATPA/y EBPOIEUCKOTrO
otaenennsa ICOTA Ha EBpONENiCKOr KOH(pPEPEHIIUA 1O
BHYTPUCKBAKMHHBIM Pab0oTaM; a Takke B 2019 roay BeIIILIA B
puHaI IpUCY)KAAEMOI opranusanuen Oil & Gas UK npemun
B 00J1aCTH O€30MACHOCTH HA MENb(POBBIX MECTOPOXKICHUAX B
HOMHWHAIIMU «/IHHOBAIIUU U 6E30IIACHOCTD>.

Kommanmus Shell UK B corpyauuuectse ¢ DWELLOP ycniemno
peann30Baaa MHHOBALMOHHBIA JU3aH MA4Thl HA MOPCKOM
nnatdopme BpenT Yapau B paMKax PabOTEI IO BEIBOJY
€€ U3 SKCIUTyaTanuu. CUCTEMA ObIIA IIOCTABJIEHA B BUZIE
CaAMOCTOSITEJIBHON €IMHUIIBI OO0PYIOBAHUSA U YCTAHOBJIEHA
HAa JIIOK-aJAIITEP, KOTOPBIN CIIYKUT UHTEP(PENCOM MEXTY
MOPCKOHM MOHTAKHOI ITAIy60It M CAMOI Ma4TON. 3aTEM C
MOMOIIBIO TH/IPABIUYECKOT'O IIPHUBOJA MAUT4 ObL/IA IIPHUBEICHA
B paboyee MOJIOKEHHUE, 4 €€ TEIECKOMUYECKHE CEKIITUU ObLIIN
32(pUKCUPOBAHBI HA HEOOXOIUMOH BBICOTE. TAKNM OO6paA30M,
BCE OBLJIO TOTOBO K HA4YaJIY BHYTPHUCKBAKUHHBIX PA0OT.
JaHHag cCUCTEMA IO3BOJINJIA PELIUTB LIEJIbIH P IIPOOIEM,
KOTODBIE, KaK ITPABUJIO, BOZHUKAIOT HA MOPCKHUX IIAT(POPMAX:
OO0JIBIIOE KOJIMYECTBO KPAHOBBIX pab0T, HEA(PPEKTUBHOE
YIIPaBJIEHUE IPOLIECCOM MOHTAXKA/IMEMOHTAXKA U OPTraHU3ALUA
paboT Ha nany6e, TAaK KAK MOHTAK OOBIYHBIX MAUT SIBJISICTCS
BECbMA TPYAOEMKHUM IIPOLIECCOM, TPEOYIONUM YCTAHOBKHA
BBICOKHX JIECOB U HATSKHBIX TPOCOB 110 BCE manyo6e.

JaHHas1 paboTa IPEACTABISIET OO30p IPEUMYIIECTB U
CJIOKHOCTEN IPU BBIIIOJTHEHNH 4ABTOHOMHBIX KAHATHBIX
PaboT, IpU 3TOM OCOOBIN YIIOP JAENAETCS HA paOOTHI 11O
BBIBEJICHUIO U3 AKCIUIYATAIIMU CKBAKMHBI HA TIATPOPME
bpenT Yapnu B Besimkoo6puTaHuu. TakKe IPUBOASATCS
TEXHUYECKUE XAPAKTEPUCTUKU HOBOM MAYTHI U PE3YIBTATHI
IIEPBOTIO MPOEKTA, BBINOIHEHHOI'O C IPUMEHEHHUEM JJAHHON
CHCTEMBI, YTOOBI IPOIEMOHCTPUPOBATh U3BMEHEHHU S B YACTHU
6€3011aCHOCTH 1 9PPEKTUBHOCTHU IIPOBENEHUA PAGOT
6J1arogapsi HOBOM TEXHOJIOT'HH.
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Due to the changing markets, well intervention
technologies are evolving in both innovation and complexity
to meet industry requirements. This session will include both
operator and service company presentations demonstrating
the application of new technologies in different, but
challenging conditions. These include the offshore wireline
mast development that recently won the ICoTA Award for
Innovation and Technology. A real-time 360 degree camera,
and an electrical drill string test tool. Both of which were run
on coil tubing. The presentations will also explore the use of
real-time downhole sensor data to improve the operational
efficiency for plug milling operations with coiled tubing and
real-time production logging applications.

Innovative Wireline Mast Design
Improves Safety and Performance
for Standalone Operations
MacDonald, Shell UK Ltd.; Torstein Thomassen,
DWELLOP as

For standalone wireline well interventions
on offshore platforms, a number of challenges
are faced. As a result, a world first technology
in the form of a combined wireline mast
and tower system has been developed and
successfully implemented to address these
safety and operational issues. To date, there
has been recognition for the successful
implementation of this technology in the UK,
winning The ICOTA LEA Award for Innovation
and Technology for 2019, judged annually by
representatives from ICOTA Europe, Oil & Gas
UK and SPE Aberdeen and awarded by the
ICoTA Europe Chapter at the European Well
Intervention Conference and as a finalist at the
2019 Oil and Gas UK Offshore Safety Awards
for Innovation in Safety.

Shell UK worked with DWELLOP to
successfully implement their innovative
design on the Brent Charlie platform as part
of its abandonment campaign. It is shipped
as a self-contained single item and secured
onto an Adapter Hatch which acts as an
interface between offshore installation deck
and mast. The mast is then hydraulically
erected and its telescopic sections locked
in place to the desired height, allowing
well intervention work to commence. This
addresses key challenges faced on offshore
platforms, namely a large quantity of crane
lifts, inefficient rigging up / down and deck
management as the footprint of conventional
masts is significant, requiring high scaffolding
towers and guy wires spanning across the
platform deck.

This paper gives an overview of the value
and challenges of standalone wireline
operations, with particular focus on the
application towards well abandonment
operations on Shell's Brent Charlie platform,
offshore UK. A technical breakdown will
then be given of the new wireline mast and
results from the first campaign presented to
illustrate the clear step change in safety and
performance as a result of this new technology.



MopuaHasa NTHKT-cuctema ¢ oTKpbITOM
APXUTEKTYPOU C MICNONb30BaHNEM KPYrOBOW
Kamepbl C Nepefayvyemn faHHbIX B pexmnme
peanbHOro BpemeHun gna nposegeHus MM

M noBblweHNs 3HEKTUBHOCTU ra30BON
CKBaXXWMHbI B CJTOXHbIX YC/TOBUAX

Banecca Bepa, Kapioc Toppec, dxyapao Jearano, Halliburton; UBo
doxianuHu, Iuero Apkanxo, EV; Xocys Xuryaspa, Moauka Toppec,
Equion Energia

SPHEKRTUBHOCTD U PE3YIBTATUBHOCTD — CYIIECTBEHHBIC
(PaKTOPBHL, BAUSIONINE HA TTIOATOTOBKY BHYTPHUCKBAKMHHBIX
OIIEPALIMH B YCJIOBUAX HBIHEITHEI'O PHIHKA. B
BBICOKOKOHKYPEHTHOU OTPAC/IN PA3BEAKH U JOOBIYU
YIJIEBOLOPOIOB OIIEPATOPLI U CEPBUCHbBIE KOMITAHHUU
HAJIA)KUBAIOT COTPYJIHUYECTBO C LIEJIbIO IIOMCKA PELICHUN
JULSL TydIIed TUaTrHOCTUKU, CHUKEHUS OOIIUX 3aTPAT Ha
NPOBENEHUE ONEPAITUN U IOCTUKEHU S MAKCUMAJIbHOMN
3(PPEKTUBHOCTU PAO6OTHI CKBA’KUHEL B paMKaxX TAKOTro
COTPYAHHUYECTBA ObLJIO HAMJIEHO PEMIEHUE — THOPU/THAS
TexHosorus ¢ npumenenreM 'HKT u nepenavent fJaHHBIX
B PEXMME PEAJIbHOI'O BPEMEHU, KOTOPAs ITIO3BOJINIIA
CYIIECTBEHHO MOBBICUTD HAJIEXKHOCTD IIPOBOANMBIX PA0OT, 4
TAKKE COKPATHUTDb KOJTMYECTBO HEOOXOAUMOI'O O60PYJOBAHHUSA
HA YCTbE U CHU3UTD BPEM IPOBEAECHUA OlIEPALIUU.

B HacrosmeM fokiage IpUuBOANTC IIPUMED ABYX
BHYTPHUCKBA>KUHHBIX Onlepanuii ¢ npumenenneM 'HKT
B YCJIOBUAX NPEAropbsa Ha BocToke Konym6uwy, raoe
CJIOKHBIE I'€OJIOTUYECKHUE YCIOBU S (BBICOKUI 1€OUT Ira3a,
HUCKPUBJIEHHOCTD ITOPUCTHIX KAHAJIOB, OOJIBIIOE OTKJIOHEHHE
CTBOJIA CKBAKUHBI OT BEPTUKAJIMN) OBLIN IIPEOJOJIEHBI C
nomonibio rubpuaHoi 'HKT-cucteMsl ¢ nepeiadyeii JaHHbBIX B
pexXuMe peasbHOro BpeMeHu. C LeJIblo ONTUMU3ALNY BDEMEHH
ONEPALNH JJI IIPOBEAEHU S TPOMBICTIOBBIX I'€O(PU3NUECKUX
UCCIEJOBAHUN U BU3YAJIM3A1IUH COCTOSIHUS TPU3a60MHON
30HBI CKBAKUHBI B paMKax 0fHOM CITO He06XOAUMO 6BLIO
O6'BEIUHUTD IPOTOYHYIO KPYTOBYIO KAMEPY BEICOKOTO
paspemneHus (IIEPBYIO TAKOT'O PO/ B OTPACIN), KAHATHYIO
TEXHUKY C IIEPENAYEN JAHHBIX B PEKHME PEATBHOT'O BDEMEHU
u ruopuanyo KHBK.

JaHHasa THO6pHUAHAS CUCTEMA BKJIIOUAET B C€0s1 KAOEb /115
COEUHEHMS C JIIOOBIM HHCTPYMEHTOM, CITyCKAEMBIM Ha KAHATE,
4 TAKKE MHOXKECTBO HUTEH OIITOBOJIOKHA /1711 OOECIIEYEHN A
CBSI3U C JJOIIOJIHUTEIbHBIMU JATYUKAMU (HAIIPUMED,
HATSOKEHUA U CKATUSA), YTOOBI HE BBIXOAUTD 34 PAMKU
TEXHUYECKNX XAPAKTEPUCTUK MHCTPYMEHTA, IOKATOPOM
MYPT U/WJIH TAMMA-JaTYUKOM. B HOCaeyomem 3Th JATYUKHU
OyyT UCIIOIB30BATHCS 111 UH(POPMALIMIOHHOI'O OOECIICUCHU S
KAPOTaKHOT'O MHCTPYMEHTA NIpU nnposeaenunu [1I'M nnn
onpeAeneHns IPUEMHUCTOCTU CKBAKUHBI, 4 TAKYKE MHBIX
HHCTPYMEHTOB (HAIIPUMEP, BHYTPUCKBAKUHHOI KPYT'OBOI
KaMEPBI), KOTOPBIE OYAYT UCIIOIb30BATHCS JIJISA OLIEHKNA
Ka4€eCTBa NeP@POPALMH U TPEMUH B 33/IAaHHBIX YY4CTKAX. Bce
3TO AEJIACTCS B PAMKAX OJJHOM CKBAKMHO-onepanuu Ha THKT
6e3 HeooxopumocTu Mogudukanuu KHBK, kononnon T'HKT,
3aMmeHbl coeguHuteneit ¢ F'HKT, 4TO 3HAUUTENIbHO COKPAILAET
BPEMS OCTAHOBKH CKBaXMHBI, TaK Kak THKT 1 KHBK gaor
©0JIbIIIE BO3MOXXHOCTEHN U JJAHHBIX JJI IIPOBEAECHU PA6OT B
CKBAKMHE.

I'6pUIHBIA IPOTOYHBIN JATYUK ¥ KAMEPA UCIIOIb3YIOT
JUIS CBSI3U OTIITOBOJIOKHO, ycTaHOBIeHHOE B THKT, a kaHaTHAA
TEXHHUKA UCIIOJIb3YET IKJIEKTUYECKUNA KAHAJI /11 CBOEM

Coiled-Tubing Hybrid Open-
Architecture System Enables
Real-Time Downhole 360-View
Camera and Production Logging
Test for Increased Performance

in a Challenging Gas Field

Vanessa Vera, Carlos Torres, Eduardo Delgado,
Halliburton; Ivo Foianini, Diego Arcanjo, EV; Josue
Higuera, Monica Torres, Equion Energia

Efficiency and effectiveness are strong
influencing factors when developing rigless
interventions within the current market. In
the demanding industry of exploration and
production (E&P), a synergy was created from
strong collaborations between operator and
service companies searching for solutions to
provide more diagnostic capabilities, reduce
overall cost of operations, and maximize well
performance. The solution was found in real-
time hybrid coiled tubing (CT) services, which
drastically increased reliability and reduced
assets and wasted time on location.

Two onshore CT well interventions in
the eastern foothills of Colombia where
challenging conditions (i.e., high gas-
production rate, high tortuosity, and dogleg
severity) were overcome using a real-time
hybrid CT system are discussed. To optimize
the operational time to run a production
logging test (PLT) and obtain downhole visual
conditions, it was necessary to, in a single
run, combine a flow-through, multisided,
high-resolution visualization camera (first in
industry) with real-time wireline services and
a hybrid bottomhole assembly (BHA).

The real-time hybrid integrated system
includes a cable to connect any wireline
tool and multiple fibers for communicating
with additional sensors (i.e., tension and
compression) to avoid exceeding the wireline
tools’ capabilities, casing collar locator (CCL),
and/or gamma ray (GR) sensor. These then
correlate as a backup of the logging tool while
performing operations as a PLT or injection
logging test (ILT) and smarter tools (i.c.,
downhole multisided camera) that evaluate
the perforations and fractures within the
desired zones. This occurs in a single CT rig
up without the need to modify the hybrid
BHA, CT string, or CT connector and reduces
the shut-in period of the well because CT and
BHA capabilities provide more downhole
insight.

The hybrid flow-through sensor and camera
BHA communication use the fibers installed
in the CT; wireline uses the electric path for
its telemetry. Because tool communication
is independent, data can be evaluated
simultaneously without constraints during the
same run and pass, helping reduce additional
operations because everything is transmitted
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TesaeMeTPHH. TaK KaK CBSI3b C MHCTPYMEHTOM HE3ABUCHUMAS,
TO JIAHHBIC MOI'YT AHAJTU3UPOBATHCS OJTHOBPEMEHHO 6€3
KAKUX-JIMOO OTPAHUYECHUI TIPSIMO B PEIKUME PEATTBHOT'O
BPEMEHH, YTO MTO3BOJISIET COKOHOMUTD BPEMS HA TIPOBEICHUH
JOIIOJTHUTCJIBHBIX onepaumﬁ, BCIb BCC UBMCPCHUA U
BU3YAJIN3ATUA IICPCAAIOTCA N3 CKBA’KMHBI HA IIOBCPXHOCTD,
3AMUCHIBAIOTCSA U OTOOPAKAIOTCS CPa3Y JKeE.

B oTpacau, rje TpebyeTcsa IOCTOSHHOE COBEPIIECHCTBOBAHUE
KaKOM CTATUH BHYTPUCKBAKUHHBIX PAOOT, COKPAIIECHIE
ONEPAITMOHHOT'O BDEMEHU U Pa3PabOTKA HOBBIX TEXHOJIOTUI
U METOJIOB 6€3 yiiep6a 17151 0€30IMACHOCTH SIBISIETCS
006532TEIbHBIM YCIIOBHUECM. HpCIICTaBIICHHQ.H TEXHOJIOTUA
OOBEAUHSET B CEOE MPEUMYIILECTBA OIITOBOJIOKOHHOTO U
MEKTPUUIECKOTO KAOEIII U TAET TPAKTUIECKHU 6E3TPAHUYHYIO
CBOOOJIY IPUMEHEHUSI MHOYKECTBA PA3JIMNYHBIX TEXHOJIOTHUI IO
OTIETbHOCTHU WJIH OJJHOBPEMEHHO. BCE 3TO MOXKET O6ECIEUYNTh
TOJBKO CUCTEMA C OTKPBITOM APXUTEKTYPOIL, KOTOPAS SIBJISAECTCS
CJIEAYIONTUM IIIATOM B PA3BUTHUH HE(PTE- U rA30CEPBUCHO
HUHAYCTPUH.

Pa3paboTka n anpobaumnsi Hosomn

FHKT-cucrtembl gns npoBegeHUsa UCMbITaHUA
nnacra c cuctemMom ynpaBneHUa 1 nepepadun
OaHHbIX B peXXnme peasibHOro BpeMeHu

Muxasia Addraek, Aramco Overseas Company; Mouuka bakke MaaMuH,
Ilep drun Anmac, Maudpen Cax, Target Intervention

HeKOoTOpBIE UCTIBITAHUA B PA3BEABIBATE/IbHBIX CKBAXKUHAX
IIPOBOJASATCA IIyTEM MHOI'OKPATHOI'O CIIYCKA B CKBAXKUHY
pasnuyHoro o6opynosanus Ha Tpoce unu 'HKT. HoBas
TEXHOJIOI'Us ITIO3BOJIAET OCYLIECTBUTD MHOXKECTBO OIIEPALINI, B
TOM YHCJIE OTPAOOTKY AaBAPHUHUHBIX CUTYAIIMM, 332 ogHy CITO.

DnexTporiacToucneiTarens (e-DST) — aTo
UHTEJUIEKTYAJIbHBIMN, YIIPABIAEMBbIN C IOBEPXHOCTU
UHCTPYMEHT, TpuMenseMblii ¢ THKT 1 npejHa3HaYEeHHBIN 11
IIPOBEAEHUS UCIIBITAHUM B PA3BEAbIBATE/IbHBIX CKBAXKMHAX, B
TOM YMCJIE JJI1 BbI30BA IIPUTOKA, 34 O4HY CIIYCKO-IIOAbEMHYIO
oIepaunuio. B HacTos1ee BpeMs IIPU IIPOBEACHNU YN UCIIbITAHNUH
HEOOXOJUMO ITOOYEPETHO UCTIONB30BATh TPOCOBYIO YCTAHOBKY
u F'HKT B 3aBUCUMOCTU OT CKBA’KUHHBIX YCJIOBUH, HAIIPUMEP,
JULA 3AKAYKH 230T4 ¥ KUCJIOTHOU CTUMYJ/IALIUU IVIACTA, 4
TAKKE /I CITYCKA U IIOJ'bEMA HA TPOCE PA3JIMYHBIX JATYHUKOB.
IToMUMO CYILIECTBEHHOU 3KOHOMUU BDEMEHU HOBAsI CUCTEMA
MO3BOJIAET OITUMU3HUPOBATDH KA4ECTBO IIPOBOAMMBIX
UCIIBITAHUN O1arofaps epefade JaHHBIX KAPOTAXKA HA
IOBEPXHOCTDb B PEKHUME PEAJIBHOI'O BDEMEHU, YTO JAET
BO3MOKHOCTD IIPUHATD PELMIEHUE O JOCPOYHOM 3aBEPIIEHUN
HEYAAYHbIX UCHBITAHUN U O IIPOJOJ/IKEHNH IIPOBEACHU A
UCIBITAHUH, JAIOIUX UHTEPECHBIE PE3Y/IbTATHL. BO3MOXHOCTD
CEJIEKTUBHOM CTUMYJISALIMU PA3JIMYHBIX 30H IUIACTA IIyTEM
HePEMENEHNUA UCTIBITATEIBHOIO MHCTPYyMeHTa Ha 'HKT
NPUBOAUT K COKPALIEHUIO KOJIMYECTBA JOPOTOCTOAIIUX
CIIO 1 OTCYTCTBHIO HEOOXOJUMOCTH NPEABAPUTEIBHOTIO
MJIAHUPOBAHUA JJIMTEJIBHOCTU IPOBEAEHUA UCIIBITAHUI HA
MPUTOK. B COCTaB MHHOBAITMOHHOI'O MTHCTPYMEHTA BXOJAT:
Kab6eJIbHAs COEJUHUTENbHAA MY(PTA, BEPXHUI PACXOJHBIH
TOPT, ITAKEPHBIN AJIEMEHT, AKOPb IUVIAIIEYHOTI'O THUIIA, 3AIIOPHBIN
KJIATIAH U UHCTPYMEHTHI JUIS IEPEAAYN TAHHBIX B DEXXUME
PEAIBHOTO BPEMEHU U YIIPABJIEHUSA C IOBEPXHOCTH.

B 1aHHOI paboTe npeCTaBICHO OIMCAHUE KOMIIOHEHTOB
CHCTEMBI, 4 TAKKE OITUCHIBAIOTCA TPYAHOCTH, KOTOPBIE
BO3HMKAJIM IIPU €€ PA3PAOOTKE, IPOU3BOJCTBE U UCTILITAHUAX.

26 Ne 3 (073) Cents6pn/September 2020

from downhole, recorded, and displayed at
surface the same time the tool senses or sees it.
In an industry that demands continuous
improvement during each stage of a well,
increasing efficiency, reducing operational
time, and developing technologies and
techniques without compromising safety is
no longer a request — it is now mandatory.
This technology provides the benefits of
fiber-optic and electric cable together and
near limitless freedom to deploy multiple
technologies independently or simultaneously
without interference — a solution only an
open architecture system can provide,
establishing a step forward within the
industry.

Development and Testing an
Electrical Drill-Stem Test Tool
Conveyed by Coiled Tubing

with a Real Time Control

and Acquisition System

Michael Affleck, Aramco Overseas Company;
Monika Bakke Malmin, Per Egil Almas, Manfred
Sach, Target Intervention

Some exploration well testing operations
are executed by performing multiple runs in
hole using slick line and Coiled Tubing (CT).
A new technology has been developed that
combines many of these operations, including
contingency stimulation activities into one
run.

The Electrical Drill-Stem test (e-DST) Tool
is an intelligent, surface-controlled tool
designed to be run on coiled tubing that
allows exploration well testing operations,
including stimulation to be performed in
one run. Existing operations involve rigging
up slick line and coiled tubing in varying
sequences depending on well conditions,
such that the requirement for nitrogen lifting
and acid stimulation through coiled tubing
as well as gauge setting and retrieving by slick
line can be established. In addition to saving
substantial time, the new system is designed
to optimize test quality through the display
of real time bottom hole production logging
data at surface, allowing the early ending
of poor tests or the extension of interesting
ones. Selective stimulation of zones through
repositioning of the e-DST tool on coiled
tubing eliminates costly trips into the well
and the requirement for pre-planning of flow
test durations is removed. The innovative tool
includes: Cable head Connector, Upper Flow
Port, Packer Element, Slips Anchor, Shut-In
valve and real time instrumentation and
control with monitoring from surface.

The paper will introduce the major
system components and review challenges
associated with design, manufacture and



Takoxe NPCACTABJICHDBI PC3Y/IbTATHI IICPBBIX CKBA’KMHHBIX
HCHbITaHHﬁ, BBIBO/IbI 1 U3BJICYCHHBIC YDOKMU.

MoBbiweHne 3pHeKTUBHOCTUN pa3dypuBaHUs
npobok Ha M'HKT B ckBa)MHax ¢ 04HOCTBOMbHbLIM
3aKaH4YMBaHMeM bnarogaps NonyyYeHuto

AAHHbIX N3 CKBAXMHbI B peXnme peanbHOro
BpemMeHU. [pakTnyeckum npumep c wenbpoBoro
MecTopoxaeHus Ha bnnxxHem Boctoke

CanTparo Xaccur ®onceka, Hecrop Moaepo, IIsep Pamonge, YHIbAM
Tamma, Schlumberger

Pazbypusanue npoook Ha 'HKT B CKBakMHAX C
OJJHOCTBOJIBHBIM 3aKAHUYHUBAHUEM CUYUTACTCSI OJHOH U3 CAMBIX
cnoxHbIX onepanuil Ha THKT, oco6eHHO Ha 1m1e1b(OBbIX
MECTOPOXACHUAX, TTE OIEPATOPBI MECTOPOXKACHUS
U HE(PTECEPBUCHBIE KOMNAHUU (POPMUPYIOT IPAPHUK
OPOM3BOJCTBA BHYTPUCKBAXKUHHBIX OIEPALINI 1O IPHUHIUITY
MAaKCUMAIBHOH 3(P(PEKTUBHOCTU. ONBIT, HOTYYEHHBII 10
UTOTaM paboT MO pa30ypUBAHUIO IPOOOK C IPUMEHEHHUEM
I'HKT u nepepadeii JaHHBIX B PEKUME PEATIBHOI'O
BPEMEHH, ITO3BOJIIJI JOOUTBCA OUyTUMOTO ITOBBIIIEHUS UX
addexkTuBHOCTU. [IPOBEAECHHBIN TOCIE ATUX PAOOT AHATIU3
MOJYYEHHBIX JIAHHBIX IIPOJIAJ CBET HA JIONIOTHUTE/IbHBIE
CIIOCOOBI COBEPIIEHCTBOBAHHU A METOIOJIOTUH U
CKPBITBIE BO3MOXXHOCTH JIJISL JAJIbHEHIIIETO OBBIIECHUS
3PPEKTUBHOCTH.

I1pu pa3dypuBaHUH IPOOOK C IPUMEHEHUEM BUHTOBOT'O
32601HOI'0 IBUTATEIs1 OOBEMHOI'O TUIIA IPOU3BOIUIICS
c60p ganubix ¢ KHBK B pexxnMe peasbHOrO BDEMEHU.
PernctpupoBainch KpUTHYECKHU BAXKHBIE TAPAMETPBI
(BuyTpenHee aasnenue B THKT u naBnenue B 3aTpyode, OCEBbIE
ycuA (YIop), KpyTALIAI MOMEHT) JJIA ONIPEAEICHUS
MOMEHTA YIIOPa B U30JIMPYIONTYIO IPOOKY, MOMEHT HAYAJIA
(Ppe3epoOBaAHUA, MOMEHT 3AKJIUHUBAHUA JOIOTA. [Toyuyenne
JIAaHHBIX B PEAJIBHOM BPEMEHU MTO3BOIHIIO HE TOJIBKO
MNOATBEPANTD HACTYIIJIEHUE TEX WJIHU MHBIX COOBITHUNA BO BPEM S
(pe3epOBaHN, HO U MOBBICUTh TOYHOCTD ITOKA3aTENEN
OLIEHKU 3(P(PEKTUBHOCTH MPOLIECCA, TAKHUX KAK CKOPOCTb
MPOXOJKU U BPEMS YCTPAHEHU A 3AKJIMHUBAHUSA.

AHaJIN3 JAHHBIX [IOCJIE IIPOBEAECHUA PA6OT HA CKBAXKUHE
MO3BOJIUJ PACCYUTATD NOI'PEMTHOCTD OLIEHOYHOT'O
METO/A ONIPEJIETIEHUSI COOBITUH, KOTOPBIX OCHOBBIBACTCS
HAa U3MEPEHUAX, IPOBOAUMBIX HA YCThE. [IOrpenHoCcTh
B OIIPEJEJICHUH COOBITU 3ATEM ObLIIa COOTHECEHA C
MOI'PENMHOCTBIO B PACYETE MOKA3aTeNIEN 3(PHEKTUBHOCTHA
(ppe3epoBaHr, PACCYUTAHHBIX UCKJIIOYUTEIBHO HA
OCHOBAHMU JAHHBIX, IOJTYYEHHBIX HA YCThE CKBAXKUHDL

AHAJIN3 JAHHBIX, ITOJIYYEHHBIX B XO/I€ CKBA>KUHHBIX
usMepeHuii npu gppeseposannu npo6ox Ha 'HKT, nossosser
MOBBICUTH TOYHOCTD BBIAABJIEHUA COOBITUI 1 OTIEPATUBHOI'O
Ha HUX pearupoBaHud. Kacanue 1010Ta 0 IPpOOKy CPasy
JKE OTPAKAETCA HA TTIOKA3ATENAX TATU (YIIOPA), A AKTUBALINA
3a00MHOI'O IBUT'ATEIIS OJJHOBPEMEHHO HAXOANT OTPAKEHUE
B IIEPEMNAJIE AABJIIEHUA B CKBAXKHMHE M [IOKA3ATENAX KPYTALIETO
MOMEHT4A: BCE 3TU MTOKA34ATENN CBUJETENBCTBYIOT O HA4YAJIE
rnpouecca Ppe3epoBaHusl. 3AKJIMHHUBAHUE JOJIOTA BBIPAXKACTCS
B IIEPEIA/IC IABJICHUS U «BCIIJIECKAX» KPYTAIIEIO MOMEHTA B
COOTBETCTBUHU CO cieupuKanuen gsuraress. [IppumMmeHenue
3TUX METOAYK OIPEACICHUS COOBITHI ITIO3BOJIUJIO OOJIEE UEM B
JIBAa P32 YBEJIIMYUTDH CKOPOCTD IPOXOJKU NPHU (Ppe3EepOBAHUU
IIPOOGOK.

testing. A summary of the first trial test results,
conclusions and lessons learned will also be
presented.

Unlocking Operational Efficiencies
for Milling Plugs in Large Monobore
Completions Using Coiled Tubing
with Real-Time Downhole
Measurements — A Case Study

from Offshore Middle East

Santiago Hissig Fonseca, Nestor Molero, Pierre
Ramondenc, William Tapia, Schlumberger

Coiled tubing (CT) milling of downhole
plugs in large monobore completions is
considered one of the most challenging
CT workover operations, especially when
conducted in offshore environments where
intervention workflows are driven by
efficiency gains for operators and service
companies alike. Experience gained from
milling operations using CT instrumented
with real-time data enabled measurable
improvements in efficiency. Post-job data
analysis offered additional insights to improve
methodologies and further unleash untapped
efficiencies.

Real-time bottomhole assembly data were
collected during plug milling operations
using a positive displacement motor. Critical
downhole readings, such as CT internal and
annular pressure, axial force (thrust), and
torque were monitored during the operation
to identify tagging of isolation plug targets,
onset of milling, and stalls. The real-time
data not only added confidence to event
confirmation, but also increased the accuracy
in estimating efficiency metrics such as rate
of penetration (ROP) and stall recovery
duration.

Post-job analysis calculated the error
and shortcomings associated with
estimating event detection based on surface
measurements. Additionally, error in event
detection was tied back to inaccuracies in
estimating efficiency metrics when relying on
surface measurements alone.

Analysis of downhole measurements in
CT milling improves the precision of event
detection and enables rapid reactions. Target
tagging reflects instantly in thrust, and
motor activation reflects synchronously in
downhole differential pressures and torque,
which together provide certainty of motor
engagement on the target. Stalls reflect in
differential pressure and torque spikes that
coincide with motor specifications. ROP
more than doubled by leveraging these event
detection techniques throughout milling
operations.

New torque-thrust signatures were also
identified to detect material interfaces.
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Taxoke OBLIN BBISBJICHBI HOBBIE XAPAKTEPUCTUKU KPYTAIIETO
MOMEHT4,/yIIOPA, IO3BOJIAIOIINE OIIPEAEC/IATD B3AUMOACHCTBHE
MEX/y PA3/IMYHBIMH MAaTEPHUATAMU. I3MEHEHUE 3TUX
XAPAKTEPUCTHUK (IAHHBIX HA TPA(UKE) YKA3BIBAJIO HA TO, YTO
JIOJIOTO IPOGYPUIIO OJHY IPOOKY U JOCTHUIJIO CJIEAYIOMIET.
DTO OCOOEHHO BAXKHO, KOI/[A ONIEPATOPY HY>KHO Pa3oypUTh
OJJHY IPOOKY, HO HE TPOTATh CIEAYIOMYIO. AHAIN3 JAHHBIX
MOCJIE IPOBEIECHU S CKBAXKMHHBIX OIIEPALINH TOKA3AJT,
4TO HEKOTOPBIE COOBITHS OBIIN OITMOOYHO IPUHSTHI 34
33aKJIMHUBAHUE JJOJIOTA, TAK KaK IAHHBIE U3 CKBA’KHUHBI
CBUJIETEIBCTBOBAJIH, YTO ITO OBLIO JIOKHOMOJIOKUTEIBbHOE
3aKJIIOYEHUE. PE3yIbTaThl IPOBEJEHHBIX BHYTPUCKBAKMHHBIX
ONEPALINUH TAKKE OKA3AJIH, YTO CYIIECTBYET BDEMEHHOE OKHO
JUIMTENBHOCTBIO 7 CEKYHJ, KOTJJd CTAHOBUTCSA ITOHSATHO, YTO
NPOU3OUIET 3AKINMHUBAHUE TOJIOTA, U B TEUEHHUE KOTOPOTO
3TO 3AKJIMHUBAHUE MOXKHO IPEAOTBPATUTD. DTO €IIIE PA3
HOATBEPKIAET BAXKHOCTD IMOJYYEHU S JAHHBIX U3 CKBAXKUHBI,
TAKUX KAK [IEPENAJ JABIECHHUA, B PEXKUME PEATTBHOIO BDEMEHH
JIJIS1 TOT'O, YTOOBI MOKHO OBIIIO N36€KATh 3aKTHMHUBAHU S
JIOJIOTA WU PACTIO3HATD JIOKHOMOJIOXKUTEIbHBIE ITPU3HAKNA
TAKOT'O 3AKJIMHUBAHMUSA, YTO B KOHEYHOM CUYETE MO3BOIUT
CZIENATh IIPOPBIB B YACTU MOBBIIEHU 3(PPEKTUBHOCTH TAKUX
OIEPAINT.

KOMIIJIEKCHBIN aHAJIN3 CKBAKMHHBIX JAHHBIX, ITOJTyYEHHBIX
B xo7i€ pa3bypusanus n1poook Ha 'HKT, no3sonuni
ONPEAENUTD (PAKTUYECKYIO CKOPOCTb ITPOXOAKH, ITOKA3aTENb
33aKJIMHUBAHMA JOJIOTA, 4 TAKXKE MOKA3ATEIb BOCCTAHOBJIECHUA
(dpe3epoBaHUA IOCIIE 3AKITUHUBAHNA. DTU JdHHbIE
COCTABJIAIOT BAKHYIO 6A30BYIO JJUHHIO, C KOTOPOU CJIEAYET
CPaBHUBATD JIIOOBIE YIIYYIICHUS B 4ACTU 3(PPEKTUBHOCTH
onepanu. [IpenoKeHHbIE METOAUKHN ONIPENEICHUA
COOBITHH (OCOOEHHO IPOIHO3NPOBAHNE 3aKJIMHUBAHUN 1
OonpeAeneHrne CONPUKOCHOBEHM C TPOOKON IIPU NTPOBEAECHNH
(Ppe3EPOBOYHBIX PAOOT) OTKPBIBAIOT ITYTh K 60J1€€
WHTEJUIEKTYAJIbHBIM U 3(D(EKTUBHBIM BHYTPUCKBA>KUHHBIM
ONEPALIHAM.

MpombicnoBo-reousnyeckme ncciegoBaHus

B FOPU30OHTasIbHbIX CKBa>XMHAaX C
NCNONb30BaHUEM rMOpUaHON onTu4eckon/
aneKkTpuyeckor nnatdopmsbl ang pabdboTbl

¢ T'HKT B pexnme peanbHOro BpemMeHu

Myxammen Anb-XapTH, AGAyapa3u3 Anb-AHN3H, Saudi Aramco; Ceex,
Myxammag Jauunm, @uiunnne Kyapo, Kapiroc Axs6eprTo Toppec,
Halliburton

B ganHOI paboTe NPEACTABICHO UHHOBAIJMOHHOE
pEIeHnE A1 JUATHOCTUKH IIJIACTA B HE(PTAHBIX CKBAKUHAX,
JlocTaBisseMoe Ha 326011 ¢ noMortbio THKT. JJokiaa cCoOnepKUT
ONUCAHUE YHUKAJIBHBIX XAPAKTEPUCTUK CUCTEMBI, 4 TAKXKE
ONUCAHUE NEPBBIX IPOMBICJIOBBIX PA6OT, BBINOTHEHHDBIX JIJIS
KPYIHOTI'O 3aKA34MKA. DTA KAYECTBEHHO HOBAS TEXHOJIOT U
TEJIEMETPUHN U CO0PA TAHHBIX TTO3BOJIUT ONIEPATOPAM
MECTOPOXKAECHUN C(POPMUPOBATH OOJIEE NTOITHYIO KAPTUHY
COCTOSIHUSA TIJIACTOB, B PE3YJIBTATE YETO MOXKHO OyJIeT
IPUMEHATD UHANUBH/IYAIbHBIE DEMIEHUS B PAMKAX OFHOM
CIIO u ¢ IpUBJIEYEHUEM MUHHUMAJIBHOI'O KOJIMYECTBA €JUHUIL
00OpYJOBAHUS.

IIpuMeHsEMBIE B HACTOAIIEE BPEMS HA PBIHKE PEMIEHU
JUIS TIEPEIAYH JAHHBIX B PEXKIME PEATIBHOIO BDEMEHU
npu nposeaeHnu onepauui Ha THKT ocHOBaHbI HA
TEXHOJIOTUH 3JIEKPONPOBOJHHUKOB, OIITOBOJIOKOHHOI
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Changes in signature behavior indicated
when the bit milled through one target and
reached the next. This is particularly useful
when the operator must mill through a target
but stop at a subsequent, contiguous one.
Post-job data also suggested that some events
may have been mistaken as stalls during the
operation, with downhole data confirming
they were false positives. Finally, at operating
conditions in the case study, a 7-second lead-
time window was identified to anticipate and
react to stalls. This highlights the importance
of access to real-time downhole information,
such as differential pressure, to avoid both
stalls and false positives, and ultimately,

to make breakthroughs in operational
efficiency.

Integrated analysis of downhole
measurements during CT milling lent
visibility to actual ROP, stall rates, and stall
recoveries. These constitute important
baselines against which any improvement
in efficiency must be compared. The
methodologies proposed here for event
detection, with special attention to stall
anticipation and milling interface detection,
pave the way for smarter, more efficient
operations.

Production Logging Horizon-

tal Wells Using Hybrid Optical/
Electrical Platform for Real-Time
Coiled Tubing Operations

Muhammed Al-Harthi, Abdulaziz Al-Anizi, Saudi
Aramco; Syed Muhammad Danish, Philippe Quero,
Carlos Alberto Torres, Halliburton

This paper discusses an innovative reservoir
diagnostic solution for oil wells using a
hybrid plug-n-play platform conveyed via
coiled tubing (CT). It further highlights
the unique characteristics of this system,
delving into the first field operations for a
major customer. This step-change telemetry
and data collection technology will now
give operators comprehensive reservoir
understanding, shrinking their learning curve
for completion optimization, and further
enabling customized solutions by featuring a
single-trip concept with minimal equipment
requirements.

Existing solutions for real-time CT
operations normally rely on electrical-
conductors, fiber-optics, or mud-pulse
telemetry. Each one of these options has its
pros and cons, but none of them can satisfy
all critical operational needs simultaneously.
Fiber-optics-based systems do not allow
continuous power supply. Conductor-based
systems cannot support the continuously
emerging "distributed" sensing services based
on optical reflectometry. Mud-pulse telemetry
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TEXHOJIOI'UU UJIU HA TEXHOJIOI'MU I'MAPOUMITYJIbCHOM
TeseMeTpun. Kaxxaas U3 3TUX TEXHOJIOI'UM UMEET CBOU
IIPEUMYILECTBA U HEAOCTATKH, HO HU OJJHA U3 HUX HE
MOJKET 3aKPBITh BCE NOTPEOHOCTHU B JAHHBIX, KOTOPBIE
CYILIECTBYIOT B XOJI€ IPOBEAECHHUA BHYTPUCKBAXKUHHBIX PAOOT.
OnOTOBOJTOKOHHBIE CHCTEMBI HE OOECIIEYHBAIOT TN TEIBHON
MOAAYU IEKTPONUTAHUA. [IPOBOAHUKOBBIE CUCTEMBI HE
MOTYT OOECTIEYUTD TPEOYIOIMHUECS CENUAC PACTIPEAECTICHHBIE
U3MEPEHUSA B CKBAXKMHE HA OCHOBAHUU OIITUYECKOM
pedekTomeTpun. ' POUMITYIbCHBIE CUCTEMBI UMEIOT
OIPAaHUYEHHYIO NOJIOCY NPONYCKAHUSA JAHHBIX U TPEOYIOT
HAJIMYMA IOCTOSHHOMN IUPKYJIALIUN )KUJIKOCTU. [MOpuHas
ONTHUYECKASA/JIEKTPUYECKAS IIIATHOPMA IPEACTABIAET
CO60M HOBBIH aTan 3Bomonuu TenemeTpun Ha THKT. Cucrema
OCHOBAHA4 HA COBMEIIEHUU 3JIEKTPUYECKOI'O U OIITUYECKOI'O
K4HAJIOB U B paMKax ofHOI CITO 1o3BoJsieT 06€CIeYnBaTh
JHUATHOCTUYECKOE COIIPOBOXKIECHNE BHYTPUCKBAKMHHBIX
onepanui Ha THKT.

C OHUM U3 KPYITHBIX 3aKA34UKOB HA biinkaeMm BocToke
OBLI PEAJIM30BAH YCIIENIHBIA IPOEKT IO TPOBEJIEHUIO
[IT'Y1 B pexxyMe peaJIbHOIO BPEMEHN HA HECKOJIBKUX
CKBaKMHAX. BBIJIO MPOBEEHO NPO(PUINPOBAHUE IIPUTOKA
B TOPHU30HTAJIbHOM HEOOCAKEHHOM y4aCTKE HEPTAHON
CKBaKMHBL [IpuMeHeHne THOPUHOIM ONITUYECKOM/
EKTPUYIECKON CUCTEMBI ITIO3BOJIUJIO IIPOBECTU CTAHAAPTHBIE
PEMOHTHBIE PA6OTHI B CKBAKUHE /IO UJIM IIOCJIE CITYCKA
OCHOBHOT'O KaPOTA>KHOTO ITpHU60pa. Panee TpaguIinoOHHbBIE
onepanunu ¢ 'HKT, OCHaIEHHOI 3JIEKTPUYECKUM
KaHAJIOM, HAJIATAJIU CYHECTBEHHBIE OIPAHUYEHUSA B YACTH
CONYTCTBYIOIUX PA0OT, KOTOPBIE MOXXHO IPOBECTHU B
paMKax OJJHOM OIl€EPAIIUH: IIPOMBIBKA CKBAXKUHBI, 3AKAYK4
430Ta [ BBI30BA IIPUTOKA, KUCJIOTHBIE 3AKAYKH U T. JI.
barojapsi IprUMEHEHNIO HOBOM I'MOPHUHON SJIEKTPHUYECKOM
U OITTOBOJIOKOHHOU CUCTEMBI, [IO3BOJIAIONIEN ITPOBOJIUTD
MIPOMBICJIOBBIE T€O(PU3UIECKUE UCCIIENOBAHUA B PEKUME
PEATBHOTO BPEMEHH, JAHHBINA IIPOEKT ObLI YCIIEITHO 3aBEPIIEH.
CucreMa UMEET MAJIbIN BHEITHUI TUAMETD, 4 TAKKE 3ALUTY OT
XMMHUYECKOTO U A6PA3ZUBHOIO BO3JIEUCTBHUS, COOTBETCTBEHHO,
JaHHBIA FTUOPHUTHBIA KAO€/Ib HUKAK HE BIIUAET HA IPOBEJEHUE
TPAJULIMOHHBIX Pa60T ¢ ucnonb3doBanuem 'HKT. 3a060riHas
KOMIIOHOBKA BKJIIOYA€ET B CEO51 GJIOK IIPOTOYHBIX JATUYUKOB,
KOTOPBIIN MOXKET UCTIOIb30BATbCA HE3ABUCUMO HJIN
OZJHOBPEMEHHO C KAHATHBIMU NEPEXOAHUKAMU JUIA LIEJIEN
nposegenus [1I'Y B pesxnume peabHOrO BpEMEHU NN
JPYyrux onepanu. Mogyib JaTYUKOB OTBEYAET 34 IIEPEfATY
KPUTUYECKH BAXKHON NH(OPMALIUHA JIJIA IPOBEAECHUA
OIIEPALUI B HAUJIYYIIINX YCJIOBUAX U BKJIIOUAET B CEOsI JIOKATOP
MYQT, FAaMMa-AATYUK, JATUUK HATPY3KH HA JOJIOTO, KPYTAIIEIO
MOMEHTA JJIsI HEJOIYIICHU S IIEPEIPY3KU KAPOTAKHOI'O
UHCTPYMEHTA, JATYUK JABJIECHUS, TEMIIEPATYPBHL, YIIOPA
WHCTPYMEHTA U JATYUK BUOPAIIMNA. B KOMIIOHOBKY TAKXKe
MOJKHO BKJIIOUHTH IIPOTOYHYIO KAMEPY JIJIsI Oy YCHUS
JOTIOJIHUTENBHOU MHPOPMALTUH.

BregpeHue HOBOM r'MOPHUAHOM OIITOBOJIOKOHHOM
U 3JICKTPHUYECKOM CUCTEMBI IIPEACTABIIAET COOOU
CIELYION MU 3TAI TEXHOJOI'MYECKOU PEBOIIOLINN B OONIACTH
BHYTPHUCKBAXKHMHHBIX pa6b0T. JJaHHAS CUCTEMA ITO3BOJISACT
IIOBBICUTD HAJEKHOCTb OOOPYIOBAHUA U 3(P(PEKTUBHOCTD
IIPOBECHUSA OIIEPALINI, 4 TAKXKE OTKPBIBAET HOBBIC
BO3MOXXHOCTHU B O6JIACTH JUATHOCTUKH U MOHUTOPHUHTA
JULSL pELIEHU A 32124 KIIUEHTOB. ICTOPUYECKU CIIOKHbBIE
OllEpAl MY, TAKHE KAK pA0OTA B MHOI'OCTBOJIBHBIX CKBAXKUHAX

systems have limited data bandwidth while
requiring continuous circulation. A hybrid
optical/electrical platform represents

a significant evolution in CT telemetry.

Based on combined optical/electrical
communication, this "single-trip" intervention
concept provides complementary diagnostic
services while delivering regular CT
intervention work.

A successful multi-well campaign of real-
time production logging was performed
with a major customer in the Middle East.

A hydrocarbon flow profile was identified
across an extended-reach, horizontal, oil-
bearing, open-hole section. The hybrid
optical/electrical platform enabled all
required conventional remedial well
interventions before or after the main log.
Prior operations with conventional e-line
CT imposed severe limitations in terms

of complementary services that could be
delivered as part of the same campaign:
wellbore cleanout, nitrogen lifting, acid
pumping, etc. Use of the novel hybrid
electric and fiber-optic platform with

the full support of real-time production
logging enabled a successful execution of
this campaign. With its negligible outer
diameter, and chemical and abrasion-resistant
encapsulation, the hybrid cable does not
affect the normal operating envelop of CT
operations. The downhole assembly features
a flow-through sensor module that can be
used independently or simultaneously with
wireline adapters for real-time production
logging and more. The sensor module
provides critical information to ensure
operations are performed under the best
conditions, including a casing collar locator,
gamma ray to correlate, weight on bit and
torque to protect the logging tools in case of
restrictions, pressure, temperature, tool face,
and vibrations. A flow-through camera can
also be included into the string for further
insight.

The introduction of the new hybrid fiber
optic and electric conductor platform
represents the next technological evolution
in well intervention. It increases equipment
reliability and efficiency and, more
importantly, enhances real-time monitoring
and diagnostic capabilities to better achieve
customer objectives. Notoriously complicated
operations, like multilateral well re-entries
and downhole tool manipulations, can now
also be optimized and will benefit from the
newly introduced system.

Session 6: Knowledge Sharing ePosters Il
Knowledge Sharing ePosters allow one-on-one interactions
with presenters and opportunities to study a particular
concept at an appropriate level of detail. Subject matter
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U MAHUNYJISIAH CO BHYTPHUCKBAKMHHBIM OOOPYIOBAHUEM,
CENYac MOT'YT OBbITh OITUMU3UPOBAHDL 6J1AaTO/[apsl HOBOU
TUOPUIHON CUCTEME.

Cekuusg 6. dnekKTpoHHble cTeHA0Bble aoknagbl |l

[aHHas cekums No3BONSET y4aCTHNKAM NooOLLATLCS C aBTOPOM CTEHA0BOMO
AoKada B MHOMBUAYaNbHOM nopagke 1 bonee AeTanbHO pa306paTbCH B KaKoW-
J'II/I6O KOHLUenunn nnm TexHonornn. CTE‘H,EI,OBbIe AOKNaabl MOTyT 6bITb Pa3Horo
cofep>XaHusa, oAHaKo X TeMa cornacyeTca C TeMaMn Apyrnx TeXHM4eCcknx
cekLmn.

OI'IepaLI,I/II/I no NMKenaaunn CKBa>XmH Ha LlJeJ'Ibee
¢ npumeHeHnem NHKT c nerkoro cygHa ana KPC:
onbIT bpasunuu

dayapao Jearano, IlIayao Buaucuyc Juac Pogpurec, Maypo HyHec,
Appuano Kixep ®porre, Halliburton

B nocneanue Tpu roja B bpasuianu HabIogaeTCs
CYIIECTBEHHOE YBEJIMUYEHHUE CIIPOCA HA ONIEPALINU 1O
JIMKBUJJAIIMU CKBAXKUH. B KpaTyainye CpoOKU 6bLJI HAKOILJIEH
OMBIT U 3HAHU S, KOTOPBIE MOT'YT IIPHUBECTU K PA3PA6OTKE
COBPEMEHHBIX METO/IOB JINKBU/IAIIMU CKBAXKUH, TIO3BOJISIOMINX
3KOHOMMTB BPEMSI, CHIDKATD OIIEPAIIMOHHBIE PUCKU U
HAXOJUTb HAZIEXKHBIE 1 SKOHOMHUYHBIE PEIICHUSL.

B 1anHO¥ paboTe npeCTABACH KOMIIJIEKCHBIH AaHAJIN3
HEJABHUX ONEPALUI IO TMKBUAAIIUH CKBAKIH HA 3PEJIOM
MECTOPOXAEHUHU B Bpa3uiny, BKJIIOUAst UCTOIMIEHHBIE
CKBa’KHMHBI U CKBAKUHBI, JAJIbHEU A SKCILTyaTAI[ U1 KOTOPBIX
3KOHOMHMUYECKU HEAM(PEKTUBHA. B OKIA/1€ TPUBOJUTCS
ONHUCAHUE METOJOJOIUH, KOTOPAS BKIIOYAET B CE6S IOKATOP
MYyDT 1151 KOPPEIALUHU ITTYOUH MEPE IOCAJKOU ITAKEPOB U
YCTAaHOBKOH IEMEHTHBIX MPOO6OK, MOHUTOPUHT JJABJICHHUS B
PEXUME PEAIBHOT'O BDEMEHU JIJIST OTCJICKUBAHUSA MOMEHTA
MOCAAKH MAKEPA, A TAKXKE yIIpasieHue aasaenueM B 'HKT u B
3aTpyoe€, YTOOBI YOEAUTHCS, YTO BECh IIEMEHT OBLJI BBIKAYAH 13
I'HKT.

Cekuus 8. DneKTpoHHbIe cTeHA0Bble goknagbl IV -

YHuBepcnTteThbl

OTa HOBas CeKLMS CTeHOOBbIX LOKNaL0B OyAeT NocBsLleHa foknadam,
NpeAcTaBNeHHbIM CTyAeHTaMW YHUBEPCUTETOB MO OTAENbHBIM TeMaM
KoHbepeHLmm. CekLMs NMO3BONT YHaCTHMKaM NOOOLLATLCS C aBTOPOM
CTeHO0BOTO AOKMNafa B MHAMBUAYaNnbHOM nopsake 1 bonee aetansHo
pa3obpaThbCs B KakKom-NnMbo KOHLENUMM UK TEXHOMOM UK.

Kak acdekT nsrnba 'HKT envseT Ha noTepto
[aBlIeHUsl Ha TPEHME B 3aTPYOHOM NPOCTpPaHCTBE
Axmen K. A66ac, Hpakckasa OypoBas KOMIIAHH A, MUCCYPHHMCKHE
YHHBEPCHTET HAyKH H TEXHOJIOI'HI; Xa¥aep A. AlxamMeaH,
YausepcuteT Anb-Kagucusa, MUCCYpHHCKHH YHUBEPCHTET HAYKH M
TEXHOJIOrui; Mopraaa Aincaba, ABCTpAIUIICKU Koutea:x KyBertra;
Moxammen @. Axp-Iymaumu, locygapCTBEHHBIN YHHBEPCHTET
Oxaxomsl; Paasd ®ropu, MHCCYypHICKHE YHHBEPCHTET HAYKH H
TEXHOJOTHH

KONTIOGMHIOBBIE TEXHOJIOTUH YK€ HIUPOKO IPUMEHSAIOTCS
pU NPOBEAECHNUU HE(DTEIPOMBICJIOBBIX PA6OT, B TOM UHCJIE U
JUISL KATATAJIBHOT'O PEMOHTA CKBAXKUH. JlaHHAS TEXHOJIOTUS
MO3BOJIAET JOCTUYb 3HAYUTEIBHOI'O SKOHOMHUYECKOTO
3 (dEKTA, HO B TO KE BPEM S OHA COTPSIKEHA C HEKOTOPBIMU
CIOXKHOCTIMU U ITpobieMaMu. OJIHA U3 OCHOBHBIX ITPO6GIIEM, C
KOTOPOU CTAJIKUBAIUCh KOMIIAHWUU I1PU IIPUMEHEHU U JAHHOU
TEXHOJIOTUU, — U3rud KomoHHb! THKT. U3rub npoucxoaur,
KOT/J]a IEUCTBYIOIINE HA TPYyOYy OCEBBIE KOMIIPECCUOHHBIE
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varies, but topics are consistent with the other technical
sessions.

Offshore Plug and Abandonment
Operations with Coiled Tubing
Service from Light Workover Vessel:
A Case Study from Brazil Deepwater
Eduardo Delgado, Paulo Vinicius Dias Rodrigues,
Mauro Nunes, Adriano Cler Frotte, Halliburton

The demand for well plug and
abandonment (P&A) operations in Brazil
has increased significantly during the last
3 years, resulting in a steep learning curve
that can lead to development of state-of-
the-art methodologies that save time, reduce
operational risks, and provide reliable cost-
effective solutions.

This paper presents a comprehensive
analysis of recent well abandonment
operations in a mature field in Brazil, which
included wells that were depleted or no
longer economically viable. A methodology
is discussed and highlights the use of a
casing collar locator (CCL) to perform depth
correlation before setting packers and
placing cement plugs, real-time pressure
signals to monitor packer setting, and coiled
tubing (CT) internal and external pressure
management to help ensure that all cement is
pumped out of the CT.

Session 8: Knowledge Sharing ePosters IV -

University

This new Knowledge Sharing ePoster session will focus on
papers submitted by university students on several topics
covered during the conference. This will allow one-on-one
interactions with presenters and opportunities to study a
particular concept at an appropriate level of detail.

Experimental Investigation of

Coiled Tubing Buckling Effect on
Annular Frictional Pressure Losses
Ahmed K. Abbas, Iraqi Drilling Company, Missouri
University of Science and Technology; Hayder A.
Alhameedi, University of Al-Qadisiyah, Missouri
University of Science and Technology; Mortadha
Alsaba, Australian College of Kuwait; Mohammed F.
Al Dushaishi, Oklahoma State University; Ralph Flori,
Missouri University of Science and Technology

Coiled tubing (CT) technology has been
widely used in oilfield operations, including
workover applications. This technology has
achieved considerable economic benefits;
however, it also raises new challenges. One of
the main challenges that were encountered
while using this technology is the buckling
of the CT string. It can occur when the axial
compressive load acting on the CT string
exceeds the critical buckling loads, especially
in highly deviated/horizontal and extended
reach wells. Moreover, this issue becomes
more critical when using non-Newtonian



HAIPpy3KHU NPEBBIIIAIOT KPUTHYECKUE TAPAMETPBL, OCOOEHHO

B TOPU30HTAJIBHBIX CTBOJIAX HMJIM CTBOJIAX C OOJIBIIUM

YIJIOM OTXO/1d OT BEPTUKAJIN. [IpO61eMa CTAHOBUTCS €1IIE
6oJ1e€e CyIIECTBEHHON IPU NPUMEHEHNH HEHBIOTOHOBCKUX
SKUAKOCTEH. OCHOBHAS 1IE/Ib JAHHOM PA6OTHI — OIICHUTh
MHOTEPIO AABACHUS )KHUJKOCTU HA TpeHue npu nzornyrou 'HKT.

J17151 LieJIeT UCCIIEIOBAHUS TPHUMEHSIICS TA00OPATOPHBIN
TUAPABINYECKUH CTEH]] 3AMKHYTOTI'O LIUKJIA, YTOOBI
NPOAHATIU3UPOBATD, KAK PA3HBIE BU/IBI U3THOOB
(CMHYCOHHBIM, IEPEXOAHBIN, CIIMPAJIbHDBII) BJIUAIOT HA
MOTEPIO IABJICHUSA HEHBIOTOHOBCKUX Oy POBBIX PACTBOPOB
B 32TPYOHOM NPOCTPAHCTBE. FICTIBITAHUS TPOBOAVIINCE AJ15
YCJIOBHH T'OPHU3OHTATIBHOM CKBAKHMHBI C HEBPAIAIOIEHNCS
U30TrHYTOI KOJMOHHOIM 'HKT, mpu 3TOM OLIEHUBAJIOCh
BJIMSIHUE YCTOMYHMBOI'O ITIOTOKA B JIAMUHAPHOM, IEPEXOJHOM
U TYPOYJIEHTHOI OOIACTH HA OTEPIO AABJICHUA IIPU
TPEHUU. BbIJIO UCTIBITAHO MECTb PA3IUYHBIX XKUJKOCTEN
T'epiensi-bankian, 9TO6bI HOHSITH 3aBUCUMOCTb ITAJICHU S
JIABJIEHUSA OT PEOJIOTUYECKUX CBOMCTB )KUJIKOCTH (IpEE
TEKY4ECTH, KOAPOUIIMEHT KOHCUCTEHIINH, KOA(PPUITUECHT
PEOTIOruY€eCKOIO IOBEAEHU IIOTOKA).

DKCIIEPUMEHTDI IIOKA3aJIH, YTO CYLIECTBYET IIOTEHIIMAJI
CYILECTBEHHO CHU3UTD IIOTEPIO AABJIEHNA HA TPEHHE 110
MepPeE MOBBIIIEHNA OCEBBIX KOMIIPECCUOHHBIX HAIPY30K
Ha BHYTPEHHIOIO KOJIOHHY. DP(EKT n3rubda ObL1 6osee
BBIPA’KEHHBIM ITPH UCTIOJIBb30BAHUH KHJKOCTEN C boiee
BBICOKHM IIPEJIEJIOM TEKYUECTH U OOJIEE BBICOKUM IOKA3ATEIEM
Pa3KMKEHUSA IPU CABUTE. bosiee TOro, nocyie CpaBHEHUA
NOBENEHUA KUJKOCTU IIPHU HEU3OTHYTOM U NU30THYTON
KoJIOHHE 'HKT BBISICHUJIOCH, YTO IIPH ITOBBIIIEHUU OCEBBIX
KOMIIPECCUOHHBIX HATPY30K JOCTUTAJIOCH JJOIIOJTHUTEIBHOE
CHUKEHUE ITOTEPH JJABIEHUA HA TPeHUE. OTHAKO BIUAHUE
n30ruyTor 'HKT 61710 HE3HAYNTENIBHBIM JUIS JKU/IKOCTEN
C HU3KUM IIPEAEIOM TEKYUECTH U KOIPPUITUEHTOM
KOHCHUCTEHIIUU U BBICOKUM KO3(MP(PUITUEHTOM PEOJIOTUUECKOTO
MOBEJEHUS ITIOTOKA, OCOOEHHO B TAMUHAPHOM
o6mactu. [TosrydeHHaA B XO/I€ JJAHHOI'O UCCJIEJOBAHUSA
UH(OPMALIH IO3BOIUT B Oy y1LIEM O60IEE ITIOJTHO U TOYHO
UHTEPIPETUPOBATD IIOBEJCHUE [TIOTOKA B PAMIOHE U3OTHYTOU
I'HKT. B T0O k€ BpeMsI TOUHAs IPOIrHO3HAsI UH(POPMALIH
O MOTEPE IABJICHUA HA TPEHHE TTO3BOJINT ITOBBICUTH
0€30I1ACHOCTD U OIITUMHU3UPOBATh onepanuu ¢ 'HKT.

CTa6l/IJ'I bHOCTb NMeHbl: UMeET JIN 3Ha4vYeHne

er.l'I HaKJIOHa CKBa>XUHbI?

Aoxumek F'opuuay, Pamagan Axmen, Cyoxam Illax, VHUBEpCHTET
Oxsnaxomser; Maxmyn Amanu, Texacckuii A&M yauBepcuteT B Karape

11 MUHUMU3A1IUH TOTEPU (PIJIIOU/1A U CBSI3AHHBIX C
STHUM HOBPEXKJCHUN J1ACTA IPUMEHSIIOTCS OIIEPAIIAH C
I'HKT c orpuniatrenibHbIM TU(HHEPEHITUATIOM JABICHUS, TAK
KA4K 3TO SBJISICTCSI OJHUM U3 IPEAIOYTUTEIBHBIX METO/IOB
OYHCTKHU CKBAKUHBI 1 BOCCTAHOBJIEHUS COOOIIEHUS C
MJIACTOM B CKBA’)KMHAX C OTKPBITBIM 3260€M. BBHUY CBOEH
BBICOKOM BSIBKOCTU U CTPYKTYPbI CTAOUIbHBIC IICHHBIE
COCTABBI JIYUIIIE HOAXOAAT JIJIs1 OYUCTKHU OT (PJIIOU]1A TIPU
nposegeHuu onepanuil ¢ 'HKT Ha genpeccuun. HectabuiabHbie
MEHBI HE 061aAI0T BHICOKOM BA3KOCTBIO, COOTBETCTBEHHO,
MaJIONIPUT'OHBI 17151 IPOMBIBOYHBIX PA00T, OCOGEHHO B
HAKJOHHBIX CKBaKMHAX. [JAHHOE UCCIEJOBAHUE IIPU3BAHO
NPOAHATIU3UPOBATH BJIUSHUE YIJIA OTXO/1A CTBOJIA CKBAXKUHBI
OT BEPTHUKAIU HA CTAOUIBHOCTD IIEHBHI.

fluids. Therefore, the major focus of this study
is to identify the frictional pressure loss of
non-Newtonian fluids in an annulus with a
buckled inner tubing string.

In the present study, a laboratory-scale flow
loop was used to investigate the influence
of various buckling configurations (i.c.,
sinusoidal, transitional, and helically) of
the inner pipe on the annular frictional
pressure losses while circulating non-
Newtonian drilling fluids. The experiments
were conducted on a horizontal well setup
with a non-rotating buckled inner pipe
string, considering the impact of steady-
state isothermal of laminar, transition, and
turbulent flow regions on frictional pressure
losses. Six different Herschel-Bulkley fluids
were utilized to examine the dependence of
pressure losses on fluid rheological properties
(i.e., vield stress, consistency index, and flow
behavior index).

Experiments showed potential to
significantly decrease the frictional pressure
losses as the axial compressive load acting
on the inner pipe increases. The effect of
buckling was more pronounced when fluids
with higher yield stress and higher shear-
thinning ability were used. In addition,
by comparing the non-compressed and
the compressed inner pipe, an additional
reduction in frictional pressure losses
occurred as the axial compressive load
increased. However, the effect of the
compressed inner pipe was insignificant for
fluids with a low yield stress, consistency
index, and high-flow-behavior index,
especially in the laminar region. The
information obtained from this study
will contribute toward providing a more
comprehensive and meaningful interpretation
of fluid flow in the vicinity of a buckled
coiled tubing string. In the same manner,
accurate knowledge of the predicted friction
pressure will improve safety and enhance the
optimization of coiled tubing operations.

Foam Stability — Does Well
Inclination Matter?

Abhishek Govindu, Ramadan Ahmed, Subhash
Shah, University of Oklahoma; Mahmood Amani,
Texas A&M University at Qatar

To minimize fluid loss and the associated
formation damage, underbalanced coiled
tubing (CT) is one of the preferred methods to
perform cleanout operations and re-establish
communication with an open completion
interval. Because of their high viscosity and
structure, stable foams are suitable cleanout
fluid when underbalanced CT operations
are applied. However, unstable foams do not
possess high viscosity and as a result, they
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B pamkax uccienosaHus IPOBOAUIUCH SKCIIEPUMEHTHI 110
PAa3pYyLIEHUIO [IEHBI HA TUIPABIMYECKOM CTEH/E 3AMKHYTOI'O
LUKJIA C CEKLIUEN JJI11 UBMEPEHUS [1APAMETPOB PA3PYILLIECHUA
MEHBI U TPYOYATBIMU BUCKO3UMETPAMU. YTOOBI NOATBEPAUTD,
4TO EHA C(POPMUPOBATACH IPABUIIBHO, 4 TAKXKE IIPOBEPUTH
TOYHOCTb U3MEPEHUM, [IPOBOAUIACH OLIEHKA PEOJIOTUYECKUX
CBOWCTB MEHBI C TOMOMIBIO TPYOUATHIX BUCKO3UMETPOB.
DKCIIEPUMEHTHI I10 PA3PYUIEHUIO IIEH HA BOAHOM, IIOJIMMEPHOU
U yIJIEBOJLOPOAHONU OCHOBE IIPOBOJUJIMCH B KOJIbLIEBOM
3aTPyOHOM NPOCTPAHCTBE U B KOJIOHHE TPYO MO JABJIEHUEM.
HICIIBITaHMA TAKKE IIPOBOAMIIMCDH U B HAKJIOHHOM IIOJIOKEHUH,
4TOOBI OLIEHUTD BJIMAHUE YII4 HAKJIOHA CKBA’KHUHBI HA
CTAOUJIBHOCTD IEHBL M3y4anach CTPYKTYpPa Ny3bIPBKOB IIEHBI C
IIOMOUIbIO MUKPOCKOIIMYECKON KaMEPHI [JIs1 OLIEHKU IIPOLIECCa
YKPYITHEHU ITY3BIPbKOB. Ka4eCTBO NEHHI (T. €. OObEMHASA TOJIA
ra3a) BapbupOBAIOCH B npegenax 40-80%.

CKOpPOCTBD pa3pylUICHU S B KOJIOHHE TPYO ObL/Id HECKOIBKO
BBIIIIE, YEM B 3aTPyO€. BAXKHO OTMETUTD, YTO CKOPOCTH
pa3pyHIEHUsA TIEHBI B HAKJIOHHOM KOH(MDUTypaLtuH 6bLIa
3HAYUTEJIbHO BBIIIE, YEM B BEDTUKAJIBHOM. YT'OJI HAKJIOHA
B 3HAYMTEJIBHOU CTEIIEHU YCKOPSJI IIPOLIECC PA3PYILIEHUS
U MOBBIIAJI HECTAOMJIBHOCTD NEHBL. CaM MEXAHU3M
pa3pyLIEHUA TIEHBI B HAKJIOHHOM KOH(MUTYPALTUN OTIUYAETCA
OT BEPTHUKAJIbHOU. B HAKJIOHHBIX CKBAKMHAX CTEKAHUE
JKUJKOCTH (Pa3pyLIEHME IIEHBI) IIPOUCXOAUT HE TOJILKO
B OCEBOM HAINIPABJIEHUH, HO U B OOKOBOM. B pesynbrare
CTEKAIOAA ) KUJKOCTD OBICTPO JOCTUTAET CTEHKU CTBOJIA
CKBAXKMHBI /IO TOI'O, KAK ITOITAJIeT HA 320011. TakuM 06pa3om,
H4 HIDKHEN CTEHKE CTBOJIA CKBAXKUHBI (DOPMUPYETCS CIOH
JKUJKOCTH. [10J1 CUIION TAYKECTH 3TA KUJKOCTb CTEKAET
Ha 326011, HE BCTPEYas HA CBOEM IIyTH CYIIECTBEHHOI'O
TUPABIMYECKOTIO CONPOTUBJIEHUSA CO CTOPOHBI IIEHBL DTO
ABJIEHUE CYIIECTBEHHO YCKOPAET JAJIbHENUIIINN IIPOLIECC
pa3pyLIEHUsA IIEHBL

HecMOTps HA TO YTO B JIMTEPATYPE ONUCAHBI
3KCIIEPUMEHTHI C PA3PYHIEHUEM IIEHBI, UMEETCA MAJIO
MH(OPMALIH O TOM, KaK HA IIPOLIECC PA3PYIIEHHA [IEHBI
U €€ CTAOUIBHOCTD BIIUAIOT FEOMETPUA U YT'OJI HAKJIOHA
CKBAXHHBL [IpeicTaBieHHas B JAHHOM CTAThE NUH(POPM ALY
MO3BOJIUT IIPUHUMATh BO BHUMAHHE BIMAHHUE YIJIA HAKJIOHA
CKBa’>KMHBI Hd CTA0MJIBHOCTD IIEHBI, YTO ITO3BOJINT ITIOBLICUTH
3P PEeKTUBHOCTD NEHHBIX IPOMBIBOK HA HKT B HAKJIOHHBIX
CKBA)KMHAX.

MNprMeHeHWe BONIOKHOCOAEPXKALLMX
NPOMbIBOYHbIX XXUAKOCTEN B FOPU3OHTaNbHbIX
N HAKJTOHHbIX CKBaXXMHaX

Pupa dnsraggacdu, Pamagan Axmes, YHUBepcHUTET OKJIaAXOMBI

B aHHOU paboTe NPEACTABIEHDBI PE3YIbTATHI
SKCIEPUMEHTAIBHBIX U TEOPETUYECKUX UCCIEOBAHUH,
MIPOBEJIEHHBIX C LEJIBIO OLIEHKHU 3(P(PEKTUBHOCTU
IPUMEHECHUSI BOJIIOKHOCOAEPXKAMUX KUJKOCTEN 111 OUUCTKU
TOPU3OHTAJIBbHBIX U HAKJIOHHBIX CKBAXUH. THKT yacto
UCTIOJIB3YETCH [J151 OUUCTKU FTOPU3OHTAIBHBIX CKBAKUH
U CKBAKHH C 6OJIBIIIUM OTXOJJOM CTBOJIA OT BEPTHUKAJIH.
HaxkoruieHue nponnaHTa U TBEPABIX OOJIOMKOB ITIOPO/IBI
B CKBAKMHE HETATUBHBIM OOPA30M BIUSIECT HA ICOUTHI
HedTU U raza. BOIOKHOCOIEPKAIUE KUJKOCTH OOIAJAIOT
OOJIBIINM HOTEHI[UAJIOM B YACTH YAAJIECHUS TBEPABIX YACTHII,
KOTOPBIE CJIOKHO yIATUTh OOBIYHBIMU KHUJIKOCTHBIMU
cucreMamu. JJo6aBIE€HHUE BOJIOKOH CYIIECTBEHHO CHIKAET
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are poor in cleanout operations, especially
in inclined wellbores. This study is aimed to
investigate the effects of wellbore inclination
on the stability of foams.

In this study, foam drainage experiments
were carried out using a flow loop that has
foam drainage measurement section and pipe
viscometers. To verify proper foam generation
and validate the accuracy of measurements,
foam rheology was measured using pipe
viscometers. Drainage experiments were
performed with aqueous, polymer-based, and
oil-based foams in concentric annulus and
pipe under pressurized conditions. Tests were
also conducted at an inclined orientation to
examine the effect of wellbore inclination
on the stability of foams. The foam bubble
structure was examined and monitored in
real-time using a microscopic camera to study
bubble coarsening. The foam quality (i.e. gas
volume fraction) was varied from 40 to 80%.

The drainage rate was slightly higher in
the pipe section than in the annulus. More
importantly, the drainage rate of foam in an
inclined configuration was significantly higher
than that observed in a vertical orientation.
The inclination exacerbated foam drainage
and instability substantially. The mechanisms
of foam drainage are different in inclined
configuration. In inclined wellbores, drainage
occurs not only axially but also laterally. As
a result, the drained liquid quickly reaches
a wellbore wall before reaching the bottom
of the hole. Then, a layer of liquid forms on
the low-side of the wellbore. The liquid layer
flows downward due to gravity and reaches
the bottom of the hole without facing major
hydraulic resistance of the foam network. This
phenomenon enhances the drainage process
considerably.

Although foam drainage experiments are
reported in published literature, there is limited
information on the effects of geometry and
inclination on foam drainage and stability.
The information provided in this article helps
to account for the impact of inclination on
foam stability to improve its CT cleanout
performance in directional wells.

Fibrous Cleanout Fluids in
Horizontal and Inclined Wells

Rida Elgaddafi, Ramadan Ahmed, University of
Oklahoma

This paper presents the results of
experimental and theoretical studies conducted
to investigate the hole cleaning performance
of fibrous fluids in horizontal and inclined
wells. Coiled tubing is commonly applied in
the wellbore cleanout operations of highly
deviated and horizontal wells. Accumulation of
proppant and other solid debris in the wellbore



CKOPOCTb OCAXK/JAEHU S YACTUL] B )KUJKOCTAX 61aroaaps
(POPMUPOBAHUIO CETKH BOJIOKOH. HacTosImee NCCaeJOBaHue
HAIPaBJIEHO HA U3YYEHHE BOIIPOCA OUYUCTKU CKBAKUH U
TUIPABINYECKHUX CBOUCTB BOJIOKHOCOJEPKAIMUX KUTKOCTEN B
TOPHU30OHTAJIbHBIX U HAKJIOHHBIX CKBAXKUHAX.

DKCHEPUMEHTBI IO OYUCTKE CKBA’KUH IIPOBOIUIINCH
C UCTIOJIb30BAHHUEM PACTBOPOB C KCAHTAHOBOM
CMOJION, COIEPKAIUX UIH HE COAEPKAIUX BOJIOKHA
(T. €. CHHTETUYECKNE MOHOHUTH). BbI/IN IPOBEJECHDI
UCHBITAHUSA HA THIPABINYECKOM CTEH/E 3AMKHYTOT'O
THUIIA C PA3IMYHBIMU KOHIIEHTPAIIUAMH BOJIOKOH U
YIJIOM HaKJIOHA U OCYHIECTBJIEHBI 3AMEPBI PABHOBECHOM
BBICOTBI IINIAMOBOU MOAYIIKU IIPU PA3HBIX PACXOJAX
IPOKAYNBAEMOM JKUJIKOCTHU. 22-(DyTOBAS CEKIUS
TPyO, UMUTHUPYIONIAS 3ATPYOHOE IPOCTPAHCTBO, ObLIA
MUCIIOIb30BAHA /1J151 SKCIIEPUMEHTOB C OYUCTKOM (3PO3UEN).
J1s nydier MHTEPIPETALUU PE3YIBTATOB ObLIA U3y 4I€HBI
PEOJIOTUYECKUE U TUAPOJIOTHYECKUE CBOUCTBA X KUAKOCTEN
C IOMOMIBIO TPYOUYATBIX BUCKO3ZUMETPOB U UCITBITATEIBHONU
CEKIIMH, UMUTUPYIOMIEN 3aTPYOHOE IPOCTPAHCTBO.
3aTtem 6bL1a CO3/JaHa MOJIEJIb IJIA PACYETA KDUTUYECKOM
CKOPOCTHU U PACXOAO0B JKHUJIKOCTH, HEOOXOAUMBIX JIJIS
MHOJ'bEMA U BBIMBIBAHUSA TBEPABIX YACTUL] IPU IPOBEJEHUN
MPOMBIBOYHBIX PAOOT. MOZEb YUUTHIBAET HAJIMYHE BOJIOKOH
B KUJIKOCTH, TAK KAK BKJIIOYAET B C€Os1 KOA(PPUIIMEHT
CLENIEHNUS BOJIOKOH.

Pe3ynpTaThl TOKA3BIBAIOT, YTO JO6ABIEHNE
HE3HAYUTEJIbHOI'O KOIM4eCcTBa BOJIOKOH (0,04% 110 BECy)
MO3BOJIAET 3AMETHO CHU3UTb KDUTUYECKYIO CKOPOCTh
WJIA PABHOBECHYIO BBICOTY IIAMOBOM MOAYIIKH.
BonokHOCoAEepKAITHE X KUAKOCTH IIPOAEMOHCTPHUPOBATIA
JIYUIIIME OYUIIAIONHE CBONUCTBA IO CPABHEHMUIO C
SKUJKOCTAMU 0€3 BOJIOKOH (6230BBIMH KUJJKOCTSIMU).
JobasieHue B 6a30BYIO XKUJKOCTb BOJIOKOH ITIO3BOJISIIIO
3HAYUTEBHO YJIYUIIHUTb KA4ECTBO OUYUCTKH, B PE3YJILTATE
YETo MPOUCXOIUIIO CYIIECTBEHHOE YMEHBIIIEHHE
PaBHOBECHOM BBICOTHI IIUIAMOBOY NOAYIIKH. [Tpu 70
TraJUIOHAX B MUHYTY BOJIOKHOCOJEPKAM A JKUJIKOCTh
OYHCTHUJIA UCIIBITYEMBIH OOpa3el; Ha 50% jiy4duie, yem
0a30Bas1 JKUJIKOCTD. TAKOM PE3YJIbTAT MOXKET OOBACHITHCS
TEM, 9TO B )KUJKOCTH (POPMUPYETCA CETKA BOJIOKOH,

KOTOPAas NOJAHUMAET TBEPJBIE YACTULILI U 3ACTABJIAET UX
JABUT'ATbCA. PE3yIbTaThl PEOJIOTUYECKUX U TUAPABINYECKAX
HUCIBITAHUN [TIOKA3BIBAIOT, YTO JOO6aBiIeHUE BOJIOKHA (0—0,08%)
HE3HAYUTEIBbHBIM OOPA30M BJIUAJIO HA PEOJIOTUYECKUE

U T'UIPABJINYECKHE CBOUCTBA BOJIOKHOCOAEPKAIIEI
JKHUJIKOCTH. BOJIOKHOCOIEprKAITUE JKUIKOCTH ITOKA3aJIH

4yTh 00JIEE€ HU3KYIO IIOTEPIO JABJICHUS 110 CPABHEHUIO C
0a30BBIMH KHU/IKOCTAMH, YTO YKA3bIBAET HA HE3HAUYUTEIBHOE
YMEHBIIIEHHE TPEHUS ITOCTIE TOOABICHH S BOJIOKHA.

TOYHOCTH pa3pabOTAHHOM B XO/I€ UCCIIEJOBAHUS
I'U/IPABANYECKOI MOJIETIU OII€HUBAIACH ITPH IIOMOMTHU
U3MEPEHUIT B KOIBIIEBOM KOHTYPE I'UPABINYECKOTIO CTEH/IA.
Pe3ynbTaThl 3aMEPOB ITOKA3bIBAI0T XOPOIIYIO COIVIACOBAHHOCTD
MEX/1y IPOTHO3aMHU MOJIE/IN U (DAKTUUYECKUMH U3MEPECHUSIMU.
HoBast MOJIe/Ib MOXKET UCIIOIB30BATHCS B IPOMBICIOBBIX
YCIIOBUAX JJ151 OITUMHU3AIIH OTIEPAIUI IO OYUCTKE CKBAKUH
IIyTEM IPUMEHEHUS BOJIOKHOCO/ICPXKAINX XKUJKOCTEN O€3
MIOBBIIIECHU S 1aBICHUS HA 3200¢€.

TIpoooncenue 6 credyroujem (74-m) nomepe acypraia

remarkably impedes field operations and oil
and gas production. Fibrous fluids have shown
great potential for cleaning solids that are
difficult to remove with conventional fluid
systems. The addition of fiber substantially
reduces the settling velocity of particles in
fluids due to the formation of a fiber network.
This study is aimed to investigate wellbore
cleanout and hydraulics of fibrous fracturing
fluid in horizontal and inclined wells.

Cleanout experiments were carried out using
Xanthan gum suspensions with and without
fiber (i.e. monofilament synthetic fiber).
Extensive flow loop tests were performed
varying fiber concentration and inclination
while measuring the equilibrium bed height
at different flow rates. A 22-ft long annular
test section was utilized to perform the
cleanout (erosion) experiments. To better
explain the results, rheological and hydraulic
characteristics of the test fluids were examined
using the pipe viscometer and the annular
test section. A model has been developed
to calculate the critical velocity and flow
rate needed to initiate the movement of bed
particles during hole cleaning operation.

The model is formulated to account for
the presence of fiber through a fiber drag
coefficient.

Results show a noticeable reduction in critical
velocity or equilibrium bed height owing to
the addition of a small amount (0.04% by wt.)
of fiber. Fibrous fluid demonstrated better
cleanout performance than the non-fibrous
fluid (base fluid). The addition of fiber to
the base fluid, significantly enhanced hole
cleanout, resulting in a drastic reduction of
equilibrium bed height. At 70 gpm, fibrous
fluid cleaned the test section 50% better than
the base fluid. One possible explanation for
this observation could be the development
of a fiber network in the fluid that provides
additional drag to agitate bed particles and
initiate their movement. Results of rheology
and hydraulic tests show that the addition
of fiber (0 to 0.08%) had very little effect on
the rheology and hydraulics of fibrous fluid.
Fibrous fluid displayed slightly lower pressure
loss as compared to the base fluid, which
indicates minor friction reduction due to the
fiber.

The accuracy of the hydraulic model
developed in the study has been assessed
using flow loop measurements. Results
show good agreement between predictions
and measurements. The new model can be
employed in the field to optimize the wellbore
cleanout operation with fibrous fluid without
increasing bottom hole pressure.

To be continued in our next (74) issue.
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MHOTOKAHATIbHbI KONTHOBWHT.
BapuaHTbl 13roToBNEHWS 1 CMNOCODBI

NPNMEHEHINA

P.M.TABAYJ/IUINH, npeaceaareas copeTa TupekropoB 000 <MKTex», pe3uaeHTa «CKOIKOBO», IIPOEKT MHOT'OKAHAJTBHOI'O KOJITIOOMHTIA;

P.B. ATHIIIEB, cTapuiusi IpOeKTHBIN MeHeIKep (PyKOBOAHTEIb HATIPABICHH S JOOBIYH YIVIEBOAOPOAOB), (o «CKOIKOBO»

ITpakTHKa UCMIONb30BaHUA KoNTIOOMHTra (KT)
B HE(PTEra30BOU UHAYCTPUH, I7I€ OCHOBHOM
LIEJIBIO SIBJISIETCS MAKCUMAJIBHOE U3BJICUEHHE
YIVIEBOJOPOAHOTIO CBIPbS U CHUKEHUE
CEOECTOMMOCTH €TI0 I0OBIYU, HOKA3BIBAET, YTO
JULSL IPOBEJIEHUSA MHOTUX TEXHOJIOTUYECKUX
onepanuii B HEPTAHBIX U IA30BbIX CKBAKMHAX,
OypeHUs CKBAXKHUH, IPOBEAECHUS MHOTOCTAIUIHOIO
ruapopaspeia aacTos (MI'PIT), a Takxke 1is
JU@PTA MIACTOBOY XKUAKOCTHU U I'a34 PA3JIMYHBIMHU
CITOCOOAMU MEXAHU3UPOBAHHON JOOBIUHN
11EJIECOOOPA3HO UMETh MHOTOKAHAJIbHBIN
xontio6unr (MKT), BK/IIouaromuri sa u 6osee
TUJPOKAHAJIOB, 4 TAKXKE JJOMIOJTHUTEIBHBIE
CEPBUCHBIE KAHAJIBI (CUJIOBBIE AJIEKTPOKAOEIIH,
KalUJIAPHBIE TPYOKU, TH(POPMAILITMOHHBIE
ONTOBOJIOKOHHBIE U 3JIEKTPONPOBOJAHBIE TUHUH
U T. ), IPUYEM PA3TUYHBIX KOH(PUTYPALTHUHA
U JUAMETPOB, U3 PA3TUYHBIX MATEPUAJIOB,
JUISL UICTIOJIb30BAHUU B CKBA’KUHE KAK €ITUHON

MHOT'OKaHaJIbHOM JJIMHHOMEPHOI THOKOM CUCTEMEL.

H3BecTHO, uTO OfHOTPY6HBIN KT noasepraercsa
MPU CITYCKO-TIOJ/bEMHBIX OINEPAIUAX OOIBITUM
MEXAHUYECKUM PAAUATBHBIM CKUMAIOMUM
YCUIUAM OT UHXKEKTOPA ¥ OCEBBIM PACTATUBAIOIINAM
ycunuam oT seca KT. [Ipy HCONb30BAHUHA INIAAKUX
TPAKOB HAa HHKEKTOPE (pUC. 1) HAa 601bIMINUX
rybnHax crrycka KT BO3MOXKHBI IPOCKAJIb3bIBAHU A
C 33IUPaMH U HEOOXOAUMBI OOJIBIINE CKUMAIOIHE
YCUJINASA TPAKOB HHKEKTOPA, 4 IIPH UCIIOJIb30BAHUH
PpH@IEHBIX TPAKOB HA MHXKEKTOPE (PHC. 2) HA TEJIE
KT 06pa3y1oTcsa MUKPOTPEIIUHEI U Ie(POPMALIUH,
OCOOEHHO HA CBAPHBIX MIBAX. TAKXKE CYIECTBYET
HEBO3MOXXHOCTD UCIONB30BaHUA 11 KT yImopHBIX
3JIEBATOPOB, KAK TOJILKO KOHYCHBIX, C TEMU
JK€ PAANATIBHBIMH CKMMAIOIMIUMH U OCEBBIMU
PaCTATUBAIOIIMMHU BO3AECHCTBUAMH HA TEJIO TPYOBHL.

IMpu npoxoxaeHnu KT rycaka 1 0CO6€HHO IIpU
HAMOTKE Ha 6apabaH (pUc. 3) CBApPHBIC HIBBI 1
TEJIO KOJITIOOMHI'A ITIOJBEPraIOTCA 3HAYUTEIbHBIM
3HAKOIIEPEMEHHBIM CKMMAIOIUM H4 BHYTPEHHEN
CTOPOHE U3rub6a U PACTATUBAIOIUM HAI'PYy3KAM
Ha BHEIIHEN CTOPOHE U316, YTO NIPUBOJUT K
YCTAJIOCTHBIM ABJIEHUAM U CHUIKAET JIOJTOBEYHOCTD

36 No 3 (073) Cenmsi6pn/September 2020

«IenoeHyuu npesoviuLe aHAI0UIL»
Cmus [rcobc

Pucynok 2

camoro KT. I[IpryeM Hanb601ee BEIPAKEHBI
YCTAJIOCTHBIE ABJIEHHA, OOPA3YIOMMNECS JE(DEKTHI

U pa3pyHIEHNs HA CKATOU BHYTPEHHEN CTOPOHE
naru6a. Yem 6oseie paauyc KT 1 yem MeHblIe
PaAnyChl HAMOTKHM U I'yCaKa, TEM OOJIbIIIE
U3TUO6AIONINE YCUINSA U TEM MEHBIIIE JJOJDKHO OBITh
JasyeHue B KT. DTO NO3BOJSIET YTBEPKIATD, YTO
pu ucnonb3oBanuu ogHoro KT u MKT ¢ asyms
TUPOKAHAIAMHU, HO C OJJMHAKOBBIMHU IIPOXOJHBIMH



Srops anpEEssad epe Hees KT

T = pasrrye KT
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Pucynok 3

CEYEHUSIMHU OCJIEAHNH Oy/IET HOABEPTAThCS
MEHBIIUM U3TrUOAI0NUM YCUIUAM, U TEM OOJIbIIE
MOXET 6bITh faBiaeHue B MKT. Kpome Toro,
U3rUO6AIOIMNE YCUIUS IIPU CITYCKO-TIO/bEMHBIX
Oonepanusax BbI3BIBAIOT Je(POPMAIJUOHHBIE
YBEJIMYEHUE JUaMETPA U yaianHeHue KT.

CerogjHss THOCTPAHHbIE KOMITAHUH IBITAIOTCS
CO3/1aBATh PA3AUYHbIC KOMITIOHOBKH MKT 13
cranapTHbIX KT. OnHUM 13 BAPUAHTOB SIBJISICTCS
koHLeHTpudeckut MKT (puc. 4) o tTuny
«cBO6OAHAA TPyOa B Tpy6e» (BAKER HUGHES
(CHIA) u C3AO «HoBuHKa» (benapych). OToT
MKT nosBoiseT 3(p(PEKTUBHO OCYIIECTBIATD
TEXHOJIOTUUECKUE ONIEPALIUU ITO OUUCTKE 32005
CKBa>KHUHBI OT IIJIACTOBOU BOJIBI U MEXYACTHII,
OCOOEHHO HA I'a30BBIX MECTOPOXKIEHUAX C
HU3KHUM [JIACTOBBIM JABJIEHHUEM; IEP(POPALIHIO
3KCIUIYATALUOHHON KOJIOHHBI 3aPALAMHU,
CBEPJIEHHUEM U IECKOCTPYEM; PAOOTY B CKBAKHUHE
C HAZyBHBIM ITAKEPOM; KOHTPOJb, YIIPABJICHUE U
MAaHUIYJIALMH C IOTPYKHBIM OO0OPYIOBAHUEM;
BBI3OB U MHTEHCU(PUKALIUA IIPUTOKA (PIIon1a
U T. 1. 32 CYET 3aKOJBIIOBAHHOCTU paboyeH
JKHUJIKOCTH OTCYTCTBYET HETATUBHOE BIUSTHUE
CcTOoN6a paboueit XKUJKOCTH Ha 11acT. Ho, K
coxkasieHuIo, 3ToT MKT He CMOT MOJTHOCTBIO PEMINUTD
HEKOTOPBIE BOIIPOCHL: 1) BCE KAHAJIBI HAXOAATCA
BHYTPU OCHOBHOT'O Hapy»kHOro KT 6onbmoro
JUAMETPA, HA KOTOPBIN NPUXOJUTCSA HATPY3Ka BCETO
Beca MKT BO BpeMsl €ro HAXOXKJCHU S HAd NHKEKTOPE,
YTO BBI3BIBAET HEOOXOJUMOCTD YBEJIUYUBATD
TOJIUHY CTEHKH OCHOBHOTr'O KT M NOBBIIIATE MAPKY
CTaJIN, YTO, B CBOIO OYEPE/b, YBETUUUBAET MACCY
KOJIOHHBI, €€ )KECTKOCTb ¥ CTOMMOCTD;

2) OCTAeTCA CIOXKHBIM BOIIPOC O MOJABECKE
CBOOOAHBIX BHYTPEHHUX KAHAJIOB KOJIOHHBI HA
yCThE U 3260€, UX 'epMETU3ALUS; 3) BHYTPEHHUN
KT «cpeaeT» CymeCTBEHHYIO YaCTh IIOJIE3HOI'O
NPOCTPaHCTBA OCHOBHOIO KT; 4) Ha 601p1I1MX
r1y6brHax cnycka MKT cBOOOIHO PaCIIOIOKEHHBIA
BHYTpeHHUN KT MOXET OBITh pa3/1aBJIEH HA I'YCAKE
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U1 6apabdaHe CBOMM K€ BECOM; 5) B HA4YAJIE ITObEMA
MKT n3 ckBaXMHBI BHyTpeHHUI KT HamaTbIBaeTCs
Ha 6apabaH € OOJIBLIIUM PACTATUBAONIUM
HAIPSI)KEHUEM OT €€ BECA B CKBAXKHHE.

HMHHOBA

Pucynox4

Opyrum BapuanTom MKT sABJIsI€TCA TapaiIeabHOE
PACIIONIOXKEHUE HECKOIBKUX CTaHAapTHBIX KT o
TUIY «TPyOsl B psij» (CJS Technologies, Kanana). B
31oM MKT crangaprasie KT cOeJUHAIOTCS JPYT C
/:[pyFOM HpI/I IIOMOINIH METAJIJIMYECKUX HCpCMbILICK
(puc. 5) UK 3aI1aBJISIIOTCS BMECTE B €IUHYIO JIEHTY
[IPU TOMOIIHU TIACTUYECKOTO MaTepuana (puc. 6).

Pucynok5

Pucynok 6

Oror MKT 1O3BOJISIET YCIIEIIHO OCYLIECTBIISATD
TEXHOJIOTUYECKUE ONEPALIUHU ITO OUUCTKE 32005
CKBaKHMHBI OT IIJIACTOBOM BOJU U MEXYACTUI] U
MpeAIAraeT JOObIYHbIE BADUAHTHI, HAIIPUMED,
Mexz06b14a ¢ DLIH U ¢ HOrpy>KHBIMU TUJPO- U
3JIEKTPONPHUBOJAHBIMU OOBEMHBIMU HACOCAMU. DTOT
BapuaHT MKT, K COXXaJI€HHIO, TAK)KE HE PEIIAET
MOJHOCTBIO HEKOTOPBIE TEXHUYECKUE BOIIPOCHIL:

1) Bce KaHaJIbI COEIUHEHDI U 3a(PUKCUPOBAHBI
CTAJIBHOY IIEPEMBIYKOM, YTO, B CBOIO OYEPE/ID,
co3aeT NpOodaEMY NPOXOKAECHUS IIEPEMBIYKOI
repMeTu3aTopa, uHxkekropa, ITIBO u t. 11,; 2) Bce
KaHAaJIbl CIJIABJIEHBI ¥ 3a(PUKCUPOBAHBI IIJIACTUKOM
WUJIA CTAJIbHOM IIEPEMBIYKOI, UTO HE IO3BOJIAET
KOMIOHOBATb MKT pasinu4yHbIMU BAPUAHTAMU
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JIOTIONTHUTEJIBHBIX T'UAPABINYECKUX U CEPBUCHBIX
KaHA4JIOB.

Kuratickas komnanus SHINDA CREATIVE
OIL&GAS EQUIPMENT CO., LTD u3roTasimuBacTt
MHOrokaHanbpHbIl THKT-Ka6ens (puc. A),
COZIEPKAIINI HECKOJIBKO T'HIPOKAHAIOB U
3NEKTPOKabesneH, U KoMIo3uTHbir THKT-ka6enn
(puc. b), coneprkaiiunii 3annasacHHbie BMecTe ['HKT,
CHJIOBOM 3JIEKTPOKAOEIb, UHPOPMALTUOHHBIH
NEKTPOKAHAJ U KATUJLIAPHBIN TPYOOIPOBO/.

Pucynok A Pucynoxk b
DTO O4EHDb UHTEPECHBIE BAPUAHTEI KOMITIOHOBOK

MKT g1 pemenus MHUPOKOro CIIEKTPA 3a7a4
KaK B TEXHOJIOTHYECKUX, TAK U B JJOOBIYHBIX
BAPUAHTAX, HO B HUX OCTAI0TCS HEPEMIEHHBIMU
HEKOTOPBIE BOIIPOCHL: 1) nepudEPUNHLIE TUAPO- U
NEKTPOKAHAJIBI TOJBEPTAIOTCSA 3HAYUTEIbHBIM
3HAKOIIEPEMEHHBIM CKMMAIOIIUM Hd BHYTPEHHEN
CTOPOHE U3rub6a U PACTATUBAIOIUM HAT'PYy3KaAM
Ha BHEIIHEN CTOPOHE U3rn6a, OCOOEHHO IPU
npoxoxaeHnu KT rycaka ¥ mpu HAMOTKE Ha
6apabaH, YTO HPUBOJUT K YCTAJIOCTHBIM SIBJICHUSIM U
CHIDKAET OATOBEYHOCTD caMoro KT; 2) CI0KHOCTD
U3TOTOBJIEHUA U OOJBIIASA [IEHA; 3) HEBO3MOXHOCTD
PEMOHTA/3aMEHBI HEUCIIPABHOI'O KaHAA; 4)
(PHUKCUPOBAHHAA KOMIIOHOBKA MHOTOKAaHAJIBHOTO
I'HKT-ka6ens.

Poccurickas komnanudg «<MKTex», pe3uzieHT
donpa «CKOJIKOBO», 3aHUMAETCA Pa3PA6OTKOM
U CO3/IAaHHEM MHOT'OKAHAJIBHOT'O KOJITIOOWHTA
(MKT) Kax Ji/11 TEXHOJIOTMYECKUX ONEPALINT,
TAK U JIJ1s1 JOObIYM He(PTH U ra3a. Ee komaH1a
AHAIU3UPYyET U MOHUTOPHUT pbIHOK KT 1 MKT
yxe 6osee 25 JIET U UMEET CBOU PA3PA00TKH
U pemenus. Kak pesybTarT, HOJTy4eHBI 0oee
15 maTeHTOB HAa U300PETEHMU S, CBSI3AHHBIE C
TemaTukoy 'HKT. CymHOCTb UJIe COCTOUT B
TOM, YTO B €JUHYIO KOJIOHHY MKT 06'beJUHAIOTCSI
J1B4 1 60JIEE 3AKPBITHIX TPYOHBIX KAHAJIA,
(PHUKCUPOBAHHBIE BMECTE COEIMHUTEIBHBIMH,
CTBIKOBOYHBIMH UJIA PA3AETUTETBHBIMHA
MEPETOPOJKAMH, C BO3MOXKXHOCTBIO BHEIITHETO WJIH
BHYTPEHHET'O PA3MENIEHUA JOITOJTHUTEIBHBIX
CEPBUCHBIX (TUJPABINYECKUX, JIIEKTPUIECKUX U
OIITOBOJIOKOHHBIX) KaHAJIOB. MHHOBAIIMOHHOCTD
MIPOEKTA 3aKII0YAETCA B CO34AHUH YHUBEPCATBHOT'O
MKT, KOTOPBIH JIETKO aJAIITUPYETCS K
CTAHJJAPTHOMY OOOPYIOBAHUIO KOJITIOOMHI'OBBIX
YCTAHOBOK C MMHVMAJIBHBIMH USMCHCHUSIMU
B MX KOHCTPYKIIUU. B ipeyiaraemom MKT
HpI/IM(?HSE[@TCH HpI/IHL[I/IHI/IZUIbHO HOBasga CXEMa
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IIEPEHOCA YCUJIMS BECA KOJIOHHBI C TeJ1a TPYObI Ha
JIOTIONTHUTE/IBHBIE HECYIIIHE 3JIEMEHTHI, COCTOSII A
B TOM, UTO TEJIO TPYyHBI HECET B OCHOBHOM TOJIBKO
HAI'DY3KU JABJICHUS )KUJIKOCTU BHYTPH TPYOEHL, 4

BEC CAMOM TPYOBI U JKUJKOCTH BHYTPH HEE HECET

rnepOpHUPOBaAHHAS TIEPETOPOKA MU (DUTYPHBIE

OypTHI HA IepUdepun (THyTAsA BOJHA-6aTTEPMIIAN

U (ppe3epOBAHHAS BOJIHA-TPEOEHKA). DTO IVIABHOE

oTnuuue ot oguHapHoro KT, rie Teno Tpyosl HeceT

OJTHOBPEMEHHO KaK I'HIPABINYECKYIO HATPY3KY

JIaBJICHUS )KUIKOCTHU B TPYOE, TAK U MEXAHUYECKYIO

HArpy3Ky BeCa KOJITIOOMHTA Ha UHXXEKTope. B

MKT npakTudecKu OTCyTCTBYIOT MEXAHUYECKOE

JIaBJIEHUE HA TEJIO TPYOBI U IPOCKAJIb3bIBAHUE

KOJTIOOMHTIA B MHXKEKTOPE, 4 TAKXKE Jle(POPMAII U

KOJNTIOOUHI'A C OOPA30BAHUEM MUKPOTPEIINH.

KpomMme TOro, CBapHBIE HIBbI, OYPTHI U IEPETOPOAKU B

HAMOTAaHHOM Ha 6apa6an MKT Bcerga HaXOAsTCS Ha

«cpesHen (HyJIEBOH, 3€JIEHOI) TUHUMN> (PUC. 3), TIE

YCHWINS CKATUS U PACTSIKEHUS MUHUMAJIbHBL Bee

3TO HNO3BOJISACT UCIIOJIL30BaATh B MKT 60J1€ce neleBbie

MAapKU CTAJIH, YMEHBIIATD TONIIUHY CTEHKH, /IC/1ATh

pasHble paguycel KT B 30HAX CXKATUSA U PACTSIXKEHUS,

4 TAKJKE JIEJIaTh 3aXBaT U yAepxanue MKT

WHXXEKTOPOM U 3JIEBATOPAMU OOJIEE IPOCTHIM U

HaJICKHBIM. 17151 paGOTHI B PAMKAX FOCYAAPCTBEHHON

IPOTrPaMMBbl HMIIOPTO3AMEIECHUS TOSABIISICTCS

BO3MOXKHOCTb Npou3BoanTb MKT u3 mrpunca

POCCHUICKOI'O IPOU3BOACTBA (Hanpumep, ITAO

«CeBepCTaib») 6€3 IOTEPh €TI0 TEXHOJIOTUYCCKUX

XAPAKTEPUCTUK, HO C PACHIUPEHUEM €TO

(PYHKIIMOHABHBIX BO3MOXXHOCTEM.

OO0 «MKTex» npefaract npegBapUTeIbHYIO
KJIACCU(PUKATINIO BAPUAHTOB U3roToBacHUs1 MKT,
reOMETPUHU MONIEPEYHOTO CEYEHHU ST, KOMIIOHOBKU
KaHAJIOB, KOH(PUTYPALIUY I'PY30HECYIIEN YaCTU U T. [T,
KOTOPBIE UMEIOT CBOM OCOOEHHOCTH U PA3JINYHS,
MPUBEACHHBIE HILXKE:

1. Tlo cBapke:

4) OJHOCTOPOHHSAS;

6©) MHOTIOCTOPOHHSIS;

B) OJHOIIOBHA,

I) MHOI'OLIOBHAS.

2. TIo KOIMY€eCTBY UITPUIICOB:

4) OJHOIITPHUIICOBA;

©) MHOTOHITPHUIICOBASL.

3. Tlo BBIIEIEHUIO TPY3OHECYIIEN YACTH
MHOTOKaHaJIbHOT'O KOJITIOOHUHTI A:

2) 1epOpPUPOBAHHASI COEIUHUTEIbHAS
MHEPETOPOJIKA, COEUHSAIONMAS 1BA TUAPOKAHAIIA;

6) nepudepUunHLIN 6YPT WU OYPTHI ITO TUITY
«'PEOEHKMN» B BUJIE YEPEAYIOMMNXCS BBICTYIIOB U
BII4/IUH;

B) NepUMEPUNHBIA OYPT MK OyPTHI 11O TUITY
«6arTepdnAr» B BUJE YEPEAYIOMMNXCA BEITHYTHIX
rpebHeN 1 10KOUH;

I) nepu@EPUNHBIA OYPT WK 6yPTHI 11O TUITY
«IMHENKW>.

4. TIo pacIoJIOKEHUIO CEPBUCHBIX KAHAJIOB:

a4) KaHaJIbI PACIOJIOKEHBI CHAPYXKH;



0) KaHaJIbl PACIOTIOKEHBI BHYTPH;

B) KaHAaJIbl PACTIIOJIOXKEHBI KOMOMHHUPOBAHHO.

5. Ilo cnocoby NPUCOEIUHEHUS CEPBUCHBIX
KaHA4JIOB:

4) H4 3aMKaX;

0) Ha KIIMCAX;

B) 34 CYET TPEHUS,

I) CBOOOJHO.

6. TIo PYHKITMOHAIBHOCTH IIEPEMBIYCK MEIKTY
TUPOKAHATIAMHU:

4) COEJUHUTEIIbHAS;

0) CTBIKOBOYHA;

B) Pa3[€/IUTEIbHAS.

7. 110 BULY KOMIIOHOBOK:

a) (PUKCHUPOBAHHBIN, HECU3MEHSICMBbIH;

6) c60pHO-Pa3OOPHBILT;

B) 0a30BBIN (PUKCUPOBAHHBIN C IPUCOETUHIEMBIMU
CEPBUCHBIMU KAHAJIAMH.

8. TIo Hapy>XHOM IreOMETPHUH IIOIIEPEYHOI'O CEYECHU A
MKT:

a) Kpyrias;

0) 3JUINIICHAS;

B) JIBE IPAMBIE, COEJUHSAIONINE 1BA ITOYKPYTa;

I) OOTeKaeMas CO CJIIOKHOU reOMETPUEN;

1) HEoOTEeKaeMasi CO CJIOKHOM reOMETPUEH.

9. Ilo BapuaHTaM HCIIOJb3YEMBIX I'MAPOKAHAIOB
11 MKT:

4) CTaHAAPTHBIN ofrHApHBIN KT;

0) 6a30BbIN I'M/IPOKAHAT,

B) 0a30Bas napa u3 6a30BbIX XKECTKO COEJUHECHHBIX
MEXY COO0 I'NJIPOKAHAJIOB;

r) 6a30Bad apa, U3TOTOBJIEHHAA HEITOCPENCTBEHHO
W3 IITPHUIICA (IITPHUIICOB);

) 6a30Bas napa era-TUIA,

€) KOMOWHHPOBAHHAS.

10. ITo MeCTy PaCONIOKEHUS COCJUHUTEIBHO-
Pa3beANMHUTENBHBIX YCTPOUCTB:

4) HMXKE MHXXEKTOPA;

0) BBIIIE UHXEKTOPA.

Bce cymecTtsyronue Ha cerogHs MKT
COCTABJIAIOTCA U3 CTAHAAPTHBIX OAMHAPHBIX KT,

KOTOpPBIE YCJIOBHO Ha30BeM HysieBbIM TUIIOM (pPUC. 7).

M3roraBamBaeTcs NPOJOAbHBIM IPOMUINPOBAHUEM
M3 OJHOTO HITPHUIICA C TTOCTEAYIOMNM
(PUKCUPOBAHUEM TOPLIOB LITPUIICA MEKAY COOON
JYTOBOM CBAPKOU WJIU JIA3E€POM.

ITpepnaraemerit MKT c 1106081 KOHpUTYypaLuei
COCTOUT U3 OCHOBHBIX O230BbIX 3JIEMEHTOB B
BHU/IC YCTBIPCX TUITIOB 3AKPBITHIX T'UJIPABINYCCKUX
KaHaJIOB, KOTOPBIE IIPECTABICHBI HIKE:

IIepBbIi THII (pUC. 8). I3roTaBInBaeTCa

NPOJIOIbHBIM NPOMUINPOBAHUEM U3 OJJHOT'O
LITPHUIICA C BBITMOAHUEM HAPYXY TOPLIOB U
IOCJIEAYIOIIEHN UX CBAPKOU MEXAY COOOM 11O
COIIPHUKACAIONINMCS OOKOBBIM IIOBEPXHOCTSIM
C O6PA30BAHUEM 32KPBITOI'O THIPOKAHAIIA C
KPOMKOBBIM GYPTOM.

Bropoi taix (puc. 9). U3roTaBimBaeTcs
MIPOAOIBHBIM IPOPUINPOBAHUEM U3 OHOTO
LITPHUIICA C OOPA30BAHUEM HA IIEPBOM 3TAIIE

MmapokaHan
CeapHble
TOpUbI
|
>
LWTpunc
Pucynox 7

CKJIAJIKU B BU/JIE TPOMUINPOBAHHOIO 6ypTa 1
€ro NPOBAPUBAHHUEM U3HYTPU U C AATbHEUIIINM
NIpPOMUINPOBAHUEM, BHI'HOAHUEM HAPYXKY
TOPLIOB, UX ITOCJIEAYIONIEH CBAPKOI MEXAY
COOOM MO CONPUKACAIOMUMCS HOKOBBIM
MOBEPXHOCTAM M O6PA30BAHUEM KPOMKOBOI'O
oypra. [Ipo(punnpOBaAHHBIN U KPOMKOBBINA
OYPThI 3aKPBITOI'O I'U/IPOKAHAJIA PACHIONATAI0TCS
JUAMETPATIBHO IPYT OT JpyTra.

Tpernii TiIx (puc. 10). U3rorasausaeTcs

KpomkoBbIv
oypT

MmapokaHan

I
+
WTpunc
Pucynox 8
MpochmnupoBaHHbIv 5
6ypT KpomkoBbiit
BypT
<
Mmapokawan Wrpunc
Pucynox9

OJMHAKOBBIM IIPOJOJIbHBIM IPOPUINPOBAHUEM
JBYX OTJEJIBHBIX HITPUIICOB C OOPA30BAHUEM B
MOINEPEYHOM CEYEHUHU ITIOJIYKPYT'OB C BBII'HYTBIMU
HAPYXy TOPLIAMU U IOCIEAYIOLIEH CBAPKOM ABYX
3€PKAJIbHO COBMEILIEHHBIX IPOMPUINPOBAHHBIX
LITPUIICOB MEXK/Y COHOM IO COMPUKACAIOMUMCS
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6GOKOBBIM ITIOBEPXHOCTSM BBII'HYTBIX TOPLIOB

1 06Pa30BaHUEM [JBYX KDOMKOBBIX GYPTOB,

PACIOJIOKEHHBIX JUAMETPAIBHO JPYT OT JPyTa.
Bce Tpu THUIIA 6230BBIX KAHAJIOB MOI'YT

Mapokanan Wrpwunc 1
KpomkoBbivi KpoMkoBbiIi
BypT Bypt
b -

Wrpunc 2
Pucynox 10

IPUMEHATHCS KAK CAMOCTOATENBHO, TAK U B BUJIE
OCHOBHBIX 3JIEMEHTOB IIPH CO34AHUU PA3TUYHBIX
TUIOB OA30BBIX AP THPOKAHAIOB. Ba3oBoM nmapon
CYUTAIOTCA JIIOOBIE [1BA XKECTKO COENMHEHHBIX
MNEPETOPOAKOU r'UAPOKAHAIIA, HAIIPUMED, HA CBAPKE,
HUCHONB3yEMBIX KAK OZfHA LEJIAs1 JUIMHHOMEPHAA

U rub6Kast TpyOHas CUCTEMA JJIs1 BBIITIOJTHEHHU
onepanuii B CKBaXKMHE WIH TPyOOIIPOBOJE.
PaccMOTpHM CHa4dasa Ba BADUAHTA COCTABJICHUA
0430BBIX AP C UCIOIB30BAHUEM OFJHOTO

6a30BOTr'0 THJIPOKAHAJIA U OTJEJIBHOIO IITPUIICA,
OPOPUINPOBAHHOIO MO KPYT'y BOKPYT 6230BOT'O
TUApOKaHaIA. B mepBoM BapuaHTe 6a30BbIA
TUJPOKAHAJ UCTIONIb3YETCSA IS CO3LAHUA 6A30BON
apsl IO TUITY «TPy6a B Tpyoe» (puc. 11), rae 6ypTt

ABJIAETCA CTBIKOBOYHOI IIEPETOPOIKOM JJII BTOPOT'O

NPOPUINPOBAHHOIO IITPHUIICA, IPUBAPEHHOI'O
TOPLIAMHU K CTBIKOBOYHOM IIEPETOPOJKE C OXBATOM
62a30BOro KaHaa. KpOMKOBBIA OyPT MOXET
BBIXOJUTD 34 IPEEJIbI OKPYKHOCTH BHELIHETO
TUJPOKAHAJIA UJIH OBITD «3AIO/JINULIO> C HUM.

Bo BTOpOM BapuaHTe 0A30BbINM I'MIPOKAHAI
HUCHONB3YETCA IS CO3IaHUA 6A30BOI AP ITO
THUILY «TPYOBI B pAJ> (pUC. 12), 1€ 6ypPT ABNAECTCA

Mopokaxan 1 Mapokanan 2

Kpomkosbiin
BypT

CTbIKOBOYHas
neperopojaka

LWrpunc 1 Wrpunc 2

Pucynox 11
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COEIMTHUTENBHOM IIEPETOPOAKOM A1 BTOPOI'O
NPO(PUINPOBAHHOTO IITPHUIICA, TPUBAPEHHOI'O
TOPLAMHU K COEAUHUTENIBHON MEPETOPOJKE
HAIIPOTHUB 0A30BOT'O KAHAJIA.

ba3oBasd rmapa MOXET TAKXKE HEMOCPECTBEHHO

CoeguHuTensHas
neperopogka

MgpokaHan 2

Mwapokauan 1

Oteepcrue LWrpunc 1

LWrpunc 2

Pucynox 12

CO3/1aBATHCS OTAEIBHO U3 OJJHOT'O MJIM HECKOJIIBKHUX
ITPUIICOB. KaK OAWH 13 BUJIOB MOXET ObITh
CO37aHHE (PUKCHPOBAHHON 6230BOU NAPHI B BUJIE
JBYX T'MJIDOKAHAJIOB, COEIMHEHHBIX IIEPETOPOAKON
MyTEM MHOTOCTAJUIHOTO NIPOMUINPOBAHUA
OJJHOI'O IITPUIICA U IPUBAPUBAHMNA TOPLIOB IITPUIICA
K COEIJMHUTEJILHOMN IEPETOPOJIKE

(puc. 13). 3p€Ch K€ NOKA3aH BAPHUAHT
UCIIOJIB30BAHUS 6A30BOM IIAPBHI 151 MEXJOOBIYU

CO HITAHTOBBIM IIPHUBOZOM IOI'PYKHOI'O
IUTYH2KEPHOTI'O UJIM BUHTOBOI'O HACOCOB, TE

OJIMH U3 TU/IPOKAHAJIOB, B KOTOPBIHA 3AJIMTO

MACJIO, UCTIOJIb3YETCSA U1 PA3MEIIEHNUA B HEM
JUIMHHOMEPHOM I'u6Kor mrranru ('), kotopas
IIOJTHOCTBIO U30JIMPOBAHA OT OTKAYHUBAEMOM
SKUJKOCTH U MOKET OCYILECTBIATH BO3BPATHO-
MOCTYIATEJIBHOE UJIN BPALATEIbHOE JJBHKCHUE B
MAaC/IsIHOU BaHHE. TpeHHEe U U3HOC I'MJPOKAHAIA-
AT MUHUMAJIBHBL 34 CYET OTCYTCTBUSA
IITAHTOBBIX MY(PT, TPYOHBIX PE3bOOBBIX

CTBIKOB M HAJIMYHS MACJId, KOTOPOE MOXHO
JOIIOJIHUTEIBHO UCIIOAb30BATD U JJIS1 CMA3KU
TPYHIUXCS Y3JIOB IMTOTPYKHOTO OO60PY/TOBAHUS.
INpepnaraercs Kak aJIbTEPHATUBA JJIs1 JOOBIYHBIX
CXEM B CMJIBHOUCKPHUBIECHHBIX CKBAXKUHAX U IS
JTO6BIYN BEICOKOBA3KOM HE(PTH C UCIIOIb30BAHNIEM
IUTYH>KEPHBIX ¥ BHHTOBBIX HACOCOB CO HITAHTOBLIM
MIPUBO/IOM. B TP TOBOM r'IpOKaHaIE MEXAY
HEIO/IBDKHBIMH JIN(DTOBBIM KAHAJIOM U
KOJTIOOMHI'OM MOXXHO Pa3MECTUTD I'PEIOMIUIT
Kabenb. Ha onnpeseieHHbIX MECTOPOXKECHUSAX C
BBICOKOBSI3KOM HE(PTHIO C TEIJIOBBIM BO3/ICHCTBUEM
IO3BOJIUTEILHO OTKA3AThCA OT IIOCJIEIHETO: TAM
IJIABHBIM KDUTEPUEM OYIET TOJIBKO BO3MOXKHOCTD
BCACBIBAHUSA OO’bEMHBIM HOI'PYKHBIM HACOCOM
IJIACTOBOM KUAKOCTH. ITOSABIAETCSA 3aMaHUNUBAS
UJies IO3KCIEPUMEHTUPOBATH C ODIH, ITOJIHOCTBIO
y6paB GpOHUPOBAHHBIN SJIEKTPOKAOEID U
HOI'PY’KHOM 3JIEKTPOABUTrATEND. ITOrpyKHOM
HeHTpob6exHbIN HacoC (TTLH) 6yaeT paboTaTs 32
cuer BpauieHus ' ¢ TOBEPXHOCTH OOBIYHBIM



NEKTPOABUTATEIIEM C PETYIUPOBAHUEM YACTOTHI
Bpamenusa. Haxoxapenue T B MacassHOM BAHHE
paboyero ruIpOKaHaIa YMEHBIIAET TPDEHUE U

M3HOC KOHTAKTHUPYIOLUIUX IIOBEPXHOCTE, HO IIYCK

U TOPMOXKEHUE BpaleHus 3a cuet JuHbl A ee
BECA U OOJIBIION KOHTAKTHOMU NOBEPXHOCTH JTOJIKHBI
OBITb OYEHD IIABHBIMH. BCE NOAMMUITHUKY KAYECHUS
U CKOJbkeHUA B [TITH 6yayT CMa3bIBATbCS YEPES
MAaC/IAHBIA THPOKAHAJL

CoepuHuTEeNbHaA

WHHOMEDHaRA
neperopogka fn epra

Mapokaxan 1

Wrpianc

Pucynox 13

JpyruM BapuaHTOM (PUKCUPOBAHHON 6230BOI
IIAPBI ABIACTCA CO3AAHUC IBYX T'M/IPOKAHAJIOB,
COEIMHEHHBIX TIEPETOPOKOMH, ITYyTEM PA3/ICTBHOIO,
OJJMHAKOBOTI'O NPOMUINPOBAHUS ABYX HITPUIICOB B
BUJIC ABYX COCAMHEHHBIX ITOJYKPYTOB C BBIF'HYTBIMU
TOPLAMHU U 3€PKATIBbHOI'O UX IIPUBAPUBAHUS
JIPYT C APYTOM IO COMPATAEMBIM KOHTAKTHBIM
ITOBEPXHOCTSIM C OOPA30BAHNEM Ha IIEPBOM ITATIC
COCTMHUTEIBHON IIEPETOPOAKH 1 KDOMKOBBIX
OypTOB, PACTIOJIOKEHHBIX INAMETPATBHO APYT OT
JpyTra, Ha BTOPOM arane (puc. 14).

baszoBble Tapbl MOI'YT COCTABIATHCA U3 ABYX
6a30BBIX KaHAJIOB, ITPHUYEM C JIIOOBIMH COYETAHUSIMHU
BCEX TPEX TUIIOB, ITyTEM CBAPKH IBYX KPOMKOBBIX
OypPTOB IO TOPILLAM MEX/Y COOOM, I71e CBAPEHHBIC

Bazoeasn napa U3

Fuapokanan 1 ABYX WTPUNCOB MMapokaHan 2

Wrpunc 2 Wrpunc 1

Pucynox 14

OYPTHI ABJIAIOTCA COEAUHUTENBHON IEPETOPOJKON.
PaccMoOTpHM HECKOJIBKO BAPHUAHTOB U3IOTOBJIEHHSA
0430BBIX AP C UCIOJIB30BAHUEM PA3JTUYHBIX
0430BBIX THJJPOKAHAJIOB.

ba3oBad nmapa COCTaBIAETCA U3 IBYX UIEHTUYHBIX
0a30BBIX 'MJIPOKaHaI0B [TlepBoro tumna (puc. 15),
MyTEM CBAPKH I10 TOPLIAM KPOMKOBBIX Oy PTOB,
COEJJMHEHHBIX 3€PKAJIbHO MEXKAY COOOM JBYX
0a30BBIX I'HJIPOKAHAJIOB, C OOPA30BAHUEM
6a30BOM [TAPBI C COCAUHUTENBHOMN IIEPETOPOJKOM.
CoenHUTENIbHAA IIEPETOPOAKA IPEAHAZHAYEHA
JUIA )KECTKOI'O COEIMHEHNA IBYX 3EPKATIBHO

5151

COEIMHEHHBIX 6A30BbIX I'H/IPOKAHAJIOB 1

IIEPEHOCA YCUJIMS BECA KOJIOHHEI C TeJa TPYObI Ha
COETMHUTEJIBHYIO IEPETOPO/IKY U JJAJICE HA TIAJIBITbI
CHUJIOBBIX 3JIEMEHTOB UHKEKTOPA.

HMHHOBA

CoeauHutensHan

Muapokanan 2
Muapokanan 1 neperopoaKa P

Wrpunc 1 Orsepciuie Wrpunc 2

CeapHoi woe

/

Pucynox 15

OTBEPCTHA COEJUHUTEIBHOM IIEPETOPOAKHU
MEXKJY 3aKPBITBIMUA KAHAJIAMH TAKXKE UCITOJIb3YIOTCA
JUIs1 O6PA30BAHMA 3AMKOBOT'O COEIMHEHUS C
OTBETHBIMU BBICTYIIAMU (pUC. 16), HAaTIpUMED, B BUC
LAHT UJIN 3JIACTUYHBIX «'PUOKOB», HAXOAAINXCSA
HA 371ACTUYHOU CEPBUCHOI JIEHTE, C CEPBUCHBIMU
KaHAJIAMU, TAKUMHU KAK JIEKTPUYECKHUE
IIPOBOAHUKHU UJIN KAOEJIH, OIITOBOJIOKOHHBIC JIMHUH,
KaIllWJUISIPHBIE TPYOKU U T. [1.

Kanunnspras OnTOBONOKOHHaRA OnactuuHan
Tpybka NUHUA cepBucHas nexra 1
A

Mmppokanan 2 Mmapokawan 1

3amkoBbIv
BbICTYN

OnactuyHas
Onektpokabenu cepeucHas neura 2

Pucynox 16

basosas mmapa coCTaBnageTCA U3 BYX UIECHTUYHBIX
6430BbIX T'NJPOKAHAJIOB Broporo tTumna (puc. 17)
IyTEM CBAPKH I10 TOPLIAM KPOMKOBBIX 6yPTOB,
COEJMHEHHBIX 3€PKAJIbHO MEXKAY COOOU JIBYX
0a30BBIX 'MJIPOKAHAJIOB, C OOPA30BAHUEM
6430BOM IAPBI C COEAMHUTEBHON IIEPETOPOKOI.
LeHTpbl KAHAJIOB 3aKPBITOIO CEYEH U, OYPTHI,
CBAPOYHBIE IIBBI ¥ IIEPETOPOAKA PACIIONATAIOTCSA
Ha JIMHUU, 1APAJIIEIbHOM OCU 6apabaHa HAMOTKHU.
[IpopunupoBaHHBIE OYPTHI BBIXOAST 32 IPE/IE/IbI
BHEIIHUX I'A6APUTOB KOJIOHHBI U UMEIOT T€OMETPHIO
B BUJIE YE€PEAYIOMUXCA PUTYPHO IPECCOBAHHBIX
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rpedOHeN U JIOXKOUH (TTIONEPEYHAs BOJTHA-
O6arTepdiIail), HA3HAYEHUEM KOTOPBIX SBIAETCS
MEPEHOC HA HUX HATPY3KH BECA MHOTOKAHAJIBHOT'O
KonTIO6UHTA. [Ipu puAaHUN TPOPUIUPOBAHHBIM
OypTaM BOJIHOOOPA3HOM I'€OMETPHUHU C IIOIEPEUYHON
BOJIHOU M AaHAJIOTUYHON OTBETHON HA NHXKEKTOPE
BeC MKT 6yzeT B OCHOBHOM NEPEJABATHCA C TEJIA
TPyOBI HA (PUTYPHBIE 6YPTHI C YMEHBIIIEHHUEM
HArPy3KH Ha TPYOHYIO YaCTh KOJIOHHBI OT
PACTATUBAIOMNX U CKUMAIOMUX YCUIHIL.

Npodunmposannsii MpodvnuposanHbIi Fpe?euu
bypy Gypr \
e
/
NowBuua
Pucynox 17

ba3oBas mapa COCTABAAETCA U3 IBYX UICHTUYHBIX
04a30BBIX I'MPOKAHAJIOB TpeTbero Tuna (puc. 18)
MyTEM CBAPKHU 10 TOPLIAM KPOMKOBBIX Oy PTOB,
COEJJMHEHHBIX 3€PKAJIbHO MEXAY COOOH JBYX
06a30BBIX THJIPOKAHAJIOB, C OOPA30BAHUEM OA30BOM
MAaPbI C COEJUHUTEIBHON IEPErOPOAKON. BypThI
BBIXO/IAIT 34 IPEAEIBI BHEMHUX ra6apUTOB KOJIOHHBI
U UMEIOT FTEOMETPHUIO B BUJIE YEPEYIOIMUXCS
(ppe3epOBAHHBIX (BBIPYOJIIEHHBIX) BEICTYIIOB U
BIIAIMH (IIPOJOJIbHAS BOJIHA-TPebeHKa) Hannune
OypTOB (puc. 17 1 18) NO3BOISAET OCYIIECTBIISATH
OPHUEHTUPOBAHHYIO YKJIAJKY U HAMOTKY
MHOT'OKaHaJIBHOT'O KOJITIOOMHTI'A HA 6apabaH
C Pa3MEMEHUEM CBAPHBIX IIBOB, IEPETOPOJOK U
OYPTOB Ha CPEAHEL JIMHUU ITOIIEPEYHOTO
CEYEHU A KOJIOHHBI, ITAPaJIJIEJBHOM Ocu 6apabaHa,

U IIPUMEHSATD 3JIEBATOPHI C (PUT'YPHBIMU ITPOTOYKAMU.

CoeauHutensHan
neperopoaka

Muapokanan 1 Muapokanan 2

Wpunc 1 Wpunc 2

CeapHon woe

/

Pucynox 18

IIpu cBapKe ABYX OA30BBIX THPOKAHAIOB MEXTY
CcO60¥ 1O TOPLAM OYPTOB LIS IPEAOTBPAIECHUS
Teperpena Teja TUIPOKAHAIA IO HUM MOXET
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MPOMYCKATbCA KOMIIPECCOPOM BO3/1YX, KOTOPBIH
320/THO OYHCTUT BHYTPEHHEE IPOCTPAHCTBO OOOUX
KaHAJIOB.

OtpenpHbil BapuaHT MKT ¢ Hapy»xHOH!

PaspgenutensHan M'wapokaxan 1
neperopo,
v )
ra I
PasgenutenbHas Mapokaxan 2
neperopoaka
Pucynox 19
PaspenutenbHasn MapokaHan 1

neperopoa

Mapokanan 2 PasgenutensHas
neperopoaka
Pucynox 20
Wrpunc 1 Mapokanan 1

Wrpunc 2
™ MappokaHan 2

Pucynok 21



reOMETPHUEH IONEPEYHOT'O CEYEHUS B BUJIE
OKPY>KHOCTH HJIM JUIUIICA MOXKET UCIIOIb30BATbCA
B CTAHJAPTHBIX KOJTIOOMHIOBBIX YCTAHOBKAX
MPAKTUYECKU 6€3 IEPEEIIOK NOCIETHUX.

[IpencTaBaseT CO60U 6A30BYIO NTAPY C CEUEHHEM
deTa-THNA (110 HA3BAHUIO I'PEYECKON OYKBEI ),

I7ie ABA MM 60JI€€ THPOKAHAIA UMEIOT
Pa3aeNIUTENBHYIO IEPETOPOJKY, KOTOPAS SABISAETCA
OJJHOBPEMEHHO U YACTBIO CTEHOK CMEKHBIX
TUAPOKAHAJIOB. ba3oBas mapa ¢ ce4eHueEM

PasgenutensHas Mmapokaxan 1
neperopoaka % \
Wrpunc 1
Il

Pucynox 22
Ronkanan Mmapokawan 1
Wrpunc 1
I
Il I
+
>
I
Wipunc 2 Miapokanan 2
Pucynox 23

deTa-THUna MOKET U3rOTABINBATHCS U3 IBYX
IITPHUIICOB ITYTEM UX OJJMTHAKOBOT'O Pa37IEIbHOTO
ITPOMUINPOBAHUS 1 CBAPKOU TOPIIOB APYT C
APYI'OM 1 CO3JdaHUA IBYX HC3ABUCUMBIX 3AKPBITBIX
I'U/IPOKAHAOB YeTBePTOro THIIA, UMCIONTNX B
MOIEPEYHOM CEYEHUHU NONYKPYT (pHUC. 19 u 20) niau
MECALEOOPA3HYIO TEOMETPUIO (PHUC. 21), KOTOPBIE
MOTYT OBITb C 6ypTOM HMJIN 6€3 HETO.
PazpgennTenpHas IEPETOPOKA MOKET
OBbITh C IBOMHOU TONIIMWHON mTpunca, a MKT
OyJIET CAMOYCTAHABINBATHCS HA 6apadaHe C
PaCIIONIOKEHUEM IEPETOPOIKH ITAPAIITICIBHO
OCH BpallleHUd 0apabdaHa IIPHU HAMOTKE
MHOI'OK4HaJIBHOY KOJIOHHBI Ha 6apadaH. DTo 6yaeTr
ITPOUCXO/IUTD 34 CUCT YBEINYCHU S JKECTKOCTHU

Ppa3feInTENBHON IEPETOPOJKHU ITPHU MTONBITKE
€€ ITIOBOPOTA C TOPU3OHTAIBHOI'O IIOJIOKEHUA B
BepPTHUKAJIbHOE. ba3osas nmapa ¢ ceuenuem Pera-
THUIIA MOXKET NIPUMEHATBHCA KAK CAMOCTOSATEIIBHO,
T4K 1 B BUJIE€ COCTABHOTO aneMmeHTa MKT. ITpu
HEOOXOIUMOCTH NIPOU3BOACTBA paboT ¢ MKT ¢
HAPYXHOU r€OMETPHUEN IIOTIEPEYHOI'O CEYEHUN A
B BUZIE OKPYKHOCTH UJIU SJUIMIICA OCHOBHOM
BHYTPEHHUHA 3JIEMEHT MHOI'OKAHAJIBHOI'O
KONTIOOWHIA — PA3/IE/INTENIbHASA IIEPETOPOJKA,
KOTOPAs ABJIAETCA OJHOBPEMEHHO U YACTBIO CTEHOK
JIBYX (pHC. 22) NI HECKOJIBKUX I'MJPOKAHAJIOB
(puc. 23). B Bapuanrte MKT ¢ Hapy»XHOHI
reOMETPUEN MONIEPEYHOI'O CEYEHUA B BU/JIE IIIIUTICA
pas3fenuTeNbHAA IEPETOPOIKA UTPAET PO
pebpa KECTKOCTHU, NPEAOTBPAMIAIOIETO KOJLJIATIC
3JUINIICA OT U36BITOYHOI'O BHEIIHETO IABJICHUS.
DIIUIICOOOPA3HYIO TPYOY JIETKO HAMATBHIBATh
OPUEHTHUPOBAHHO HA 6apabaH.

MKT c nBymst 6a30BBIMU I'MJPOKAHAIAMU
YeTBEPTOro THIIA U C OJHUM KPOMKOBBIM
OypToMm (puC. 24) MOXKET U3IOTABIUBATHCS U3 IBYX
HITPHUIICOB ITYTEM UX OJJUHAKOBOTI'O Pa37EIBHOTO
NPOPUINPOBAHUS 10 MECALLECOOPA3ZHON '€OMETPUU
(puc. 21) n nocyeAyomen CBApKOUA TOPLIOB K
APYT Apyry (puc. 21 1 22) Wian K TeJry IITPUIICa
(puc.19, 20, 23). 3aTeM ABa KaHAJ1a 3€PKAIBHO
CBAPUBAIOTCS APYT C IPYIOM 1O CONPSI)KEHHBIM
MOBEPXHOCTSIM JIJISI CO3JJAHUS TPETHETO 3AKPBITOTO

Mippokanan 1 Wrpunc N

KpomkoBbliA

Il

Wrpunc S

Mwapokanan 3 f'wapokaHan 2

Pucynox 24

Ba3oBbii kKaHan
(Tpevin Tvn)

rwapokaxan 1 mppokanan 2

Pucynok 25
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I'UAPOKAHAIA MEXAY HUMU. Kak Ipyroy BapuaHT
(puc. 25) xk 6a30BOMY KaHany TpeTsero Tamna c
JUTATNICOOOPA3HBIM CEYEHUEM NTPUBAPUBAIOTCS C
Pa3HBIX CTOPOH J1BA MITPHUIICA, TPOPUIUPOBAHHBIE
B BUJIE IIOTYOKPYKHOCTEN C O6PA30BAHUEM TPEX
TUJPOKAHAJIOB U IBYyX KDOMKOBBIX 6ypTOB. Kak
HOABAPHUAHT MOXKHO UCIIOIB30BATh OA30BBIIN KaHAJI
BTOpPOro THIIA C 3JUIMIICOOOPA3HBIM CEYEHHUEM
(puc. 26).

Pucynox 26
Wrpunc 1 Wrpunc N
mapoxaan 2 Mppokanan 3
LWirpun
F'apokaxan
Wpync 2 Mgpokaxan 1
Pucynox 27

Kak apyror BapuaHT (puc. 27) K nepuEpUNHbIM
OypTaM 6a30BO NAPHI IPUBAPUBAIOTCA C PA3HBIX
CTOPOH /1BA MITPHUIICA, IPO(PUIUPOBAHHBIE
B BH/IE TIOJTY3JJIMIICOB C OOPA30BAHUEM
YETBIPEX HE3ABUCUMBIX T'MJJPOKAHAJIOB U IIPU
HEOOXOTUMOCTH ABYX KPOMKOBBIX OYPTOB.

MKT ¢ pasaenurtenpbHON neperopojkon dera-
TUIIA C HAPY’KHOU F€OMETPUEH B BUJIE OKPYKHOCTH
WJINA 3JUINIICA IS UCTIONIb30BAHUSA CTAHJAPTHBIX
KT-yCTaHOBOK MOXET U3TOTABIUBATHCS U3 OJJHOT'O
IITPUIICA TYTEM NPOJOIBHOTO NPOPUINPOBAHUS
U MOCJIEAYIOMEN CBAPKOU TOPLIOB IITPUIICA K
KOHIIAM PA3JEINUTEIbHON NEPETOPOSKN, UMEIOIIEN
OIMHAPHYIO (PHUC. 28) UIN JBOUHYIO TOJIIIHUHY
mrrpunca (puc. 29).

Bce BapuaHTbBI 6a230BBIX I'H/IPOKAHAJIOB, 6A30BbIX
nap 1 MKT, B KOTOPBIX IPO(PUINPOBAHHEIE
IITPUIICH HAXOAATCSA TOJIBKO B KAKOM-TO U3
NOJIYKPYT'OB PACTAXKEHNA WIN CKATUA (PUC. 3),
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PazpenutensHas Miapokaxan 1
neperopoaka
I
- <
-+
I
'mapokanan 2
Pucynox 28
PasgenurensHasn Mippokanan 1
neperopoaka
I 1|
-
-> -
D:'l—
II
M'mapokaHan 2
Pucynok 29

MOI'yT OBITHb U3rOTOBJICHBI U3 CTAJIH C BBICOKMMU
IIPOYHOCTHBIMU CBOMCTBAMH HA PACTKCHUE
(BEPXHUI IONYKPYT), 4 JPYTHE MOTYT ObITh
HU3TOTOBJIEHBI, COOTBETCTBEHHO, U3 CTAJINA C
BBICOKMMHU ITPOYHOCTHBIMH CBOMCTBAMH HaA CKATHE
(HMKHHMU DONYKPYT). HaMOTKa Ha 6apadaH 1 IPOXOof,
4Jepes I'ycak OuMeTaIndecKo Tpyos! uinn MKT
OCYIIECTBJIACTCA HUXKHUM IIOJIYKPYIOM. ©

(Oxonuanue 6 <BK> Ne 74)
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Hoem mumnu-pesonrovus!

A Mini-Revolutionis Underway!

Ha eonpocol acyprana
Bpems xonmroodburza. Bbems
TPl omeeuaem O.B. Boun,
DPyKosooumesib uriceHepHo-
MeXHUUECKO20 yermpa
OO0 «Ppar/rncem-Bonza.

Beceda cocmosanacs 6 Kynyapax
20-11 MexncoyrnapooHoll Hayuro-
npaKmuyueckoll Kongeperuu
Konmroburzo6bLe mexHon02ulL,
I'PIT, snympuckeaxicursie
pabomuus.

«Bpemst KoITIOOHHTa»: OIer
BHKTOpPOBHY, KAKOBBI OCHOBHBIE
IIPHOPHTETHI KOMIIAHUHU «Ppak/IKer-
Boiara» Ha COBpEMEHHOM dTare?

Ouser Boun: Komnanus «@pak/xer-Boiara» O4eHb

OypHO pa3BUBAETCA. Ha HACTOAMUIT MOMEHT y HAC
OJIMH U3 NPUOPUTETOB — HanipasiaeHue T'HKT, u
MBI 3aKYIId€EM HOBBIE (DJIOTHL. MBI pA6OTAEM TAKKE
U B IPYTUX HAIIPaBIeHUAX: pa3suBaem I'PIT u KPC.
TTOMHMO 3TOrO, MBI O4€HB IIJIOTHO COTPYAHUYAEM
¢ komnanuei ESTM B 11ane nponusBoJCTBAa THOKOMU
TPYOBI, 3aKyIIKH JAHHOT'O BU/IA OOOPYAOBAHUA U
HUCIIOIb30BAHMA €TI0 B HAIINX PA0OTAX.

BK: C KaKHMH IIPOOIeMaAMU KOMITAHHU I
«Ppax/Ixker-Bojira> CraJIKHBaeTCsa HA ITyTH
pasBuTHa?

O.B.: B ¢cBsI3U C TEM, YTO MBI OYEHb
WHTEHCUBHO PA3BUBAEMCS, Y HAC HE XBATAET
KBaJIM(PUIUPOBAHHOI'O IEPCOHAIA — UMEHHO
PabourXx COEIUAIBHOCTEN. YTOOBI PENIUTD
3Ty IPOOBIIEMY, MBI OTKPBLIN YI€OHBIN
LEHTP, B KOTOPOM IIPOBOJUM IIEPBUYHOE
TECTUPOBAHUE [IEPCOHAJIA, IPUHUMAEMOT'O
Ha paboTy, 4 TAKXKE OOYUYEHHUE IIEPCOHAIA B
COOTBETCTBHUH CO CTAH/IAPTAMU KOMIIAHUHU.
DTHU MEPBI HIOMOTAIOT HAM IOBBIIIATh
K4a4€CTBO YCJIYI' © MUHUMU3HUPOBATb PUCKU
aABAPUH, IPOUCXOJAIIUX IO IPUYHNHE
HEJIOCTATOYHON KOMIIETEHTHOCTU
EePCOHAJIA.

BK: Bl CKa3a/IH, YTO B KOMIIAHUH
«@pak/:xer-Boara» 0ypHO pa3BHBAETCS
uHamnpasiaeHue FHKT. Ckoabko h1oToB
3aJ€HCTBOBAHO B HACTOAIIEE BpeMs?

0O.B.: Ha 1aHHBIA MOMEHT (DOPMHUPYETCA
MIECTHAAUATHIHN (PIOT.

BK: YCTAaHOBKH KAaKOI'O KJIACCa 3aKyIIAXOTCA?
KakoBa MOIIHOCTD HHKEKTOPA U
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Mbl cnonb3yem B OCHOBHOM
rmokyto Tpyoy AuameTpom
44,45 mm, HO O4YeHb aKTUBHO
HaYyMHaM TakXe NPUMEeHSTb
TpyOy anameTpom 50,8 mm

1 60,3 mm.

We mainly use a tubing with a
diameter of 44.45 mm, but we : quali
are very actively starting to use Rk and minimize the

a CT with a diameter of
50.8 mm and 60.3 mm.

Coiled Tubing Times
Journal is interviewing
OV.Voin, the Head of
the Engineering and
lechnical Center at
"Fracjet-Volga".

The conversation

ook place at the 20"
International Scientific
and Practical Coiled
Tubing, Hydraulic
Fracturing and

Well Intervention
Conference.

Coiled Tubing Times:
Oleg, what are the main priorities of "FracJet-
Volga” at the present stage?

Oleg Voin: The FracJet-Volga company is developing
very rapidly. At the moment, one of our priorities is
coiled tubing, and we are purchasing new fleets. We
also work in other areas: We are currently developing
hydraulic fracturing and workover. In addition,
we work very closely with ESTM in terms of the
production of coiled tubing, the purchase of this type
of equipment and its use in our work.

CTT: With what problems does the company
"FracJet-Volga" face on the way of development?

0.V.: Due to the fact that we are developing very
intensively, we do not have enough qualified personnel
— namely, working specialties.
To solve this problem, we
have opened a training
center where we conduct
initial testing of the hired
personnel, as well as staff
training in accordance with
the company standards.
These measures help us
to improve the quality of

risks of accidents occurring
due to insufficient personnel
competence.

CTT: You said that coiled tubing is rapidly
developing at "FracJet-Volga". How many fleets
are currently in operation?

0.V.: At the moment, the sixteenth fleet is being
formed.

CTT: What class of units are you purchasing?



npeanodYuTaemserii fuamerp FHKT?

0.B.: Ceruac 3aKynaroTCs YCTAHOBKH TAXKEIOI'O
ki1acca MK-40T nnpousBojictBa C3AO «DUIMAIIL»
C TATOBBIM YCUJIMEM UHXKEKTOPA 45 TOHH. bosbImas
4aCTb (P0TOB B 2019 rofy yKe 3aymieHa,
T'OTOBUTCH K 3AITYCKY IIOCJICAHUN, IIECTHALATHII
(PJIOT. MBI UCTIOIB3YEM B OCHOBHOM THOKYIO
TpyOy fuaMeTpoM 44,45 MM, HO O4€Hb AKTUBHO
HA4YMHAM TAKXKE IPUMEHATD TPYOy ITHAMETPOM
50,8 MM 1 60,3 MM. ECTECTBEHHO, 3TO IMTOTPEGOBAIO
OCHOBATEJIbBHOI'O TEXHUYECKOI'O IEPEBOOPYKEHMA.
COOTBETCTBEHHO, YCJIOKHHUIINACH U paboThL. Hy 1 KO
BCEMY BHYTPHUCKBA)KMHHOMY OOOPYJOBAHHIO CTAIN
NPENBABIATCA HOBBIE TPDEOOBAHUSA — IIPOUCXOOUT
Nepexo/] Ha APYIHE JUAMETPBI U pA6OdYne
WHCTPYMEHTBHL

What is the injector power and preferred CT
diameter?

0.V.: Now we are purchasing heavy-class MK-40T
units produced by NOV FIDMASH with an injector
pulling force of 45 tons. Most of the fleets in 2019
have already been launched, the last, sixteenth fleet
is preparing to launch. We mainly use a tubing with
a diameter of 44.45 mm, but we are very actively
starting to use a CT with a diameter of 50.8 mm and
60.3 mm. Naturally, this required a thorough technical
re-equipment. Accordingly, the work became more
complicated. Well, new requirements began to be
imposed on all downhole equipment — a transition to
other diameters and working tools is taking place.

CTT: From which manufacturer does your
company buy coiled tubing with increased

BK: V¥ kakoro npoussogureas Bama
xoMmnaHuA 3akynaer THKT yBetHueHHOTO
auamerpa?

0.B.: B mocineganti rog Mmel ucrionb3oBaau THKT
UCKJIIOYMTEJIBHO IIPOU3BO/ICTBA 3aBOAA ESTM.

BK: Beraep:xuBaer iu THKT oreueCTBEHHOTO
IIPOHU3BOJICTBA KOHKYPEHI[HIO C 3aPyOeKHBIMHU

aHajJoramMu?

0O.B.: «®pak>xeT-Bonra» asingercs
PBIHOYHOM KOMIIAHUEH, 4 IIOTOMY MBI O4EHD
OOJIBIIIOE BHUMAHUE YAEIAEM KAYECTBY
3aKynaeMoro ooopyaosaHus. Eciu 6b1 ruokue
TPyOBI OTEYECTBEHHOT'O IPOU3BOACTBA
OBLIH HEKAYECTBEHHBIMH, HE BBIICP/KHUBAIA
KOHKYPEHIIMIO C 3arpaHu4yHbIMU 'HKT, MbI ObI
UX HE UCTONb30Banu. KauecTso Tpy6 oT ESTM
HAC NOJIHOCTBIO yCTpanBaeT. HapaboTka y HUX
CONOCTABUMA C UMIIOPTHBIMU aHAJIOT'AMH.

BK: HannpsAMYyI0 JIM TEXHHYECKOE
nepeBoopy:KeHHue Banrert KOMIIaHuH
CBSI3AHO C H3MECHEHH MM,
IIPOUCXOTANMMHA HA HePTeCePBHCHOM
PBIHKE: C POCTOM INTYOHH CKBAKHH,
MPOTSKEHHOCTEH UX TOPHU3OHTATBHBIX
Y4YaCTKOB H T. I1.?

0O.B.: UMEHHO C 3THUM U CB43aHO. M11eT MUHH-
PEBOIIONMS B OYyPEHUH — VIJIMHSAIOTCS CTBOJIBI
CKBaKHMH. C TOPU30HTATBHBIX CTBOJIOB JITUHOM
500 M 32Ka34YHK B TCUCHHE /IBYX ITIOCJICTHUX JIET
Iepenes1 Ha CTBOJIBL JUIMHOM 1000 M u 6oiiee.
Ceryac yxe IPOTKEHHOCTH TOPU30HTATBHBIX
Y4YaCTKOB HEPEJIKO JIOCTUTAIOT IOy TOPA
KUJIOMETPOB, 4 B HEKOTOPBIX CJIYUIASIX — U
JByX. COOTBETCTBEHHO, IPU TAKOM IJIMHE
T'OPU30HTAJIBHOT'O CTBOJA IAXKE 44-51 11 50-51
THKT He Bcerga o6ecIieunBaioT JOXO/I 10

diameter?

O.V.: Last year we have used coiled tubing
exclusively from the ESTM plant.

CTT: Does domestic coiled tubing withstand
competition with foreign counterparts?

NaeT MnHM-peBonoums

B OypeHuM — yanHaIoTCS
CTBOJbI CKBaXXUH. C
rOPM30OHTAabHbLIX CTBOJIOB
AnnHon 500 m 3aKa3ymk B
TeyeHue aBYX NOCIefHUX
neT nepeLuen Ha CTBOJbI
anvHom 1000 m v Gonee.
Cenyac y>xe NpoTAXKEHHOCTU
FOPM30OHTaNbHbIX Y4AaCTKOB
HepeaKo AOCTUratoT nonyTopa
KMTOMETPOB, a B HEKOTOPbIX
cylyyasx — v ABYyX.

A mini-revolution in drilling
is underway: The wellbores
are lengthened. Over the
past two years, the customer
has switched from horizontal
shafts with a length of 500
m to shafts with a length of
1000 m and more. Now the
length of horizontal sections
often reaches one and a half
kilometers, and in some cases
even two.

O.V.: "FracJet-Volga" is a market company, and
therefore we pay great attention to the quality of the

purchased equipment. If
CTs of domestic production
were of poor quality,

can not compete us with
foreign CT, we would not
have used them. We are
completely satisfied with
the quality of CTs from
ESTM. Their operating time
is comparable to imported
counterparts.

CTT: Is the technical
re-equipment of your
company directly
related to the changes
taking place in the
oilfield services market:
With the increase in
well depths, the lengths
of their horizontal
sections, etc.?

O.V.: It is connected with
this. A mini-revolution in
drilling is underway: The
wellbores are lengthened.
Over the past two years,
the customer has switched
from horizontal shafts with
alength of 500 m to shafts

3260s1. 3/1€Chb MBI, ObIBACT, BbIHYK/ICHBI IPUMEHSATD
BCIIOMOT'aTEIbHOE OCHAIEHHE, KOTOPOE MO3BOJIAET
JIOHOCHUTDb HATPY3KY Ha CIIELIOO0PYJOBAHUE,
HAIIpUMeEp, Ha CABYDKHBIE My ThI I'PIT.

BK: B mociiegHee BpeMs MHOTHE
PECIIOHJEHTHI HAIIETO Ky PHAJIA TOBOPAT O TOM,

with a length of 1000 m and more. Now the length

of horizontal sections often reaches one and a half
kilometers, and in some cases even two. Accordingly,
with such a horizontal wellbore length, even the

44th and 50th coiled tubing does not always provide
income to the bottom. Here we are sometimes forced
to use auxiliary equipment, which allows us to transfer

Ne 3 (073) Cenrabps/September 2020 47

PRACTICE



«
o
=
¥
S
-

9TO POCCHHICKHH He(DTEeCEPBHC IEPEKUBACT
He JIy4IIIHEe BPEMEHA, 3BYUHT JaKe CJI0OBO
«cTar"Hanus». Ha Bam B3I/, 9T0O MeIIaeT
Pa3BHUTHIO HAIIETO BEICOKOTEXHOJIOTHIHOTO
HedTerazosoro ceppuca?

0.B.: B nepBy10 O4epeEb 51 XOTEN ObI OTMETUTD, YTO
OpPO6JIEMBI HAYAINUCh HE CENYAC, 4 B TE€ BDEMEHA, KOI/1A
npowusouies passai CCCP, a umeHHo B 1990-2000
rogax. C 2005 roja poCCUNCKUI HEPTEra30BbINT
CEPBUC CTAJI OOJIEE-MEHEE PA3BUBATLCS, 4 IO STOT'O
B TEYEHUE JIET IATHAALATHA HA PAaOOTY B OTPAC/Ib
MNPAKTUYECKU HE TTPUXOAWUIN HOBBIE CIIEITUATHUCTHI,
U B PE3YJIBTATE BBITAJIO LIEIO€E TOKOJIEHHUE
WHXXEHEPOB-HEPTAHUKOB U KOHCTPYKTOPOB,
KOTOPBIE TPOEKTUPOBAIN OO60pYyAOBaHUE. [T0 pakTy
MBI PA00TAEM Ha OOOPYAOBAHNH, CO3[JAHHOM CIIIC B
COBETCKOE BpeMs, TNOO0 Ha OOOPYAOBAHUH, OCHOBHBIE
Y3716 KOTOPOT'O — UMIIOPTHOT'O ITPOU3BOJICTBA.
Poccurickue a30THBIE YCTAHOBKU, KAKHE
BBIIIYCKAJIMCD 25 JIeT Ha3a/l, TAKHE U BbIITYCKAIOTCS.
TOJIBKO CeMYac HAYMHAIOTCS MOABHKKH, KOT1a
BBIPOCJIO HOBOE IMMOKOJIEHUE CIIEITUAJIUCTOB:

Korya te, Kro npuiien B 2000-2005 rogax,
MOJIYYHJIU OIBIT U TENIEPh HAYUHAIOT BHEAPATD
CBOU MHHOBAIIMNU. O6PA30BABIINICA IIPOBAJI
MOTUXOHBKY IIPEOJOIEBAETCA, HO HE BCE CPA3Y.

Jpyras npobneMa — paCliEHKHU Ha CEPBUCHBIE
YCIIYTH HE PACTYT, 3aKa3YUKH OIITUMHU3UPYIOT
CTOUMOCTD PA0OT. B CBA3M CO BCEM 3TUM MHOTUE
CEPBUCHBIE KOMITAHUU UCTIBITBIBAIOT CJIOKHOCTH
B JIOTIOJIHUTEIBHOM (PUHAHCUPOBAHHUU — HE
XBATA€T OOOPOTHBIX CPEACTB. 3[ECh HA IEPBBIN
IJIAH BBIXOAUT HEOOXOAUMOCTD 3(PPEKTUBHOTO
MEHE/[PKMEHTA, 4 TAKXKE KaJpOBasd IIPpOOIeMa, O
KOTOPOM 4 YK€ rOBOpUIL. Ceifyac O4Y€Hb TPYJHO
oA0O0PATh KBAIN(PULIUPOBAHHBIN PA0OOYNT
MEPCOHAJ — MAIIUHUCTOB KOJITIOOMHI'OBBIX,
HACOCHBIX, 430 THBIX YCTAHOBOK. JIIOAU, UMEIOIIE
00pPaA30BAHME, IPEAIIOUNUTAIOT PAbOTATh HA
WHKEHEPHBIX JO/KHOCTAX. A YDOBEHDb 3HAHUU TEX, Y
KOTI'O HET CHELIUAIBHOIO O6PA30BAHMSA, 3a94ACTYIO HE
MO3BOIAET PA60OTATH HA YCTAHOBKAX CTOUMOCTBIO B
MUWJLJIMOH J0J1APOB. EC/In HEKOMIIETEHTHBIN YeJIOBEK
OepeTCs yIIPaBIaTh TAKOH YCTAHOBKOM, TO €I'0
OIIMOKU CITOCOOHBI IPUBECTU K TOMY, YTO KOMIIAHU S
MOHECET YOBITKHU B BUJIE IIPOCTOS, KOI[d OHA HE
CMOZKET BBITIOJIHUTD B CPOK PAOOTHI M3-34 ITIOJIOMKH
U TIOCJIEAYIOIET'O PEMOHTA O60PYAOBAHMSL. PEMOHT
TOXKE OYEHB JOPOT, NOopsAAKa 50-10 TeICAY JOIAPOB,
€CJIA 3TO UMIIOPTHOE O60PYIOBAHME.

BK: Bojiee MOIITHbIE KOJTIOOHHIOBBIE
YCTaHOBKH, Takue Kak MK-40T, TpeGyroT
YBEJIHYEHHU S YUCICHHOCTH OPHUTaJT, ©X
oocay:xkuBaromux. B Baniei KOMIIaHUH TaKast
32aKOHOMEPHOCTH HAOTIOKA€TCS?

0O.B.: []a, MBI TOXE, KAK U BECh HE(PTECEPBUCHBIN
PBIHOK, UJIEM 10 ITyTH pACHINPEHUs 6purajl. Beib
33aKA34YMK XOUET BCE IIOJIYYUTD IO/ KJIIOY: IIEPEAATh
HOAPSAAYUKY CKBAXKUHY U IIOJIyYUTDb F'OTOBBIH
MIPOAYKT, KOI/1a 6y/IET BBITIOIHEH I[EJIBIF KOMIIIEKC
PaboT. A 17151 3TOrO TPEOyeTCs 60bIIAA OPUTa/IA.
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the load to special equipment, for example, to sliding
frac sleeves.

CTT: Recently, many respondents to our
journal say that Russian oilfield services are
going through hard times, they even call it
"stagnation". In your opinion, what is hindering
the development of our high-tech oil and gas
service?

O.V.: First of all, I would like to note that the
problems did not begin recently, but at the time
when the USSR collapsed, namely, in 1990-2000.

Since 2005, Russian oil and gas services have begun

to develop more or less, and before that, for fifteen
years, new specialists practically did not come to work
in the industry, and as a result, a whole generation

of petroleum engineers and designers who designed
equipment fell out. In fact, we
work on equipment created in
Soviet times, or on equipment,
the main units of which are
imported. Russian nitrogen
units, which were produced
25 years ago, are still being
produced. The progress has
begun only recently, when a
new generation of specialists
has grown up. When those
who came in 2000-2005 have
gained experience, and now
they are starting to introduce their innovations. The
resulting failure is slowly being overcome, but not all at
once.

Another problem is that the prices for services are
not growing, customers are optimizing the cost of
work. In this regard, many service companies are
experiencing difficulties in additional financing —
there is not enough working capital. Here, the need for
effective management comes to the fore, as well as the
personnel problem, which I have already mentioned.
Now it is very difficult to find qualified working
personnel — operators of coiled tubing, pumping,
nitrogen units. Educated people prefer to work in
engineering positions. And the level of knowledge of
those who do not have special education often does
not allow working on the units worth a million dollars.
If an incompetent person undertakes to manage such
an unit, then his mistakes can lead to the fact that the
company will incur losses in the form of downtime,
when it cannot complete the work on time due to
breakdown and subsequent repair of the equipment.
Repair is also very expensive, about 50-10 thousand
dollars if it is imported equipment.

Ha nepBbiv nnaH
BbIXOAUT HEOOXOAUMOCTb
3 deKTMBHOro
MeHEeIXMEHTa, a Takxe
KagpoBas npobnema.

The need for effective
management comes to
the fore, as well as the
personnel problem.

CTT: More powerful coiled tubing units, such
as MK-40T, require an increase in the number of
crews serving them. Is this pattern observed in
your company?

0.V.: Yes, we, like the entire oilfield services market,
are following the path of expanding teams. After all,
the customer wants to get everything on a turnkey
basis: To transfer the well to the contractor and receive



BK: Eme ogHa npo61eMa, KOTOPYIO
00CY:K/IAIOT, — HE324JEHCTBOBAHHBIE,
IIPOCTAUBAIONIHE KOJITIOOHHIOBBIC

YCTAHOBKH B PAJIE€ CEPBHCHBIX KOMIIaHHUH.

PazButue HanpasiaeHua FTHKT B
KOMIIaHHH «DPpak/xker-Boiara», Ha
IIEPBBIN B3IVLAL, HAET C HEH B pa3pes, He
TaK JIH?

0.B.: [Ipo61eMa IpOCTOS 9aCTU (PIOTOB,
K4K I'OBOPAT, «I10]T 3160POM», CBA3aH4 KAK
pas € TEM, YTO NPOUCXOANT TEXHUUECKOE
MEPEBOOPYKEHUE OTPACIN HA 6OIBIINE
JUAMETPBI — MBI YXOJJUM B TSIJKEJIbIE
KOJTIOOMHTOBBIE YCTAHOBKU. B CBA3M C
3TUM YCTAHOBKHU JIETKOT'O U J1A2KE CPESHETO
KJIACCA OKA3BIBAIOTCS HEBOCTPEOOBAHHBIMU
HAa PBIHKE, [IOTOMY YTO 34Ka34HK XOUYET
MOJIYYUTh YHUBEPCAIIBHOE PEIIEHUE — OHY
YCTAHOBKY, KOTOPAs CIIOCOOHA BBIEXATH U HA
CKBaKMHY HEOOJIBIIION ITTyOHHBI, HEOOJIBIIIOTO
JUAMETPA, U HA INTyOOKYIO CKBAXKUHY.
KoneuHo, MoHaJOOUTCS TEPEBOOPYKEHUE:
HY>KHO UMeTb ABe KaTymku 'HKT paznoro
JUAMETPA, YTOOBI OHOU TPYOOU OOCIYKUBATH
KOPOTKYIO CKBAKMHY, 4 APYTOH, HAITPUMED,
C 3aITACOBAHHBIM reO(PU3UYECKUM KabemeM,
TyT k€ TpoBecTu ['MC. CxOnuI, nepecTaBul,
OTPaboTaNI... [I0O3TOMY HEPEHTA6EIBHO
JIEPKATD IBE OPUTA/IBL, OTHA U3 KOTOPBIX
OyzeT O6CITyKUBATD YCTAHOBKY JIETKOTO, 4
Jpyras — TSAKEJIOrO KJIAcCa. BeIrojHee UMETh

MpobGnema npocTos YacTu
(noToB CBsA3aHa C TeM, YTO
NPOUCXOANT TEXHNYECKoe
nepeBOOPY>XEHME OTPaACIU
Ha bonbluve anameTpbl —
Mbl YXOAUM B TsIXKesble

KONTIOOUHroBble YCTaHOBKMW.

B CBSI3U C 3TUM YCTaHOBKM
Nerkoro v gaxe cpegHero
Knacca OKasblBaloTCA
HeBOCTPebOoBaHHbIMU

Ha PbIHKE, MOTOMY 4YTO
3aKa34MK XO4ET MosyyYnTb
YHMBepCaibHOE peLLEHME.

The problem of downtime
of a part of the fleets is
connected with the fact
that the industry is being
reequipped to larger
diameters — we are leaving

for heavy coiled tubing units.

In this regard, the units of
light and even middle class
turn out to be unclaimed
on the market, because the
customer wants to get a
universal solution.

the finished product when
awhole range of works is
completed. And this requires a
large team.

CTT: Another issue
that is being discussed is
idle coiled tubing units
in a number of service
companies. At first glance,
the development of the CT
line at FracJet-Volga runs
counter to it, doesn't it?

0.V.: The problem of
downtime of a part of the
fleets, as they say, "under the
fence", is connected precisely
with the fact that the industry
is being reequipped to larger
diameters — we are leaving for
heavy coiled tubing units. In
this regard, the units of light
and even middle class turn
out to be unclaimed on the
market , because the customer
wants to get a universal
solution — one unit that is
capable of driving into a
shallow well, a small diameter
and into a deep well. Of
course, re-equipment will be

OJIHY OpUTay, OOCIY>KHUBAIONIYIO OJJHY MOIITHYIO
YCTAHOBKY, CHOCOOHYIO ITPOBOAUTD MU POKUIA
CIIEKTP PadOT. BOT M MPOUCXOAUT BEICBOOOXKAECHHIE
YCTAHOBOK ITPOIUIOT'O MOKOJICHUSL.

BK: Joiaroe BpeMs: CaMOH IO YIS IPHOM
YCTAaHOBKOF ObLiIa PHAMANIECKAS <IBAJIATKA>.
0.B.: [1a, 1 y HAC TOXE IJINTEIBHOE BPEMA OCHOBY

napka coctasnsann MK-20T u MK-30T. Ceriuac

Y3K€ MBI BBIXOZJM H4 YCTAHOBKH C 45-TOHHBIMU
UHXEKTOPAMU. MBI IBUKEMCS 34 PHIHKOM U JJOJIKHBI
OBITH 'OTOBBI BBIIIOJIHATH TE€ PAOOTHI, KOTOPBIE
BOCTPEOOBAHBI 3AKA3YHUKOM.

BK: Kakue “MEeHHO padooThl HAHOOJIee
IIOIIYJIAPHBI B MeCTaX Bamein geare1bHOCTH?
0O.B.: Ha 1aHHBIN MOMEHT — (DPE3EPOBAHNE IIOPTOB
MTI'PIT, TOCKOJIBKY CEMYAC OCHOBHOM IPHUPOCT
JIOOBIYM HEPTHU HJIET 34 CUET MHOT'OCTaAUITHOTO 'PIT.
34Ka34YMK [TOCYUTAJL, KAK CETOHA ObIJIO O3BY4YEHO
C TpUOYHBI KOH(PEPEHIINY, UTO 3P(PEKTUBHEE
OyzeT IPOOYPHUTD ISITh FTOPU3OHTATBHBIX
CKBAKMH ITPOTAKEHHOCTDIO 2 KM, YEM JIECATD
TOPU3OHTAJIBHBIX CKBA’KHH C JIJIMHOM CTBOJIA B
1 KM. YYUTBIBAJIACH SKOHOMUA HA KOHAYKTOPE,
TEXHUYECKON KOJIOHHE, SKCIUTYATALIMOHHOM KOJIOHHE
U T.IL A 10 JeOUTY IOy4aeTCs: OAMHAKOBO! HO B
ciry4ae 00J1e€ NPOTSKEHHON CKBAKUHbBI BOZHUKAIOT
TEXHUYECKUE CJIOKHOCTU YKE Yy HOAPAINKA,
KOTOPOMY IIPUXOUTCS IIEPEBOOPYKATHCS, 4 3HAUUT,
HECTH HEMAJIBIE 32TPATHI, OJHAKO ITPH HEU3MEHHBIX

required: You need to have two coiled tubing coils of
different diameters in order to serve a short well with
one CT, and with the other, for example, with a stored
geophysical cable, to immediately conduct a GIS. 1
went, rearranged, worked... Therefore, it is unprofitable
to keep two teams, one of which will serve the light
class unit, and the other — the heavy class one. It is
more profitable to have one crew serving one powerful
unit capable of carrying out a wide range of work. So
there is a release of the attitudes of the past generation.

CTT: For along time, the most popular unit
was the "twenty" produced by FIDMASH.

0.V.: Yes, and for a long time we also had MK-20T
and MK-30T. Now we are starting to use the units with
45-ton injectors. We follow the market and must be
ready to carry out the work required by the customer.

CTT: What kind of jobs are the most popular in
the places of your activity?

0.V.: At the moment the most demanding job is
milling of MSHF ports, since now the main increase in
oil production is due to multistage hydraulic fracturing,
The customer considered, as was announced today at
the conference, that it would be more efficient to drill
five horizontal wells with a length of 2 km than ten
horizontal wells with a borehole of 1 km. Savings on
the conductor, maintenance casing, production casing,
etc. were taken into account. And the debit is the same!
But in the case of a longer well, technical difficulties
arise already for the contractor, who has to re-equip,
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PACLIEHKAX HA CEPBUCHBIE OIIEPAITHUH 3TO MOXKET
IIPUBECTH K KPHU3HUCY B OTPACIIUL.

BK: B PocCHH BCe LIHPE IPHUMEHAIOTCA
TexHoJaoruu MI'PIIL, He TpeOyIouHe yIacTH s
KOJTIOOHHTA. IIpHIIIesI TH 3TOT TPEHJL K
3aKa34HKaM Bamrer KOMIIaHHUH?

0.B.: []a, y 4aCTH 3aKA3YUKOB BbITCCHAIOTCS
Texnonoruu 'HKT. Ho 1aneko He y Bcex.
3aKA34YUKHU TOXKE AHAJIU3UPYIOT PBIHOK, U
€cu 6bl BCE OBLIIO 0€306/Ia4HO B IPUMEHEHUN
TeXHOJOruA Plug & Perf 1 aHAIOTUYHBIX UM,
TO 3AKA3YUKU NIEPENUTH ObI HA UCKITIOYUTEIBHO
3TU TEXHOJIOTUH. TAKXKE XOTA X CYUTAETCS, YTO
CKBA>KUHHBIA TPAKTOP — IIPAMOU KOHKYPEHT
I'HKT, HO ce6eCTOUMOCTD paboT C TPAKTOPOM
OKa3bIBAETCS 3HAUYNUTEIBHO BbIIIE, yeM ¢ THKT.
H, Kpome 3TOro, TPAKTOP UMEET OI'PAHNYEHUA
0 (PyHKITMOHATBHOCTH IPOBOJANUMBIX
CKBAKUHO-O1epauui. [Ioaromy, XoTd 1
HAOIIOJAETCA ONPEAETIEHHOE 3AMEIICHUE
I'HKT B HEKOTOPBIX CEKTOPAX PBIHKA, HO €CThb U
HECOMHEHHOE PA3BUTHE.

which means that they incur considerable costs, but
with unchanged prices for service operations, this can
lead to a crisis in the industry.

CTT: Russia is increasingly using multistage
hydraulic fracturing technologies that do not
require coiled tubing. Has this trend reached
your company's customers?

3ddekTnBHeEE byneT
npobypuTb NsATh
rOpPU30HTaNbHbIX CKBaXXWH
NPOTAXEHHOCTbIO

2 KM, YeM pgecsTb
rOpU30HTasIbHbIX CKBAXXWH

c pnnHon cteona B 1 Km.

It would be more efficient

to drill five horizontal wells
with a length of 2 km than
ten horizontal wells with a
borehole of 1 km.

0O.V.: Yes, coiled tubing
technologies are being squeezed
out by some customers. But
not all of them. Customers
also analyze the market, and
if everything was clear in the
application of Plug & Perf
technologies and similar ones,
then customers would switch to
exclusively these technologies.
So, although it is believed that
the downhole tractor is a direct
competitor to the CT, but the
cost of work on the tractor
is considerably higher than

BK: Yr0, 10 BanmieMmy MHEHH IO, MELIAET
Pa3BHUBATHCA BBICOKOTEXHOJIOTHYHOMY
HedTerazosomy cepBucy B Poccunu?

O.B.: f1 03By4MJI yKe: IEPBOE — YTO 'y HAC
MPOBAIUIOCH IIOKOJIEHUE. BTOpOe — OTCYyTCTBHE
JIOCTYIIA K [IEMIEBBIM JJEHbraM. Jla:ke HECMOTPA
HA TO, YTO KPEAUTHBIE CTABKH YITAJIN, BCE PABHO
OHHU OCTAIOTCA BBICOKUMH IO CPABHEHUIO CO
CT4BKAMH, C KOTOPBIMH Pa60TAI0T MHOCTPAHHBIE
CEPBUCHBIE KOMITAHUU. Y HAC CTABKU KPEAUTA
3HAYUTEJIBHO BBIIIE, YEM Y HAIMUX MHOCTPAHHBIX
KOHKYPEHTOB, KOTOPBIE AKTUBHO NPUCYTCTBYIOT
HAa POCCUUCKOM PBIHKE, Y KOTOPBIX €CTh JOCTYII
K HOBEUIINM TEXHOJIOTUAM U HE 6bLIO, KAK Y HAC,
MPOBAJIBHBIX BpEMEH. [IPENATCTBYIOT PA3BUTHIO
3aMaHble CAHKIIUH, OTPAHUYEHHE TOCTYIIA K
MPOrPECCUBHBIM TEXHOJIOTHUAM KAK IOJAPAUYNKOB
paboT, TAK U IPOU3BOAUTENEN OOOPYIOBAHHAL.
HMMIIOpTO3aMEIEHNA — B IIOJIHOM CMBICJIE 3TOT'O
CJI0BA — (PAKTUYECKU HET. B 3TOM IJIAaHE IPEACTOUT
TSKEAs1 pab0Ta, ¥ MBI €€ BEJIEM — 51 TOBOPIO 00
ESTM. Tak>ke MBI SIBJISIEMCS IIPOU3BOAUTEISIMU
UHTEJUIEKTYAJIbHBIX 3aKAHYHMBAHUH, KOTOPBIE KAK
CAMM [IPUMEHSAEM, TAK U IIOCTABJIAEM 3AKA34UKY.
MBI IPOU3BOANM 3TY HIPOAYKIIUIO HAd TEPPHUTOPUHN
Poccun, 6marogaps yemy MOXKEM CHU3HUTB CTOUMOCTD
JAHHOI'O O60PYAOBAHUA U IIOJHATb YDOBEHD
OTEYECTBEHHOT'O IPOU3BOJCTBA.

BK: Bauru mosxkejgxaHHsA KOJJIeraM U3 JPYyTruxX
POCCHHFICKHUX KOMIIAHH .
0.B.: Y HAC KOHKYPEHTHAA CPEA, HO 5 XKEIAIO BCEM

HaITH CBOIO HUIIIY ¥ PA3BUBATHCS HA 6s1aro Poccuu.

Beira 6eceny I'amnHa Bynbika, <Bpemsa KonTio6uHra. Bpemsa I'PII>
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with CT. And more over, the
tractor has limitations on functionality conducted
wells-operations. Therefore, although there is a certain
substitution of coiled tubing in some market sectors,
there is also an undoubted development.

CTT: What, in your opinion, hinders the
development of high-tech oil and gas services in
Russia?

0.V.: T have already announced: the first is that
our generation has failed. The second is the lack of
access to easy money. Even though the lending rates
have dropped, they still remain high compared to
the rates with which foreign service companies work.
Our loan rates are significantly higher than those of
our foreign competitors, which are actively present
in the Russian market, who have access to the latest
technologies and did not have failed times. Western
sanctions impede development, restricting access
to advanced technologies for both contractors and
equipment manufacturers. There is virtually no import
substitution in the full sense of the word. In this regard,
hard work lies ahead, and we are doing it — I'm talking
about ESTM. We are also manufacturers of intelligent
completions, which we both use ourselves and supply
to the customer. We manufacture these products in
Russia, so we can reduce the cost of this equipment
and to raise the level of domestic production.

CTT: Your wishes to colleagues from other
Russian companies.

0.V.: We have a competitive environment, but I wish
everyone to find their niche and develop for the good
of Russia.

Interviewer — Halina Bulyka, Coiled Tubing Times



TexHAYecKHe Xa PAHTERWUCTHEM
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MakCHManbHOoe TAMOBOE YoUNKWe HHMEKTORA, KH [Kre)

MakcumanwHan pnuHa BT Ha HbapatGane, M

npy guametpe BAT 50

MakcuManeHan macca BT, ponycKaeMman KOHCTPYKWKeR, kr 23000

MakcuManoHoe paGodes faenende, Mia

PUTHBIE pasMepkl, MM, He Gonee (L xWx H)
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Technical specifications

Chassis
Maximum injector pull, kg

Reel capacity, m

Maximum coiled-tubing weight, kg
Maximum working pressure, MPa
Overall dimensions (L x W x H), mm

Weight, kg 3 (0

FidmaSh I Kgy Frudumnsaﬁluﬂuns fidmashsales@nov.com fidmashnov.by
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FPYNNA ®UA-

HHHOBALMOHHOE OBOPYAOBAHHE

[E®EKTOCKOMN rMBEKON HACOCHO-
KOMMPECCOPHOW TPYEbI

OnpegeneHue peansHoro CoCTOSHMS TMBKOI
HaCOCHO-KOMNPECCOPHON TPyObl Ha BCEX aTanax eé UCnonb3oBaHus.

BuisiBnsiemble KoHTponupyemsie
AeteKTbI: napameTpbl:

e OTBEPCTYSA, e JMametp,

® DaKOBUHbI, ® TOMLIMHA CTEHKM,

® BMSATHHbI, e 0BarnbHOCTb,

e NONepeyHble e Temneparypa Tpybbl,
HapyXHble/BHYTPEHHWE e Bubpauus,
TPELLMHBI. e AnuHa TPyBbl.

220033, Pecnybnvika Benapych; r. fMHHt:’:%,-;ifn;'_'P:hiﬁien'kh}-Zﬁ"
Ten.: + 375 (17) 298-40-81
info@fidgroup.by
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ACTM oceausaem Hogwle 2OPU3OHMBL
ESTM Gains New Grounds

Ha eonpocwt acyprana <Bpems
ronmroourza. Bpemsa [Pl 1
omeeuaem P.P. Casioees,
oupexmop no npooaxcam SCTM.

PycnaH PaHntoBuy Cannees poguncs 28 aHBaps 1979 rona B
batukupckori ACCP. C oTimymeM OKOHYU YumMckn HegTsHoM
YHVBEPCUTET 10 CreLmnanbHOCTV «BypeHie HeQTHbIX U ra30BbiX
CKBaxXuH». TpyqoByIo AesTenbHOCTL Hadan 8 2001 roay Ha
KpaviHem CeBepe vHXeHePOM Npon3BOACTBEHHO -TEXHNYECKOrO
orgesna BHOBb CO3AaHHOIO yrpaBieHusl UHTeHCUGUKaLMM 1
pemoHTa ckBaxiH (YMPC) OO0 «Ambyprraznobbida». Paboran
B Pa3INYHbIX SOIKHOCTAX B 3anafHbIX CepBUCHbBIX KOMNaHUAX

B obnactv THKT v noBbiLLeHMs HegTeoTgaqm nnactos. C 2011
1o 2017 rof sBAsinca BEAYLLMM VHXEHEPOM 10 400bI4e

rasa B KomriaHum «Cayam Apamko», rae pyKoBOAWI rpyrnov
VHXEHEPOB, 3aHUMAIOLUMXCS Pa3pabOoTKOM MSTY ra30BbIX
MeCTopOXXAEHMI Ha tore BocTo4yHow rposuHLmm CaynoBckon
ApaBui. B 30Hy OTBETCTBEHHOCTV rpybl BXOAMN BOMPOCH!

Coiled Tubing Times
interviews Ruslan Saldeev),
Sales Director, ESTM LLC.

Ruslan Saldeev was born on January 28, 1979 in
Bashkirskaya ASSR. He got a degree with honors
from Ufa State Petroleum University majoring in
Drilling of Oil and Gas Wells. His career started

in 2001 in the Far North where he worked as an
engineer at the Department of Well Stimulation
and Workover, Yamburggasdobycha LLC. Then

he worked at several western oil & gas servicing
companies as a CT and EOR expert. In 2011-2017,
Saldeev was a Chief Engineer with Saudi Aramco
where he led a group of engineers developing five
gas fields in the south of the Eastern Province of
Saudi Arabia. The scope of the group’s responsibili-
ties included dfrilling services, selecting well comple-
tion methods, well development program design,

including fracturing, well stimulation, port and
plug drilling in multistage fracturing, etc. In November 2017, he joined a newly
established company — ESTM LLC, a Russian CT manufacturer.

COrpoBOXAeHUSs bypeHs, BbIbopa Tvna 3aKkaHYMBaHMs

CKBaXWH, pa3paboTka rporpammbl OCBOEHWSI CKBaXXWHbI, BKIIOYas MpoBeneHme
[PI, uHTEHCUGVIKaLMM MPUTOKA, Pa3bypyBaHs rnopTos v npobok 8 MIMPM v ap.
C Hosibpsi 201 7-ro paboTaeT AupeKTopoM M0 Mpoaaxam HeqaBHO CO34aHHOro

npeanpusTug CTM, poccuvickoro rpowssoautens FTHKT. . . . .
Coiled Tubing Times: Mr. Saldeev, in December

2020, ESTM will be celebrating its third
anniversary. May I ask you about your latest
achievements?

Ruslan Saldeev: We are constantly moving forward,
and these past three years brought in a lot of new
accomplishments. First of all, I cannot but mention that
more and more oil & gas companies trust our products.
When we just opened some prospective customers were
wary of a new CT manufacturer. They were waiting
for the first reviews to come out, which would help
them make a decision. It took us only three years to
gain the reputation of a reliable first-class coiled tubing
manufacturer on par with the best global companies in
the industry.

«BpeMs KOITIOOHHTIa»: PyciiaH PAHUTOBHY,
B Jeka6pe 2020-ro HCIIOTTHHUTCSA TPH I'oja cO
JHS OTKPBITHUA 3aBoga DCTM. Pacckakure,
IOKAJTYHCTA, O JOCTHKEHHAX IIPEAIIPHUATHA 32
3TOT IIEPHOL,

Pyciaan Canjgees: 32 3TO BpeMs ObLIO CACTAHO
O4€Hb MHOI'O€, MBI IIOCTOSIHHO JABHKEMCS BIIEPE.
B niepBy10 odepeab Ha0 OTMETHUTD, KOHEYHO,
PaCTyILINHI YPOBEHD JOBEPUs K HALIEH IPOAYKLINU
CO CTOPOHBI BCE OOJIBIIETO KOJINYECTBA CEPBUCHBIX
1 HE(PTAHBIX KOMITAHUI. B mepBoe BpeMsl MHOT'HE
O4€HDb HACTOPOXEHHO OTHOCHUJIHMCH K HOBOMY
MPOU3BOJIUTEIIIO TUOKOM TPYOBL. KOMIIaHNM KA1
OT3BIBOB IEPBBIX TOKYNATENIEH, YTOOBI IPUHATD
pemenye. Mory CKasars, YTO BCET'O 32 TPU I'OJd HAM
YAAJIOCH 3aPA00TATh PEMYTALIUIO IPOU3BOIUTEIIA
I'T MUPOBOTO yPOBHS, HE YCTYIAIOMIEH 10
KAa4eCTBY U HAZIEXKHOCTU ITPOLYKIINH 3aPyOEIKHBIX
KOHKYPEHTOB.

CTT: What new products
have been introduced?

RS: When the mill opened
in 2018, we launched the most
common products, namely
sizes 1 1/2"and 1 3/4" with
wall thickness up to 0.16", and
grades CT70 to CT90. Then
the marketing study defined
the new goals for 2021 and
we added more diameters and
grades to our product range.
In 2019, ESTM started the
production of larger OD tubes,
ie 2"and 2 3/8" with grades up
to CT 100, and most importantly
suitable for severe environments
(operation temperatures to

Bcero 3a Tpuroga

HaM yaanocb
3apaboTaTb penyTauuto
npoussogutena I'T
MMPOBOrO YPOBHS,

He ycTynatoLemn no
KayecTBYy U HageXXHOCTU
NPOAYKLMN 3apybexxHbIX
KOHKYPEHTOB.

BK: Kaxkue HOBbIE BHBI IIPOAYKITHH
BBIBEJCHBI KOMIIAHUEH HA PBIHOK?

P.C.: TIOCTaHOBKY HA [IPOM3BOJACTBO U
CEPHIHBIN BBIITYCK B 2018 roty Hauaau ¢ Haubosee
BOCTPEOOBAHHBIX COPTAMEHTOB. TAKOBBIMU OBLIN
I'HKT puamerpom 38,1 u 44,5 MM C TONIIUHAMU
CTEHOK /10 4,0 MM Irpym npodHOCTH OT CT70
J10 CT90. LlesraMu 1O 3aITyCKY HOBBIX BUJIOB
OpoAyKUHH Ha 2021 ros o NTOramM MapKETUHIOBBIX
UCCJIEAOBAHNUH CTAJIO OCBOEHUE HOBBIX BUJIOB
NPOAYKIIUU C PACIIUPEHUEM COPTAMEHTHOM YaCTH
0 IMAMETPAM U I'PDYIITAM IIPOYHOCTH. B 2019
TOZly OCBOEHBI U IOCTABJIEHBI HA IIPOU3BOACTBO

It took us only three years
to gain the reputation of
areliable first-class coiled
tubing manufacturer

on par with the best
global companies in the
industry.
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-60 °C / -76 °F). To better meet
our customers’ needs, we also
introduced wireline injection.
Our target for this year was to
set up the manufacture of both

THKT guamerpamu 50,8 u 60,3 MM C IPyIIIIaMU
npoyHocTH 710 CT100 B XJ1aIOCTOMKOM UCTIOJTHEHUU
(AKCIUTYaTAIUSI [IPU TEMIECPATYPAX 40 MUHYC 60 °C),
4 TAK>KE OCBOEHA TeXHOoIorus ocHammeHuss THKT
reo(pu3NIECKUM KAOEIEM.

OcBOEHbI M NOCTaB/EHbI
Ha npousBoacTeo MHKT
AnameTtpamu 50,8 n
60,3 MM c rpynnamm

EQUIPMENT

B rekymem rogy nepes HaMmu CTOAT LIEJIU 11O npo4YHoOCTM P-o CT100 smaller — 1 1/4",1 5/16” and
ocBoenwuIo Bbirtycka THKT guamerpamu 31,8, 33,5, B XJ1aA0OCTONKOM larger sizes — 2 5/8", 2 7/8" with
66,7 1 73,0 MM C TONIUHAMHA CTEHOK JIO 5,2 MM U NCcnonHeHnn wall thicknesses up to 0.2" and
rpynm npovHOCTH 10 CT110. IT1aH OCBOEHMS HOBBIX (= Kcnnyatauua npu grades up to CT110. The 2020
BUJOB IpoayKuuu Ha 2020 roa BeinonHeH Ha 90%, TeMnepaTypax Ao MUHYC plan is now 90% completed. At
Ha TEKYILINU MOMEHT OCTAJIOCh OCBOUTD BBIITYCK 60 °C), a Tak)Xe ocBoeHa the moment, we are developing
THKT I'PyIIIBI IPOYHOCTHU CT110. TexHonorng ocHa U.l,eHMﬂ the CT110 grade.

ITapaJuieIbHO C OCHOBHBIM IIPOU3BOACTBOM FHKT reodumsnyecknm Apart from that, the company

I'HKT BeimonusieTcst HUOKP no Teme «Pa3paboTka
U IPOMU3BOACTBO HOBBIX BUJIOB HACOCHO-

isimplementing a research and

kabenem.
development program on 'New

KOMITPECCOPHBIX TPY6 C MOBbIIEHHBIMU ESTM started the CT types featuring improved
3KCIUTYATAIIMOHHBIMU XAPAKTEPUCTUKAMI>. production oflarger OD s SiietinEhlech nR2 RS
Ha 2021 rox nepes HaMu CTOAT IIAHBI O tubes, i.e. 2" and 2 3/8" are to start mass production
IMOCTAHOBKE HA CEPUMHOE TPOM3BOACTBO THKT with grades up to CT 100, of corrosion resistant coiled
KOPPO3UOHHOCTOMKOI'O UCIIOIHEHU . L1ebio and most import a ntly tubing. Our goal is to offer
JTAHHOM PabOTHI ABIACTCA IPEJIOKEHUE suitable for severe our customers a significant

norpeburtemno 'HKT, CTORKHUX K KHCJIOTHOMY
U CEPOBOJIOPOHOMY BO3JIEUCTBHIO. [Ipr
HCIIONIb30BAHUH OJHOTHUITHBIX TEXHOJIOTUH o
CBAPKHU IPOM3BEAEHBI ONBbITHBIE 00pa3ibl THKT /-76°F). To bet,ter meet we have obtained prototypes
U3 PYJIOHHOI'O IIPOKATA ABYX IPOU3BOLUTEIICH: our C_UStomers ne_eds_' WS made of hot-rolled steel of
«Apceniop MurTass (@pannus) u [TAO «CeBepcTanb» also introduced wireline [EENSEY (ArcelorMittal) and

improvement in acid and
hydrogen sulfide resistance over
conventional CT strings. So far,

environments (operation
temperatures to -60 °C

(Poccust). O6pasiibl THKT U3 coipbst 060MX injection. Russian (Severstal) fabrication.
MPOU3BOUTE/ICI YCIICITHO IIPOIINA UCIIBITAHUS These prototypes have shown
H4 CTOUKOCTD K CYJIb(PHUTHOMY KOPPO3UOHHOMY impressive results in the sulfide stress cracking tests by
PACTPECKMBAHUIO IO/ HANIPSKEHUEM ITO METOLY C ANSI/NACE TM 0177. For these tests, we had samples
C ANSI/NACE TM 0177. Jns nony4eHns MaKCUMaIbHO cut out to include the intersection of bias (skelp-end)

BO3MOKHOI'O C60pa MH(POPMALTAH IS UCTIBITAHUH and electric (longitudinal) seam welds. The samples




2
~
am
<
/M
I
2

OBO

OBLIN OTOOPAHBI OOPA3LIEI TPYO C IEPECEYEHHAMU
MONEPEYHBIX TBOB KOHIIOB PYJIOHOB C IPOAOJIbHBIM
mBoMm 'HKT. [Iy1s1 otienku crovikoctTu THKT k
KHCJIOTHON KOPPO3UHU Pa3padOTaHA YCTAHOBKA

10 AHAJIOTUU C YCTAHOBKOM /1J11 UCIIBITAHUN HA
LUKJINYECKYIO YCTAIOCTD. JJaHHAs yCTAHOBKA
UMUTUPYET PA6OTHI IO KUCJIOTHOM OOPa0OTKE
CKBAXXUH, TO €CTb B 06paser; THKT ¢ nonepedyHbiM

(KOCBIM) IIIBOM TPOKAYUBAIOTCA KUCIOTHBIE COCTABBI

IIPY 33JAHHOM TEMIIEPATYPE U IABJICHUH.

BK: Bbl yIIOMAHY/JIH HCIIBITAHHA HA
IIMK/JIHYECKYIO YCTAJI0CTh. PACCKasKHTE O HUX
nogpooHee.

P.C.: YV Hac uMeeTCs yCTAaHOBKA JJ1s
3HAKOINEPEMEHHDBIX [TUKJINYECKUX UCIBITAHUH,
OHa pa3paboTaHa U NOCTPOEHA CBOUMHU CHIIAMU,
OTBEYAET MEXIYHAPOJHBIM TPEOOBAHUAM U
MO3BOJIAET UCTIBITBIBATD BECh CIIEKTP JUAMETPOB
I'T ¢ OBHOBPEMEHHBIM CO3/JAHUEM BHYTPEHHETO
nasienus 7o 1000 atM. Xouy l0O0aBUTH, UTO
YCTAHOBKA HE IPOCTAUBAET, 4 IOCTOSHHO
HAXOAUTCA B pabOTe. MBI BEIEM UCIIBITAHUA U YIKE
HAPa0OTAIN OOJBIION CTATUCTUYECKHUN MATEPHAIT
st T'T prameTpoB oT 31,8 10 60,3 MM C pa3HBIMH
BHYTPEHHHUMU JABJICHUAMU UCIIbITAHUI. MbI
JIEJIMMCsI HAITUMU TAHHBIMU C PA3Pa00TYUKAMU
CUMYJISIIMOHHOI'O KOJNTIOOMHTOBOTO I10 7151 yuera
HAPaOOTKH HAIIMX TPYO B UX IIPOTrPAMMHBIX
MNPOAYKTAX.

BK: C KaKHMH TPYJHOCTAMH BbI
CTOJIKHYJIHCH B 3TOM I'oxy?

P.C.: DTOT roft CTAJI TSOKEIBIM
UCIIBITAHUEM JIJIS1 OYEHD MHOTUX,
U HE TOJIBKO B HE(PTAHOI
IIPOMBIIIJIEHHOCTH, 4 BOOOIIE
B mupe. ITangeMus, 3aKpbITre
T'PAaHULL, KPU3KC B CBA3U C
aJIEHUEM 1IEH Ha HEPTh 1
PE3KUM COKPAIIEHUEM OObEMA
CEPBUCHBIX YCIIYT, POCT KyPCOB
MHOCTPAHHBIX BAJIIOT... BCE 3T0,
KOHEYHO, HE MOIVIO HE NPHUBHECTH
KOPPEKTUPOBKHU B HAIIHU IIJIAHBL
Haganuce CylecTBEHHbIE
3aJIEPKKHU C IIOCTABKOU ChIPbSA
HA 34BOJ, C CBA3HU C IAH/IEMHUEH,
OCOBEHHO MMOCTABKU 13 EBPOIIBL
IIpy 9TOM XO4y OTMETUTD,
YTO MBI ITIOKA HE OILIYIIIAEM
GOJIBIIOTO MA/ICHUS CIIPOCA Ha
HaITy NpoayKuuio. HecmoTps Ha
cHxeHue B 2020 rosty o6'beMOB
OypPEHMS U CEPBUCHBIX YCIIVT,
HAIIH [OKYIIATEIH ITPOJOIKAIOT
MIPHOOPETATH TUOKYIO TPYOY.

BK: KaxoBa mojxuTHKa
KOMIIAHHH HA POCCHHCKOM
PBIHKeE?

P.C.: 1o HameMy MHEHHUIO,

56 Ne 3 (073) Cenrrs6pn/Septem!

were placed in a machine designed by our team to
imitate acidizing operations in a well by pumping
acid fluids inside a pipe at specified temperatures and
pressures. The machine works pretty much like a low
cycle fatigue testing machine.

CTT: Now that you have mentioned fatigue
testing, could you expand on that?
RS: We have a low cycle fatigue testing machine

MNepen Hamu cToaT
MaaHbl O NOCTAHOBKE
Ha cepuiHoe
npowussopacTso MTHKT
KOPPO3MOHHOCTOUKOIO
ncnonHeHwus. Llenbto
JlaHHOM paboTbl
SIBNSieTCA NpeanoxeHue
notpeodutento N'HKT,
CTOMKUX K KNCJIOTHOMY
M CEPOBOAOPOAHOMY
BO3eNCTBUIO.

In 2021, we are to start
mass production of
corrosion resistant coiled
tubing. Our goal is to
offer our customers a
significant improvement
in acid and hydrogen
sulfide resistance over
conventional CT strings.

designed and built by ESTM
engineering team to test the whole
range of sizes and wall thicknesses
to the pressure inside the tube

of up to 15,000 psi. The machine
meets international standards

and has been approved by the
international expert community.
Thus, we are collecting a database
of test results covering various
sizes, from 1 1/4" to 2 3/8" OD

at different internal pressures.

The project also involves third
party validation and fatigue

model development followed by
incorporation of the ESTM model
in the latest versions of CT data
acquisition software.

CTT: What are the
challenges you faced
in 2020?

RS: This year has been tough
on many oil & gas companies —




HecMoTps Ha cCHUXXeHWe
B 2020 rogy o6bemoB
OypeHuUs N CEPBUCHbIX
YCNyr, HALWK NoKynaTenu

generally speaking, it put
everyone to test, not only in
this country. The pandemic,
closed borders, economic

ucnonb3yeMas B Poccuiickoit degepanuy ruokas
Tpy6a fokHa Ha 100% 6bITh IPOU3BEAECHHOL

y HAC B CTpaHe. [Iprdem T0/KHBI IEUCTBOBATD
UCKJTIOYUTEJIBHO PRIHOYHBIE METO/IBL: COYETAHHE
BBICOKOT'O KA4ECTBA M KOHKYPEHTHOU 1I€HBL. MBI
YBEPEHBL, UTO ITO PEATIBHO JOCTHXKHUMAS LIETTb.
Ham 3aBoz1 TOCTPOEH B OCOO0OM 3KOHOMUYECKOH
30HE (OBD3) «Y3510Bas1», ITO NAET ONPEAECTICHHBIE
3KOHOMHYCCKHE IIPEUMYINECCTBA, IOT'UCTHICCKH in driIIing and oil & gas

MBI HAXOZIUMCS B BLIUTDBIIIE IIEPE/] HAITHIMU servicing operations around
KOHKYPEHTAMH U MOYKEM [IPEIOKUATD XOPOIIYIO IIEHY | ig[=! globe, our customers

EQUIPMENT

n pop‘on XaroT n p M06peTaTb slowdown, oil price drop,
rMoKyto Tpyoy.

currency fluctuations,
you name it. It couldn’t
but affect our plans.
The Covid-19 pandemic
meant significant delays
in material supply from

Despite a notable decrease

noTpeburtensaM. [Ipu 3TOM MBI TOTOBBI IPEJOCTABUTD
HAJIEKHYIO TPyOy BBICOYAMINIETO KA4ECTBA. TaK 94TO
MOJIMTUKA HAIIIA — 3TO, KOHEYHO, YOE€JUTh KOMITAHUH
P® u crpan CHT mokymars Tpy6y TOJIBKO Y HAC.

BK: PacckakuTte 0 cepTH(hHUKATTHH Banied
IIPOAYKITHH B O IIPOBOAHUMBIX 3AKA39UKAMHU
AyaHTaX IPOH3BOJCTBA.

P.C.: 32 BpeMs CyILIEeCTBOBAHUA HAILIETO
OPENPHUATUS Y HAC TTOOBIBAJIO OOMBIIOE
KOJIMYECTBO I'OCTEN — KAK IMOKYIIATEIEN TPYOBI,

TAK 1 PA3/IMYHBIX ayAUTOPOB. B 2019 rogy Haie
OPENPHUATUAE TTOTYIHIIO CEPTU(PUKAT COOTBETCTBUSA
CHUCTEMBI MEHEJPKMEHTA KA49E€CTBA B CUCTEME
WHTEPTA3CEPT cornacuo Tpe6oBanusam CTO
I'agmpom 9001 — 2018, a B TEKyIIIEM 'Oy CUCTEMA
MEHEPKMEHTA Ka4eCTBA cepTU(PUIUPOBaHa APl Ha
cooTtseTcTBHE TpeboBanusaM API Q1 1 ISO 9001:2015
MIPUMEHMTEIBHO K IPOEKTUPOBAHUIO, IIPOU3BOACTBY
u nnocraBke T'HKT g1 e TAHONM U ra30BOHA OTPACIIH.
B OOMBIIMHCTBE CTy4a€eB NIepes] 3aKII0UYEHUEM
JOrOBOPOB HA ITOCTABKY IIPOAYKIUU ITOKYIIATEIEM

order coiled tubing.

Europe. It was a heavy
blow given the fact that the

demand for our products was hardly in decline. Despite
anotable decrease in drilling and oil & gas servicing
operations around the globe, our customers order coiled

tubing.

CTT: What is the company policy

on the Russian market?

RS: We believe that 100% of coiled tubing used in
Russia shall be made in Russia. And that is something to
be achieved solely by employing market instruments,
namely high quality and competitive prices. And
this goal is attainable. How can we better serve our
customers? By offering them unrivalled economic and
logistic solutions. ESTM was built in Uzlovaya Special
Economic Zone in Tula Region, which gives us apparent
financial advantages and the favourable location that
expedites fast delivery. We serve our customers by
delivering reliable high-quality tubes at good prices, and
fast. Therefore, our policy is to convince Russian and CIS
companies to opt for CT strings made by ESTM.
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HpOBO}IHTCH TEXHUYCCKUEC EIYLII/ITI:I. Mp1
BCEr/1a OTKPBITHI I IEMOHCTPALIUU CBOUX
BO3MOKHOCTEI U ITPOBEPKU CO CTOPOHBI
HOoTpebUTENEN TPOLYKIIUH.

BK: Kaxue Ju3aiiHbI THOKOM TPYOBI
HaHnbo0Iee BOCTpe6oBaHbI? B KakoMm
HAIIPABJICHUH B IUIaHe gu3arina THKT
JBH>KETCA PBIHOK?

P.C.: TIpocnexnuBaeTcs IBHAA TEHICHIIS
Ha 00J1ee CJIOXKHBIE JU3AHHBI TPYO:
BOCTpeboBaHa I'T ¢ mEpEMEHHON TONIITUHON
CTEHKU, TAK HA3bIBAEMasI TEMITMPOBAHHAS
TpPy6a. HEKOTOPBIE CKBA’KUHBI CO CIOKHOM
T€OMETPUEN TPEOYIOT OYEHb MHTEPECHBIE
JU3aMHBI, KOI7IA CTEHKA B HUXKHEU 4aCTU
TPYObl MUHUMAJIBHOU TOJIIIHUHBL, OKOJIO 3 MM,
32TEM K CPETHEN YACTU TPYOBI yTOMNIIAETCS
10 4,8 1 fake 5,2 MM, 4 33TEM BHOBb YMEHBIIIAETCSA 10
4,0 MM K BEpXHEN 9aCTU TPYOBL. C NOMOIIBIO 3TUX
YXUIIPEHUN C TOMHUHAMHA CTEHOK KaXK/10M CEKITUNU
YAAETC CHU3UTD OOIINUA BEC TPYOBI U1 IOOUTHCS
6o7ee rIrybOKOro CIyCKa B TOPU3OHTAIbHBIA
YYACTOK CKBAKMHBL HallnuMm npeanpusTuemM
OCBOEH BBIITYCK TEMIIMPOBAHHBIX TPYO PA3IUYHBIX
JIN3A1HOB, U HAIIIK MH>KEHEPBI MOI'YyT [IOMOYb C
noa6opoM nu3zaniHa I'T 17151 CJIOKHBIX CKBAXKUH C
TIOMOIIBIO CIIEITUATU3UPOBAHHOT'O IPOTPAMMHOI'O
06ECTIEUYCHUSI.

BK: Kakort marepuaa (rrpuic) Ber
ucnoassyere? Kak mokasas ceGst HITPHUIIC
POCCHHCKHUX IIPOU3BOIUTEICH?

P.C.: [IepBOHA4YaIbHO MBI UCIIOJIb30BAJIN
HUCKJIIOYUTEIBHO IITPUIIC 3AMTaJHBIX
MPOMU3BOAUTEIIEN KAK HAEKHO
3aPEKOMEH/IOBABIIHNH CE0SA B MUPOBOM ITPAKTHUKE
KOJITIOOMHTA. OJTHAKO C IIEPBBIX JIHEN MBI HAYAIU
PaboTy U C pPOCCUHCKHMU IIPOU3BOJUTEIISIMU
METAJIIA, CTAJIU 3AKYIIATh OIBITHBIE TAPTUH
JUISL COOCTBEHHBIX UCITBITAHUNA U CPDABHEHMS C
MHOCTPAHHBIMH OO6Pa31aMu. PaboTas B TECHOM
KOHTAKTE C MHXEHEPHO-TEXHOJIOTMYECKON
rpynnoi [TAO «CeBepcTanb», OOpaiiass BHUMaHHE
METAJLIyProB HA HEJOCTATKH, BbIAABJICHHDBIE B
KQXXJJO1 OIIBITHOM MMAPTUHU CTAJIN, COBEPIIAAL
PEryJIApHBIE COBMECTHBIE ITOE3/IKH HA UX U HAIIE
MPOM3BOJCTBO, MBI IIOCTENEHHO JOOMIINCH TOTO, YTO
pEeLENnTypa CTAJIM, €€ MEXAHUYECKHE CBOUCTBA U
BCE MAPAMETPHI COBIAAAIOT C 3AI1aJHBIM METAJIJIOM.
B 0jHOM M3 CBOMX IIPOLIIBIX MHTEPBLIO 1 OTMEYAJI,
4TO Yy HAC CTPOXKANIIAA CUCTEMA BXOAHOTO
KOHTPOJIA BCEX MOCTYIAIOIMNX MATEPHAIOB. B
OTHOIIEHUHU MITPHUIICA 3TO BBIPAYKAETCA B TOM, UTO,
HE3aBUCHUMO OT IIPOU3BOAUTEIIS, MBI IIPOBEPAEM
BECH METAJLI HA COOTBETCTBHE 3ABJIEHHBIM
napaMeTpam, 1100ass HECOOTBETCTBYIOMAA ITAPTUA

6GpPaKyeTCs M HE UJIET B IIPOU3BOJCTBO I'MOKOM TPYOBIL.

Mpbl y6€11IU HECKOJIBKUX HAINX 3AKA3YHNKOB
MOIIPOOOBATH UCIIOIB30BATh TPYOY U3 POCCHUICKO
CTaJIH, OTTPY3UIH yxe 6osee 100 Tpy6 1 noka
IIOJIY4Ya€M TOJIBKO MOJIOKUTENBHBIE OT3bIBBL. TaK UTO
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MNpocnexmnBaeTcsa ABHas
TeHaeHuusa Ha bonee
CNTIOXHbIe An3alHbl TPyO:
BocTpeboBaHa I'T ¢
nepemMeHHOW TONLLNHOMN
S LSURELS EREESVERE  quditors. In 2019, we were granted
TeMNUpoBaHHas Tpyba.

Tapered strings are
becoming increasingly
popular with our
customers as complicated
well geometry and
extended reach wells
demand customized
designs.

CTT: What can you tell us about
certification of your products
and customer audits?

RS: These three years, we had
the pleasure of welcoming many
guests — prospective customers and

an INTERGAZSERT Certificate

of Conformity to STO Gazprom
9001-2018, and it was in 2020 that
our Quality Management System was
assessed by the American Petroleum
Institute (API) and found to conform
to API Spec Q1 and ISO 9001:2015.
The scope of certification applies

to design, manufacture, and supply
of coiled tubing to the oil and gas
industry. As you know, it is common
practice to visit the manufacturing facilities and conduct
technical audits before signing a contract, and ESTM
welcomes customers to demonstrate our manufacturing
facilities.

CTT: What string designs are most popular? Are
there any tendencies in terms of design?

RS: They are getting more and more sophisticated,
challenging, and interesting. Tapered strings are
becoming increasingly popular with our customers as
complicated well geometry and extended reach wells
demand customized designs. One exampleisa CT
string with the wall thickness in the downhole section
of around .12", then it incrementally increases to .19"
or even .20" in the middle section, with a subsequent
reduction to .16" in the upper section of the tube. What
is the point of these maneuvers? It makes the string less
heavy and thus allows it to reach deviated sidetracks of
the well.

ESTM makes tapered strings of various types, and our
engineers can select the best design for your application.

CTT: What material (steel strip) do you use
to make coiled tubing? Are there any Russian
steelmakers on your list of approved vendors?

RS: I must admit that we did not immediately take
to using Russian hot-rolled steel for our products. We
started off with reputable international steelworks,
but from the very beginning we placed trial orders
with Russian suppliers and conducted large-scale
comparative testing of national and foreign coils. And
today we are pleased to announce our cooperation
with PAO Severstal — a group which demonstrated
impressive results in developing and improving the steel
composition and mechanical properties to be identical
to those of the international rolled steel.

In one of my previous interviews I was asked
about the incoming inspection at ESTM. We have
implemented a system of stringent control. Every coil
of slit hot-rolled steel is checked for compliance to the
material certificate with every non-conforming batch
rejected and not used in the final product. Several of
our customers have agreed to try out CT strings made of
Russian steel, we have shipped over one hundred coils,



TPy6a U3 OTEYECTBEHHOI'O METAJUIA [TOJIyIAETCS Y
HAC HE XYK€ TPYG U3 UMIIOPTHBIX MATEPUAJIOB.

BK: CorpyaHHYaeTe IU BbI C
IIPOU3BOAHUTEAMH IIPOTPAMMHBIX IPOTYKTOB
JJIsSI MOAeTHpOoBaHuA pacotr Ha THKT
(dIepoepyc», <MeaK0»), ECTh I BAIIIH TPYOBI B UX
0a3zax TaHHBIX?

P.C.: COBpEMEHHBIN PBIHOK TPEBYET, YTOOBI
6a3bI JAHHBIX KOJTIOOMHTOBOI'O MIPOI'PAMMHOI'O
obecnedeHus 1151 MOICIMPOBAHUS PA0OOT HA
CKBaKMHAX COJIEPrKAIN JAHHBIE HA THOKUE
TPyObI IPOU3BOAUTEIS, MBI 3TO IIPEKPACHO
MOHUMAEM, TTIO3TOMY BEJIEM PAOOTY C OCHOBHBIMH
MIPOU3BOAUTEIAMU CUMYIALIMOHHOrO co(dpra. PadoTra
3T JOBOJIbHO IPOJO/KUTENIBHAS, TIOTOMY UTO
TPEOYIOTCA JAHHBIE [IUKITUYECKUX HATPY30K PA3HBIX
JUAMETPOB TPYO U MO/ Pa3HBIMU JJaBIECHUAMM. [TOKa
PaHO TOBOPUTD O PEIYIBTATAX U CPOKAX BBIITOJHEHUSA
3TOTr'O MPOEKTA, HAJIEIOCh, YTO K CJIEAYIOIIEMY
WHTEPBBIO WU ITYOIHUKAIINU 51 CMOT'Y TIOJPOOHEE
06 3TOM PACCKA3ATh.

BK: biiaromapum Bac 3a yaesreHHO€E BpeM:Aa
M MCYEPIIBIBAIOIIHE OTBETHI HA HAIITH
BOIIPOCHI. ZKesraeM Bamremy nnpeanpuAaTHIO
IIPOLBETAHH A H YCIIEXOB!

C NOMOLLBIO YXULLPEHNI
C TONALWMHAMM CTEHOK
KaXAoW cekumm yaaeTcs
CHU3UTb OOLLMI BEC
TpyObI 1 fOOUTLCA Gonee
rnyGokoro crycka B

and so far all the reviews have been positive. Which
means that tubes made of Russian metal are just as good
as those produced of imported steel.

CTT: Do you work with CT modeling software
development companies like Cerberus and
Medco? In other words, do you have your tubes in
their databases?

RS: The market demands that every tube making
plant has fatigue models generated and released with
the modeling systems, and we are aware of that. We
cooperate with the main software developers to have
our data integrated into their tools. It takes time to
obtain the comprehensive body of cyclic bending test
results for all the diameters and pressures. It might be a
bit early to set a deadline for this project to be completed
but I am sure that by the time we meet again for an
interview, I will have some good news on that.

CTT: Let me thank you for
finding time to meet with
Coiled Tubing Times. My
best wishes of prosperity
and success to ESTM!

RS: Thank you for having
me here, I appreciate the
opportunity to share with

P.C.: Crtacu60 BauemMy U3JJaHHUIO 32 IIPUIJIANICHHE ropn3oHTallbHbIN y4acTOK you some of our latest

H4 UHTEPBBIO U NIPEIOCTABIECHHYIO BO3MOKHOCTD
HOAECTUTBCSI NUHPOPMALTUEN O HAIIIEM 32BO/IE!
Ycnexos BaM!

Besa 6ecexy MapuHa KyJTHKOBCKas,
«Bpems KoaToouHra. Bpems I'PII»

CKBa>XWHbI.

It makes the string less
heavy and thus allows it to
reach deviated sidetracks
of the well. Times

achievements. Let me wish you
every success in your work!

Interviewer - Marina
Kulikovskaya, Coiled Tubing

EQUIPMENT
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MopepHU3aumna NepBOK/IacCHOrO YPOBHS —
HOoBOe o0opyaoBaHue Ha 3aBoge WIMHAOA

Upgrade to Excellent -

New Equipment at Shinda Plant

JInabs FOKYUH, reHepanabHbIH JUpeKTOp, <TITHHA»;

ILJI. ETOPOB, . T. H., reHe paJbHbIi JupeKTOop, JIHNHIA Tro6uHT COIIOUIHC>

O))((O

Lin Yue QING, General Manager, SHINDA (TANGSHAN) CREATIVE OIL & GAS EQUIPMENT CO., LTD

Pavel EGOROV, PhD, General Manager, Shinda Tubing Solutions Ltd

PuiHOK cepBuCOB Ha 6a3e 'HKT B HacToOsAIIEE BpEMS
CTAJIKUBAETCSI C HOBBIMU BBI3OBAMU U TPEOOBAHUSIMU.
VCIOXXHEHUE ONIEPALUH, YBETUYEHHE TUAMETPOB
IPUMEHUMBIX TPY6 M OJHOBPEMEHHO C 3TUM KECTKASA
KOHKYPEHIUS MEXK/y IPOU3BOJUTEISAMH 34 LIEHY
CTABUT NEPE] TPOU3BOANUTEISIMU HEMTPOCTBIE 3314 H.
Kommnanus SHINDA (TANGSHAN) CREATIVE OIL
& GAS EQUIPMENT CO., LTD HEyKJIOHHO ClelyeT
CBOEU CTPATETUU PA3BUTHI U OPUEHTUPYETCSA
H4 HCIIOJIb30BAHHUE COBPEMEHHBIX TEXHOIOT U
MPOU3BOJACTBA TPYO, MTHHOBALIMOHHBIX IIPOLIECCOB U
CaMOT'O COBPEMEHHOTI'O OOOPYIOBAHUA U TEXHOJIOT NI
MPU )KECTOYANIIEM KOHTPOJIE KAYECTBA TPOAYKIIUH.

IIporpamMmma OOGHOBJIEHHUS U MOACPHU3AIIUU
ob6opyngoBanud Ha 3aBoze SHINDA (TANGSHAN)
CREATIVE OIL & GAS EQUIPMENT CO., LTD 6b111a
3amnyieHa roj Hazaz, setom 2019 ropa. B pamkax aTon
IPOIrPAMMBI IPOBE/ICH AaHAJIN3 IPOU3BOACTBECHHBIX
«y3KHUX MECT», KOTOPBIE IO TEM MJIM UHBIM IPUYHNHAM
BJIMSIIOT HA KAYECTBO U PECYPC TOTOBOH HPOAYKIIUHU.
OJIHOBPEMEHHO C 3TUM IIPOrPAMMA IIPETYCMATPUBAIA
3aI1yCK OO0PYIOBAHUS, IO3BOJISIIONIETO IIPOU3BOJJUTH
HOBBIE, YHUKAJIbHBIC BU/bI IPOAYKIIUHN. OCHOBHBIMU
HAIIPABJIECHUAMU UHBECTULIMI B PAMKAX 9TOHI
IPOrPAMMBI CTAIN IPOEKTUPOBAHHUE U 3AITYCK HOBO
JMHUU 151 ipou3BoacTBa THKT 60mpmnx JuamMeTpoB
U rpeiios 10 160.

Kommnanwns SHINDA (TANGSHAN) CREATIVE
OIL & GAS EQUIPMENT CO., LTD umeer
KBaJIM(PUIIUPOBAHHBII IITAT COTPYAHHUKOB,
CpPEAr KOTOPBIX — JOKTOPA ¥ KAHJUJATHI
HAayK, UHKEHEPBI-UCCIEJOBATEIH, 4 TAKXKE

CT-based services market currently faces new
challenges and requirements. More complex
operations, larger tubing diameters and harsh
price competition — all this sets the bar quite high
for tubing manufacturers. SHINDA (TANGSHAN)
CREATIVE OIL & GAS EQUIPMENT CO., LTD firmly
sticks to its development strategy and focuses on
utilizing modern manufacturing technologies,
innovative processes and state-of-the-art
equipment with strict quality control.

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

SHINDA (TANGSHAN) CREATIVE OIL & GAS
EQUIPMENT CO.,LTD employs highly-qualified
personnel, including PhDs, and has a long-standing
cooperation history with the Chinese Academy of

MpyHUMnNuanbHas cxema HOBOW JINHUU
Layout of the new production line

JOJITMH U YCIIEIIHBIH OIIBIT COBMECTHOU

Kamepa Kamiepa oxnaxaeHus
BoiNyCKHaR KaTyluka
;g(“;mai Karywa g’é’(‘,ﬂ?\‘éﬁm" Mexanuam _Cooling sink Kawmepa Tepmyieckoin Mexarism _Release spooler
9P b nopa- Tpyobl obpaborki i nofja4m TpyGbI
Tubing roller Tubing driver Heat treatment section Tubing driver

paboTel ¢ KUTAanCKOIM akageMuen Hayk. [Ipu
MPOEKTUPOBAHUU HOBOU ITPOU3BOCTBEHHOI
JIMHUM MHOTUE PA3PAOOTAHHBIE U
UCNOJIb30BAHHBIC TEXHOJIOI'MH OBIN 3ALUIIICHbI - —
MATEHTAMHU, KOTOPBIE ITOJIYYHIIN IOLTBEPKICHUE i1 e e I B . T L ., B .. -
u B [TarenTHOM BegomcTBe Poccun. it lH _ il o
OTae/IbHO XOTE/I0Ch 6bI OCTAHOBUTHCSA HA '
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BTOPOM MPOEKTE — MOAEPHUIALINU YIACTKA KOCBIX
CBAaPOYHBIX IIBOB. JIJ151 TPYOBI C YBEIMYEHHBIMU
IpEUAMU YPE3BbIYANHO BA’KHA CTPYKTYPA METAJLIA
rnocse cBapkKu. C y4eToOM BaKHOCTHU 3TOI'O IapaMeTpPa
u 1 06eraHbIX THKT 6112 TPOBEIEHA OTPOMHAS
UCCJIEJOBATENBCKAS PA00OTA U IPOPAOOTKA 3aMEHEI
TEXHOJIOTMYECKOT'O OO0OPYIOBAHMS U CPEJICTB
KOHTpPOJIA. Ha y4acTKe KOCBHIX IIBOB OTHOCTBIO
3aMEHEHA TEXHOJIOTHA M O00pyJOBaHHUE, HA 70%
OOHOBUJICS TIEPCOHAJI, BKJIIOYAs PYyKOBOJUTEIISA
HO/IPA3JECIEHN U TEXHONIOTA. [IpOBEEHBI KaK
pacyYeTHBIE, TAK U UCIIBITATE/IBHBIE UCCIEJOBAHMUS,

Y1 HAa OCHOBAHHH 3TOM OTPOMHOU PabOThI
MOJIHOCTBIO OOHOBJIEHBI TAPAMETPHI CBAPKU. BBEIEH
100%-11 KOHTPOJIb KAXKIOTO CAETAHHOI'O 11BA,
PabOTEI ABTOMATU3UPOBAHBI U KOHTPOJIUPYIOTCS
HWCKYCCTBEHHBIM UHTEJJIEKTOM.

Bce 3T0 MO3BOUIIO HONTYYUTE I'APAHTUPOBAHHEIE
HapaMeTPBI CBAPOYHOIO IBA U YBEPEHHOCTD B
HAJIE’KHOCTH KaK KOCBIX ITBOB, TaK 1 'HKT Bcex
rperiios oT Kommanuu SHINDA (TANGSHAN)

EQUIPMENT

Sciences. When designing the new production line,
many technologies were protected by patents which
were acknowledged by the Russian Patent Office.

We would like to make a special focus on the
second part of the project — upgrading the bias
welding station. In coiled tubing with large OD
and higher steel grades preserving metal structure
after welding is of critical importance. Since this
parameter is also important for conventional CTs,
the company conducted comprehensive research
work to upgrade equipment and means of quality
control. All the equipment and technology were
completely replaced at the bias welding station;
70% of personnel is also new, including head of
the department and process engineer. Modelling
and tests were conducted, based on which welding
parameters were completely upgraded. The
company introduced 100% control of each and
every bias weld. Welding process is fully automated
and AI-monitored.

All the abovementioned activities allowed

Ne 3 (073) Cenrabps/September 2020 61
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Pe3yanaTb| MgTannorpa¢quCKMX
ncanenoBaHnm

Metallographic examination results

New Product with E2
Hoswiid npoayxrc E2
N 0

New Product with 1

Old product

Bias
Welding
Kocoi wos

Heat .
Affected |8
zone
30Ha
TEpMHU4ECK
aro
BAMAHKMA

CREATIVE OIL & GAS EQUIPMENT CO., LTD.

O6a npoekTa 3anyuieHsl B Mae 2020 roga u yxe
OBLIH OLIEHEHBI HEKOTOPBIMU HAITUMHU TAPTHEPAMH,
MBI O’KH/IAEM, UTO B OIVDKANIIEE BDEMS HAIIIN
POCCHUICKUE NAPTHEPDI OLICHAT HOBBII yDOBEHD
KadecTBa U HageskHoCcTU THKT oT komnanuu SHINDA
(TANGSHAN) CREATIVE OIL & GAS EQUIPMENT CO,,
LTD.

BaII11e IPENCTABIEHBI CDABHUTEIBHBIE PE3YIIBTATEI
OOBIYHOTIO IIBA U MIBA MTOCJIE MOJEPHUBALTUHN
060PYNOBAHMA, TJE IPOEKT 1 — 3TO MOJEPHU3ALINA
060PYJOBAHUA U TEXHOJIOTUU CBAPKH KOCBIX
mBOB U E2 — HOBas muHus npoussoacTsa 'HKT ¢
HOBBIIIEHHBIMH I'PEHIAMUA.

Bce 3Tr HapabOTKU MO3BOJISIIOT HAM C
YBEPEHHOCTBIO CMOTPETD B OYAYILEE MO
MIPOJBUKEHUIO 6a30BOY TPOAYKIIUN KOMITAHHUH
SHINDA (TANGSHAN) CREATIVE OIL & GAS
EQUIPMENT CO., LTD I'HKT Bcex MapoOk cTanein
U KOMIUIEKTALUH Ha PpIHOK Poccuu u crpan CHI,

4 TAKXKE MOJATBEPAUTD HAIIIE TBEPJIOE HAMEPEHHE
NPOJBUIATh HA PBIHOK HAJIEXKHBIE U KAYECTBEHHDBIE
WHTEJUIEKTYAJIbHBIE CUCTEMBI HA 6a3e 'HKT,
KaNWUIPHBIX TPYOOK U KAOEJIbHOU ITPOAYKITAH.
(ICCT, Flat packs, Encapsulated cable, UMBILICAL
cables, Umbilical Tubing, trans Coils and etc).
Kommnanwnsa SHINDA (TANGSHAN) CREATIVE OIL

& GAS EQUIPMENT CO.,, LTD umeeT 11106a1bHbIH
OMBIT IO Pa3pabOTKE U MMPOU3BOACTBY CIIEIIUATbHBIX
TpyOHBIX cucTeM HAa OcHOBE HKT Kak u3
CTAHJAPTHBIX MAPOK CTAJIEH, TAK U U3 HEPXKABEIOMMNX
CTaJIEN CHENHUATIBHBIX MAPOK U OTKPBITA K
COTPYAHUYECTBY M COBMECTHOU TEXHOJIOTUYECKON
MPOPAOOTKE U U3TOTOBJIEHUIO CIIOKHBIX
WHTEJUIEKTYAJIbHBIX CUCTEM.

W Hanioc1e1I0K MBI ObI XOTEJIN IPOUH(POPMHUPOBATD,
41O B POCcHM 3aperucTpupoBana o4epHIa
koMnanus — «JIIMHJJA Tro6uHT COMIOMIHCY, KOTOPAas
OyZAET OCYIIECTBIATD BCE ONEPALUN OT UMEHU
SHINDA (TANGSHAN) CREATIVE OIL & GAS
EQUIPMENT CO., LTD B Poccuu u crpanax CHI. @
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Pe3ynbraTbl MCMbITAHMW Ha YCTaNOCTb
Test results Fatigue

Old preduct npegsiyups New Product with 1 Hoswi MNew Product with E2 Hoemi
Base Tube NpoAYRT nposyRT el npoaysT ¢ E2
Bazopan TpyGa  BiasWeld  %tobasetube®  BiasWeld %tobasetube®  BlasWeld % tobasetube%n
Toyhe

Hocol wos K Gasosod Hocofi woe  kGasoesclitpyBe Hocofwes  Gasosof tpyBe
145 12 7% 131 90%
165 121 3% 142 36%
161 131 81% 142 8%
191 152 80% 169 88%
105 78 4% o2 88%
240 192 80% 221 «u% 241 100.42%
202 148 73% 172 85% 200 99.01%
138 107 8% 112 81% 142 102.90%
253 187 4% 213 84% 249 98.42%
210 163 78% 174 83% 201 95.71%
145 110 76% 121 3% 140 96.55%
270 213 79% 231 86% 260 96.30%
224 167 75% 187 83% 212 94.64%
155 1 2% 121 78% 142 91.61%

achieving guaranteed quality parameters of weld
seams and ensuring reliability of bias welds as
well as CTs of all grades produced by SHINDA
(TANGSHAN) CREATIVE OIL & GAS EQUIPMENT
CO,, LTD.

Both projects were launched in May 2020 and
have already been highly appreciated by some
of our partners. We expect that in the near
future our Russian partners will experience new
level of quality and reliability of coiled tubing
manufactured by SHINDA (TANGSHAN) CREATIVE
OIL & GAS EQUIPMENT CO.,, LTD.

Above you may find the comparative analysis
of the conventional weld and the upgraded
weld, where project 1 is bias welding equipment
and technology upgrade and E2 is a new line to
manufacture CTs of higher grades.

All the changes allow us to be confident about
future sales of basic products manufactured by
SHINDA (TANGSHAN) CREATIVE OIL & GAS
EQUIPMENT CO., LTD and promotion of coiled
tubing of all steel grades and configurations to
the Russian and CIS markets, as well as to reiterate
our commitment to supply reliable and high-
quality smart systems based on coiled tubing
technology, capillary tubes and cable products
(ICCT, Flat packs, Encapsulated cable, UMBILICAL
cables, Umbilical Tubing, trans Coils and etc).
SHINDA(TANGSHAN) CREATIVE OIL & GAS
EQUIPMENT CO., LTD has global experience in
developing and manufacturing CT-based tubing
systems from both standard steel grades and special
stainless-steel grades, and is open for cooperation
and joint design and production of complex
intelligent systems.

At the end we would like to inform our readers
that a subsidiary company — SHINDA Tubing
Solutions — was registered in Russia; it will act on
behalf of SHINDA(TANGSHAN) CREATIVE OIL &
GAS EQUIPMENT CO.,LTD on the territory of Russia
and CIS. @
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MMapaenuyeckMia paspele Nnacra
Hydraulic fracturing

Yenyru ¢ yetaHoekamu F’HKT
Coiled tubing services

OcBoeHUe CKBaXXKWH a30ToOM
Well gaslifting
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Well completion
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HEDTE
TPAHC
CEPBUC

000 «HedTeTpaHccepBUC» IBNSETCS OAHUM U3 BeAyLLUX OTeYeCTBEHHbIX pa3paboTynkoB
M Npou3BoauTenem XMMnNYeCckux peareHToB A MHTeHcupUKauum goobiun HeTu.
Hawa komnaHuns ocHoBaHa B 2006 roay. OCHOBHbIM BUAOM Hallen fesaTeNbHOCTH
ABNsieTcs pa3paboTka, Npon3BoaCTBO, NOAOOP M NOCTaBKa XMMUYECKUX peareHToB,
npepHasHa4YeHHbIX AN CONAHO-KNCIOTHDbIX 06paboTok (CKO),

a TaK>xe ang KncnotHbiX MNP n matpunyHbix CKO.

B nepeyeHb NpOM3BOAMMbBIX HAMU peareHTOB BXOAAT:
—  WNHrmbuTop knucnoTHom koppo3unn «AS-CO»;
— [esmynbratop «AS-DA»;
— [wucnepratop «AS-Di»;
— CrabunusaTtop xenesa «AS-iR»;
— TonumepHbIN KNCOTHbIN 3arennBaTenb «MP»;
— becnonvmepHbIN KNCNOTHBIN 3arennBaTenb «AS-Si» (CAMOOTKJIOHAIOLLMNCA KUCSTOTHBIN COCTaB);
— DMynbraTop KUCNOTHbIN «RQ» (HeNTpanbHas 3Mynbcusi obpPaTHOro TUMa C PerynMpyeMon Ba3KOCTbio);
- MNeHoobpasosaTenu «MNCMH» 4ns KNCNOTHOW U BOJHOM OCHOBHbI;
— CocTaB «SBK» gnsi nkBMAaLMm NeckonposaBneHUs Ha OTKPbITbIX CTBOMAX CKBaXWH W KpenneHus M3[7;
— Brnokupyiolme cocTaBbl «SX» ANs WaAsALLEero ryLeHns U MIMKBUAALUM NornoweHuii bypoBbiX pacTBOPOB.

B komnnekce c NOCTaBKOW MPOU3BOAMMbBIX XUMUYECKNX peareHTOB Mbl NPeA0CTaBNSEM MOMHbINA NepeyYeHb ycnyr no

MHXEHEePHO-TEXHNYECKOMY COMPOBOXAEHMIO Ha BCeX 3Tanax NpUMMeHeHUs npeanaraemMbiX TEXHONOMUN:

1) Moabop 1 aHanM3 CKBaXXMH-KaHANAATOB.

2) MpepocTaBneHUe peKOMeHAALMI Mo BbIOOPY ONTMMAaNbHOM TEXHONIOMMN MO KaXA0MY 0ObekTy.

3) MNoaroToBkKa NpeABapUTENbHbIX PAacYeTOB, COCTaBlieHMe ar3anHa o6paboTkKn C NpUMeHeHMeM NPOrpaMMHOro
obecneyeHuns «StimPro», coctaBneHue nnaHa pabot Ha FTM.

4) MpoeeneHne nabopaTopHOro UccneaoBaHNs o6pasLoB HedTH N BOAbI U3 BbIGPAHHOW CKBaXWHbI, Noabop
ONTMMaNbHbIX 4O3UPOBOK peareHToB AN NMPUroTOBNEeHMA KUCIOTHOrO COCTaBa, NpoBeAeHMe TeCTUpPoBaHMa obpasua
KUCNOTHOIO COCTaBa Ha COBMECTUMOCTb C NMAacTOBbIM DIIONA0M.

5) MocTaBKa cONAHOM KUCNOTbI C AOCTAaBKON 4O MECTOPOXAEHUS.

6) Bble3p MHXeHepa-TexHoNora Ha MecTopoXaeHue AN KOHTPOJIA NpoLecca NPUroToByieHMs KUCNOTHOIO COCTaBa,
npoBefeHns NoJIeBOro TeCTUPOBaHUS MPUrOTOBJIEHHOIO KUCJIOTHOMO COCTaBa Ha COOTBETCTBME TpeboBaHUAM
3aka3ynka c opopMJieHMEM MOJIHOrO oTYeTa.

7) CocTaBneHue MaT4YMHra no UToram npoBeaeHHor obpaboTkn, aHanms apdekTUBHOCTU 0O6pPaboTKN.

KomnaHus pacnonaraet co6CcTBEHHOMN NPOU3BOACTBEHHOM 6Ga3oM, pacnonoXXeHHOW
B ropopae OTpagHom CaMmapckom o6nacTu, akkpeaMToBaHHOM XMMUYeckon naboparopuen,
COGCTBEHHbIMU KUCITOTOBO3aMU B LLOCCEMTHOM U Be34eX0AHOM UCNONHEHUN, NPOrPaMMHbIM
obecneyeHnem ans npoBegeHUs MmoaenupoBaHus npouecca CKO u KrP. LWtaT komnaHum
MOSIHOCTbIO YKOMIMIEKTOBaH BbICOKOKBaNUMPULMPOBaHHbIMUY cneunanuctaMu.

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

Byoem padst compyonuuecmay!
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NPOU3BOACTBO
MUAKOro A30TA HA MECTOPOXEHUM

Mo6unbHble BO3AyX0pa3aeNuTeNnbHbIe YCTaHOBKM

@) JdKd34WK onna4ynBaeT TONLKO CTOMMOCTE ra3a,

@ 3aKa34MK He HECET KanuTanbHble 3aTpaThl, CBA3aHHbIE CO CTPOUTENLCTBOM
YCTaHOBKM;

Q’) KOHCTPYKLIMS COCTOMT U3 MOAYNbHbIX 6/10KOB, KOTOPbIE B 060N MOMEHT
BO3MO)XHO TPaHCMOPTUPOBATL W 3KCNNYaTUPOBATH HA APYroM 06LEKTe;

@ 6J10KM afanTupoBaHbl K NepeBo3Ke B rabapuTax aBToTpaHcnopra
1 He TPeOYIOT creumnanbHbIX pa3peLleHuit;

@ OTCYTCTBYET HE0OX0AMMOCTb I0CTABKM ra3a B 6annoHax unum LucTepHax,
T. K. YCTAHOBKA pa3mellaeTcs Ha TEPPUTOPMIA 3aKa34MKa;

(V) aKcnmyarawumio yCTaHOBKM OCYLLECTBASIOT BbICOKOKBANM(UUMPOBAHHbIE
CMEeLManucTbl Halen KoMnasum n Bce pucku nNo paboTocnoco6HOCTH
YCTAHOBKW HepyT Ha cebn.

8(343)318-21-71 o WWW.COmgas.ru @

NMPEMMYLLECTBA ON-SITE:
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Camo3aryujamoujasca NnoTOKOOTKI/IOHAIoOW A
KOMNO3MLUMA AJifi HANMPAaBJIEHHbIX
KMCINIOTHbLIX OOPatoTOK KApOOHATHLIX
konnexktTopoB 3anaaHoro Kazaxcrana

Self-Thickening Flow-Diverter Composition
for Directed Acid Treatments in Carbonate
Reservoirs in Western Kazakhstan

B.A.IIBITAHKOB, JI.A. MATATOBA, JI.C. CAXHEHKO, B.M. IVII/IAKOB, A.A.TOI'OJIEB, T.H. OHYCOB

V.A.TSYGANKOYV, L.A. MAGADOVA, L.S. SAKHNENKO, V.M. DUPLYAKOV, A.A. GOGOLEYV, T.I. YUNUSOV

KntoyeBble croBa: kucioTHas 06paboTka, kapbOOHaTHbIV KOEKTOP, HEOAHOPOAHIV KOMIEKTOP, MOBbILLIEHHAS M/1acToBas TeMMepaTypa,

MOTOKOOTKJ/TOHEHVE.

Key words: acid treatment, carbonate reservoir, heterogeneous reservoir, high reservoir temperature, flow diverter.

BBEAEHUE

B 1aHHOM CTAThE ONMHUCHIBAETCS KUCIOTHAS
06paboTrka (KO) KapbOHATHOTO KOJJIEKTOPA
C IIOBBIIEHHOM TEMIIEPATY PO, BCKPBITOI'O
CKBaKMHOI MECTOPOXKAECHUS, PACTIONOKEHHOI'O
B 3amajHou yactu Kazaxcrana. O6paboTka
IIPOBOAUJIACH 'EJIUPOBAHHON 24%-HOM (fajiee
10 TEKCTY BE3/€ IIPUBEAEH IIPOLICHT MACCOBDIIT)
COJISTHOM KMCJIOTOH. [TpoBe/IcHHAs1 06paboTKa
U MOJIYYEHHBIE (DAKTUYECKUE PE3YIBTATHI ObLIH
CMOJEJIMPOBAHBL U CPABHEHHI C pe3ynbraramMmu KO,
KOTOPBIE MOIVIM OBl OBITH IOJIYYEHBI IPU IIPOBEICHUH
3TOU OOPAO6OTKHU C UCHOJIBb30BAHUEM PA3PAOOTAHHOM
CaMO3arymiaomencs NIOTOKOOTKJIOHSIOMEN
xkomnosunuu (CIIK).

KucnorHele 06pabOTKU C MPUMEHEHUEM COTHON
KUCJIOTHI ABJISIOTCSA MOMYISPHBIM METOAOM
UHTEeHCU(pUKAKU HEPTEROOBIYU. X a(ppeKrT
OCHOBAH H4 PACTBOPEHUH KHUCJIOTOM MATPHIIbI
HOPOJBL, CJIATAIOMIEN TUIACT, U OOPA30BAHNUU
JUINTEJIBHBIX KAHAJIOB, TAKXKE HA3bIBAEMBIX
4epBOTOYMHAMU. Hanbosee 4acTo NpUMEHAEMBIM
PEAreHTOM SABJIAETCA CONAHASA KUCIOTA. Peaknysa
€e C KapOOHATAMU KAJIBIUSI U MATHUS, 4 TAKXKE
AHAJIOTAMU, IIPOTEKAET JOBOJIBHO OBICTPO MO
THUIIOBBIM YPaBHEHUAM (1-3):

2HCl+ CaCO, — CaCl,+H,0 + CO, )
2HCl+MgCO, — MgCl, +H,0 + CO, )
4HCl + CaMg(CO;), — CaCl, + MgCl, + 2H,0 + 2CO, (3)

JIOCTaTOYHO BBICOKHE TEMIIEPATYPBI (TIOPsAAKA
70 °C), TPEMMHOBATHIHN JOTOMATU3UPOBAHHBIN
KOJIJIEKTOD, AIMHHBIE TPONIEP(OPHPOBAHHBIE
Y4YaCTKH CTBOJIA CKBAXKUHBI, BCKPBIBAIOIINE
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INTRODUCTION

This article describes the acid treatment (AT) in high
temperature carbonate reservoir in the field located in
Western Kazakhstan. The treatment was performed
with 24% gelled hydrochloric acid (mass percentages
are given below). The treatment performed and actual
results obtained were simulated and compared to the
AT results that could have been obtained from this
treatment using the developed self-thickening flow-
diverter composition (SFC).

Acid treatments with hydrochloric acid are a popular
method of intensification of oil production. The effect of
such treatments is based on dissolving the rock matrix
that composes the reservoir and forming long channels,
also called wormholes. The most commonly used agent
is hydrochloric acid. Its reaction with calcium and
magnesium carbonates, as well as analogues, is quite fast
according to standard equations (1-3):

2HCl + CleO3 — CaCl,+ H20 + CO, D
2HCl+MgCO, — MgCl, +H,0 +CO, )
4HCI+ CaMg(CO,), — CaCl, + MgCl, +2H,0 + 2CO, )

Sufficiently high temperatures (about 70 °C), cracked
dolomitized reservoir, long perforated sections of
the wellbore, penetrating the production horizons,
heterogeneity in permeability of the penetrated
formations, application of strong mineral acid, impose
high restrictions on acid treatment and force to solve a
number of problems at the design stage [1, 2]:

1. High rate of formation rocks dissolution and acid
treatment at a sufficient distance from the wellbore;

2. Acid divertion from highly permeable and cleaned
layers in layer-by-layer heterogeneous reservoirs;

3. Increased corrosion rate of downhole equipment;



NPOAYKTUBHBIE TOPU3OHTDBL, HEOJHOPOJHOCTD I1O
MHPOHULIAEMOCTU BCKPBITHIX IJIACTOB, IPUMEHEHUE
CHUJIBHOM MUHEPAJIbHOM KHUCIOTI, HAKJIAAbIBAIOT
CEPBE3HBIE OTPAHNYEHU S HA KUCJIOTHYIO OOPA6OTKY
U 3ACTABJIAIOT PEMIATD PsAZ, IPOOIEM HA CTAJUU
MPOEKTUPOBaHu4 [1, 2]:

1. BpICOKas CKOPOCTb PACTBOPEHUSA ITIOPOJ, IJIACTA
U Pa3MEIIEHUE KUCIOTBI HA JOCTATOYHOM
PACCTOSIHUH OT CTBOJIA CKBAKUHBI;

2. OTKJIOHEHHE KUCJIOTHI U3 BBICOKOIIPOHULIAEMBIX
U IIPOMBITBIX IIPOIIACTKOB B IOCJIONHBIX
HEOAHOPOAHBIX KOJIJIEKTOPAX;

3. I1OBBIIEHHASI CKOPOCTb KOPPO3UHU MOJ3EMHOTIO
060PYIOBAHMS,

4. COBMECTUMOCTb C INIACTOBBIMH (DITIOUJAMH.

BbICOKAs1 CKOPOCTD PEAKLIMH KMCJIOTHI C IOPOLOH
TPEOYET UCITOIB30BAHUSA 3AMEJIEHHBIX KUCIOTHBIX
KOMMO3UIIUI, YTOOBI F'APAHTHPOBATH, YTO KUCJIOTA
HE U3PACXOAYETCA BOJIU3U CTBOJIA CKBA’KHHBL, 4
NPOHUKHET IVIYOXKE B ILIACT.

3amuyTa Tpyd OT KOPPO3UH B KUCJIOHN CPEZIE
ABJIAETCA €I OHOU CEPBE3HOI TPOOBIEMOI TPU
MOBBIIIEHHBIX U BBICOKUX TEMIIEPATYPAX U TPEOYET
TIATEIBHOT'O BBIOOPA UHTHOUTOPA KOPPO3HH B
3aBUCUMOCTH OT TUITA KUCJIOTHON KOMITO3UITUHN U
©6a30BOTO KMCJIOTHOTO AT€HTA.

COBMECTHUMOCTS C IIJTACTOBBIMU (DIIIOU/IAMH,
OCOOEHHO B CJIY44€ HAJTUYHS BBICOKOCMOJIMCTBIX
U BBICOKOAC(DAJIBTEHOBBIX HE(PTEH B IVIACTE,
06pabaTBIBAEMOM CUJIBHBIMU MUHEPAJIbHBIMHU
KHUCJIOTAMH, TAKXKE ABJISIETCS CJIOKHOM IPOOIEMON,
KOTOpAas PEMIAETCA ITyTEM CHUDKEHH A ATPECCUBHOCTH
KHCJIOTHOH OCHOBBI B KUCJIOTHOM KOMIIO3UITUU
U/WJIN IOAO0PA CTAOUIN3UPYIOMNUX JOOABOK,
HAIIPUMED, TOBEPXHOCTHO-AKTUBHBIX BEIECTB
(TTAB), CHOCOOCTBYIOIIUX YAEPKAHUIO CMOJ 1
acanbTEHOB B TMCIEPIUPOBAHHOM COCTOSHUHU TIPU
KOHTAKTE KHCJIOTHI C INIACTOBOI HE(PTHIO.

OJIHAKO HAUOO0JIEE BAXKHOU IIPOOIEMOI,
TPeOYIOMIEH OCOOOIO BHUMAHMS U CITY>KaIIECH
TrapaHTOM YCIIEMTHOCTH KUCJIOTHOM OOpadOTKY,
SIBJISIETCS IIOJIHOE IIOKPBHITUE KMCJIOTOMN BCEN 30HBI,
Tpedyomei 00padoTku. JJanHas npobiema He
ABJIAETCS KPUTUYHON B IIOPOBBIX MOHOJIMTHBIX
IUIACTAX C HEOOJIBIIUMHU BCKPBITBIMU UHTEPBAJIAMI.
Ho B niacTax HEOJHOPOAHBIX ITO TPOHUITAEMOCTH,
TpCH_[I/IHOBaTbIX, HMMCIONIMX HpOMbITbIC y‘laCTKI/I,
OUYEHb CJIOXKHO IIPOMU3BECTU ONITUMAJIBHOE
Pa3MENEHUE KUCJIOTDL, TAK KAK OCHOBHAS €€ YaCTh
OyJI€T YTEKATh B BBICOKOIIPOHULIAEMBIE U/UJIU MEHEE
3arpPA3HEHHBIC OOJIACTH, TEM CAMBIM OCTABJISS
OCTaJIBHOU IIPO(dUJIb HEOOPAOOTAHHBIM. TOIBKO
HpI/IMCHCHI/IC OTKJIOHAIONIUX AT'€HTOB MOXET pCI_HI/ITb
JaHHYIO IpOOeMy [3].

B nHacrosmee Bpemst OgHOM U3 Haubosee
3(pPEKTUBHBIX TEXHUK OTKJIOHEHHUS KUCIOTHI
U €€ PACIIPEACICHUS MEXY BCEMU 30HAMU
KapOOHATHOT'O IJIACTA SIBJISIETCS UCIIOIb30BAHUE
CaMO3aryHIAIONINXCS B IIJIACTOBBIX YCJIOBUSX
KHUCJIOTHBIX OTKJIOHUTEJIEH (CAMO3ATIyIAIOIIHUECST
MOTOKOOTKJIOHSIOMNE KOMIO3UIUN) [4]. Takue
CHCTEMBI IIOKA34JIU CBOIO 3(PPEKTUBHOCTD B

4. Compatibility with formation fluids.

The high reaction rate of acid with rock requires the
use of slow-moving acid compositions to ensure that
acid is not wasted near the wellbore but penetrates
deeper into the formation.

Protecting pipes against corrosion in acidic
environments is another major challenge at high
temperatures and requires careful selection of corrosion
inhibitors depending on the type of acid composition
and base acid agent.

Compatibility with formation fluids, especially in
the case of high-resinous and high-asphaltene oils in
formations treated with strong mineral acids, is also
a complex problem that can be solved by reducing
the corrossiveness of the acid base agent in the acid
composition and/or by selecting stabilizing additives
such as surfactants that help keep the resins and
asphaltenes dispersed when acid comes into contact
with the formation oil.

However, the most important issue that requires
special attention and ensures the success of the acid
treatment is complete acid coverage of the entire
area to be treated. This problem is not critical in pore
monolithic formations with short intervals. But in
pore monolithic formations with heterogeneous
permeability, cracked and flushed areas, it is very
difficult to achieve optimal acid placement because
most of the acid will flow into highly permeable and/
or less polluted areas, leaving the rest of the reservoir
untreated. Only the use of diverting agents can solve this
problem [3].

At present, one of the most effective techniques
for acid diversion and its distribution through all
zones of the carbonate formation is the use of self-
thickening acid diverters (self-thickening flow
diversion compositions) [4]. Such systems have proved
its efficiency in oil production operations and have
proved to be the best. These systems have a number
of advantages over ordinary gelled acids and other
chemical diverters (benzoic acid flakes, rock salt, oil-
soluble rubber, etc.). In particular, these systems, as a
rule, do not reduce the initial permeability of highly
permeable interlayers after treatment [5].

TYPES OF CHEMICAL DIVERTERS

As mentioned above, there are various methods of
acid diversion and distribution between individual
formation zones. Thus, most of the diverting agents are
finely ground solids, which are capable of forming an
impermeable crust on the rock surface, temporarily
blocking pores and cracks in the formation. To achieve
the desired effect, the impermeable crust must be
less permeable than the formation matrix itself. After
treatment, this crust should be dissolved, decomposed
or diluted to remove all limitations of formation fluid
movement. Oil-soluble resins and benzoic acid were
the most commonly used materials until recently. Oil-
soluble resins are most preferred for use in producing oil
wells, and benzoic acid flakes were most often used for
injection and gas wells [6].

Besides these substances, linear and cross-linked
hydrocarbon or water gels, emulsions, foams or
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onepanugax HePTegOObIYN U 3APEKOMEHJOBAIN

Ce6s1 € ydiie CTOpoHbL. OHU O6IAJAI0T PSAOM
NPEUMYILECTB HAJl OOBIYHBIMU 34T €JIEHHBIMHU
KUCJIOTAMHU U IPYTUMU XUMHUUYECKUMU
OTKJIOHUTENSMU (XJIONbIMU OEH30MHOIM KUCIOTHI,
KAMEHHOMU COJIBbIO, HE(PTEPACTBOPUMON PEUHON U
JIp.. B 4acTHOCTH, JAHHBIE CUCTEMBI, KAK IPABUJIO, HE
CHMIKAIOT UCXOJHYIO IPOHUIIAEMOCTb U3HAYAIBHO
BBICOKOITPOHHUITIAEMBIX TPOILIACTKOB MOCJIE
3aBEPILIEHUS OOPAOOTKH [5].

BUAbI XUMNYECKUX OTKITOHUTEJIEN

Kax y>k€ TOBOPUJIOCH BBIIIIE, CYIIECTBYIOT
Pa3IUYHBIE METO/BI OTKJIOHEHUS U PACIIPEIC/IEHUS
KUCJIOTBI MEXY OT/AECIBHBIMU 30HAMU I1JIACTA.
Tax, 60JbIIMHCTBO OTKJIOHSIOMIUX AT€HTOB
OPEACTABIAIOT COOOM MEJIKOMOJIOTBIE TBEP/BIE
YACTULIBL, KOTOPBIE CTIOCOOHBI (POPMHPOBATH
AHTHU(PUIBTPALNHUOHHYIO KOPKY HAa IOBEPXHOCTH
HOPOJbL, BDEMEHHO 3aKyTIOPUBATH MOPHI U TPEIIUHBI
B IUIACTE. JIJ1s1 JOCTUKEHU S HYKHOI'O 3 peKTa
AHTHU(PUIBTPALHUOHHAA KOPKA IOJIKHA ObITh MEHEE
NPOHUITAEMON, YEM CaMa MATPHUIIA I1ACTa. [Tocse
06PaBbOTKH 3TA KOPKA JOIKHA PACTBOPATHCH,
pas3naraTbCsl LI PA3MBIBATBCS 111 CHATHS BCEX
OTPAaHHUYEHUU ABUKEHUSA TIJIACTOBOI'O (DIIIOUA.
HedrepacTBOpHUMBIE CMOJIBI U OEH30HHASI KUCJIOTA
ABJISAJIACH IO HEAABHETO BDEMEHU HAUOOJIEE YACTO
UCIIOJIb3YEMBIMU MaTepHUaTaMu. HedpTepacTBOpUMBIE
CMOJIBI HAUOOJIEE IPEATIOUTUTEBHBI K IPUMEHEHUIO
B IOOBIBAIOIINX HE(PTAHBIX CKBAXKUHAX, 4 XJIOIbS
OEH30MHOI KHCJIOTHI YaIIE BCETO HCIIOIb30BAIUCH
JIUIST HATHETATETbHBIX M TA30BBIX CKBAKUH [0].

ITOMHMO 3THUX BEMIECTB, B KAYECTBE XUMHUUECKUX
OTKJIOHUTENEN MOT'YT TAKKE UCIIOIb30BATBCA
JIMHEIHBIE U CIIUTBIE YITIEBOJOPOAHBIE UJIU BOAHBIE
T'eJIN, SMYJIbCHUH, IEHBI IMOO HEOPTAHUYIECKHUE T'E€JIH.

BIM3KUM METOJOM XUMHUYECKOT'O OTKJIOHEHUA
ABJIAETCS IPUMEHEHUE T'€TUPOBAHHBIX C IIOMOIIIBIO
MOJIMMEPOB KHUCJIOT, KOTOPBIE B IEPBYIO OYEPED
MNPOHUKAIOT B BBICOKOIIPOHUIIAEMBIE 30HBI, TEM
CaMBIM CO3/1aBasi 3KPAH [IJI1 HOBBIX ITOPIIUI KUCJIOTBL
JIaHHBIE CUCTEMBI IOBOJIBHO MEJIJIEHHO PEATUPYIOT C
nopoaoi [7]. IIpr 3TOM CKOPOCTD PEAKLIMU TEM HIXKE,
YEM BBIIIE KOHIIEHTPALNA TIOJIMMEPA B KUCJIOTE, XOTA
B HEKOTOPBIX CJIy4asAX OHA HE CHJIBHO OTIMYAETCA OT
CKOPOCTH PEAKIINH HETETMPOBAHHON KHUCIOTHI TOU
JK€ KOHLICHTpanuu [8].

J10 HETABHETO BPEMEHH IIEHBI CYUTAINCHE HAUboIEE
3P PEKTUBHBIM TUIIOM OTKJIOHSIOINX AI'€HTOB
MIPU HEOOXOJIUMOCTH OTKJIOHEHU S KUCJIOTHI B
TEPPUTEHHBIX KOJIJIEKTOPAX. KpOMe TOro, IIeHsI ¢
YCIIEXOM IIPUMEHSAIUCH B BLICOKOOOBOAHEHHBIX
CKBAXXKUHAX [9]. IIeHBI TAKKE UCCIENOBANUCHh
B KAY€ECTBE OTKJIOHUTEJIEN B KAPOOHATHBIX
KosekTopax [10]. ITpeacraBieHHbIE 1a60PATOPHBIE
HUCCIENOBAHUA ObIN B KOPPETALIMU C paHee
MIOJIYYEHHBIMU PEZYIBTATAMHU U, TAKMM O0PA30M,
TTO3BOJISITIU PEKOMEH/IOBATH IIPUMEHEHYE TIEH B
KapOOHATHBIX KOJIJIEKTOPAX.

OJIHAKO 34 IIOCJIEAHHUE I'OAbI IPUMEHEHHE
IEHHBIX OTKJIOHUTENEN JIJI KAPOOHATHBIX
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inorganic gels can also be used as chemical diverters.

A similar method of chemical diversion is the use of
polymer-helated acids, which primarily penetrate into
highly permeable areas, thus creating a screen for new
acid portions. These systems react rather slowly with
the rock [7]. The lower the reaction rate, the higher the
polymer concentration in the acid, although in some
cases it does not differ much from the reaction rate of
non-helated acid of the same concentration [8].

Until recently, foams have been considered the most
effective type of diverting agents when acid diversion
in terrigenous reservoirs is necessary. Besides, foams
have been successfully applied in highly watered wells
[9]. Foams were also studied as diverters in carbonate
reservoirs [10]. The presented laboratory studies were in
correlation with the previously obtained results and thus
allowed recommending the use of foams in carbonate
resServoirs.

However, in recent years companies almost entirely
ceased using foam diverters for carbonate collectors.

It has been replaced by chemical self-thickening

flow diverting compositions (SFC), primarily due

to improved economic performance and relative
operational simplicity [11]. SFC s a solution of acid with
special additives. All components can be introduced
into the composition in advance or during the reaction
of acid with the rock. Activation/deactivation of such
compositions can be carried out as the pH of the
solution changes and/or when polyvalent metal ions

get into the solution. For example, in some existing
compositions, when pH reaches approximately 2, a
special crosslinker is activated and the viscosity of such
acidic composition increases sharply. The resulting high-
viscosity structure provides the ability to fill wormholes
and fractures and block it for new acid portions. At the
end of acid treatment (AT), the acid in the thickened
diverter batch continues to react slowly (due to diffusion
braking) with the formation and when pH=4 is reached,
the viscosity of this batch decreases, which facilitates

its easy extraction along with the rest of the used acid.
The reaction rate of self-crosslinked acid with the rock is
approximately 1.5 times lower than that of ordinary acid
of the same concentration [12].

RESEARCH DESCRIPTION
The main objective for the development of various

types of acid systems is to intensify oil production by

eliminating bottomhole formation zone damage in

wells. In this work, a new SFC was created for possible

use on wells in Western Kazakhstan. Characteristics

of one of these wells are presented in Tables 1-2. The

research included six stages:

 Assessment of the properties of gelled acid (GA);

¢ Laboratory studies, during which the components
of the new SFC were selected and its properties were
studied,

« Comparison of properties and characteristics of SFC
and GA;

* Design of well treatment using SFC and comparing it
with the design of GA treatment;

* Assessment of field data of gelled acid treatment,
calibration of formation model based on historical



KOJUIEKTOPOB MPAKTUYECKUX COIILIO Ha HET. U
3AMEHMJIN XUMHUYECKHE CAMO3ATYIIAIONIHECS
ITOTOKOOTKJIOHSIONIHE KOMITO3UITHU, B IEPBYIO
odepe/ib U3-3a YIYUIIEHHU S SKOHOMHUYECKHX

production data;

AT using GA.

IIOKA3aTEJIEN U OTHOCUTEIBHOM OIEPALIMOHHOMN

npocToThl [11]. CITK mpeacTasiasieT CO60 pacTBOP
KHUCJIOTHI CO CIEUAJIbHBIMU JO6aBKaMU. Bce
KOMITOHCHTBI MOT'YyT OBbITh BBCIACHDBI B KOMIIO3HUIIHIO

3apaHee JIU60 NOMAJATh B HEE B
IIPOLIECCE PEAKLIMU KUCJIOTHI C IIOPOJOU.
AKTUBALIMA/IE3AKTUBALINA TAKUX
KOMIIO3ULIUH MOXKET OCYILIECTBIIATbCS
10 Mepe u3MeHeHus pH, pacrsopa
W/WIH IIPYU NTONAJJAHUH HOHOB
MHOI'OBAJIEHTHBIX METAJIJIOB B

pacTtBop. Hanpumep, B HEKOTOPBIX
CYLLECTBYIOIINX KOMIIO3ULIUAX IIPU
JOCTHXKeHUHU pH, IPUMEPHO PABHOIO 2,
AKTUBUPYETCA CHELUAIbHBIN CIIUBATEIb
U BA3KOCTDb TAKOU KUCJIOTHOM
KOMIIO3ULIUU PE3KO YBEJINYHBACTC.
O6pasyromasncs BBICOKOBSA3KAA
CTPYKTYpPa CIIOCOOHA 3AIIOJIHUTD
CO60I1 YEPBOTOYHNHEI U TPENUHBI U
OJIOKHMPOBATH UX JIJI1 HOBBIX OPLIAH
KUCHAOTHL [To okonvannn KO Kucnora
B 3aI'yCTEBIIEN OTKJIOHAIONICH ITaYKe
MIPOJOIKAET MEJJIEHHO (33 CYET
JU(PPYy3UOHHOT'O TOPMOKEHU )
peAarnpoBaTh C IOPOJOH IUIACTA U

IPpU JOCTHUXKEHNU pH=4 IpOnCxXoauT
NOTEPS BA3KOCTU TAKOM ITAYKHU, UTO
CIIOCOOCTBYET €€ AOCTATOYHO JIETKOMY
U3BJIEYEHUIO HAPAAY C OCTAIBHOM
OTpadboTaBIIEN KUCIOTOU. CKOPOCTH
PEAKIIUN CAMOCHIUBAIOMENCA KUCIOTEI
C TIOPOAIOH IIPUMEPHO B 1,5 pa3a HIKE,
4eM y OOBIYHOM KHCJIOTBI TOY JKE
KOHILICHTpanuu [12].

OMMNCAHWE PABOTDI
I'TaBHOM LIEJIBIO JIJ1S PA3PAOOTKHU

PA3JIMYHBIX TUIIOB KMCJIOTHBIX

CHCTEM SIBJIICTCS MHTEHCU(DUKAITHS

JIOOBIYM HE(PTHU 34 CUET YCTPAHEHU

THOBPEKACHUI TPHU3A60MHON 30HBI

macra (TI3I1) B cKkBakKMHAX. B 1anHOM

PaboTe MPOU3BOIUIIOCH CO3JAHUE HOBO

CIIK 111 BO3MOXHOI'O IPUMEHEHH HA

CKBA)KMHAaX 3anagHoro Kaszaxcrana.

XapaKTEPUCTUKU OTHON U3 TAKUX

CKBAXXUH IIPEACTABIEHBI B TA0. 1-2.

Pa6ora BrIIo4asia B CeEOA MECTD ITATIOB:

* O1leHKa CBOUCTB I'€JIMPOBAHHON
kucoTsl (I'K).

* [IpoBegenne 1a60OPaATOPHBIX
UCCJIEAOBAHNH, B XOJI€ KOTOPBIX OB
O0OPAaH KOMIOHEHTHBIIN COCTAB
HOBOM CIIK 1 ucciegoBaHbl €€
CBOMCTBA;

¢ CpaBHEHHE CBOYICTB U XAPAKTEPUCTUK
CIIKuTK.

Objects of research:

LABORATORY RESEARCH UNIT

Taoauua 1 - Jannsie no neddmanoil ckeaxicumne,
npeonasnHauenHoi 011 KUCIOMHOU 00padbomxu

Table 1 - Data for well selected for acid treatment

* Simulation of AT using SFC and comparison of the
obtained results with the results of the simulation of

¢ Gelled acid — the composition is presented in Table 3.

3Ha4yeHune/ Pa3mepHocTb/
MNapameTtp/ Parameter . .
Value Dimension
Tvn ckBaxmHbl / Well type He?g;lHaﬂ
Cnocob fobblym / Production method SLH / ESP
[ebut ckBaxkmHbl no Hedtn / Well flow rate - oil 8 M3/cyT / m3/day
[Llebut ckBaxuHbI No xuakoctn / Well flow rate - fluid 9 M3/cyT / m?3/day
CTpykTypa ckBaxuHbl / Well structure
YcrbeBoe fasneHue / Wellhead pressure 13 atM/atm
BHELUHWI AMaMETP HaCOCHO-KOMMPECCOPHbIX TPYO
(HKT) / External diameter of tubing (tubing) e8 LA
BHyTpeHHUI1 grameTp HKT / Internal diameter
of tuEing a8 Y0/
Mmy6uHa cnycka HKT / Depth of tubing 3386 M/m
BHeLwHWIZ AvameTp obcafHoM KonoHHb! / Casing outer
diameter 27 L A
BHYTpeHHUI1 ArameTp obcagHoM KornoHHb! / Casing
internal diameter 2 /i
mybuHa nocapku nakepa / Packer set depth 3196 M/m
O6Lan BbIcoTa MHTepBanoB nepcopaumn / Total 3416,0 - M/m
length of perforation intervals 3460,0
ObLwas 3chdekTVBHas NephoprpoBaHHas BbICOTa / 32 M/m
Total effective perforated length
Tekywwmn 3abowt / Current depth 3469 M/m
3abonHoe pasneHune / Bottom hole pressure 150 atMm/atm
XapakTepuctnku nnacra / Formation Characteristics
Tvn nnacra / Type of formation Vll_?r?]ee‘;;g?"é/
. KT-2-2, KT-

HanmeHoBaHWe nnacra / Formation name P
lNnacroBas Temnepatypa / Formation temperature 67,8 °C
lNnacroBoe gasneHne / Formation pressure 205,7 atM/atm
MopwcTocTs / Porosity 6-8 %
CpepHeB3BelLeHHas NpoHMLaemocts / Weighted
average permeability 103 Mil/mD
Papmyc 30HbI ApeHnpoBaHns / Weighted average
permeability 200 M/m
BsizkocTb HedTV B NnacTtoBbIix ycnosumsax / Viscosity
of oil in formation Lo dler
Bs3kocTb BOAb! B MN1aCTOBbIX ycnoBusx / Viscosity
of water in formation 0 ek
KoapduumeHT nnactoBoro obbema Hedtn / Oil reser- 101 M3 /v3
voir volume factor ' m?/m3
KoahduumeHT nnactoBoro obbema Bogb! / Reservoir 100 M3 /M3
water volume factor ’ m3/m3
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Calcite + Dolomite

* [e1MpOBaHHA KHC/IOTA — COCTAB

PEACTABJICH B TA61. 3. CIIIUBATEIEM

JAHHOI'O COCTABA ABJIAIOTCS NOHBI KAJIbLIUA,

IOIAJAIOLINE B HEr'O B IIPOLIECCE PACTBOPEHUA

KapOOHATHON NOPOABL

CaMO34aryanomasacsa IOTOKOOTKIOHIONAs

KOMITO3UIIUS — COCTAB IMIPUBEJEH B TA0IL 4.

B gaHHOM cuCcTEME OOPA30BAHUE €ISl IPOUCXOAUT

IIpY NOBBIIEHUM pH 33 cueT 06pa3oBaHUA

HIPOCTPAHCTBEHHON CETKH I'MAPATHPOBAHHOI'O

OKCH/A aMIOMUHUSL. [Ipo1iecc THTEHCU(PUITUPYETCS

C YBEJIMYEHUEM TEMIIEPATYPHI.

e 24%-Has CONTHASI KUCJIOTA C JOOABKAMHU
WHTUOHUTOPA KOPPO3UH, CTAOUIN3ATOPA JKEIE32
n [TAB (3amenmurens peakiiny B3aMMOIECUCTBUA
KUCJIOTBI C IIOPOAON). JJaHHAA CUCTEMA IIPUBEACHA
JUISL CDABHEHUS C IPYTUMU BBIIIEYIIOMAHYTBIMHA
COCTAaBAMH U IPU3BAHA ITOKA3aTh 3(PPEKT
BO3AEHCTBUA IIPU MOAEIUPOBAHNN KUCIOTHOMN

é + CocTraBneHue AU3aMHa 06pabOTKH Taoauua 2 —- Munepanozusn paccmampueaemslx 301
> CKBAXXHHBI C UCTIOb30BaHneM CITK u ero Table 2 — Mineralogy of the zones selected for treatment
CpaBHEHUE C IM3aHHOM 06paboTKu I'K.
°N . Onenka MIPOMBICJIOBBIX JTAHHBIX . BepxHsis Hkhss
4:: . Ne Mpeo6napatowmin MuHepan rpaHuua, m rpaHuua, m | MpoHuuaemoctb, M
m OOpPa60OTKM CKBAXKHUHBI I'€TMPOBAHHOM - | Prevailing mineral Upper border, | Lower border,|  Permeability, mD
O KUCJIOTOH, KATUOPOBKA MOJICIIU TIACTA IO (0 (0
= UCTOPUYECKUM JIAHHBIM JIOOBIY . 1 g’ll‘l’tim 3416,0 3421,0 271
pL—q) ° HpOBCﬂCHI/IC MOHCHHpOBaHHH KaJ'IbLlVIT CO aiefaMun goNIoMUTa
e KO ckBaxunsi CIIK u cpaBHeEHNE 2| Calcite with traces of dolomite Sl Y e A0
E MOJYYCHHBIX PE3YIBTATOB C PC3Y/IbTATAMN Kanbumr co cnepamu fonommTa
O MO 2 Calcite with traces of dolomite HZE MR 107
nennposanua KO I'K.
é 4 [t roces of dotomte | 3433.0 34350 41
5 BJTOK TABOPATOPHbIX e ——
VICC“ E OBAH VI Vl s Calcite + Dolomite AT S =
o
% O6bEKTHI UCCIEIOBAHUS: 6 |Kansunr + nonomur 3448,0 3460,0 6

The crosslinker is calcium ions that get into the
composition during the dissolution of carbonate rock;
Self-thickening flow diverting composition — the
composition is given in Table 4. In this system, gel
formation occurs when pH increases due to the
formation of a spatial grid of hydrated aluminum
oxide. The process intensifies with temperature
increase;

249 hydrochloric acid with additives of corrosion
inhibitor, iron stabilizer and surfactant (inhibitor

of acid-rock interaction reaction). This system is
given for comparison with the other compositions
mentioned above and is intended to show its effect in
modeling acid treatment.

The experiments required for selection of

compositions are carried out in the following order.

1. For selection of gelled acid:

0OpabOTKM. a. Determination of the initial viscosity of GA with
DKCIEPUMEHTBI, HEOOXOIUMBIE /IJIsI TTO/I00PA
COCTABOB, BBIIIOJIHSIOTCS B CJICAYIOIIEM [TOPSI/IKE. Ta6auuya 3 - Komnonenmuoui u
1. JI151 OAG0PA IeIMPOBAHHOM KUCIOTH: monuuegmeenubtﬁ COCMAeE 2eauPoeantoii

a. OnpezeeHue Ha4aabHOM BA3KOCTU I'K € pasHbIM CONAHOU KUCIOMDL
COJIEPKAHUEM TeJICO6PA30BATES K KUCIIOTHIL. Table 3 — Components and quantitative
Onpe/ie/ieHHe BI3KOCTH CUCTEMbI TPOU3BOIUTCS composition of gelled bydrochloric acid
JUIA IIPUMEPHOU OLIEHKU HAYAJIbHOU IPOYHOCTH
SKpaHa, co31aBaeMoro I'K. XMM.peareH'r Onwc.aH.ue KOHLI,EHTpaI:I,VIﬂ, %

b. Ompe/ie/eHHe KUHETHKH PACTBOPEHHS Chemical agent Description Concentration, %

MNKY-118 WNHrbutop Koppo3sum

STAIIOHHOH KAPOOHATHOH MOPOIBI ICU-118 Corrosion inhibitor B
CPaBHHBACMBIMHU COCTABAMH /IJISI OIICHKH Hedprerion K vapki CK_ | 3aMeAnMrens kucoron
CTeNeHU 3aMeIJIEHUs PEAKIIUHY TTIPU TIOMOIITH Nefthenol K SC brand I 0.2
PCIAPYIOUICI'O ArCHTA. Depukc Crabunwusatop xenesa

¢. Onpe/iesieHuE BI3KOCTU 3aI€JICHHON Ferix Iron stabilizer e
OTPabOTABLIEN KUCIOTHL. JJaHHBIEC KCIIEPUMEHTHI ¥C-9 arycrurens 0-06
XapaKTEPU3YIOT IPOYHOCTD SKPaHa 10 MEPE us-9 Thickening material :
OTPaBOTKHU KUCJIOTHI, A TAKKE MOTEHIIHATBHYIO HCl TE:’CTI'(’;Z?: K:'ﬂjlz:?al 12-24
JIETKOCTB U3BJICYCHUS [IOJIHOCTBIO OTPAOOTABIICH Boia Sooroe
I'K 113 IOPOBOI'O IPOCTPAHCTBA HA CTAJAUH L Water The rest

3aI1yCKA U3BJICYCHUS IPOAYKTOB PEAKIIUH.
d.OnpezeneHue BA3KOCTU OTPA0OTABIINX

cocTaBos 1pu Temrneparype 70 °C.

€. OnpezeneHue (pUabTpaTOOTAAYHU I'els,
06J13/1AI0IETO HANTYYIINMU XAPAKTEPUCTUKAMU
JIJIS1 OTIPEIETIEHS BO3MOKHOT'O KOJTMYECTBA
(PUABTPYIOMIEHCS B TIJIACT KHU/IKOCTH.

f. BeI6op 1151 HOCJIEAYIOMIETO MOJACTIUPOBAHU S
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different gelling agent and acid content. The system
viscosity is determined to approximate the initial
strength of the screen created by the GA.

b. Determination of the dissolution kinetics of
the reference carbonate rock by comparable
compositions to assess the rate of reaction



HauoOo0JIee NOAXOIAIIEIO C
TEXHOJIOI'MYECKOHN TOYKU 3PEHHS COCTABA.
2. JInga noabopa caMo3aryaronencs
TIOTOKOOTKJIOHSIOIIEH KOMITO3UITUU:
a. Mi3amepeHune Ha4a/IbHOM BA3KOCTU U pH
pactBopa CIIK (1o Havasa reJTupoOBaHNs),

Taoauua 4 — Komnonenmmusiii 4 KOAUUECGeHHbILE
COCMA8 CamoOmMKJIOHAIOUEILCA KUCAOMHOU
Komno3uuuu

Table 4 —- Component and quantitative composition of
a self-diverting acidic composition
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CoZicpKAIIICH PA3JINYHBIC KOJTMYECTBA XumpeareHT Onucanne KoHueHTpauus, %
TOJTMOKCHXJIOPH/[A ATTIOMHHUSL, A11ETATa Chemical agent Description Concentration, %
TDHS 1 CAMOR KMCIOTDI AueTar HaTpus MpomoTop rennpoBaHms = 50

HaTp ' Sodium acetate Gelation promoter

b.Onpesieienne KNHETUKH PACTBOPEHMA MoNVOKCUXIIOPUL, AMOMUHWS PeareHT-06pa3oBarens refns 50
3TAJIOHHOMN KapOOHATHOM TIOPO/IbI Aluminium polyoxychloride Gelling agent
JaHHBIMU COCTABAMHM /11 OUCHKH CTCIICHU el CongHas kmcnora )
3aMEAJIEHHNS PEAKIIUY 10 CPABHEHHUIO Hydrochloric acid
C ATAJIOHHOH COJISTHOM KUCIOTOM TOE VKY-118 VHrnbuTop Koppo3uu 0.04

ICU-118 Corrosion inhibitor !
JK€ KOHIICHTPAIINH, BU3YyaJIbHAS OIICHKA S
Hedbreron K mapku CK 3amMeanuTent KUCIOTHOW
MOy YAIOIIETOCS I'EJIsl U BDEMEHU €r0 peakLm 0,2
Nefthenol K SC brand Acid reaction inhibitor

paspyuieHUs. BBIOOp HAUTyYIINX COCTABOB.

. COCTaB/ICHHE 3aBUCHMOCTH «MHITMAST Wil Coalblizznely euise 0.6

KOCT K Ferix Iron stabilizer
_ >

BSI3KOCTb — BPEMSI» B Hp?uecce pe% 1802051 p Bom roYE——
CHUCTEMBI C KApOOHATHOL ITOPOJOH. 2 Water The rest

OrmnpegeeHre BpeMeH! Ha4da1a
reJIMPOBAHUSA U BDEMEHU PA3PYIIEHUA
reJis IIPH IJIACTOBOU TEMIIEPATYPE, A TaKke pH
CUCTEMBL.

d.BeI6OD M onIpeieIEHNE MAKCUMAJIbBHON
JUHAMHYECKOHN BA3KOCTU HAWJIYYIIIETO COCTABA
C LIEJIBIO UCITOJIb30BAHUA €TO JIJIA MOCIEAYIOMETO
MOJIEJIMPOBAHUSL.

Taxske HEOOXOAUMBI K IPOBEACHUIO SKCIIEPUMEHTHI
O UCCIEAOBAHNUIO KHHETUKHU PACTBOPEHUA
ITAJIOHHOU OPO/bl HE3ATYIIIEHHOM COJITHOM
KUCJIOTOM JJ11 CDABHEHUA C OCTAJIbHBIMU COCTABAMHU
HA 3TAIE JA0OPATOPHBIX UCCJIEJOBAHNN U IIPU
mozennposanuu KO.

Bce pe3ynbTaThl IPOBOJUMBIX JIAGOPATOPHBIX
UCITBITAHWI BIIOCJIEACTBUN UCTIOTIb30BAIHCh
JUIA KaTUOPOBKU MOZENIEN TIPU MOJETIMPOBAHUHN
06pPabOTOK.

METOONKW MPOBEAEHNA
JTABOPATOPHbIX NCIMbITAHUN

MeTOoANKA ONIPEAETIEHM S BA3KOCTH I'€IMPOBAHHON
CBEXXEHN U OTPAOOTABIIEN KUCJIOT COOTBETCTBYET
MNPUBEJICHHON B MUHCTPYKIIUHU K SKCILTYyaTalTUU
Kk nnpubopy Rheotest RV 2.1. Onpenenenue
3(pPEKTUBHOMN BA3KOCTU NIPHUBOANIIOCH IPU
CKOPOCTH ¢IBUTA 511 €', KOTOpast COOTBETCTBYET
3HAYEHUIO CKOPOCTH CJIBUT'd, BOZHUKAIOMIEHN
PU TEYEHUHU KUJIKOCTHU 11O Tpydam, 1 170 ¢,
KOTOpAas COOTBETCTBYET YCPEAHEHHOU CKOPOCTHU
CJIBUT'a TEYEHU IO TPYyHAM U TEPPOPALTUOHHBIM
OTBepCTUAM. pH cOCTaBa ONPEAEANCS C TIOMOIIBIO
pH-meTpa [13].

OnpeneneHne MOMEHTA HA4 a4 TETMPOBAHUA
CIIK 1 BpeM€EHHU PAa3PYLIECHU A I'eJIS OIIPEACIIINCD
METOJOM OCHUJUIAITUOHHON BUCKO3UMETPULL
B ganHOM MeTOAE AepOpMALITH, KOTOPBIM
MOJIBEPra€TCA CUCTEMA, MOKHO CYUTATH
HE3HAYUTETbHBIMU U HE BJIUAIONUMH HA
MEXaHUYECKHe CBOUCTBA redd [14]. Janabie
UCITBITAHUSA IO3BOJIAIOT ONPEAETUTD U3MEHEHNE
MHUMOHM («3aI1ACEHHOI») BA3KOCTHU W' B 3aBUCUMOCTU

retardation using a gelling agent;

¢. Determination of the viscosity of the used gelled
acid. These experiments characterize the strength
of the screen after treatment, as well as the potential
ease of extraction of fully worked-out GA from the
void space at the stage of launching the extraction
of reaction products;

d.Determination of the viscosity of used compositions
at 70 °C;

e. Determination of the filtrate return for a gel that has
the best characteristics to determine the possible
volume of liquid to be filtered into the formation;

f. Selection of the most technologically appropriate
composition for subsequent simulation.

2. For the selection of a self-thickening flow diverting
composition:

a. Measurement of the initial viscosity and pH of the
SFC solution (before gelation) containing different
amounts of aluminium polyoxychloride, sodium
acetate and acid itself;

b. Determination of the dissolution kinetics of the
reference carbonate rock by these compositions
to assess the rate of retardation of the reaction
compared with reference hydrochloric acid of
the same concentration, visual evaluation of
the resulting gel and the time of its destruction.
Selection of the best compositions;

c. Plotting the "apparent viscosity — time" dependence
during reaction of the system with carbonate rock.
Determining the time of gel initiation and gel
fracture time at formation temperature as well as pH
of the system;

d.Selection and determination of the maximum
dynamic viscosity of the best composition in order
to use it for subsequent simulation.

It is also necessary to conduct experiments on the
kinetics of dissolution of the reference rock by non-
thickened hydrochloric acid to compare with other
compositions at the stage of laboratory studies and in
the process of AT simulation.
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OT BPEMEHU U, COOTBETCTBEHHO, MOMEHT Ha4aJI1a
IeJIMPOBAHUA U PA3PYILIEHUA e, JuHaMudecKas
BSI3KOCTbD I'€JIsl ONIPEJIEIISINIACh HA BHOPOBUCKO3UMETPE
«PeoknHeTHKA — M».

OmnpegeneHye KUHETUKH PACTBOPEHUA 3TAJIOHHON
KapOOHATHOM HOPOBI COOTBETCTBYET NPUBENEHHON
meTtopuke [15]. PactBopenune npoBOAUIIOCH IIPU
KOMHATHOU TEMIIEPATYPE )11 KAYECTBEHHOI'O
CPaBHEHUA TEHICHIIMU PACTBOPEHUS 3TAJIOHHOM
IOPOABI PA3JIUYHBIMH COCTABAMM.

PUIBTPATOOTAAYA U3MEPAIACH HA Tpubope Fann
HTHP B COOTBETCTBHU C METOTUKOM [10].

PE3YJIbTATbl IABOPATOPHbIX
NCCNEQOBAHUN

Ha nepBoM aTarne peojorndecKkux UCCIeTOBAHUN
OBLIa OIIPEJIE/IEHA BA3KOCTb I'€IMPOBAHHON KHCJIOTHI,
KA4YECTBEHHBIN U KOJIMYECTBEHHBIN COCTAB KOTOPOU
OPUBEJCH B TA0J1. 3. TaK)KE OIPEAETANACH BI3KOCTh
KOHTPOJIBHOT'O O6Pa31id — BOABI C 3ATyCTUTEJIEM.
Pe3ynbTaTsl ONpeNeeHUs BA3KOCTU IPHUBEEHEI
Ha puC. 1-3. KOHIIEHTpA1y COITHON KUCTOTHI
OBLIH BBIOPAHBI B COOTBETCTBUU C TPEOOBAHUSAMU
3aKa34mrKa. KOHIIEHTPAuU APYTUX JOOABOK ObLIN
BBIOPAHBI B COOTBETCTBUHU C TEXHOJIOI'MYECKUMU
HOpMaMMU. JIMa1ia3oH KOHLEHTPAL U I'eJIMPYIOLErO
4reHTa 6bLI B3AT IO PEKOMEHIAITUU ITPOU3BOIUTEIISA
JaHHOI'O PEAreHTa. DKCIIEPUMEHTDI IPOBOJU/INCH
NPpYU KOMHATHOM TEMIIEPATYPE.

W3 npuBEICHHBIX I'PAPUKOB MOKHO C/ICIATh

— 12%
—— 24%

—#— Boga c nonvmepom
Water and polymer

BaizkocTb, MMa*c / Viscosity, mPa*s

0 0,1 0,2 0,3 0,4 0,5 0,6

KoHueHTpauus 3aryctutens / Thickener concentration

Pucynox 1 — Peoarozuueckue ceoticmea
zeaupoeannoii 12% u 24%-1oii CONRAHOLU
KUCI0mst # 6006l C 000aB8KOU noaumepa npu
cxopocmu cosuza 511 ¢! umemnepamype 20°C

Figure 1 — Rbeological properties of gelled 12%
and 24% bydrocbloric acid and water with
polymer addition at 511 s' shearrate and 20 °C
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0 0,1 0,2 0,3 0,4 0,5 0,6
KoHueHTpauwus 3aryctutens / Thickener concentration
Pucynox 2 — Peoaiozuueckue ceoticmea
zeaupoeannoii 12% u 24%-noti CORAHOU
KUCI0msL t 60061 € 000a8K0Ii noaumepa npu
cxopocmu coeuza 170 c' u memnepamype 20 °C

Figure 2 — Rbeological properties of gelled 12%
and 24% bydrochloric acid and water with
polymer addition at 170 s shear rate and 20 °C
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All the results of the laboratory tests were
subsequently used to calibrate the treatment simulation
models.

LABORATORY TESTING PROCEDURES

The method for determining the viscosity of fresh
and used gelled acids is the same as that given in the
"Rheotest RV 2.1" operating instructions. The effective
viscosity was determined at a shear rate of 511 s, which
corresponds to the value of the shear rate of the fluid
flow through the pipes, and 170 s, which corresponds
to the average shear rate of the fluid flow through
the pipes and perforation holes. The pH value of the
composition was determined using a pH meter [13].

The moment of start of SFC gelation and time of gel
destruction were determined by oscillation viscometry.
In this method, the deformations to which the system
is subjected can be neglected and do not affect the
mechanical properties of the gel [14]. These tests
allow to determine the change of apparent ("spare')
viscosity y' depending on the time and, accordingly, the
moment of gel initiation and gel fracture. The dynamic
viscosity of the gel was determined using the vibration
viscometer "Rokinetics — M".

Determination of the dissolution kinetics of the
reference carbonate rock corresponds to the given
method [15]. Dissolution was carried out at room
temperature for qualitative comparison of trends of
reference rock dissolution by different compositions.

The filtrate return was measured with the Fann HTHP
device according to the methodology [16].

LABORATORY RESULTS

At the first stage of rheological studies, the viscosity
of gelled acid was determined. The qualitative
and quantitative composition is given in Table 3.
The viscosity of the control sample — water with
thickener was also determined. The results of viscosity
determination are shown in Figures 1-3. Hydrochloric
acid concentrations were selected in accordance
with customer requirements. Concentrations of
other additives were selected in accordance with
technological standards. The concentration range of
the gelling agent was taken as recommended by the
manufacturer of this agent. The experiments were
conducted at room temperature.

0 0,1 0,2 0,3 0,4 0,5 0,6

KoHueHTpaLws 3arycuTens / Thickener concentration

Pucynox 3 — H3menenue nauaasHozo pH
cucmemut, cooepucamyezo 12% u 24%-uyro
KUCI0my 6 3a6UCUMOCIU O COOePHCAHUA
noaumepa

Figure 3 — Change in the initial pH of the
system containing 12% and 24% acid
depending on the polymer content
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Pucynox 4 — Kunemuxa pacmeopenus
Kapoonamnoii nopoost cocmagamu 12%-
HOU CONAHOU Kucaomol. 1 — dmaionnan
conanasa kucaoma, 2 — kucaoma,
cooepacawan 0,4% 3azycmumens, 3 —
Kucaoma, cooepycaman 0,6% 3azycmumens,
memnepamypa 70 °C
Figure 4 — Kinetics of dissolution of
carbonate rock by compositions of
12% bydrochloric acid. 1 - reference
bydrocbhloric acid, 2 - acid containing
0.4% thickener, 3 — acid containing 0.6%
thickener, temperature 70 °C

3aKJIIOYEHUE, YTO KOHLEHTpanus noiaumepa 0,2%
HE3HAYUTEJIbHO YBEJIMYUBAET BA3KOCTb CUCTEMEI 110
CPAaBHEHUIO C HYJIEBLIMU 3HAYEHUSAMU, [I0TOMY LI
JAJIBHEUIINX UCTTBITAHUN JJAHHAA KOHIIEHTPAIIHA
ObLIa UCKJIIOUEHA U3 UCCIIEAYEMBIX.

Jajiee onpegessanack KUHETUKA pacTBOpeHus ['C
KapOOHATHOI NOPOABL PE3ybTaThl UCITBITAHUI
MPEACTABICHBI HA PUC. 4 1 5. Takke Ha rpadpukax
NPENCTABIEHA KUHETUKA PACTBOPEHUS ITOPO/IBI
KHCJIOTOM, HE COAEPKAIIEH 3aIyCTUTEN . Bpems
BBIJICPKKH KMCJIOTHOT'O COCTABA OBLIIO BBIOPAHO
B COOTBETCTBUU C IPOEKTHOU TEXHOJIOTUEN
nposeaeHus KO.

Kak MOXHO yBUJIETD U3 IPEICTABIECHHBIX
rpadUKOB, BOOOUX CIydasiX 10O6ABICHUE
34aryCTHUTEINA IIPUBOJAUT K 3AMEJIJIEHUIO PEAKIINN
KHCJIOTBI C HOPOJOHU, IIPU ITOM 3AMEJIJIEHUE TEM
OOJIBIIIE, YEM BBIIIE KOHIIEHTPAIMS TIOJIUMEPA, YTO
COIVIACYETCA C IPUBEIEHHBIMHU BBIIIE CBEICHUAMMU.

Jlanee mpu KOMHATHOM TEMIIEPATYPE
OIIPEAEAIOCH U3MEHEHHE BA3KOCTU KUCIOTHBIX
COCT4BOB B XO/IE€ €€ PEAKIINHU C IOPOJON. 14
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MpoLieHT oTpaboTaHHocTh kucnoTsl / Acid "Working Off" Percentage

Pucynox 6 — Peonozuueckue ceoticmea
cocmaea na ocnoee 12%-1ot Kucaiomst ¢
000ae6xoii 0,4% noaumepa. 1 — gasxocms
npu cxopocmu coeuza 170 c’, 2 — easrxocms
npu ckopocmu coeuza 511 c’,
memnepamypa 20 °C

Figure 6 — Rbeological properties of the
composition based on 12% acid with the
addition of 0.4% polymer. 1 — Viscosity at
shearrate 170 s, 2 - Viscosity at shear rate
511 s, temperature 20 °C
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Pucynox 5 - Kunemuxa pacmeopenus
Kapoonamnoii nopoosvt cocmagamu 24%-
HOU CONANOU Kucaomsl. 1 — amanionnan
coaanan kucaoma, 2 — Kucioma,
cooepacawman 0,4% 3azycmumens,

3 - Kucaoma, cooepracawan 0,6%
3azycmumens, memnepamypa 70 °C
Figure 5 — Kinetics of dissolution of
carbonate rock by compositions of

24% bydrocbloric acid. 1 - reference
bydrochloric acid, 2 — acid containing
0.4% thickener, 3 — acid containing 0.6%
thickener, temperature 70°C

From the above graphs it can be concluded that the
polymer concentration of 0.2% slightly increases the
viscosity of the system compared to zero values, so for
further tests this concentration was excluded from the
study.

Then the kinetics of carbonate rock was determined.
The test results are presented in Figures 4 and 5. The
diagrams also show the kinetics of rock dissolution by
acid without a thickener. The time of acid treatment was
chosen in accordance with the design technology of AT.

As can be seen from the graphs above, in both
cases, the addition of thickener leads to a slower
reaction of acid with the rock. The higher the polymer
concentration, the slower the reaction, which is
consistent with the above information.

Further, at room temperature, the change in viscosity
of acid compositions during its reaction with the
rock was determined. For the experiment, a marble
aggregate was introduced in the reaction mixture of
acids in stoichiometric ratio, in the amount necessary
for its "working off" to a given concentration value. The
reaction proceeded until the marble aggregate was
completely dissolved, after which the viscosity of the
acid was determined. The results are shown in
Figures 6-9.

Figures 6—9 show that in all cases there is an increase
in the viscosity of the GA as acid produces its acid
potential, which is explained by the transition of
calcium and magnesium ions from the rock to the
solution and the crosslinking of the linear gel. The
solution of 24% hydrochloric acid, containing 0.6%
polymer, has the highest viscosity, which, accordingly,
will form the screen of the highest strength.

The viscosity of fresh and used compositions based on
24% hydrochloric acid at 70°C was also determined.The
results are shown in Table 5.

For GA with the best viscosity characteristics, a filtrate
return was determined in order to understand whether
the pore channels would be mechanically blocked by
an antifiltration cake effect. The test results are shown
in Figure 10. Test conditions: temperature — 70 °C, Fann

Ne 3 (073) CeHtsi6pb,/September 2020 73

2
=
&2
=
5
o,
O
A
-
==
~
=
®,




=
~
=
~
<
>
a8
O
=
S
0
=
®)
a¥
=
&)
=
S
=
aE,

3IKCIIEPUMEHTA B PEAKILIMOHHYIO CMECH KUCJIOT B
CTEXUOMETPUYECKOM COOTHOLIEHUU BBOANIIACH
MPaMOpPHAas KPOIIKA B KOJTUYECTBE, HEOOXOIUMOM
JUI €€ «OTPAOOTKN» IO 33/TAaHHOI'O 3HAYEHUSA
KOHLEHTpauuu. Peakus 1poTeKaa 4o MOJTHOIO
PAaCTBOPEHMUA MPAMOPHOM KPOIIKH, ITIOCJIE YEr'O
OIIPEAEIISAIACH BA3ZKOCTb KUCIOTDBL PE3ynbTaThI
OTPa’kEHBI Ha PHUC. 6-9.

U3 puCyHKOB 6—9 BU/THO, ITO BO BCEX CIIyIASIX
NPOUCXOJUT ITOBBIINIEHUE BA3ZKOCTHU 'K 110 Mepe
BBIPAOATBIBAEMOCTU KUCJIOTOU CBOETO KUCIOTHOTO
MNOTEHIHUANA, YTO OOBSACHAETCS IEPEXOJOM
WOHOB KAJIbIIVA U MATHUA U3 IOPOJBI B PACTBOP
M ITIOAIIHNBKOM TMHEHNHOTO Ir'esist. Hanbonbmern
BA3KOCTBIO OOJIAJTAET PACTBOP 24%-HOM CONMAHON
KHCJIOTHI, cofiepskaniuii 0,6% moaumMepa, KOTOPbIH,
COOTBETCTBEHHO, OyJIET OOPA30BBIBATh IKPAH
HAUOOIBIIEN TIPOYHOCTH.

Taxoke 6bpL1a ONIPENENIEHA BABKOCTb CBEKUX U
OTPAOOTAHHBIX COCTABOB HA OCHOBE 24%-HON
CconAHOM KMCIO0ThI 1pH 70 °C. Pe3ynbraTsl IPUBELECHDL
B Ta0I. 5.

Tabauua 5 — BA3KOCmMb COCIAB06 Ha
ocHoee 24%-HOtl CONAHOU KUC0OMBL NPU
pasauunsix memnepamypax

Table 5 - Viscosity of compositions based
on 24% bydrochloric acid at different
temperatures

BszkocTb
Bs3KocTb cBEXEN oTpabortaBLuen
KoHueHTpaums CkopocTb Kucnotbl, MMNa*c Ha 100% kucno-
3arycrutens cagura, ¢’ Fresh acid viscosity, Tbl, MMa*c
Thickener Rate of mPa*s 100% used acid
concentration shear, s viscosity, mPa*s.
20°C 70 °C 20°C 70°C
0,4% 170 18 11 64 46
3arycrmrens
0,4% thickener 511 12 8 52 36
0,6% 170 30 18 129 96
3arycrutenst
0,4% thickener 511 19 12 83 58

Ja TK ¢ Hanny4nmMy BA3KOCTHBIMUA
XAPAKTEPUCTUKAMU ObLIIO IPOU3BEICHO
onpeaeneHue (PUABTPATOOTAAYN — C LIEJIBIO
NOHUMAHUS, 6yJIET I BOZHUKATh MEXAHUYECKAS
OJIOKHMPOBKA HOPOBBIX KAHAJIOB 34 CUET 3(P(PEKTA
AHTU(PUIBTPALTUOHHOM KOPKU. PE3yIbTaTHI
UCHBITAHUA IIPUBEIECHDBI HA pUC. 10. YcioBuA
NPOBEIECHUA UCIIBITAHUI: Temnieparypa -70 °C,
OyMaxHBIN (punbTp Fann, nepenaj gaBieHUs
0,68 MITa.

Takum 00pa3oM, IO PEYABTATAM NPOAETAHHBIX
3KCIEPUMEHTOB ObLIA BBIOPAHA I'€JIMPOBAHHASA
KHCJIOTA HA OCHOBE 24%-HOM CONMSTHOU KHUCJIOTHI,
copeprkanias 0,6% MoauMepa-3aryCTHTEs,

B Ka4eCTBE Haubonee 3(pPeKTUBHON A1
IIPOMBICJIOBBIX UCIIBITAHUN. JJAHHBII COCTAB
XAPAKTEPUIYETCA JOCTATOYHO BBICOKOU HAYAJIbHOU
BA3KOCTBIO, MOHMXEHHON CKOPOCTBIO PEAKIIUU

C IOPOJIOH, HU3KOH (PUIBTPATOOTAAYEN, OTHAKO
06J1a/1a€T NOBBIIIEHHON BA3KOCTBIO TTOCIE
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Pucynox 7 — Peoaiozuueckue ceoticmea
cocmaea Ha ocroee 12%-Hoil Kuciomuot ¢
000a6x0ii 0,6% noaumepa. 1 — 6a3K0cms
npu ckopocmu coguza 170 c’, 2- eazxocms
npu ckopocmu cosuza 511 c’,
memnepamypa 20 °C

Figure 7 — Rbeological properties of the
composition based on 12% acid with the
addition of 0.6% polymer. 1 - Viscosity at
shearrate 170 s, 2 - Viscosity at shear rate
511 s, temperature 20°C
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Pucynox 8 — Peorrozuuecxue ceoiicmea
cocmaea Ha ocnoee 24%-Hoil Kuci1omaot ¢
000ae6xK01ti 0,4% noaumepa. 1 — ea3xocms
npu ckopocmu cosuza 170 ¢, 2 — 6a3zkocms
npu ckopocmu cosuza 511 c’,
memnepamypa 20 °C

Figure 8 — Rbeological properties of the
composition based on 24% acid with the
addition of 0.4% polymer. 1 - Viscosity at
shearrate 170 s, 2 - Viscosity at shear rate
511 s, temperature 20°C
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Pucynox 9 — Peosiozuueckue ceoticmea
cocmaea Ha OcHoee 24%-Hoil Kuci10mot ¢
000a6xK0ii 0,6% noaumepa. 1 — 6a3K0cms
npu cxopocmu cosuza 170 c’, 2 — 6a3K0cmsb
npu ckopocmu coeuza 511 c’,
memnepamypa 20°C

Figure 9 — Rbeological properties of the
composition based on 24% acid with the
addition of 0.6% polymer. 1 - Viscosity at
shearrate 170 s, 2 — Viscosity at shear rate
511 s, temperature 20°C

paper filter, pressure drop 0.68 MPa.

Thus, based on the results of the experiments, gelled
acid based on 24% hydrochloric acid containing 0.6%
polymer thickener was chosen as the most effective



CpabaTbIBaHUA KUCIOTHL Kak pa3 3Ta BBICOKAA
BSIBKOCTDb OTPAOOTABIIEN KHUCJIOTHI, BEAYIAs

K OCJIO)KHEHHOMY YJIAJIEHUIO IIPOAYKTOB
PEAKIIUU U3 TIOPOBOr'O NPOCTPAHCTBA,
ABJIAETCS HEJOCTATKOM TAKOHM CUCTEMBL, UTO

U NIPUBOAUT K HEOOXOAUMOCTHU Pa3pabOTKHU
CaMO3arymiaomerocs OTKJIOHUTEIS C
PETYIUPYEMOH BA3KOCTBIO JI0, BO BPEMS U ITOCJIE
06pPabOTKH.

PazpabarbeiBaemas CIIK npejcrasiseT cCo60i
CMECH COJITHOM KHCIOTHI € lo6aBkamu [TAB,
WHTHOUTOPA KOPPO3UH U CTAOMIN3ATOPA
JKEJIE34, 4 TAKXKE TOJIMOKCUXIOPUA AJIIOMHUHUSA
U anerara Harpus. [IpuHIMI eCTBUA HOBOU
CIIK OCHOBBIBAETCA HA NIPEAIIOIOKEHUU, YTO
10 MEPE PEATUPOBAHUSA KUCIOTHI C HOPOJOHA
pH pacTBOpa NOBBIIAETCH, MOJTUOKCUXIIOPUT,
AJIIOMHUHUS TUAPOIUYETCS IO YPABHEHUIO (4)

C O6PA30BAHUEM I'eJisi TUIPOKCUA ATIOMHUHUSL.
ArnieTar HATpUA OOPA3YET CIOKHBIE COCTUHECHUS
C MOHOM AJIIOMHHUSA, 3AMEJIJIA MOMEHT HA4YAJIA
res1Ieo6pa3sOBAHUS, U CJIYKAUT THCTPYMEHTOM
TOHKOM HACTPOHMKH BPEMEHHU OOPA30BAHUS T'E€JISL.

AL(OH).Cl+H,0 « 2A1(OH), + HCL @

PazpynieHne HEOPraHUYECKOrO I'eJisl OCIe
OKOHYAHHS PEAKIINU (KUCTOTHOH OOPAOOTKI)
CBSI34HO, NO-BUJUMOMY, C IPOLIECCOM
CHHEPE3UCA TEJIA, B PE3YIBTATE IPEBPALICHUS
BCETO aKBA-aypaTa (IIOJIMOKCUXIOPHUAA
AJIIOMUHUSA) B TUPOKCUJT ATIOMUHUS,
paccnoeHus 60IbIIOTO KOJIMYECTBA BOAHOM
(pa3bl 1 MAJIOTO KOJIUYECTBO OCA/IKA. B 3TOM
COCTOUT €T0 NPUHIIUIHATBHOE OTINYHE
OT APYTUX CAMOOTKJIOHAIOMUXCS CUCTEM,
TPEOYIOMUX NPUMEHEHUS CIIEIIUATBHBIX
JECTPYKTOPOB.

IIpu pazpadoTke CIIK paccMaTpUBaIUCh
IIECTb OCHOBHBIX PELENTYP KUCIOTHBIX
KOMITIO3HUIIHIT, KOTOPBIC TPUBEICHBI B TA6I. 6. [List
BCEX KOMITO3UIUI TPOU3BOJUIOCH U3MEPEHUE
HA4YaJIBbHOI'O 3HAYEHU NTOKa3aTest pH.

Ha Ha4aIbHOM 3TaINe UCCIENOBAHNUH
U3MEPSINCh BA3KOCTH IPUBEJEHHBIX B
Ta671. 6 COCTABOB. KUCIOTHBIE KOMIIO3UIIMU
MNPEACTABIIAIN COOOU HBIOTOHOBCKHE JKHUJIKOCTH,
TAK 9TO UX BA3KOCTb 6bLJIA OUHAKOBOM IPU
BCEX CKOPOCTAX CABUTA U ObLIIA IPUMEPHO
PAaBHOM BA3KOCTH COJIIHOM KHUCJIOTBI IIPU 3TOM
temmeparype (1,1-1,6 mI1a’c).

Hanee 6pL1a onpeiesieHa KUHETUKA
PacTBOPEHMA 3TAIOHHON KApOOHATHOM OPOJbI B
JAHHBIX COCTaBaxX. KpoMe 310ro, 66114 BU3yaabHO
OlIEHEHA KOHCUCTEHIIUA OOPA3YIOIETOCS B XO/IE
PEAKIIUH I'eJIsl U BPEM ETO PA3PYIIEHUA, ECTIN
OHO IMPOUCXOANIIO. PE3y/IbTAThI SKCIIEPUMEHTA
NPUBEJEHBI HA PUC. 11 1 B TA6M. 7.

Kaxk BUJJHO U3 PE3YIBTATOB 3KCIEPUMEHTA, T'€JIb
YZOBJIETBOPHUTEIBHOI'O KAUECTBA (HEOOXOAUMON
IJIOTHOM KOHCUCTEHIIMH, (POPMUPYIOUUICS U
Pa3pPyMAIOMNACA B IIPUEMIIEMBIX BDEMEHHBIX

16 |
14 |
12 |
10 |

NOoA o

=}

0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50

O6bem xuakoct, M / Liquid volume, ml

KBafpaTHbIii KOpeHb OT BpemeHu / Square root of time

Pucynox 10 - Onpeoenenue
Pduasmpamoomoauu I'Knpu 70 °C
Figure 10 — Determination of GA filtrate
returnat 70 °C

one for field trials. This composition is characterized by
rather high initial viscosity, low reaction rate with the
rock, low filtrate yield. However, this composition has
an increased viscosity after the acid reaction. This high
viscosity of the used acid, which leads to complicated
removal of reaction products from the pore space, is a
disadvantage of such system, which leads to the need
to develop a self-thickening diverter with adjustable
viscosity before, during and after treatment.

The SFC under development is a mixture of
hydrochloric acid with additives of surfactant, corrosion
inhibitor and iron stabilizer, as well as aluminum
polyoxychloride and sodium acetate. The principle of
operation of the new SFC is based on the assumption
that as acid reacts with the rock, the pH of the solution
increases, aluminium polyoxychloride hydrolyses
according to equation (4) to form an aluminium
hydroxide gel. Sodium acetate forms complex
compounds with the aluminum ion, slowing down the
moment of gel formation, and serves as a tool to fine-
tune the time of gel formation.

AL(OH),Cl+H,0 « 2AI(OH), + HCL @

The destruction of inorganic gel after the end of the
reaction (acid treatment) seems to be related to the gel
syneresis process as a result of the transformation of
the entire aqua-aurate (aluminum polyoxychloride)
into aluminum hydroxide, the stratification of a large
amount of the aqueous phase and a small amount of
residuals. This is its fundamental difference from other
self-diverting systems that require the use of special
destructors.

Taoauua 6 — Cocmaésl KUCIOMHBLX
KOMRO3uUUii, n008ePuuxXca uCnslmaHuAM

Table 6 — Compositions of acidic

compositions tested
Ne | Hai- 29, | Auerarvompan | TOTRREIERA
Aluminium polyoxychloride
0| 100% - - 0
1| 80% 5% 15% 2,3
2| 80% 10% 10% 2,5
3| 80% 15% 5% 2,6
4 70% 15% 15% 3,2
5| 70% 10% 20% 3,0
6| 70% 20% 10% 3,2
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Pucynox 11- Pe3yasmamuot Uccie006aHUA
KuHemuxku Ppacmeopenusn Kkapoonamuoii
nopoowt CIIK. Kpuesste 1-6 — coomeem-
CMeEeHHO HomePy cocmasa u3 maodauusl 6,
memnepamypa 70 °C

Figure 11 — Results of the study of the
dissolution kinetics of the carbonate
rock of the SFC. Curves 1-6 — according
to the composition number from Table 6,
temperature 70 °C

Ta6nuua 7 — Bu3yaavhasn ouenka
noayuaroujuxca zeaeii npu 70 °C

Table 7 - Visual assessment of the obtained
gelsat70°C

Bpems Bpems camoctos-
renvpoBaHus, CEEERE TENbHOTO pa3pyLue-
Ne MUH HUSI, MUH
Geling time, Status Time of self-
mines destruction, min
[psi3HO-6erbI NNOTHBIN refb
L o Dense off-white gel 420
[psA3HO Benbii PhIXMbIN refb
2 64 Off-white loose gel =
3 53 OthenbHble Xnombst rens B
Individual gel flakes
[psi3HO-6erbIA NAOTHBIN refb
& e Dense off-white gel e
[PSA3HO-GeNbIV MNOTHBIV renb
> 72 Dense off-white gel 420
6 49 OThenbHble XNombst rens _

Individual gel flakes

npejenax) 06pa3yeTcs NPU IPOBEPKE PELIENITYP

1,4 n 5. Hauny4mue KUHETUYECKUE XAPAKTEPHUCTUKU
(KOJIMYECTBO PACTBOPEHHOU ITIOPOJDL U 3AMEIJIEHHE
CKOPOCTH) HAOMIOAAIOTCS Y COCTABA O] HOMEPOM

1, XOTsI BCE COCTABBI TOKA3bIBAIOT PE3YIBTATHI

OJTHOT'O TTOPSIKA. 17151 COCTABOB 1, 4, 5 ObL1a TAKXKE
OIIpEEJIEHA BA3KOCTHO-BPEMEHHA XAPAKTEPUCTUKA.
Pesynbrarsl npUuBeeHbl HA puC. 12.

HaunOOobIINM 3HAYEHUEM MHUMOMH BA3KOCTHU
061a/1a€T COCTAB 11O/ HOMepoM 1. Bpemst
ero resico6pazoBanusi — 60 MUHYT, BpDEMsI
CAMOCTOSITEJIBHOI'O pa3pyuenus — 390 MUHYT,
HaMOOJIBIIAS BI3KOCTD JIOCTUTAETCS YEPES
120 MUHYT OT Ha4a1a peaKuuu. JuHaMHU4YeCKas
BSI3KOCTb C(POPMUPOBABLIETOCA T'€JA COCTABUNA
4000 mIIa’c, 9TO HAMHOI'O IIPEBBIIIAET TAKOBOU
MOKA34TEJIb Y TETUPOBAHHON KUCJIOTHL.

JIaHHBIN COCTAB, Oyy4YU 3aT€TUPOBAHHBIM, UMEET
BBICOKYIO BSI3KOCTB, KOTOPAs MHOT'O OOJIBIIE BA3KOCTHU
KHCJIOTBHL, 3Ar€INPOBAHHOI ITOIUMEPOM. Pazpymenue
reJis IPOUCXOAUT IO Mepe HapacTaHnusd pH (puc. 13)
CITYCTA 4 9aCa IOCJIE HAYAJIA PEAKITHUH C IOPOJOU
C IOJIYYEHUEM JKHJIKOCTH, UMEIOIIEN BA3KOCTD
TIOYTH HA YPOBHE NCXOAHON. OTHAKO TTIOCKOJIBKY
pacTBOpsIoast cnoco6HOCTh CITK HAMHOTO HIKE,
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The development of the SFC considered six basic
recipes for acid compositions, which are shown in
Table 6. For all compositions, the initial pH value was
measured.

The viscosity of the compositions given in Table 6
was measured at the initial stage of research. The acid
compositions were Newtonian fluids, so viscosity was
the same at all shear rates and was approximately equal
to that of hydrochloric acid at this temperature
(1.1-1.6 mPa’s).

The dissolution kinetics of the reference carbonate
rock in these compositions was then determined. In
addition, the consistency of the gel formed during the
reaction and the time of its destruction were visually
evaluated. The results of the experiment are shown in
Figure 11 and Table 7.

As can be seen from the results of the experiment,
gel of satisfactory quality (necessary dense consistency,
formed and destructed in acceptable time limits)
is formed in recipes 1,4 and 5. The best kinetic
characteristics (quantity of dissolved rock and
retardation rate) are observed in composition number
1, although all compositions show results of the same
magnitude. For compositions 1, 4, 5, viscosity-time
characteristics have also been determined. The results
are shown in Figure 12.

4500
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0 30 60 90 120 150 180 210 240 270 300 330 360 390 420

g 1
-4

—a— 5

Bpems, MuH / Time, min

MHumas Baskoctb, MMa*c / Imaginary viscosity

Pucynox 12 — BA3KOCmMHO-8Ppemennasn
xapaxmepucmurxa cocmaeos 1, 4 u 5,
uzmepennan npu memnepamype 70 °C,
uacmoma Koaedanuii nPpooHoz0 mena
100Ty

Figure 12 - Viscosity-time characteristics of
compositions 1,4 and 5, measured at 70 °C,
the oscillation frequency of the test body is
100H=z

Composition number 1 showed the highest value of
the imaginary viscosity. The time of its gelation is
60 minutes, the time of self-destruction is 390 minutes,
the highest viscosity is reached in 120 minutes from
the beginning of the reaction. Dynamic viscosity of the
formed gel was 4000 mPa’s, which is much higher than
that of gelled acid.

This composition, when gelled, has a high viscosity,
which is much higher than the viscosity of the acid
gelled by the polymer. The gel starts to destruct as the
pH increases (Fig. 13) 4 hours after the beginning of the
reaction with the rock to obtain a fluid with a viscosity
almost at the original level. However, since the solubility
of the SFC is much lower than that of the GA, it is
recommended to use it only as a diverter, alternating it
with the injection of pure hydrochloric acid portions.
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Pucynox 13 — Hamenenue pH cocmaea 1
co epemenem

Figure 13 — Change in pH composition 1
over time

ueM y I'K, e€ 11e71ecO06pa3HO UCTIOIB30BATH TOJIBKO B
Ka4eCTBE OTKJIOHUTEJIA, YEPEAYS C 3AKAUKOU ITOPLIUT
YHCTOU COIAHOMN KUCJIOTBL

COCTABNEHUE ON3ANHA OBPABOTKUN

MeToanKa CO3JaHU S AU3AHHA JIJI1 KUCJIOTHOM
06pPa6OTKU COCTOUT U3 HECKOJIBKUX IIAT'OB:

1. TTop6OP CKBAKMHBI-KAH/IM]1ATA.

2. OnpeneneHue TUIA 3arPA3HEHUS.

3. BBIOOP TEXHONOTUYECKUX KkugKocTel (T2K) s
06pabOTKHU U MOAU(PHUITUPYIOUIUX JOOABOK;

4. PacyeT 06'b€MOB TEXHOJIOT'MYECKUX KU/TKOCTEH,
NPEAHA3HAYCHHBIX JIJIS1 3AKAYKU B IIJIACT.

5. BeryncieHne MakKCUMaJabHO BO3MOKHOM
CKOPOCTH 3aKAYKU TEXHOJOT'NYECKUX KUJIKOCTEH,
IOBEPXHOCTHOT'O U 3a60UHOI'O JJABJICHUS IIPU
34KAYKE ATUX KHUJIKOCTE.

6. PazpaboTka crparernu pasmerenus ToK B rutacre.

IMoa6opy CKBAXKUH-KAHAUAATOB IIOCBSIICHO
MHOXECTBO TPyAOB [17-19]. B sjanHOM ciiy4ae
BCE CKBAKUHBI ObIN TOJOOPAHBI 3AKA3YNKOM
PaboT, a HENIBIO OOPAOOTKH ABJIAJIOCH YIYUIIEHHUE
IPOHUILAEMOCTH IJIACTA 34 CYET PACHIUPEHUS
CTAPBIX U CO3/IAaHUSI HOBBIX KAHAJIOB (PUIBTPALIUH
(4EPBOTOYUH).

TEeXHOMOTrNYECKAS KUJKOCTh TAKXKE ObLIa
OIIpEJIE/IEHA 3AKA3YHNKOM Pa0O0T, 2 OO'bEMBI
TeJIMPOBAHHOM KUCJIOTHI U KOHIICHTPAIUU JOOABOK
K KHCJIOTE OBLJIU BBIOPAHBI B COOTBETCTBUH C
PEKOMEHAAUSMHU IPOU3BOAUTEIS JOOABOK.

Taxum 06pa3oMm, 6bLJIO PEKOMEH/JOBAHO 3aKAYNBATh

0,84 M*T'K Ha 1 OrOHHBIN METP Iponepdopu-

POBAHHOI'O MHTEPBAJIA CKBAXKHMHBL. KOMITIOHEHTHBIN

cocras 'K nipesicTasieH B Ta6J1. 3. B kauecTBe OCHOBBI

ObL1a B34Ta 24%-Has1 COJISIHASA KUCJIOTA.

Pa3paboTka CTpATETUuU MO PA3ZMEIICHHUIO
TEXHOJIOTHUYECKOH JKUJIKOCTH B IIACTE SIBJISICTCS
OJTHUM U3 HAUOOJIEE BAXKHBIX IIAT'OB IIPH Pa3pa00TKE
JU3AHA MATPUYHOI O6pa0OTKHU. CTpaTETUA
3AKJIIOYAETCS B TOM, YTOOBI PABHOMEPHO PA3MECTHUTD
KHUCJIOTY MEXy BCEMU UHTEPBATIAMU IJIACTA.
KoHe4dHO, /17151 JaHHOM LIEJIU MOXKET IMTOJOUTU
CTAaHJAPTHAsA HACOCHO-KoMIIpeccopHasd Tpy6a (HKT)
WU 06CATHASI KOJIOHHA, HO JJTAHHBIN BAPUAHT HE
SIBJISIETCSI OITUMAJIbHBIM. A HANOOJIEE BBIUT PHIIITHBIM
BAPUAHTOM, B OCOOEHHOCTH JIJ151 OOJIBIINX BCKPBITBIX
UHTEPBAJIOB, HELIEMEHTUPOBAHHBIX XBOCTOBUKOB
U HEOOCAKEHHBIX OKOHYAHUN CKBAKUH, SIBJISICTCS
npuMenenue ruokux HKT (I'HKT). THKT cioco6na

CREATION OF TREATMENT DESIGN

The method of design creation for acid treatment
consists of several steps:

1. Selection of a candidate well,

2. Determining the type of wellbore damage;

3. Selection of treatment fluids (TF) for treatment and
modifying additives;

4. Calculation of volumes of treatment fluids to be
injected into the formation;

5. Calculation of maximum possible pumping rate of
treatment fluids, surface and bottomhole pressure
during pumping;

6. Development of the strategy for the placement of
treatment fluids in the formation.

Many papers are devoted to selection of candidate
wells [17-19]. In this case all wells have been selected
by the Customer, and the purpose of treatment was to
improve permeability of the formation by expanding
the old filtration channels (wormholes) and creating
new ones.

The process fluid was also determined by the
Customer, and the volumes of gelled acid and
concentrations of additives to acid were chosen
according to the recommendations of the additive
manufacturer. Thus, it was recommended to pump 0.84
m? of GA per 1 running meter of perforated interval of
the well. Component composition of GA is presented in
Table 3. 24% hydrochloric acid was taken as a basis.

The development of a strategy for placement of
treatment fluid in the formation is one of the most
important steps in the development of the matrix
treatment design. The strategy is to evenly place acid
between all formation intervals. Of course, standard
tubing or casing may be suitable for this purpose, but
this option is not optimal. And the most advantageous
option, especially for large intervals, uncemented liner
and uncemented well completions, is coiled tubing
(CT). Coiled tubing provides opportunity to change
its depth position in the well during treatment, thus
helping to pump the treatment fluids in clearly defined
intervals. However, the cost of a coiled tubing unit is
often considered by the customer as a costly practice, so
it is often rejected in favor of conventional tubing and a
"cheaper" workover team.

In this example, the coiled tubing unit was simply
not available in this region, so the decision was made to
perform acid treatment through conventional tubing.
The entire volume of the GA was injected at the same
time as it was adjusted for the condition not to exceed
the fracture pressure.

For simulations using SFC batches, it was decided to
choose turn-based injection of 24% hydrochloric acid
and flow diverter, the component composition of which
is shown in Table 4.

The volumes of treatment fluids for both cases were
chosen to be equivalent in terms of active hydrochloric
acid. Friction pressure losses during injection of acid
compositions were obtained from the analysis of field
practices and literature data.

The number of stages of acid injection and self-
gelling compositions were determined based on the
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BO BpeMs OOPabOTKU U3MEHSATD CBOE MOJIOKEHUE IO
BBICOTE B CKBAXKMHE, TEM CAMBIM IOMOT'AsI 4/[PECHO
PAa3MENATh UMEHHO TE€ TEXHOJIOTMYECKHUE KUJIKOCTH,
KOTOPBIE HY>KHBI B UETKO ONPE/IEIEHHBIX 30HAX.
OIHAKO CTOMMOCTD NIPUBJIECYEHUS YCTAHOBKU THOKHX
HKT 324aCTyIO IPEACTABIAETCS 3AKA3UYUKY PAOOT
JIOBOJIBHO 3aTPATHBIM MEPOIPUSTUEM, IOITOMY
YaCTO OT HET'O OTKA3BIBAIOTCS B IOJIb3Y OOBIYHBIX
HKT u npusiieyeHUs 60JI€e «ICIIEBOM» OPUTA/IbI I1IO
KaIlUTaJIbHOMY PEMOHTY CKBA>KHH.

B paccmarpubaemoM npumepe ycraHoBka THKT
OblLJ1a TIOIPOCTY HEJTOCTYIIHA B JAHHOM PETHOHE,
HO3TOMY OBUIO IIPUHSTO PEIICHUE IIPOBOAUTD
KHUCJIOTHYIO O6PA60TKY Yepe3 OOBIYHYIO HACOCHO-
KOMIIPECCOPHYIO TPyOy. Bech 06beM I'K 3akaumnBaics
€ITMHOBPEMEHHO C IOINPABKOI HA YCJIOBHE
HENPEBBINICHUS JJABJCHUS PA3PbIBA IJIACTA.

[711 MOJIETUPOBAHUS C UCTIOJIb30BAHHUEM NAYECK
CIIK 6BL10 PEMIEHO BBIOPATH NOOYEPENHYIO 3AKAUKY
TMOTOKOOTKJIOHSIOIICH KOMITO3UIHH, KOMIIOHEHTHBIN
COCTAB KOTOPOU NPEACTABJICH B TA0I. 4, U 24%-HOH
COJISHOU KUCJIOTBI.

O6bEMBI TEXHOJIOTMTYECKUX JKUIKOCTEH JIJI5
MOJICTIUPOBAHUS JJ151 OOOMX CJIY4a€B ObLIIY BBIOPAHBI
SKBUBAJICHTHBIMHU B IIEPECUYETE HA AKTUBHYIO
COJISIHYIO KUCJIOTY. [ToTepH 1aBJICHU S HA TPEHUE
MIPU 34KAYKE KUCIOTHBIX KOMITO3UIIUU ObLIIN
TOJIyYEHBI [IPU AHAJIN3E IPOMBICJIOBBIX IIPAKTUK U
JINTEPATYPHBIX JAHHBIX.

KonuyecTBO cTaiuM 3aKa4KH KUCJIOTHI U
CAMOT €I PYIOMIEIOCS COCTABA ObLJIO OIIPEAETIEHO
COITIACHO PEKOMEH/IAIIMSIM CEPBUCHBIX KOMITAHU,
IPUBEJCHHBIM B TA0J1. 8. TaK, KOJIM4YECTBO CTAAUNI
KUCJIOTBI COCTABUIIO 6, KOJIMYECTBO CTAUE
OTKJIOHUTEJIS — 5.

Taoruya 8 — Pexomenoauuu 011 86100pa
KoJauuecmaea Cmaouti KUCiomot u
OMKAOHUMEN

Table 8 — Recommendations for selecting the
number of acid and diverter stages

recommendations of service companies in Table 8.
Thus, the number of acid stages was 6 and the number
of diverter stages — 5.

EVALUATION OF RESULTS OF TREAT-
MENT WITH GELLED ACID

The change of the well flow rate before and after
treatment is shown in Figure 14.

As can be seen, acid treatment with thickened acid
was quite successful. The average oil flow rate increased
almost 3 times, from 8m?/day to 23.5 m?/day, which
corresponds to the change in the weighted average skin
factor from 63 to 16.5 (Table 9).

SIMULATION TO COMPARE THE EFFECTIVE-
NESS OF DIFFERENT ACID COMPOSITIONS

Acid treatment was simulated using a two-
dimensional simulator that takes into account the
parameters of two-phase flow in multilayer systems, as
well as different models of chemical dissolution of rocks
in carbonate reservoirs, such as «frontal dissolution»,
cavern formation, wormhole formation and uniform
distribution of acid in the pore space matrix of the rock.
This simulator also takes into account the acid diversion
process between different formation zones due to the
viscosity changes over time.

Production prediction was performed using the
classic Dupuit formula for radial inflow to the well in the
established reservoir fluid filtration mode.

MAPDIR technique was applied for simulation [20].
This technique has proved to be effective in carbonate
formations with high temperatures and pressures. It
consists of pumping acid at maximum speed, resulting
in a transition from frontal dissolution to formation and
propagation of wormbholes.

Injection of three different systems have been
simulated. Figures 15—20 show the results of the
simulation — diagrams of the skin factor dependence on
the volume of the injected fluid for each zone and the
diagram of acid penetration into the formation. During

Konuyecrso Konuyecrso
_ CTaguii OTKNOHU- | CTaauii OTKNOHU-
ngsgﬂi'l"ﬁ g"n”mqﬁeiﬁc(_’ Tens Npy HU3KOW | Tensi Npw BbICOKOWM
w%-re e e NpPUeMUCTOCTN NpUeMUCTOCTN
RES . nnacra* nnacra*
iF:scréfcr)vraalte:] Numsbt:r ce’: acid Number of diverter| Number of diverter
' 9 stages at low stages at high
injectivity* injectivity*
<10 3 2 3
10-20 4 3 4
20-30 5 4 5
30-40 6 5 6
>40 7 6 7
* YpOBEHDb NPUEMHCTOCTH OLICHUBAECTCA UHAUBUYATIBHO JIIA KAKIOT'O
KOHKPETHOT'O ast.
*The injectivity level is evaluated individually for each case.

OLEEHKA PE3YJIbTATOB KNC/IIOTHOU .

OBPABOTKW TEJIMPOBAHHOU KNCJTOTOU
H3MeHeHure 1e6UTa IO CKBAXKUHE JI0 U TTOCIE

06pabOTKHU IPUBEJICHO HA PUC. 14.
Kak MOXHO BUJIETh, KUCJIOTHASI OOPAO0OTKA
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Figure 14 — Schedule of flow rates before and
after well treatment
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3ar'yIIEHHOM KUCJIOTOM OKAa3aJIACh JOCTATOYHO
ycniemHoi. CpeHu JeOUT MO HE(PTU YBETUYUIICS
MOYTU B 3 pasa, ¢ 8 M?/CyT. 10 23,5 M?/CyT., 4TO
COOTBETCTBYET U3MECHEHHIO CPEJHEB3BEIICHHOT'O
cKkuH-(akTopa ¢ 63 10 16,5 (Trabm. 9).

NPOBEAEHME MOJOENTMPOBAHWA
ANAa CPABHEHNA SOPEKTUBHOCTU
NMPUMEHEHWA PA3NTUYHDbIX
KNCJTOTHbIX KOMMNO31UMn

MoieTMPOBAHUE KUCIOTHOH OOPA6OTKH
MPOU3BOAMIOCH IPU IIOMOIIH JIByXMEPHOTO
CHUMYJIATOPA, KOTOPBIA YUUTBIBAET ITAPAMETPHI
JBYX(PA3HOI'O MOTOKA B MHOTOCJIOMHBIX CUCTEMAX, 4
TAKKE PA3HBIE MOJIETIN XUMHUYECKOTI'O PACTBOPEHUS
NOPOJ, B KAPOOHATHBIX KOJIJIEKTOPAX, TAKUE KAK
TOPLIEBOE PACTBOPEHHUE, KABEPHOOOPA30BAHUE,
06pPa30BAHME YEPBOTOYNH U PABHOMEPHOE
pacnpeiesIeHUe KUCIOTHI IO MaTPHUIE HOPOBOT'O
IPOCTPAHCTBA HOPOABL JJaHHBIF CUMYIIATOP TAKXKE
YUYUTBIBAET NIPOLECC OTKJIOHEHU KUCIOTBI MEXY
Pa3IUYHBIMU 30HAMU IIJIACTA BBH/1Y U3MEHAIOMENCS
BO BPEMEHU BA3KOCTH KHUCJIOTBL

IIpOrHoO3UpOBaHMUE JOOBIYU OBLIO BBIITOJHEHO
KJIACCUYECKHUM METOJIOM C UCTIOTIb30BAHUEM
(opmysiel JIOMION IS PAAUATBHOTO IPUTOKA
K CKBA’KWHE IIPH YCTAHOBUBIIEMCS PEXKUME
(PUIBTPAUH IITTACTOBOTO (DJIIOU/IA.

IIpu MOAEMUPOBAHNUH ObLJIA IPUMEHEHA TEXHUKA
MAPDIR [20]. JaHHA5 TEXHUKA XOPOIIO CEOS
3aPEKOMEH/IOBANIA TPU IPUMEHEHUN B KAPOOHATHBIX
IUTACTAX C BBICOKMMU TEMIIEPATYPAMH U
JaBraeHUAMU. OHA 32KJII0YAETCA B 3AKAYKE KUCJIOTHI C
MAaKCUMaJIbHOW CKOPOCTBIO, IPUBOJAIIEN K IIEPEXOAY
OT (PPOHTATIBHOT'O PACTBOPEHUSA K OOPA3OBAHUIO U
PacpOCTPAHEHHUIO YEPBOTOUHH.

BpUIO MPOM3BEIEHO MOJETIMPOBAHUE 3AKAUYKUA TPEX
Pa3IUYHBIX CUCTEM. PE3yIbTaTEI MOAENTHUPOBAHUA
B BUJIE I'PAUKOB 3aBUCUMOCTU CKUH-(DAKTOPA IO
KasK/J0H 30HE OT 0O0'beMA 3aKA4AHHOM JKUJKOCTH
U rpaduKa MIPOHUKHOBEHHUA KUCIOTHI B IIJIACT
IPEACTABICHBI HA pUC. 15—-20. O6'bEMBI OCHOBHOI'O
PACTBOPSIONIEIO IOPOAY AT€HTA, 24%-HOH
COJITHOM KMCJIOTBI, ObIN B3ATHI B 9KBUBAJIEHTHBIX
KOJIMYECTBAX, COOTBETCTBYIOINX OOBEMY KUCIIOTHI,
IIPU PEATIBHO IPOBEACHHOM OOPA6OTKE, ONUCAHHOM
BBIIIIE.

Ha oCHOBaHUHU NIPEACTABIEHHBIX I'PA(PUKOB
MOYKHO CJIEJIATD BBIBOJI, YTO IPOHUKHOBEHHE BITIyOb
1aCcTa YuCcTom 24%-nou HCl mporncxoauT 1niib B
TPEX CAMBIX BHICOKOITPOHHUIIAEMBIX 30HAX (pHUC. 15,
30HHI 1, 2 1 3), 30Ha 4 OKA3bIBAETCA ITOJBEPIKEHHON
BO3ZEHUCTBUIO KUCJIOTHI KPAMHE /1260, B TO BPEMSI
KaK 30HBI 5 1 6 — CaMbI€ HU3KOIIPOHHUIIACMbIC
— OK4a3bIBAIOTCs HECOOPAOOTAHHBIMHU. DTO
TTO/ITBEPIKJACTCS TAKKE PHUC. 16, T/Ie CKUH-
akTop 151 30H 5 1 6 OCTACTCS HEU3MECHHBIM OT
IIEPBOHAYAJIBHOI'O, B TO BPEMS KAK JUIS 30H 1, 2
U 3 OIyCKaeTcs HYDKE HyIIA. [Ipu 06paboTKE xe
KOJJIEKTOPA IeJINPOBAHHOI KMCJIOTOM CUTYAITUS
MEHSIETCS C/1260: IOMUMO HAOJIIOAAEMOI'0 IIPEXK/IE
CHMIKEHUSA CKUH-(PAKTOPA B 30HAX 1-4 mponucxoaunT
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Figure 15 — Depth of penetration of 24% HCl in the
bottombole zone
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Figure 16 — Changing the skin factor for each
zone depending on the volume of fluid pumped
Jor24% HCI
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Pucynox 17 — I'nyouna npoHuKHoGeHu
zeaupoeannoii 24%-noii HCI ¢ II3IT

Figure 17 — Penetration depth of gelled 24% HCI
in bottombole zone

the real treatment described above, the volumes of the
main solvent agent (24% hydrochloric acid) were taken
in quantities equivalent to the acid volume

Based on the graphs presented, it can be concluded
that 249 HCI penetrates only in the three highest
permeable zones (Figure 15, zones 1, 2 and 3),
penetration of acid in zone 4 is very poor, zones 5 and
6 — the lowest permeable zones — left untreated. This

Ne 3 (073) CeHtsi6pb,/September 2020 79

2
=
)
=
5
o,
O
A
-
==
e
=
®,




=
~
=
~
<
>
a8
O
=
S
a
=
®)
a¥
=
&)
=
S
=
iE

70 - ; 7 -
e —_— 1 —————,
260 i 1-NHACL3% ¢
% i 2-HCL 24% ren.0,6% :
+ 50 i i
£
v,
VF 40 | - %or—«a;/%one;
§30 15 . 32533?23223
g i i - 3oHa4/Zone4
< 20 E i 30Ha5 / Zone 5
E=% 4 — 30Hab / Zone 6
z 10 L hmes
5 | e
g o0
10 - . L — - : —
0 20 40 60 80 100 120 140 160

O6beM 3akayku, M? / Injected volume, m?3

Pucynox 18 — Hamenenue ckun-gpaxmopa no
Kaxncooil 30He 6 3a8UCUMOCIU O 00sema
3aKaUaAHHOU HCUOKOCIU O 2eAUPOBAHHOUE
24%-no1t HCI

, M
w
N
o
o

= NH4CL 3%
3 = HCL 24%
< 3410 mHCL 2% CIK
RE
X
m.C
55
20
2%
63
=
o>
=
(e}
>
=

is also confirmed by figure 16 where the skin factor for
zones 5 and 6 remains unchanged from the original,
while for zones 1, 2 and 3 it drops below zero. Treatment
with gelled acid is almost the same — skin factor
decreases in zones 1-4 and slightly decreases in zone

5 (fig. 18). The penetration of acid into the reservoir
depth is almost unchanged in comparison with non-
gelled acid, and zone 6, which is thicker and has the
lowest permeability, remains almost untreated. The
situation changes drastically with turn-based injection
of 24% hydrochloric acid and batches of self-thickening
flow-diverter composition based on 2% HCl with special
additives. Figure 19 shows that acid penetrates into all

Taoauua 9 — Pe3ynsmamsl. MOOCAUPOSAHUA,
evipajicennble uepe3 CKun-Paxmop

Table 9 - Simulation results expressed
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Pucynox 19 - I'nyouna npoHuKHoGeHus
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Figure 19 — Penetration depth of gelled 24% HCI
injected with a diverter into the bottombole zone
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Pucynox 20 — Hamenenue cKun-gpaxmopa no
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Figure 20 — Changing the skin factor for
each zone depending on the volume of fluid

50

injected for 24% HCI, injected with a developed

whipstock
TAKXKE €ro CJ1aboe CHUXKEHUE B 30HE 5 (puc. 18).

HpOHI/IKHOBCHI/IC KHCJIOTHBI BFIIy6b I1aCTa IIOYTHU
HC MCHACTCA 11O CPABHCHUIO C HCFCHHpOBaHHOﬁ
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through a skin factor
Cpue.'g:ﬁila; € CHUXeHVe
Cucrema CKMH-(haKTOp cxwu-d;:mopa,
S Uil igas Decrease in the
average skin skin factor, %
factor !
Be3 obpabotkm (chakT) _
Without treatment (fact) #o30
HerennposarHas 24%-Has HCl
(nporHo3s) +27,6 56
Non-gelled 24% HCl (forecast)
TenvpoBaHHas 24 %-Has HC
(nporHo3s) +24,5 61
Gelled 24% HCl (forecast)
lenpoBaHHas 24 %-Hast HCl (cbakr)
Gelled 24% HCI (fact) 165 4
HerenvpoBaHHas 24%-Has HCl +
CrK (nporHos) -1,3 102
Non-gelled 24 % HCl + SFC (forecast)

the treated zones, which results in reduction of the skin
factor to negative values in all the zones of the well.

Table 9 presents a comparison of weighted average
values of the skin factor for all simulation cases.

The qualitative analysis of the forecast results
presented in Table 9 shows that each subsequent
modification of the carbonate reservoir acid treatment
technology provides an additional effect. There isa
fact of deviation of actual and predicted values for the
case of gelled acid treatment. This fact may be related
both to inaccuracies inherent in kinetic equations of
real rock dissolution by acid and to inaccuracy of input
parameters. However, the difference between the actual
and predicted values by 13% in this particular case can
be considered as acceptable.

OPINION AND RECOMMENDATIONS

This article allows to trace the evolution of acid
treatments in carbonate reservoirs using chemical
diverters. When considering the data presented, it is
shown that the design of the treatment with the use of
mathematical simulation methods plays an important
role. It allows not only to estimate the efficiency of acid
placement in the long intervals, but also to estimate the
well productivity after this treatment.

In this article the results of performed acid treatment
using gelled acid were compared with the simulated
treatment parameters including a new self-thickening
flow-diverter composition. Such a composition can be
considered optimal for the presented case because the



KUCJIOTOH, 4 30HA 6, 06712 JA10111A51 6OBIIOM
TOJIIIIUHOM MU CAMOI HU3KOM IIPOHUITAEMOCTBIO,
OCTAETCA NPAKTHIECKU HEOOPAOOTAHHON. CHUTyal s
KApANHAJIBHO MEHSETCS IIPU TTOCIC/IOBATEIBHO
4EePEAYIOLIEHCA 3aKAYKE B CKBAXKUHY I1a4eK 249%-HOU
COJISTHOM KMCJIOTBI M TAYEK CAMO3ATr'yIIAIOICHCS
HOTOKOOTKJIOHSIONIEH KOMIO3UIINH HA OCHOBE
2%-1011 HCI co cnennuaJabHbIMU TOOABKAMU.

Ha pucynke 19, rae n306paskeHO IPOHUKHOBEHHE
KUCJIOTHI BITIyOb I1ACTA, BUJHO, YTO KUCJIOTA
HOIAJAET BO BCE OOPA6ATHIBACMBIC 30HBI,
PE3YJIBTATOM YETO SIBISIETCSI CHUKCHUE CKUH-
(paKTOPA 10 OTPULIATENBHBIX 3HAYEHUI BO BCEX
30HAX CKBA’KUHBI.

B Tabnuue 9 npeAcTaBiIeHO CPABHEHHE
CPEIHEB3BEIICHHBIX 3HAUYCHU N CKUH-(DAKTOPA 1151
BCEX PACCMATPHUBAEMBIX CJIYYAEB MOJEIUPOBAHUSL

IIpy KaYECTBEHHOM aHAJIU3E NIPECTABIECHHBIX
B Ta0J1. 9 IPOTrHO3HBIX PE3YJIBTATOB BU/IHO, YTO
KAX/1251 HOCAEAYIONAs MOJHU(PUKALINSA TEXHOIOT U
KHUCJIOTHOU O6PA60TKH KAPOOHATHOI'O KOJIJIEKTOPA
IPEACTABIISAET JOIOTHUTEIBHBIN 3(PEKT.
[TpucyTCTBYET HATNYUE (PAKTA OTKJIOHEHUSI
(PaAKTUYECKUX U IIPOTHO3HBIX 3HAYCHUH [JJ151
cirydass OOpabOTKU J1ACTA T POBAHHOMN
KUCJIOTOMN. JJaHHBIN (DAKT MOXKET OBITh CBA3aH KAK
C HETOYHOCTSIMU, 32JI0KEHHBIMU B KUHETUYECKHE
YPABHEHMUSI PACTBOPEHU S PEATIBHOU ITOPO/IbI
KHUCJIOTOH, TAK U C HETOYHOCTBIO BXO/IHBIX
napaMeTpoB. OJJHAKO PACXOXKJCHUE MEXKTY
(PAKTUYECKHUMHU U IIPOTHO3HBIMU 3HAYEHUSIMU
Ha 13% B JaHHOM KOHKPETHOM CJIy4d€ MOXHO
PaccMaTpuBaTh KaK IIPaBOMOYHOC.

3AKJTFOYMEHUE W PEKOMEHOALUNA

JlaHHAas CTAThsI HO3BOJISAET NPOCIEANUTD 3BOIIOLIUIO
KUCJIOTHBIX O6PA00TOK B KAPOOHATHBIX KOJJIEKTOPAX
C MUCHOJIB30BAHUEM XUMUYECKUX OTKJIOHUTETIEH.
ITpu pacCMOTPEHUHU IPEACTABIECHHBIX JAHHBIX
MOKA34HO, YTO HEMAJIOBA’KHYIO POJIb UTPAET
JIN3a1H 0OPabOTKHU C IPUMEHEHHUEM METOJIOB
MATEMATUYECKOI'O MOJETUPOBAHUS, O3BOJISIONINX
HE TOJIBKO JJATh OLIEHKY 3(P(PEKTUBHOCTH
pa3sMeENEeHUs KUCIOTHI B IPOAOJIKHUTENBHBIX 1O
BBICOTE BCKPBITBIX UHTEPBAJIAX IIJIACTA, HO U OLIEHUTD
MIPOU3BOAUTENBHOCTD CKBAKHUHBI ITOCJIE TAKOU
06pPabOTKU.

B AaHHOM CTAThE OBUIN COMTOCTABJIEHBI PE3Y/IBTATEI
(paKTHUYECKH IPOBEACHHON KUCIOTHOH OOPabOTKU
C MCOJIBb30BAHUEM I'€JIMPOBAHHOM KHUCJIOTHI
C MOZICTIBHBIMU ITAPAMETPAMU OOPAOOTKH,
BKJIIOYAIOIIVMHU HOBYIO CAMO3AaTyIIAIOMYIOC
MOTOKOOTKJIOHAIOIYIO KOMIIO3ULIHIO. TaKyIO
KOMIO3HUIIUIO MOKHO HA3BATh ONITUMAJIbHOM JIJIS
MPEACTABIEHHOIO CJIy4as, TAK KAK IPUPOCT IO
paccMaTpUBAEMON CKBA’KUHE MOI' COCTABUTD
90 M?/CyT. BMECTO (DAKTUYECKU ITOJIYIEHHBIX
23,5 M?/cyT. JaHHOE CPABHEHME IO3BOJISAET
34KJIIOYUTD, YTO HOBAS Pa3padOTKAa B BU/JIE
CITK, MOXET OBITB C YCIIEXOM IPUMEHEHA HA
PaCCMOTPEHHOM MECTOPOXKACHUU Pecnybmuku
Kazaxcramn.

growth of the well under study could be 90 m?/day
instead of factual 23.5 m?/day. This comparison allows
to conclude that the newly developed SFC can be
successfully applied in this field in the Republic of
Kazakhstan.
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HOBOCTU

Liberty Oilfield Services nogxsatunay
«LLintomGeprke» GMU3HEC No NPoBeAEeHUI0
rngpopaspbiBa nnacra 8 CesepHon AMepuke

Liberty Oilfield Services Inc. noaTeepamna xxenaHm
0OMeHsTb 37 % aKLLMM KOMMaHUM Ha CeBepOaMePUKaHCKIAN
chnort P komnaHum «LLintombepske». KoMnaHus
«LLIntomBep>xe» Npekpatiia NpoBefeHVe rMapopaspbiBa,
YTO CBUAETENBCTBYET O CEPLE3HOM YNaZKe B OTPac/v
100bIum cnaHueson HedT B CLLIA.

MprobpeTeHue komnanmen Liberty QOilfield Services
noapazneneHus «LLinombepsxe» no P coenaet sty
KOMMaHMIO TRETLEM MO BENNYMHE HETECEPBMCHOM
KOMMaHmen no goxofdam B CeBepHom AMepuike. Kpome
cnora Pl B nepyMeTp cOenkm BXOAAT ABe LUaxXTbl Mo
000blye necka B LLTaTe Texac 1 Apyre oobekTbl.

Teswcel Liberty Oilfield:

* ObINO MHOTO NPeaIoXEHNA Mo NoKyrke GusHeca [P, Ho
ToNbKo 6u3Hec «LLintombepyke» kak nuaepa B obnactu
TEXHOMOMMI MOKa3asncs HaM NMOAXOASALLMM;

* npegnornaraetcs, 4to 202 1 rogy OyOeT 3anyLLeHo OKoMo
200 cnotos [Pl1, eciv npomn3BOAUTENM OCTaBAT B CUSTe
MnaHbl MO COXPAHEHMIO YPOBHS ALOObIYM CTAHLLEBOTO ra3a
VN HedpTw;

* KONMYeCTBO AeNCTBYIOLLMX chnoToB [P koMnaHmm
MOCTOAHHO yBenun4mBaetcs ¢ Masg 2020 rogga;

* HehTAHbIM koMnaHuaM CLLIA mpuaeTcs orpaHHmTb PocT
[00bI4K, YTODbI MPEAOTBPATUTL HOBbIV LMK OyMa-craaa
Mo Mepe PoCTa LieH;

* B Havase 2020 roga LeHbl Ha HedTb B CLLIA ynanm
©ornee 4eM Ha 50%, 11 y KOMMaHUM CIYYUTINCE MEPBbIE
YBOIbHEHWS, TaK Kak KOPOHaBMPYC CHM3MN CNPOC Ha
TOMIVIBO, HO TeMepb KOMMaHVsA MOBTOPHO HAaHUMAET
1 BO3BPALLAET YBOJIEHHbBIX PAaOOTHNKOB.

B nocneaHuie rofbl 13 cermeHTa 4o0bI4M CNaHLEBbIX
HedTV 1 rasa yLwnm Takke Baker Hughes 1 Weatherford
International.

Halliburton ocranack eauHCTBEHHOM rNobanibHOM
HedhTeCEPBMCHOW KOMMaHWeN, 3aHMaloLLENCS
3aBepLUEHMEM HedTera3oBbIX CKBaXKMH Ha CaHLLEBbIX
MecTopoXxaeHMsX. Ho faxe oHa 3aaBuna, YTo
BK/1aAbIBAETCS B 3apyOeXKHbIE MPOEKTbI UCKIIOHUTENBHO
B pacyeTe Ha ObICTPbIV POCT.

AreHTCTBO Bloomberg cumTaer, 4to O13Hec B cermeHTe
HeTera3oBoro cepBmca, BO3MOXHO, HMKOMAA He
BOCCTaHOBUTCS [0 MPEXHWX BbICOT.

lfeHampexTop «LLnombepsxe» O. Ile Melua nevansbHoO
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3asBU, YTO CAenKa ¢ Liberty — 370 nocnenHWin Lwar, 4Tobbl
MPUCMOCOBUTLCS K HEDTAHOMY KpK3MCY. PaHee KoMMaHmsl
0bbABMNA, YTO MAHUPYET COKPaTUTL Oonee 2 1 ThiC.
pabo4Mx MecT. Takxke KOMMaHVs HaMepeHa NepecTpouTb
CBOW BM3HEC Mo BceMy MUpY.

Ecnn HedpTb He NOAOPOXKaET, 3To OyAeT KoHeL,
Aans cnaHua CLUA

OaviH 13 KIOYEBbIX CTOYHNKOB (DMHAHCPOBAHNS
cnaHueBrikoB CLLIA ncnapseTcs, Kak CHer NOf, BECEHHVM
CoiHLEeM. [Tpry4emM MMEeHHO B TOT MOMEHT, KOrZa
CNaHLIEBVMKI HY>KAAIOTCS B AeHbrax boblue, 4emM Koraa-
nmoo.

MHorwe KpyrHble 6aHKK, KOTopble AoNre rogpl
KPeamMToBasi COTHW He3aBMUCUMbIX OyPOBbIX KOMMaHNIA,
OTOLLNM OT CekTopa ¢ GecnpeLiefeHTHOM CKOPOCTbIO.

I ecTb BCe NPU3HAKM TOTO, HTO OCEHbBIO KPEAUTHbIE PECYPChl
NPOoAOIKaT CoKpaLLaTbes, otMedaeT pecypc World Oil.

W yauTbIBas, YTO LieHbI Ha HedTb HMKaK He MOTyT YCTONYMBO
npeofoneTs ypoBeHb B 40 fonnapos 3a Gappens, Oyayliiee
CMaHLEeBbIX OMEPaTOpPOB MPeLCTaBNAETCH AOBOBHO
MPaYHbIM.

«[1oka LieHbl Ha Hed)Tb OCTatoTCs Ha ypoBHe 40 nonapos
3a bapperb 1 HUXe, oyMato, HTo GaHKM ByayT NposBsTL
DOMbLLYIO OCTOPOXXHOCTb B KPELUTOBAHNM HEPTAHNKOB U
MPOLOIIXXAT OTCTYMNIEHME OT CEKTOPa, — FOBOPUT aHaNUTUK
Bloomberg Intelligence CrieHcep Kattep. — Ecnn LieHb!
ocCTaHyTCs Hvke 40 gonnapos 3a Gappenb, 310 OyaeT KoHeL,
L5 CaHLa@Y.

KpenutoBaHMeM CNIaHLIEBMKOB 3aHMMAIOTCS He TONBbKO
BaHkoBckme rraHTbl CLLA, Takme kak JPMorgan Chase
1 Wells Fargo, Ho 1 Bonee Menkue pervoHarnbHble
opraHu3aLmn, Takue kak BOK Financial Corp., Cadence
BanCorp 1 Amegy Bank NA. CnaHLeBble KoMMAaHWUM
00ObIYHO [OrOBaPVBAOTCS O CBOUX KPEOUTHBIX MHUASIX
BECHOW 1 OCEHbIO.

Kak pa3 BecHow 6aHKM Ha4ay CoKpaLlaTtb 00bem
KpeoutoBaHus. CornacHo S&P Global Ratings, 6a3bl
3a1MCTBOBAHWI, KOTOPbIe OMPeaenstoTcs 3a510roBOK
CTOMMOCTbIO 3aMacoB HeTU M ra3a, COKPaTUMCh B
cpenHeM Ha 23%, a KpeauTHble 0bs3aTenbCTBa Dbl
CHV>XEHbI B cpefHeM Ha 15%.

[lns onepatopoB C BbICOKMMW 3aTpaTamu TekyLLas LieHOBast
cpena BbIMMSANT KpariHe cioxHoW. o AaHHbIM Bloomberg,




B OBLLEN CJIOXKHOCTY 27 SHEpreTnyeckmx kommnanmm CLLA
00bsABUIM 0 BaHKPOTCTBE € Havasa rofa Ao 20 nons.
MHorme 13 HUX SBASIOTCA ClIaHLLEBLIMI OMepaTopamMu,
Takue kak Chesapeake Energy Corp., Whiting Petroleum
Corp. u Ultra Petroleum Corp.

MNpowusBoauTenu cnaHueBon HehTn
CLLIA Goptotcs 3a HoBble (hepeparnbHble
pa3peLueHuns

MpousBoauTeny Hed T, paboTaloLLMe Ha OCHOBHbIX
cnaHueBblx MectopoxaeHuax CLLA, HakamnnvsatoT
pa3pelLeHVst Ha BypeHye Ha heaeparbHbIX 3eMMsX B
npenaBepun HoSOPbCKMX NMPE3AEHTCKMX BbIOOPOB.
OHw onacatotcsl, 4To nobena kaHaMaaTa oT AeMOKPATOB
[>xo banaeHa NpuBEMET K NpeceveHmto AesTebHOCTM Ha
MeCTOpPOXaeHMsX, CoobLLaeT Reuters.

KonmyectBo cheaepanbHbIxX paspelleHni Ha BypeHie
HOBbIX CKBaXWH B [epMcKoM HaccenHe, pacnonoxkeHHOM
B Texace 1 Hbto-MeKcrko, 3a nocnefHme Tpy MecsiLa
BbIPOC/O NpUMEPHO Ha 80 % . AHANUTUKIM CBA3bIBAOT
Takow POCT C XedXXMPOBaHVeM NpoTuB nobeabl banaeHa,
KOTOPbI B HACTOSILLIEE BPEMSI ONEPEXKAET AENCTBYIOLLIETO
npe3ngeHta CLLUA JoHanbaa Tpamma Ha HeCKOSIbKO O4YKOB
B 00LLieHaLOHabHOM onpoce. baraeH 3asBur, 4To He
XO4ET MOIHOCTbIO 3aMpeLLaTh rapopaspbiB nnacta (MPM),
YTO MPOTVBOPEYUT HAMEPEHWSAM MHOTVIX 3aLLATHMKOB
OKPY>KaloLLIEV CPefbl M aKTMBUCTOB [leMOKpPaTMHeCKOM
naptm. OOHaKo ero KIMMaTUYeCK NaH BKoYaeT B ceds
3aMpeT Ha BbldaYy HOBbIX pa3peLleHmi Ha A00bIYY HedTH 1
ra3a Ha rocyapCrBeHHbIX 3eMIISX.

Mo MHEHWIIO OTPaCEBbIX MPYM, 3TO HAaHeCeT yLiep6
5KOHOMVIKE 11 OCTaHOBWT SHEPreTUHecKiA OyM, CoenaBLUImn
CoepyHeHHble LLITaTbl KpymHENLLIMM NPOV3BOAUTENEM
CbIpoV HedpTV B MUpeE.

CnaHLeBasi peBONOLMS NMPUBENA K YBENUHEHWIO [,00bLIYM
HebTn B CLLIA nprmepHo Ao 12 MiH 6app. /CyT. B MPOLLIOM
rofy 3a cyet [Pl1. C3Konorn4eckom To4Km 3peHms 31a
TEXHONOINA ABAISETCA CMOPHOM, MOCKOMbKY MOAPa3yMeBaeT
3aKayKy BOAbI, Mecka 1 XMMMKaTOB B MOPOLY MOL, BbICOKM
[OaBleHMeM OJ15 OTAeNeHNs HeTU U /NI NPUPOLHOIO
rasa.

Mo coctosHMIo Ha 24 aBrycta 2020 rofa AobbiBaioLLmve
KOMMaHWK nony4mn 974 paspeLleHmst Ha 00yCTPOMCTBO
HOBbIX CKBaXWH Ha hefiepanbHbIX 3eMnsx B Mepmckom
BaccenHe No cpaBHeHMIo ¢ 1068 3a BECh MPOLLIbIN oA,
265 B 2018 rofy, cBUOETENbCTBYIOT faHHble Enverus.

Bopbba 3a HoBble pa3peLLeHst BEAETCS BOMPEKM

cnabbIM nepcrnekTiBam OypeHus 1 HA3KMM LieHaM Ha
HedTb. CornacHo AaHHbIM HethTeCePBUCHOM KOMMaHWK
Baker Hughes, konnyectBo ycraHoBOK, OypsiLLMX HOBble
CKBaXKMHbI, goctmo B CLLIA pekopZHOro MUMHUMYMa 3a

15 Hepenb. B 3Ton CBA3K aHANUTVKIA HEe OXKINAAIOT PE3KOro
pocTa OypoBOM akTMBHOCTI B KPAaTKOCPOYHOW MepcnekTuBe.

HeonpeaeneHHOCTb B OTHOLLIEHWN 3aMpeTa 1 Apyrix
BO3MOXHbIX HOPMATUBHbBIX M3MEHEHWIA, BKIOYas
npennoXeHue 06 N3MEHEHWN NIULEH3VOHHBIX MaTexein
C YHETOM KIMMATNHECKIX 3aTPaT, 03HAYaET, HTo Nepes,
BblGOpamm Oy[eT BblAaHO OoMbLLe pa3peLleHni,

yTBep>aaet bepHaett [I>KOHCOH, BULe-Npe3naeHT
Enverus.

Mo cnoBam ApteMa AGpamoBa, pykoBOAMTENS OTAENa
1ccnenoBaHn cnaHLeB B Rystad Energy, roHka 3a
pa3peLLeHVSMI COCPeoTO4eHa B panoHe NepMckoro
OaccernHa, pacnonoxeHHoro B Hbto-Mekcnko. OH
CYUTAET, YTO OKOMO 85 % pa3peLLeHnin Ha 0ByCTPONCTBO
HOBbIX CKBa>WH B 3TOM rofly Oblno BblAAHO 415 paboThb!
Ha pefepasbHbIX 3eMsX No cpaBHeHWIO ¢ 60% B 2018
1 65% B 2019 rogax. 310 CBUAETENLCTBYET O TOM, YTO
KOMMaHWM NbITAIOTCA YCKOPUTL MONyYeEHME Pa3peLLeHNI.

[ybepHatop Hbto-Mekcrko, AemMokpatka MuLienb JlyxaH
[pyLLaM 3asiB1nIa, YTO OYZET HACTanBaTb Ha OTKa3e oT
NoObIX 3aMPeToB Ha DypeHVie. LLITaT SBnseTcs ooHUM U3
caMbIx DefHbIX B CTPaHe, 1 TPETL ero BIofKeTa COCTaBNSIOT
[oxofpl Ot HedhT 1 raza. Okomno 65 % Npor3BOACTBa B
Hbto-MeKcrKo npuxoamTca Ha enepasbHble 3eMiu.

B benapycu BHeapeHa HoBasi TexHonorus
MHTeHcMPUKauun HepTego0bIuN

benopycckme HeTAHVKM BHEOPUMM HOBYIO TEXHOMOTMIO
MHTEHCMDVKALMN LoObIYM HedTU. Peyb MOET O KNacTepHOM
MHOIOCTaAMMHOM FMAPOPa3PbIBE Macta (rPM) mo
TexHonorum Plug & Perf.

TexHonornyeckme onepaLmm yCneLHo BbINoHEHbI

Ha ckBaxxmHe N2 67 CeBepo-[1oMaHOBNHCKOrO
MeCTopoXaeHWs. B onepaLmsx Oblin 3a4eMCTBOBaHb!
PabOTHNKM TAMMOHAXXHOTO YMpPaBeHMs KOMMaHWN
«benopycHedTb», yNPaBAEHN MO MOBbILLEHWIO
HeTeOTAAYM NIIACTOB U PEMOHTY CKBa>XKMH, a TaKXXe
NPOMBbICITOBO-reodu3ndeckimx pabot. ConpoBoxaanm
MeponpuaTUaA creumanictbl UHCTUTyTa «benHUMHedTE».
3akaz4mkoM Bbictynuno HIY «PevnuaHedts». Kypuposan
BHEAPEHVE TEXHOMOMMM MaBHbIV HXXEHEP — 3aMeCTUTeNb
reHepasnbHoro ampekTopa «benopycHedtn» AHTOH
CepebpeHHMKOB.

«Ha3BaHWe TeXHONOrK, NPULLIELLLEN B BENOPYCCKIA
pervoH 13 CeBepHo AMEpPUKM C ee ClIaHLEBOM
PEeBONIOLLMEN, OCTIOBHO NEPeBOAMTCA KaK «Mpobka
Y nepdopaLms». ITO PacKPLIBAET CyTb METOAMKMY, —
OTMETUN B NMPECC-CIy>k0e KOMMaHmM.

[1o cnoBam MepBOro 3aMecTUTeNs HavasbHUKa — raBHOIO
nHxeHepa HIAY «PevnuaHedts» Bacunms Oponosa,
MCMOMb30BaHME HOBOW TEXHOMOMMM MO3BOSISIET KPATHO
CHW>KaTb BPEMS Ha MOLATOTOBKY CKBaXXMHbI K CJIeAyOLLEMY
s1any Pr. «Mpy NpoBefeHM NOMHTEPBAIbLHOW 0OpaboTKK
MO KIACCNHECKOM TEXHOMOMMM Ha OObIYHOW CKBaXKMHE LIKIT
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HOBOCTU

OTCeYeHWs BbIMOMHEHHOW 30HbI 1 MepdopaLys creaytoLLen
MOXET LNNTLCA OT ABYX A0 MATY CyTOK. [1py NpUMeHeH1N
TexHororun Plug & Perf noHamobwuTtcs ot 3 10 6 YacoB»,—
YTOYHWIT OH.

HemManoBaxxHon 0COBEHHOCTLIO HOBOW TEXHOMOT M
ABIAETCA OLHOBPEMEHHOE CO3aHME HECKOSbKMX TPELLMH
[Pl 3a ogHy 3aKauKky.

«JTYKOWJTI-UHXNHMPUHM oBecrieunsaeT
6e30nacHOCTb 3KCMyaTaLMn ra3oBbIX
CKBa)XUH

OCHOBHOW pervioH razonobeium MAO «JTYKOWT» B
Poccnm — mecTopoxxaeHms bonbLuexeTckor BnaamHbl,
MMetoLLIME CJTOXKHOE reofiornyeckoe crpoeHre. OHo
00YCII0BMIEHO HaNMM4YEM MHOMOMNACTOBLIX HEDTAHBIX,
HedpTera3okoHAEHCATHBIX M Fa30BbIX 3anexen. s nx
3 heKTVBHOM pa3paboTKM HEoOX0AMMO MPUMEHEHME
COBPEMEHHbIX TEXHMKO-TEXHOMOTYECKIX PELLEHWIN.

Hanuyme 3aKonoHHbIX NePETOKOB MO LEMEHTHOMY KOMbLY
OCTaeTCs OHOW 113 Hamnboree ocTpbIX MPobnemM npu
pa3paboTke v 3KCMyaTaLmm ra3oBbIX MECTOPOXIAEHWI: a3,
HaXOALUMICS B MyacTe Nof, AaBIEHMEM, MPOHUKAET Yepes
MOPOBbIE KaHaSTbl LIEMEHTHOTO KaMHS1, TPELLINHbI, KaBEPHb!
NI 3330pbl MEXY LIEMEHTOM U KOTTOHHOW B MEXKOJSTIOHHOE
MPOCTPaHCTBO. [JaHHOE OCNOXHEHWE NMPOSIBIISETCS Ha

YCTbe CKBaXKMHbI B BUIE AABMIEHUS, MPENSTCTBYIOLLErO
Be30onacHoOW 3KCNyaTaLmm CKBaxXnH. Bce 310 MoxkeT
MPVBOANTL K MpobriemMam 1 BIieyeT 3a cobov 3aTpaThl Ha X
yCTpaHeHe. STa npobriema 4acTo BCTPEYAETCs 1 Ha Apyrix
ra30BbIX MECTOPOXKIEHNSIX.

IMeHHO MO3TOMY Ha MECTOPOXKAEHMSAX bonbLuexeTckom
BMaAMHbI MPUOPUTETHOM 3afa4el ABNAeTCs hoOpMUPOBaHME
rePMETUYHOMO MEXKOMOHHOO NpocTpaHcTea (MKIT) B
npoLLecce CTPOUTESbLCTBE CKBAXKVH.

®unman 000 «JTYKOWT-UHXUHMPUHT
«KoranbIMHUTMHedTb» pa3pabaTbiBaeT TeXHooryeckme
PELLEHVS 1 Ha MOCTOAHHOW OCHOBE BbIMOIHAET MHXEHEPHOe
COMPOBOXAEHME LIEMEHTUPOBAHNS 00CaZHBIX KOMOHH
CKBaXXVH Ha MECTOPOXXAEHVAX BonbLLIEXETCKOV BNaANHbI.
Pa3paboTaHbl 1 BHeLpeHb! peLLenTypbl TaMMOHAKHbIX
PaCTBOPOB Ha OCHOBE «CaMO3ae4MBAIOLLIXCSH» LLEMEHTOB
€ [00aBKoV 3hEKTVBHBIX PeareHToB ra3obyIoKaTopos,
KOTOpble 00eCreyMBaloT BOCCTaHOBMEHME LIeNOCTHOCTM
3aTpybHOro NPoCTpaHcTBa. MNprMeHseMble MaTepuansi
CMOCcOOHbI BOCCTaHABIMBATL HAPYLLEHHYIO FePMETUHHOCTL
MPY BO3HUKHOBEHWM B LLIEMEHTHOM KOJIbLE KaHaN0B U
MVKPO3a30p0B, bnarofaps HYeMy YOAeTCs MPefoTBPaTUTL
NEPETOKM MIaCTOBbIX (PNIOVA0B NPY SKCMNyaTaLmm
CKBaXVIH.

JononHutensHasa repmetmsauma MKIT gocrmraercs 3a
CHYET 3aMOoNHEHWS ero refib-NoIMMEPHbIMU COCTaBaMK,
CO33IOLLMMIM MOCTOSHHOE BO3AENCTBUE CTONDA XUAKOCTU
Ha ra3oBble MacTbl Mocsie OKOH4YaHUA CTPOUTESbCTBA
CKBa>KMH, YTO TaK>Ke NPensTcrByeT MUrPaLmn ra3a rno
3aKONTOHHOMY MPOCTPAHCTBY.

Bmecre ¢ COBepLLUEHCTBOBaHMEM pPeLENTYP LEMEHTHbIX
PacTBOPOB A TexHonorum KperneHna peanmsyoTca 1
MepOornpuAaTA Nno KadecrseH HOW MOAroToBKe CTBOMA
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CKBaXXMHBI. [epe4ncieHHbIN KOMMIEKC peLLeEHNI

MO3BOJINI 3HAYUTENBHO COKPATUTL YACIIO CITyHaEeB
BO3HWKHOBEHWS MEXKOOHHbIX AaBAEHUIN Ha [TAKAXMHCKOM
MECTOPOXXAEHNM.

[owncK TEXHOMOMNI MO NOBbILLEHWIO FePMETUHHOCTI
33aKOJTOHHOTO MPOCTPaHCTBA [A30BbIX CKBAaXKMH
npogoskaercs. B punmane «KoransiIMHUMAHeDTLY
BeLlyTCs Hay4YHO-1cCnenoBaTensckie paboTbl No
YNPOYHEHWIO hUNBTPALLMOHHON KOPKIM BypOBOTro pactBopa
Ha CTeHKax CKBaXKVHbI 1 MOBbILLEHMIO aare3umn LIeMEHTHOro
KaMH$ K rOpHbIM MopofaM. VX BHegpeHue JOMKHO
MONMHOCTBIO MCKITIOHUTL BEPOSTHOCT BO3HNKHOBEHUS
33aKOJMOHHBIX MEPETOKOB MO LEMEHTHOMY KOJIbLLY W, KaK
aiencreme, obpasoBaHue MK,

YKa3aHHble MoAXoab! Modie Mx afanTaLmmy K KOHKPETHbIM
reosIoro-TeEXHUYECKMM YCIIOBUAM MOTYT TUPaXKMPOBATLCA 1 B
Apyrvx pernoHax gearenbHoct [MAO «JTYKOWIT».

«JTYKOWJI» ucnbiTtan HOBbI MeToA, OCBOEHUS!
CcKBaXXUH nocne MPI

MAO «JTYKOWT» ycrielwHo anpoburposasio Ha CBOMX
MecTopoxxaeHusix B Pecrybnvke Komm v 3anagHown Crbmpm
TEXHOJOMMIO €4NCTOV CKBaXKMHbI».

HoBbI1 MeTog, oTpaboTaH Ha NpoMbICaX, rae os
CTabunnm3aLmm 0obbIHM YrNeBOLOPOLHOIO Chipbs M
WNHTEHCUUKALLAN MPUTOKOB MPUMEHSIETCH MO PABANYECKAIA
pa3pbiB nnacra (MPr) — Ha Bo3enckoMm, YCUHCKOM U
KbIpTaensckoM MectopoxgeHusx, a Takxe Ha [ToTo4HOM ©
[1OBXOBCKOM.

ObopynoBaHie, UCMoNb3yeMoe MPY TEXHOMNOTM €HCTOM
CKBaXXMHbI», MO3BOJSET BOCCTaHAB/MBATL 3300 nocsie
npoBeneHs [PT1, pa3pyLuas nponnaHTHbIe NPobKy 6e3
CO3AaHVIS LMPKYALMN B CKBXKMHAX C HU3KMM M1aCcTOBbIM
JaBneHveM. NprMeHeHMe TEXHONOMIM MOMOTAET 13BJ1eYb
pa3pyLLEHHbIE YaCTULbl C MUHUMAIbHBIM HEraTUBHbIM
BO3OENCTB1EM PabOYen XMAKOCT Ha NMPK3aboViHyo 30HY
nnacra.

MpenmyLLIECTBO TEXHOMOMM — B COKPALLEHNM BPEMEHM
paboTbl bpKrad KanmTanbHOMO PEMOHTA CKBaXKMH, a Takoke
B CH/XKEHWM 3aTPaT Mo HOPManm3aLLmn 1 O4NCTKM 330051
CKBaXMH. [OMMMO TOro, METO, «4MUCTON CKBAXKMHbI»
obecreynBaeT bonee paHHWM BBOA, B SKCMITyaTaLMio
CKBaXXMHbI MOC/IE PEMOHTA.

TexHonors OyOeT UCMoMb3oBaHa Ha PAAE MECTOPOXAEHMIA
KoMrMaHWK B 3anagHovt Cnbupm 1 TumaHo-Medopckoi
MPOBUHLMN.



Cneumnanucrbl «benopycHedpTn» 06HOBUNU
peKkopp, CyToYHOW NPoXoAaKn Npu GypeHnn
GOKOBbIX CTBOJIOB

31 aBrycra 2020 rofa aBrycra Ha ckBaxkmHe N2 59s2
BuLLIAHCKOrO MeCTOPOXAEHNS 3a CyTKM NPoBypeHO

333 meTpa. [NpexHnI MakCMyM NPOLEP>KANCsA BCErO
18 oHew. Toraa 3a cyTkM BbI1o NponaeHo 317 MeTpoB.
Ha aT0T pa3 otnnymnack 6puraga Ne 3 YnpasneHus no
MOBBbILLEHWIO HEMTEOTAAYM NIACTOB U PEMOHTY CKBaXXMH.
PaboTaeT 3ToT KONnekT1B Ha ycraHoBke APC-100.

[Npwr OypPEHNM MPUMEHSIICS LIEMbIA KOMMIIEKC
COBPEMEHHbIX MHHOBALIMOHHBIX PELLEHUI. DTO

BMHTOBbIe 3a00ouHble apuratenin 000 «Md «Cokon»,
Tenemetpuyeckas cncrtema Compass 1 gonoto Halliburton
139,7GTD54Ks, koTopoe CrpoeKTUPOBaHO MOL, CJIOXHbIe
reosiorn4eckme yCrnoBms Oenopycckoro HedTIHOro
pervioHa. Takxke MCrnonb30Bani HOBYIO c1cTemMy BypoBOro
MONMMKATMOHHOTO pacTBopa «Katbypp» KoMAaH1m

000 «laznpom BHUUTA3».

KomnaHunen «TatHe(dTb» C Ha4ana
pa3paboTku fo6bITo 10 MUNIIMOHOB TOHH
cBepxBszkon HepTm (CBH)

Hobbl4y CBH «TatHedTh» Hadvana B 2006 rogy,

BMepBble B POCCUN BHEAPWB CODCTBEHHbIE TEXHOMOT N
pa3paboTKM Ha OCHOBE MapPOrpPaBUTALIMIOHHOTO
LPEHMPOBAHMA NAPHBIMW FOPU30HTANTbHEIMM
CKBaXXMHaMW. Bnocneacremm Obin OCyLLIECTBEH NePExos,
K 6onee 3chhekTBHOMY 1 TEXHONOMMYHOMY OypeHuio
OOHOYCTbEBbIX FOPU3OHTANIbHbBIX CKBAXWMH.

O6BbEKTOM NPOMBbILLINEHHOrO 0cBoeHKst CBH Ha
MECTOPOXOEHNAX ABASETCS LUELIMUHCKNN FTOPU3OHT
yhUMCKOro sipyca, 3aneratoLLmi Ha ryouHax

ot 60 go 200 m.

B HacTosiLLee BpeMs ODLLMIA SKCTYyaTaLMOHHbI
oHp BkIodaeT 1046 ckBaxuH (482 0obObIBaOLLMX,
480 HarHeTaTeNbHbIX, 84 NaPOLMKINYECKMX).
MeXXPEeMOHTHBIV NepUOL, SKCMyaTaLMm CKBaXXMH
cocrasnset 1140 cy.

[Npw peanm3aLmm TEXHONOMMI NAapPOTEMNOBOMO
BO3,£I,€I;ICI'BI/IF| Ha Nnacr KoMMNaHnA NpMeHdaeT MeTodbl
rMaporpaBUTaLIMIOHHOIO APEHaXa 1 NapOLIMKINYECKOrO
BO34ENCTBUS.

[Mpy NCNonb30BaHUN METOAA NMapOrpPaBUTaLIMIOHHOMO
[peHaxa Ha pacCTosHUM MATY METPOB B BEPTUKASIbHOM
MI0CKOCTM BypATCA ABE NapannenbHble FOPU30HTasbHbIE
CKBaXWHbI — BEPXHSS MapOHarHeTaTenbHas 1 HUXHSS
LobbiBatoLLas. MeTog napoLmKIMYeckoro BO3AencTBIS
nofpa3yMeBaeT OypeHne OfHOM FOPU30HTASIbHOM
CKBaXWHbI, SKCMITYaTUPYEMOW B LIUKITNHECKOM PEXIMME
3aKayKu napa 1 otbopa nNpodyKLUmK.

Co3paHHoe B 2016 roay ynpasnieHue no goodbiye

CBH no3Bonnno KoMnaHmy KOHCONUMAMPOBATL OMbIT
paboTbl B JAHHOM HarpaBMeHWI 1 OCYLLECTBNSATL Oonee
LUVPOKOE BHEAPEHWNE M MOUCK PELLEHNI MO YBEMNYEHWIO
3chekTMBHOCTM pa3paboTku 3anexxer CBH. C 2019 roga
«TaTHeTb» peanusyet npoekT CBH-3200, kotopbiv

B TEKyLLEM oy PacLUVPeH 3a CHET BBOAA CKBAXKMH

YNIOTHSIOLLLEro OypeHns 1 2 JOMONHUTENbHbIX
(Conpatckoro 1 OnMMnMagoBCkoro) 3anexen CBH.

CerofiHs pa3paboTaHbl 3hheKTBHbIE TEXHOMOT K,
MO3BONSIOLLME YCKOPUTH CPOK OCBOEHMS CKBAXKMH C
BbIXO[OM Ha MPOEKTHbIN AeduT ¢ 11 o 3 MecsLes,

a Tak>Ke peanmnsyoTcs MepONPUATIS MO COKPALLEHMIO
3KCMNyaTaLMOHHbIX 3aTpaT, MO3BONMBLLME CHU3UTb
cebectonmocTb fobbl4M ¢ 2016 rofa NpakTnHeckm

B 2 pa3a.

HOBOCTU

KomnaHusa npofosikaeT pa3BrBaTb MHHOBALMOHHbIE
TEXHOMOMMM, NMOBbILAOLLME 3P HEKTUBHOCTL Pa3paboTKim
MECTOPOXAEHUI, pacLumpsieT reorpaduio npoekta CBH.

B 2020 rony npobypeHbl 240 1 B nnaHax npobypuTh eLlle
146 oLeHOYHbIX CKBaXWH. 10 pe3ynsratamM niaHnpyeTcs
exerofHoe OypeHuve bonee 50 aKcnyaTaLMOHHbIX
cKkBaXWH. fopoBas fobbiva CBH oxunpaetcs B o6beme
3,3MIHT.

Tpu cLueHapusl pa3BUTUS SHepPreTU4eCckom
oTpauu Ha Gnmxanwme 30 ner

PocT rnobanbHoro crnpoca Ha HedTb He BO30OHOBUTCS B
onvkaniive 30 neT, Aaxke ecnn NoNTUKA B OTHOLLIEHUM
N3MEHEHWNI KJTIMaTa He YXKEeCTOHUTCS, MULLET DpUTaHCKas
SHepreTnyeckas KommnaHms BP B cBoem exxerogHom
nporHose o 2050 roga.

Outlook BP B 2020 rogy conepsxuT Tpu cLieHapus
Pa3BUTUS SHEPreTNYecKon oTpacsin Ha bnnxaniwme 30
ner. Tak, «bbicTpbin» (Rapid) cueHapuii npedycMaTpuBaeT
NPUHSTNE COOTBETCTBYIOLLIMX MEpP, KOTOpble yBenm4yat
CTOMMOCTb MaPHWKOBbIX BbIOPOCOB [/15 MPOV3BOAMUTENEN
Ha 70% Kk yposHio 2018 roga. «Hynesom» (Net Zero)
CLEHapUI Npenosaraet He TONbKO Y>KeCcToHeHme
KNMMaTUYECKOW MOANTUKM, HO 1 U3MEHEHWE
COLMAbHOrO M NOTPEOUTENBCKOrO NOBEAEHMS B
OTHOLLEHNW NCMOSb30BaHUs SHEPrW. B 3TOM BapuaHTe
BbIOPOCHI yriepoda AomnXHbl ynactb Ha 95% k 2050 roay.
«OOBbI4YHBIVY CLIEHAPWI NoApPa3yMeBaEeT COXPaHEHE
TEKYLLMX TPEHAOB O3 3HAUYUTENBHbIX 1 PE3KMX
MN3MEeHeHNN B rNobanibHOM NOMUTUIKE.

Bce Tpu cueHapuva npenpeKkatoT NafeHre Cnpoca Ha HedTb
B OnvkaviLLme Tpu decatmunetus. Tak, no «O0bIMHOMY»
CLieHapuito notpebneHne HedT cHM3KTCA Ha 10% K
2050 rogy, no «bbictpoMy» — Ha 55%, a no «Hynesomy»
—Ha 80%. [Npn 3TOM BOCCTaHOBIIEHWE CMPOCa Ha
LOKPU3MCHOM YpPOBHe BP X[ET TONbKO B 0ObIYHOM
CLeHapuK, COMMacHO KOTOPOMY CNPOC BbIMAET Ha NIaTo B
BnmkarLLne HeckonbKo NeT. Mo AByM APYrM CLEHAPVISM
Pa3BUTUA SHEPreTUHeCcKo OTPacsIv CNPOC HAKOMAA He
BEPHETCH Ha YPOBHW, MPefLLecTBYIOLLME NaHOAEMN
COVID-19.

«CHW>XXeHMe cnpoca Ha HeMTb CBA3aHO C POCTOM
3hheKTUBHOCTI U 3NeKTPUbUKaLIMEN aBTOMOBUIIbHBIX
nepeBoO30k», — NOACHAIOT B BP. Bo Bcex Tpex cLeHapuax
MYK NoTpebneHns HedT B TPAHCMOPTE NMPUXOAMTCS Ha
cepenmHy 1 koHel, 2020-x rogos. B BP cymTatoT, 4to fons
HedT1 B TPaHCMOPTHOM MoTpebneHnn ynageT C YPoBHS B
bonee 4em 90% B 2018 roay Ao okono 80% k 2050 roay
B «OBbI4HOMY clieHapuu, 10 40% — B «bbICTpOM» 1 10
20% — B «HyneBom». ©
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KPACOTA MECTOPOXXIEHHHU

THE BEAUTY OF OILFIELDS
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dororpadum npegocrasneHsl C.M. CmakosbiM, OO0 «lasnpomHedTs HTLL»
The photos are published by courtesy of S. Simakov, Gazpromneft NTC
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Poccumnckoe otgeneHume Accoumaumvum cnewymanncros
Mo KONTIOOMHroBbIM TEXHOJIOrMAM
M BHYTPUCKBAXXUHHbIM paboTam

Russian Chapter of the Intervention
and Coiled Tubing Association

= [CaTA
POCCHUAA

7] ‘-iﬂu b 11 1A

KoHTakTHaa nHdopmauma Contact information

MbpkeBCckM Nepeynok, 5, ctpoenune 1, odpnc 224
MockBa 119017, Poccunckasa depepauus
TenedpoH: +7 499 788 91 24; +7 (916) 512 70 54
®dakc: +7 499 788 91 19

E-mail: info@icota-russia.ru

5/1 Pyzhevsky lane, Suite 224

119017 Moscow, Russian Federation

Telephone: +7 499 788 91 24; +7 (916) 512 70 54
Fax: +7 499 788 91 19

E-mail: info@icota-russia.ru

www.icota-russia.ru
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Lenbio Accoumanmm cneumanmcTos no KoNTIOOMHroBbIM TEXHONOMMAM

N BHYTPUCKBAXXMHHbIM paboTam fBNSieTC pa3BUTNE BO3MOXHOCTEN

ANsi NpogeccuoHanbHOro obLeHMs CneunanmcToB, akkKyMynsLms
TEXHMYECKUX 3HaHNI, 0600LLEHME OMNbITa NPUMEHEHNSI UHHOBALMOHHbIX
TEXHOJIONMN, COAENCTBUE BHEAPEHMIO HOBENMLLINX pa3paboTok B obnacTu
KONTIOOMHIOBbIX TEXHONIOMUI U APYTrUX CErMEHTOB BbICOKOTEXHOIOMMYHOIO
HedTerasoBoro cepemca 1 CTaHgApPTOB Oe30nacHOCTU NpoBeaeHUs pPaboT.

Poccuiickoe otgeneHmne Accoumanmm cneumanmcToB No KONTIOOUHIoBbIM
TEXHONOTMAM U BHYTPUCKBaXNHHbIM paboTam (ICoTA-Poccus) aBnsieTca
MHMOPMaLMOHHOMN CTPYKTYPOU N OCYLLECTBSET CBOIO AEATENBbHOCTb

B cooTBeTCcTBMU ¢ CornaweHmnem o coTpygHu4YecTse, 3aKJIt04eHHbIM

Mexay Accoumaumen cneumanmncToB No KONTIOOMHIOBLIM TEXHONOMUAM U
BHYTPUCKBaXWHHbIM paboTam (ICoTA) n HekommepyeckuM napTHEPCTBOM
«LleHTp pa3BuUTUS KONTIOOUMHIOBbIX TEXHOIOTUN.

3AABJIEHUNE

Mpowy npuHATbL MeHs B YneHbl ICOTA-Poccus

damunnums HanuncaHme no-aHrnmMmckm

Nwmsa HanuncaHue no-aHrMMmMckn

OTyecTBO

OpraHusaumsi/koMmnaHusa/cTpykTypa

Lon>XHocTb

Appec 3neKTPOHHOW MOYTbI

TenedoH cnyxe6HbIN ®daxc

TenedoH MOOUIbHEIN

MoyToBLIV agpec ANs CBA3U

LHata Mopgnuceb

MoxanyncTa, oTnpaBbTe 3anonHeHHoe 3asBneHme no gakcy: +7 499 788 91 19
W cKaH 3asBneHuns Ha e-mail: info@icota-russia.ru
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11-a MexayHapoaHas Hay4HO-

NpaKTU4eckas KoHhepeHLLMs PN PEAE
p P 21-26.09.2020 AHana HeTerasosble
«CTPOUTENBCTBO N PEMOHT
KOHMepeHLnm»
CKBaXMH»
«CypryT. Hedtb 1 ra3 — 2020» 23-25.09.2020 Cypryt AQ CleHT;a}?(;Obﬁ)CKme https://oil.expoperm.ru/
eI G I el 22-24.09.2020 TiomeHb https://oilgasforum.ru/
dopym
XIII cneupanmsnpoBaHHas
BblCTaBKa «HedhTeaobbiva. ) :
Hedbrenepepaborka. Xumus — 20-22.10.2020 Camapa BK «3kcno-Bosnra» https://gasoil-expo.ru/
2020»
«Hedtb U [a3. Xrmua —2020» | 20-23.10.2020 Mepmb BTSSR https://expoperm.ru/oil/

fpMapka»

«Xummns. Hedptb nras — 2020»

29-02.10.2020

benapycb, MUHCK,

BYI «3kcnodopym»

https://expoperm.ru/oil /

KIOGE Kazakhstan — 2020 SlUB2200 5 KasaxcraH, Anmartbl, lteca http://chemistryexpo.by/
02.10.2020
Poccuninckasn Hedrerazosas ) worldexpo.pro/kioge-kazah-
TexHn4eckas KoHpepeHLms SPE =116 10,2070 ilosie S stan
XV KoHdepeHums «M https: //www.spe.org/events/
o OCKOBCKMe
«HedTerasosbin 29.10.2020 Mocksa HedTerasosble ru/2QZO/conference/ZOrptc/
cepswc B Poccum» KOHAEPSHLMMY russian-petroleum-technolo-
(«Hedbterazcepsmc-2020») peHL gy-conference.html
ABU DHABI NA-
ADIPEC-2020 09-12.11.2020 OA3, Aby-[labu TIONAL EXHIBITION https://www.adipec.com/
CENTER (ADNEC)
21-a MexayHapoLHas Hay4HO-
npaKTn4eckas KoHMepeHLms : 3
«KonTioOWHIoBble TEXHOMOMK, 12-13.11.2020 MockBa 000 «Bpewms http://www.cttimes.org/
KonTIoOWHra» conf/
[PI1, BHYTPUCKBaXXUHHbIE
paboTbI»
XIV MexpervoHanbHas
CreumansvpoBaHtas BbICTaBKa | 15 13 11 2020 HuxHeBapToBCK 000 «BK http: //www.ses.net.ru/index.
«HwxHeBapToBCK. HedTb 1 ras — «Crb3KCNoCcepBnc» php/calendar
2020»
3A0 BK . .
Cneuyanm3npoBaHHas BbiCTaBKa 24-26.11.2020 KpacHosipek «KpacHospekas https:/ /www.krasfair.ru/
«HedTb. [a3. Xumua» ApMapKa» events/geo/
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Coiled tubing
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Joporue yntarenu!

Mopnncky Ha Hay4HO-MPaKTUYECKUI XypHan
«Bpemsi konTioOMHra»

Bbl MOXeTe 0(hOpPMUTb B JIOOOM oTaeneHmm
«Pocneyatn» B nepmop NpoBefeHUs NOAMMCHbIX
KaMnaHun.

MHOEKC B NOANMCHOM KATAJIOTE
«POCIIEHATU» —84119.

KomMnaHum moryT ohopMuTs rofoByio NOAMMUCKY
HernocpeacTBEHHO B pejakLUmn XypHana

(He meHee 4yem Ha 3 3k3emnnspa). Mognucka

B peAakuMm BO3MOXHa ¢ ntoboro mecsua roga.

MuHUManbHas CTOMMOCTb rofIOBOI NOANMMUCKU
(3 3K3. x4 BbIn.): 13200 pyo.
(skntoyas HOC 10%) + cToMMOCTb AOCTaBKM.

[Ona odbopmneHms nognmncku Yepes pegakumo
OTNpaBnsANTe 3aNpoc No agpecy:
cttimes@cttimes.org

For English-speaking readers we recommend
to subscribe for PDF-version of the Journal.
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Year subscription price for PDF-version: 80%.
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Ochuc 8 Mockse:
F1  +7 (495) 663-31-07
Odwe 8 CypryTe:

+7 (3462) 556-322
Ocbme B Hosbpeeke:
+7 (3496) 423-100
www.packer-service.ru

CEPBMWC info@packer-service.ru

Miapaenuyeckuin pa3pelB Nnacra
Hydraulic fracturing

Yenyru ¢ yetanoekamu F’HKT
Coiled tubing services

OcBoeHNe CKBaXXWH a3oToM
Well gaslifting

3aKaH4MBaHWe CKBaXUH
Well completion

MakepHbIA cepBUC
Packer service

JNosunbHbie paboTbi
Fishing operations

Cynepgansuur npn TKPC, oceoeHum,
PN w FHKT
Workover, CT & fracturing supervising

* nakepHoe obopynosaHue

- obopygosarue ana [ HKT

- obopygosaxwme gna MIPT1

* ppesepHbIi MHCTPYMEHT

* YCTbEBOE W CKBaXWHHOe obopyposaHue

ﬁﬁ;_ packer-tools.ru, contactfdpacker-tools.ru
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