TEXHOJIOI'MU

KPATKUW OB30OP

Mecropoxzaenue uM. 0. Kopuarnna
PACIIONOXKEHO B CEBEPHOM YaACTH
Kacnuiickoro mopst. ITpobypeHHsblie
CKBaKMHBI UMEIOT 3HAYUTEIBHBIN OTXOZ,
OT BEPTUKAJIU (OTHOIIEHHUE ITTyOUHBI IO
CTBOJIY K INTYOMHE MO BEPTHUKAJIH OOJIbIIIE
3,0), NTyOUHBI IO CTBOJIY JOCTUTAIOT 7200 M,
B TO BPEM S KAK BEPTUKAJIBHBIE [NTYyOUHBI HE
npesbInaioT 1560 M. [Tolo6HbIE YCIOBUS
3aTPYAHAIOT JIIOOBIE BHYTPUCKBAKUHHBIE
pa6oTel, ocodenHo ¢ T'HKT, 1 TpebyioT
MPUMEHEHHUS COBPEMEHHBIX 3400MHBIX
TPAKTOPOB. OrpaHUYEHHAA Pabo4dast 30Ha,
OT'PaHHUYEHUS IO IPY30NOABEMHOCTHU
KpaH4, CJIOXKHAS TEOMETPUA CKBAKHUHEI,
OCOOEHHOCTH 3aKAHYHUBAHUSA U OTCYTCTBHE
onbITa padbort ¢ npuMmeHenneM 'HKT B
CesepHoM Kacninu TpeOyIOT TIATETBHOMU
MHOATOTOBKH JIJISI ONTUMU3AIIUY IIPOTPAMMBI
padoT, NogOOopa 3a60MHOrO HHCTPYMEHTA
Y Pa3pabOTKH IUTAHA PACCTAHOBKH
060pPyIOBaHUA. [JaHHASA CTAThSA OIUCHIBAET
HOAT'OTOBKY ITpoeKTa B CeBepHOM Kacniny,
€r0 PEATN3ALUIO U Ty THU PEIIECHUSA
CJIOKHOCTEN, BOZHUKIIINX BO BPDEMS €TO
peanusanuu, Hapsagy C IPUMEPaMU padoT
M PE3YIBTATOB IIEPBOM KaMIIaHNUHU B Poccnn
no npumeHeHuio 'HKT nHa MOpckom

YHMKanNbHbIM ONbIT
npumeHenuma FHKT
Ha CKBa)XMHaX C
conbLIMM OTXO40M
OT BepTUKanNu B
Kacnuuckom mope
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MeCTOpoXxaeHnN CeBepHOro Kacnus.

Tax>ke ONMCHIBACTCS IOJTYIYECHHBIH OIBIT
NPOBENEHNA JAHHON KAMIIAHHUH, BO BPEMA KOTOPOU
BCE IIOCTABJICHHBIC LIEIU OBLJIU JJOCTUTHYTHI 6€3
KAKUX-JTUO60 NMPOUCHIECTBUI B 06mactu OT,

ITb u OOC.

BBEAEHUE

Mecropoxzaenue uM. FO. Kopuaruna OTKphITO B
2000 rony ¥ BBEIEHO B 9KCIUIYATALUIO 28 alIpesis
2010 roma. OHO Ha3BaHO B YeCThb IOpusa Cepreesuya
Kopuarmna, m1upoKO U3BECTHOI'O HEPTIHOTO
UH’KEHEPA U OJTHOT'O U3 OCHOBATEIEH HEPTAHOM
KOMMAHUU «JIyKOMUJI».

MeCTOpOXAECHUE Pa3PAOATHIBACTCS C TIOMOIIIBIO
29 rOpuU30HTAJIBHBIX CKBA’KUH C OJJTHOU IIAT(OOPMBL.
JOOBIBAIOIINE CKBAXKUHBI UMEIOT OOIBIIION OTXOM OT
BEPTUKAJIN C TOPU3OHTAJIBHBIM y4aCTKOM 10 5000 M.

Ilnactel MecTOpOXAeHUA M. 1O. Kopuyaruna
JIOCTATOYHO I'€TEPOT'€HHBL, U JABJICHUE HACBHIIEHUA
OIM3KO K IIJIACTOBOMY. DTH (DAKTOPEI BEAYT K
MHOBBIIIEHHOMY PUCKY IPOPBIBA I'd33/BOJIBI U3
BBICOKOITPOHUIIAEMBIX 30H U K BO3MOKHOCTH
KOHYCOOOPa30BaHUs. PEXUM pabOTHI 3a71€KHU
OOYCIABIMBAETCA COYETAHUEM I'a30BOI IATIKUA U
BOJJOHAIIOPHOTO peXxnuma. OTHOIM 13 OCHOBHBIX
npO6JIEM C PA3MENEHUEM CKBAKUH U Pa3pabOTKNA
MECTOPOXK/ICHUSA ABIAECTCA HATMYUE MACCUBHOI
ra30BOI MIAKK BBEPXY U NTOACTUIAIOMIETO
BOZOHOCHOI'O TOPU30HTA IIPU MOIITHOCTU
HEe(MTEHOCHOM 30HBI BCETO 20 M.

B BBICOKOITPOHHUIIAEMBIX IIACTAX C XOPOIIEH
BEPTHUKAJIBHON IPOHUILIAEMOCTBIO OOPA30BAHUE
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ABSTRACT

The Korchagin oilfield is located in the northern
part of the Caspian Sea. Drilled wells are mega-reach
(MD/TVD ratio greater than 3.0), with measured
depths (MD) up to 23,622 ft. and vertical depths
of only 5,118 ft. This presents a great challenge for
any well interventions, even for coiled tubing (CT)
equipped with state-of-the-art hydraulic tractors.
Limited working areas, weight restrictions, challenging
well geometries, completion features and lack of
experience in offshore CT operations in the field
require complex pre-job activities to optimize job
design, select the proper downhole tools and prepare
a robust layout plan. This paper illustrates North
Caspian project preparation challenges, on-the-job
troubleshooting and workflow, supported by well case
studies and results from the first CT operation in North
Caspian Offshore. Lessons learned from the project,
where all defined objectives were achieved with zero
HSE (health, safety and environment) incidents, were
captured to assist in future campaigns with similar
operational environments.

INTRODUCTION

The Korchagin field was discovered in 2000 and
commissioned on April 28" 2010. It is named after Yuri
Sergeevich Korchagin, a well-known Soviet petroleum
engineer and one of the forefathers of Lukoil Oil
Company. The oilfield is being developed by drilling
29 horizontal wells from a single platform. Production
wells will include extended-reach development (ERD)
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Sfieldlocation

Ta30BbIX U BOJISIHBIX KOHYCOB MOKET YMEHBIIIUTD
JIOOBIYY HE(PTU C CAMBIX IIEPBBIX JAHEH 3AITyCKA
CKBaKMHBI B pa60Ty. CTpaTErus pa3MeicHUs
CKBa’KMH BKJIIOYAJIA B CEOs1 OYyPEHUE NPOTAKEHHBIX
TOPU3OHTAJIBHBIX YYACTKOB HA PACCTOSHUU HE H0see
15 M OT ra30BO¥ MIAMNKH, YTO MO3BOJIMJIO ObI U36€KATH
MIPOPBIBA I'a3a U NOJJEPKAHUA HU3KOH JENTPECCUU
U1t 1o6b1ar HepTU. CpegHnit HEOKOM BCKPBIBACTCS
CISTKOW» CKBAXKUHBIL, B TO BPEMS KAK «<HOCOK»
HaxoauTca B BepxHem HeokoMe, KOTOPBIA CUUTAECTCA
JIy4IIer NPOAyKTHBHOIM 30HOH [4].

Mecropoxaenue nMm. FO. Kopuarnna ocHameHo
YHUKAJIBHBIMHU JIEAOCTONKUMH COOPYKEHUAMU U
MOJKET 3KCIUTYaTUPOBATBCA B TEUEHUE BCETO TOAA.
He6obias riyduHa Mops B JaHHOM yacTu Kacnusa
MO3BOJAET 3AKPEMUTh KOHCTPYKLIMH IPAMO K
MOPCKOMY AHY. [TrnaTdopma UMEET CIIeIyIOmMe
pasMepsr: ATuHA — 95,5 M, MUPUHA — 72,2 M, BBICOTA —
90 M, BeC — 15,5 TBIC. T.

JoO6BIBAIONINI /Oy pOBOM KOMIIJIEKC OCHAIIIEH
OypOBOU, NEPEPAOATHIBAIONICH U I'A30TYPOUHHBIMHA
YCTAHOBKAMM.

BbICOKasA IIJIOTHOCTD PA3JIMYHBIX
MPOU3BOACTBEHHBIX €JUHULL HA OHOU IIaTopme
00OYCJIOBHIIA 33124y BBINIOJIHEHU S oniepanuil THKT
06€3 OCTAHOBKH JPYTUX PAOOYNX ITPOLIECCOB.
OrpanndeHus Ha PaboThl ¢ Komruiekcom 'HKT
HAKJIAJIBIBAIN CIEAYIONUE TAPAMETPDL:

» Pabouas 30HA 114 Pa3MeEIeHN s OOOPYAOBAHUSA —
200 M2

e I'py3onogbeMHOCTb KpaHa — 70 T.

e MaKCHUMaJIbHAas HATPY3Ka Ha TAIyOy — 2,3 T/M2.

Ioppaszaenenne 'HKT kommanun (llmomoepke»
OBLJIO BBIOPAHO /1J15I IPOBEJECHU ST HECKOJIBKHX BUJIOB
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wells with horizontal sections up to 5,000 m.

The Korchagin reservoirs are quite heterogeneous,
and the bubble point pressure is very close to reservoir
pressure. These factors result in a high risk of water/gas
breakthrough from high-permeability zones and the
possibility of gas-water coning. The reservoir’s drive
mechanism is a combination of gas cap and water
drive.

One of the major challenges with well placement
and field development is the presence of the massive
active gas cap above and the underlying water-
bearing reservoir where the oil-bearing zone is only
65.6 ft thick. In highly permeable formations with
good vertical permeability, gas and water coning
can decrease oil production from the very first days
of the well. The well placement strategy was to drill
along horizontal section at a maximum distance
(15 m) from the gas cap. This was done to avoid gas
breakthrough and maintain a low drawdown pressure
to produce the oil. The Middle Neocom formation is
penetrated by the heel of the well, and the toe of well is
in the Upper Neocom formation, which is considered
as the best reservoir zone (Chertenkov et al. 2012).

The Korchagin field has unique facilities, which
are ice-resistant and can be operated throughout
the year. Shallow water depths allow structures to be
fixed to the seabed. The complex production network
connects the Korchagin platform with the rest of
oilfields in that region. Platform dimensions are as
follows: length — 313.32 ft.; width — 236.8 ft,; height —
295.2 ft; weight — 34 K 1b.

The production/drilling facility is equipped with a
drilling rig, refining plant and gas turbine power plant.
Incorporating and performing the CT operations

presented significant challenges, including the high
equipment/population density and the need to avoid
interfering with and stopping other processes. All of
the following parameters were met during the entire
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Figure 2 — Korchagin field cross section
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TEXHOJIOI'MU

PaboT Ha 4-X CKBAXKUHAX, BXOJISIIIINUX B YACJIO CAMBIX

CJIOJKHBIX HA MECTOPOXK/ICHUH:

*  OrpaHHYEHHUE NIPOPHIBA I'A34 C CEJIEKTUBHOM
33aKaYKOH GJIOKUPYIOIIETO IEHOOOPA3YIOMIETO
pacTBOpa;

¢ JIOBUJIBHBIE PA6OTHI F€O(PU3NIECKOIO TPAKTOPA
1-11/16 B rOPU3OHTAIBHOM CCKITULL,

*  VIaJleHME NIJIAMA U3 <HOCOYHOIM» YACTU CKBAKUH
€ 60JIBIIMM OTXOJOM OT BEPTUKAJIU U ITPOMBIBKA
JIOOBIBAIONIECTO MHTEPBAJIA.

OLEEHKA BbINOJIHNMOCTW

J1J151 OLIEHKH BO3MOXXHOCTH IPUMEHEHUS
xomiuiekca 'HKT na minatgopme 66112 IpOoBEEHA
KOMIUIEKCHASI AaHAJTUTUYECKAs paboTa.

COrIIaCHO YCIOBUSIM IPOEKTA, COBMEIIEHHBIE
Pa6OTHI JOKHBI OB IIPOBOAUTHCS HA I0KHOMU
naay6e NpU NOTHOM JOCTYIIE KPAaHA B 3TY 30HY B
TEYEHHUE BCETO BpemeHu onepauunu ¢ THKT 160
6€3 TAKOBOTrO. PaJ] KIIOUEBBIX 327144 ITO AHATTHU3Y
BO3MOXXHOCTH npuMeHenus F'HKT Britoudan B cebst:
OLIEHKY JOCTYITHOI'O IPOCTPAHCTBA Ha ITanybe B
CBSI3U C pabOTaMU OYPOBOM, OITEHKY HEOOXOJUMOCTU
Y BO3MOKHOCTHU PA3MEIEHN S OOOPYAOBAHUSA B
MEPEPBIBE MEXY PAOOTAMU B CKBA’KHHE; IIJIAH
JIEVICTBUH B CTy44€ BBIXOJA OOOPYIOBAHUSA U3
CTPOst BO BpeMs PadOTHL ITpoBeicHHAS NHCIIEKITUSA
IAT(POPMBI U TECHOE COTPYSHUYECTBO C
34Ka34YMKOM ITO3BOJIHJIN BBIPAOOTATH COBMECTHOE
pELIEHNE TOTO, KAK YCIIEITHO OCYIIECTBUTD ONEPAIIUH
¢ THKT na nmatgopme. I'py30nobeMHOCTD KDaHA U
OTPaHHUYEHHUE 10 HATPY3KE HA TAITYOY CTAIU OFHUMH
M3 CAMBIX BAKHBIX ACIIEKTOB, KOTOPBIE CJIEJOBAJIO
YUYUTBIBATD. [1OC/IE TIMATENBHOIO U3y4YEHH BOIIPOCA
U PACCMOTPEHUSA OIBITA IPOIUILIX PA6OT ObLIN
OonpeieNIEHbl HECKOIBKO BAPUAHTOB PA3MENIEHUA
OO0PYAOBAHUSL.

Ha cTagnn moAroTOBKM MPOEKTA TAKKE ObLIO
PacCMOTPEHO HECKOJIBKO BAPUAHTOB MOHTAXKA.
TiaTeNIbHBIA AaHAJIN3 ITOKA34J1, YTO BEPXHAA
na1y6a UMEET HU3KYIO HECYIIYIO CHOCOOHOCTb.
Taxum 06pa30oM, pelIeHoO 6bJIO HE IIPOBOJUTD
COBMEIIEHHBIE PAOOTHI B 10;KHOM YaCTH IVIAT(HOPMBI
u padorsl ¢ 'HKT B ceBepHOI yacTu. JJanee 6b11
PacCMOTPEH BAPUAHT PA3ZMENIEHH A OCHOBHOT'O
ob6opynosanusa THKT (karymka ¢ THKT, cunosoit
CTEH/I, KAOHMHA YIIPABJICHHUS U CUJIOBOH aIPErar) Ha
TPYOHO¥ nTany6e, KOTOPast UMEET 6OJIEE BBICOKYIO
HECYIYIO CIIOCOOHOCTD.

Hcnionb3oBaHUE CEBEPHOM YACTH BEPXHEN
1aJ1yOBbI TPEOOBAIO IPOBEACHMS pA0OT C OYPOBOX.
I'py30nogbeEMHOCTD KPaHa B JAHHOM CEKITUU
KpariHe OrpaHUYEHd, IO3TOMY OBLIO PEIIEHO,
4TO KaXK/1a5 €IMHUIA YCTHEBOIO O60PYAOBAHUA
OyAeT NOJHUMATBHCA 11O OTAEIBHOCTH U
TPAHCIOPTUPOBATHCS K OCHOBHOMY OJIOKY OYpPOBOI.
Karymka THKT 1 kabuHa ynpaBacHUs ObLIN
PACIIOJIOKEHBI B CEBEPHOM YACTHU TPYOHO NaTyObl
JUISL TOI'O, YTOOBI MUHHUMU3UPOBATH PACCTOSIHUE JJO
HWHIKEKTOPA. BCce BcmoMorareapHOE 060PYIOBAHUE,
TAKOE KAK A30THBIH arperaT 1 EMKOCTH, ObLIH
pa3Meliennl Ha TPy6HOU nany6e. ITycTble KOP3UHBI U
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CT intervention campaign:

*  Working area for equipment spotting — 2,153 ft2.
» Platform and crane capacity — 154.3K.

e Maximum deck load — 7,86 K Ib/in2.

The Schlumberger Well Intervention CT team was
given an opportunity to perform complex work on
4 highly challenging wells. The scope of the work
included:

» Limiting gas coning with selective injection of a
blocking foamable solution;

 Fishing outa left-in-hole 1-11/16-in wireline tractor
in the horizontal section;

» Displacing the mud fromthe toe zones in the
ERD wells and cleaning the wellbore along the
producing intervals.

INITIAL ASSESSMENT
Considerable work was done to assess the feasibility
of well intervention with CT on the platform.
Simultaneous operations (SIMOPs) were planned for
the South Skid Deck with or without complete crane
coverage during the duration of the CT operations.
The key objectives of the feasibility study were:
¢ Checking available deck space for SIMOPs due to rig
activity,

» Evaluating available space versus demand for the
operation,

¢ Evaluating the need and possibility for skidding
equipment between well operations (CT
campaigns);

* Contingency planning in case of equipment
breakdown during operations.

Platform visits and close collaboration with the client
allowed the team to make a final conclusion on how
the CT intervention could be successfully completed
on this platform. Crane capacities and deck-loading
limitations vs. CT equipment weights were one of the
most important issues to overcome. After thorough
research and analysis of the previous experience, there
were several rig-up configurations determined to be
optimal for the operations.

Several rig-up methods were assessed during the
project preparation stage. Thorough assessment
showed low deck-load capacity of the skid deck. As a
result, standalone SIMOPs on the south section of the
skid deck and CT rig operations on the north section
were not carried out. It was decided to consider the
possibility of rigging up the CT “main” equipment (CT
reel, powerstand, control cabin and power pack) on
the pipe deck, which is stronger and can sustain greater
loads.

The north section of the skid deck required the use
of the rig. Because it has been determined that crane
capacities in this section are very limited, each piece of
the CT well stack had to be lifted as individual loads
and transferred to the main block of the derrick.

The CT reel and control cabin were sitting at the
northern edge of the pipe deck, ensuring distance
to the injector head was kept to a minimum. All
additional equipment, such as the nitrogen pump
unit and tanks were also placed on the pipe deck.
Empty baskets and workshop containers were partially
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Pucynox 3 — Pacnonodicenue oo60pyoosanusn 1 — Karymka lHKT / CT reel

. _ , . 2 —VYcranoska THKT / CT unit
Flgure 3 Eqmpment Sp ottmg 3 — Pa6ouas 30Ha KkpaHa / Crane working zone

4 — AzoTHO€E 060pyzpoBanue / Nitrogen equipment

paboune KOHTEHHEPDI ObLIU PA3TrPYKEHBI HA BEPXHEN

nany6e. offloaded to the skid deck.

CaMBIM TSKEBIM OOOPYJOBAHUEM JIJIS TObEMA The heaviest lift to the platform was the CT reel. To
crana Karymka 'HKT. /1151 TOro 4ToObl yMEHBIIUTD reduce the maximum lift of the crane, a drop-in-drum
HArpy3Ky Ha KPaH, ObLJIA UCTIOIBb30BAHA CUCTEMA C (DID) system was used. This is the heavy lift item to
OBICTPOCBHEMHOM KaTYIIKOM. JJaHHOE 060PYAOBAHHUE cover depths up to 23,622 ft. It consists of a drum and
J1aJI0 BO3MOXXHOCTB CITyCK4 HA TyouHy 7200 M 1 base at 8,150 Ibm with approximately 24,278ft of 2-in.
CTAJIO CAMBIM TSI2KEJIBIM I'PY30M Ha I1aTdopMme. Ero tapered CT at 81,500 Ibm for a total combined weight
COCTABHBIE YACTH — KATYIIIKA 1 OCHOBAHHE BECOM of 89,700 Ibm.

3,7 T ¢ 'HKT gnunHOM O0Koso 7400 M, TMAaMETPOM Advance calculations of deck-load capability
2 morimMa ¥ BeCcoM 37 T. Takum 06pa3oM, OOIIUH BEC done with operator resulted in the necessity of deck
cocrtaBun 40,7 T. reinforcement.

CJIOKHBIE BBIYUCIEHUS MAKCHUMAJIbBHOU HATPY3KH The equipment placement diagram (Fig. 3) depicts
Ha 1ayoy, MPOBEJICHHBIE BMECTE C 3AKA3YUKOM, the general layout during the operations. The following
TIPUBEJIU K 3AKJIIOUEHHUIO O TOM, YTO HEOOXOJJUMO solutions were used for the project:

OBLIO YCUIUTh KOHCTPYKIIHIO MATYOBbL. * Modular offshore CT unit (Fig. 4);

Ha pucyHke 3 u306paXeHa CXeMa PACCTAHOBKU e CT string design;

060PYAOBAHHS BO BpEMS PAOOTHL. [JIs1 peann3aun ¢ Equipment layout plan;

MPOEKTA OBLIN IPUMEHEHBI CJIEIYIOIINE PEMICHUST: * Backload schedule;

*  MogynbHasg MOpcKad ycTaHoBka 'HKT (puc. 4); * Deck reinforcement.

* TIpoext kononus! 'HKT;

+ CxeMa pacCTaHOBKHM O6OPY/OBAHMUS, EXTENDED-REACH WELLS

» TInaH pasrpy3ku OOOpPyAOBAHUS, Extended reach technology (ERT) has allowed
*  YCuJIEHUE NATYOBL. the petroleum industry to reach and capitalize on

CKBAXWHbI C BOJIbLWAM
OTXOOAOM OT BEPTUKAJIN

TeXHOMOTUs CTPOUTEIBCTBA CKBAKHUH C OOJIBIITUM
OTXOZIOM OT BEPTHUKAIN ITO3BOJIUIA MOJIYIUTb JOCTYII
K TEM PECYPCAM, KOTOPBIE CUUTAINUCH HEAOCTYITHBIMU
PU UCHIOJIB30BAHUU CTAH/IAPTHBIX METO/IOB
OYpPEHUA U 3AaKAHYUBAS CKBAXKUHBL [ IprMeHEHNE
TEXHOJIOTUU CTPOUTEIbCTBA CKBAKUH C 6OIBIINM
OTXOZIOM OT BEPTHUKAIN ITO3BOJINJIO YBETUYUTD
pagnuyc JpEHUPOBAHUS, YBETUYUTD JCOUTHI,
YAYYIIATb CUCTEMY YIIPABJIECHUA MECTOPOXK/CHUEM,

YMEHBIIHUTD KOJTNYECTBO HEOOXOUMBIX INIAT(HOPM Pucynox4 — IIpumenenue mooyisH0o20
W CKBA’KHWH, 4 TAKXC YIYYIINUTb 9KOHOMHWYCCKUE 06opyaoeauu;z
MTOKA3ATEH..» [2]. } Figure 4 — Modular equipment application
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TEXHOJIOI'MU

CKBAXXWHOI C 60OIBIINUM OTXOJOM OT BEPTUKAIU
CYHUTAETCS CKBAKMHA, Y KOTOPOI OTHOLIEHUE
IVIyOMHBI IO CTBOJTY K BEDTUKAJIbHOM ITTyOUHE
OPEBBIMIAET 2. [I11 CKBAXXUH C yBEJINYEHHBIM
OTXOZOM OT BEPTHUKAIN 3TO OTHOIIEHHNE
npeBbIaeTt 3 [3].

CormacHO TPpeO6OBAHUAM JJAHHOI'O IPOEKTA,
HEOOXOJUMO ObLJIO BBIIOJHUTD PAOOTHI B
CKBa)KMHAX C YBEJIMYEHHBIM OTXO/IOM OT
BEPTUKAIN C OTHOIIEHHUEM U3MEPEHHON INTYOUHBI K
BEPTHUKAJIBHOI PABHBIM 4,6 (M3MEPCHHAS [MTyOGHHA
7200 M, BepTUKaIbHAs I1y6rHa 1563 M). Ha pucynke
5 N306pakeHa IBYXMEPHASI CXEMA OJJHOU U3
CKBa’KHH.

Bo BpemMs IOATIOTOBKU K IPOEKTY ObLIH
MPOAHAIU3UPOBAHBI PA3JIMYHBIE METOABI CITYCKA
I'HKT B CKBa>XKHMHY C OOJIBIIUM OTXOJJOM OT
BEPTUKAIN, TAKHE KAK: OIITUMAJIbHAA TOJIIIUHA
crenok u guamerp F'HKT, noHusuTeNns Tpenus,
BBIIIPAMJIEHHUE TPYODL, 3460 HBIE TPAKTOPA,
M3MEHEHUE IUIABYYECTU TPYOBI, MPOKAYKA
SKUJIKOCTHU, BUOPATOPBHL

HaunboJsiee ONTUMaIbHBIM PEMIEHUEM JJAHHONU
3271244 ObLJIO BBIOPAHO HUCIIOTIB30BAHHUE 3200HHOTO
TpakTopa (Tabi. 1). 3a60HHOE TATOBOE YCUIINE
B 43.1 kH 12710 IpUPOCT B BO3MOXKHOMU INTyOUHE
crrycka ¢ 2000 0 3500 M B 3aBUCHMOCTH OT
reOMETPUN CKBAXKUHBI MU CXEMBI 3aKAHYUBAHUS.
[lepen aKTUBALTUEN TPAKTOPA OB IPUMEHEH METOZ,
YMEHBIIEHNA TPDEHUA 34 CIET 3AKAYKU IOHU3UTEIIA
TpeHusd, 3(PPHEKTUBHOCTb KOTOPOT'O 3ABUCUT OT
KOHLIEHTPALINHU (2%-11 pACTBOP ITOKA3AJI HAUITYYIIHNE
PE3YABTATHI) U CITIOCO0OA PA3MEIEHHU (IIPOKAYKA
noHusnuTensa Tpenus BOKpyr 'HKT 3apanee BmecTo
MPOKAYKH IOCJIE TTTyOMHBI 3AIIUPAHMUA ITOKA3471
XOPOIIME PE3YJIBTATH).

MPOEKT KONOHHbI THKT
Cumynarop gericTyromux Ha THKT cui 611

HUCIIOJIb30BAH JJ11 HANOOJIEE TOYHOT'O PACYeTa

konoHHbI THKT. JaHHBIF MOJYJIb HO3BOINII

CIIPOEKTHUPOBATH KONOHHY 'HKT, koTOpas Morna

OBITBH CIYIIEHA HA MAKCUMAJIBHYIO INIYOHHY. I1pn

npoektuposanuu 'HKT 66111 yYTEHBI CIEAYIOMUE

(PaKTOPBHL:

* JKecTKOCTB TPYOBI HA U3TUO, KOTOPAA
MO3BOJIUIA IPEAYIPEAUTD NPEXKAECBPEMEHHOE
CIIUPATIBHOE 3aNIUPAHUE, ObLIIA YBEJIHUYEHA 32
CYeT IPUMEHEHU TPYOBI AruaMeTpoM 50,8 MM
U MAKCUMAJIBHOU TOJIIUHOM CTEHKU 5,18 MM B
BEPXHEN CEKIUHU.

e THKT c nmpeaenom Tekydectu B 620 MITa
COOTBETCTBOBAJIA PAOOYNM MTAPAMETPAM.

e OnrumanbHasg KOHyCHOCTb 'HKT u ee pasmepel
o1 50,8 MM X 3,175 MM 110 50,8 MM X 5,18 mMm. [InnHa
I'HKT (7400 m) ¢ 60J1€€ TOJICTBIMHU CEKIITUAMU
HA yYaCTKAX C HAUOOJBIIUM HATIPSIKEHUEM
JIOJIZKHA OBLIA yYECTh OTPAHUYEHUA, CBA3AHHBIE C
rpy30nOABEMHOCTBIO (00muii Bec THKT cocTaBun
43,7 7).

C oHOM cTOPOHBI, BBIOOP 50,8-MM 'HKT 6611

CJIEJIaH C YYETOM 3HAUYUTEIbHOU NPOTAKEHHOCTH
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Pucynok 5 — Cxeasxcuna Ne 3, 2D-mooens
Figure 5 — Well 3, 2D model

reserves inaccessible to conventional drilling and
completion methods. "The application of ERT has
resulted in extended field drainage radii, increased
production rates, improved reservoir management, a
reduction in required platforms and well counts and
improved field economics..." [2].

The definition of an extended-reach well is a well
with a measured depth to true vertical depth ratio
(MD/TVD) greater than 2.0. A mega-reach well has an
MD/TVD ratio greater than 3.0 [3].

Project objectives required working with mega-
reach wells for which the maximum MD/TVD ratio
was 4.6 with (MD 23,622 ft and TVD 51,278 ft). Fig. 5
shows the 2D model for one of the project wells.

All available methods of gaining additional reach,
including optimal taper and CT pipe size, friction
reducers, straightening, downhole tractors, buoyancy
reduction, flowing fluid, vibrators, were assessed, and
a combination was chosen for the operation.

Thus, for operation stepping, a 3.5-in. downhole
tractor was chosen (Table 1). A downhole pulling
force of 9,200 Ibf gave additional reach of 6,561
to 11,483 ft depending on well geometry and
completion design. Before tractor engagement, an
additional 1,640 to 2,297 ft were achieved using a
friction reducer, the efficiency of which depended on
a specific solution concentration (2% solution showed
optimal results) and spotting technique (spotting

Taoauya 1 - Cpasnenue uwazarou,e2o i K0J1eCHOZ0
npusooa

Table 1 — Comparison of stepping and wheel driven
DH itractors

TTOTOK )KUAKOCTH Tlepenaz 1aBlIeHUS
Flow rate Pressure differential
TesieCKOIMYEeCKue
—— 3aXBATHI
e Expandable grippers
CoeJMHEHHE JIBYX TPAKTOPOB z;;g:;:ggg 0
B TaHgeme, 6000 pyHTOB @ A bysTOB @
0,8 6appesb/MUH . 1,3 6appes/mus
Connect wo ractors in | pnereqse pressure
0.8 bb’l /min setting 9200 Ibs @
’ 1.3 bbl/min

2 1/5 miorimal63.5 mm|
21/5in.[63.5 mm]
30.2 yTOB [9.2 M]

3 1/5 morima [889 mM]
3 1/5in.[889 mm]
24 yTOB [7.3 M]

30.2 ft [9.2 m] 24 ft[73 m]
173885 dy1oB [5300 M] 3§gg‘5§g§;@‘f
1738835 £t [5300 m] e




TOPU3OHTAJIBHOTI'O yYACTKA CKBAXKUHBI U
MAaKCHMaJIbHO BO3MOXKHOT'O TATOBOT'O YCHIINS
3a00MHOTO TpakTopa. CAPyro CTOPOHBIL, OBUIH

Tab6auua 2 — Bauanue gnewmnezo ouamempa THKT
Ha 271YOUHY CRYCKa

Table 2 — The effect of CT OD onreach

YUYTEHBI OTPAHUYEHU IO I'PY30NOLbEMHOCTH KPAHA
U IO MAKCUMAJIBHO JIOITYCTUMOM HATPY3KE HA MAIYOY.
OTHOCUTENBHO 60IbIION BHEIHUI fruaMeTp I'HKT
[TO3BOJIMJI YBEJTUYUTH INIYOUHY CITyCKa (pHcC. 6), 2
M3MEHEHU B TONIIUHAX CTEHKHU A1 BO3MOXHOCTD
yMeHbIUTb BeC 'HKT a1 CO6MoneHn s UMEIOMUXCS
OI'PAHUYEHUN.

CENEKTUBHASA U30N4aund rA3SOHOCHOIO
WHTEPBAJA

IlepBas onepanus ObLIa IPOBEJCHA HA CKBAXKHUHE,
npobypeHHo! B 2011 roxy. CKBaKUHA ObLIa
OCHAIIEHA CUCTEMOI 3aKAHYUBAHUS C IPUMEHEHUEM
ONTOBOJIOKOHHOU CUCTEMBI MOHUTOPUHTA, UYTO
MO3BOJIUJIO IPOBOAUTE PACIPEAECIEHHOE U3MEPEHHE
TEMIIEPATYPBL. Tak:Ke CKBaKMUHA Obl/Ia OOOPYAOBAaHA
6 YCTPOUCTBAMU IO KOHTPOJTIO 32 IIPUTOKOM
(¢ 9@ 127 MM (pOpCyHKAMHU B (PUIIBTPE), KOTOPBIE
MO3BOJIUIN KOHTPOJIUPOBATH MUT'PALTHAIO MEJIKUX
YACTUL U IPESOTBPATUTD IPEXKJEBPEMEHHBIN
MIPOPHIB I'a3a/BOALL [TIOCTOAHHOE HAOIIOJCHUE
33 TEMIIEPATYPHBIMH JJAHHBIMH IIO3BOJIUJIO
CZIENATD BBIBOJ, YTO 3HAYUTEIbHOE OXJIAXKJECHUIE
(PHUKCUPOBAJIOCH B IOOBIBAIOMIEM HHTEPBAJIE HUXE
2500 M. KpoMe Toro, mpoOsl JKUIKOCTH ITOKA3aJI1
YCTOMYHUBBII POCT ra30BOro (paxkropa co 100 m3?/

M 10 2500 m?/mM?. Ha OCHOBE Oy YEHHBIX JAHHBIX
OBLIO CJIE/TAHO 3AKJIIOYEHHE O IPOPHIBE I'A34 B
unTepsaie 2500 m — 3000 M (puc. 7, 8).

J17151 OTpaHUYEHUS TPOPBIBA I'a3a ObLIU CO3JJAHbI
pmronaanbHAA U THAPOAUHAMUYECKHUE MOJIEIIH,

HAa OCHOBE KOTOPBIX OBIJIO IPHUHATO PEMIEHUE O
IPUMEHEHUU TEXHOJIOTUN 3AKAYKH B JOOBIBAIOIINE
CKBaKHHBI IEHOOOPA3YIOMIETO PACTBOPA.

Tem HE MEHeE, TOCKOJIbKY IIPOPBIB I'd34 MPOU3O0MIES
B HMDKHEN YACTH IPOJYKTUBHOI'O UHTEPBAJIA,
BA’KHOM 3a7a4€H CTAJIAa HEOOXOAUMOCTD 3AITUTUTD
BBIIIEJIEKAI NI NUHTEPBAJ U OTKJIOHUTD JKUJIKOCTh
06pabOTKHU B IPOOIEMHYIO 30HY.

B 1aHHOM POEKTE OBLIO BBISBICHO 4 OCHOBHBIX
(PpaKkTOpA, OCIOKHAOIMNX BBIITOJIHEHUE 33/1a49H:

e TIpOTAKEHHBIN TOPU3OHTAJIBHBIA Y4aACTOK
CKBa>KHUHBL,

e TIpOpBIB ra3a B HUKHENU YaCTHU TOPU3OHTA,

*  MUHHHMMAJIBHOE IPOXOJHOE CEUYEHHE 73,15 MM
OTPAaHUYUBAJIO BEIOOP 3260MHBIX MHCTPYMEHTOB;

* B cBA3M C juaMeTpOM CKBAXKUHEI 114,3 MM B 30HE
MIPOPHBIBA I'a3a TPEOGOBAIOCH IPUMEHEHHUE OCOOOH
TEXHOJIOTUH TIO U3OJIALIHH.

INocne c60pa u aHAIN3a BCEH MH(POPMAIIUU OBLIO
NPEJIOKEHO Ceayomee pemenue. HaayBHOM makep
JAuaMeTpoM 54 Mm (Tabsr. 3) 6bu1 criymen Ha THKT u
YCIIENIHO YCTAHOBJIEH HA INTyOHUHE 2500 M B KA4ECTBE
BPEMEHHON U30JIALINH AJ15 3AIUTHI BBIIIEJIEKAIETO
ropusonTa. [Tocne 3Toro 6u11a NPOBEEHA ONIEPALTUS
MO U3O0JIAIUU I'A30HOCHOI'O TOPU3OHTA ITyTEM
34KAYKHM HUKE MAKEPA IIEHHOI'O AT'€HTA B OObEME
1500 M? uepes nHenogsuxknyio 'HKT. I'padpuk

pacapene/iCHHOIro USMCPEHUS TEMIICPATYPhI YCTKO }

2 moiima [50,8 mm] | 2 aroiima [50,8 Mm] 1’[75%%‘2?“;‘]”
2in[50.8 mm)] 2in [50.8 mm] T ’[50.8 mm]
GT-90 GT-90 GT-90
0,125 — 0,200
JronuMa » o
0,200 mrorima 0,200 grorima
[5872 MM(‘) Sz’gg ] (5,08 Mu] (5,08 M)
125 -0.200i : .
[3.1755 20008 [0200in.[5.08 mm] | 0.200in. [5.08 mm]
mm)|
24606,3 pyTOoB 24606,3 pyToB
246006,3 byTos [7500 M] [7500 M
o 246063 f 246063 f
. ft DIt
24606.3 £t [7500 m] [‘7‘500 fn] [‘7‘500 fn]
74 TBIC. PYHTOB 96,3 ThiC.OyHTOB | 83,1 THIC. PyHTOB
[33,67] [43,7 1] [37,7 1]
74K 1b [33.6 1] 963K 1b [43.7 1] 83.1K 1b [37.7 1]
= 17388,5 pyToB 9514,44 dyroB
He npounsoiper 5300 ] [2900 ]
Nolock-up | 153885 £t (5300 m] | 9514.44 £ [2900 m]

friction reducer across CT in advance instead of
pumping friction reducer after lockup showed good
results).

CT STRING DESIGN

A CT tubing forces simulator was used for accurate
CT design. That module enabled the creation of a CT
design to achieve maximum reach in particular wells.
A number of important criteria were satisfied when
designing the CT string:

* Pipe bending stiffness, which postpones helical
buckling, was increased by using 2-in. CT with
maximum wall thickness (WT) of 0.204-in.inthe
uppermost section.

* The chosen CT string yield limit (90,000 psi) was
inside the operational edge.

*  Optimum taper and pipe size of 2 in. x125 to
2 in. x204 in. was chosen. The actual length of
24,2782 ft), with greater WT in areas of maximum
compression, was designed in line with the
logistical constraints (so that total CT weight was
96,300 lbm).

The choice of the tapered 2-in. CT string was made
after taking into account the significant well deviation
and maximum available tractor pulling force. At the
same time, the crane limitation with maximum deck-
load capacity CT outside diameter (OD) provided
additional reach (Fig. 6), and the tapered design
enabled reducing the CT weight to satisfy the actual
limitations.

SELECTIVE GAS SHUTOFF
TREATMENT CASE STUDY

The first operation was completed on the well that
was drilled back in 2011. The well’s fiber optic-enabled
completions allowed a Distributed Temperature Survey
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Figure 6 - Additional reach provided by change

inCTOD

MOKA3aJI 30HBI PA3MEIIEHUS *KUJTKOCTH O6PA0OTKHU
(puc. 9), 9TO CBUAETEIBCTBYET O XOPOLIEU U3OJIALIUNA
BO BpeMs oriepaniuu. Ilocie 3aKka4yKu BCEro
06 bEMA KUJKOCTHU TTAKEP OBLI ICAKTUBHUPOBAH
OYTEM MEXAHUYECKOI'O HATSOKEHUS U MTOJHAT Ha
MHOBEPXHOCTbD.

ITociie 3amyCKa CKBAKUHBI B JOOBIYY I'd30BbIH
(pakTOop yMeHbIIMUICA B 10 pas.

YOAJIEHUNE WITAMA

Bropas 1 TPEThsI CKBAKUHBI-KAHUAATHI ObLIU
nocTpoensl B 2012 roay. Cxema 3aKaHYUBAHU A
BKJIIOYAJIA B €65 yCTPOHUCTBO IO KOHTPOJIIO 34
[IPUTOKOM B KOJIOHHAX ITAMETPOM 168,275 MM 1
139,7 MM, OCHAIIEHHBIX (pUAbTpaMu. [1pu 6ypeHnn
CKBa>KHH IPUMEHSJICA PACTBOP HA HE(PTAHOM
ocHOBe. [Ipearnonaragaocs, 4T0 HUXKHUM Y4adCTOK
TOPU3OHTAJIBHON CEKIIUH 3aTPA3HEH OYPOBLIM
pacTBOPOM. 7151 TOTO YTOOBI YBETUYUTD TOOBITY
HedTH, TPEOOBAIOCH YAIHUTh OYPOBOU PACTBOP
U3 HUKHEN 4aCTU FTOPU3OHTAIbHOM CEKLIMU I1PU
IIOMOIIY A30THPOBAHHOM XKUAKOCTU. [Ipy O4nCTKE
CKBaKHH YYUTBIBAJICA PAJL OCOOBIX YCIIOBUA
BBIIIOJIHEHUS PA6OT:
¢ CKBaXHHBI C OOJIBIITUM OTXOAOM OT BEPTHUKAIHN C

T'OPU30OHTAJIbHBIM y4aCTKOM 10 5000 M;

¢  MUHHMAJIBHOE TPOXOTHOE ceYeHHue 96,82 MM;
*  OTCyTCTBHE NPEABIAYIINUX ONEPAIUNA B CKBAXKHUHE

Pucynox 7 — 3aeucumocms pacnpeoenrennoi
memnepamypuvt naacma om epemeniu

Figure 7 — DTS temperature versus time for
the reservoir
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(DTS). The well also is equipped with 6 ICD filters (25”
nozzles in the filters), that are used to prevent fines
migration from the formation and delay gas/water
breakthrough. Continuous observation of the DTS
traces on this well indicated significant cool down of
the producing interval below 8,202 ft. Furthermore,
collected fluid samples at surface showed steady GOR
increase from 100 m?/m? to 2,500 m?/m?. Analysis of
the combined data revealed that gas break through was
initiated on the interval between 8,202—9,843 ft MD
(Fig. 7, 8).

To address this problem, it was decided to use a
foaming agent as a “temporary” solution to stop gas
breakthrough. The main idea of the treatment was
that foam would be formed during gas + treatment
fluid contact and thus would block further gas inflow.
However, since gas breakthrough occurred in the lower
producing intervals, it was important to protect the
upper intervals and divert all the treatment fluid to the
problematic zone.

There were five main challenges associated with
this job:

» Itisahorizontal well, with a long horizontal section;

e Gasbreakthrough from toe of horizontal section;

¢ The minimum wellbore restriction 2.88-in, limited
the choice of the applicable tools;

e The4.5-in wellbore ID at the zone of interest required
special isolation techniques.

After all the information was gathered and analyzed,
the following solution was proposed and implemented:
A 2.125 inch inflatable packer (Table 3) was delivered
with the CT and successfully set in 4.5 inch casing at
depth of 8,202.1 ft as a temporary isolation tool to
protect upper producing intervals. Then, 9,400 bbls of
gas shut-off treatment (foaming agent) were injected
through the CT below the packer while keeping the CT
stationary. DTS plots clearly indicated fluid placement
zones (Fig. 9), showing good isolation during the entire
treatment. Once all the treatment fluid was pumped,
the packer was deflated with mechanical over-pull and
successfully retrieved back to surface.

The well was put back on production and showed a
10-fold decrease in GOR.

MUD-REMOVAL TREATMENT CASE STUDY
The second and third well candidates were drilled in
2012. The wells have been completed with an inflow
control device (ICD) completion (6 5/8-in. and 5 1/2-in),
equipped with ICD filters. The wells were drilled with
oil-base mud. The toe of the horizontal section was
supposed to be treated with an OBM solution. Increasing
the oil production required displacing the OBM solution
from toe of the well with nitrified fluid. For mud-removal
operations on the next three wells, the following
challenges were met:
* ERD wells with horizontal sections up to 16,404.2 ft;
e Minimum restriction of 3.812-in,
* No previous interventions to total depth (TD);
e Mud expected at toe section,
*  Well flowing up 9,434 B/D;
During pre-job preparation, two types of tractors were
compared: stepping and wheel driven (Table 1 and Fig. 10).
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Both tractors could pass the 3.812-in.
[96.82 mm] restriction, but as shown
in Fig. 10, only the stepping tractor had
enough pulling force capacity to reach
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occurred at 10,826.8 ft, and using a
friction reducer let us reach 12,139 ft

wr w1 e ades

| [ 8 =K, % /Kp, % without activating the downhole (DH)
'ﬁtﬂ"—r ]1‘2"’% tractor. After the tractor was activated,
]‘ 'z o 1] : B : CTwas run in hole (RIH) to a depth
§ e s ——— " —— e =i of 16,732.3 ft. At this point, a high-
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| - | | Gassoil = Gasbreakthrough _ - Oil friction coefficient was met, and the

BN g Sl B! I

subsequent CT RIH was accomplished
with a cleanout operation to well total
depth (TD).

With this experience, it was decided to use a venturi
junk basket together with the DH tractor on the next
well. The venturi junk basket with three 0.1-in. nozzles
created the pressure drop (1,500 psi at 1.2 bbl/min)
required for tractor operation. Debris collected in the
junk basket confirmed value of that decision to prevent
tractor malfunction.
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Pucynox 8 — Cpaeénenue 0annvLx
pacnpeoenennoit memnepamypust no epemenu
02151 onpeoenenusn 3016l nPoPvleéa 2a3a

Figure 8 — Comparison of DTS data vs time to
determine gas breaktbrough zone

CO CITYCKOM JIO 32004
e [Il;mamM HAXOIUTCS B HUKHEN YACTH;

e CxkBaxkuHa JoObIBaromas (1500 m?/cyT).

Ha sTane nogroToBKU K paboTe ObLIU
PACCMOTPEHBI 1BA TUITA TPAKTOPOB: MIAT A0
U C KOJIECHBIM NPUBOJOM (Ta61. 1 u puc. 10). O6a
TPAKTOPA CHOCOOHBI MPOUTH CKBO3b CEUCHUE
96,82 MM, HO, COTJTACHO PACYETAM, TOJIBKO
MIATAIOII N TPAKTOP PA3BUBAET OCTATOYHOE
TATOBOE YCUJINE JIJIS1 CITYCKA JI0 326051

PucyHOK 11 4EMOHCTPUPYET, YTO IEPBUYHOE

FISHING OPERATION CASE STUDY

This, well, drilled in 2012, was completed with an ICD

completion (5 1/2-in)) equipped with ICD filters. The
well is a mega-extended-reach well with a measured

depth/true vertical depth (MD/TVD) 19,242.1 ft/
513451 ft.

During the logging run by a third party, a five-wheel

DH tractor was used to reach TD. The tool string length

was 85.8 ft, and weight was 448 Ibm. At a depth of

3aIUPaHUE IPOU3OINLIO HA ITyo6rHe 3300 M.
Hcrnonp30BaHNE TIOHUBUTENS TPEHUS IO3BOIUIIO
ciiyctuTb 'HKT 10 rny6unst 3700 M 6€3 TpaKTOpa.
[Tocne akTuBanuu Tpaxkropa cnyck F'HKT
OPOJAOJIKHUIICA A0 IIyorHel 5100 M. HaunHadg ¢ aTon

10,528.2 ft, a short-circuit fault occurred, and the DH
tractor failed. At the depth of the wireline entry guide
of 6,486.22 ft, the cable weight was increased; it was not
possible to pass the depth with constant cable tension.

T T 0,0
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TPEHUA U JATBHENIITNH CITyCK IPOU3BOJMIICS C |l 80,0

IIPOMBIBKOH BILIOTb JIO 32604 -y
YauTbIBaa JAHHBIH OIIBIT, HA CIIEAYIONIEHN 700

CKBa’KHMHE O6bLIO PEMIEHO UCTIOIb30BATh CTPYHUHBINA

[IJIAMOYJIOBHUTEJb COBMECTHO C 3160MHBIM 600

TpakTopoMm. IlmaMoynoBUTENS C TPEMS (POPCYHKAMU
2,54 MM UCHIIOJIB30BAJICA /1 CO3/JAHUA IIEPETIaa
JasisieHus (10,3 MITa nipu 190,8 i1/mMmun),
HEOOXOJUMOTO JIJI1s1 pAOOTHI TPAKTOPA.
IlerecoO6pa3HOCTD €T0 IPUMEHEHHN ObLIA

MO TBEPKCHA B XO/IC BBIITOJIHEHHS PAOOTHI, TAK KAK
ObL1 CO6PAH CYIMECTBEHHBIN O6BEM OCATKOB. DTO
ITO3BOJIMJIO U306EKATh IPEKECBPEMEHHOI'O BBIX0/12
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JIOBUJ1bHBIE OMNEPALINN

CKBaXMHA 6bLJ1a TOCTPOEHA B 2012 rogy. Cxema
3aKAHYMBAHUS CKBAXKUHBI BKJIIOYAJIA B CEOS
YCTPOICTBO IO KOHTPOJIIO 32 IPUTOKOM B KOJIOHHE
auamMeTpoM 1397 MM, OCHAIIICHHOM (DUIBTPAMU.
CKBaKMHA MMEJIA YBEJIMYEHHBIN OTXO/ OT BEPTHUKAINA
(tmy6uHa 110 CTBOITY 5685 M, BEPTHKAJIbHAS [JIyGHHA
1565 m).

I'nmy6buna, m / Depth (m)

Pucynok 9 - I'pagpuxu pacnpeoeiennoii
memnepamypot, omoopadicaronjue
oxaaxicoenue naacma 60 6Pema 3aKauKu u
npoghuns npumora nocae oopadbomKu

Figure 9 — Selected DTS traces representing
Jormation cooling down during injection and
well flowing profile after treatment
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TEXHOJIOI'MU

IIpu nposeaennu I1I'M CTOpOHHUM UCHOTHUTEIEM
paboT BO BpEMS CITYCKA UCIIOIb30BAJICS TPAKTOP
C 5-KOJIECHBIM IPUBOJIOM, JIJINHA UHCTPYMEHTA
cocrTasisiiaa 26,16 M pu Bece 203,3 kr. Ha riry6une
3209 M IPOU30LLIIO KOPOTKOE 3aMBIKAHHE U OTKA3
3200MHOTrO TpakTOpa. Ha rirybrHe HaIpaBIsAIomen
BOPOHKHU (1977 M) IPOMU30LLIO YBETUYCHUE
Beca Kabests. [TONbITKU NOAHATE NPUOOP ObLIH
O€3yCIIENHBL. AKTUBALUS JIEKTPUYECKOTO
Pa3beJUHUTEIA HE IIPUHECIIA XKEJIAEMbBIX
pe3yAbTATOB. ITOCIIE HATAXKU Ka6€Ib OTCOETUHUIICS
OT Ka0€JIbHOM I'OJIOBKU.

I1pH INIAHUPOBAHU U JIOBHUJIBHBIX ONIEPALINH JIJIS
npeporspamenus npuxsara 'HKT Ob111 NpUHATEL
CJIeAYyIOIIE MEPBDIL:

* DBbul IPpUMEHEH BHYTPEHHUN COEANHUTED JIJIS
I'HKT.

e JIONOJHUTEJIBHBIE HEHTPATOPSI C ITIAAKUMU
Kpasgmu 6611 BKItOYeHbl B KHK B Ka:k10M MecTe
U3MEHEHHA BHEITHET'O JUAMETPA.

e JIOTIOJTHUTENBbHBIA HATIPABJIAIOMINA KOJTOKOJI
C NIAAKHUMU KPASAMHU ObLT UCTIONIb30BAH IS
PABHOMEPHOI'O 34XBAT4 OCTABJIEHHOM B CKBA)KUHE
KOMIIOHOBKH.

Bo BpeMs npoBefieHUs pabOT yYUTBIBAJICS P,
OCOOBIX YCJIOBU:

* JIB€ PA3IMYHBIX JIOBUJIbHBIX IIEMTKNU

- ABapwuitHbIit nHCTPYMEHT 1: 1,36 M, 12,5 KT.

* ABapUIHBIN UHCTPYMEHT 2: 24,8 M, 252,6 KT.

* TopusoHTaNbHAA CEKIIN;

*  HapyXHBI AUaMETP ABAPUIHOI'O MHCTPYMEHTA
63,5 MM, B TO BPEMSI KAK BHYTPECHHUI JTUAMETP
06Ca/THOI KOJIOHHBI BAPbHUPOBAJICS OT 1524 MM
710 190,5 mm;

¢ CoCTOSTHUE JIOBUJIBHOM IIEHKU;

* ABapUITHBIM UHCTPYMEHT IPUXBAYEH B
HAIIPABJIAIONIEH BOPOHKE.

W3BieyeHue aBapUHOIO re0O(PpU3NIECKOIO
UHCTPYMEHTA CTAJIO JEUCTBUTEIBHO CIOKHOU

TToppem
Slackoff with wheel driven tractor

 DPa3rpyska C maraiomuM TpaKTOpOM
Slackoff with stepping tractor

I Pasrpyska c KOJECHBIM TPAKTOPOM
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271YOUNBL 3ANUPAHUA ONA PASIUUHBLX
munoe mpaxmopoe

Figure 10 — Comparison of predicted CT
lockup depth with different types of tractors
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Tabauuya 3 — Jannsie no ckeaxcune Ne 1
Table 3 — Well data for well candidate 1

THII CKBaKUHbI Hedranas
Well type Oil well
I'my6uHa 1o CTBOTY 2,974 m
MD 9,757.22 ft[2,974 m)]
BeprukanpHast ry6HHA 1,567.6 M
TVD 5,143.04 ft [1,567.6 m]
MaKCUMAaJIbHBII YIOJl HAKJIOHA
. L. 91,1°

Maximum well deviation

ITnacToBOE 1aBICHUE 163,2 atm.

Reservoir pressure 2,398.38 psi [163,2 atm]

3a6o0rtHOE JaBIeHUE 158.2 aTm.

Bottomhole pressure 2,324 9 psi [158.2 atm]
3a6oriHas TeMnepaTypa 79.40C
Bottom hole temperature 1749°F [79.4°C]

06
BOJHEHHOCTD 58%
‘Watercut
T'a30BbIi1 (haKTOD 2,549 m?/m?
GOR 160K bbl/bbl [2,549 m>/m?]

Activation of an electrical wired disconnect (WRD) did
not allow the wireline entry guide to pass. After cable
over-pull, the cable disconnected from cable head.

The following measures were taken to prevent the CT
from getting stuck:

¢ Aninternal CT connector was used;

e Additional centralizers with smooth edges were
added to the toolstring on each change of OD;

e Anadditional bell guide with a smooth edge was
used to extend over the fish standoff;

The following challenges had to be accounted for
during job preparation:

» Two different fish necks

- Fish 1: 4.46 ft, 275 Ibm

- Fish 2: 81.3 ft, 557 Ibm

* Horizontal section;

* TFish OD 2.5 in. while casing inside diameter changed
from 6in. to 75 in,;

* Fish neck condition;

» TFish stuck at wireline reentry guide;

It became a significant technical challenge to retrieve
the wireline DH left in the well due to:

¢ Changes of completion ID in at the level of the fish
depth;

« TFish consisting of two parts (after getting stuck, the
wired disconnect was activated first and then the
fish was mechanically disconnected);

* Low fish weight and small fish size.

The job was done in five runs, during which the
following objectives were met:

Fish cleanout;

Latching of fish 1;

Fish pushing to lower completion ID 4.78-in;;

Retrieval of fish 1;

Cutting of remaining wires and retrieval of fish 2.

IAREENS I S



Tabnuua 4 — Xapaxmepucmurxu Hady8HOZO

naxepa 2 1/8

Table 4 - Inflatable packer specifications

MUHHMaJIBHOE CEYE€HNE TPYObI
Min tubing requirements

Pa3mep: 27/8 jioiima, 62 MM BHYTP.
auameTp; Bec: 11,8 Kkr/m
Size 27/8 in., 2.32-in. (62 mm) ID;
Weight 7.8 Ibm/ft (11.8 kg/m)

MaxkcuManbHBINA BHEITHUH
JIUAMETP JIEMEHTOB /IO
pacuupeHus

Max OD of element before
expansion

54 MM
21/8in. (54 mn)

MakCHUMaabHbBINA BHEITHUH
JIMAMETP DJIEMEHTOB I1OCIE

172,3 mm (174,6 MM O6CagHast

KOJIOHHQ)
pacIIUpEeHUs i i
Max OD of element after 67/81n. 1(71126?11nr}nm)c§s71r51/8 5,0
expansion (174 ) 8)
TIPOXOHOE CEYEHUE MTAKEPA 19,05 MM
ID of flow passage through tool 3/4 in. (19.05 mm)
JInrHa OT 11e4a JI0 Iieya 1829 MM
Length: Shoulder to shoulder 72in. (1829 mm)
O6mas ajauHa 3505 MM
Tool total length 139 in. (3505 mm)

MUHUMAJIbHBINA pA3MEP HUIIIIEIS
JUISL U3BJICYCHU S

56 MM (27/8 mrorima npoduas XN)
2,205 in. (56 mm) (27/8 in. XN

Max tensile load for fishing

Min nipple size for retrieval profile)
MaxkcumasibHast Harpy3Ka Ha 1565 v
HU3BJIEYECHUE
Max retrieval load <3000 Ibm (1365 kgm)
MaxkcumaabHas HATPy3Ka IPU 9100 kr
JIOBUJIBHBIX Pa60Tax
20000 Ibf (9100 kgm)

TpancnOPTUPOBOYHBINA BEC
U pa3Mephl
Element shipping weight
and storage

31,7 KI' B TPAaHCIIOPTHPOBOYHOMU
Ty6e nipu -40 10 140 °F
701bm (31.7 kg) in shipping tube
at-40to 140 °F

3a/1a4€U, IIOCKOJIbKY:

e JunameTrp 06CaHOIM KOJIOHHBI MEHSJICS HA
INIYOUHE HAXOXK/AEHUS ABAPUIHOIO MHCTPYMEHTA;

e ABAapUIHBIN UHCTPYMEHT COCTOSI U3 IBYX
yacrtel (ocie NpuxBara 6bL1 33ICUCTBOBAH
IEKTPUYECKHUN PA3BEJUHUTEID, [IOCJIE YETO
UHCTPYMEHT OBbLIT MEXAaHUYECKU PAZBEJUHER);

¢ Mablii BeC 1 HEOOJIBIION pa3Mep aBAPUHHOI'O

WHCTPYMEHTA.

3azaya 6bu1a BeIOMHEHA 32 5 CITO nipu
COOJIIOICHUH CIEAYIONUX YCIOBU:
1. Ouncrka aBaApUHUHOIO UHCTPYMEHTA;
2. 3axBaT aBAPUIHOI'O MUHCTPYMEHTA 1;

3. CHYCK aBapUHUHOTIO MHCTPYMEHTA JJO O6CATHOM
KOJIOHHBI IMAMETPOM 121,4 mm;

4. W3BieyeHUne aBapUMHON KOMIIOHOBKH 1;

5. Peska OCTaBIIETOCA KAO€I U U3BJICYEHNE
ABAPHUHHOI'O MHCTPYMEHTA 2.

BbIBObI NOCJIE 3ABEPLLUEHNA NMPOEKTA

* Pasrpyska 060pyOBaAHUS, PACCTAHOBKA 1 MOHTAX

Bec THKT, pynros / CT weight

ABJISIIOTCA HAUOO0JIEE TPYAOEMKUMHU IIPOLIECCAMU
U CBA3AHBI C IPOU3BOACTBEHHBIMU PUCKAMHU.

e TIpoextuposanue konoHHBI I'HKT saBnseTcsa
BAKHBIM 3TAIIOM HOATOTOBKU K PA6OTE.
Ero cirenyer npoBOAXTD 11 KOHKPETHDBIX

CKBA>)KMHHBIX YCJIOBUH, IIPUMEHSIS

-20000 =

LESSONS LEARNED

Equipment unloading, spotting, and rig-up are the
most time-consuming processes, and are associated
with operational risks. Reducing these operations by
advanced and thorough planning can significantly
reduce the time and labor-intensive costs.

¢ (T string design is an important part of pre-job
planning that should be done for each specific well
with known downhole conditions, using tubing
forces simulation to predict and optimize CT weight.

¢ To prevent damage of the tractor by wellbore
debris, installation of a venture junk basket below
the tractor is recommended. For simultaneous
activation of the two hydraulic tools, it is necessary
to select the correct diameter of junk basket nozzles.

e Analysis of the data obtained during the work
confirmed the increased coefficient of friction in
all wells. To increase the effectiveness of the friction
reducer, it is recommended to start pumping friction
reducer for 3,280.84 ft before the expected depth of
locking. Choice of friction reducer solution volume,
concentration, and frequency of pumping should
be based on the pumping rate and the current well
situation.

» To prevent getting stuck, inspect the downhole tool
design with an OD that is different from the rest
of the instruments. All angles should be beveled
carefully.

e Areal-time DH tractor data-acquisition system is
recommended to provide continuous monitoring
of the efficiency of operations and performance of
the tractor in real time. (By means of the tension
measurement downhole, a downhole pressure
measurement inside and outside the tool, and the
temperature distribution along the wellbore).

CONCLUSION

The Astrakhan well intervention team successfully
completed the first CT campaign on four wells in the
Korchagina field in the northern Caspian offshore. As a
result of thorough preparation, the crew has achieved
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tractor activating =
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Pucynox 11 - IIpoexmusie u paxmuuecxkue
3nauenusn geca 'HKT na ckeaxcune Ne 4

Figure 11 — Predicted vs. real CT weight indicator
data on well-candidate 4

MOZETUPOBAHHUE CUJL, ICHCTBYIOLIUX HA TPYOY, A5
orrruMu3anyu Beca F’HKT.
¢ Yr0o6BI N36€KATh HOBPEKACHUI 3a00MHOIO
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TPAKTOPA, PEKOMEH/IYETCS UCIIONIb30BATh
nuramoynosurens B KHK Huke Tpakropa.

J17151 OMHOBPEMEHHOM AaKTUBAIIUU ITUX JIBYX
UHCTPYMEHTOB HEOOXOAMMO NPABUIBHO
nog06paTh JUAMETP (POPCYHOK HA
LIJIAMOYJIOBUTEJIE.

e AHAaJIN3 JAHHBIX, IOJIyYEHHBIX B XOZE PA6OTHI,
TO3BOJINJI C/IENATH BBIBOJ, O IIOBBIIIEHHOM
KO3(DUIIMEHTE TPEHHUS B CKBAXKMHAX. 111
HOBBIIEHN 3(PPEKTUBHOCTU TIOHUBUTEISA
TPEHUS PEKOMEHYETCA HAYNHATD €TO
3aKa4Kky Ha 1000 M BBIIIIE OXKHUTAEMO TTTyOUHBI
zanupanusa THKT (pacueT HEOOXOAUMOTO
06'bEMA, KOHIIEHTPALIUHU U YACTOTHI MPOKAYKHA
BBIINIOJTHAETCSA C YYETOM PACXOA HACOCA U
TEKYLUU CKBA>KUHHDBIX YCJIOBUM).

o Jnanpenorspamenud npuxsata THKT
HEOOXOAMMO TIATEIBHO IPOBEPUTh cxeMy KHK
HA HAJINYUE YYACTKOB C YBEJTMYEHHBIM BHEITHUM
JUAMETPOM IO CPABHEHUIO C OCTAIbHBIM
HHCTPYMEHTOM (BCE «OCTPBIE» KPas JTOJIKHBI ObITh
06pabOTAHBI CHATHEM (PACKN).

* Cucrema c60pa JaHHBIX B PEAJIBHOM BPEMEHU
O COCTOSTHHUM 3200MHOT'O TPAKTOPA CIIOCOOHA
HOBBICUTD 3(PPEKTUBHOCTD ET'O MPUMEHEHU A
34 CYET MOHUTOPHUHI'A TAKUX [TAPAMETPOB, KAK
HArpy3Ka Ha MHCTPYMEHT H4 3260€, 33001HO€E
JIaBJIEHNE BHYTPH U CHAPYKU HHCTPYMEHTA,
pacrpeesIeHUe TEMIIEPATYPBI IO CTBOTY
CKBA>XUHBL

3AKJTKOYEHUE
IepBasg kamnanus no npumenenuio 'KHT na
mecropoxaeHuu uM. 0. Kopuaruna B CeBepHOM
Kacnuu 6b11a yCIIenmHO NPOBEAEHA CUIIAMU
ACTPAXAHCKOTO MOAPA3EICHUS JENAPTAMEHTA
BHYTPHCKBA)KMHHBIX TEXHOJIOIUI KOMIAHUH
IImom6eprke». braroaaps TIaTeIbHOU TOATOTOBKE
MOCTABJICHHBIE 327Ja4U ObLIN JJOCTUTHYTHI O€3
KAKUX-TUOO0 HHIUAEHTOB B 061acTr OT, [1b 1
OOC. CnoxHast KOHCTPYKLMSA CKBAXKUH, JJIMHHDIC
TOPU3OHTAJIbHBIEC YYACTKH B COYETAHUH C
OIPAHHUYEHUAMH, CBA3aHHBIMH C PA3MEPOM padoUen
IUIOIIAZIKH M HATPY3KU HA TAIYOY — BCE 3THU (DAKTOPEI
HOTPEOOBAIN THIATEIBHBIX U KOMILJIEKCHBIX
HOATOTOBUTEJIBHBIX PAOOT /I ONTUMU3ALIUHN
MJIAHA IIPOBEJCHUSI OIIEPALINH, TTIOJJOOPA 3260MHOTO
UHCTPYMEHTA U Pa3pa6OTKU CXEMBI PA3MEIICHUA
O60PYIOBAHUSL.
HecMmoTpst Ha BCE YCJIOBUSA, OCJIOKHAIONINE
pEeNIeHNE MOCTABJIEHHBIX 33/1a4, HA 4-X CKBAXKUHAX
B TEUYEHUE 22 fHEN ObLIU IPOBEJCHBI CIEAYIONIE
PaboTHhL:
*  VIaJIeHUE NIIaMa U3 CTBOJIOB CKBAYKHH C
OOJIBIIIUM OTXOZAOM OT BEPTUKAIU (C IITyOUHOM
o CTBOY O 7200 M ¥ BEPTUKAJIBHOM TTTyOUHOI
1560 M), B KOTOPBIX PAHEE HE TPOBOIMIINCH
BHYTPHCKBA)KMHHBIE PA6OTHI;
e YcnenHas u30/1HAa F'A30HOCHOI'O TOPU30HTA C
NPUMEHEHHUEM HAJyBHOT'O TAKEPQ;
*  VCIIenHOE U3BJIEYEHNE U3 CKBAXKUHDBI ABAPHUITHOI'O
uHcTtpyMmenTa I1I'M, umeromero asa pasmepa. ©
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Pucynox 12 - IIlnam, u36,1e4eHHblil U3
CKEANCUNBL UNAMOYIOCUMENEM

Figure 12 — Debris retrieved from the well with
the use of venturijunk basket during mud
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Pucynox 13 — Cxema asapuiinozo
UuHCmPyYMmenma c 08YMaA PA3IUUHBIMY
JLOBUNBHBIMU tleliKamu Ha CKeadicune Ne 4

Figure 13 — Fish diagram and two different fish-

necks for well candidate 4

Tab6auua 5 — Jaunsie no ckgaxcumre Ne 2
Table 5 — Well data for well candidate 2

Tun ckBaxkuHsl / Well type

Hedranas / Oil well

T'ny6mHa o ctsory / MD

7200 M / 23622 ft[7200 m]

BepruxanbHas riyéuna / TVD

1563 M /512795 ft [1563 m]

MakcHMaIbHBIN yToa HaKA0Ha / Maximum well deviation 90°
ITmacToBoe paBneHue / Reservoir pressure 1648 ?IT gj‘/szgtﬁ]'89 pst

3a6oriHoe gasnenue / Bottomhole pressure

156 at™ / 2292.57 psi [156 atm]

3aboriHas Temneparypa / Bottomhole temperature

80°C /176 °F[80°C]

O6BogHeHHOCTD / Watercut

16 %

Tazospiii paxkTop / GOR

474 M3 /M3
2981.37 bbl/bbl [474 m3/m?]

Taoruua 6 — Jannsle no ckeadxcutne Ne 3
Table 6 — Well data for well candidate 3

Tun ckBakunsl / Well type

Hedranas / Oil well

3a6orinoe aasiaenue / Bottomhole pressure

Iny6una o crsony / MD 6980 M /22900.3 ft [6980 m]
BepruxkanbHas rinyéuna / TVD 5132;;5761??’55]\465‘75 m]
MakcHMaIbHbIH yroyl HakJIoHa / Maximum well deviation 90°C
ITmacToBoe paBnenme / Reservoir pressure 2379;76 13’5912[13 gll\:[ 9/2 atm]
156,22 at™m /

2295.8 psi[156,22 atm]

3aboriHas Temneparypa / Bottomhole temperature

80°C /176 °F [80°C]

O6BogHEHHOCTD / Watercut

28,5%

I'azosbiit pakTop / GOR

406 M3/M3 /
2553.66 bbl/bbl [406 m?/m’]




Ta6nuua 7 — Jannsie no ckeadxcune Ne 4
Table 7 — Well data for well candidate 4

Tun cksaxuHbl / Well type Hedrsanas / Oil well
[iry6una no crBoy / MD 5868 M /19252 ft [5868 m]
Beprukansnas rinyéuna / TVD 1565 M / 5134.51 ft [1565 m]
MakcHMaIbHBIHN yToJ1 HakJIoHa / Maximum well deviation 90,49°
IlmacroBoe naBnenue / Reservoir pressure 238951 66 ?)7561 ﬁr 61\/;/6 atm]
3abortHoe Jasnenune / Bottomhole pressure 224 6;;%?17[1?21“ 8/7 atm]
3aboriHas reMmneparypa / Bottomhole temperature 80°C/ 176 °F[80°C]
O6BOIHEHHOCTB / Watercut 11,6 %

784,2 M3/m* / 4932.47 bbl/

T'azosmiit hakTop / GOR bbl [784.2 m?/m?]
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the defined objectives with no HSE incidents. Complex
well design, long horizontal sections, in combination
with deck space and weight limitations, required
complex pre-job measures to optimize CT operations
equipment and design, select proper downhole tools
and prepare a reliable layout plan.

Despite the challenges, the interventions on the

four wells were completed in 22 days and included the
following work:

Mud removal from the TD of extended-reach wells,
with maximum measured depth up to 23,622 ft and
true vertical depth of only 5,118 ft TVD that had no
previous interventions;

A successful gas shut-off operation was performed
with the use of an inflatable packer;

Successful retrieval of two sizes of fish associated
with the production logging tool. ©
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