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Te3ucbl KondrepeHumum no KONTIOOMHIroBbIM
TEXHOJIOrMSAIM M BHYTPUCKBAYKMHHDbIM
paocoram SPE/ICOTA (uacrs1)

SPE/ICOTA Coiled Tubing & Well Intervention
Conference 2021 Abstracts (art 1)

MencoyHapooras KoHgpeperyusa no KoamooUHz066iM
MEXHONIOLUAM U BHY MPUCKBANCUHHBIM DAOOMAM
SPE/ICOTA npouwisia 86 8upmyanstom gopmame 8
Byonenoce, uumam Texac, CILA, 22-25 mapma 2021 200a.
Kongpeperuyusa npoeooumcsa ence200H0, Op2aHu3amopamis
KOHpepeHyuU mPaouyuoHno svicmynuau Obuecmeo
uncenepos-wegppmanurxos (SPE) uAccoyuavus
CREUUANIUCINOE NO KOJINIOOUH2OBbIM IMeXHONOLUAM
u enympuckeaxdcurnoim pabomam (ICOTA).

Cexnusa 1. TEXHUYECKHE PEHIEHU A
OJIA BHYTPUCKBAKHNHHDBIX PABOT

CucreMa u30JIHPYIOUIETo pacTBOpPa
0e3 TBepaok (ba3sl /I IIOBBIIICHH A
3(hPeKTHBHOCTH KOJITIOOHMHI'OBBIX
PadoOT: ONBIT IPHMEHEHHU A B YKpAUHE
Muxawni IInteko, IlaBex KyuykoBckuii, Uoparum AGaeuiantud,
AO «Ykprazmoopruar; JpHecto ®panko Jdexbprazo, AHIpe
Beicroonnxui, Dpuk banaéarup, Payas l'epman Pamrug Apo, Hacep
Pupa Axmum, Bansrep Fapcus Kapgouna, Schlumberger

B 1aHHOM CTAThE OMUCHIBAIOTCS TPU CLIOCOOA
IPUMEHEHUS THOKUX HACOCHO-KOMITPECCOPHBIX TPYO
(THKT) B CKBa’)KHMHAX C UCTOLEHHBIMU KOJUIEKTOPAMU, TIE
MHOJIHAS HUPKYJIALUA (PIION/A U TOYHOCTb PA3MEIIEHUS
JKUJKOCTH JOCTUT'AIOTCS TOIBKO C IIOMOLIbIO HOBOU
U30IUPYIOHIEN CUCTEMBI 6€3 UCIIOIb30BAHUS TBEPHOM
(asel, KOTOPAs UCIIOJIB3YETCA MOCIIE NEPPOPALUL
Tax:Ke B CTATbE OIMUCAHBI IOATOTOBUTEIbHBIE PAOOTHL
poLeAypPa CMEIMUBAHNA PACTBOPA U PE3Y/IBTATHL
JIAGOPATOPHBIX UCCJIETOBAHUI, KOTOPBIE OBLIN
IIPOBEECHDI IS YCIIEITHOI'O BHEAPEHU A TEXHOIOI U .

HccnenoBanus IUIACTOBBIX YCIOBUH B YKPAUHE MECTHBIMU
U MEX/YHAPOJHBIMHU IPOEKTHO-TEXHUUECKUMU CIIyKOAMU
MOKA3aJIH, YTO B CUJIBHO BEIPA6OTAHHOM CKBA’KHUHE
TUAPONECKOCTPYHUHBIN METOA NEPHOPUPOBAHUS YEPES
I'HKT 6511 Ty4IIUM BAPHUAHTOM IJ151 3(PHEKTUBHOM
nep@opaiu CTBOIA CKBAXKUHBL. OTHAKO TAKOH HOAXOJ,
MOJKET MPUBECTH K JAJIBHEUIIEMY COKPAIIEHUIO OObEMOB
JIOOBIYH I'a34, €CIU A0PA3UBHBII MAaTEPHAI (IECOK) U3BJICYEH
HE ITOJIHOCTBIO. [/IAHHBI PUCK OBLI €IIE BBIIIE, IOCKOIBKY
CKBa’KMHBI ObUIM UCTOIIEHBDI, 4 TAKXKE TPOMU3OIIIN
3HAYUTEJIBHBIE MTOITIOMIEHUA PACTBOPA B IIJIACT. TAKUM
06pa30M, LIS YCIENTHON PEATN3ALUN METO/A KPpATHE
BAKHBIM ABJIACTCA UCIIOIb30BAHUE U30JIMPYIOLIETO PACTBOPA
6€3 TBEP/bIX YACTULL, KOTOPBIH MOXKHO ObLJIO OBl JIET'KO

32 Ne3 (077) Centabps/September 2021

The Coiled Tubing & Well Intervention
Conference was beld online in Woodlands,
Texas, USA on March 22-25, 2021.

The annual event was traditionally
organized by the Society of Petroleum
Engineers (SPE) and the Intervention &
Coiled Tubing Association (ICOTA).

Session 1. INTERVENTION SOLUTIONS

Solids-Free Loss-Control
System Enables Efficient Coiled
Tubing Workover Operations:
Case Studies in Ukraine
Mykhailo Pytko, Pavlo Kuchkovskyi, Ibrahim
Abdellaitif, UkrGasVydobuvannya; Ernesto Franco
Delgado, Andriy Vyslobitsky, Yerik Balabatyr, Raul
German Rachid Haro, Nacer Ridha Ahmim, Walther
Garcia Cardona, Schlumberger

This paper describes three coiled tubing
(CT) applications in depleted reservoir
wells, where full circulation and precise
fluid placement were achievable only
by using a novel solids-free loss-control
system, such as abrasive perforating
applications. It also describes the
preparation work, such as laboratory
results and mixing procedure performed
to ensure successful implementation.

The analysis of Ukrainian reservoir
conditions by local and global engineering
teams showed that in a highly depleted
well, abrasive jetting through CT was
the best option to efficiently perforate
the wellbore. However, this approach
could lead to later impairment of the gas
production if the abrasive material (sand)
could not be entirely recovered. Such a risk
was even higher as wells were depleted
and significant losses to the formation
occurred. The use of solids-free fluid-loss
material that was easy to mix, pump, and
remove after the operation, was, therefore,
critical to the success of that approach.

In Ukraine, most of the brownfields have
a reservoir pressure that varies between 50%
and 20% of the original reservoir pressure.



CMENINBATD, IEPEKAYNBATD U U3BJIEKATD [IOCJIE PAOOT.

B YkpauHe Ha 60IBITHHCTBE CTAPBIX MECTOPOXKACHUN
IUIACTOBOE JIaBeHUE KOIeOaeTCs OT 50 10 20% OT MCXOTHOTIO.
Takue yCIoBUs OCIOXKHAIOT NposefeHue padot ¢ 'HKT, a
OCOOEHHO PabOTHI IO THPONECKOCTPYHHON EPPOpALUH,
I7i€ TPEOYETCA MONMHAS UPKYIALUS 111 BBIMBIBAHUS
TBEP/BIX YACTULL, TAKKE TAKUE YCIOBUS OCIOKHSAIOT
PabOoTEL, B KOTOPBIX HEOOXOJUM TOYHBIN KOHTPOJIb
YPOBHS XKUJKOCTH, HAITPUMED, IIPU LIEMEHTHPOBAHUU,
4TOOBI U30€KATh OITIOMIEHUS PACTBOPA B IIJIACTE.

H3zonupyomas cucreMa 6€3 TBEpAOH (ha3el
MIPEACTABIAET COOOH COCTAB CO CIIUTBIMHU MTOJIMMEPAMU
TUAPOKCUATHIILEILTIONO3EI (I'DL]), pa3dpaboTaHHbIN
JUIS UCTIONIb30OBAHUSA MOCIIE NEPPOPALUHU, KOTA TIPH
OONBIINX O6'BEMAX MOIVIOMIEHUH TPEOYETCA MAJIOBA3KUM,
HE IOBPEXXJAIOMINH, 3aKYIIOPHUBAIOII NN aT'€HT, KOTOPBIA
OOBIYHO HEOOXOAUM I TPEAOTBPAMEHUS NOCTYIIIEHH
necka. OH NOCTABJIAETCA B BUZE T'€IEBBIX YACTULL, KOTOPbIE
JIETKO IUCTIEPTUPYIOTCS B OOIBITUHCTBE JKUJKOCTEMN [T
3aKAHYMBAHUA CKBAXUH. YaCTUIIBI O6PA3YIOT NOAATINUBYIO
(PUIBTPALUOHHYIO KOPKY C HU3KOH IPOHUIIAEMOCTBIO,
KOTOpas IMIPHUJIETAET K CTEHKAM CKBA>KUHBI U OTPDAHUYHUBAET
MHOIVIOMEHHUE )KUJKOCTH. CUCTEMA OOECTIEUNBAET HU3KUE
MOTEPH JABJIECHUA HA TPDEHHE, YTO MO3BOIAET PA3ZMENIATh
ee ¢ nomonibio 'HKT. BuenpeHue 31O CUCTEMBI B YKPAHUHE
BIIEPBBIE TO3BOJIUIO ITOJTHOCTBIO BEIMBITD TBEPABIE YACTHLIBI
HA [IOBEPXHOCTD 6€3 3HAYUTENBHOTO yIep6a /I IJIACTd; OHA
TAKKE UCIIOJIb30BAJIACH IS YCTAHOBKHU IIEMEHTHBIX IIPOOOK
MPU YPABHOBEIEHHOM I'M/IPOCTATUYECKOM JIABJICHUH.

B peann3yeMOM IIPOEKTE U30IUPYIOM A CUCTEMA
6€3 TBepOH (pa3bl OblIA BIIEPBBIC HCIIOIb30BAHA IIPH
IIPOBE/ICHNH KOJITIOOMHIOBBIX OIlEpalini. Panee oHa
MIPUMEHSIACH TOJIBKO /I IPEAOTBPAIIEHUA OITIOMEHUH
pacTBOPA HA TATIE 3AKAHYMBAHUSA CKBA’KWH B [IECYAHBIX
IUIACTAX C IPUMEHEHHUEM OYPOBBIX YCTAHOBOK.

IIemenTHpOBaHUE NMEP(HOPATTHOHHBIX
OTBEPCTHUH 6€3 OYPOBOI YCTAHOBKH H HACOCOB
H:xed @ Pyakc, Hoa Kapparep, BiSN Oil Tools

LleMeHTHUPOBAHUE ITEPPOPUPOBAHHBIX UHTEPBAJIOB
B HEPTAHBIX U I'A30BBIX CKBAXKUHAX YACTO IPOBOJIUTCS
JULSI U30JISILTUY C LIEJIBIO JOOBIYU U3 JPYTOTO IIJIACTA U BO
BpEMS IPOBEACHU S TUKBU/IAIIMH CKBA>KUHBI C yCTAHOBKOM
MOCTOBOU TPOOKU. HECMOTPs HA TO YTO OOBIYHO JJISI TAKUX
PaboT UCHONB3YIOT TAMIOHAXKHBI PACTBOP, B HEKOTOPBIX
CJIy4asiX €ro IPUMEHEHUE HEKOPPEKTHO, HAITPUMED:
1. TIpOHUITAEMOCTB IUIACTA CIUIIKOM MaJjld, YTOOBI 3aKAYUBATh
TAKYIO BBICOKOBA3KYIO )KHUJIKOCTB, KAK IIEMEHTHBIA PACTBOP.
2. Temneparypa CTBOJIA CKBA’KHHBI IIPEBBIIITAET PAOOUYIO
TEMIIEPATYPY PACTBOPA. 3. 3aTPyOHOE IPOCTPAHCTBO 32
006CAHOM KOJIOHHOM CJIHUIITKOM BEJTUKO, YTOOBI ET'0 MOKHO
OBLJIO 3ATIOJIHUTB LIEMEHTOM. 4. PaGOTHI HA y1aJIEHHOU
MECTHOCTH, I7I€ Pa3MEIleHUE OYPOBOI YCTAHOBKU UJIN
YCTAHOBKH KOJITIOOMHIA 3aTPYIHEHO WJIH HEBO3MOXKHO.
CyIIECTBYET AIBTEPHATUBA LIEMEHTHPOBAHUIO JIJIS
«3aKyNIOPHUBAHUS> IEPPOPALUOHHBIX OTBEPCTUI, KOTOPAS
pENIaeT BCE 3TU NPOOIEMBI — CILIABBI BUCMYTA. CIIaBbI
BHUCMYTA UMEIOT BA3KOCTD, AHAJIOTUYHYIO BI3KOCTHU BO/IBL,
U HE TPEOYIOT NPOKAYKHU HMJIN 3aKAYKU B IIJ1ACT. [Tpu
paboumnx Temreparypax g0 160 °C OHHU TOAXOIST 1S
OOJIBIIIMHCTBA CKBAXKUH. B OT/IIMYME OT TAMIIOHAXKHOT'O

This is a challenge for CT operations in
general and especially for abrasive jetting,
which requires full circulation to remove
solids. It also complicates intervention
when precise fluid placement control

is required, such as spotting cement to
avoid its being lost into the formation.

The perforation solids-free loss-control
system is a highly crosslinked Hydroxy-Ethyl
Cellulose (HEC) system designed for use after
perforating when high-loss situations require
a low-viscosity, nondamaging, bridging
agent as is normally required in sand control
applications. It is supplied as gel particles
that are readily dispersed in most completion
brines. The particles form a low-permeability
filter cake that is pliable, conforms to the
formation surface, and limits fluid loss. The
system produces low friction pressures, which
enable its placement using CT. Introduction
of that system in Ukraine allowed the full
circulation of sand or cuttings to surface
without inducing significant damage to the
formation for first time; it was also used
for balanced cement plug placements.

This project was the first application
of the solids-free loss-control system in
combination with CT operations. It previously
was used only for loss control material
during the well completion phase in sand
formations with the use of drilling rigs.

Squeezing Perforations Rigless -
No Pumping or Injection Required
Jeff Fulks, Paul Carragher, BiSN Oil Tools

Squeezing perforated intervals is very
common in oil and gas wells, either for
isolation to produce from another zone or
during P&A applications. Though cement is
the common material used in this application,
sometimes cement is not ideal. A few of
these instances are: 1. The formation is too
tight to inject a high viscosity fluid like
cement. 2. The temperature of the wellbore
exceeds the operating temperature of
cement. 3. The "void" behind the casing
is too large to fill with cement. 4. Remote
locations where mobilizing a rig or coil
tubing unit is difficult if not impossible.

There is an alternative to cement for
"squeezing" perforations that addresses all of
these issues, bismuth alloys. Bismuth alloys
have a viscosity similar to water and require
no pumping or injection into the reservoir.
With operating temperatures is up to 325°F,
they are suitable for the majority of wells.
Unlike cement, bismuth alloys solidify rapidly
near the wellbore, isolating the perforations
regardless of open volume behind the casing
and they are deployed on wireline (rigless).
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16-17 ceHTa6ps 2021 r. B 3aropoAHOM KoMMaekce
"PobuHcoH Kny6" Bo3ne r. MuMHcka npowna

16-9 noTpebuTebCKas
KoHpepeHuuna C3AO "ONAMALL"

20 NeT Ha PbIHKE MHHOBALMOHHOIO 060PYA0BaAHNS
ona Hedtecepsuca

MpucoeguHanUTechb K HaM B 2022 roay!

fidmashnov.by fidmashsales@nov.com
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Bonee 20 neT Ha puiHKe, 6onee 230 KONTIOGUHIOBBIX YCTAHOBOK 3KCNAYaTUpYOTCH Bonee, Yem
B 15 cTpaHax, 6onee 70 YHUKaNbHbIX Mogeneid o6opyjoBaHus.

Haw "6ectcennep” - YeranoBka kontwbuHroeaa MK30T-50 B cknajgckon nporpaMmme

fidmashnov.by fidmashsales@nov.com
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pacTBOpA, CIIABBI BUCMYTA OBICTPO 32TBEP/IEBAIOT

B CTBOJIC CKBAKUHBI, U30JINPYS HCp(l)Opa]_II/IOHHI:IC
OTBEPCTHUS HE3ABUCUMO OT O6’bEMA CBOOOTHOT'O
OPOCTPAHCTBA 32 06CAJHOI KOTOHHOU. Kpome Toro,
PabOoTEI IPOBOAATCS HA Kabee (6€3 6ypOBOU YCTAHOBKI).

PaziiaraeMmas H30IHPYIOULAsI CHCTEMA
JIJIA KOJITIOOHHIOBBIX PA0OT
Koprtau II3i1H, Cepxuo Porgon ®axapao, Schlumberger

Venex paboT o ppe3epoBaHUio U mpombiBke HA THKT B
3HAYUTETBHON CTENEHU 3aBUCUT OT LIUPKY/IALINU (PIIION]IOB
U TBEPABIX YACTHUIL 1O CTBOJY CKBAKMHBL ITpU IpOBEICHUH
pPadoT B CyOruipOCTaTUYECKUX FOPU3OHTAIBHBIX
CKBaKMHAX HEBO3MOXKHO MOAACPKUBATD CTAOMJIBHBIN
CTOJNO *KUAKOCTU BO BPEMS PAOOTHL, YTO IPUBOJUT K
PA3JIMYHBIM OCJIOKHEHUAM. B OCHOBHOM 3TO IPOUCXOLUT
M3-34 HEBO3MOXKHOCTH NOAJIEPXKUBAHUSA CTONOA KUAKOCTHU
B CKBAKHHE, YTO, COOTBETCTBEHHO, 3ATPYAHACT WU I€IACT
HEBO3MOXKHOU HUPKYIIALUIO HA OOIBIIOM YAJIEHUN
OT BEPTUKAJIU U B Y3KHUX KOJIBIIEBBIX IPOCTPAHCTBAX,
OCOOEHHO NPH HAJIMYHU 30HBI IOITIONEHU. HEKOTOpBIE
MHOCJIECTBUS HEJOCTATOYHON IUPKYJIALIUN WU €€
OTCYTCTBUS MOT'YT OBITb CEPBE3HBIMU: OT HEKAYECTBEHHON
OUYMCTKH CTBOJIA CKBA’KUHBI U TIOBPEKICHUSA TIJIACTA
JIO AaBAPUMHBIX CUTYALIUH IPUXBATA TPYO.

Ha npOoTsS>KEHUY MHOTHX JIET JIJIST ONTUMM3AL N
LUPKYJIAILNA 5KUJKOCTUA B CYOTUIPOCTATUYECKUX CKBAKMHAX
HCIIOJIb30BAJIOCh MHOXECTBO MEXAHUYECKHUX M XUMHUYECKUX
PELIECHUH, HO OCJIOKHEHU I BO3HUKAJIH B KAXK/A0M paboTe, 4TO
IIPUBOAWIIO K POCTY 3aTpat. Ha TEKyI1I1i MOMEHT U3BECTHBI
JIBA METOAA IS ONTUMM3ALUH YIAJIEHUS TBEPABIX YACTHIL]

U3 CTBOJIA CKBAKUHBI C HU3KUM JaBJICHUEM: UCIIOJIb30OBAHUE
430Ta ¥ CO3JAHUE JEIIPECCHUH B CTBOJIE CKBAKHUHDI 34 CYET
MPUTOKA IUTACTOBBIX (PIIIONJIOB. I1IEPBBIN METOJ ABIAETCS
JOPOTrOCTOAIINUM, TPYJOEMKHUM U TPEOYET IPEABAPUTEIBHOTO
TUTAHUPOBAHM A KOMIIOHOBKY HM34 KOJIOHHBL, TOTZA KK
BTOPOH METO[ MOKET IIPHUBECTH K CUJIBHOMY ITOBPEXKICHUIO
IUIACTA WJIN CHUKEHHIO IPOBOJAUMOCTH TPEIWH U3-32
BBIMBIBAHUA IIPOIIIAHTA U3 IIPHUCTBOJIBHOU 30HBI IIJIACTA.

J17151 yCOBEPIIEHCTBOBAHU A CYIIECTBYIOMUX METOOB
ONTUMM3AIUN IUPKYJIALNH B CYOrHIPOCTATUYIECKHUX
CKBaKMHAX B CTATHE IIPEACTABIEHA PA3jIaraemMas
U30JUPYIONAs CUCTEMA C BOJJOKHAMHU U YACTHUIAMI.
Cucrema BpEMEHHO MPEJOTBPAIIAET IOIVIOMEHUS B IIJIACT U
06€eCNeYNBAET BHIMBIBAHUE TBEPABIX YACTHL] U3 CKBAJKHUHBIL.
JanHasa cucreMa 6bUI1a UCTIONb30BAHA B CKBAKMHAX C HU3KHUM
JasyeHueM B CeBepHOM AMepUKe. B pesyiprare cucrema
II0KA4341a CBOIO 3(P(PEKTUBHOCTD B OIITUMH3A1IMH BBIMbIBAHUSI
TBEP/BIX YACTUL] Hd IIOBEPXHOCTD B CKBAYKHHE, I7I€ ObLIN
IPOOIEMBI CO CHUKEHUEM U ITIOJIHOM IOTEPEN LIUPKYJISIIUN.

Viay4dnieHHue TEXHOJIOTHH PAa30ypPHUBAHHU A
npoo6ok I'PII B MHOBPEKAEHHOM XBOCTOBHKE
- pCBYJIBTaTLI Hu HOJIy‘ICHHLIﬁ OIIBIT
Caapx Xamug, Saudi Aramco; Bukpam YHHKPHIITHAH,

Baker Hughes; AGnyiapaxmaH AabpAsKyrariMman, Saudi Aramco

B 1aHHOM CTaThE NIPEACTABIEH CUCTEMATU3UPOBAHHBIA
pPabouunii IpoLECC U METOJIOJIOTUS, PA3PAOOTAHHAS JIJIsT
OLIEHKU 3(P(PEKTUBHOCTHU PAOOT IO (PPEIEPOBAHUIO HA
I'HKT gy paz6ypusBanus 1po60ok I'PIT B CKBaXKHHE C
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Degradable Loss Control System
for Coiled Tubing Interventions
Courtney Payne, Sergio Rondon Fajardo,
Schlumberger

Coiled tubing (CT) milling and cleanout
interventions depend heavily on the
circulation of fluids and debris throughout
a wellbore. When these interventions
are performed on lateral wells which are
subhydrostatic or are not able to sustain
a stable column of fluid during the
operation, they pose unique challenges.
This is mostly due to the inability of the
well to support a column of fluid, which
consequently causes circulation over long
distances and along narrow annular spaces
to be difficult or impossible, particularly
when a thief zone is present. The many
consequences of poor to nonexistent
fluid circulation can be severe, ranging
from poor hole cleaning and formation
damage to inducing a stuck pipe scenario.

Over the years, many mechanical and
chemical solutions have been employed to
improve fluid circulation in subhydrostatic
wells, but each comes with its own set of
challenges and can be costly to implement.
Two methods commonly used today to
improve debris removal from a low-pressure
wellbore include the use of nitrogen and the
creation of an underbalanced condition in
the wellbore by flowing formation fluids.
The former is expensive, time consuming,
and requires advance bottomhole assembly
(BHA) planning whereas the latter can lead to
significant formation damage or a reduction
in fracture conductivity through the removal
of proppant from the near-wellbore area.

A fiber- and particulate-laden degradable
loss control system (LCS) is proposed as an
improvement on the current techniques
used to improve circulation in subhydrostatic
wells. The LCS temporarily prevents losses
to the reservoir and enables the circulation
of debris out of the well. The system was
applied to low-pressure wells in North
America to demonstrate its effectiveness
in addressing the reduction or loss of
circulation throughout the wellbore and
improving debris transport to surface.

Pushing the Boundaries of Plug
Milling in Deformed Liners — Best
Practices and Lessons Learned
Saad Hamid, Saudi Aramco; Vikram Unnikrishnan,
Baker Hughes; Abdulrahman Aljughayman, Saudi
Aramco

This paper presents a systematic
workflow/methodology developed to
evaluate the milling operations using



WCKPUBJIEHHBIM IIOCJIE TU/IPOPA3PHIBA IIJIACTA XBOCTOBUKOM.
B paboTe TakKe NPEICTABICHBI IPOOIEMBbI, BOBHUKIIIHIE
BO BpPEMS ITPOBEJICHUS PAOOT, M CIIOCOOBI UX PEIICHUSL.

B cKkBaXMHE ObUI TPOBEICH MATUCTASUIHBIA THIPOPA3PHIB
IIACTA, IPU 3TOM KaX/{bIF HHTEPBAJI U30IUPOBAJICA
npo6koit. ITocse nposeaeHust IPIT 17151 TOATOTOBKU
CTBOJIA CKBAXKUHBI 714 JAJIbHEHIIICH IKCILTYyaTAIUU ObLIT
HPOU3BEJICH MOHTAX YCTaHOBKH 'HKT ¢ KOMIIOHOBKOI
JUIs pazbypUBaHUA NPOOOK. IlepBas onepanus no
(PpE3EPOBAHUIO 3aHJIA MHOTO BPEMEHH, TIO3TOMY OBLIO
MHPUHATO PEMIEHUE O IOABEME U OCMOTPE KOMIIOHOBKHU
HU32 KOJIOHHBL. Ha 60KOBOI TOBEPXHOCTH (Ppe3a ObLIN
OOHAPYKEHBI CJIEABI 3HAYUTEIBHOI'O U3HOCA, IIPU 3TOM
Ha TOPILIE CIEA0B U3HOCA HE OBLIO, YTO MO3BOINIIO
CJIENIaTh BBIBOJ O CMATHUHU KOJIOHHBI XBOCTOBMKA. J1J11
YCTPaHEHU 3TOM IPOOIEMBI ObLIA Pa3padoTaHa
CHENUANbHASA CTPATETUA. BBLIIO IPOBEIEHO HECKOIBKO
JUArHOCTHYeCKUX cyCKOB T'HKT ¢ KOMITOHOBKAMU /17151
NPOMBIBKH, CKBA>KUHHOU CbEMKU U KABEPHOMETPHUU
C KOHTPOJIEM MAPAMETPOB B PEAIbBHOM BPDEMEHHU.

Pe3ynbTaThl KaXKJOro NposeaeHHoro cnycka 'HKT
TIIATEIBHO AHAU3UPOBAJIUCE JJI ONIPENETIEHU
XapaKTePa NOBPEXKACHUA XBOCTOBUKA. CITyCKH
KaBEPHOMEPA U 3260MHOU KaMePBI ObLIH IIPOBEAECHDI
JUIA 3aM€EPA BHYTPEHHETO JUAMETPA XBOCTOBUKA U
onpeseNeHn XapaKTepa MOBPeXIcHUA. [IepBOHAYAIBHO
ObLIA NPEIIPUHATA ITOMBITKA Pa36ypUBaHUA (PPEZOM C
HAPY>KHBIM UAMETPOM 84 MM, UTO ABIAECTCA HAUMEHBIITUM
pasMepOM U3 PEKOMEHJOBAHHBIX [IPOU3BOJAUTEIIEM ITPOOKH.
OIHAKO MHCTPYMEHT HE MPOMIESI UHTEPBAJ TOBPEXKICHUA
XBOCTOBHUKA. B X071€ 1anpHENIINX OOCYKAEHUH OBLIIO
MNPUHATO PEMIEHUE ITONUTH HA PUCK U UCTIOIB30BATh (PpeE3 C
HAPYKHBIM JUAMETPOM 79 MM, 4TO 3HAYUTE/IbHO MEHBIIIE,
4€M PEKOMEH/IOBAHHBIN IIPOU3BOANTEIIEM IPOOKHU
pasmep. IIpu TAKOM AMaMETPE CYIECTBOBAIA YIPO3a
TOT'O, 4TO (PPE3 MOXKET IPOHUTH UYEPE3 CEPEIUHY IIPOOKH,
OCTABHUB IIPH 3TOM HETPOHYTBHIMHU Kpas. OHAKO 3TOIO HE
IPOM30LLIO, U BCE YETBIPE ITPOOKH B XBOCTOBHUKE ObLIIN
YCIIENIHO Pa30ypPEHDL, YTO O6ECIIEUNIIO ITOJTHOI POXOAHOMN
JHUAMETP CTBOJIA U JAJIBHENUIITUN 3AITYCK CKBAKUHDI.

JlaHHAA CTATBS MOXKET UCIIOJIb30BATLCA B KAYECTBE
PYKOBOACTBA IO IIJIAHUPOBAHHUIO U BBITIOJIHEHUIO
BHYTPUCKBA’KUHHBIX PAOOT B IIOBPEXKAECHHOM XBOCTOBHKE.

Hcroabp30BaHHE B padOYe Opuraae
CHEITHATHUCTOB PA3IHIHBIX NpodriIen
IIO3BOJISIET COKPATHTH 3ATPATHI,
KOJIHYIECTBO IMIEPCOHAIA HA padoUeH
ILIOIIAIKE B ILIOIIAAb PA0OT
Jxnun Xuutep, YauH bproc, Ixxermc ApHOaba, Mapk Jleror,
Schlumberger

B aHHOM CTaThe PACCMOTPEHDI IIPEUMYILECTBA
MHOT'OIPOMUIBHON NOAIOTOBKH IEPCOHAJIA LIS
OPOBEAEHUS PA6OT HA MOPCKUX YCTAHOBKAX. YJIEHEBI
OpuUrajbl ABJIAIOTCA CHIEUATHUCTAMH B PA3JIMYHBIX
006JIACTAX, BKIIOYAs UCIIBITAHUS HA Ka6€esle, KAHATHDBIC
PabOTEL, KONTIOOUHT U Ira3nu@T (3aKAHYUBAHUE CKBAXKUHBI).
B cTaTbe pacCMOTPEH NpoLecC (POPMUPOBAHUSA
MHOT'ONPO(MUIBHON OpUTa/ibl, KOHKPETHBIE IPUMEPEI €€
UCIIOJIb30BAHUS, 4 TAKKE PEKOMEHJAIIUH I10 PA3BUTHIO
U NOJJEPKKE YPOBHA KOMIIETEHITUH IEPCOHAIIA.

coiled tubing to remove frac plugsin a

well with deformed liner, post hydraulic
fracturing. This paper also presents the
challenges encountered during intervention
and steps on how they were mitigated.

The well was completed by hydraulic
fracturing of five stages, each separated by a
frac plug. Post stimulation, coiled tubing was
mobilized to mill the plugs and provide a full
bore to begin production. After spending
substantial time while attempting to mill in
the initial run, decision was made to POOH
and inspect the BHA. It was observed that the
mill had significant metal loss on the outer
periphery with no damage to the mill face,
which thereby concluded the presence of liner
damage. A strategy was developed on how
to remediate this challenge. Multiple coiled
tubing diagnostic runs were performed with
real-time coiled tubing capabilities, which
included cleanout, camera and caliper runs.

Results of each coiled tubing run performed
was carefully evaluated to estimate the extent
of liner damage. The caliper and video camera
runs were important to determine the new
reduced ID of the liner. An initial milling
attempt with a 3.33" OD mill was performed,
which was the smallest size based on the plug
manufacturers recommendation. However
due to the specific nature of liner damage it
could not pass through the restriction. After
further discussions, a calculated risk was
taken to run with a 3.125" OD mill, which was
significantly smaller than the manufacturer's
recommendation, and posed an inherent
threat of milling through the core of
the plug, while leaving the slips intact.

This however did not happen, and all
four plugs were successfully milled
out from the liner, allowing full bore
access and well to be flowed back.

This paper will act as a guideline on how
to design and execute an intervention
operation in deformed liners.

Intervention Multi-Skilled
Crew Reduces Personnel on
Board, Footprint and Costs
Jill Hillier, Wayne Bruce, James Arnold, Marc Delot,
Schlumberger

This paper will highlight the advantages
of multi-skilling intervention personnel
on offshore installations. Crew members
are from different service lines including
Wireline, Slickline, Coiled Tubing and
Gas Lift (completions). It will discuss how
a multi-skilled crew is formed, specific
scenarios on how they are utilized
and how to develop and maintain the
competencies of these personnel.

Through Multi-skilling personnel there
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TEXHOJIOI'MU

Biarogapst MHOrOnpo(UIbHON NOATOTOBKE IEPCOHAIA
BO3MOKHO COKPATHUTB YUCJIEHHOCTb PA0O0OUUX 6pUTajl
matgopM 10 50% 117151 HEKOTOPBIX CTAHAPTHBIX
BHYTPHUCKBAXKUHHBIX PA0OT. [IOArOTOBKA CIELUAIUCTOB
pa3HBIX OOIACTEN BO BpeMs manaemuun 2020/2021
rOZIOB OKA3aJ1aCh KPUTUYECKU BAXKHOI, TOCKOJIBKY
nepeEMENIEHHUE PAOOTHHUKOB CTAJIO OTPAHUYEHHBIM WIH B
HEKOTOPBIX CIy4asaX NPECTABIIAIOCh HEBO3MOXHBIM.

COKpallleHUE YHCIEHHOCTH PA0OYUX Ha pabodeit
IUIOIIAJIKE UMEET Pl IPEUMYIIECTB: CHUXKEHUE 3aTPAT
HAa COJIEPKAHME IEPCOHAIA U JIOTUCTUKY, YMEHBIICHUE
YPOBHS BBIOPOCOB YITIEKHUCIIOTO I'a34 IIPU TPAHCIIOPTHPOBKE
nepcoHana, 6onee 3PPEKTUBHOE UCIIOIB30BAHUE
paboYeEN CUIBL, A TAKKE MOTUBUPOBAHHUE U YIEPKAHUE
BBICOKOKBAJTM(PUITUPOBAHHBIX CIIEITUATIUCTOB IO MEPE
NPUOOPETEHNUS UMH HOBBIX HABBIKOB. DTO TAKXKE 1AE€T
BO3MOKHOCTbB HUCTIOIb30BATh MECTHBIX PAOOYUX JJ1A
MPOBEAEHUS PA3JINYHBIX ONIEPALINI, TO3BOIAIONUX
CHMU3UTB CTOUMOCTBb BHYTPHUCKBAXKUHHBIX PA0OT
BO BPEM S KPYITHOT'O ITI00AJIBHOI'O KPU3HCA.

Cexknusa 2. CBOP U AHAJIN3 JAHHDIX ITPH
IMPOBEJEHHNHN BHYTPUCKBA’KHHHDBIX PABOT

BuoGpanuu komouusl THKT u ee
IIpC)K,I[CBpCMCHHbeI BBIXOJ U3 CTPOA
Bproc PaiixepT, Ce6acThiaH KpaBepo, MapTuH Bansaes, Xopxe byHxe,
Tenaris

B nocnegHue 1Ba-TPU rojid BO3HUKJIA HOBASI IPUYNHA
nospexaeHni 'HKT npu KONTIOOUHTOBBIX Pa60TAaX.
Kaxk npasuiio, HOBPEXAEHHU S KOJIOHHBI TIPOUCXOJAT B
I'HKT, uCnonb3yeMBIX AJ151 pa30ypuBaHus IPo6oK I'PIT
B TOPHU30HTAJIBHBIX CKBAXKUHAX C OOJIBIIUM OTXOJOM
OT BEPTUKAJU. LIesIb JAHHOM paOOThI — UCCIIENOBATD
BO3MOJKHbBIE IPUYMHBI 3TUX ITIOBPEXACHUN. OCHOBHOE
BHUMAHUE yJIE/IAETCSA AHATNU3Y JUHAMHUYECKOHN
peakuyu T'HKT Ha oceBble BUOPAITUU, BBI3BAHHBIC
CKBaKMHHBIM HHCTPYMEHTOM JIJISL PA6OT C GOIBITNM
OTXOJIOM OT BEPTHUKAJIU [1], U pe3yJIbTUPYIOIIEN PEAKLINU
martepuana 'HKT, npuBogsieil K pa3pynieHuIo.

ITocregHHE TOCTHIKEHHA B 00JIACTH
(bHU3HYIECKOT0 MOJAETHPOBAHHUS ILTACTHIHOCTH
M yCTAJIOCTH KOJIOHHBI THKT
JKauke JIro, Schlumberger; CruseH M. TunroH, YausepcureT Tajcer;
Junaem Cyxkymap Schlumberger

LenoctHocTh KooHHBI THKT nmeeT pemalomniee
3HA4YEHUE I IPOBEICHUS BHYTPUCKBAXKMHHBIX Pab0T Ha
MECTOPOXICHUHU. 34 ITOCAEJHUE NECATUNETUA B OTPACIU
OBLI Pa3pabOTAH PsJT KOMIBIOTEPHBIX MOJAEJIEHN [T
KOHTPOJIA U YIIPABJIECHUA HANIPSKEHUAMHU, BOSHUKAIOIUMU
B 'HKT. Cpesn HUX MOJETUPOBAHUE MAJIOIUKIOBOH
YCTAJIOCTHU UTPAET IEPBOCTENIEHHYIO POJIb B OOECTIEYEHUN
nenoctHocTu T'HKT. PazBuTue JaHHOM TEXHOJIOTUH
Ha4aJ0Ch enie B 1980-x ropax. B nmociennee BpeMs HOBbIE
AJITOPUTMBI CIIOCOOCTBOBAJIN PA3BUTHIO (PU3UYECKOTO
MOJIEJIMPOBAHUSA YCTAIOCTH U ItacTuaHOoCTHU THKT. ITpn
CITyCKO-TIOJTbEMHBIX OIEPALIUAX KOJITIOOMHT IIPOXOIUT YEPE3
IJUKJIBI U3THMOA U BBIIPSIMIJIEHHS C BBICOKMMH EPENAIaMU
JaBieHns. Takue XKECTKHUE YCIOBUS NPUBOAAT K MAJIO- UIH

38 Ne 3 (077) Centabps/September 2021

is a potential to reduce crew sizes up
to 50% for some standard intervention
operations. Multi-skilling personnel
during the 2020/2021 global pandemic
has become critical as personnel
movements across regions have become
limited or nonexistent in some cases.
Reducing personnel on board has several
benefits including lower personnel and
logistics costs, lower carbon footprint
of transportation of personnel, higher
utilization of personnel, and motivating
and retaining high skilled personnel as
they learn new skills. It also allows for local
personnel to be used for multiple operations
permitting lower cost interventions to
continue during a major global crisis.

Session 2. DATA ENHANCED
INTERVENTIONS AND DIAGNOSTICS

Coiled Tubing Vibration
and Premature Failure
Bruce Reichert, Sebastian Cravero, Martin Valdez,
Jorge Bunge, Tenaris

A new coiled tubing (CT) failure
mechanism has appeared in the past two
to three years. The failures occur in CT
strings used for frac plug milling in extend
reach horizontal wells. The objective of
this paper is to investigate a possible cause
for these failures. The primary emphasis is
analyzing the dynamic response of the CT
to axial vibrations induced by a downhole
extended reach tool [1], and the resulting
tubing material response leading to failure.

Latest Development in Physics-
Based Modeling of Coiled
Tubing Plasticity and Fatigue
Zhanke Liu, Schlumberger; Steven M. Tipton,
The University of Tulsa; Dinesh Sukumar,
Schlumberger

Coiled tubing (CT) integrity is critical
for well intervention operations in the
field. To monitor and manage tubing
integrity, the industry has developed a
number of computer models over the past
decades. Among them, low-cycle fatigue
(LCF) modeling plays a paramount role in
safeguarding tubing integrity. LCF modeling
of CT strings dates back to the 1980s.
Recently, novel algorithms have contributed
to developments in physics-based modeling
of tubing fatigue and plasticity. As CT trips
into and out of the well, it goes through
bending-straightening cycles under high
differential pressure. Such tough conditions
lead to low- or ultralow-cycle fatigue,
limiting CT useful life. The model proposed
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CBEPXMAJIOIIUKJIOBOM YCTAJIOCTH, OTPAHUYHMBAS CPOK CITYKObI

T'HKT. Mojiesib, IPEAJIOKEHHAS B IAHHOM UCCIEJJOBAHUH,
pa3paboTaHa HA OCHOBE IPEABIAYIIEH 1 OCHOBAHA HA
CTPOr'O BBIBEPEHHBIX [TAPAMETPAX MATEPHUAIIA LIS pACUETA
U3MEHEHH A KJIIOYEBBIX [IOKA3ATEJIEN COCTOAHUA KOJIOHHDI
I'HKT B IIMPOKOM AMATNIA30HE YCIOBHUU HAT'PY>KEHUSL

C IOMOIIIBIO HOBBIX ITAPAMETPOB IJIACTUYHOCTU U
Je(popMaILii MOJIEJIb TOBPEXKIEHU S, OCHOBAHHAA HA
(PU3HKE JAHHOTO NIPOLIECCA, TPEACKAZBIBAET YCTATIOCTHYIO
JonroeedHOCTb 'HKT, a Takke IPOTHO3HOE YBETMYEHUE
JHaMeTPpa U HCTOHYEHUE CTEHOK. PACCMOTPEHHBIA
MOAXOA, K MOJEJIMPOBAHUIO IIPEJIOCTABIIAET JAHHBIE 11O
HaKOILIEHUIO nToBpexgenuri FTHKT, yBenmnuenuio juaMerpa
TPy ¥ ICTOHYEHHUIO CTEHOK B PEAIMCTUYHBIX YCIOBUAX
IKCIUIYATALUHU C SKCIIEPUMEHTAIBHBIM IO TBEPIKICHUEM.
Bb110 3a(PUKCUPOBAHO, UTO 14 20 PA3JIMYHBIX CIIJIABOB
I'HKT Moje1b TOBBICUIIA OOIIYIO TOYHOCTb U3BMEPEHUNA
npUMEPHO Ha 18,8%, 2 HETOCTHOCTD JAHHBIX — HA 14,0%,
UCHOJIb3Y$sI HA60OP COOPAHHBIX IIPU ITOCTOSIHHOM /IABJICHHUH
JIAHHBIX, BKJIIOYaom i 6osee 4500 (PUKCHUPOBAHHBIX
COCTOSHHI CUCTEMBL Pe3y/ibTaThl MOAE/IMPOBAHUA JAIOT
MPEeACTABIEHHE O HEJIMHEMHON IPUPOE HAKOIJICHU ST
YCTAJIOCTHBIX NOBPEXAECHUN. JITaHHOE UCCIIEAOBAHUE
MO3BOJIWJIO Pa3paboTaTb PEKOMEHAALINH IS IPOBEAECHUA
AHAJIUTUYECKOI'O MOAEIUPOBAHNA U SKCIIEPUMEHTAIBHBIX
UCHBITAHU, O600UUTDh TEOPETUYCCKUE BBIBOJBI B
06J1aCTHU (PUBNIECKOT'O MOJIETTUPOBAHUA ABJICHUSA
MaJIOLIMKJIOBOH YCTAJIOCTHA U IPENOCTABUTh NPAKTUYECKUE
pexoMeHaanuu 1o padore ¢ kKosioHHOM T'HKT B oJieBbIX
YCIOBUAX. JJaHHOE UCCIEAOBAHUE OOECIIEUHNBAET
(PYyHAAMEHTATBHOE NIOHUMAHHUE ABJIEHUA MAJIOIUKJIOBOM
ycranoctu THKT 1 BBOAUT HOBBIE A/ ITOPUTMBI

M3MEHEHHUA INIACTUYHOCTU U IPOYHOCTHU MATEPUAIIA.

OrnpeneneHHe IIPOrHO3HBIX JUAIIA30HOB
K03 PHUITHEHTA TPEHU A HA MECTOPOKICHHUIX
HepMCKOI‘O H AIITIIAJTAYCKOI'O 0ACCEHHOB
IIpH pa3oypuBaHuU IPoooK I'PII
JI>xoH J. MakKOpMHUK, AHXya CaH, Pegasus Vertex;

Mba1T TyprueH, KesuH k. Xoanepud, AapoH Bepapayddu,
Burropuo Opcunu, Deep Well Services

Onepanuu No 3aKaHYUBAHUIO CKBA°KHUH, OCOOEHHO
BO BCE 60JIE€ PACIIPOCTPAHEHHBIX IPOTSXKEHHBIX
HAKJIOHHBIX CTBOJIAX, COIPOBOX/AAI0TCS OCIOXKHEHUMH,
CBS3AHHBIMH CO CITYCKOM MHCTPYMEHTA HA 34 JaHHYIO
IJIYOHUHY, O6ECIIEYEHHEM HEOOXOANMBIX 3HAYEHU
PAa3TPY3KH U HATSPKEHU S KOJIOHHBL, 4 TAKXKE €€ BPAILICHUEM.
[TOCKONBKY JECATKU CTAAUI TUAPOPA3PHIBA IIJIACTA B
TOPU30HTAIBHBIX YUACTKAX JJIMHOU 60see 3000 M cTanu
PaCIpOCTPAHEHHBIM SIBJIEHUEM, TTOSIBUJIOCH MHOMXKECTBO
TEXHOJIOI'HUH, UCIIOJIb3YEMBIX JIJIS1 6€3aBAPUITHOTO
NPOBEAEHHS PAOOT MO 3AKAHYUBAHUIO B TAKUX
NPOTAKEHHBIX TOPU3OHTAIbHBIX CKBAKMHAX. B 1aHHOM
CTATbE PACCMATPUBAETCA COYETAHNE TPEX TEXHOIOI'NH,
KOTOPBIE Yall€ BCET'O NPUMEHAIOTCSA IPU Pa36ypPUBAHUN
npo60K I'PIT B JJIMHHBIX TOPU3OHTAIBHBIX CKBAXKIHAX
B CHIA: ruipaBIM4eCKHE YCTAHOBKH, IIPOIrPAMMHOE
obecrnedeHue It MOJENTUPOBAHUS CKPYYUBAIOIUX U
OCEBBIX HATPY30K, 4 TAKKE CUCTEMBI COOPA JAHHBIX.

3a nocnegnue 20 et ycraHoBku 'HKT ncronb30Banuch
JULs1 pa3bypusaHust 1po60K I'PI1 B rOpU30HTAIBHBIX
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in this study is derived from a previous one
and based on rigorously derived material
parameters to compute the evolution of

state variables from a wide range of loading
conditions. Through newly formulated
plasticity and strain parameters, a physics-
based damage model predicts CT fatigue

life, along with diametral growth and wall
thinning. The revised modeling approach
gives results for CT damage accumulation,
diametral growth, and wall thinning under
realistic field conditions, with experimental
validation. For 20 different coiled tubing
alloys, it was observed that the model
improved in accuracy overall by about 18.8%
and consistency by 14.0%, for constant
pressure data sets of more than 4,500 data
points. The modeling results provide insights
into the nonlinear nature of fatigue damage
accumulation. This study allowed developing
recommendations to guide future analytical
modeling and experimental investigations,
to summarize theoretical findings in physics-
based LCF modeling, and to provide practical
guidelines for CT string management in

the field. The study provides a fundamental
understanding of CT LCF and introduces
novel algorithms in plasticity and damage.

Establishing Predictive Friction
Factor Ranges in the Permian and
Appalachia: Frac Plug Drill Outs
John E. McCormick, Yanghua Xiang, Pegasus
Vertex, Inc.; Matt Tourigny, Kevin J. Hollerich,
Aaron Berarducci, Vittorio Orsini, Deep Well
Services

Completions operations, especially in
modern day extended laterals, presents
challenges related to tripping to total
depth, applying weight down and pull up,
and rotating. As dozens of stages in laterals
exceeding 10,000 ft stepout have become
frequent, numerous technologies have
risen to assist with pushing the envelope
for reliable completions operations in
these long laterals. This paper examines a
combination of three technologies that are
more commonly being applied when drilling
out frac plugs in long horizontals in the USA:
hydraulic completion units, torque and drag
software, and data acquisition systems.

Coiled tubing units (CTU) have historically
been used to drill out frac plugs in shorter
horizontal shale wells for the last two
decades, and where coil has mechanical
limitations, Hydraulic Completion Units
(HCU) have taken over drilling out frac
plugs in the longer laterals of >10,000 ft.

As the limits of drilling out frac plugs have
been tested for HCUs, accurate real time data
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TEXHOJIOI'MU

CJIQHIIEBBIX CKBA’KUHAX MEHBIIEH JUIMHBL B CKBAXKUHAX,
rae ycraHoBKkU 'HKT He NPUMEHUMBI U3-34 MEXAHUYECKHUX
OTPAaHHUYEHU U, UCTIOIb3YIOTCA THPABINYECKUE YCTAHOBKU
JUIs pazbypuBaHUusa NPOO60OK I'PIT B 6OKOBBIX CTBOIAX
JutHOM 60s1ee 3000 M. MOHUTOPUHT IAHHBIX B PEAJIBHOM
BPEMEHMU IPU UCIBITAHUU TEXHOJOI'UH PA30YyPUBAHU A
npo60ok I'PIT HA rTHIPABIMYECKHUX YCTAHOBKAX MTO3BOJINII
OpurazjaMm MakKCUMaabHO 3(P(PEKTUBHO UCHOIb30BATh
060PYJOBAHUE JJIs 3aKAHYUBAHUS CKBAXKHH CO BCE

60J1€€ NIMHHBIMU TOPU30HTAIBHBIMH YYACTKAMH.

IIporpaMmbl MOJEIUPOBAHUSA CKPYUYUBAIOIINX U OCEBBIX
HArpy30K OOBIYHO UCIIONb3YIOTCA A1 IPOTHO3UPOBAHUSA
OCEBOT'O YCUJINA U KPYTAIIETO MOMEHTA KOJIOHHBI BO
BPEMS CITyCKA OOOPYIOBAHHUS 3AKAHUYNBAHUA CKBAKIHBDL
OHHU NO3BOJIAIOT ONPEAETNUTD MAKCUMAIBHO JOMYCTUMYIO
HATPY3Ky HA KPIOK U TPEOYEMBIE 3HAYEHU A BPAIAIOIIETO
MoMeHTA. Ha aTane na1aHnpoBaHUSA CAMBIM CJIOXKHBIM 15
pacdeTa mapaMeTPOM ABJIAETCA KOAMPPUITUEHT TPEHUA
JULSA IPOEKTUPYEMOU CKBAKUHBL, TIO3TOMY HMEHHO
TOYHBIIN PACYET KOIPPUIITUEHTA TPEHUSA ABIAETCS 32JI0TOM
YCIIEITHOI'O ¥ 6€3aBAPUIHOIO IIPOBEACHUSA PAOOT.

Haumnnasn ¢ 2019 roga Ha THAPABINYECKUX YCTAHOBKAX
3aKAHYMBAHUA CKBAXXUH UCIIONb3YIOTCA CUCTEMBI
yIPaBJIeHUA U COOPA JAHHBIX, [IO3BOJIAIONUE
ABTOMATUYECKUA PACCUYUTHIBATH KJIIOUEBBIE ITOKA3ATENN
a(ppexTruBHOCTH. [IpOrpaMma 06ECIEUYNBAET NEPESATY
JAHHBIX B PEKMME PEATBHOIO BDEMEHU CEPBUCHON
KOMIIAHUH U OIIEPATOPY, YTO OOECIIEUNBAET BO3MOXKXHOCTD
IPU HEOOXOJIUMOCTH ONIEPATUBHO BHOCUTh U3MEHEHHUA
B pabounii IIPOIECC. B 1OIOIHEHNE K OTCICKUBAHUIO
KJIFOUEBBIX IOKa3aTese 3(PPEKTUBHOCTU B PEXKUME
PEABHOI'O BPEMEHH JIJIs1 O6ECIIEYEHN I OOPATHOM CBSI3U
0 XO/i€ PabOTHI C IOJIEBOX OPUTAI0H KOI(P(PUITHEHTHI
TPEHUSA MOI'YT OBITh COIIOCTABJIEHBI C IPOTHO3UPYEMBIMHA
rpaUKamMu KPyTAMIEIO MOMEHTA JJI ONIPENETIEHUA
BEPOATHOCTHU BO3HUKHOBEHMUS ITPOOIIEM.

7151 TTIOJTy4EH M TOYHBIX IIPOTrHO3HBIX KO3 (PUIIMEHTOB
TPEHUS TOPU3OHTATIBHBIX CKBAXKUH HEOOXOIUM AHAIN3
paboT, NPOBEAECHHBIX HA IPYTUX CKBAKMHAX. [IByMs
OCHOBHBIMH KOMIIOHEHTAMH YCIIEMTHOI'O dHAIN3a ABJIAIOTCA
KOMIIBIOTEPHAA MOJIEJIb, KOTOPAS MPABUJIBHO ONKCHIBAET
IIPOBEAECHHBIE B CKBAKMHE PAOOTHI, U KAY€CTBEHHDIE
IKCILTYATAIMOHHBIE JAHHBIE VI CDABHEHUS C 9TOH
MoJEeNbIO. K cOXKaIEHUIO, TPU PA60TE C TAKUMU MOJEIAMU
KOMITAHHHU CTAJIKUBAIOTCA C OTPAHUYEHNAMU B BUJIE
HEOOXOAMMBIX JIONIYIIECHUH B OTHOIIECHNUH BXOHBIX
JIAHHBIX, TAKUX KaK CKOPOCTb BPAIIEHUSA ¥ CKOPOCTD CITYCK4,
a [IPOMBICJIOBBIC JAHHBIE, COOPAHHBIE /1JIsI CDABHEHU,
3444CTYIO IPE/ICTABJIEHBI B HEOOPAOOTAHHOM BUJIE.

KBannu@puuupoOBaHHBIN IIEPCOHAJ, UCIIOIb3YIOI NI
IIEPEAOBOM UHKEHEPHBI OIIBIT, MOXKET KOMOMHHUPOBATD
CYHIECTBYIOIIHUE TEXHOJIOI'UH, YTOOBI IIPEOJIONETD
OI'PAaHUYEHUS, KOTOPBIE OOBIYHO OCIOKHAIOT TOYHOE
IUIAHUPOBAHME U IPOTHO3UPOBAHUE TPOU3BOIUTEIBHOCTH
CKBaKMH. BHe/IpeHHE CHCTEMBI YIIPABJICHUS U CHOpa
JIAHHBIX HA F'U/IPABINYECKUX YCTAHOBKAX I10 3aKAHYUBAHUIO
CKBaKMH 3HAYUTEIBHO ITIOBBICUIIO KAYECTBO U O6'bEM
COOPAHHBIX JAHHBIX, KOTOPBIE 3ATEM MOTI'YT OBITh
HCIIONIb30BAHBI B pa60TE /17151 TOYHOI'O INIAHUPOBAHUSA U
BBITTOJIHEHU S OIEPALINH 11O 3aKAHYHUBAHUIO CKBAKUHBIL.

C IOMOIIBIO IPOI'PAMMHOI'0 O6€ECIIEYEHU A (POPMUPOBAJICS
MOCTOSIHHBIHN IIOTOK IAHHBIX C UHTEPBAJIOM B OJIHY
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has enabled the crews to make the most of
their equipment to reliably complete wells
with longer and longer lateral sections.
Torque and drag software modeling is a
tool commonly used to predict axial force
and torsional values during completions
that result in the available hook load
and the rotary torque requirements. The
largest unknown in the planning phase
is the appropriate friction factor to use
for the upcoming well, with accurate
friction factor prediction therefore
the key to accurate prejob analysis.
As of 2019 remote telemetry data
acquisition systems (DAS) have been
used on the HCUs, which has allowed
key performance indicators (KPIs) to be
automatically calculated. The program
provides live feed to the service company
and operator so that real time changes can
be made if necessary. In addition to tracking
KPIs in real time to provide the field crew
positive or negative feedback, friction factors
can be matched to predictive torque plots to
identify trends prior to problems arising.
Post-job analysis is needed to produce
accurate predictive friction factors for future
offset wells. The two main components to
a successful post-job analysis are a software
model that correctly represents the prior
wellbore operations and accurate field data
to compare with that model. Unfortunately,
the software models in use are commonly
limited by necessary assumptions with
input data, such as rotary speed and
tripping speed, and field data collected
for comparison is often rudimentary.
Experienced field personnel using
engineering best practices can make use of
current tools in combination to overcome
the limitations commonly inhibiting accurate
performance planning and predictive
modeling. The inclusion of the DAS present
on the HCU has greatly enhanced the
accuracy and amount of rig data gathered,
which can then be used in conjunction with
operational procedures and torque and drag
software to accurately plan and execute
completions operations in the wellbore.
Using data acquisition software, a constant
stream of data was collected in one-second
intervals in over two dozen wells. This
system has the ability to measure both
rotary speed and rotary torque, which are
critical parameters when drilling out frac
plugs. By removing these assumptions
in the post-job analysis over a number
of wells, a range of friction factors have
been established for the Appalachian
Basin in the Utica and Marcellus plays.
The authors will present field data from
two wells as representative case studies,



CEKyHJy B 60s1ee yeM 20 CKBA)KMHAX. DTA CUCTEMA
MO3BOJISIET U3MEPATH KAK CKOPOCTD BPAIIEHU S, TAK U
BPALIAIONINUIT MOMEHT, KOTOPHBIE ABIAIOTCA BAXKHEUIITUMHA
napamMeTpaMu Ipu pa3doypusaHuu npoo6ok I'PI. IToce
YCTPAaHEHM JONYIIECHU B XOZIE AHAJIN3A IPOBEICHHBIX
PaboT B HECKOJIBKUX CKBA’KMHAX ObLJI yCTAHOBJIEH
JINAT1a30H KOA(MPUITUEHTOB TPEHUS JJ151 ATIITATIAYCKOT'O
6acceriHa Ha MECTOPOXAcHUAX IOTHKa 1 Mapceuyc.

B cTaTbe NpeCTaBIEHBI IPOMBICJIOBBIE JAHHBIE IO IBYM
CKBaKMHAM B KAYECTBE PENPE3EHTATUBHBIX IPUMEPOB, 4
TAKKE JUANTA30H IPOTHO3HBIX KOA(PPUITUEHTOB TPEHHUH,
YCTAHOBJIEHHBIX B 13 CKBAKUHAX IS OIPEJEIEHHBIX
PaboT N0 3aKAHYUBAHUIO CKBAXKUH, TIPOBOJAUMBIX
HAa MECTOPOXKJEHUAX [TIEPMCKOro ¥ ANMaaa4CcKoOro
6aCcCcerHOB. 3aJa4Ye JaHHOM CTATBH SIBISICTCS
PacnpoCTpaHEHUE TEXHUYECKOM HMH(POPMALIUU O
METOJONOTMH U TPAKTUYECKOM ONBITE MOAECTUPOBAHUA
CKBa’KMH ITOCJIE MIPOBEAECHUA PAOOT, KATMOPOBKHU
KO3(P(PUILITMEHTOB TPEHUA U ONIPEAETIEHN TPOrHO3HBIX
JHUATIA30HOB JIJISI UCIIOJIb30BAHUSA B OYAYIIUX IPOEKTAX.

HCcKyCCTBEHHBIN HHTE/LVIEKT
JIJIs1I HHTETPHPOBAHHBIX PA0OT IO
KAaIITHTAJIBHOMY PEMOHTY CKBAKHH
Canmnsa Kapauk, Cynpusa I'ynra, Ixkericon Baixiam, Schlumberger

Biarogapst NOCJAEAHNUM JOCTUKEHUAM B OOJIACTHU
06pPabOTKU €CTECTBEHHOI'O 3bIKA U MAITUHHOI'O
OOy4YEHU CYLIECTBYET HOTEHIIUAIBHAS BO3MOXHOCTD
06pab0TKH NMH(POPMAIINH, HAKOIJICHHOMH 34 ICCATUICTUS
UCTOPHUH OCBOEHUSA MECTOPOXKAECHUN U PA3JIMYHBIX
NPOU3BOACTBEHHDIX 3AITUCEN. B TaHHOI CTAThE
MIPEIATAETCS NPOLECC AHAIN3A JAHHBIX, UCTIOIb3YIOM I
MCKYCCTBEHHBIN HHTEJUIEKT 11 OOPAOOTKH THICAY
OTYETOB KAIIUTAJIbBHOI'O PEMOHTA CKBA’KHUH ( PyKOMHUCHBIX
U 3JIEKTPOHHBIX), U3BJICYEHHU BAXKHOIM HH(pOPpMALTUIH
U U3Y4YEHUA 3aKOHOMEPHOCTEN IIPONU3BOACTBEHHONU
JIEATENbHOCTU. TAKKE B CTATHE OMUCAHBI ITPOLIECCHI
OOYyYEHU MATUHHOI'O UHTEJJIEKTA KOJIMYECTBEHHON
OIIEHKE 9(P(PEKTUBHOCTU PEMOHTA CKBAKHH, 4 TAKXKE
BBIPAOOTKE ONTHUMAJIbHBIX METOJJOB SKCILTYyaTallu!
MECTOPOXKECHUA. BpIN pa3padoTaHbl OUOIUOTEKHU
06pPabOTKH ECTECTBEHHOI'O A3BIKA /I ITOJTyYEHU U
CTPYKTYPHUPOBAHHUS F'UTA0aTOB MOJIEBBIX TAHHBIX,
BBIABJIEHUS HAUOOJIEE TTOJIE3HBIX HCTOYHHUKOB MH(POPMAIIUN
O PEMOHTE CKBAKWH, TaHHBIX O KPC 1 cronmocTn
NpOoBeAEHU PA6OT U3 HECTPYKTYPUPOBAHHBIX OTYETOB.
CucreMa MaIIMHHOTIO UHTEJIEKTA JJI IPOTHO3UPOBAHU A
HEOOXOAVMMBIX BHU/IOB BHYTPHUCKBAKMHHBIX Pa60T ObLIa
pa3paboTaHa 1 OOy4YEHA HA OCHOBE TEKCTA U3 OTYETOB
KPC. DTa MOAENb OIIPENETAET A3BIKOBYIO KOHCTPYKIIHIO
Y KOHTEKCT OINPEJEIEHHBIX ITOBTOPAIOMINXCA CJIOB,
OTHOCAIINUXCA K TUITY ONEPALIUH (HAIIPHUMED, yCTAHOBKA
HHCTPYMEHTOB MEXAHU3UPOBAHHOI JOOBIYH, PEMOHTHO-
U3OJISILIUOHHBIE PAOOTHI U T. /1.), U KJIACCU(PUITIPYET
OTYETHI COOTBETCTBYIOIUM OOPa30M. BBLIIN ITOCTPOEHBI
CTATUCTUYECKHE MOJIEIIH [T ONIPEJEIEHUSA BO3BPATA
WHBECTUIIMOHHBIX BJIOKEHUI OT IIPOBEAEHUA KAITUTAJIBHOT'O
PEMOHTA CKBA’KUHBI U UX PAHXKHMPOBAHMUA HA OCHOBE
MOBBIIIEHUA YPOBHSA JOOBIYU U YMEHBIIEHUA CPOKA
OKynaeMoCTU. CEroHs CIEIUAINCT HEPTETA30BOMI
OTPAC/IN MOXET TPATUTDb 80% BPEMEHU HA PYYHYIO

along with the range of predictive friction
factors established from 13 wells for the
particular completions operations evaluated
in the Permian and Appalachia plays. It is the
goal of the authors to disseminate technical
information on the methodology and practice
of modeling wells post-job, calibrating
friction factors, and establishing predictive
ranges for successful use in future projects.

Machine Intelligence for
Integrated Workover Operations
Saniya Karnik, Supriya Gupta, Jason Baihly,
Schlumberger

Because of recent advancements in the field
of natural language processing (NLP) and
machine learning, there is potential to ingest
decades of field history and heterogeneous
production records. This paper proposes an
analytics workflow that leverages artificial
intelligence to process thousands of
historical workover reports (handwritten and
electronic), extract important information,
learn patterns in production activity, and
train machines to quantify workover impact
and derive best practices for field operations.
Natural language processing libraries were
developed to ingest and catalog gigabytes
of field data, identify rich sources of
workover information, and extract workover
and cost information from unstructured
reports. A machine learning (ML) model
was developed and trained to predict well
intervention categories based on free text
describing workovers found in reports. This
ML model learnt pattern and context of
repeating words pertaining to a workover
type (e.g. Artificial Lift, Well Integrity, etc.)
and to classify reports accordingly. Statistical
models were built to determine return on
investment from workovers and rank them
based on production improvement and
payout time. Today, 80% of an oilfield expert's
time can be spent manually organizing
data. When processing decades of historical
oilfield production data spread across both
structured (production timeseries) and
unstructured records (e.g., workover reports),
experts often face two major challenges:

1) How to rapidly analyze field data with
thousands of historical records. 2) How to use
the rich historical information to generate
effective insights to optimize production. In
this paper, we analyzed multiple field datasets
in a heterogeneous file environment with

20 different file formats (PDF, Excel, and
other formats), 2,000+ files and production
history spanning 50+ years across and

2000+ producing wells. Libraries were
developed to extract workover files from
complex folder hierarchies through an
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06pabOTKY JaHHBIX. [Tpr 06Pa6OTKE JAHHBIX, COOPAHHBIX
324 JIECATKHU JIET JOOBIYM HEPTHU HA MECTOPOXKIECHUH,
PacCIpe[e/IEHHDIX 110 CTPYKTYPHPOBAHHBIM (11O BDEMEHHOM
MOCJIEJOBATENIBHOCTH) U HECTPYKTYPUPOBAHHBIM
3anucaM (Harpumep, ordeTsl KPC), crienaincTel 4acTo
CTAJIKUBAIOTCS C IBYMSI OCHOBHBIMU ITpOOIEMaMU: 1) Kak
OBICTPO NPOAHATU3UPOBATD JJAHHBIE MECTOPOXKIEHUS C
TBICAYAMU UCTOPHUYECKUX 3AIIHCEN; 2) KAK UCIIOIb30BATh
TAKOM OOIBIIION OO6bEM JAHHBIX AJISI ONTUMHU3AIHNH

Pa6oT. B 1aHHO pab0TE MPOAHATHU3UPOBAHBI HECKOJIBKO
HA0OPOB JAHHBIX [T0 MECTOPOXKIECHUIO U3 PA3ITUYHBIX
UCTOYHMKOB C 20 pa3nu4yHbIMU (pOPMATAMHU (PATIIOB

(PDF, Excel u gpyrue ¢popmarsr), 6onee 2000 ¢paitnos

U UCTOPUEH JOOBIYH, OXBATBIBAIOIICH 6051€ee 50 1eT U
6onee 2000 JOOBIBAIOMUX CKBAXKUH. BbIIN pa3paboTaHbl
OUOINOTEKU /1151 3BIcYeHUs (paitnoB o KPC 13 CII0KHBIX
HEPAPXUI MATIOK C HIOMOIIBIO NHTEJIJIEKTYAIBHOTO
4ABTOMATUYECKOIO MOUCKA. MH(MOPMAIINA U3 OTYETOB

ObLIa U3BJIEYEHA C IOMOIIBIO 6MOINOTEK Python n
TEXHOJIOTMH OIITUYECKOTO PACTIO3HABAHUSA CUMBOJIOB JIJIA
CO3/[JaHUsA OCHOBHOI'O HCTOYHHUKA JAHHBIX C ICTOPUEN
OCBOEHMS, KAITUTAJIBHOI'O PEMOHTA KAXK/JOH CKBAKHUHBI

1 nH(MOPMALIMEN O 3aTpaTax. HelipoceTs 6p11a 0Oy4deHa
MPOTHO3UPOBATH HEOOXOAMMBIE OIIEPAIIUH PEMOHTA
CKBA’KHHBI JIJISI KA2KJIOT'O OTYETA C TOYHOCTBIO >85%.

3areM OO PHBIN HA60OP JAHHBIX ObLJI UCIIOJIb30BAH /IS
aHaan3a onpezenecHHbIX pabot KPC no CKBaKUHAM U
pacJeTa KIIo4eBbIX oKazarenen adpdexrusnoctu (KPI)
JUIA BBIABJIEHHA CKBAXKUH C IIOTEHIIUAJIOM JIJIS ITOBBIIIEHU A
nebuTa. Moaenpb BKIIO4Yaaa B ceOs IBA KOMIIOHEHTA:
KOJIHUYECTBEHHYIO OLIEHKY ITEPCIEKTUB JOOBIYH U PACUET
BO3BPATA MHBECTUIIUM JIJIS PA3JIMYHBIX PEMOHTHBIX
pa6oT. Komnanuu HeTEra3oBOH OTPACIN PACIONATAIOT
OTrPOMHBIMH OO'BEMAMH HECTPYKTYPHPOBAHHBIX

JIAHHBIX U UCTIOIb3YIOT MEHEE 1% N3 HUX JIJIA ITOJTy YEHUA
UHPOPMALIUU O pAOOTE MECTOPOXKACHUS. [IpeICTaBICHHbBIN
pabounii MPOIECC ONMUCHIBAET METOJUKY ITOJIYIEHUA
CTPYKTYPUPOBAHHBIX XU HECTPYKTYPUPOBAHHBIX
JOKYMEHTOB, C60pa MHMOPMALINH, KOJIMYECTBEHHO OLICHKHU
NEPCIEKTUBHOCTH JOOBIYH, AHAIN34 KAIIUTAJIbHBIX 3aTPAT
U BBISIBJIEHUA HAWJIYYIINX CLIEHAPUEB IIPOBEAEHUA PA6OT
KPC ¢ OMOIIBIO aBTOMATU3ALUN. DTOT IPOLIECC IIOMOI'AET
ONTUMH3UPOBATD IUIAH ONEPALIMOHHBIX PACXOA0B, CHU3HUTD
34TPATBl U COKPATHUTD BPEMA IPUHATHA PEIIECHUI.

YcnemrHoe nmepeKkpuITHE HHTEPBAJIA
ra30IPOABICHHUH C IIOMOIIBIO TEJICMETPHUHU HA
I'HKT: OIIbIT HCIIOJIB30BAHH A TEXHOJIOTHH
A.AMupos, ®. Xaguamas, BP; [I. IIappa, Baker Hughes; 7K. 3eitHanoB,
A. Kok, Schlumberger

B 2017 ropy B HAKJIOHHO-HAIIPABJICHHOM CKBAKHUHE
B KacrimrickoM Mope 65111 3a(PUKCUPOBAH PE3KUI
POCT ra30BOro (haKkTOpa. B pe3ynbTraTe IPOU30IIIO
CHHKEHUE 1eOUTA HEPTU U HECKOJIBKO Pa3 IPUXOINIOCh
OCTAaHABIUBATb CKBAXKUHY. [TOC/IE TPOBEAEHUS IBYX
KapOTAKHBIX UCCIEIOBAHUH 6BIIO OIPEIe/ICHO, 4TO 76%
ra3a MoCTYyINaJI0 U3 YEThIPEX BEPXHUX NEPPOPATTMOHHBIX
oTBePCTUIL. OCHOBHAA 32/1a494 3AKJIIOYAJIACH B IIPOBEACHUN
IPOLEAYPHI IEPEKPBITH UHTEPBAJIA T'A30IIPOSIBICHU
B /IB4 9TAIIA: 3AKA4YKA [IOJIUMEPA B IVIACT U YCTAHOBKA
MAKEPOB B OO6CATHON KOJIOHHE IUAMETPOM 244 MM
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intelligent automated search. Information
from reports was extracted through Python
libraries and optical character recognition
technology to build master data source
with production history, workover, and

cost information. A neural network model
was trained to predict workover class for
each report with >85% accuracy. The rich
dataset was then used to analyze episodic
workover activity by well and compute key
performance indicators (KPIs) to identify
well candidates for production enhancement.
The building blocks included quantifying
production upside and calculating return
of investment for various workover classes.
O&G companies have vast volumes of
unstructured data and use less than 1% of

it to uncover meaningful insights about
field operations. Our workflow describes
methodology to ingest both structured and
unstructured documents, capture knowledge,
quantify production upside, understand
capital spending, and learn best practices in
workover operations through an automated
process. This process helps optimize
forward operating expense (OPEX) plan
with focus on cost reduction and shortens
turnaround time for decision making.

Successful Gas Shut Off Operation
using a Coiled Tubing Telemetry
System: A Case History
A.Amirov, F. Hadiaman, BP; D. Parra, Baker
Hughes; J. Zeynalov, A. Kok, Schlumberger

In a deviated well in Caspian Sea gas oil
ratio (GOR) increased rapidly in 2017. The
result was an oil rate decline with several
choke backs to manage GOR build-up.

After performing two production-logging
jobs, it was confirm that 76% of the gas
production was coming from four upper
perforations. The main objective was to
perform a Gas Shut off (GSO) treatment
in two stages to reduce gas production

by squeezing polymer into the formation
and setting packers at 59° deviation inside
9-5/8 in. casing for temporarily isolation
of middle and lower production sands.

Fifteen runs were perform with a tube
wire-enabled CT telemetry (CTT) system
which consists of a customized bottomhole
assembly (BHA) that instantaneously
transmits differential pressure, temperature,
depth data to surface through a non-intrusive
tube wire installed inside the CT. For the first
time in the region, a tension, compression
and torque (TCT) sub-assembly was deploy
to control the entire set/retrieve process
with accurate downhole upward/downward
forces. CTT technology was a key element to
successfully set two Thru Tubing Inflatable



IIPU yIJIE HAKJIOHA 59° 111 BDEMEHHOM U30JIALIUU
CPEHETO ¥ HUKHETO IPOAYKTUBHBIX ITPOILJIACTKOB.

Bb110 IpoBeaeHO 15 CIIyCKO-IIOAbEMHBIX OIIEPALIUA
C UCHOJIB30BAHUEM CUCTEMBI TeNIEMETprU Ha THKT
C IPOBOAHBIM KaHAJIOM CBA3U. CUCTEMA COCTOUT U3
CHEUANBHON KOMIIOHOBKH HU32 KOJIOHHBI, MTHOBEHHO
HEPEIAIONIEN JAHHBIE O NIEPEMAJIE AABICHUS, TEMIIEPATYPE
U ITTyOHHE HA IOBEPXHOCTDb YEPE3 KAOEIb, YCTAHOBJICHHBIH
BHyTpH HKT. Bnepsele B JaHHOM PETMOHE /IS YIIPABICHUA
MOPOLECCAMH YCTAHOBKHU M U3BJIEUYCHUS OOOPYJOBAHUA U
TOYHOTO PETYIUPOBAHUS BECA KOJIOHHBI ObLII IPHUMEHEH
OpUOOP JJ11 MOHUTOPUHTA PACTSKEHUSA, CKATUA U
KPYTAIIETO MOMEHTA. IMEHHO 61arofiapsi TAKOU CUCTEME
TEJIEMETPHHU OBbLIA MIPOBEICHA YCIIEITHAA YCTAHOBKA IBYX
HA/lyBAEMBIX U3BIeKaeMbIX NakepoB Ha 'HKT. Onpenenenue
IJIYOUHBI yCTAHOBKU ITPOBOJUIIOCH C TTOMOIIBIO KOPPEALINNA
r1youH 6ammaka HKT cormacHO MOKa3aHUAM JIOKATOPOB
My(pT — Ha 133 M (IO BEPTUKAJIN) U 228 M (110 CTBOJY) BBIIIE
INIYOUHBI yCTAHOBKU. KpOMeE TOTO, BO BpeMs BTOPOU CTaAUH
34Ka4YKHU [TOJIMMEPA OBLIO MOJOOPAHO 6OJIEE TOYHOE BPEMS
CIIMBAHHA HA OCHOBE JJAHHBIX O (PAKTUYECKOI TEMIIEPATYPE
Ha 3200€, 3aPETUCTPUPOBAHHONU CUCTEMOI TEJIEMETPHH.

Ha TpeTbert CTaJuu 3aKa4KH OJIMMEPA PACTBOP ObLI
Pa3MEIIEH TAKXKE HA YIACTKE 0O6CAIHOM KOJIOHHBL, UTO
TIO3BOJIMJIO U30€3KATh BO3MOKHBIX OCJIOKHEHUI B OyIyIIEM.

Ilociie yCremHoro BHEAPEHU A CUCTEMBI U30JIALN
HWHTEPBAJIOB I'A30IPOABIEHU ObLIO 3A(PUKCUPOBAHO
CHM)KEHHE YPOBHA AOOBIYU 1432 ¢ 0,43 10 0,13 MJIH M?/CyTKH,
CHMIKEHHUE I'a30BOr0 (pakTopa ¢ 1958 1o 134 MutH M3 /M?

u yBenuueHue aeéura uegru ¢ 0,22 10 0,96 ThIC. M3/CYyTKH.
[Tocie CHUXKEHUA I'a30BOrO (PAKTOPA KOMITAHUA-OIIEPATOP
HavaJa JoO6bBaTh OT 0,24 10 0,32 THIC. M /CyTKU

U3 IPYTUX CKBAXKUH, KOTOPBIE ObLIU OCTAHOBJICHBI

M3-32 BBICOKOT'O T'430BOI'O (DAKTOPA.

Cucrema tenemerpun Ha THKT 1 Moy usmepeHus
PACTSIKEHNH, CKATUN U KPYTAILLLEIO MOMEHTA JJI
MOHMTOPHHI'A COCTOSIHUS HU34 KOJIOHHBI B PEXKHME
PEAIBHOIO BPEMEHU MOATBEPUIA CBOIO HOBU3HY U
3(pPEKTUBHOCTD JIJIS1 yCTAHOBKH JIBYX HA/IYBAEMBIX
U3BJIEKAEMBIX [TAKEPOB, IOJOOPA BDEMEHU CITUBAHUSA
MOJIMMEPHOI'O PACTBOPA, ETO TOYHOT'O PA3MEIIECHUA B
LEJIEBBIX MHTEPBAJIAX U IOCJIEAYIOMIETO U3BJICUEHU A
MAKEPOB, YTO B KOHEYHOM UTOI'€ OOECTIIEYUTIO
3HAYUTEJIBHOE COKPAILEHUE 32TPAT JJIA OIIEPATOPA.

Cexnusa 3. PABPABOTKA H OKCIUIYATAIIU A
THBKUX TPYB, TEXHUYECKHE PEHNIEHU A

IlepBBI¥ B MUPE OIIBIT IPHUMEHEHHU A
KAapOoOTaKHOI'O TPAKTOPA MAJIOI'O
auamerpa Ha KooHnHe THKT
Jlopu C. DyTH, XyceriH A. Caitya, AOxyna3u3s A. Anb-AHHU3H,
Saudi Aramco; Hopmau b. Myp, Kapoa Koppeiis, WWT International
Engineering Services

MOHUTOPUHT NAPAMETPOB ILJIACTA U NTOKA3aTeNeHd T06bIYn
ABJIIETCS BAXKHEUIITMM KOMIIOHEHTOM 3(D(PEKTUBHOM
IKCILTYATALIUN MECTOPOXKJEHUA. [Ipy NPOBEAECHUU
KapOTa>ka B OTKPBITOM CTBOJIE TOPU3OHTAJIbHBIX
CKBaKMH C OOJIBIIUM OTXOJOM OT BEPTUKAJIN BOZHUKAIOT
CEPBE3HBIE OCTIOXKHEHUS. [TpU TAKOI JIMHE CKBAXKUHEI
MPOBEJEHUE KAPOTAKA B OOCA)KEHHON YACTH CTBOJIA yKE

Retrievable Packers (TTIRP) by doing
casing collar locator (CCL) correlations at
tubing end which was 133 m and 228 m
(MD) shallower from setting depths. In
addition, during second GSO operation,
polymer crosslink time was modify based
on actual bottomhole temperature recorded
with CTT system. Finally, during third
GSO treatment placement was improve
spotting more GSO system in casing
section avoiding further treatments.

After successful placement of the GSO
system, a drop from 15.5 to 4.5 MMscf/day
in gas production was observed along
with GOR reduction from 11,000 to 750
MMscf/bbl and oil rate increment from
1.4 to 6.04 Mbpd. Furthermore, after gas
reduction operator was able to produce
between 1.5 to 2.0 Mbpd from other
wells that were choke back based on
gas handling capabilities limitations

The novelty of using the CTT system and
TCT sub-assembly for real-time monitoring
of BHA data was proven for not only
positioning two TTIRP, modifying polymers
crosslink design, placing polymer precisely
across target intervals and retrieve two
TTIRP that at the end provide direct and
positive financial impact for the operator.

Session 3. COILED TUBING
AND PIPE DEVELOPMENT,
APPLICATIONS, AND SOLUTIONS

First Worldwide Slim Coiled
Tubing Logging Tractor Deployment
Laurie S. Duthie, Hussain A. Saiood, Abdulaziz A.
Al-Anizi, Saudi Aramco; Norman B. Moore, Carol
Correia, WWT International Engineering Services

Successful reservoir surveillance and
production monitoring is a key component
for effectively managing any field production
strategy. For production logging in openhole
horizontal extended reach wells (ERWs), the
challenges are formidable and extensive;
logging these extreme lengths in a cased
hole would be difficult enough, but are
considerably exaggerated in the openhole
condition. A coiled tubing (CT) logging
run in open hole must also contend with
increased frictional forces, high dogleg
severity, a quicker onset of helical buckling
and early lockup. The challenge to effectively
log these ERWs is further complicated
by constraints in the completion where
electrical submersible pumps (ESPs) are
installed including a 2.4" bypass section.

Although hydraulically powered
coiled tubing tractors already existed, a
slim CT tractor with real-time logging
capabilities was not available in the
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TEXHOJIOI'MU

SIBJISIETCA JOCTATOYHO CJIOKHBIM IIPOLIECCOM, 4 B yCIIOBUAX
OTKPBITOI'O CTBOJIA CJIOKHOCTD 3HAYUTEIBHO BO3PACTACT.
ITpu cnycke 'HKT B OTKPBITOM CTBOJIE BO3HUKAIOT
TAKHE OCJIOKHEHU A, KAK IIOBBIIICHHOE TPEHUE, BBICOKAS
CTEINEHb UCKPHUBJIEHUA CTBOJIA, BAHTOBOE U3THOAHUE
KOJIOHHBI U HEITPOXO/J UHCTPYMEHTA B CKBAJKUHE.
[TposeaeHue 3PHEKTUBHOTO KAPOTAKA B OTKPBITOM
CTBOJIE B TAKUX CKBAKMHAX EIIIE OOBIIE YCIOXKHACTCS
HAJIMYUEM CYKEHUH B KOMIIOHOBKAX 3dKAHYHBAHUS, B
KOTOPBIX YCTAHABIUBAIOTCS AEKTPOLIEHTPOOEIKHBIE
HACOCBI C GaANITACHOM CUCTEMOM TUaMeTPOM 61 MM.
CKBaXHMHHBIE TPAKTOPBI C TUIPABINYECKUM IIPUBOJOM
Y2KE IIPEACTABJIEHDI HA PBIHKE, OJHAKO TPAKTOPA MaJIOTO
auaMmeTpa, cryckaemoro Ha 'HKT, ¢ BO3MOXXHOCTBIO
MOHHUTOPHHI'A B PEKUME PEAJIbHOI'O BDEMEHHU HA PBIHKE HE
OBLI0. B mapTHEPCTBE C MPOU3BOAUTENIEM KONTIOOMHI'OBBIX
BHYTPHCKBAXKUHHBIX TPAKTOPOB ObLIA PA3PA00TAHA U
M3TOTOBJIEHA MOJIEJIb TPAKTOPA MAJIOT'O IMAMETPA, CHOCOOHAS
poctasuTb 'HKT Ha HEO6XOAMMYIO INTYyOUHY. TpakTOp
ABJIAETCS OJHOCTBIO T'H/IPABIMYECKUM O€3 UCTIOIb30BAHUA
NEKTPUYECKOM SHEPIUH, UTO OOECIIEYUBAET HEIPEPHIBHYIO
PETUCTPALUIO TAPAMETPOB BO BPEMA CITYCKA. CKBA’KMHHBI
TPAKTOP IPUBOAUTCA B ACHUCTBUE AUDPEPEHITNATBHBIM
JlaBjIcHUEM MKy KOIOHHOM THKT U CTBOJIOM CKBaKUHBI U
YIPABJIAETCA PETYIUPOBAHNEM PACXOAA HACOCA HA YCTHE.
TpakTop pa3padoTaH I HOBBIIEHUA 3(P(PEKTUBHOCTHA
KapOTa’ka B OTKPBITOM CTBOJIE TOPU3OHTAIbHBIX CKBAXKHH.
[lepe noneBo paboOTOM TPAKTOP NPOUIES MHOXECTBO
3aBOJCKMX HUCIIbITAHUH. Ha CKBaXKMHE IIPOU3BEIU MOHTAXK
TPAKTOPA C IPHUOOPOM JIJIs1 IKCILIYATALUOHHOT'O KAPOTAXKA U
HAYAJIM CIYCK B CKBAKMUHY. AKTUBALIHIO TPAKTOPA IIPOU3BEIN
nocue nepsoro npuxsara F’HKT. B pesynprare TpakTrop
npomiest 6onee 90% OTKPBITOIO YYaCTKA CTBOJIA CKBAXKUHBI,
cozpasas TArosoe ycuire 1450 kr. KapoTax B peajibHOM
BPEMEHM ITPOBOIUJICA IO XOAY JBUKEHUA TPAKTOPA C
MOMEHTA €T'0 AKTUBALUHN. /11 CHATUA TPOPUIA IIPUTOKA
U3 LIE€JIEBBIX UHTEPBAJIOB UCCIIENOBAHUS ObLIM IIPOBEAECHDI
K4K B pabOTAIOUIEH, TAK U OCTAHOBJICHHOM CKBAXKUHE.
HccneroBaHu B PEKUME PEATIBHOTO BPEMEHH C IIOMOIIIBIO
TPAKTOPA NO3BOIAIOT COKPATUTD 3aTPATHI HA JIOTUCTUKY
Y MTHOBEHHO IIPHUHATD PEMIEHUA O HEOOXOJUMOCTHU
ITOBTOPHBIX ONEPALINH JIJIS TOBBIIIEHU A KAYECTBA JAHHBIX.
HOBBIV CKBA)KUHHBIN TPAKTOP MaJIOI'O JUAMETPA —
CaMBII KOMITAKTHBINM B MUPE U IIEPBLIX B CBOEM POJE
CKBAXKUHHBIN TPAKTOP, HO3BOJIAIOIINI IIPOBOJAUTD
KaPOTAXKHBIE PA6OTHI B TOPU30OHTAIBHBIX CKBAXKUHAX
C IIPOTSI>KEHHBIM OTKPBITBIM CTBOJIOM. BO3MOXXHOCTD
YCIIEIIHOI'O IPOBEACHU S I'€OPUZUUECKUX UCCIIEAOBAHUI
B CKBAXKMHAX C 6OIBIINM OTXOAO0OM OT BEPTUKAJIN HEJIb35
HEOOLIEHUBATL. MOAETUPOBAHME IIJIACTA U T'€0JIOTO-
TEXHUYECKUE MEPOIIPUATHSA MOTYT ObITh 3P (PEKTUBHBI
TOJIBKO IIPH BBICOKOM Ka4€CTBE UMEIOIIXCS JJAHHBIX.
[IpenmMyiecTBa OypeHNA CKBAXXUH C OOJILIIUM OTXOAO0OM
OT BEPTHUKAJIU: YBEJIUYCHUE IIIOM AN KOHTAKTA C
IPOAYKTHUBHBIM I1IJIACTOM, COKPAIICHUE IO AN PaboT
HA [IOBEPXHOCTH M MEHBIIIEE KOJIMYECTBO IIPOOYPEHHBIX
CKBaKMH. DTU IPEUMYIIECTBA MOI'YT OBITh IIOTEPSIHBI,
€c/u He 6yeT obecrnedeH 3(PPEKTUBHBIN MOHUTOPUHT
[IAPAMETPOB IIACTA. YTOOBI MAKCUMAJIBHO HUCIIOJIb30BATh
IIPEUMYIECTBA TOPU3OHTAIBHBIX CKBAXXUH, HEOOXOIMMO
IOCTOAHHO Pa3pabaTeIBATh KPEATUBHBIEC TEXHUYECKUE
PELIEHUI U MHHOBALIMOHHbBIE KOHCTPYKLIUHU.
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market. In partnership with a specialist
CT tractor manufacturer, a slim logging
CT tractor was designed and built to meet
the exceptional demands to pull the

CT to target depth. The tractor is 100%
hydraulically powered, with no electrical
power allowing for uninterrupted logging
during tractoring. The tractor is powered
by the differential pressure from the bore
of the CT to the wellbore, and is operated
by a pre-set pump rate from surface.

Developed to improve the low coverage
in open hole ERW logging jobs, the tractor
underwent extensive factory testing before
being deployed to the field. The tractor was
rigged up on location with the production
logging tool and ran in hole. Once the coil
tubing locked up, the tractor was activated
and pulled the coil to cover over 90% of the
open hole section delivering a pulling force
of up to 3,200 Ib. Real-time production
logging was conducted simultaneously
with the tractor activated, flowing
and shut-in passes were completed to
successfully capture the zonal inflow
profile. Real-time logging with the
tractor is logistically efficient and allows
instantaneous decision making to repeat
passes for improved data quality.

The new slim logging tractor is the world's
slimmest most compact, and the first of its
kind CT tractor that enables production
logging operations in horizontal extended
reach open hole wells. The ability to
successfully log these extended reach wells
cannot be understated, reservoir simulations
and management decisions can only as
good as the quality of data available. Some
of the advantages of drilling extended reach
wells such as increased reservoir contact,
reduced footprint and less wells drilled will
be lost if sufficient reservoir surveillance
cannot be achieved. To maximize the
benefits of ERWs, creative solutions and
innovative designs must continually be
developed to push the boundaries further.

Advanced Intervention
Technology Platform Provides
Increased Capability Enabling
Efficient High-Volume Wellbore
Cleanout Solutions on Electric Line
Masa Brankovic, Stuart William Murchie,
0Odd Einar Magnussen, Espen Osaland, Altus
Intervention; Niels Erik Serensen, Lars Harsaker,
Equinor

Electric line deployed well intervention
technologies are continuing to grow
in use and relevance, this is due to the
value provided by a highly efficient
and effective means of intervention. It



IlepenoBasa TEXHOJIOIHYIECKASA IIJIaT(I)OpMa AJISA
3(ddeKTHBHON MPOMBIBKH CTBOJIA CKBAKHHBI B
OOIBIINX O0bEMAX HA JICEKTPUIECKOM Kadere
Mama Bpankosud, CrroapT Yuabam Mepau, Oan DitHap Maraycces,
AcneH Ocanxaung, Altus Intervention; Hunsc dpuk CépeHceH,

JIapc Xopcakep, Equinor

TexHOIOrnM BHYTPHUCKBAKMHHBIX PA6OT C
UCIIOJIb30BAHUEM NIEKTPUYECKUX KAOEJIEI CTAHOBATCS
BCE O0JIEE AKTYAIBHBIMU U PACIPOCTPAHEHHBIMU,
TOCKOJIBKY SIBJISIIOTCS BBICOKO(P(PEKTUBHBIM METOIOM
nposefeHrs paboT. OHU He TPEOYIOT OOJBIINX 3aTPAT HA

060PYAOBAHUE, CIIELTUATIICTOB U JJOCTABKY MATEPHAJIOB, JIETKO
KOHTPOJIMPYEMBL, OOECIIEYNBAIOT TOYHOE BBIIOJIHEHUE PAOOT

B CKBaKHHE. TakKke paboThI HA KA6€JI€ MEHEE ATPECCUBHBI
O BO3ICUCTBUIO HA CTBOJI CKBAKMHBIL, PO yKTUBHBIH

TOPU30HT U OKPY’KAIOIIYIO Cpejty. Baarogapst 3TuM BasKHbBIMHU
XAPAKTEPHUCTHUKAM CUCTEMBI C TPUMEHECHUEM JIEKTPUUECKOTO

Ka0eJIsl CTAHOBATCA NIPEATIOYTHTENIBHBIM BEIOOPOM
3aK434YMKOB /711 MHOTUX BHJIOB PA0OT, KaK, HAIIPUMED,
3aKaHYMBAHHUE HOBOI CKBA’KHMHBI, BOCCTAHOBJICHHE
WJIA PEMOHT PAaHEE SKCILUIYATUPYEMOM CKBA’KUHBI
WU TTYIIEHUE U JTUKBUIALUA. [IpEeIIOYTUTEIBHOCTD
BBIOOPA 3TUX TEXHOJIOTUI TAKKE OTMEUAETCA CPENU TEX
34K434YHKOB, KOTOPBIE CTPEMATCSA PACITUPUTD T'PAHULIBI UX
MNPUMEHEHUS, YTOOBI UCIIOIb30BATh UX IPEUMYIIECTBA B
00J1e€€ MUPOKOM INANTA30HE BHYTPUCKBAKUHHBIX PA0OOT.
3a4acTyIo paboThI HA KA6€JIE€ IPOBOASTCS A5
BBIIIOJTHEHU A IIPOCTBIX 32/a4: HAIIPHUMED, IPOMBIBKA
OT LIIJIAM4 B HEOOIBIINX 0ObEMAX, (PPEZEPOBAHUE
HEOOJIBIINX JETAIEU U YIIPABJIEHUE NUHCTPYMEHTOM C
HEOOJIBIIUMU HArPy3KaMU. OHAKO IO MEPE Pa3paboTKU
TEXHOJOIMYECKUX IUIAT(POPM C IEPETOBBIM OOOPYIOBAHUEM
NEKTPUYECKUN KA6Eb HAYAJIN IPUMEHATD JJI1 PA0OT,

KOTOPBIE PAHEE CYUTAIUCH O0JIe€ CIOKHBIMH, — ¢ THKT ninu ¢

OypunbHbIMU TPyOaMu. Certuac 6marogaps apOEKTUBHOCTY,
TOYHOCTH ¥ KOMITAKTHOCTH Pa0OThI HA KA0eJI€ HAYaJIN
MPOBOAUTBCA IS PEMIEHN OOJIEE CIOKHBIX 32/5a4.

OTHOCHUTEIBHO HEJJABHO HA HOPBEKCKOM
KOHTHHEHTAJIBHOM IIeIb(e 6bIN IPOBE/ECHBI 1BE
PaboThI HA Ka6eJI€ IIO IIPOMBIBKE CTBOJIA CKBAXKUHBI
C 60IBIINM KOJIMYECTBOM IJIaMa. Pe3ynbraTel paboT
PACKPBIBAIOT IIPEUMYILECTBA ITOU IEPETOBOI
TEXHOJIOI'MYECKON IIAT(POPMBI, MOKAZBIBAIOT
BO3MOKHOCTb MACIITA0OUPOBAHUA TEXHOJIOTUH U
OpPOCAIOT BBI3OB TPAJAUIIUOHHBIM IIPEACTABIEHHUAM O
BO3MOKHOCTSX Pa6OT HA 3JIEKTPUYECKOM KabeJie.

B nepBoii paboTe B KOMIIOHOBKE 3aKAHYMBAHUS C
OOJIBIINM IMAMETPOM OOPA30BAJICI OOIBIION OO'BEM IIECKA,
YTO HE ITO3BOJIUJIO BBIIIOJIHUTB HEOOXOAMBIE PA6OTHI
I10 JIMKBUJAIIMU CKBA’KUHBI C yCTAHOBKOM ITPOOKU. BO
BTOPOM paboTe HA 6ONBIICH YACTH CTBOJIA CKBA’KHUHBI
06pPa30BATTUCH OTIIOKEHUS CY/IbpaTa 6apust (BaSO,), uro
3aTPYAHAIO JOCTYII K CKBAXKHUHE 1711 IPOBEJICHUS pa6OT
MO 3aMEHE a3 THOrO KIanaHa. B 060ux ciayyaax
MOCTABJIEHHBIE 327Ja4YU OBbLIN PEMIEHBI C TIOMOIIBIO PA6OT
Ha KabeJie. DTO CTAJIO BO3MOXHBIM O1arOAapsi HOBLIIIEHHUIO
IPOU3BOAUTEIBHOCTH, TH(POPMALIUU O COCTOSIHUH CTBOJIA
CKBAXXUHBI M KOHTPOJIIO B PEKUME PEATIBHOI'O BPEMEHMU,
4TO OOECIEYUBATIOCH NEPEAOBOI TEXHOIOTUYECKOU
12TOPMOH JIJ1s1 IPOBEJICHM S pA0OT Ha Kabese. 3aKa34MK
UCKAJI OJHOI'O HOAPSAYNKA HA OO€ 3TU PAOOTHI, IOITOMY

is light on equipment, personnel and
logistics, is controlled and precise in its
in-well execution, and is less obtrusive
to the wellbore, the reservoir and the
environment. These valuable characteristics
are making electric line deployed solutions
the preferred choice of customers for
many interventions, whether that be for
addressing new well completion, old
well rejuvenation or repair, or eventual
plug and abandon (P&A) operational
scope. Preference is also increasing with
those customers who are keen to push
the boundaries of these technologies to
leverage their beneficial impact across a
broader range of intervention operations.
Often, the tasks or workscope assigned
to electric line deployed intervention
technologies are reserved for what would be
considered the lighter end of the spectrum,
for example, low volume debris cleanout,
small component milling and low force
tool manipulation. However, as full system-
based intervention technology platforms
are developed, incorporating advanced
interconnected technology components,
the magnitude of what can be achieved has
expanded electric line intervention solutions
into the realms of work scope previously
reserved for heavier methods, like coiled
tubing or drill pipe based. That, coupled
with the efficient and precise execution and
inherently light footprint that electric line
deployed intervention brings, is adding to
the increased interest in expanding its use.
Two recent electric line deployed wellbore
cleanout operations carried out on the
Norwegian Continental Shelf involving
high volumes of debris demonstrate the
advantages this advanced intervention
technology platform has enabled, the
scalability of its performance, and why it is
challenging the traditional thinking and

perception of what is possible on electric line.

In the case operation 1, extensive volumes
of produced sand had accumulated in a
large mono-bore completion preventing
the execution of a required P&A operation.
In case operation 2, the well had significant
Barium Sulphate (BaSO,) scale deposits
over much of its length, which prevented
well access for a required gas lift valve (GLV)
change out. In both these cases, efficient and
effective electric line deployed remediation
was possible due to the increased
performance, in-well task visibility and real-
time task control provided by the advanced
electric line intervention technology
platform that was utilised. Attempting both
these cases was strongly encouraged by the
customet, leading a one team approach.

For case operation 1, high speed tractor

Ne 3 (077) Centsiops/September 2021 47

g
=
)
Q
—
O
Z
o
®
83
=




s
s
—
S
3
=
%
83|
=

Ha/I KQKJIOHN OIlepariuent paboTana oJjHa KOMaH/4.

Ha nepBoii CKBaskKMHE OBLIO BBIITOJIHEHO HECKOJIBKO CITYCKO-
HOJ'bEMHBIX ONIEPAIINH, ObLIA JOCTUTHYTA BBICOKASI CKOPOCTh
TPpaKTOpa — 60s1ee 26 MECTPOB B MUHYTY. KOHTPOIBHO-
U3MEPUTEIBHBIE IPHUOOPHI B PEXKHUME PEAJIBHOI'O BDEMEHU
TIOKA3BbIBAJIN 3ATTIO/THCHHOCTD ITPUCMHBIX KAMCD, obecrneuynBast
MHUHHUMAJIbBHOC BPEMA HAXOXKJICHW A HA O[[HOﬁ I‘IIY6I/IHC BO
BpeMs c60pa. Ha Bcex CIyCKO-TIOITbEMHBIX ONIEPAITUSIX, KDOME
OJTHOM, 6bIH IOCTUTHYTHI 100%-€ MOKa3aTEIU U3BJICUCHUS,
MIPU 3TOM OBLIO CO6paHO 1400 TUTPOB MECUYAHBIX YACTHUIL,
4TO IO3BOJIMJIO OYUCTUTD 280 METPOB CTBOJIA CKBAXKUHBI,

B CPEAHEM CKOPOCTb OYUCTKHU COCTABMIA 140 TUTPOB

32 24 yaca. B xozie paboTsl Ha BTOPOH CKBAKMHE OBLIO
pa3bypeHo 6oiee 2000 METPOB TBEP/IBIX OTIIOKECHUH

IIPU CKOPOCTH IIPOXOAKU B CpeaHeM 44 M/49acC, 9TO
TIO3BOJINJIO BOCCTAHOBUTD JOCTYII AJIAA IIPOBCACHU S
HEOOXOAMMBIX Pa60T HA Ka6€Ie U NOCIEAYIOICH

3aMEHBI HETEPMETHUYHOT'O I'A3/IM(PTHOT'O KJIAMTAHA JIJIS1
BOCCTAHOBJICHU S IEJIOCTHOCTH CKBAKUHBL B pesynprare
CKBA’KMHA ObLJIA CHOBA 3AIyIIEHA B AKCIIyaTAIIHIO. B o6oux
CIIy4asax 6bUIN JOCTUTHYTHI PEKOPJHBIE 3HAYEHUSA TTO OOBEMY
YAAJICHHOT'O NJIaMa U I‘IIY6I/IH€ MHTCPBAJIOB, OYUINCHHBIX

C ITIOMOUIBIO BBICOKOTEXHOJIOTUYHOM IIJIAT(POPMBIL.

OnrumMu3anua KOHCTPYKITHHA
TUAPABIHYECKOIO aTrHTATOPA JJIA IIPUMEHEHH A B
CKBAaKHHAX C 6OJILII.[I/IM OTXOJAOM OT BEPTHKATH
XyceriH Caiyx, Jopu JyTH, Saudi Aramco; Axmes ATbOaKIIH,
Myxammang Axcan, NOV

Ilo Mepe yBETUYEHM S JVIMHBI TOPU30OHTAIBHBIX
CKBa’KMH BO3MOKHOCTEU KOJITIOOMHTA IO IPOBEJECHUIO
BHYTPHCKBAXKUHHBIX PA0OT CTAHOBUTCS HEJJOCTATOYHO,
4TO TPEOYET BHEAPEHUS HOBBIX TEXHOJIOTUHI. O6BIYHO HA
pa6orax ¢ THKT ucnonbs3yeTcss HpOrpaMMHOE OO6ECTIEYEHNE
JULS MOZETTUPOBAHHUS TPYOBI U OIITUMH3AIUU PA3MEPa U BECA
TPYOBI 151 JOCTUKEHHU TPEOYEeMOI INTyOHUHEL [Toce BEIoopa
noaxopsero pazmepa 'HKT cienyommum 1 Haubosee
BAXKHBIM (DAKTOPOM, KOTOPBII HEOOXOAUMO YYUTHIBATD
PU JOCTUKEHUH 32004, ABJISAIOTCS CHUJIBI CONPOTUBICHUSA
u TpeHus Mexay 'HKT 1 CTBOJIOM CKBaKHHBL.
VMEHBIIEHHUE TPEHUS U KOMIIEHCALTUS IPOJOIBHOTO
M3TN0A 3HAYUTEJIBHO YBEJINYAT [NTYOUHY JJOXOXK/ICHUS
KOJIOHHBL JIJIs1 pEIICHU S 3TOU 33/1a491 ObLIIO PA3paAbOTAHO
HECKOJIBKO BEPCUI MHCTPYMEHTA JJI TEHEPALTUH
WMITYJIBCOB JABJIEHUSI B KOMIIOHOBKE HM3a KOJTOHHBI THKT.

OTH UHCTPYMEHTBI CO3/1AI0T BUOPAITUH UJIU UMITYJIbChI
JIaBJIEHM S, KOTOPBIE MTO3BOJIAIOT 3AMEJJINTD CITUPAJIBHOE
ckpyumnsanue 'HKT. Takue HHCTPYMEHTEI 4aCTO
BKJIIOYAIOTCSI B KOMIIOHOBKY HH32 KOJIOHHBL. OJTHAKO Y
CYLIECTBYIOIINX AT UTATOPOB €CTh TEXHOJIOTMYECKHE
OrpaHHUYEHUA IPUMEHEHUS. B CTaThe IPEACTABIEHA
HOBAs Pa3pPad0TKA 'U/IPABINYECKOTO ATUTATOPA JIIA
yBenu4deHus AJIUHbL IPoxoAaKH THKT. AruTaTop HENPEPHIBHO
T€HEPUPYET UMITYJIbCHI IABJIEHH A 11O BCEU JUTMHE TPYOBL.
Cucrema 06€CednBaET CHUYKEHUE CTATUYECKOTO TPEHUSA
U IIPEO6PABYET ETO B JUHAMHYECKOE, HAITPABIEHHOE
o THKT. HenpepbIBHOE CO34aHUE THIPABINYECKUX
BHOPALIMU NIPEJOTBPAIIAET CIIUPAIBHOE CKPYYUBAHUE
I'HKT u TakuM 06pa30M YMEHBIIAET KOJTUYECTBO
ToueK KoHTakTa 'HKT co cTeHKaMH CKBA’KUHBI, YTO
MPUBOJUT K CHHMKEHUIO CUJI CONTPOTHUBIIEHUS.
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conveyance speeds of over 26 meters/
minute were achieved on this multi-run
operation. Instrumentation provided real-
time indication of collection chambers being
full, ensuring minimal time on depth during
collection. Consistent high volume recovery
rates of 100% were achieved on all but one of
the collection runs, with a total of 1400 liters
of sand debris being collected, clearing

280 meters of wellbore, at an average of

140 liters per 24 hours. For case operation 2,
over 2000 meters of hard scale was milled, at
a rate of penetration (ROP) of 44 meters/hour,
on average, re-establishing access for required
electric line intervention runs and the
subsequent change out of the leaking GLV to
restore the integrity of the well, enabling it to
be put back on line and resume production.
Record breaking achievements regarding the
volume of debris removed and depth intervals
cleaned via the intervention technology
platform were made in both cases.

Design Optimization for
Hydraulically Driven Agitation
Tool in Extended Coiled
Tubing Reach Application
Hussain Saiood, Laurie Duthie, Saudi Aramco;
Ahmed Albaqshi, Muhammad Ahsan, NOV

As the boundaries are pushed with
increased length of horizontal wells, coiled
tubing (CT) well intervention capabilities are
challenged requiring new technologies to
expand existing capabilities. When utilizing
coiled tubing, standard best practice is to first
utilize CT modeling software to optimize CT
size and weight for maximum reach. After
choosing the right CT size, the next and
most critical factor to address in extending
the reach is, drag and frictional forces
between the CT and the wellbore. Reducing
friction and delaying helical buckling will
significantly increase the reach. Several
versions have been created utilizing various
pressure pulse tools in the CT bottom hole
assemble (BHA) to accomplish this task.

These tools work by creating vibration or
pressure pulses that allow for a delay in the
onset of the helical buckling of CT and are
widely utilized and accepted as solutions.
However, existing agitation tool limitations
have been reached. A newly designed and
developed, hydraulically driven agitation
tool (HDAT) to extend CT reach delivers
continuous frequency pressure waves along
the entire length of the CT. The HDAT
provides a reduction in static friction and
converts that to a dynamic friction form
along the CT string. The continuous hydraulic
agitation reduces the onset of helical
buckling and thus reduces CT helical contact
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Pa3paboTka, NPOEKTUPOBAHUE U TAOOPATOPHBIE
UCIBITAHUSA TUAPABIAYECKOTO aTUTATOPA IPOILIN YEPE3
HECKOJIBKO 3TAIOB, B PE3YIBTATE YETO OBLIO CO3LAHO
TPU NOKOJIEHUS 3TOT'O UHCTPYMEHTA, IPUYEM KaXK/1as
BEPCH 006/13/1aJ1a YIYUIIEHHBIMH XAPAKTEPUCTUKAMHU.
[TocneiHEE MOKOJIICHUE ATUTATOPA ObLIIO PA3pab0TAHO
JUIS UCTIOI30OBAHHU S HA OITUMAJIBHBIX PA0OOYHUX YACTOTAX
U CO3/IaHUSI BUOPAIINH, ICHCTBYIONUX HA HAUOOJIECE
JUIMHHBIN y4aCcTOK KONOHHBI 'HKT. Viryumenue pabodnx
XaPAKTEPUCTUK HOBOI'O NTOKOJIEHHUS ATUTATOPA OBLIIO
JOCTUTHYTO IMOCJIE MACIITAOHBIX JIAOOPATOPHBIX U MOJIEBBIX
HCIIBITAHUH C IIPOXOIKOM ITTyOUHBL 7460 M B CKBAKHUHE C
T'OPU30HTAIIBHBIM OTKPBITBIM CTBOJIOM AJIUHOI 1400 M.

HOBBIY THJIPABIMYECKHH ATUTATOP OBLI JOPAOOTAH C
LEJIBIO MOBBIIEHUSA TPONU3BOJUTEIBbHOCTU U HAJIEXKHOCTH
JUISA IPOBEEHUA 3(PPEKTUBHOIM KUCIOTHON OOPAOOTKHU
MO/ JABJIEHUEM HUKE JABJICHUSA THIPOPA3PbIBA. OIBIT,
MOJIYYEHHBIN ITPU UCMIOJIb30BAHUH NPEABIIYIITIX
BEPCUI MHCTPYMEHTA, ObI IPOAHATU3UPOBAH, U
HOBAs1 BEPCUA MTO3BOJINIA YBEIMYUTD TPOXOAKY THKT
B CAMBIX CJIOXKHBIX TOPU30HTAJIBHBIX CKBAKMHAX.

BprHI/IC HA JEIPECCHH C HCITIOIB30BAHHUEM
KOJITEFOOHHTIA: pa60Ta HA CEBCPHOM CKJIOHE
AJISICKH, ITIOKA3bIBAIOIIAA IIPECHMYIIICCTBA
6ypeHn;I IIpHMOJIPIHCfIHOI‘O CTBOJIA CKBAKHHBI
AHTOHHN MHIIEBCKH, AfaM MuieBcKH, Puaapa CruBeHc, MaTTeo
N:xemuabauu, AnTech Ltd

Ha ceBepHOM CKJIOHE AJISICKU OBLJIO HEOOXOJUMO
OpPOOYPUTD 5 CKBA’KHUH C IIOMOIIBIO KOITIOOMHI'OBOH
YCTAHOBKH JIJIS1 HAKJIOHHO-HATIPABJIEHHOT'O OYPEHUSL.
OCOBGEHHOCTB 3TUX CKBAXKUH 3aKJII0YAJIACH B TOM, UTO
TpebyeMast AJIUHA GOKOBBIX CTBOJIOB JIOJIKHA ObL/IA COCTABIATD
He MeHee 1800 M Ha HEGOJIBIION INTyOHHE. DTO IOYTH B
JIBA Pa3a 6OJIBIIIE, YEM JINIMHA TOPU3OHTAJIBHBIX YYACTKOB,
KOTOPBIE OOBIYHO OYPSITCS HA HOIBIINX ITTyOHHAX. Heb6obIas
DTYOGMHA O3HAYAJI4, YTO B 2 U3 5 CKBAXKHH OBbLIIO HEOOXOITMMO
BBIIIOJTHUTD BBIPE3KY OKHA YEPE3 3 00CATHBIE KOTTOHHBL.
Takas pa®OTa BBIIIOIHANIACH BIIEPBEIE. [Tocie 6ypeHus B
CKBaKMHBI INIAHUPOBAJIOCh CIYCTUTDb NEP(HOPUPOBAHHBIN
xBOCTOBUK HA THKT. /1711 3TOr0 TpEOGOBAJICH OUEHD [NIAAKHUH
U NPAMOJIMHEHHBIH CTBOJI CKBA>KUHBI, YTOOBI XBOCTOBUK
MOZKHO OBLJIO CITYCTUTD JIO 32001 6GOKOBOI'O CTBOJIA.

J7151 yBETMYEHU A TPOXOJKUA B OOKOBOM CTBOJIE
PacCMaTPUBAINUCh PA3JIMYHBIE METO/bI, BKIIOYAs CITYCK
UHCTPYMEHTA JIJIs1 pAOOT B CKBAXKMHAX C OOIBIINM
OTXOZIOM OT BEPTUKAJIN, UCTIOJIb30BAHHUE TOHU3UTEIIS
TpeHus, ypenndenue nuamerpa 'HKT u ncrionszoBanme
KOMIIOHOBKH HU34 KOJIOHHBL, KOTOPAs CIIOCOOHA
obecrnedynTb OypEHUE MO IPAMOU TPAEKTOPUN. Bee aTn
BAPHUAHTBI OBUIHA IPOCYUTAHBI C IOMOIIBIO IIPOTrPAMMHOTO
obecnieueHus Ay pacueTa Harpy3ok Ha T'HKT, u 6p11a
MIPOBE/ICHA OIICHKA UX OTHOCUTENBHOMN 3(P(PEKTUBHOCTHU.

B pesynbrare paboThl 10 OYPEHUIO ObLIHN BBIIIOJIHEHDI
C IIPEBBIIEHUEM ITIOCTABJIEHHBIX LIEJIEH. DTOT IIPOEKT
MO3BOJINJI OOECTIEYUTD PEKOPAHYIO AJTUHY OOKOBBIX
CTBOJIOB, PEKOPIHYIO JJIMHY XBOCTOBHKA, CITYIIIEHHOI'O Ha
I'HKT 32 OJHY CITYCKO-IIOZYbEMHYIO OIIEPALUIO, U BBIPE3KY
OKHA4 B TpeX 06CaIHBIX TPy6ax. JlaHHBIE, TOJIyYECHHbBIC
B XO/I€ PabOT, MOT'YT ObITh UCIIOJIb30BAHBI JIJISI TOYHOT'O
MOJICJIMPOBAHMS AHAJIOTMYHBIX PA6OT B Oy yLIEM.
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points, resulting in lower resistance force.
The development, design, and lab testing
for the HDAT has been through extensive
development stages resulting in three
generations of the tool, with each version
providing an incrementally improved
performance. The latest generation HDAT
has been designed to function at optimum
operational frequencies and produce
excitation that works on a longer section of
the CT. The performance advancement of
the newly designed HDAT generation was
achieved after extensive lab testing with a
field run reaching a total depth of 24,500 ft
over a 4,600 ft open hole lateral section.
The new HDAT was redesigned to
improve performance and reliability to
achieve an effective matrix acid stimulation
treatment. The lessons learned from
previous generations were imbedded to
extend the reach of the CT in the most
challenging extended reach wells.

Underbalanced Drilling with
Coiled Tubing: A Case Study
on the Alaskan North Slope,
Which Proves the Benefits of
Drilling a Straight Hole
Antoni Miszewski, Adam Miszewski, Richard
Stevens, Matteo Gemignani, AnTech Ltd

A set of 5 wells were to be drilled with
directional Coiled Tubing Drilling (CTD) on
the North Slope of Alaska. The particular
challenges of these wells were the fact that
the desired laterals were targeted to be at
least 6000ft long, at a shallow depth. Almost
twice the length of laterals that are regularly
drilled at deeper depths. The shallow depth
meant that 2 of the 5 wells involved a casing
exit through 3 casings which had never been
attempted before. After drilling, the wells
were completed with a slotted liner, run on
coiled tubing. This required a very smooth
and straight wellbore so that the liner could
be run as far as the lateral had been drilled.

Various methods were considered to increase

lateral reach, including, running an extended
reach tool, using friction reducer, increasing
the coiled tubing size and using a drilling
Bottom Hole Assembly (BHA) that could drill
avery straight well path. All of these options
were modelled with tubing forces software,
and their relative effectiveness was evaluated.
The drilling field results easily exceeded
the minimum requirements for success.
This project demonstrated record breaking
lateral lengths, a record length of liner run
on coiled tubing in a single run, and a triple
casing exit. The data gained from this project
can be used to fine-tune the modelling
for future work of a similar nature. @



