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Te3zucbl KondrepeHumM NO KONTIOOMHIoBbLIM
TEXHOJIOrMSAAIM M BHYTPUCKBAIKMHHDBIM
paocoram SPE/ICOTA 2021 (uacrs2)

SPE/ICoTA Coiled Tubing & Well
Intervention Conference 2021 Abstracts (art2)

MexncoyHapoorasn Kongeperia no Koam0oOUH206bIM
MEXHONOZUAM U 8HYMPUCKBANCUHHBIM Dabomam SPE/
ICOTA npowina 6 eupmyansrom popmame 6 Byonenoce,
wmam Texac, CIIIA, 22-25 mapma 2021 200a. Kongpeperuuisa
1POBOOUINCSL €IHCe200HO, OPLAHUAMOPAMU KOHPEePeHUUL
mpaouyuorHo ebicmynusiu Oouecmeo uHIcerepos-
negpmanuxos (SPE) u Accoyuaijus cCneyuaiiucnos no
KOAMIOOUH20BBIM MEXHONOSUAM U 8HYIMPUCKEANCUHHBIM
pabomam (ICOTA).

Cexnua 4. TIEPEJOBBIE PABPABOTKH
OBOPYJOBAHUA, MTHCTPYMEHTOB, PEATEHTOB 1
MATEPHAJIOB 1)1 BHYTPHCKBAKHHHDBIX PABOT

IIepenoBas cucrema nepdopanuu
B JEHMCTBYIOIIHUX CKBA)KNHAX KacIIHuCKOTrOo
MOpPsA

C.MaxkKnun, 1. IIappa, A. IInseH, K. Paxumos,
Baker Hughes; ®. Xaguaman, BP

B nocnennee Bpems 11 CITyCKa JJIMHHBIX U TAKEJIBIX
nepdopaTopoOB B CIIOKHBIX HAKJIOHHO-HAIIPABIECHHBIX
CKBAKMHAX BCE YAII€ UCIIOJIb3YETCA KOJTIOOUHT, KOTOPBIH
MO3BOJISIET IPOBECTU NEPMPOPALINIO HA ICTPECCUU 32 O HY
CITyCKO-TIO/bEMHYIO OIEPALUIO 6€3 ITTYIEHUA CKBAXKUHBI,
CHU3UTD PUCK ABAPUN U YBEIMUUTD I(PPHEKTUBHOCTD
paboT. O6bEKTAMI UCCIENOBAHUS ABSIOTCA TPU
CKBAKHMHBI, PACTIONIOKEHHBIE B KacImuiicKoM Mope.

B 1ByX 13 HUX OBLJIO HEOOXOITMMO U30JIUPOBATH HUXKHUE
UHTEPBAJIBI U IIPOBECTU NTEPHOPALTUIO HOBOI'O UHTEPBAJIA
4epe3 HACOCHO-KOMITPECCOPHBIE U OOCAIHBIE TPYObI
MEXY ABYMS MAKEPAMU. B TPEThEN CKBAXKUHE OBLIO
HEOOXOAMMO ITPOBECTU NEP(POPALIHIO HOBOI'O HHTEPBAIA
4epe3 06CaHbIE TPYObI OCE CITYCKA KOMIIOHOBKU
3aKAHYUBAHUS U U30JIUPOBATH HUXKHUE TOPU3OHTHI.

[ IpEOI0IEHU S OCIOKHEHU, CBSI3aHHBIX C OOJIBIION
JUIMHOU HOBBIX HHTEPBAJIOB, pa3MepaMU NIepdHOpaToOpOB,
OOJIBIITUM OTXOJJOM OT BEPTUKAIN K HEOOXOAUMOCTBIO
nepdopanuu B JEUCTBYIOMEH CKBAXKUHE, ObLIIN
POAHAIU3UPOBAHBI HECKOIBKO METO/IOB. Hanboiee
3(PHEKTUBHBIM OKA32JI0Ch UCTIOJIb30BAHUE IEPENOBOM
CHUCTEMBI 7151 CITYCKA Y U3BJICYEHU S IEP(POPATOPOB C
CHCTEMOU KOJITIOOUMHTOBOI TENIEMETPUU C KAOETIEM, UTO
MO3BOJIMJIO OOECTIEYUTD O€30MACHOCTD PA6OT ¥ SKOHOMHUIO
3aTPAT IO CPABHEHUIO C TPAAUITUOHHOM nteppopartnuen
Ha Kaoeste. [Ipu NPOEKTUPOBAHNUH OBLIO IIPOBEAEHO
MozenrpoBanue JoxoxaeHus 'HKT 1o 11e1eBo rmyOuHsI,
PACYET JONYCTUMBIX YIAPHBIX HAI'PY30K, 4 TAKKE
HUCIIBITAHUS IS IPOBEPKHU IEKTPUIECKOTO KAHAIA CBI3HU
JUTS VIIPABJIEHUS IEPHOPATOPAMIL

171 TOYHOT'O KOHTPOJIS OCEBBIX HATPY30K BO BPEM S
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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 4. LATEST DEVELOPMENTS
IN EQUIPMENT, TOOLS, FLUIDS, AND
MATERIALS FOR INTERVENTIONS

Advance Live-Well Deployment
System in Caspian Sea Wells

C.McClean, D. Parra, A. Piven, K. Rhahimoyv,
Baker Hughes; F. Hadiaman, BP

Over the past years the usage of coiled
tubing as a prefer method to deploy long and
heavy guns in highly deviated wells has been
widely spread in the oil industry to provide a
single run without killing the well, perforate
in underbalance conditions, reduce risks and
improve job efficiency. The three wells are
located in the Caspian Sea. In two wells, the
objective was to isolate lower intervals and
perforate a new zone through tubing and
casing between two packers. On the other well,
the objective was to perforate a new interval
through casing after running a new completion
and isolate lower production zones.

Due to the challenges involving gross length
of the new intervals, guns size, well deviation
and live deployment needs several techniques
were evaluated. The best approach was to use an
Advance Live-Well Deployment (ALWD) system
to deploy and retrieve the guns with a tube wire-
enabled Coiled Tubing Telemetry (CTT) system
focus on both safety and cost saving compare
with conventional wireline perforating.
Extensive job planning involved coiled tubing
(CT) simulations to reach target depths, shock
loading modeling to ensure forces are within
CT string limitations, system integration test to
verify deployment/reverse technique procedure
and system communication to electrically
activate guns.

CTT integrated sensor assembly was used
during deployment/reverse operation with
a tension, compression and torque (TCT)
sub-assembly to monitor accurate upward/
downward forces. In addition, CTT logging



CITyCK4/TIO'bEMA UCTIONB30BANCA 6JI0K TenemeTpun THKT
C IATYUKAMU CUJI PACTSKEHUS, CXKATUS U KPYTAIIETO
MoMeHTa. KpoMme Toro, it onpeieeHus TITyOuHbI U
AKTUBALIMU NEPPOPATOPOB UCIOIb30BAJICS AJANTEP
T'MC. JanHasa cucTeMa C KOHHEKTOPAMU U IIPEBEHTOPOM
MO3BOJINJIA YCIIEITHO IPOBECTH CITYCK, TEP(POPALTUIO
WHTEPBAJIOB JUTMHOM 212, 246 1 104 M ¥ ITOCETY IO
HO’bEM KOMIIOHOBKH. B XOz1€ pab0T OBUIH ONPEEIEHDI
PEKOMEHIALINH /151 yCOBEPIIEHCTBOBAHM S IPOLIEAYPEI
CITyCK4/TIO'bEMA U KOH(PUTYPALTUH KOMIIOHOBKH.
VcnenmHsle MOoJIEBbIE PAOOTHI JOKA3AIH, YTO JAHHAA
cucreMa nepopaniu B CO4ETAHUHU C TEIEMETPUEN
Ha 'HKT asngercsa nHanbonee a(phEKTUBHBIM METOAOM
nep@Opanuu JIIMHHBIX UHTEPBAJIOB B YCJIOBUAX
JIEVICTBYIOIIEN CKBAXKHUHBI.

HenpepsbIBHOE IIMTAHUE CHCTEMBI
TeJEMETPHH C IIOMOIIBIO THOPHTHOTO
AJICKTPOOIITHICCKOI'O Ka0eJId II03BOJIHIO
COKPATHTH IIPOJOIZKHTEIBHOCTHh K
YIVIEPOIHBIH CJIe] pa0OT IO MPOMBIBKE
CKBa:KHHBI

A3BaH Xaau KeoHr, Xecyc Kammoc, AHgper Ka3zanm,
Anzaepc XanceH, Cunape Bunren, JKopau Cerypa,
Mapk Xodaxkep, Schlumberger; Texg BpropeH,

Hure ®occaan, Equinor

Ha HOPBEXCKOM KOHTHHEHTAJIBHOM HIENb(E MPOMBIBKA
CKBaKMH € nomMonibio Kontiobunra (F’HKT) Beinonnsercs
KOPOTKHUMH CITYCKAMH C YACTBIMU MIA6JIOHUPOBKAMHU
CTBOJIA U3-34 BBICOKOT'O PUCKA OCBINHU IIECKA B VIMHHOM
U HAKJIOHHOM 3a60¢€. /151 ONTUMH3AIIUU TAKUX PAOOT
UCIOJb3YeTCs cucteMa TeneMeTpun Ha THKT B pexxume
peanbHOro BpeMeHU. OOBIYHO CUCTEMA IIUTAETCS OT
3a00MHOTO JIMTUEBOT'O AKKYMYJ/IATOPA, YTO OTPAHUYHUBAET
BPEMS pabOTBEI MHCTPYMEHTA B CKBAKMHE. [ToaTOMY
JUIS IPOBEJIEHUS TAKUX Pab6OT HEOOXOAUMA CUCTEMA C
HEINPEPBIBHBIM TIUTAHUEM C IOBEPXHOCTU.

[ o6ecnedeHnss HENPEPBIBHOM NOA4H
JIEKTPOIHEPTUU C IOBEPXHOCTU HA JATUYUKHU
CKBaKMHHOTO MHCTPYMEHTA B PEKHME PEATTBHOTO
BPEMEHHU OBLI PA3PA0OTAH HOBBIN T'HOPH/THBIA
NIEKTPOONTUYECKHUH Ka6eIb. CUCTEMA COCTOUT U3
YCTBEBOT'O MOAYJISI MUTAHUSA, KOTOPBINA IIEPEAAET SHEPTHUIO
4Jepes CJION MPOBOJHUKOB C HU3KUM COIIPOTUBJIEHUEM,

U ONITOBOJIOKOHHOT'O KA0€JIf, IO KOTOPOMY EPEAAIOTCSA
JIaHHBIE TeseMeTpUn. Kak mpaBuio, 3a60MHOro
AKKYMYJIATOPA XBATAET TOJIBKO HA TPU-YETBIPE CITYCKO-
HO’BEMHBIX OIEPAIINHU. F3-32 CJIOKHOCTEN PAOOTHI B

MOPE 3aMEHA AKKYMYIATOPA MOXKET 3aHATD JI0 8 4YACOB.
ITpu HEMpepbIBHOM NUTAaHUU NpoMbIBKA THKT moxeT
IIPOBOAUTHCA B TEYEHHE HECKOJIbKUX JHEN C HEIPEPBIBHOM
epeadeh JaHHBIX OT 3A00HHBIX TATYHKOB.

Pa6oThI IO NpOMBIBKE TpeX CKBaKMH Ha 'HKT Ha
HOPBEKCKOM KOHTUHEHTAJIbBHOM IIENb(E TOKA3AIHN
MPEUMYIIECTBA HOBOM CUCTEMBI TEJIEMETPUH. TOUHBIE
MOKA34HHUA BECA U KPYTAIIErO MOMEHTA Ha 3200€
06€eCEYNIN OJTHBIN KOHTPOJIb TPOXOJKU YEPE3
WHTEPBAJIBI OTJIOKEHNUH U ITO3BOJIMJIN BBIITOJTHUTD PAOOTHI
0€3 OCTAHOBKH IBUTATEIISL. THTEPBAIBI OTIOKEHUI ObLIN
OIIPEJIEJIEHBI IO KOJIEOAHUAM 3260MHOI'O KPYTAIIETO
MOMEHTA (Ppe3bl. MOHUTOPHHT JAHHBIX ITO3BOJIAET

adapter assembly was used for depth
correlation and electrical guns activation. The
ALWD system; composed by connectors and
deployment blow out preventor (BOP), prove to
be an efficient way to run, perforate and retrieve
gross intervals of 212 m, 246 m and 104 m with
guns successfully. During all these jobs several
lessons learnt were created in order to improve
the deployment/reverse procedure for future
jobs including not only operational steps but
also deployment/reverse bottom-hole assembly
(BHA) configurations.

Based on the success of these case histories,
the ALWD combined with CTT system has
been proven to be the preferred method when
dealing with long perforation intervals in life
well conditions, thru-tubing environment.

Hybrid Electro-Optical Cable
Continuously Powers Downhole
Coiled Tubing Telemetry and
Enables Time and Carbon Footprint
Reductions During Extensive Cleanout
Interventions

Azwan Hadi Keong, Jesus Campos, Andrei
Casali, Anders Hansen, Sindre Vingen, Jordi
Segura, Mark Hofacker, Schlumberger; Ted
Brueren, Inge Fossdal, Equinor

On the Norwegian continental shelf (NCS),
coiled tubing (CT) cleanout requires small
bites and frequent wiper trips to the surface
due to potential sand bedding in a large and
deviated completion. A real-time CT downhole
measurement system is used to optimize the
operation, following a dynamic workflow.
Conventionally, the system is powered by
downhole lithium battery, which limits CT
downhole operating time. A continuous surface-
powered system was needed to promote further
optimization for such operation.

A new hybrid electro-optical cable was
introduced to enable continuous power supply
from surface to the real-time downhole tool
sensors. The system consists of a surface power
module that sends power through a layer of
low-DC-resistance conductors and optical fibers
that enable data telemetry. Conventionally,
only three to four trips can be completed
before replacement of the downhole battery is
required. Battery replacement can take up to
8 hours due to the complexity of that offshore
environment. With the continuous power
supply, the CT cleanout operation can continue
for days without interruption of data from the
downbhole tool sensors.

A three-well CT cleanout campaign in the
NCS demonstrated the benefits of this new
real-time downhole measurement system by
using accurate downhole weight and torque
readings to control the penetration through
scale and avoid motor stalls. Sections of scale
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ONEPATOPAM KOJITIOOMHI'A KOHTPOJIUPOBATH CKOPOCTh
NPOXOAKHU U AJIUHY KAXKJOI'0 3TAIla IPOMBIBKHU. [Tocie
BBIMBIBAHUS PACPPEZEPOBAHHBIX YACTULL TPOU3BOUTCS
3aMeP BECA, KOTOPBIX MOXKET OKA34Th IIEPBBIE

MPU3HAKU 3AKJIMHUBAHUA (PPESBI M3-34 TBEPABIX YACTHII,
KadecTBeHHOE U3MEPEHNE OO'bEMA BBIMBIBACMBIX
TBEP/BIX YACTUL IPOU3BOJAUTCS IO TAHHBIM TEKYIIETO
3200MHOTO IABJIEHUS U SKBUBAJICHTHON ITUPKYIIAIIMOHHON
IUIOTHOCTHU HA TEKYIIEH INyonHe. HempephIBHOE MUTAHUE
C YCThsI TO3BOJISIET YBEJTUYHUTBD JJIUHY KAXKJJOI'O 3TAIa
MIPOMBIBKH M CKOPOCTB BBIHOCA YACTHULI, UTO B KOHEUHOM
UTOT'E NPUBOJUT K COKPAILIEHUIO BpDEMEHHU PA0OT. B ogHOM!
U3 CKBAXKWH MIE€PEIAda JAHHBIX BEJTACh HEIIPEPBIBHO B
TeueHue 10 nuen noapsia. C nomoinpio 'HKT yaanocs
BBIMBITH B 00IIEH CJIOKHOCTU 40 908 KI' OTJIOKEHUH

U NIECKA, IPU 3TOM CPESHEE COKPAIIEHHUE BPEMEHHN
COCTABUIIO 25% MO CPAaBHEHUIO C TPOMBIBKOIM Ha THKT 6€3
MHEPEIAYUN CKBAXKUHHBIX IAHHBIX B DEKHUME PEAJIBHOI'O
BPEMEHMU.

INogaga MOCTOAHHOT'O BBICOKOBOJIBTHOT'O TUTAHUS HA
BHYTPHCKBAXKUHHOE OOOPYAOBAHUE HE TOJIBKO MMO3BOJISAET
COKPATUTb BPEMs PAOOTHI, HO U PACIIUPAET BO3MOKHOCTH
KOJNTIOOMHTOBBIX PA0OT, TO3BOJIAS UCIIOIb30BATh OOJIBIIIEE
KOJIUYECTBO 3a00MHBIX MHCTPYMEHTOB C AJIEKTPUYECKUM
MUTAHUEM. DTO AAE€T BO3MOXKHOCTD PEMIATH HECKOIBKO
pabounx 3agay 3a oguH ciryck FHKT, uTo rapantupyer
CHMIKEHHUE SKCIUIYATAIIMOHHBIX PACXOJOB U
YBETUYEHHE ONEPATUBHOI TMOKOCTU. Kpome Toro,

OTKa3 OT UCTIOJIb30BAHUA JINTUEBBIX OATAPEIN CHHUKAET
YITIEPOAHBIH CJIE[T, YTO OOECIEUYUBAET OOJIEE HIKOJIOTUYHYIO
KCILTYATALHIO.

IIpenmyurecrsa MOHUTOPHHI'A CKOPOCTH
IMUPKYJIAIIHHA PACTBOPA IpH ppe3epoBaHUH
H IIPOMBIBKE

KoptHu II3¥1H, YHICOH Hum, Cepxuo Poungon ®axappao,
Parian JIepy, Schlumberger

ITpOMBIBKA CKBAXKUHBI U (PPE3EPOBAHUE COCTABIISIIOT
OOJIBIIYIO YACTD KOJITIOOMHIOBBIX PA6OT IO BCEMY MUPY.
OHU NPOBOJATCA IS YAJICHUS U3 CTBOJIA CKBAKMUHBI
ECKA, OTIIOKEHU N, OCTATKOB IIEMEHTA WU TPO6KU I'PIT
C LIEJIBIO OOECIIEYEH N OECTIPENATCTBEHHOIO IPUTOKA
dmonia. Ha npOTSsKEHUU JECATUICTHI JOOBIBAIONINE
U CEPBUCHBIC KOMIAHUHU Y/IC/ISAIOT OOJIBIIIOE BHUMAHHE
METOAAM OIITUMHU3AUU 3TUX PAOOT U PA3PAO6OTKE
CIICIMAIBHBIX HHCTPYMEHTOB, PACTBOPOB, TEXHOJIOTUN U
MIPOTrHO3HBIX MOjie/Iel. TakKe pa3padbaThIBAIOTCS YCThEBbIE
CHUCTEMBI COOPA JJAHHBIX JIJI51 KOHTPOJISL COCTOSIHUS
konoHHbl 'HKT, pacxona Hacoca 1 06beMa PEATEHTOB.
OJIHAKO IIPH 3TOM CKOPOCTHU MOIBEMA KUJIKOCTH C
TBEPABIMU YACTUITAMHU HA IOBEPXHOCTD ITIOYTU HE
YAEJISI€TCSI BHUMAaHUE.

COCTAaB 1 KA4ECTBO PACTBOPA, 3AKAYHUBAEMOTI'O B
CKBAXKHUHY, YaIIl€ BCEI'O XOPOIIO U3BECTHBI, 4 PACXO/]
HA4COCA PETUCTPUPYETCS C TOUHOCTBIO 10 CEKYH/IBL.

B ommaue oT 3Toro, tHPOopMaiussa 06 06beMe JKUIKOCTH
H4 BBIXOJIE U3 CKBAKUHBI YACTO OI'PAHUYNBACTCS
NEPUOJJUUYECKUMHU PYYHBIMHU 3AMEPAMH YPOBHS XKUJKOCTU
B IIPUEMHBIX EMKOCTSIX, KOTOPBIE YACTO OCTAIOTCS O€3
BHUMaHM . OOPA31bl JKUAKOCTHU PEAKO AHATU3UPYIOTCS
JUISL KOPDPEKTUPOBKHU IAHHBIX MOCIUPOBAHUSL.
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bridges were identified during the cleanout by
monitoring fluctuations of downhole torque of
the mill. The monitoring allows CT operators
to control penetration rate and bite length
during the cleanout. When the milled debris
are swept, downhole weight is used to detect
early signs of solids plugging around the mill.
Downhole pressures complement surveillance
of the sweeping of solids to the surface by giving
a qualitative measurement of solids loading
through conversion of the real-time bottomhole
pressure reading into equivalent circulating
density with changing CT depth. The process
of optimizing bite length and sweeping speed
is repeated without interruption thanks to
continuous power supply from the surface,
eventually leading to time reduction. In one

of the wells, downhole tools uninterruptedly
acquired data for 10 days straight. The CT
managed to clean out a total of 40 908 kg of a
mixture of scale and sand, with an estimated
average time reduction of 25% when compared
to CT cleanout without real-time downhole
data.

Delivery of continuous high-voltage power
to downhole tools not only enables reduction
in operating time, it also paves the way for
extending the capabilities of CT interventions
by enabling the operation of more electrically
activated application tools. It allows combining
multiple work scopes in a single CT run, which
reduces operating cost and provides greater
operational flexibility. Finally, eliminating
the dependency on lithium batteries reduces
the carbon footprint for a more sustainable
operation.

Benefits of Digital Monitoring of
Flowback Returns During Coiled
Tubing Milling and Cleanout
Operations

Courtney Payne, Wilson Yip, Sergio Rondon
Fajardo, Ryan Leroux, Schlumberger

Cleanouts and milling make up most of
the common coiled tubing (CT) operations
around the globe. The objective of each is to
remove debris from a wellbore, such as sand,
scale, cement, or fracture plugs, to promote an
unobstructed flow path for fluids. For decades,
operators and service companies have focused
heavily on methods to optimize removal of
debris through the development of specialized
tools, fluids, techniques, and predictive models.
These are coupled with wellsite equipment
digital acquisition systems to capture CT
behavior, pump rates, and chemical additive
rates; very little attention has been given to the
rates of the fluid and solids being returned to
surface.

The composition and quality of fluids
being pumped into the well are often well



B pesynprare ynycKaeTcss BO3MOKHOCTD OIITUMHU3AIIUU
p36OTbI, d TAKXKE BOSMOXHOCTDb PAHHET'O BBISABIICHUA
OCJIOKHEHUI M CBOEBPEMEHHOT'O PEATMPOBAHMUSL

B 1aHHOM CTAaThE OIIUCBHIBAETCA IPOCTAA CUCTEMA
c60pa JAaHHBIX, KOTOPas ObIA PA3pab0TaHa U BHEIPEHA
Ha MECTOPOXACHUH /11 MOHUTOPHUHTI'A KDUTHYECKUX
IapaMETPOB CKBAKWHBL: PACXO/J HAd BBIXO/AC, BBIHOC
TBEP/BIX YACTUL], CKOPOCTb LUPKYIALIUN B 3aTPyOHOM
IIPOCTPAHCTBE U YNCJIO PEHHOIIB/ICA pACTBOPA B CKBAKUHE.
Cucrema 06€CIIEYUBAET TOCTOSHHBIA BU3YaIbHBIN
KOHTPOJIb 32 TEM, KaK T€ HUJIN NHBIEC ONIEPAIINIOHHBIC
penieHns BIUAIOT Ha 9(P(MEKTUBHOCTD BBIHOCA TBEPABIX
gacTull, Takke cucTemMa 06eCIIeduBAET BO3MOXKHOCTD
KOPPEKTHUPOBKU U OITTUMHU3ANNH IIPDOMBIBKY CKBAKHHBI.
Kpowme Toro, cucrema Aa€T BO3MOXKHOCTD OBICTPO
PaCIO3HABATH U PEATUPOBATH HA TAKHE OCTIOKHEHUS,
K4aK ITOCTENEHHOE WJIH PE3KOE CHUXEHHUE CKOPOCTU
LUPKYJIAIIUA PACTBOPA WU YMEHBIIEHUE OObEMA TBEPABIX
YACTHI, YTO MOKET OBICTPO IMIPUBECTHU K TAKIM CEPbE3HBIM
ITOCJIE/ICTBUSIM, KAK, HATIPHUMED, IPUXBAT TPYO.

Iepexo/ OT OYyPOBHIX BHINIEK K MOPCKHUM
CyZIaM JIJIsI IIOBBINIEHU S PEHTAOETHHOCTH
BHYTPHCKBAKHHHBIX padbOT

Marik driBepH, I3Bug Moppuc, Tounu Mopras, I'per
MbaHcoH, J3Buj I'mutecu, Schlumberger

I1o Mepe pa3BUTUS SHEPIETUUECKOTO PBIHKA,
JUBEPCU(PUKAIIUY CTPYKTYPHI IIOCTABOK U [TEPEXOA
Ha CTAHJAPTHI HYJIEBOI'O S3HEPTONOTPEOIECHUA
KOHKYPEHTOCIIOCOOHOCTb HEPTHU U ra3a IPUOOPETAET
BCe OOJIblIIEE 3HAYECHUE. [TpU OLIEHKE MIEIb(POBBIX
HEPTEra30BbIX IPOEKTOB PEMAIOMUM (PAKTOPOM HAUAJIA
CTAHOBUTBCS COBOKYITHAA CTOMMOCTD PA3PA0OTKHU U
IKCILTYAaTALIUN MECTOPOXKEHU HA IPOTIKEHUH BCET'O
JKM3HEHHOT'O UKJIA. [TpU 3TOM BCE OOMbIIEE BHUMAHUE
VAEIAETCA SKOHOMHUUYECKOHN 3(PPEKTUBHOCTH PAOOT.
TTOHMMAaHUE TOT'O, YTO *KU3HEHHBIN [TUKJI MECTOPOXK/ICHUS
HAYWHAETCS HA STAIE NPOEKTUPOBAHUSA, 3AKYIIOK,
CTPOUTENBCTBA U MOHTAKA OOOPYIOBAHUS, [IO3BOJIAET
ONEPATOPY MAKCUMAJIBHO 3(P(PEKTUBHO YIIPABIATH
paboTaMHM B TEYEHHE BCETO [IUKIA U TOOUBATHCS
C6ATAHCUPOBAHHON OITUMM3ALIUH KATTUTAJIbHBIX U
ONEPAILIMOHHBIX 3aTPAT.

OCHOBHBIM BUJIOM PA6OT JJ/1s1 IOAACPKAHUA U
ONTUMH3AIUH PAOOTHI TOABOAHBIX CKBAXKUH ABJIAIOTCA
BHYTPHCKBAKUHHBIE PAOOTHI — CTPOUTENBCTBO,
KCIUTYaTal U U JIMKBUAUA. [10 Mepe pa3BUTHA
TEXHOJIOTMH 3aKAHYUBAHUA MTOABIAIOTCSA BO3MOXKHOCTH
JUIS ONITUMU3ALIAY TOJBOJHBIX CUCTEM. OTHUM U3
HAMOOJIEE IEPCIIEKTUBHBIX HAIIPABIEHUH ABIACTCS
YIIPOLIEHHE CYIMIECTBYIONUX TEXHOJIIOTUI YEPE3
HCIIOJIb30BaHUE O0see 3POEKTUBHOM 6yPOBOI YCTAHOBKH
WU Cy[JHA. B JAaHHOM CTAaThE PACCMATPUBAIOTCSA HEKOTOPBIE
M3 JOCTYITHBIX PENICHUH, ITIO3BOJISIIONIHNE BBITIOTHSITD C
MOPCKHX CY/IOB T€ PaOOTBI, KOTOPBIC PAHBIIIE BBITIOITHSIIHCH
TOJIBKO Ha 6yPOBBIX YCTAHOBKAX. K HUM OTHOCSTCSA
CHUCTEMBI BHYTPHUCKBA)KMHHBIX PA60T C ITIOMOIIIBIO
pai3epoB, pEIICHUS JJ151 TH/IPABINYCCKUX YCTAHOBOK,
TEXHOJIOTUU JIMKBU/IAITUH CKBA’KUH U ITOJIBOHBIE CICTEMBI
PEMOHTA CKBAKHH.

B cTarpe npeAcTaBacHa OIICHKA PACCMATPHBACMBIX

characterized, and the pump rate is recorded
digitally to the second. By contrast, information
on the fluid being returned is frequently limited
to intermittent, manual surveys of the flowback
tank fluid level that often go unrecorded.

Fluid samples are rarely analyzed, even by
inexact measurements, to provide feedback to
the predictive model. This results in a missed
opportunity to optimize the operation as well as
to recognize and respond to undesirable trends
and actions in real time.

This paper describes a simple digital
acquisition system developed and implemented
in the field to digitally record, plot, and monitor
critical wellsite parameters including flowback
rate, solids returns, annular velocities, and
downhole Reynolds numbers. The system
provides a real-time visual aid to observe the
direct impact that operational decisions have
on cleanout efficiency and the opportunity to
correct and optimize the cleanout operation.
Furthermore, the system offers the opportunity
to rapidly recognize and respond to unexpected
trends such as a gradual or sudden loss in return
rate or a decrease of solids returns which could
rapidly result in serious consequences such as a
stuck-pipe situation.

TECHNOLOGIES

Transitioning from Rig to Vessel
Based Interventions to Maximize
Economic Recovery

Mike Avery, David Morris, Tony Morgan, Greg
Manson, David Gillespie, Schlumberger

As energy markets evolve, the supply mix
diversifies, and the push for a net zero energy
system accelerates, the competitiveness of oil
and gas has become increasingly important.

A focus upon the total cost of ownership
across the field lifecycle has begun to emerge
as a driving factor within subsea oil and gas
project evaluation, with greater emphasis on
cost-effective operations. Acknowledging that
the life of field begins within the engineering,
procurement, construction, and installation
phase of a project allows the operator to
influence through life activities to greatest effect
and achieve a balanced optimization of capital
and operational expenditure.

Intervention is a key activity for maintaining
and optimizing a subsea wells performance,
from initial installation, through the producing
life, and finally during decommissioning. As
completion technologies continue to evolve,
opportunities emerge for optimization of
the systems used to intervene upon subsea
wells. One of the largest areas of opportunity
is the simplification of a technique to permit
operations from a more efficient rig or vessel.
This paper explores some of the solutions
available today which allow historically
rig based activities to be performed from
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TEXHOJIOI'MU

METOJIOB B CPABHEHUU C AJIBTEPHATUBHBIMU ITOJIXOJAMH,
YTO MO3BOJISIET BEIOPATH ONITHMAJIBHOE PEIICHUE /IS
KOHKPETHOT'O CiIy4ast. TAKKE B CTAThE NPECTABICHBI
PEKOMEHAALINHU IO ONPENETIEHUIO KJIIOYEBBIX KPUTEPHEB
JULS IDUHATUS PELICHUS, 4 TAKXKE BO3MOXHOCTH U
OT'PaHHUYEHUA KAXKJOI'O U3 HUX.

BBIBOZIBI TOKA3BIBAIOT, YTO MIPUMEHEHHUE THOKON
TTOABOJHOM CUCTEMBI JOOBIYH MOYKET OOCCIICUYUTDH
CHMIKEHHE OOIIEN CTOMMOCTH BJIAJICHUS
MECTOPOXKJCHUEM JIJI51 ONIEPATOPOB. B CTAThE ONMUCAHBI
METO/bI BHYTPUCKBA’KUHHBIX PAOOT, KOTOPBIE ITO3BOJIAIOT
HCIIOJIb30BAThb Cy/1a 60JI€€ HU3KOTO KJI1acCa. CHIKEHUE
TPEOOBAHUN K XAPAKTEPUCTUKAM CY[HA ITO3BOJISAET
COKPAaTUTb JJHEBHYIO CTABKY U JJINTEIBHOCTD PA0OT, 4
TAKIKE MOBBICUTD 3(PPEKTUBHOCTD PA3PAOOTKH BCETO
MECTOPOXAeHUA. [IpUMEHEHHE CYAOB YIPOIIAET
TUTAHUPOBAHHUE PAOOT U CHUIKAET 3aTPATHI HA
MOOUIU3AUIO O60PYAOBAHMS. THOTIA 3TO NO3BOJISIET
CJIENIaTh HEKOTOPBIE PAHEE HEJOCTYITHBIE BUJBI PA6OT
3KOHOMUYECKU 3(PPEKTUBHBIMU.

Cexnusa 5. CIIYCK HHCTPYMEHTOB HA KABEJIE.
PA3PABOTKH, OBJIACTU IPUMEHEHN A,
TEXHHUYECKHE PEINEHUA

O1eHKA COCTOAHHA 00CATHBIX KOJIOHH C
IIOMOIIIBI0O MHOT'OPBIYAKHOI'O KABEPHOMEPA ”
YABTPA3BYKOBOH 1€ (PEKTOCKOIIHNH C AHATH3IOM
HU3HOCA. THOPHUIHBIN ITOIXOI

Xaccan Axmepn, Pakistan Petroleum Limited; Moxamma,
Pamrug XaH, Schlumberger; Kampan Pamug, Pakistan
Petroleum Limited; AGxysa Bapu, Schlumberger; Caiien,
Ooct Ann, Pakistan Petroleum Limited; Taaxxa 3y6arip,
Myxammag Coxan6 Tausup, Ycman AH:xyM, Schlumberger

O11€HKa U3HOCA OOCAHBIX TPYO UMEET NEPBOCTEIIEHHOE
3HAYEHUE /11 OOECIIEUEHUS 1IEJTIOCTHOCTU CKBAXKUHBL JIJ151
OLIEHKH BHYTPEHHHUX MTOBPEXK/JEHUI O6CAIHBIX KOJIOHH
yxe 6osee 50 JIET UCIONB3YIOTCS MHOTOPBIYAKHBIE
KaBEPHOMEPBL VIIBTPAa3ByKOBAA 1€(PEKTOCKONUA
BBICOKOT'O PA3PEUIEHU S, HOSIBUBIIASACA OTHOCHTEIBHO
HEJABHO, TO3BOJISIET ONPEJEIUTD TONIUHY OOCATHON
KOJIOHHBI ITyTEM IIEPEIAYH YIBTPA3ZBYKOBBIX UMITYJIbCOB,
BBI3BIBAIOIUX PE3OHAHC KOJIOHHBL B CTaThe ONMUCAHBI
PabOoTEI HA PA3BEJOYHOM I'A30BOU CKBAXKUHE, KOTOPAs
HAXOJWJIACh O] yTPO30Y JIMKBUJAITUH U3-32
OCNIO’KHEHU !, CBA3AHHBIX C U3BJICYEHUEM HHCTPYMEHTOB
U IPUXBATOM Ka6€J151 B OOCA/THOM KOJIOHHE TUIIOPA3MEPA
178 MmMm. BBLJIO TPOBEAEHO UCTIBITAHHUE HOBOU TEXHOJIOTUH
KOMOWHHPOBAHU S MHOTOPBIYa>KHOI'O KABEPHOMEPA U
VIBTPA3BYKOBOM IE(PEKTOCKONUH JJI1 TOYHOT'O AHATN3a
HOBPEXAECHUN C IOMOIIBIO THOPUHOM TPEXMEPHONU
MOP(OIOTNYECKON BU3YAIU3AIUN OOCATHOHN KOJIOHHHBI,
KOTOPas UCIONIb30BAIACH JJIs1 TPOBEPKH KOMITBIOTEPHBIX
MOJEJIEH TOMIMHHBI OOCATHOM KOJTOHHBI.

J1J151 OLIEHKH COCTOSTHUSA O6CATHOM TPYObI OBLIIO
PELIEHO 3aJEUCTBOBATD 24-PhIYa KHbIN KABEPHOMED,

4 JIJ1s TIOBBIEHU A TOYHOCTH JAHHBIX IIPUMEHAACH
YVIBTPA3BYKOBaAs ic(peKTOCKONU. 7151 06pabOTKHU
JIAHHBIX KABEPHOMEPA C PA3HBIX PIYAT'OB UCTIOIb30BAJICS
TPEXYPOBHEBBIN MPOLIECC, BKJIIOYAIOM U KATUOPOBKY
PBEIYAroB, KOPPEKTUPOBKY KABEPHOMEPA U3-34
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vessels. These include riser based intervention
systems, hydraulic intervention solutions,
well abandonment technologies, and subsea
workover control systems.

An evaluation of the presented techniques
against alternative approaches is shared, to aid
the reader in selecting the optimal solution for
an application. Guidance is provided to assist in
identifying the key decision criteria, complete
with the capabilities and limitations of each
solution.

The conclusions identify that designing a
subsea production system with the flexibility to
accommodate life of field activities can deliver
reduced total cost of ownership to operators.

A key part of this is consideration of optimized
intervention techniques which can leverage
simpler vessels for deployment and operation.
By reducing the vessel specification, broad
benefits can be realized including reduced asset
day rate, reduced operational duration, and
increased asset availability globally. This permits
improved scheduling and reduced mobilization
costs, in some cases enabling intervention
activities which otherwise would not be
economical.

Session 5. WIRELINE DEVELOPMENTS,
APPLICATIONS, AND SOLUTIONS

Evaluating Casing Condition
Through Integration of Multi-Finger
Calipers and Ultrasonic Imaging
with Casing Wear Analysis — A Hybrid
Approach

Hassaan Ahmed, Pakistan Petroleum Limited;
Mohammad Rasheed Khan, Schlumberger;
Kamran Rashid, Pakistan Petroleum Limited;
Abdul Bari, Schlumberger; Syed Dost Ali,
Pakistan Petroleum Limited; Talha Zubair,
Muhammad Sohaib Tanveer, Usman Anjum,
Schlumberger

Casing degradation evaluation is of prime
importance to ensure well integrity system
reliability and sustainability. Multi-finger calipers
have been around for more than 50 years and
are used to assess internal casing damage. In
addition, high resolution ultrasonic imaging,
introduced relatively recently, determines casing
thickness by transmitting pulse-echo waveforms
to initiate thickness-mode of the casing through
induction of mechanical resonance. A high-
profile exploratory gas well was at stake of being
compromised due to fishing and cable sticking
incidents in the 7-inch section. In this work, a
novel combination of multi-finger caliper and
ultrasonic imaging is investigated to accurately
determine metal loss with assistance of hybrid
threedimensional casing morphological
visualizations which is then utilized to validate
casing derating models and ensure well integrity.
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SKCLUECHTPUCUTETA, 3ATUITAHUS U CMEIIECHUSI PhIYAT'OB.
TaK>ke /1J151 CBOJTHOT'O OTYETA IO KOPPO3UU U PACUYETA
TOJIIIMHBI METAJJIA ObLII IPOBE/ICH CTATUCTUYECKU
aHa1u3. [lasiee Noay4eHHAs XaPAKTEPHUCTUKA PEZOHAHCA
06CaJHOM TPyObI ObLIa COMOCTABIEHA C HOMUHAJIBHOM
TOIIUHON JI51 ONPEAEIECHU IIPOLICHTA YTOHEHMUS.
Kpome Toro, 1151 06€CredeHus JOCTOBEPHOCTH JJAHHBIX
OBLJI IPOBE/ICH MATEMATUYCCKUH AHAIU3 PE3YIBTATOB
M3MEPEHUN BHYTPEHHETO Pauyca 06CaJHON TPyOHL,
THOJIYYEHHBIX C IOMOIIIBIO OOOUX UHCTPYMEHTOB.

B pesynbrare 66l NONIyIeHBI 3D-MOAEIH, KOTOPLIE
J1aJ7I1 BO3MOKHOCTD BBISIBUTD JIOKAJIbHBIE TIOBPEKACHUS
KOJIOHHBI.

[Ba pa3HBIX [TO/IXO/A TO3BOJIUJIU HOTYYUTH
KOMIUIEKCHYIO XaPAKTEPUCTHUKY COCTOSIHUSA OOCATHOHU
KOJIOHHBIL. 3HAYCHU S BHYTPEHHETO PAANYCA, UBMEPEHHBIC
KaBEPHOMEPOM, ObLJIN COITOCTABUMBI CO 3HAYECHUSIMH,
BBIYUCJICHHBIMU C HOMOIIBIO Y/IBTPA3ByKOBOU
JIEe(PEKTOCKONUN. DTO MO3BOJINIIO OOECEUYUTD Hoiee
TOYHBIE IaHHbIE. Ha ygacTke 06CaTHOM KOJTOHHBI
TUIIOpa3Mepa 178 MM Ha UHTEpBaIE JIUHOU 40 M ObLIU
OOHAPYKEHBI BIIA/IUHBI CPEHEN MTHTEHCUBHOCTH, TJIE

MAaKCHMAJIbBHOE PA3PYIIEHUE 10 PACYETAM IIPEBLIIIAIO 20%

OT HOMUHAJIBHOM TOJIIMHBI TPYOBL OTU BIIAJUHBI MOIJIH
MOABUTBCA IIPU CITYCKE/TIObEME Oy PUIBHOIM KOJIOHHBI
nn KHBK. Takoke NOBPEXAEHUA B 3TOM HHTEPBAJIE MOTYT
OBITb CBA3aHBI C BLICOKMMHU GOKOBBIMU HATIPSAKEHUSAMU
MU3-34 UICKPUBJIEHUA CTBOIA. KpOMe TOTO, ObLII BBIABIIEH
€I11€ OJJUH UHTEPBAJI HA MaJIOH IITyOHHE, I/Ie HAOII0A/1ACh
NOTEHLMANbHAS JepopMaLiisa 00CaAHOU KOJIOHHBI
(yBEJIMYEHME OBAJIILHOCTH). PE3yIBTATEI MOIETMPOBAHNA
KPYTAIIETO MOMEHTA U COIPOTUBJIEHHUS, 4 TAKIKE

JAHHBIE 10 TPAEKTOPUH CKBA’KHUHBI ObLIIA COITOCTABJIEHEI
C AaHAJIU30M ITOBPEKIEHUI KOJIOHHBI 10 JAHHBIM
HUCCJIEJOBAHUH, YTO ITOMOIJIO IIPOBECTHU TOYHYIO OLICHKY
COCTOSIHUSA CTEHOK KOJIOHHBL.

Koppo3usa B CKBA3KHHE — OIIBIT PA0OT IIO
IEKTPOMATHHUTHBIM H3MEPEHHAM TO/JINIHHBI
TPYyO

Suapro Umpu, Maneri Kozaxoscku, Omap TopkH, ATUTHA
Apmue Buazkxas, Halliburton

MOHUTOPUHT KOPPO3UHU TPYO ABIAECTCA OTHUM
U3 BAXKHEHUIINX ACIIEKTOB IIPU IIPOBEACHNUU
BHYTPHCKBAXKUHHBIX PA6OT. DTU JAHHBIE UCIIOJIb3YIOTCS
JULS IPOEKTHUPOBAHUSA M OOOCHOBAHMS IIOOBIX PAOOT,
HAMPABJIEHHBIX HA IPOJJIEHUE CPOKA CJIYKOBI CKBA’KHUHBIL.
CTaH/JapTHBIMU UHCTPYMEHTAMH JJ151 UCCIIETOBAHUS
KOPPO3UHU TPYO ABJIAIOTCSI MHOT'OPBIYAKHBIE
KaBE€PHOMEDBI, KOTOPBIE JAI0T TOYHYIO OLICHKY
BHYTPEHHETO COCTOSIHUA TPYObL. Kak MpaBuiIo, 3TN
JaHHBIE 3ATEM AHAJIM3UPYIOTCS U COIIOCTABIIAIOTCA C
HOMMHAJIBHBIMH TEXHUYECKUMHU XAPAKTEPHUCTUKAMH,
YCTAHOBJIEHHBIMH IPOU3BOAUTEIIEM JIJISI KAXKION
TPy6bl. OJHAKO MPH TAKOM NOJXOJE UCTIONb3YIOTCSA
OIIPEEJIEHHDIE JOIYIIEHM A JJIs BHEIIHETO AUAMETPA
TPYOBL, YTO MOKET CHU3UTh TOYHOCTb U3BMEPEHUA
U IIPUBECTHU K HEMTPABUJIBHBIM PACYETAM TOJIIUHBI
CTEHKMU. B TaHHOM CcTaTbhe PACCMOTPEHBI CIy4au, KOIa
KOMOWHHPOBAHUE KABEPHOMEPA U IJIEKTPOMATHUTHOI
TONIIUHOMETPHHU ITO3BOJIHJIO IOBBICUTh TOYHOCTD OLIEHKH
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In order to evaluate the casing condition,
it was decided to run a 24-finger caliper tool
and to make up for loss of coverage area,
ultrasonic imaging was employed. In order
to process caliper data from various fingers, a
three-tier process was applied which includes
finger calibration, caliper correction due to
eccentricity, finger sticking, finger offset, and
lastly statistical analysis was conducted to
generate corrosion summary report for metal
penetration computations. Next, characteristic
of the casing resonance was processed to
measure thickness and compared with the
nominal thickness to determine metal loss
percentage. Furthermore, arithmetical analysis
of internal casing radius measurements
from both the tools was done to ensure
data reliability. Ultimately, combining the
measurements, 3D descriptions were generated
in order to better characterize localized damage.

A multi-physics approach led to a
comprehensive characterization of in-situ
casing condition. Consistency between
internal radius measured by the calipers and
deduced by pulse-echo arrivals was observed,
improving confidence on the end-product. In
the 7-inch casing section, a 40-meters interval
was identified to have medium intensity
grooves where the maximum penetration was
computed to be in excess of 20% of the nominal
pipe thickness This groove can be associated
with tripping in / out operations of drill string
or BHA. Also, the log results agree with the
relatively higher side forces across this interval
due to increased dog-leg-severity. In addition,
cyclic response in radius measurements
identified another zone where potential casing
deformation (ovalization) near the surface was
observed. Results of torque and drag simulations
and well trajectory parameters were integrated
with casing degradation analysis from the logs
which assisted in qualifying well barrier status
for the casing.

Full Well Corrosion Insight —
Case Studies in the Added Value
of Electromagnetic Thickness
Measurements During Well
Interventions

Andrew Imrie, Maciej Kozlowski, Omar Torky,
Aditya Arie Wijaya, Halliburton

Monitoring pipe corrosion is one of the critical
aspects in the well intervention. Such analysis is
used to evaluate and justify any remedial actions,
to prolong the longevity of the well. Typical
corrosion evaluation methods of tubulars
consist of multifinger caliper tools that provide
high-resolution measurements of the internal
condition of the pipe. Routinely, this data is then
analyzed and interpreted with respect to the
manufacture's nominal specification for each



COCTOSIHUSI BHYTPEHHET'O U BHEITHETO TUAMETPOB TPYO.

B paccmarpuBaeMbIX OIlEpanuaX UCIIOIb30BAJIC
MHOI'OKAHAJIbHBIN 3JIEKTPOMATIHUTHBINA TOJIIITHOMED,
padboTaMUI OFHOBPEMEHHO HA HECKOJIBKUX
4aCTOTAX. DTOT IPUOOP UCTIONB3YETCA /I U3MEPEHUS
TOJIIINUHBI CTEHOK HECKOJIBKUX KOJIOHH (IO IIATH) U
paboTaeT HENPEPBIBHO, BBINOIHAA U3MEPEHUS B CBOEM
YACTOTHOM JUana3oHE. [17151 3(PHEKTUBHON TUATHOCTUKHU
nenoctHocTu THKT u 06caiHBIX TPYO 32 OHY CITYCKO-
HOA’BEMHYIO OIIEPATHIO TOJIIIUHOMED ObLIT O6bETUHEH
C MHOTOPBIYaKHBIM KaBEpPHOMEPOM. KoMOMHA1I M IBYX
OPUOOPOB MO3BOJIAET OTYYHUTD JAHHBIE ITIO BHYTPEHHEN U
BHEIIHEN KOPPO3HH, A TAKKE JAHHBIE 110 TOJIIIMHE CTEHOK
T'HKT u 06cagHOM KOJTOHHHI.

B cTarhe OMMCaHO HECKOIBKO paboT: 1) ycnenHoe
OBHAPYKEHHUE HECKOJIBKUX YYACTKOB YTOHEHUS (JIO 32%)
HAa BHEITHEN TOBEPXHOCTH KOJIOHHBI, INTYOMHA KOTOPBIX
KOPPEIMPOBAJIA C UHTEPBAIAMHU HOABUKHBIX COJIEBbIX
OTJIOKEHNH, 2) OJMHAKOBbBIE IOBPEX/IEHNA HA IBYX
TpybaX, 3) CJIydau, KOI/Id TONBKO OJAMH MHOTOPBIYAKHBII
KaBEPHOMEP HE IAE€T TOYHOI'O IPEICTABIECHUS 00
UCTUHHOM TOJIIIIMHE CTEHKU. [TocnenHsist pabora,
OIIMCAHHAA B CTATHE, IOAYEPKUBAET IIPEUMYIIECTBA
KOMOWHHPOBAHUA HECKOJIBKUX NHCTPYMEHTOB JIJISI OLIEHKHU
COCTOSIHUSA CTEHKH OO6CATHOM KOJIOHHBL

MeTannmmJyecKkue TONIUHOMEDHI, pa6OTaIom e Ha
JIEKTPOMATHUTHBIX BOJIHAX, UMEIOT MAJIbINA HAPYKHbBIA
JUAMETP, YTO MO3BOJIAET UM IPOXOJUTD YEPE3 CYKEHUH,
I7I€ YIBTPA3BYKOBBIE TOJNIIIMHOMEPHI HE TPOIAYT. Kpome
TOT'O, JIEKTPOMATHUTHBIE THCTPYMEHTBI PA0OTAIOT B
JIIOOOM THUIIE CKBAKMHHOI JKMJIKOCTH U HE ITOJIBEPKEHEI
BJIMAAHHIO YACTHULL LIBETHBIX METAJIJIOB, KOTOPBIE MOT'YT
IPUCYTCTBOBATDb HA BHYTPEHHEHN CTEHKE TPYyOBL. CoueTaHne
B3aMMO/IONIONHAIONIUX TEXHOJIOTUI MHOTOPBIYaKHOT'O
K4aBEPHOMEPA U AJIEKTPOMATHUTHOI'O TOJIIUHOMEPA
MO3BOJIAET MOJIYIUTD 1BA HE3ABUCUMBIX JATYNUKA JIJIA
TOYHOI OLIEHKH COCTOSHUSA CKBA’KUHBI.

AKYyCTHYECKAA Cb€MKAa BBICOKOI'O
paspenieHu s /11 UCCIACTOBAHU A IIOBPEKICHHU I
00CaTHOM KOJIOHHBI B MECTE PA3MEICHSI
poOOK I'PII B rOpHU30HTAJIBHBIX CKBASKHHAX

Kannep BapauHacku, DHTOHH BarTucren, Tom
JIurndgopa, Fpup CumncoH, CruBeH PoO6iHCOH, DarkVision
Technologies Inc.; Mopran MaptuH, Ilnpc AHAepcoH, ARC
Resources Ltd.

HiccnetoBaHNE COCTOSTHUSL CKBAXKHMHBI ITOCTIE
TUAPOPA3PHIBA IIJIACTA C HIOMOUIBIO TBEPAOTEIBHBIX
AKYCTUYECKUX IPUOOPOB BEICOKOT'O PA3PEIIEHUSA
MOKa3a/10, 4TO NpOoOKU I'PIT 4acTO HE BHINOIHSIOT CBOIO
PyHKIIHIO. O HETEPMETUYHOCTH IPOOOK MOXKHO CYJUTh
MO JAHHBIM O JABJIEHUH HA IOBEPXHOCTH U ICOUTE.
OIHAKO BBICOKAS YACTOTA CIYYAEB HETEPMETUYHOCTH,
BBISIBJICHHBIE IPUYHUHBI U HAJTMYHUE CUIBHBIX 3PO3UOHHBIX
MHOBPEXAECHUN B MECTAX YCTAHOBKH IIPOOOK MO3BOJAIOT
CJIEJIATh BBIBOJ], YTO 3TU IIPOOIEMBL TPEOYIOT HOsIee
INIYOOKOTro u3ydeHus. CyOMHUIIIMMETPOBBIE TPEXMEPHBIE
U300PAKEHM S, ITIOJIYIYEHHBIE C TOMOMBIO AKyCTUYECKUX
MHCTPYMEHTOB BBICOKOT'O Pa3pPENIEHM S, TO3BOIHIN
MOJIYYHUTB MOJHYIO HH(POPMAIUIO O YACTOTE CIIyYAEB
HETEPMETUYHOCTU TPOOOK, TPUYNHAX U CTENIEHU BIUAHUSA

tubular. However, this requires assumptions

on the outer diameter of the tubular may add
uncertainty, and incorrectly calculate the true
metal thicknesses. This paper will highlight
cases where the integration of such tool and
electromagnetic (EM) thickness data adds value
in discovering the true condition of both the
first tubular and outer casings.

These case studies demonstrate the use of a
multireceiver, multitransmitter electromagnetic
(EM) metal thickness tool operating at multiple
simultaneous frequencies. It is used to measure
the individual wall thickness across multiple
strings (up to five) and operates continuously,
making measurements in the frequency domain.
This tool was combined with a multifinger
caliper to provide a complete and efficient
single-trip diagnosis of the tubing and casing
integrity. The combination of multifinger caliper
and EM metal thickness tool results gives both
internal and external corrosion as well as metal
thickness of first and outer tubular strings.

The paper highlights multiple case studies
including; i) successfully detecting several
areas of metal loss (up to greater than 32%)
on the outer string, which correlated to areas
of the mobile salt formation, ii) overlapping
defects in two tubulars and, iii) cases where a
multifinger caliper alone doesn't provide an
accurate indication of the true wall thickness.
The final case highlights the advantages of
integrating multiple tubular integrity tools when
determining the condition of the casing wall.

Metal thickness tools operating on
EM principles benefit from a slim outer
diameter design that allows the tools to pass
through restrictions which typically would
prevent ultrasonic scanning thickness tools.
Additionally, EM tools are unaffected by the type
of fluid in the wellbore and not affected by any
non-ferrous scale buildup that may present in
the inside of the tubular wall. Combinability
between complementary multifinger caliper
technology and EM thickness results in two
independent sensors to provide a complete
assessment of the well architecture.

TECHNOLOGIES

High Resolution Acoustic Imaging
of Plug Related Casing Damage in
Hydraulically Fractured Horizontal
Wells

Kacper Wardynski, Anthony Battistel, Tom
Littleford, Greer Simpson, Stephen Robinson,
DarkVision Technologies Inc.; Morgan Martin,
Pierce Anderson, ARC Resources Ltd.

While assessing post-hydraulic-fracture
perforation growth using solid-state, high-
resolution acoustic imaging tools, it was noted
that plug failures were occurring at a high
frequency. Though plug failures can be observed
from hydraulic fracture surface pressure
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Ha 3P HEKTUBHOCTD THAPOPA3PHIBA IUTACTA. AKYCTUYECKHE
UHCTPYMEHTBHI JAIH BO3MOXHOCTDb IPOSICHUTD IPUYUHBI
U OIIPEJEJINTD BO3MOKHDIE PELICHUs. B JaHHOU CTATHE
NPENCTABJIEHBI COBOKYITHBIE JAHHBIE O TOBPEXKICHUAX
CTEHOK O6CAJHOU KOJIOHHBI B MTHTEPBAIAX YCTAHOBKH
pOOOK B 6osee yem 2700 Cy4dasx U BbIABIECHbBI
OmpeeIeHHbIE 3aKOHOMEPHOCTH HAd OCHOBE 4HAIN34
3TUX JAHHBIX. TAKKE B CTATbE NOKA3aHO UCTIONIb30BAHHE
AKYCTHYECKUX IIPUOOPOB BLICOKOI'O PA3PEIMEHH B IBYX
omepanuax.

AP eKTHBHOE MEPEKITIOUCHUE CABHKHBIX
MYy@T C TIOMOIIBIO YJIEKTPOKAOEII B
TOPH30OHTAJIBHBIX CKBASKHHAX C OOJIBIITHM
OTXOAOM OT BEPTHKATH

Tomac May4awueH, Illapar Knmop, AManga OJIHBHO,
Moctada Axmen, Schlumberger

CTraH1apTHBIE KOJITIOOMHIOBBIE PA6OTHL B ITTyOOKHX
TOPU3OHTAJIBHBIX CKBA’KMHAX MOI'YT OBITh OCJIOKHEHBI
M3-34 BBICOKOT'O PHCKA NPUXBATa. [Ipy NCMIOIb30BAHUH
CTAHJAPTHBIX HHCTPYMEHTOB IEPEKIIOUCHUSA [T
OTKPBITUS U 3aKPBITHS HECKOIBKUX MY(PT TPeOyeTCs
HECKOJIBKO CITyCKOB. B JAHHOM CTAThE OIHCAH IPUMEDP
Ooneparny, KOTopas BKIIOYAIA CAEAYIONIUE STABL:
OTKPBITHE MY(PTHI C UCTIOJIb30BAHHUEM JIEKTPOKAOE,
LUPKYJISAIMIO XKUJIKOCTU Yepe3 My(PTy B 3aTPyOHOE
OPOCTPAHCTBO, 3AKPLITHUE MY(PTHI 1 IOBTOPEHUE 3TOT'O
LUKJIA JUIS PYTON MY(PTHI B CKBAKUHE C JUTMHHBIM
TOPU3OHTAJIBHBIM YY4CTKOM — 32 OJHY CIIYCKO-TIOJ/bEMHYIO
OIIEPALIHIO.

B cTaTbe ONMMCAHDBI PA3TTMYHBIE METO/ABL, KOTOPBIE
MOTYT OBITb UCTIOJIB30OBAHBI JIJI1 TOYHOI'O ONPEIE/ICHUS
npoduier My(QThI ¥ 3aLEIIEHU KJIIOYEH C
UCIIOJIb30BAHUEM CKBAKMHHOTI'O TPAKTOPA, KA6EA U
CaMOT'O UHCTPYMEHTA NEPEKIIIOUEHU S C YEPBIIHBIM
MEXAHU3MOM. MHCTPYMEHT NEPEKTIOYEHUS C
NIEKTPOKAOENIEM ITO3BOINII KOHTPOJIHPOBATD U IPOBEPATH
OTKDBITHE U 3AKPBITUE MY(PT B PEXKHUME PEAJIBHOI'O
BPEMEHHU C IOMOIIBIO BCTPOEHHBIX JATYUKOB. JIJaHHAA
TEXHOJIOT'MS OBbLIA YCIIEITHO IPUMEHEHA HA HECKONIBKUX
CKBaKMHAX, TJI€ TPEOOBAIOCH BELITECHUTD *KUJIKOCTD U3
KOJIBLIEBOI'O MIPOCTPAHCTBA ITOCJIE CITYCKA KOMIIOHOBKH
YMHOI'O MHOT'OCTAJUHHOI'O 3aKAHYMBAHUA. B CKBAKHBI
OBLIH CITYIIEHBI XBOCTOBUKU C MY(PTAMU B 3aKPBITOM
MOJIOKEHUH. 32TEM OBLIIN BBIITOJTHEHBI PAOOTHI ITO
OTKDPBITHIO MY(TBI, IPOKAYKE KUJKOCTH U IMTOCTAEAYIOMEMY
34KPBITHIO. BO BpeMA HUPKYIALIMU )KUJIKOCTU MTHCTPYMEHT
(PUKCUPOBAJICA IIJIAIKAMHA B CTBOJIE CKBAKUHBL [Tocie
LUPKYIALINUA My(PTA 3aKPBIBAJIACDH. 3ATEM TAKas XKE
onepanus ObLIa IPOBEAEHA HAa BTOPOU Mmydre. Bee
PaboThI 6bLIIM BBIIIOJIHEHBI 34 OUH CITYCK. ITpyu 3TOM
JOTIOJIHUTEJIBHOT'O CITyCKA JIJIA IIPOBEPKU MOJIOKEHU A
MY(T HE NOTPEOOBAIOCH, TOCKOIBKY [IPOBEPKA
OTKDBITHSA/3AKPBITUA MY THI IPOU3BOAMIIACH C IOMOIIBIO
UHCTPYMEHTA IIEPEKITIOUECHMUSL.

Bo BpeMs pabOTBI TPOBOAMIMCH U3MEPEHHA B
pEAIBbHOM BPEMEHHU. DTU U3MEPEHUS ONIPENIEIIAIIN, B
KAKOM MOJIOKEHUH HAXOAATCA MY(PTBL: B OTKPBITOM,
34KPBITOM WJIH IPOMEXYTOYHOM. HEMTONITHOE OTKPBITHE
MY(PTBI OIIPEAENAIOCH 1O JATYUKAM B MHCTPYMEHTE
MIEPEKIIOYEHUS. DTO OBLIIO OCOOEHHO BAXKHO LIS

64 Ne 4 (078) Oexabps/December 2021

and flowrate data, the aggregate frequency,
causes, and severity of the resulting erosional
damage at plug locations was not previously
well understood and highly speculative. The
sub-millimetric three-dimensional imagery
generated from high resolution solid-state
acoustic tools significantly improved the
industry's awareness of plug failure frequency,
mechanisms of failure, and the resulting impact
to stimulation efficiency. These acoustic tools
helped to uncover the causes and explore
possible solutions to failing plugs. This paper
presents aggregate data encompassing casing
wall loss at over 2700 plug locations and
presents emerging trends that appear across
the broader dataset. In addition, this paper
showcases the usage of high-resolution acoustic
imaging in two operator-specific case studies.

Efficiently Shifting Sliding Sleeves in
Extended Reach Horizontal Wells with
Electric-Line: A Case Study

Thomas Mauchien, Sharat Kishore, Amanda
Olivio, Mostafa Ahmed, Schlumberger

Traditional intervention operations with
coiled tubing (CT) in extended reach horizontal
wells might be difficult to access due to
lockup from frictional forces and operational
inefficiencies. Using conventional shifting
tools requires multiple runs to shift open and
close multiple sliding sleeve doors (SSD). This
paper is a case study of an electric-line powered
shifting intervention operation to shift open an
SSD, circulate fluids though the sleeve and into
the annulus, and then close and repeat this for
another SSD in a long horizontal well—all in a
single run.

The paper discusses the different methods
that can be used to efficiently seek and latch
onto the shifting profiles using a tractor,
wireline cable, and the shifting tool itself with an
inchworm motion. The electric-line shifting tool
monitored and verified the opening and closing
of the sleeves in real time using its onboard
sensors. These techniques were effectively
deployed in multiple wells that required the
annulus to be displaced with fluid after running
smart completions. The completions were
installed in the well with the SSDs in a closed
position, and the shifting intervention consisted
in opening the SSD, pumping fluids through
the sleeve, and closing the SSD. The tool was
anchored in place in the wellbore during the
entire circulating operation, and the SSD was
subsequently closed. This operation was then
repeated on the second SSD in the wellbore, and
the entire operation was completed in a single
run. Also, no additional caliper run was needed
as the shifting tool verified the position of the
SSDs.

These methods were used in a long horizontal



06€eCeYeHN s MAKCHMAJIBHOI'O PACXO/1A )KHUJIKOCTH
4Jepes3 My(PTY B KOIBLIEBOE IPOCTPAHCTBO. PadoTa ¢
UCIIOJIb30BAHUEM IEKTPOKAOEIS ObLIA BHIIIOJIHEHA
YCIIEMHO. BO3BMOXXHOCTB BBIITOJIHUTD PAOOTHI 32 OHY
CITyCKO-TIOJIbEMHYIO ONIEPALIMIO TO3BOJINIIA COKPATUTD
JUINTENBHOCTD ONIEPALIHH.

B cTaTbe BIEPBLIE PACCMATPUBAIOTCS PA3JIMYHBIE
METO/bI BHYTPUCKBAXKUHHBIX PA0OT C UCTIOJIb30BAHHUEM
ANNEKTPUYECKOTO Kabes. I[TpeICTaB/IeH HOBBIN METO/, B
KOTOPOM MHCTPYMEHT MEPEKIIOUEHUS (DYHKITUOHUPYET
K4K KAaBEPHOMED, YTO MO3BOJIAET ONPEJEIUTh U3MEHEHUE
BHYTPEHHETO IUAMETPA KOMIIOHOBKH 3AKAHUYNBAHUA
JULS 3ALETIIEHUSA C LIEJIEBBIM IPO(MHIIEM MY(PTBL DTO
JIA€T BO3MOKHOCTb YTOYHUTb MECTOIOJIOKEHHE
IpOMUIA MY(PTHI ¥ BBINOJTHUTD HAZEKHOE 3aLECTITIEHUE.
B 3aK/IIO4EHUE CTOUT OTMETHUTD, YTO B CTATHE BIIEPBLIE
CONOCTABJIEHBI JAHHBIE O TEOPETUYECKON MEXAHHUKE
NEPEKIIOYEHUA MY(PTBI, PEZYIBTATH UCIIBITAHUI U 3AMEPEI
MapPaMETPOB C MOJIEBOI ONEPALIHHN.

oBsrmeHue 3P HEKTHBHOCTH KAOE/Ib-
KAHATHBIX Pa0OT C IIepeaadeii JAHHBIX B
peXKHMMe peaTbHOI'O BPEMEHH 110 CPABHEHHIO C
TPATHUITHOHHBIMH KAHATHBIMH H KA0€IbHBIMH
padoramu

®psak XuHH, Halliburton Energy Services;
Muxauia Maiiopos, Saudi Aramco; I:k0H CIBH/IK,
Halliburton Energy Services

TexHOIOrnsA Kab€eIb-KaHATHBIX PA60T, UCIIOIb3YIONMAsl
PaIMOYACTOTHI JIJISl HEPEJAYM JAHHBIX, IPUMEHSIETCS HA
MECTOPOKCHNH ¢ KOoHIa 2016 roja. 32 3To BpeMst
O TAKOU TEXHOJIOTUH 6BLIO BBIIIOJHEHO 6071€€
600 oneparuit Ha MeCTOPOXKAeHUH 1 2000 orepaIuit 1Mo
BCEMY MUPY. BbIJIO OTYGIMKOBAHO HECKOJIBKO CTATEH, TIE
Ka6€eb-KaHATHASI TEXHOJIOTHS 3AMCHMJIA TAKHE PAOOTHI HA
Kabere, Kak nepgopaiysi, yCTaHOBKA IPOOOK C B3PbIBHBIM
U HEB3PBIBHBIM METO/IAMH AKTUBAIUU, KAPOTAXK U JIPyryUe
BHU/IBI PA6OT. B CTATBHAX Y/JIE/151JI0OCh MCHBIIIE BHUMAHUS
BOIIPOCAM 3(PHEKTUBHOCTU CUUTHIBAHUS IAHHBIX HA
YCTBE BO BPEMSI CTAH/IAPTHBIX KAHATHBIX PA6OT, I71€
OCHOBHBIM IPEUMYIIECTBOM SIBISIETCSI BO3MOKHOCTbD
UCHOJIb30BAHMS 51CA. TEXHOIOT U KaOE/Ib-KAHATHBIX
pa6oT 6pLIA IPEACTABICHA HA PHIHKE B KOHIIE 2016 rofa,
U C TEX ITIOP COOTHOIIEHUE MEX/Y KOJIMYECTBOM PabOT
Ha KaHaTe U KabeJie COXPaHsIOCh Ha ypoBHe 60/40,
THOCKOJIBKY C TIOMONIbIO KAHATHBIX PA6OT B OOJIBIITUHCTBE
CJTy44€B BBIIIOJHAETCS TTIOJITOTOBKA U TIOBTOPHBIN 3AITyCK
CKBAXKUH B 9KCIUIYATAIUIO, 4 HA KaOeJI€ IIPOBOASTCS
UCCJIEAOBAHMUS U PEMOHT. B CTaThe IPEACTABIEH AHAIN3
PaboT, KOTOPBIE IOKA3AJIH, UTO IEPEAAYA U CYUTBIBAHNE
JIAHHBIX B PEAJIBHOM BPEMEHU MTPEAOCTABIISIOT IIOJIHYIO
UH(OPMALUIO O XO/I€ PAOOT IO 3aMEHE T'A3IU(PTHOTO
KJIAIIAHA U HECTAH/IAPTHBIX PA0OT 10 OOHAPYKEHUIO
YTEYEK.

Ha Texymui MOMEHT UMEETCA JOCTATOYHBIHN
00'BEM JJAHHBIX, YTOOBI O TBEPANUTD [IOBBIINICHHE
3P PEKTUBHOCTU UCIIONB30BAHU S TEXHOJOTUU KAOECIb-
KAHATHBIX PA0OT HA PATUOYACTOTAX ITO CPABHEHUIO
CO CTAH/JIAPTHBIMH PAOOTAMU HA KAHATE UJIN KaOeIe.
MOHTAX KOMITAKTHOH YCTAHOBKH JIJIS1 KAOEJIbHBIX PA0OT
TO3BOSAET COKOHOMHTH HECKOJIBKO Y4COB B 3aBUCHMOCTHU

well with the help of real-time measurements.
The tool measurements identified if the SSDs
were in open or closed position or anywhere
in-between. The shifting tool provided
confirmation via its measurements that

the sleeve was not partially open. This was
particularly important when pumping fluid
through the annulus to achieve the maximum
flow through the sleeve. Operating using
electric-line was extremely efficient and
eliminated the need to perform multiple runs,
thus achieving time savings on the rig.

This is the first time that a paper discusses
the different seek methods that can be used
for carrying out a electric-line mechanical
intervention operation. It represents a novel
method using a shifting tool as a caliper to
probe and measure the completion inner
diameter changes while seeking for the profile.
It provides a valuable method for reliably
and confidently locating and latching onto a
shifting profile. Finally, this is the first time that
a paper correlates the theoretical mechanics of
shifting a sliding sleeve with consistent results
from system integration tests and downhole
measurements from the real job.

TECHNOLOGIES

Digital Slickline: Case Studies
Highlighting Impact of Real-Time
Slickline and Efficiency Improvements
Compared to Traditional Slickline &
E-Line Interventions

Frank Heaney, Halliburton Energy Services;
Mikhail Mayorov, Saudi Aramco; John Savage,
Halliburton Energy Services

Digital Slickline (DSL) using radio frequency
(RF) communications has been deployed in the
field since late 2016 and has completed more
than 600 jobs, and 2000 runs globally. Several
papers have been published outlining how
DSL has been deployed for eline replacement
services such as perforating, explosive and
non-explosive plug setting, production logging,
and various other services. What has been
less discussed are the efficiencies with surface
readout (SRO) downhole data during typical
slickline (SL) interventions where jarring is the
prominent feature. RF DSL was introduced to
the market in late 2016, and since this time,
the split between SL and eline replacement
services has been relatively consistent at 60/40.
The separation isn't unreasonable as most
interventions start as SL to prepare the well,
move to a diagnostic or well repair phase, and
close-out with SL to bring the well back onto
production. Case histories presented will outline
how SRO in-situ data give operations confidence
tasks were completed as planned on gas lift
change-outs and non-typical functions like a
smart hole finder for leak detection.

Today, we have an adequate sample size to
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OT CJIOXKHOCTH PAOOTHI, 4 TAKXKE COKPATUTD KOJITMYECTBO
pPadboT IO MOHTAXKY/IEMOHTAXKY JIJIS1 CMEHBL MEXY
KaHATOM U KabeseM. [1o Mmepe BHEAPEHU S TEXHOJIOTUU
HA00p CKBA’KUHHBIX UHCTPYMEHTOB TOCTOSHHO
PACHINPAETCA, YTO NTO3BOJISIET YBEJTUYUTD OOIACTD
OPUMEHEHUS CTAHJAPTHBIX KAHATHBIX Pab0T. [ToMruMO
AHAJIN3A OBBIEHUA 3(PPEKTUBHOCTH, B CTATHE TAKKE
MNPEICTABIEHBI XAPAKTEPUCTUKHN KA0EJIS C IOTUMEPHBIM
HOKPBITUEM: IPOYHOCTD HA PA3PBIB, KOPPO3UOHHAS
CTOUKOCTb, COBMECTHMOCTB CO CKBA>KMHHBIMH
JKHJIKOCTSIMHU U IPYTUE KITIOUEBBIE ITIOKA3ATENH.

B 3aKJIIOYEHHE B CTATHE IPEACTABIEHBI HOBBIE TEXHOJIOTUU
JULS TIOBBIIEHUA 3(P(PEKTUBHOCTH.

Cexnusa 6. IOBBIINNEHUE OITEPAITMOHHOM
DDOOEKTUBHOCTHU U BE3OIIACHOCTH PABOT,
OBECIIEYEHHE KOHTPOJIA 3A CKBASKUHOM

PenteHME TEXHUYECKHUX U JIOTUCTUIECKHUX
IIPOOIEM BO BpEMSA pA0OT IO BBIMBIBAHHIO
34,5 TOHH IIPOIIIIAaHTA

CruseH Kperir, IIaTgapanys CooacaxopH, Baker Hughes

INocne I'PIT HA MECTOPOXK/IEHUH HA mmeabde TyHuca B
CTBOJIE CKBA’KUHBI OCTAJIOCH O0J1e€ 34,5 TOHH IPOIIIAHTA.
[171aCTOBOE AABJIEHUE OBLIO 3HAYUTEIBHO HUKE
TUAPOCTATHYECKOTO. [TnaTgopma Ob11a HEOOBIIOH, C
OT'PAaHHUYEHHBIM IPOCTPAHCTBOM NAITYOBI U KPAHAMU
MaJIO¥ TPY30NOAbEMHOCTH. J1J151 3aKAHUYMBAHU A CKBAXKUHEI
UCIIOJIb30BAJIMCh XPOMHUPOBAHHBIE TPYOBI, KOTOPBIE PAHEE
SBJISZIACH IPUYUHON A0PA3UBHOI'O U3HOCA KOJIOHHBI
I'HKT. 3aaya 3ak/11049a71aCh B 3(PHEKTUBHON U 6€30I1ACHON
OUYMCTKE MPOIMIIAHTA C TOMOIIBIO KOJITIOOHMHT A,

IIpeapiaype paboTel IO IPOMBIBKE CKBAKUHBI ObLITU
IPOBE/ICHBI C UCIOIB30BAHNEM KOHIIeHTpHUYeckor THKT
U CTPYHUHBIX HACOCOB. MI3HAYAIBHO IIJIAHUPOBAJIOCH
HOBTOPHUTB 3TU PAGOTHL ITpu MOAETUPOBAHNUY PAOOTEI
OBLJIO HEOOXOUMO YUYECTh HEOOXOAUMOCTD IEPEKAYKU
JKMJIKOCTH M 430Ta C CYJHA CHAOKEHU A, OTPAHUYEHHBII
06'BEM JIOCTYITHOT'O a30T4, HU3KYIO CKOPOCTb BEBIHOCA
TBEPBIX YACTUI] U3-32 TEXHUYECKUX OTPAHUYEHUI
HA YCThE, 4 TAKXKE OTCYTCTBHE PA3PEIIEHU HA COPOC
JKMJIKOCTH B MOP€E. KOMIIIEKCHBIE NTHXXEHEPHBIE
U3BICKAHU S, PACYET JIOTUCTUKU, TAOOPATOPHBIE
WCITBITAHUSA U OLIEHKA PUCKOB IIPOBOJJUINCH B TEYEHHE
Tpex MecAanes. C MOMOMIBIO IEPEAOBOIO IIPOTrPAMMHOTO
obecrnedeHns ObLIO BBIITIOJIHEHO MOJEIMPOBAHUE
Pa3HBIX BUJIOB PAOOT: MPOMBIBKA Hd KOHLIEHTPUYECKOA
I'HKT, npsiMas IpOMBIBKA (CO CTAHJAPTHOM U
YCOBEPIIEHCTBOBAHHON KOMIIOHOBKOM HU34 KOJIOHHBI
U C pa3nnuyHbIMU pazmepamu 'HKT) u o6parHas
IPOMBIBKA. TaKKe 6blJIO PACCUUTAHO OOLIEE BpEMSI
PaboThl, HEOOXOAUMBIN OOBEM )KUAKOCTH U A30T4, A TAKKE
KOJIMYECTBO PENCOB CyIHA JJIA YTUIN3A1TUH CKBAXKUHHOM
NPOAYKIIMU U JOCTABKH 430T4. [IpH IIIaHUPOBAHNH
PaboT OBbLIIU BBISIBIIEHBI TPU JOIIOJHUTEbHBIE IIPOOIEMBIL,
KOTOPBIE MOIVIM BO3HUKHYTb. BO-TIEPBBIX, HPOIIIAHT MOT
3aKYIOPUTH CTBOJI CKBAKUHBL. OJJHAKO JIAOOPATOPHBIE
UCITBITAHUA [IOKA34JIH, YTO 3TO HE BBI3OBET OCJIOKHEHHUI.
BO-BTOPBIX, M3-32 IMTOBBIIIEHHOI'O COAEPKAHUA
CEpOBOOPOAA 6bIJIO HEOOXOUMO IPOAYMATD 3AIUTY
KOsoHHBI THKT 1 BBIKMJHOM IMHUH. B-TpeThUX, MaTEPHAT
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validate the efficiency improvements deploying
RF DSL compared to the traditional SL/eline
intervention model. The one rig up setup off a
small footprint slickline unit has proven to save
multiple hours depending on the intervention
complexity, and the number of eline rig up & rig
down sequences eliminated. As the technology
gains acceptance, the tool portfolio has
continuously expanded, and we have started to
leverage opportunities on traditional slickline
services to minimize deferred production.
Efficiency savings are well documented, but

the paper will also detail the polymer-coated
cable performance, with focus on breaking
strength, corrosive parameters, wellbore fluid
compatibility and new critical performance
indicators completed before each job. We will
close out by summarizing some of the newer
technologies that will continue the improved
efficiency theme.

Session 6. IMPROVING OPERATIONAL
EFFICIENCY, HSE, AND WELL CONTROL

Overcoming Extreme Technical and
Logistical Challenges to Successfully
Cleanout 76,000-LBM Proppant

Steven Craig, Patcharapun Soodsakorn,
Baker Hughes

A fracture treatment in offshore Tunisia
screened out leaving over 76,000-1bm proppant
in the wellbore. The well was significantly
under-hydrostatic. The platform was small and
had limited deck space and low capacity cranes.
The completion incorporated chrome tubulars
with a history of causing abrasion failure to
coiled tubing strings. The challenge was to
efficiently and safely clean out the proppant
with coiled tubing (CT).

A prior cleanout campaign had been
conducted with concentric CT and jet pumps.
An initial design focused on repeating this
method. The engineering analysis had to
account for fluid and nitrogen pumping
being conducted from a supply vessel, limited
nitrogen volume, low the solids return rate
due to surface handling limitations, and no
fluid discharge permitted to sea. A combined
engineering, logistical study, laboratory testing
and risk assessment was undertaken over the
course of three months. Engineering utilized
advanced cleanout modelling software to review
concentric CT cleaning, forward cleaning (with
and without optimizing cleaning Bottom Hole
Assembly (BHA) and with various sizes of CT),
and reverse circulating. Logistics analyzed
the overall operation time, fluid and nitrogen
requirements and the number of boat trips to
replenish/change well returns and nitrogen.
Three additional challenges were present.

First, proppant could have packed off creating



I'HKT gomxeH 6611 ObITh CTOMKUM K A0PA3UBHOMY

U3HOCY. [IpaBunbHbIN noa60p Matepuana THKT nmen
MEPBOCTENIEHHOE 3HAYEHUE, IIOCKOIBKY HAMOTKY TPYOBI Ha
WIATPOPMY IIJIAHUPOBATIOCH BBITIOIHATD C CyJJHA U JII006As
aABapUS CUJIBHO CKAXETCS HA JJINTEJIbBHOCTU PAOOTHI U
PEHTAOENTBHOCTH NPOEKTA.

B pesynbrare 6bL1a BBIOPpAHA CJIEAYIONAS TEXHOIOT U
OPOBEAEHMS PA6OT: B MHTEPBAJIE HAJI IIJIACTOM — OOpaTHasA
MPOMBIBKA, B MHTEPBAJIE IIJIACTA — IEPEXO]] HA PSMYIO
MPOMBIBKY C IByX(pa3HOM IUPKYIALHEN. [JaHHBIE CO
CKBaKMHHOT'O MAHOMETPA MTO3BOJISITIA ONIEPATUBHO
BBIABJIATD IOIVIOMEHUE PACTBOPA WUJIN I'A30BYIO AYKY.
PaboThI 6BUIM YyCHIENTHO 3aBEPIIEHEL B aBrycre 2019 roga.
IToCcTaBIEHHBIE 33/1a49U OBLIH BBITTOJIHEHBI 3(P(PEKTUBHO
u 6e3 npoucnecTBU. CKBaKMHA 6bLIA 3AITYIICHA B
IKCITYATALIMIO HA 8 THEN PAHBIIE 3AIIJIAHUPOBAHHOTO
CpoOKa.

B cTarhe noipOOHO ONMCAHA TOIHAS KOHIICTIITUS
PabOTEL, 3TANIBI IPOEKTUPOBAHUA U PEATTU3AIINHY, 4 TAKXKE
AHAJIN3 PE3YIBTATOB.

Pa3paboTKa Ie3BHH /IS CPE3HBIX IIJIALIEK
MaJIOT'O YCHJIHU A 151 BBICOKONIPOUYHBIX THKT
Cxort IlllepmaH, Nexus Energy Technologies

3a nocneguue 20 JIeT IPOYHOCTb MATEPUAIA
ucnonbzyeMblx THKT BbIpocia OT Mapku cTanu 70 ¢
npezesom rekydectu 483 MIla (70 000 psi) 4o MapKu
140 c mpepenom TekydecTu 965 MIla (140 000 psi) ¢
YBEJIMYEHUEM TOJIIUHBI CTEHOK. [ToaTOMY yCHIme,
HEOOXOANMOE 171 CPE3a TPYOBI, BO3POCJIO OOJICE YEM B /IBA
pasa. B 6onbmuHCTBE yeTaHOBOK 'HKT MakcumanibHOE
JIaBJIEHHE B IPOTHUBOBBIOPOCOBBIX PEBEHTOPAX
cocrasiset 20,7 MITa (3000 psi). B ¢BA3u ¢ 3TUM BO3HUKIIA
HOTPEOHOCTD B Pa3pPaOOTKE JIEZBUH JJ15 IIIAIIEK
MIPEBEHTOPOB, CHOCOOHBIX CPE34Th BBICOKOIIPOYHBIE
TPYOBI C UCTIOIb30BAHUEM TOT'O 2K€ OOOpyAoBaHus. [Ipu
3TOM HOBBIE JIE3BUS IOJIKHBI CPE3ATh TPYOBI TAK, YTOOBI UX
MOYKHO OBLIIO JIETKO U3BJIEYD U3 CTBOJIA CKBAYKIHBL

IIpOYHOCTD IIPU CPE3E PACCUUTHIBAETCS IO KPUTEPHIO
MAaKCHMaJIbHOT'O HAIPsKEHUA (KpUTEPUIT (POH Mu3zeca)
CIEAYIONIUM OOPa30M:

IIpenen NpOYHOCTH IPU CPE3E/TIPENET
Tekydectn = IN3 =0,577

ITOCKONBKY KpUTEPUI MAKCHMAJIBHOI'O HAIIPSKEHHU A
ABJIAETCS NPUOINU3UTEBHBIM, 4 C IOMOIIBIO
BBIIIEIPUBEIEHHOT'O PACYETA TPYIHO YYECTh YHUKAJBHYIO
T€OMETPHIO JIE3BUSA, OBUIN IPOBEAECHBI OO PHBIE
JIaGOPATOPHBIE UCTIBITAHUS, YTOOBI PA3PA6OTATH
JIE3BUE JJI1 PE3KU BBICOKOIIPOYHBIX THOKHUX TPYO C
MHHUMAJIbHBIM I'MJIPABIMYECKHUM YCUIHEM.

B cTaTbe ONMMCAaH UTEPAITMOHHBIA ITPOLIECC PA3PAOOTKNA
HOBBIX JIE3BUI CO 3HAYUTEBHO MEHBIIUM YCHUJIMEM. BbLin
MPOTECTUPOBAHBI PA3JIMYHBIE TEOMETPHUU PEXKYIITUX
MOBEPXHOCTEN, BKJIIOYAS BADUAHTBI C HECKOJIbBKUMH
MOBEPXHOCTSAMU.

KpuTepHsaMu yCIemHOoro TeCTa 6blIM CHUKEHUE YCHIIUA
Cpe3a, IpUeMIIEMBINA IPO(PUIb CPE3AHHOU YaCTHU TPYOBI
JUIS JIOBUJIBHBIX PAOOT M OTCYTCTBUE MOBPEXKACHUN
HAa JIE3BUAX ITOCJIE UCTIONb30BAHUA. B pesynbrare
J1260PATOPHBIX UCIIBITAHUI OBbLI BBIOPAH Hanubosiee
NEPCIIEKTUBHBIIN BAPUAHT JIE3BU 1, KOTOPBIH 34TEM OBLI

difficulties for some of the processes under
review. Laboratory testing was conducted

and confirmed this would not be a concern.
Second, the well was sour and considerations for
protecting the CT string and handling hydrogen
sulfide (H,S) in the return stream were required.
Third, CT string optimization was required to
reduce potential abrasion failures. Avoiding CT
failure was paramount as the string would be
boat spooled onto the platform and any failure
would severely impact operating time and
project finances.

The chosen method was primarily fluid only
reverse circulating when cleaning above the
formation, changing to forward circulated two
phase operation when close to the formation.
The downhole pressure gauge in the completion
provided early warning of lost returns or of gas
kicks. The operation was successfully, efficiently
and safely completed in August 2019. The well
was handed back to production 8 days ahead of
schedule.

The paper will cover the complete concept
and detail design, execution and post-job
analysis.

Development of Low Force Shear
Blades for High Strength Coiled Tubing
Scott Sherman, Nexus Energy Technologies

As coiled tubing grades have evolved over the
past 20 years from 70 grade with a minimum
yield strength of 483 MPa (70,000 psi) to 140
grade with a minimum yield strength of 965
MPa (140,000 psi) and wall thicknesses have
increased, the resulting force required to shear
coil has more than doubled. Most coiled tubing
units have a maximum pressure of 20.7 MPa
(3000 psi) available for the blow out preventers
(BOP) hydraulic circuits. There was an industry
need to develop a shear blade for BOPs that
could cut high strength coiled tubing using
legacy pressure control equipment already in
use. Additionally, the new shear blades must
create a fish that can be easily retrieved from a
wellbore.

Shear strength is estimated using the
maximum distortion criterion (von Mises yield
criterion) as follows:

Shear strength/Yield strength = 1N3 =577

Since the maximum distortion criterion
is merely an approximation and unique
blade geometries are difficult to take into
consideration using the above calculation, a
considerable amount of hands on lab testing was
required to design and optimize an elegant shear
blade for cutting high strength coiled tubing
with minimal hydraulic forces.

The paper will share the iterative process
as novel shear blades were developed that
significantly reduced shear forces. Multiple
piercing tip geometries were tested, including
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YCOBEPIIEHCTBOBAH /IS 3(P(PEKTUBHOU PA6OTHI IPU
MHOT'OKPATHBIX CPE3AX.

B pesynbrarte 66110 pa3zpaboTaHO HOBOE JIE3BUE,
CIIOCOOHOE CPE3ATH BBICOKOIIPOYHYIO THOKYIO TPYOY C
YCHUJIMEM B 2 PA3a MEHBIIIE OOBIYHOTO.

I'paHULIBI TPUMEHEHUS THOKUX TPYO PACIIUPAIOTCH,

U YK€ CEMYAC BBITTOIHAIOTCA PAOOTHI, KOTOPBIE €111
HECKOJIBKO JIET HA33/] CYUTAINCh HEBO3MOXKHBIMU.
[ToaToMy OYZET IPOJOIKATHC TEH/ICHIINS PA3PA00OTKU
00J1€€ TPOYHBIX THOKUX TPYO C YBETMUYEHHO TONIIUHON
creHku. HoBas reomeTpust JIE3BUU IPEBEHTOPOB,
pa3paboTaHHAA B PAMKAX JJAHHOI'O IIPOEKTA, OOECIIEUUBAET
BO3MOXKHOCTB B TEKYIIEM IIPOTUBOBBIOPOCOBOM
060PYJOBAHUU UCTIOIB30BATh HE TOJILKO HOBEUIITUE
BbICOKONIpOuYHBIe 'HKT, HO 1 TPyOBI TEX I'PYIIII IPOYHOCTH,
KOTOPBIE HAXOAATCS B CTAAUU PA3PAOOTKH.

Ananu3 nokasaresner 3(PPEeKTHBHOCTH IIPH
Pa3oypHUBaAHHUH IIPOOOK U MIPUXBATAX TPYO
IIox BpayH, Bparian I'an6wu, CoilData LLC

B cTaTbe NPEACTABIECHBI 3A1IATEHTOBAHHBIE AJITOPHUTMBI
CONOCTABJIEHUS TAHHBIX C BBICOKOU CTENIEHBIO
JIOCTOBEPHOCTH, KOTOPBIE OBLIN UCIIOIb30BAHBI JJ15
aHaIM32 60JIBIIOTO O6'bEMA JAHHBIX C KOATIOOMHI'OBBIX
paboT no pa3bypUBAHUIO IPOOOK U PAOOT C IPUXBATAMHU
Tpy6. Kitouesble nokasaTenu 3(pPEeKTUBHOCTH,
MOJIYYEHHBIE B PE3YIBTATE 3TOI'O AHAJIN3A, JAIOT
MOPEACTABIEHUE O TEHJCHIUAX PA3BUTHA OTPACIH B
OyAYILEM IO PETUOHAM U MOI'YT CJIY>KHUTB ITOJIEZHBIM
OPHEHTHPOM JJ11 HE(PTECEPBUCHBIX KOMIIAHUI U
ONEPATOPOB.

JlaHHBIE O ITTyOHHE, BECE TPYOBI U IABJICHUHN U3
Pa3IUYHBIX HICTOYHUKOB IEPEAABAINCH M XPAHWINCH B
o611er 6a3€ B TEUCHUE IISITH JIET. BbLJI CO3/1aH ApXUB U3
6osnee ueM 39 000 painos ¢ JaHHBIMU. C HEJBIO OTYYCHU S
CTATUCTHKH IO KJIIOUEBBIM ITOKA3aTENAM 3(PPEKTUBHOCTHU
ObLIa IPOU3BEJEHA OOPAO6OTKA JAHHBIX IO ITTyOHUHE
U Becy ¢ 6osee 500 000 onepanyii 1o pa3déypuUBaAHUIO
po6ok u 760 ciyuaes npuxsara THKT. Mcrionb3oBaHue
TMIOKA34TEJIEN YCTHEBBIX TATYUKOB /111 KOTMYECTBEHHON
OILIEHKH 3260MHOI0 COCTOSHUA UMEET HEKOTOPBIE
OTPAaHHUYEHU A, HO JAHHBIA METOZ, ITIO3BOJIUII C JOCTATOYHO
BBICOKOM TOYHOCTBIO BBIIBUTD U ITPOAHAIU3UPOBATH
OIIpE/IENIEHHBIE 3aKOHOMEPHOCTHU. PE3yIbTaThl aHAIN32
ABJIAIOTCA KOH(PUAEHITUAIBbHOU MH(POPMALIHEH,

OJJHAKO KOMITAHUU MOT'YT CPABHUTDb CTATUCTHUKY IO

CBOUM MOKA3ATEAM (IPOAHATU3UPOBAHHYIO CBOUMU
AITOPUTMAMH) CO CPETHUMHU ITOKA3ATEIAMH 110 OTPACIIH,
CIPYyNIHUPOBAHHBIMU I10 I'OAAM U PETHOHAM, YTOOBI
ONPENENNUTD CBOU KOHKYPEHTHBIE IIPEUMYIIECTBA U TOUKH
pocTta. Kpome 3Toro, 4OOBIBAIONAA KOMITAHUA ITOJTy4aeT
BO3MOKHOCTb CPABHUTD MOKA3ATEJIN PA3JIUYHBIX
CEPBUCHBIX KOMIIAHUH (TIOJIYyYEHHBIE NCKIIOYNTEIBHO

OT CBOMX ITOAPATYHNKOB), KOTOPBIE IPEJOCTABHUIIN TAKHE
JIaHHBIE.

B cTaTbe peACcTaBaeHbl CTATUCTUYECKUE JAHHBIE 1O
onepanuaM pazdbypuBaHusg IPOO6oK I'PIT 1 OCIOXKHEHUN
C IpUXBATOM TPY6 B CEBEPHOI AMEPHKE 34 IIEPUOJ C
2016 1o 2020 rop — mepPUO/L 3HAYUTETbHBIX NU3MEHEHUIT
B orpacau 'HKT. JaHHBIE TIOKA3bIBAIOT, YTO CPEJHEE
BpEMsI Pa30ypUBAHUSA IPOOOK COKPATUIIOCH, [IPU 3TOM
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embodiments with several piercing tips.

Success criteria was reduced shear force,
acceptable fish profile on the lower piece of
coiled tubing, and no damage to the blades
after use. The embodiment that showed the
most promise, based on lab testing was further
optimized to improve its performance over
multiple cuts.

The result was a novel shear blade that is able
to cut high strength coiled tubing with 50% of
the normal shear force.

As the industry continues to push the limits of
coiled tubing with extended reach applications
thought impossible only a few years ago, higher
strength coiled tubing with increased wall
thicknesses will continue to evolve. The new
shear blade geometry developed in this project
ensures that not only can the latest grades of
coiled tubing be sheared in legacy pressure
control equipment, but also future grades of
coiled tubing that are in development.

Analysis of Plug Drilling and Stuck
Pipe Performance Metrics
Paul Brown, Brian Gunby, CoilData LLC

A large collection of data recorded during
coiled tubing (CT) operations has been
analyzed using proprietary pattern recognition
algorithms to identify downhole events with a
high degree of confidence. These events include
the drilling of plugs and stuck pipe incidents.
Key performance indicator (KPI) metrics
derived from this analysis provide insight into
industry trends over time and by region, and can
provide useful performance benchmarks for
service providers and operator companies.

Depth, weight and pressure data from
multiple sources has been streamed and stored
on a shared platform over a five year period,
creating a record of over 39,000 data files.

This data was processed to generate KPI-type
statistics for over 500,000 detected plugs and
760 possible stuck pipe scenarios, based on
analysis of depth and weight signatures. Using
surface measurements to quantify downhole
events has some limitations, but the method
has proven sufficiently robust to allow useful
trends to be observed and evaluated. While

the analysis is confidential to the parties
involved, a contributing company can compare
their ‘performance’ statistics (as evaluated by
the third party algorithms) against averages
representative of the industry at large, arranged
by year and geographic region, to identify areas
of relative strength or weakness. An operator
company can likewise compare metrics for
different service providers (derived solely from
jobs performed for their company) for those
which elect to share data in this fashion.

This paper presents statistics for plug drilling
operations and stuck pipe incidents in North
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COKPATUJIOCh KOJIMYECTBO KOPOTKUX CITYCKOB U ITUKJIOB
U3ru6a Tpyosl. 110 3TUM JAHHBIM MOKHO C/IE/IATh BBIBO/,
4TO /11 HEKOTOPBIX KOMITAHUH YCKOPEHUE PAOOT NIPHUBETIO
K 60J1€€ YACTHIM HMJIN 60JIE€ CEPbE3HBIM IPUXBATAM,

B TO BPEMS KAK IPYTUE KOMITAHHUU CTOIKHYIHUCH C
MEHBIIUM KOJIMYECTBOM TAKHUX OCIOKHECHUH. DTOT
CPAaBHUTEIBHBIN aHAINU3 ITIOKA3BIBAET, YTO MO JAHHBIM C
YCTBEBBIX JATYUKOB MOXKHO CYJJUTH O COCTOSIHUH Ha 3200¢€,
4 UTOT'OBBIE IOKA3ATEIHN 3(PPEKTUBHOCTU MOT'YT CUJIBHO
PAa3/IMYaTHC MEXKY KOMITAHUSIMU, MECTOPOK/ICHUSIMU U
reorpauyeCKUMH PETUOHAMU.

PEMOHTHO-U3O0JIAIUOHHBIC paGOTI)I
C IIOMOIIBIO 3aKpbIBaeMbIrx my@dt I'PII

Bapyu I'yramasn, bpenTon Yu3sman, Bpaaau Cmurt, Bpangon
ToBuCHOK, NCS Multistage

J17151 JOOBIYU YIJIEBOAOPOAOB U3 IITyOOKO 3aJIETAIOMUX
HETPAJUIIOHHBIX KOJUIEKTOPOB (B YaCTHOCTH, U3
CJIAHLIEBBIX IUIACTOB) UCHOIb3YETCA TUAPABINYECKUL
PpasphIB IIACTA. [17151 CO31aHUS TPEIMIUH B IIJIOTHBIX
YIJIEBOJOPOACOAEPKAIMINX IVIACTAX B CKBAXKUHY O]
OOJBIINM JJABJIECHUEM 3aKAYUBAECTCS JKUJKOCTD U B
OOJIBIIUHCTBE CJIYIA€B — IIPOMMNAHT. B HACTOAIIEE BpEMS
CYLIECTBYIOT IBE€ OCHOBHBIE TEXHOJIOI'NH 3aKAHUHBAHHU A
CKBaKMH B HETPAUIUOHHBIX KOJUIEKTOPAX: TEXHOJIOT U
C MOCTOBBIMH IPO6Kamu U nepgopanueii (Plug & Perf)

U TEXHOJIOTUS CO CABMXKHBIMU My(pTamu. Metoz Plug &
Perf npeanonaraeT UCIOIb30BAHUE MOCTOBBIX IPOOOK U
nep@dopPaToOpPOB, KOTOPBIE CITYCKAIOTCS HA OIIPEAETIEHHYIO
DIYOUHY U TPOU3BOJAT NEPPOPAIINIO OOCATHON KOJIOHHBI,
YTO MO3BOJIAET 3AKAYUBATD )KHUJIKOCTB B IIACT. [Ipn 3TOM
METO/IE B OOCATHOU KOJIOHHE OCTAIOTCSI OTBEPCTHS U
HU30JIUPOBATH ONIPEIEJIEHHBIE YYACTKH CTBOJIA CKBAYKHUHBI
JULSL Oy IyIINX PAO6OT HE MIPEICTABISIETCSI BO3MOXHBIM. B
OTJIMYME OT 3TOI'O METOAA, UCIIOJIb30BAHUE 3AKPBIBAEMBIX
CIIBMIKHBIX MY(DT IMO3BOJISAET CEJIEKTUBHO OTKPBIBATH,
CTUMYJIMPOBATD U U30JIUPOBATH PA3JIMYHBIE HHTEPBAJIBI
6€3 HEOO6XOAUMOCTH CITYCKATh HHCTPYMEHTHI, CY>KAIOIIE
BHYTPEHHUN AUAMETP KOJIOHHBIL. Lles1b JAHHOM CTAThH —
PacCMOTPETD UCTIONB30BAHUE 3aKPBIBAEMBIX CJIBUXKHBIX
MY(T HE TOJIBKO B KAYECTBE CPEJICTBA /I THIPOPA3PhIBA
IIACTA, HO U I IPOBEAEHUSA PEMOHTHO-HU30IALIMOHHBIX
paodorT.

BHeapeHHe aHATUTHYECKOT'O IIPOrPAMMHOIO
o0ecIeuyeHH A 11 OIITHMH3AI[HH
KOJITIOOMHTOBBIX PA0OT: (P POBOLL MOAXOT K
MOBBINICHUIO 3(PeKTHBHOCTH

ITakimaka Bayrucra AnapkoH, Kapiaoc Toppec, Royal
Oaks Energy Services

B cTarbe npeicTaBicH NpoLecC BHEAPEHUS HOBOT'O
AHAJIUTUYECKOI'O IPOrPAMMHOIO OOECIICYEHUS B
COYETAHUU C IEPEIOBBIMU METOAAMHU OOPAOOTKU JAHHBIX
B pabO4YMe NPOLECCHI /I YIIPABICHUA U IPUHATUSA
PEMIEHNN B CEPBUCHOM KOMIAHUH, IPETOCTABIIAIONIEN
ycnyru ¢ THKT.

[ 06'b€IUHEHUS TEKYIINUX U APXHUBHBIX JJAHHBIX
o pa6oram ¢ 'HKT B eguHyIo 623y ObLI Pa3paboTaH
YCOBEPIICHCTBOBAHHBIN CIOCOO UX NEPBUYHOU
06pabOTKH (BKIIOYAIOIIUH IPEOOPA30OBAHUE U
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America between 2016-2020, a period of
significant change in the CT industry. Examples
show how average plug drilling times have
generally decreased, with less frequent use of
short trips and fewer pipe cycles. The data shows
that, for some companies, faster operations have
come at the expense of more frequent or severe
stuck pipe incidents, whereas other companies
have experienced fewer such problems. This
comparative analysis illustrates how downhole
outcomes can be deduced from surface
measurements, and resulting performance
metrics can vary widely between companies,
fields and geographic regions.

Remedial Cementing Through
Reclosable Sleeves

Varun Gouthaman, Brenton Cheeseman, Bradley
Smith, Brandon Gowisnock, NCS Multistage

Unconventional reservoirs, specifically shale
formations, require stimulation by means of
hydraulic fracturing to extract hydrocarbons
buried deep beneath the Earth's surface.
Stimulation requires fluid and in most cases
proppant to enter the wellbore via a pressure-
pumping operation to create fractures in tight,
hydrocarbon-bearing formations. Currently,
there are two dominant methodologies for
unconventional completions: plug-and-perf
(PnP), and sliding sleeves. PnP requires the
use of plugs and perforating guns, which are
pumped to designated depths in the well, to
create perforations in the casing, allowing
fluid to be conveyed into the formation. This
method leaves casing permanently perforated
and unable to isolate certain portions of the
wellbore for future intervention or remediation.
In contrast, the use of reclosable sliding sleeves
allows operators to selectively function,
stimulate, and remediate different portions
of the wellbore without introducing inner
diameter casing restrictions or reductions. This
paper aims to highlight the use of reclosable
sliding sleeves not only as a means for primary
reservoir stimulation, but also to conduct
remedial cement operations in wells.

Implementing Business Analytics
Software to Optimize Coiled Tubing
Operations: A Digital Approach
to Operations Efficiency

Xaymaca Bautista Alarcon, Carlos Torres,
Royal Oaks Energy Services

This paper describes how business analytics
novel software tools combined with advanced
data management techniques can be integrated
to management workflows and decision-
making processes of a Coiled Tubing Service
Company (CTSC).

An advanced data wrangling process



CONOCTABJIEHUE). DTA 6234 JAHHBIX PETY/ISPHO MOMOIHSIACh
HOCIEAHEN ONIEPATUBHON NTH(POPMAIUEL C TOMOIIIBIO
ABTOMATU3UPOBAHHOI'O IPOLIECCA 3AIIPOCA JAHHBIX, YTO
UCKJIIOYAJIO HEOOXOAUMOCTD B IOBTOPEHHH ITPOLIECCA
BPYYHYIO. AHATUTUYECKOE ITPOTrPAMMHOE OOECIIEUYEHUE OBLIO
UCTIONIb30BAHO JIJIS1 YCKOPEHUS TPOLIECCA OOPAO6OTKHU JAHHBIX,
BBISBJIEHU S KOPPEJIALINNI U TPEHIOB, TPOEKTUPOBAHH A
MOJIENIEN 1 PACYETA COOTBETCTBYIOIIMNX KITIOUEBBIX
nokasarenen apdexkrusHocTU (KPI). Kpome Toro, 11
MOJIOTOBKU M OTOOPAXKEHU S YMHBIX OOJIAYHBIX ITAHEIEH
YIIPABJIEHHUA X OTYETOB UCIIOIb30BAJIUCH CIIEIIUAIbHBIE
WHCTPYMEHTBI BU3YAIU3AI[UH.

YMHas1 TaHEb YIIPABIECHH ITO3BOISAET KOITIOOMHTOBOM
KOMITAHUHU OBICTPO MPOBOANTD TOYHBIA 1 3(D(PEKTUBHBIN
4HAJIN3 KJIIOYEBBIX ITOKA34TEJIEN KONTIOOMHTIOBBIX YCTAHOBOK
U BHYTPHUCKBA)KMHHBIX PA60T. O6/Ia4Has TTAHEb ITO3BOJAET
KOMITAHUH:

* 3(PHEKTUBHO ONPEACIATh AMOPTU3ALIMOHHBIE 1
JIPYTHE 3aTPATHL, CBA3AHHBIE C UCITOJIb30BAHUEM
I'HKT, aHaIM3UPOBATh OCJIOKHEHUA U PA3TUYHBIX
ITOCTABIIMKOB, 4 TAKXKE ONPEAENIATD TPEH/BI HA OCHOBE
(PAKTUUECKUX JAHHBIX, YTO JJA€T BO3MOKHOCTB IPUHUMATD
OBOCHOBAHHBIE YIIPABJICHYECKHUE PEMIEHUS 11O THOKOMU
TpyoOe.

* OnpenenaTb Hanbosee 3(PHEKTUBHBIE KOITIOOMHIOBBIE

YCTAHOBKH U OPUTa/Ibl ¥ IPUHUMATD CTPATETUYECKUE

PENIEHNA JJ151 BBITTOJIHEHU A CIOKHBIX PA0OT.

BBIABIATH OTKA3bl OOOPYJOBAHUSA, AUHAMHKY CPEJHETO

BPEMEHH IIPOCTOSA U PA3PA0ATHIBATD, BHEPATD U

KOHTPOJIHPOBATb METOAVUKU TEXHUYECKOI'O OOCTy’)KUBAHUSA

U YIIPABJIEHUA AKTUBAMH JUIS YCTPAHEHUSA ABAPUH IIPU

MHHHMAJIbHOM BIMAHHUY HA TPOU3BOAUTEIBHOCTD PAOOT.

* OGHOBJIATB 0A3y CBEKMMH OIIEPATUBHBIMH JAHHBIMH U

BBIAB/ISATE PEKOPAHBIE TOCTUKEHNU A KOMITAHUH.

Viry4dmars yrpasjieHUE KJIMEHTCKON 62301

61arofapst 6BICTPOMY PEATHPOBAHHUIO HA 3AIIPOCHI

I10 IPEJOCTABIEHHIO HHIUBH/YAJIbHBIX OTYETOB O

IIPOU3BOAUTEIBHOCTH OIIEPALINTL.

* CHMKATb HATPY3KU HA [IUKJIMYECKUE TTPOLIECCHI 34 CUET
BO3MOXHOCTH CO3/IAHUA OTYETOB C AKTYAJIbHBIMU U
TOYHBIMH JAHHBIMU OBICTPEE, YEM ITPH UCTIOIb30BAHUH
NPEABIAYIIUX METOJOB.

* BBICTPO HACTPAUBATH CUCTEMY U CO3/JABATH TOYHYIO
JIOKYMEHTAIIHUIO, BKJIIOYAIOTYIO COOTBETCTBYIOIINE
JIAHHBIE O IIPOU3BOAUTEIBLHOCTH B IOCJIEAOBATENBHON U
CTaH/IAPTUZUPOBAHHOM (POPME.

hd HpOBO,/II/ITb TEXHUYECKUHN aHAJIU3 BHyTpI/ICKBZDKI/IHHbIX
paoor.

COBpEMEHHBIH TOAXO]] K MHTEIPUPOBAHUIO
AHATTUTUYECKOTO IMTPOIPAMMHOIO O6ECTICUECHU S
B KOJITIOOMHI'OBBIE PA6OTHI — 3TO KAYECTBEHHOE
M3MEHEHHE [IPOIIECCA AHAIN3A 1 KOHTPOJIS [IOKA3aTeNIeN
IPOU3BOJUTEIBHOCTU (3(PPEKTUBHOCTD, 6E30ITACHOCTD
1 Ka4ECTBO PA0OT), KOTOPBIH IO3BOIAET PA3ACIUTD
[IOKA32TEeJIN, ONITUMHU3UPOBATH PE3Y/IBTATHI U
MHUHHUMU3UPOBATH 3aTPATHL B CTAThE ONUCaH IpuMep
IIPOCTOT'O, HO IIPOJYMAHHOI'O U 3(PPEKTUBHOIO CIIOCOOA
BHE/IPEHUS ITM(PPOBBIX NTHCTPYMEHTOB B HE(DTECEPBUCHBIE
PaboThI C UCHOIB30BAHHUEM COOCTBEHHBIX BO3MOXKHOCTEH 1
pecypcos.

Orxoruarue 8 cneoyrowem (79-m) nomepe icypraia

(transforming and mapping data) was designed
and implemented to unify current and historical
coiled tubing operational data into a single

data set. The latter was regularly updated with

the latest operational information through an

automated data querying process that eliminated
the need for manually repeating the data
wrangling. A Business Analytics Software (BAS)
was used to accelerate the engineering of a Data

Analytics (DA) process, identify correlations and

trends, design data models, and create relevant

Key Performance Indicators (KPI). Finally, BAS

visualization tools were used to prepare and

publish comprehensive cloud-based Business

Intelligence (BI) dashboards and reports.

The BI dashboard allows the coiled tubing
company to quickly perform accurate and
efficient analysis of the KPI trends of its coiled
tubing units and well interventions. The cloud-
based Dashboard enables the CTSC to:

* Effectively identify Coiled Tubing Strings

utilization, costs, failures, vendors, and design

performance trends based on factual data,
thus enabling informed pipe management
decisions.

Clearly Identify high performance coiled

tubing units and crews and make strategic

decisions for high profile jobs.

Identify equipment failures, non-productive

time (NPT) trends and define, implement, and

monitor maintenance and asset management
strategies to tackle the failures with mayor
impact on operations performance.

Easily incorporate fresh operational data and

detect record-breaking operations.

Improve Customer Relationship Management

by a quickly responding to customer inquiries

for tailor-made operations performance
reports.

Decrease workload on repetitive processes by

enabling reports generation with relevant and

accurate data faster that previous methods in
place.

* Quickly customize and create accurate
documentation compiling relevant
performance data in a consistent and
standardized fashion.

* Perform well interventions technical analysis.
The contemporary approach to integrate BI

Software to coiled tubing operations is a step

change in how service companies and operators

are analyzing and monitoring performance

(efficiency, safety, and quality) to differentiate

from each other, optimize results and minimize

costs. This paper describes an example of a

simple yet sophisticated and effective way of

incorporating digital tools in the oilfield services
processes by utilizing in house talent and
resources.

End in our next (79") issue

Ne 4 (078) Iexa6ps/December 2021 71

TECHNOLOGIES



