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Tesucor Mexx1yHApOIHOM KOH(EPEHTINN
U BBICTABKH 110 KOJITIOOUHI'Y
1 BHYTPUCKBALKUHHBIM Padb0TaM SPE/ICOTA @acrs 1

SPE/ICOTA Coiled Tubing & Well Intervention
Conference & Exhibition 2018 Abstracts ear 1

KoHdepeHUms 1 BbICTaBKa MO KONTIOOUHTY 1
BHYTPUCKBaXXMHHbIM paboTam npolurna B ByaneHace, wrat
Texac, CLUA, c 27 no 28 mapta 2018 roga. 3710 exerogHoe
CobbITHE ObINo OpraHM3oBaHo OOLECTBOM NHXEHEPOB-
HeTAHNKOB (SPE) 1 Accoumalmen cneumanictos no
KONTIOOUHIOBbIM TEXHOMOMMSAM U BHYTPUCKBaXNHHbBIM
pabotam (ICoTA).

CEKLLUA 1. BHYyTPUCKBaXXUHHbIE paboTbl
B CJIO)KHbIX CKBa)XXUHaX

B 1aHHOM CEKIIUU PACCMATPUBAIOTCA HOBEMIIIHE
TEXHOJIOTUH 1O BHYTPHUCKBAKMHHBIM PA00OTaM C
npuMmenenreM 'HKT 1 kabesid B CJI0KHBIX YCJIOBUAX,
KOTODBIE BKJIIOYAIOT B C€051 MHOTOCTBOJIbHBIE CKBAKUHBI,
cyxeHus HKT, BBICOKHME NaBJIE€HNS U CKBA’KHHBI C
JJIAHHBIMH FOPHU30HTAIbHBIMA YY4dCTKAMH.

HCroab30BaHUE TEXHOJIOIHH YIBTPAa3BYKOBOM
JHATHOCTHKH JIJISI OLIEHKH MOZYJISA BBOJA B OOKOBOM
CTBOJI

M. Convoepe, Archer; M. Cyanusan, C. /lpetix,
ConocoPhillips; T. Pommemeeiim, /1. Tpyn, Archer;

. ocore, Quintana Energy Services

COBEPIIEHCTBOBAHUE TEXHOJIOIUHN OYPEHHUS U
3aKAHYUBAHUS CKBAKHUH IPUBOJIUT K YBEITUYECHUIO
KOJIMYECTBA MHOT'OCTBOJIBHBIX CKBAXKUH, KOTOPBIE
COOPYKAIOTCH JIJI51 yMEHBIIIECHH ST OOIIETO KOJIMYECTBA
CKB2)KHUH M YBEJIMYEHUS OOIACTH IPEHUPOBAHUS
nacTa. OfHAKO NOAOOHBIE TEXHOIOTUH IPHUBOAST
K YBEJIMYCHUIO CJIO)KHOCTH OYPEHMS, UYTO, B CBOIO
o4epeb, MOKET IPUBECTH K ABAPUSIM U OCJIOKHEHUSIM,
CBSI3AHHBIM C HEKAYECTBECHHBIM 3dKAHUYHMBAHUEM CKBAKUH.
BO3MOXXHOCTH TEXHOJIOTUU YIBTPA3BYKOBOI'O CKAHEPA
NPEAOCTABISIIOT HOBOE PEMIEHHE /IJISI MHOTOCTBOJIBHBIX
CKBa)KHH.

HeCKOIBKO MOMIBITOK IIPOBECTU BHYTPHUCKBAKUHHbBIE
PabOoTHI B BEpPXHEM OOKOBOM CTBOJIE MHOT'OCTBOJIBHOM
CKBAXWHEBI JJI KPYITHOM HE(DTENOOBIBAIONIECIH KOMITAHUNA
Ha AJISICKE HE YBEHYAJIUCh YCIIEXOM. J1JIs1 BBISIBJICHUS
pOO6IEMBI GBI UCTIOIB30BAHBI PA3JINYHBIE TEXHOJIOIUH,
HO KOHCTPYKTHUBHBIX PE3YJIBTATOB IIOJyYE€HO HE ObLIIO.
B mae 2017 roaa i1 pOBEAEHUA NHCIIEKITUH MOJYIIA
BBOZa B GOKOBOI CTBOJI ObL/IA HCIIOIB30BAHA TEXHOIOTHST
VJIBTPA3BYKOBOI'O 30HJUPOBAHUS. B CTAThE OMMCHIBAIOTCS
JIaHHbIE, COOPAHHBIE C IIOMOIBIO YIBTPA3BYKOBOI'O
UMWJIKEPA, AEMOHCTPUPYS TAKUM OOPA30M HOBBIH
METO/] IPOBEJECHUS IMATHOCTUKU B MHOI'OCTBOJIBHBIX
CKBA)KMHAX.

VIbTPa3ByKOBOY 3a00MHBIN UIMUPKEP OCHOBAH HA
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The Coiled Tubing & Well Intervention
Conference & Exhibition took place in
Woodlands, Texas, USA on March 27-28,
2018. The annual event was traditionally
organized by the Society of Petroleum
Engineers (SPE) and the Intervention

& Coiled Tubing Association (ICoTA).

SESSION 1. Interventionin
Challenging Wells

This session focuses on the latest
technologies for wireline and coiled tubing
interventions in challenging wells including
multilaterals, tubing restrictions, high
pressure, and extended reach.

Utilizing Ultrasonic Imaging
Technology to Evaluate a Lateral Entry
Module

Solberg Marianne, Archer; Sullivan Michael,
Drake Steve G., ConocoPhillips; Rommeitveit
Tarjei, Troup Duncan, Avcher; Jobns joel,
Quintana Energy Services

As aresult of improved drilling and
completion techniques, an increasing number
of wells worldwide utilize multilateral
systems to minimize the number of surface
penetrations required to maximize reservoir
contact. However, these systems increase
the complexity, which in turn introduces
new failure modes and challenges related to
inspection of erroneous completions. The
scanning range and measurement capabilities
utilizing ultrasound imaging techniques
provide a new solution for well diagnosis of
multi-lateral completions.

Several attempts to enter the upper
lateral of a multi-lateral well operated by a
major oil company in Alaska, USA had been
unsuccessful. Different technologies were
attempted to diagnose the problem but no
conclusive results were obtained. In May
2017, an ultrasonic imaging technique based
on medical ultrasound imaging was used to
inspect the Lateral Entry Modules (LEMS).
This paper presents the data collected by an
ultrasound downhole scanner demonstrating
a novel method for diagnosing multi-lateral
wells.



U3BECTHOU TEXHOJIOTMH YIBTPA3BYKOBOI'O UCCJIEJOBAHUS
(Angelsen, 2000) 171 HOIy4EHUSI CHUMKOB KOMIIOHOBKH
3aKAHYMBAHUA. DIEMEHT 288, Habop neprupEPUITHBIX
VJIBTPAa3BYyKOBBIX JJATYMKOB BMECTE C TEXHOJIOTUEN
(POPMHUPOBAHUS HATIPABJIECHHOT'O CUT'HAJIA TO3BOJISIOT
ONTUMU3HUPOBATH KAYECTBO CHUMKOB B KOJIOHHAX PAa3HOT'O
JruamMeTpa 6€3 JBUTAIONINXCS 4aCcTe. JIaTduK paboTaer
B 9XOMMITYJIbCHOM PeXUMe. FccaenoBaHne NPOBOAUTCS
HETMPEPBIBHO C HOJIYIYEHUEM CHUMKOB B PEXXIME
peanpHOro BpeMenu. B 2011-M UMH/KEP NCIOJIB30BAJICS
JUIS MTHCIIEKITUH IOBPEXKACHU IECYAHOTO (PUIBTPA
(Hyde-Barber). JaHHBII THUII UMHJIKEPA UCIIOIB3YETCH C
2009 roaa 1 UCCIeIOBAHKA TOBPEXKAECHU KOMIIOHOBKH
3aKAHYMBAHMUSL

Mopysib BBO/IA B OOKOBO CTBOJI OBLIT UCCJICIOBAH
C IOMOMIBIO UMWJIZKEPA HA HAJTUYHE IOBPEXKACHUI.
B TaKOI1 Jk€ CKBAXKUHE ObLII ITOJIyYEH CHUMOK
JEUCTBYIOIIETO MOAYJIA B pabodeM COCTOSTHUU. [Tocne
3TOr'0 OBUIO IPOBEAEHO CPABHEHUE JIBYX CHUMKOB.
[Tonmy4eHHBIE JAHHBIE, BU3YAIM3HPOBAHHBIE C IOMOIIBIO
2D-CHHMKOB, HIKAJIBI CEPBIX TOHOB U IIPEOOPA30BAHHBIX
3D-U300pAKEHNI, TIOKA3AJIN, YTO BEPXHSSA 4YACTh
KOMIIOHOBKH MOJYJISI HE ObLJIA YCTAHOBJIEHA TOYHO
HAMIPOTHUB BEIPE3AaHHOI'O OKHA HOKOBOTI'O CTBOJIA.
TakuM 06pPa30M, ObLIIA BEIABJICHA IPUYHMHA HEYJAYHBIX
TOITBITOK BOUTH B OOKOBOH CTBOJL 17151 JOKYMEHTAJIBHOT'O
OTOOPAKEHUA OITYUYEHHOM MH(OPMALTUU ObLIA
MPOBEAEHA MHCIIEKITNA C ITIOMOIIIBIO YIBTPA3BYKOBOI'O
UMMPKEPA. PE3YIIBTATEI NCCIIEJOBAHUA IOMOITIA 3aKA349HKY
BBIABUTD IPOOJIEMBI U ITPEAOCTABUIN MTH(OPMALIHIO JII
JATbHENIIETO PEMIEHNA UX.

JHArHOCTHKA HA0OYXAION[HUX IIAKEPOB C IOMOUIBIO
MyJII)TI/I,I[eTeKTOpHOI‘O I/IMHYJII)CHOFO HCﬁTpOHHOI‘O
KapOTA’Ka U TETPAOGOPHOKHCIOTO HATPHSA

M. Ileounno, A.3emm, K. Xamn, P. Dneonumu, b. Paecu,

A Ummep, []. Xoxep, H. JIsnou, BP Exploration Alaska

JMarnoCTrUKa HAOYXAIOMUX ITAKEPOB ABJIACTCSA
HEOOXO/IMMBIM BU/IOM PA0OT B PAMKAX [IPOIPAMMBI
0 UCCJIEJOBAHUIO U JUATHOCTUKE CKBAKUH HA
MmecropoxaeHnmnu [Ipaaxo-bert. Ha Tekymuit MOMeHT
HAa MECTOPOXKAEHUH IPOOYPEHO HECKOJIBKO CKBAKIH,
3aKOHYEHHBIX HELIEMEHTUPYEMBIMHA XBOCTOBUKAMHU
¢ 6onee yeM 500 BOJO- MM HEPTEHAOYXAIOIUMHU
MaKepaMH Ha TP IPOAYKTUBHBIX I1acTa. [Tocie BBOAA B
KCIUTYATALIUIO CKBA’KUH C TAKUM THUIIOM 3dKAaHYMBAHUA
Ha HEKOTOPBIX M3 HUX ObLJIU BBIABJIEHBI DPAHHUE ITIPOPBIBLI
rasa v BoAabL I109TOMY MOTUBOM JIJI1 HAITMCAHWA 9TOU
Pa0OTHI OCIYXKUJIA IOTPEOHOCTD B TEXHOJIOI'MH TOYHOI'O
onpeesIEHUA IPUYHH IIPOPBIBOB: OCOOEHHOCTD IIJIACTA
WJIN TIOBPEXK/ACHHNEC KOMIIOHOBKH 3dKAHYHUBAHUA.
TexXHOIOrHs UCCIEOBAHUS C IOMOIIIBIO
TETPAOOPHOKHUCIIOrO HATPUA JJI OIIPEEJIEHUA
KaHaJIOB [IPOPBIBA (PJIION/1A YCIICITHO IIPHUMEHSIACH Ha
MECTOPOXAEHUAX B parioHne HopT-Cioyn Ha AJIACKE,
B OCHOBHOM B I'OPHU3OHTAJIBHBIX IECMCHTUPYCEMBIX
U IEPPOPUPYEMBIX CKBAKMHAX. OTHAKO JAHHAA
TEXHOJIOT U €III€ He ObUId IIPUMEHEHA /IS OLICHKU
Ha6yXaIONINUX TAKEPOB B HELIEMEHTUPYEMBIX
KOMIIOHOBKAX 3aKaHYHUBAHUS TOPU3OHTAIBHbBIX
CKBaXUH. XOTS J711 HPOBEACHUS IMATHOCTUKHU B

The ultrasound downhole scanner utilizes
established technology applied in medical
ultrasound imaging (e.g. Angelsen 2000)
to obtain images and measurements of
downhole completion components. A 288
element, 3.3MHz circumferential ultrasound
transducer array combined with electronic
beamforming allows the flexibility to
optimize image quality for different tubing
sizes with no moving parts. The transducer
operates in pulse-echo mode. Logging
is performed dynamically with images
obtained real-time. In 2011, the scanner was
used to measure damages in sand screens
(Hyde-Barber et al.) and has since 2009
been used to image and measure downhole
completion components worldwide.

The possibly defective LEM was
investigated by the scanner. A reference
scan of a fully functional LEM in the same
well was also made and the results from
the two compared. The ultrasound data,
visualized both as 2D grey-scale images
and 3D-rendered images, clearly show that
the upper LEM assembly was not properly
aligned with the window of the lateral. Thus,
explaining the past unsuccessful attempts to
enter the completion. Measurements were
made directly on the ultrasound images
to document the findings. The results
from the survey helped the customer to
understand the situation of their well and
gave information which was valuable for the
decision making process.

Swellable Packer Evaluation Using
Multi-Detector Pulsed Neutron Logging
and Borax

Cedillo Gerardo, Zett Adrian, Han Xiaogang,
Elghonimy Rana, Raeesi Bebrooz,

Itter David, Hecker Dodlie, Landi Nancy,
BP Exploration Alaska

Swellable packer evaluation has become
a critical component of Greater Prudhoe
Bay (GPB) well design, surveillance and
diagnostic strategy. Currently in the field
there are several wells constructed with
cementless completions with over 500
water or oil swellable packers across three
different reservoirs. Several early gas or water
breakouts have been documented since these
types of completions have been deployed
and the need for an accurate diagnostic
technique to distinguish between a reservoir
phenomenon or a completion failure
motivated this work.

The borax evaluation technique
historically has been successfully used
in oil fields on the North Slope of Alaska
to detect fluid channeling mainly in
horizontal cemented and perforated wells.
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TEXHOJIOI'MU

060UX CIy4YasgX UCMOIb3YETCA OLUH U TOT K€ IPHUOOD
MYIBTUAETEKTOPHOI'O UMITYJIbCHOT'O KAPOTAKA C 3AMHCHIO
JIMOO B pE€AJIbHOM BPEMEHH, JIMOO C HAKOITHUTEIbHBIM
YCTPOHCTBOM, CYIIECTBYET NPUHITUINAIBHAS PA3HUIIA
MEXAY HELIEMEHTUPYEMBIMH U LIEMEHTUPYEMBIMHU
(meppoprpOBAHHBIMH) KOMIOHOBKAMU 3aKAHUYHBAHUSL
HMIrHOPHUPOBAHUE 3TOM PAZHULIBI MOXKET IIPHUBECTH K
HEKOPPEKTHOMY NOI00PY HEUTPOHOB M HEKOPPEKTHOI
UHTEPHPETALUH JAHHBIX, 4 CJIEJOBATEIBHO, K
HENPABUIBHOMN JUATHOCTHUKE U PEMOHTY.

LleJ1bI0 JAHHOU CTATBU ABJIAETCA ONTMCAHUE
BBIIIOJIHEHHOI'O HEUTPOHHOI'O MOZICTUPOBAHUS,
BBITIOJIHEHHBIX PA0OT HA CKBAXKUHE, IIPOLIECCA
UHTEPHPETALUH JAHHBIX U PEZYJIBTATOB JUATHOCTUKH
JIAHHOT'O THUIA 3AKAHYUBAHUSL.

HoBernias TeXHOJIOIHA CKBAXKHUHHOTI'O TPAKTOpa
JJIS1 IOBBIIIEHU A 3(P(PEKTHBHOCTH B CIAHIIEBBIX
mopogax

B.MaxKamuen, /. Jlone, M.3am6paro, Altus Intervention;
A. Cope, Rice Energy

ITpu pa3zpaboTKe KOMIIOHOBOK CKBA’KMHHOT'O
TPAKTOPA 11 HAKJIOHHBIX WA TOPU3OHTAIBHBIX
CKBAXUH, MOIITHOCTB TPAKTOPA, HEOOXOAUMAS [T
JOCTABKH 3200MHOIO MHCTPYMEHTA Ha 33JAHHYIO
INIYOHHY, ONIPEAEIAECTCA BECOM IIPUMEHAEMOIO Ka6€e,
MaKCHUMAJIBHO JJOITYCTUMBIM BECOM JIOCTABJISIEMOT'O
WHCTPYMEHTA, UHTEHCUBHOCTBIO UCKPHUBJIEHUS CTBOJIA
CKBa>KHMHBI Y 33/IAHHOI [TYOUHOM. [0 cCuX Iop 10
Olepanuy HEOOXOAMMO OBLIIO COOTBETCTBYIOMINM
06pa3oM paccunThIBATh KOJTOHHY T'HKT, ncronb3yemyio
JUIA TOCTABKH 3A60MTHOI'O MHCTPYMEHTA CKBA>KUHHBIM
TPAaKTOPOM. CKOPOCTB CITYCKA OIPAHUYUBAETCSA
M4KCHUMAJIBHO BO3MOKHOHN MOIITHOCTBIO TPAKTOPA,
KOTOpasA HEOOXOAMMA JJIA JOCTABKHM UHCTPYMEHTA HA
33/IAHHYIO [VIYOUHY.

BO3MOXXHOCTB ITO TPEOOBAHUIO HACTPAUBATH MOIITHOCTD
CKBA’KMHHOI'O TPAKTOPA B 3aBUCUMOCTH OT CKOPOCTH
MO3BOJIAET OOECTIEYUTH MAKCUMAIBHO BO3MOXHYIO
CKOPOCTb B BEDTUKAJIBHOM YYACTKE CKBAKUHBL, T7IE
He TpedyeTcs 601bI1as1 MOIHOCTD TPakTopa. Ilpu
YBEJIMUYEHNUH [NTYOUHBI CKBA’KWHBI WJIH B yYACTKAX
Haub0JIe€ UHTECHCUBHOI'O HA60PA KPUBU3HbBI CKBAKUHHBIH
TPAKTOP MOKET OBITh HACTPOEH JIJIs1 OOECIICUCHU ST
MaKCUMaJIbHOMN MOIITHOCTH, HEOOXOAUMOH /151
JOCTHIKEHU S 34JJAHHOMU IVTyOHUHBL YIIPABIEHNE TPAKTOPOM
B PEKUME PEAJIbBHOI'O BDEMEHH IIO3BOJIAET 3HAYUTEIBHO
COKPATHUTb BDEMEHHBIE 3ATPATHI HA ONEPALIHIO.
VIIpaBjieHHE OCYIIECTBIIAETCSA C IOMOLIBIO HE3ABUCHMOT'O
KOHTPOJIS KAXKJIOU CEKIIMU TPAKTOPA. TAKUM 06pa3oM,
JOCTUT'AETCSI MAKCUMAJIBHO 3(P(PEKTUBHOE COOTHOLICHUE
«CKOPOCTB/MOITHOCTb» /IJIS1 KAXK/IOT'O YIACTKA CKBAKHTHBL.

Ha Texymiuit MOMEHT 6bLJIO BBITIOJIHEHO 60s1€ee 70
paboT C UCTIOTIB30BAHUEM TEXHOJIOI'UU CEJIEKTUBHOI'O
KOHTPOJISI CEKIINH CKBAXKUHHOT'O TPAKTOPA HA PA3THMYHBIX
MecTopoxAeHUAX CIITA. PA60THI BBITOTHAINCD
MHOKECTBOM KOMIIAHHUH, TPEJOCTABISIONIUX YCIIYTH
BHYTPUCKBAXUHHBIX PA6OT C JIEKTPUUECKHUM KAOEIEM
Pa3/IMYHBIM JOOBIBAIOIINUM U PA3BEAOYHBIM KOMITAHUSIM.
Hampumep, Ha HEKOTOPBIX CKBAXKUHAX, T7IE IPUMEHAIACh
JaHHAs TEXHOJIOT U, 6b1J1a 3a(PUKCHPOBAHA PEKOPHASA
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This technique however, was never used

to evaluate swellable packers in horizontal
cementless completions. Even when the
same multi-detector pulsed neutron (MDPN)
instrument could be used in real time or
memory conveyance to evaluate either

one, there are fundamental differences

in how these cementless completions are
designed and evaluated compared to the
cemented and perforated ones. Ignoring
those differences could lead to the wrong
nuclear attribute selection and incorrect
interpretations, diagnostics and remediation
strategies.

The objective of this paper is to describe
the nuclear modelling performed, the
wellsite procedures used, the interpretation
workflow, and the results of evaluations of
these completions.

Latest Tractor Technology Provides
Performance Improvements in
Unconventional Shales

McCutcheon Wade, Long Jarrod, Zambrano
Mauro, Altus Intervention, Sorg Andrew, Rice
Energy

When configuring tractor assemblies for
highly deviated or horizontal conveyance,
the tractor power required to deliver the
conveyed passenger tool to the target well
depth is determined by the weight of the
deployed cable and payload, the tortuosity
of the well trajectory, and the extent of the
target depth. Until now, the tractor toolstring
needed to be configured accordingly before
being run in hole. Conveyance speed is
compromised for the maximum power
requirements expected to ensure the tractor
is capable of delivering the payload to the
target depth.

Having the ability to adjust the power
versus speed on command allows the tractor
to be optimized to deliver the highest
speed in the earlier parts of the well where
maximum power is not required. In the
deeper portions, or where the well becomes
more tortuous, the tractor can be controlled
to provide maximum power and ensure the
target depth is achieved. Real time control
delivers considerable reductions in total
conveyance operating time. This is achieved
by independently controlling the various
drive sections to deliver the optimum speed/
power configuration per well section.

There have been more than seventy
jobs completed to date utilizing selective
functionality across a variety of US land
tractor conveyance operations. The jobs
have been performed with a range of electric
line companies while servicing numerous
exploration and production (E&P) operators.



JUCTAHIIUS UCIIONIb30BAHU S TPpakTopa 60see 4500 M.
[TpruMeHEHNE TEXHOIOTUHN YIIPABICHUA CKBAXKUHHBIM
TPAKTOPOM B PEKUME PEAJIbBHOI'O BDEMEHU IO3BOIHIIO
COKPATUTb BDEMEHHBIE 3aTPAaThI O0Jiee ueM Ha 40%.
ITOMHMO NOBBIMIEHUA IPHEKTUBHOCTH, TAKIKE CHU3HUIIUCH
ONEPALMOHHBIE PUCKU 6JIATOAAPS COKPAIIEHUIO BDEMEHHU
Pa6OTHI TPAKTOPA.

Ha MOMEHT HAITUCAHUS CTATbU TEXHOJIOTHUIO
CEJNIEKTUBHOI'O KOHTPOJIS CEKIUI CKBAXKUHHOT'O TPAKTOPA
MOJKET IIPEJIOKUTD TOJIBKO OJJHA CEPBUCHAS KOMIIAHUS,
OJJHAKO HOBBIE CTAHAAPTHI UCMOIb30BAHN A CKBA>KHUHHBIX
TPAKTOPOB YK€ YCTAHOBJIEHBL

TexXHOJIOIuA HABUT'AIIMH CKBA>KHMHHOI'O TPAKTOPA
Ha Kaleie
I1. Doyuep, P.Ihypmen, Schlumberger

B cTaTbe ONUCHIBAETCS PA3PAOOTKA CKBAKMHHOT'O
TPAKTOPA, CITYCKAEMOT'O HA KA0€JI€ C MEXAHU3MOM
OTAENBbHOI'O 3AKPBITUA PIYATOB, KOTOPBIH IIO3BOJISAET
CHHU3UTD TAT'OBOE YCUJIUE HAd OJHOM PbIYAre, B TO
BPEMSI KaK IPYTUE OOECIICUNBAIOT HEOOXOAUMYIO TATY
JUIA IIPEOAOJIEHH S BO3POCIIEIO COIIPOTHUBIIEHUA IIPU
MPOXOKAEHNUU IPEIATCTBUN.

CKB2)KMHHBIE TPAKTOPBIL, CITYCKAEMBIE HA KA0EJIE,
MO3BOJIAIOT OCYIECTBUTD JOCTABKY KAPOTAKHBIX
pUO6OPOB U NTEP(POPATOPOB, A TAKIKE IPOBOJUTD IPYTHE
BHYTPUCKBA’>KUHHBIE PAOOTHI B HAKJIOHHO-HAIIPABIEHHBIX
U TOPHU3OHTAJIBHBIX CKBAXXUHAX. BO MHOI'MX CITy4asax
CIIYCK TPAKTOPA Ha Kabesie OOIaJaeT IPEUMYIIECTBOM
nepep crryckoM Ha THKT 61arojapst KOMOaKTHOCTH,
OBICTPOI YCTAHOBKE, MUHUMAJILHOMY UCKAXEHHIO IMTOTOKA
U OBICTPOM CKOPOCTHU. OFHAKO TPAKTOPBI HE MOT'YT
JOCTATOYHO JIETKO NMPEOAONETD TAKHE NPENATCTBHA, KAK
CY’KEHM S KOJIOHHBI, 3JIEMEHTHI KOMIIOHOBKHY 3aKAHYUBAHUA
C MaJIBIM BHYTPEHHUM JUAMETPOM, YIACTKH OBPEXKACHUA
KOJIOHHBI, IUTAM.

JanHas npo6iema CBsI3aHa C IPUHIUIIOM PabOTHI
TPakTOpa. [IpU IPOXOXKIEHNUH NPENATCTBUA TPEOYETCA
MOBBIIIEHUE TOJIKAIOIIETO YCUJINA, A CIIEA0BATEIBHO,
HEOOXO/IMMO OKa3aTh OOJIBIIEE 1ABJICHUE HA PhIYAlt
TPAKTOPA U1 YBEJIMYEHH A CLEIIJIEHUA. B 3TOT MOMEHT
OJJVH U3 PBIYAI'OB TPAKTOPA JOJIKEH 3aKPBIThCA I
06X0/1a IPENATCTBUS. 151 9TOr0 HEOOXOAMMO CHHUYKEHHE
JABJIEHUA HA 3TOT pbIYar. [TepBOHAYAIbHO NPEJIOKEHHBIM
penieHrueM ObLT CITYCK KOMIIOHOBKH U3 JIByX TPAKTOPOB.
[Tpu IPOXOKAEHUH NPENATCTBUA PhIYAT'H OJHOT'O
TPAKTOPA 3aKPBIBAIOTCA. JJaHHBIN MeTOA TpedyeT
OOJIBIIOTIO KOJIMYECTBA 3JIEMEHTOB KOMIIOHOBKH, 4 TAKXKE
yBeanuusaeT Annny KHK.

[1s1 pemeHus JaHHOM IPOOJIEMBI ITPEIATACTCS
HCIIOJIB30BATh CKBAXKUHHBIN TPAKTOP C BO3MOXKHOCTBIO
OT/IC/IBHOI'O 3AKPBITHS PhIYAr'OB, CIIyCKAEMBIH HA Kabere.
DTa PYHKLIUA IO3BOJIUTD YOPATh TATOBOEC YCUINUE HA
OJJHOM PBIYAre, B TO BPEMS KAK JPYyI'He€ OOCCIICYUBAIOT
HEOOXOJUMYIO TAr'Y JJIs1 IIPEOJOJICHUS IIPEIIITCTBUL.

BcTpOeHHBIN B IPUOOP MEXAHU3M MOXKHO
3a/ICHCTBOBATD B JIIOOOE BpeMs 6€3 CIIEUAIbHON
IIOJAT'OTOBKH, IVIAHUPOBAHM I UJIH JIOTIOJIHUTEIBHOI'O
MOZYJISL. DTO NO3BOJISIET U30€KaTh HEHYKHbIX CITO 117151
cmennl KHK B cirygyae 06HapyKeHUA HEOKUTAHHbBIX
MPEMSTCTBUI B CKBA’KHHE.

Examples include record wells with lateral
lengths requiring over 15,000 ft of tractoring.
The application of this in-well, real-time
adjusted optimization has resulted in tractor
conveyance time savings of over 40%. In
addition to the efficiency gains, there has
also been a reduction in operational risk due
to less time spent in hole tractoring.
Selective tractor functionality is
commercially available from one provider
at the time of writing, but it is quickly
setting standards for all tractor conveyance
providers.

Wireline Tractor Advanced
Restriction Navigation

Foucher Pierre-Arnaud, Poorten Ryan
Vander, Schlumberger

A wireline tractor has been developed
with an integrated individual arm-closing
mechanism that enables losing traction
in only one arm while all the others
are delivering the traction necessary to
overcome the increased force in navigating
an obstacle.

Wireline tractors convey logging tools,
perforating guns, and mechanical services
in highly deviated and horizontal wells. In
many cases, they are an efficient alternative
to coiled tubing because of their small
footprint, quick deployment, minimal
flow disruption, and fast tractoring speed.
However, tractors cannot easily negotiate
obstacles such as restrictions, completion
equipment, pipe damage, and debris
accumulation.

This problem is tied to the traction
principle. When the tractor encounters
an obstacle, higher push force is required,
which means higher pressure is needed on
the arms to increase the grip. At the same
time, one arm must close to navigate the
obstacle, which requires lower arm pressure.
The solution has been to operate two entire
tractors in tandem and close one tractor at
a time through the restriction. This method
necessitates to run an excessive number of
assets and increases the toolstring length.

To solve this problem, a wireline tractor
has been developed that uses an individual
arm-closing mechanism. This unique feature
enables losing the traction of only one arm
while the other arms are delivering the
traction to overcome the increased force.

This mechanism is built in the tool and is
available at any time without any specific
tool preparation, planning, or module
addition, which eliminates undesirable trips
in and out of the wells to reconfigure the
toolstring in case of an unexpected obstacle.

This innovation has been successfully
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DTOT MEXAHU3M ObL YCIIEMHO ONIPOOOBAH HA MHOTHUX
CKBXKUHAX. B TaHHOM CcTaThE OYAET NPENCTABIEHO
ONHCAHME PAObOT HA ABYX CKBAXKUHAX B MEKCHUKAHCKOM
3amBe U CEBEPHON AMEPUKE C UCIIOTIb30BAHUEM
JaHHOI'O MEXAHU3MA C LI€/IbIO YMEHBIICHUA IJINHbI
KHK u cokpamenus konmndyecTsa anemenToB KHK aa
IIPEOAOJIEHHU CYKEHUU KOJIOHHDI 3aKAHYUBAHU L.

Ha nepBoi CKBaKHUHE (DYHKIUSA OTAEIBHOIO 3AKPBITHS
PBIYAr'OB TPAKTOPA IIO3BOJIMJIA IIPOMTU YEPES3 HECKOJIBKO
OOKOBBIX MaH/IPEJIEN, KOTOPBIE U3-34 CBOEH KOHCTPYKIIUH
BCEI/A ABJISJIMCD IIPENATCTBUEM U1 CKBAJKMHHBIX
TPAKTOPOB. Ha BTOPO¥ CKBAXKUHE 3TA (DYHKIIUS [IO3BOINIIA
nzb6exath CI1O 11 CMEHBI KOMIIOHOBKH TPAKTOPA IIPU
OOHAPYKEHUHU CYKEHUS B KOJIOHHE 3aKAHUYWBAHUSL.

WHHOBALIMOHHAA KOHCTPYKLMA CKBA)KMHHOI'O TPAKTOPA
C BO3MOKHOCTBIO OTIEJIbBHOI'O 3AKPBITHA PbIYArOB
3HAYUTEIBHO MOBBIIAET 3(PPEKTUBHOCTD TPAKTOPA IO
BBIIIOJIHEHUIO 3aJaHHBIX LI€JIEH, CHU)KAET BDEMEHHbBIE
3aTPATHI, A CJIEJJOBATEIBHO, U CTOUMOCTD PAOOTHL

BHYTPHCKBaKHHHBIE PA0OOTHI B HCTOIICHHBIX
CKaBAKHHAX C OOJIBIINM OTXOIOM OT BEPTHKAIIH C
npumeneHueM 'HKT u ra3o:Ku/JKOCTHBIX CMECEH

T. Bunvamc, Halliburton

Llenpio JaHHOM pa®OTHI SIBISETCS OITUCAHUE
OCHOBHBIX IPUHITUIIOB U TEXHOJIOI'UH JIJIS1 BBITTOJTHEHU S
BHYTPUCKBA)KUHHBIX PA6OT B TOPU3OHTAIBHBIX U
HAKJIOHHO-HAIMIPABJIEHHBIX CKBAXKUHAX C HU3KHUM
IUTACTOBBIM JIABJIEHUEM, 30HAMU IOITIOMEHUA U
BBIPAOOTAHHBIMHU IUIACTAMU. B CTaThe TPUBOJUTCSA
OOCYXK/ICHUE IPUMEPA HAEKHOTI'O U OE30I1ACHOTO
BBITIOJIHEHUA CTAHAAPTHOM PAOOTHI IO IIPOMBIBKE
1 OCBOEHHIO CKBAKUHBI, KOTOPOE BKJIIOYAET B CEOA
YIIPOIIEHHBIE PACYETHI, UCTIOJIb3YEMBIE BMECTE C
HOBEMIIINM IIPOTrPAMMHBIM O6eCIeYeHUEM. BrITIoIHEHNE
pa6oT ¢c THKT B rOpU30HTANBHBIX CKBAXKUHAX C Y4ACTKAMU
MOIVIOIIEHUSA HECET B ce6€ BLICOKME PUCKU. [TornomeHne
JKMJIKOCTH CKBA)KUHOW IIPUBOJUT K PUCKY HEJJOCTATOYHOI'O
YIAEPKAHUA TBEPABIX YACTUIL] BO B3BEMIEHHOM COCTOSHHUH
U PUCKY ITOTEPU LIUPKYIALIUH, YTO MOKET IIPUBECTHU
K JOPOT'OCTOSIIIUM aBAPUsIM, OcTaBieHuio THKT
WJIH IPYTOro O60PYAOBAHUA B CKBAXKUHE, A TAKIKE K
CHMYKEHHIO NNPOAYKTUBHOCTH CKBAXKUHEL JIJI1 CKBAJKHH,
pacnonoxeHHbIX Ha cyiie B CIITA, ¢ BBIpaOOTAHHBIMHU
TUIACTAMU ¥ HU3KUM IUIACTOBBIM JIABJIEHUEM, B KOTOPBIX
13-34 IIOIVIOIIEHWI HEJIb351 IOAACPKUBATD HEOOXOAMMBIHA
YPOBEHD CTOJIOA JKUAKOCTU, HAZEKHBIM U YCTIEMTHBIM
METO/IOM PEMOHTA ABJIAIOTCSA PAOOTHI C IPUMEHEHHUEM
I'HKT. OTH pa®OThI BKJIIOYAIOT B CEOSI IPOMBIBKY,
IIOATOTOBKY CTBOJIA CKBAKUHBI K TOBTOPHOMY I'PIT,
(Pppe3epoBaHUE HA JETIPECCUU B TOPU3OHTAJIBHBIX
Y4aCTKAX.

CMeCh 230Ta ¥ PACTBOPOB HA BOAHOI OCHOBE
HCTIONB3YETCA J711 HOHMKEHUS I'U/IPOCTATHYECKOTO
JIaBJICHUSI, OKA3bIBAEMOI'O Ha IIACT, YTO OOECIIEUYUBAECT
POJOJIKUTENBHYIO LIUPKY/IALINIO. PACTBOPHI HA
BOJIHOM OCHOBE ObIJIN IIOAOOPAHBI CIIELIUAIBHO JJIs1
Ka’K/IOV OTIEPAIIMU C YUETOM IOPOBI TPOYKTUBHOT'O
IIACTA, COCTABA INIACTOBOM XKUJKOCTH, TPEOOBAHUNI
K BBITIOJTHEHUIO PA6OTHI, IAPAMETPOB U OIPAHUYEHU I
33200MHOM KOMIIOHOBKH, COBMECTUMOCTH C XUMUYECKIMU
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qualified in many tractor operations. Two
cases in the Gulf of Mexico offshore and
in North America land will be presented
in which this feature was instrumental

to reduce the toolstring length and asset
overdeployment in overcoming expected
and unexpected completion restrictions.

In the first operation, this solution enabled
to navigate several side pocket mandrels,
which are well-known challenges for tractors
due to their complex geometries. In the
second case, it saved a deemed inevitable trip
to reconfigure the tractor on surface when
the tractor encountered an unexpected
completion restriction.

The breakthrough design of the arm-
closing mechanism significantly increases
overall tractor ability to successfully
reach the job objective while reducing
nonproductive time, resulting in more
efficient operations and reduced costs.

Depleted Well Intervention in
Extended Laterals Using Coiled Tubing
and Commingled Fluid Systems

Williams Troy A., Halliburton

The objective of this paper is to clearly
outline the basic principles and techniques
required to successfully perform well
intervention in wells with low-pressure
formations, thief zones, and/or depleted
reservoirs — specifically, horizontal or highly
deviated wells. The paper aims to review
the considerations and provide an example
of reliable execution in its most basic form,
including simplified calculations designed
to be used in conjunction with advanced
modeling software available in the industry.
Coiled-tubing intervention in lateral wells
with fluid-loss potential is inherently high
risk. The risk of poor solid suspension or
loss of fluid circulation results from the
inability to avoid fluid loss and causes costly
job failures, lost workstrings or equipment,
or reduced well production. For land-based
operations in the United States, coiled tubing
has been reliably and successfully deployed
in depleted and low-reservoir-pressure wells
that were unable to support a hydrocarbon or
water column to surface. These jobs include
sand cleanouts, re-fracture preparation
cleanouts, and underbalance millouts in
extended laterals.

Commingled nitrogen and water-based
systems were used to reduce hydrostatic
pressures exerted on the reservoir and,
thereby, allowed for successful continued
circulation. The fluid system was adapted
to each well intervention to consider
formation type, reservoir fluid composition,
job requirements, BHA requirements and



peareHTaMu, ClioCOGHOCTH YIOEPKUBATD YACTULIbI
BBIGYPEHHOI ITOPO/IbI BO B3BEIIEHHOM COCTOSIHUM.
MOHHMTOPWHT CKBRKUHHBIX YCJIOBUH C COOTBETCTBYIOITIM
U3MEHECHUEM IAPAMETPOB I'A30:KUAKOCTHOH CMECH
MIO3BOJIAET 3HAYNTEIBHO CHU3UTD BEPOSTHOCTD ABAPUH.

CEKLMA 2. NoBbiweHue 3¢pPpeKTUBHOCTN
BHYTPUCKBa)XKMHHbIX paboT

Ha Tekymuit MOMEHT OCHOBHBIMU 32/1a9aMHU B
3HEPreTUYECKON OTPACIIH SABJISAIOTCSI CHUXKEHUE 3aTPAT
U NOBBIIEHUE 3(PHEKTUBHOCTU PAO6OT. DPPEKTUBHOCTD
BHYTPUCKBA’KUHHBIX PA0OT MOXKHO MTOBBICUTD ITYTEM
BHE/JPEHUSI HOBBIX TEXHOJIOTUIH, aHAJIN3A IPOBEICHHBIX
PaboT U COKPAILIEHU BDEMEHHBIX 34TPAT C HOMOIIBIO
MOHUTOPHHIA B PEXKUME PEATIBHOTO BDEMEHM.
B 3T0#1 cexuy npeacTaBaEHb JOKIIA bl ITO HOBBIM
YHUKQIBHBIM TEXHUYECKUM PEIICHUSIM, BHC/JPCHHBIM B
TEXHOJIOTMYECKUI TPOLIECC IO UTOr'aM IEPETOBOPOB U
OOCYK/IEHUI U ITIO3BOJIUBIINM MOBBICUTD 3(P(MHEKTUBHOCTD
BHYTPHUCKBA>KUHHBIX PAOOT.

JIaGopaTopHBIE HCIBITAHU S HHHOBAITHOHHOM
TEXHOJOTHH OOPAOOTKH METALTHIECKHX
IIOBEPXHOCTEH /151 IOHHUKEHHU A TPEHHU A IIPU
pa6orax ¢ THKT B roOpH30HTAIBHBIX CKBAKHHAX

K. 2nnuom, NOV Quality Tubing; C. Jluscky, Baker Hugbes,
aGE Company; K. Hexma F'ance, Essential Coil Well Services;
H. Jlu, NOV Quality Tubing

3a mocIeaHNE HECKOJIBKO JIET TOOBIBAIOIIIE
KOMMAHUH YJJINHSIN TOPU3OHTAIBHBIE YYACTKH
CKBaKMH JUISL OOECIIEYEH NS MAKCHMAJIbHOI'O BCKPBITHSA
HPOAYKTUBHOI'O IIJIACTA U BBICOKUX J1e6MUTOB. OTHAKO
B YCJIIOBUSAX JVIMHHBIX TOPU30OHTAIBHBIX YYACTKOB
yBenunuusaeTca Tpenue Mmexay FTHKT u o6cagnort
KOJIOHHOW. ITpr 3TOM NTafiaeT BEPOATHOCTD, 4TO 'HKT
TPAAUIIUOHHOI'O PA3MEPA JOCTUTHET 33JAHHOI ITTyOUHEI
6e3 nuckpusieHus. s roro uyrodel THKT gocturana
33JIaHHOU ITTyOUHBL, MPUMEHAIOTCS CMA3bIBAIOIIUE ATEHTEI
Y1 BUOPATUOHHBIE TPUOOPBL. OJHAKO HEKOTOPBIE U3 9TUX
XUMHUYECKUX AT€HTOB U MHCTPYMEHTOB MOTYT BECTH
cebs HENPEJCKA3YEMO Ha 3200€ CKBAKHMHBL Kpome Toro,
CMAa3bIBAIOIIUE ATEHTHI ABIAIOTCA JOPOTOCTOAIUMHU B
YCIOBHAX BCEOOIIEN TEHAEHIIUM K CHIDKEHUIO CTOUMOCTH
BHYTPUCKBAKUHHBIX PAOOT.

B 1aHHOM CTAThE NPEICTABIICH JOKJIA/, O 1A60OPATOPHBIX
UCHBITAHUSX HOBOM TEXHOJIOIUH OOPA6OTKU
nosepxHoCTH 'HKT ¢ 1es1bio NOHUKEHUS TPEHUS.

DTa TEXHOJIOT'US JJOKA34J14 CBOIO 9(P(PEKTUBHOCTD 1O
MOHWKEHUIO TPEHUA ITyTEM U3MEHEHUA XAPAKTEPA
nosepxHocTy 'HKT. ITocne 06paboTKH IOBEPXHOCTD
I'HKT cTaHOBHUTCH INIAIKOH, C yITIYOJEHUSIMH MUKPOHHOT'O
pa3mepa, yIEPKUBAIOINMHI CMA3bIBAIOIINIA ATEHT,
KOTOPBIH CJIOKHO OTMBITB C IIOBEPXHOCTH.

HoBas TexHOI0russ 06padOTKU METAIJIMYECKUX
IOBEPXHOCTEN ObLIa OIIPOOOBAHA HA HECKOJIBKUX
o6pasuax 'HKT. B 1aboparopyy 661 IIPOBEJEH aHAIU3
TPpEHUS MeXAy 06padbarbiBacMbIMu OOpasuamu 'HKT u
06pa3LaMu OOCAJHBIX KOJIOHH C IIOMOUIBIO IPHUOOPA /11
HUCCIENOBAHUA JIMHEMHOTO N3HOCA. [Ipubop paspaboran
CTIEIUAIBHO JUISI U3MEPEHUA KOIPDUIITUEHTOB TPEHUA
Mexay 'HKT 1 06cagHOM KOJIOHHOHM ITPHU 3260MHBIX

limitations, chemical compatibility, cutting
suspension potential, and foam integrity.
When combined with real-time monitoring
of, and response to, well conditions, the
occurrence of job failure was greatly reduced.

SESSION 2. Improving Operational
Efficiency

The challenge in the current energy
environment is to reduce costs and maintain
efficient and effective operations. Improving
operational efficiency can be achieved
through new technology, analysis of past
job data, and reduction of operational time
through real-time data. This session covers
unique solutions successfully implemented
through discussions utilizing various
methods of intervention solutions to improve
operational efficiency.

Laboratory Evaluation of a Novel
Metal Surface Treatment for Coiled
Tubing Friction Reduction in Extended-
Reach Wells

KJ. Elliott, NOV Quality Tubing; S. Livescu,
Baker Hughes, a GE Company; K. Yekta
Ganjeb, Essential Coil Well Services; Y. Li,

NOV Quality Tubing

In the past few years, operators have been
increasing the lateral lengths of horizontal
wells to maximize the reservoir contact and
production rates. However, the frictional
forces between the coiled tubing (CT)
and casing in those long lateral wells also
increase, limiting the ability of conventional
CT sizes to reach the end prior to lock-up
occurring. Technologies such as lubricants,
vibratory tools and tractors are usually
used to extend the CT reach. However, the
downhole performance of some of these
friction-reducing technologies is sometimes
unpredictable and inconsistent. In addition,
with the current industry's trends to lower
the overall intervention costs, lubricants may
be considered too expensive in long laterals.

This paper reports on the laboratory
evaluation of the friction-reduction
performance of a novel CT surface treatment.
This surface treatment has been proven to
be effective at reducing the frictional forces
by altering the CT surface finish. After the
treatment, the CT surface is smoother and
has micron-size dimples that work as small
reservoirs, preventing a lubricant from being
easily washed off the CT surface.

The new metal surface treatment was
applied to several CT samples. The friction
between the treated CT samples and various
actual casing samples was studied in a
laboratory on a linear friction apparatus.
This instrument is specifically designed to
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YCIOBUSAX C TEXHOJIOTMYECKUMHU KU KOCTAMH,
UCIONb3yeMbIMU ITpU onepanuax ¢ F'HKT (1 6e3) u npu
TeMmneparypax o 100 °C. BbLiu IpOBEIEHBI TA60PATOPHBIE
UCIIBITAHUA JJIs ONIPEAETIEHUS CTIOCOOHOCTU
06pPabOTAHHBIX U HCOOPAO6OTAHHBIX 00pa3110B THKT
VAEPXKHUBATb CMA3bIBAIOIINI AT€HT IIPU CKOJIBKEHUHU IO
MHOBEPXHOCTH OOCAHBIX KOJIOHH.

B HacToOsmIEE BPEMS CYIIECTBYIOT JIBE OCHOBHBIE
OPOO6JIEMBI, CBA3AHHBIE C UCMOJIb30BAHUEM CMAa3bIBAIOMUX
Ar€HTOB JIJIS IOHWKEHUS TPEeHUs 1pu paborax ¢ 'HKT.
Bo-11epBbIX, YTOOBI YMEHBITUTB OOBEM CMA3bIBAIONIETO
Ar€HTA B IPOTAKEHHBIX TOPU30OHTATIBHBIX YUACTKAX,

4 CJIEIOBATENIBHO, U CTOMMOCTB PA6OTHI, MHOTUE
JIOOBIBAIOIINE KOMIIAHUM IPEANOYUTAIOT IPOKAYUBATD
CMAa3BbIBAIONIUI ATEHT HE HEMPEPBIBHO, 4 MAYKAMH.

TeM He MeHee 60JIbIIAS YACTh CMA3bIBAIOIIETO AT'€HTA
ocrtaercs BHyTpy I'HKT, 1 TOMBKO HEGOIBIIOE KOTUYECTBO
OPUINNAET K BHEIHEN nosepxHocTu T'HKT 1 o6cagnoin
KOJIOHHBI, I'7I€ HEOOXOIMMO YMEHBIIUTD TPEHUE. BO-
BTOPBIX, IA2KE ECJIM CMA3bIBAIOMIUI ATE€HT ITIOKPBIBAET
BHEIIHIOIO NoBepXHOCTh HKT, TO CymecTByeT puck
OBICTPOI'O CMBIBAHUS, €CJIU ATEHT HE 3AKAYUBACTCA
HEIPEPBIBHO.

Pe3ynbraThl 1a6OPATOPHBIX UCIIBITAHWH, IOJTYYEHHBIE
B PE3YJIBTATE 3TOI'O UCCIENOBAHUSA, TOKA3AJIM CHUKEHHE
KO3((PHUIIMEHTOB TPEHUS ITOCTIE OOPAOOTKU ITIOBEPXHOCTU
I'HKT. ©OTH pe3yabTaThl NOATBEPKIAIOT BO3MOXHOCTD
MOHUWKEHUSA TPEHUSA IIPU IIPOUBOACTBE TMOKUX TPYO
C 0OpabOTAHHOM MOBEPXHOCTBIO C UCIIOIB30BAHUEM
TAKUX TEXHOJIOTUI CHHKEHUSA TPEHUA, KAK
CMa3bIBAIONINE ATEHTHI, BAOPAITMOHHBIE MHCTPYMEHTHI
U CKBAXKUHHBIE TPAKTOPBL. CHIKEHUE TPEHUS TAKXKE
OBLJIO 32(PUKCUPOBAHO U 6€3 UCTIOJIb30BAHUS TAKUX
TEXHOJIOTUI. [IpenMyIneCcTBO UCIIOIb30BAHUA HOBOU
TEXHOJIOI'UH OOPA6OTKH METAIINYECKOIM TOBEPXHOCTH
34KJIIOYAETCA B TOM, YTO CMA3bIBAIOIINNA ATEHT OCTAETCA
JIOJIBIIE B ITOPAX MUKPOHHOI'O PA3MEPA HA ITIOBEPXHOCTH
I'HKT u 6011ee 3(p(PEKTUBHO MIOHUKACT TPEHUE.

HoOBH3HA TaHHOM CTATHbU BKJIIOYAET B CEOSI TOT (PAKT, UTO
06paboTrka nopepxHoCcTH THKT MOXET TIOHU3UTD TPEHUE
K4K €aMa 10 ce6e, TAK U B COYETAHUHU C TEXHOJIOTUAMU
MMOHWKEHUA TPEHUSA, TAKUMHU KaK IIPHMEHEHNE
CMA3bIBAIONUX AT€HTOB, BUOPAIIMOHHBIX MHCTPYMEHTOB
WUJIU TPAKTOPOB. [Tociie 00paboTKU TOBEPXHOCTh
I'HKT cTaHOBUTCS INIAAKOH, C IOPAMH MUKPOHHOI'O
pasmepa, KOTOPBIE VAEP/KUBAIOT CMAa3bIBAIONTUIT AaT€HT
U IPEAOTBPAIIAIOT €r0 CMBIBAHUE. JTABOpATOPHEIE
HUCIIBITAaHUA C HOBbIMU OOpasnuamu 'HKT nnokazanu
CHMIKEHHE KOI(PPHUIIUEHTOB TPEHUSA IO CPABHEHUIO C
06pa3aMu C HEOOPAOOTAHHBIMU IIOBEPXHOCTAMHU.

HoBoe moKo/JIeHne HHCTPYMEHTOB /1A
OTCOETUHEHUSI: HA/IE:KHOCTH, 0€30IACHOCTb,
3(PHEKTUBHOCTH U BBICOKOE KAYE€CTBO

1" Ay, T Illeiipemos, C.Dncmpon, K. Cmegpar Pusdc,
K Beanurapo, . Koon, Schlumberger

B cTarpe onmchIiBaeTCs HOBBIM BICOKOIIPOYHBIA
IEKTPUYECKUI UHCTPYMEHT JJIsl OTCOCAMHEHMS,
KOTOPBIN 3AMEHAET OOBIYHBIH y3€J1 PA3beUHEHUA
Y JIOCTUT'AET TOI'O K€ ITIOKA3ATENA IPOYHOCTH, YTO U
MOKA3aTeNb MAKCUMAJIBHO JOITYCTUMOTI'O HATAXEHUA
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measure the coefficients of friction between
CT and casing at downhole conditions, such
as with or without fluids relevant to coiled
tubing operations and at temperatures as
high as 100 °C. Additionally, laboratory tests
were performed to determine the ability of
the treated and un-treated CT samples to
retain lubricants when sliding on the casing
surfaces.

Currently, there are two main operational
challenges of using lubricants for reducing
the CT friction. First, to reduce the lubricant
volume in long laterals, and therefore the
intervention costs, many operators choose
to pump lubricant slugs instead of pumping
the lubricant continuously. However, most
of the lubricant is consumed inside the CT,
and only a small lubricant amount adheres
to the outside CT and casing surfaces where
the friction needs to be reduced. Secondly,
even if the lubricant coats the outside CT
surface, there is a risk of being quickly
washed off, unless new lubricant is pumped
continuously.

The laboratory testing results obtained
from this study have shown a reduction
of the coefficients of friction after the CT
metal surface treatment. These results
prove the friction-reduction potential of
manufacturing a CT with the new treated
surface for extending the CT reach with or
without friction-reducing technologies such
as lubricants, vibratory tools and tractors.
The advantage of utilizing the new CT metal
surface treatment is that a lubricant remains
longer in the micron-size pores on the CT
surface and reduces the CT friction more
consistently.

The novel idea in this paper encompasses
the fact that the CT metal surface treatment
has the potential to reduce the CT friction
by itself and further in combination with
friction-reducing technologies such as
lubricants, vibratory tools or tractors. The
new CT surface is smoother and has micro-
pores that can prevent a lubricant from
being easily washed off the CT surface. The
laboratory tests with the new CT samples
have shown reduced coefficients of friction
when comparing to conventional CT
coupons with un-treated surfaces.

Next-Generation Release Device:
Strong, Safer, Efficient, and Rigorously
Qualified

Greg Au, Todor Sheiretov, Stephanie EIstrop,
Caroline Stephan Rivas, Claire Bellicard,
Yoann Couble, Schiumberger

A new high-strength electrical release
device has been developed that supersedes
the typical weakpoint and achieves the



UHCTPYMEHTA. BBICOKOIIPOYHBIN UHCTPYMEHT
OTCOEIMHEHUS TO3BOJISIET CITYCKATD B CKBAXKUHY TSKETIbIE
OpUOOPBI HA KAOEJIE U YIJIMHEHHBIE IEP(MOPATOPHI,

YTO AAET BO3MOXKXHOCTB MOBBICUTB 3(P(PEKTUBHOCTD
pPaboTeL MHCTPYMEHT MPOLIE TIIATEIBHYIO IPOBEPKY

Ha KAa4ECTBO 151 O6eCrIeYeHH T OE€30ITACHOM U HAJEKHOM
IKCIUTYaTAIIUH B CJIOKHBIX YCIIOBUSX.

TexXHONIOTU BKIIOYAET B CEOSI CUCTEMY MEXAHUYECKOTO
pPa3beINHEHUS, KOTOPAS COEUHSAET JIBE CEKIIUU C
MOMOIIBIO PA3JBUKHBIX KJIMHbEB. MHCTPYMEHT pabOTaeT
10 HOBBIM KAHAJIAM TEJIEMETPUU, KOTOPBIE MOT'Y'T
UCIOJIB30BATHCSI COBMECTHO C IPYTUMH KAHAJIAMHU CBA3H.
B ciy4dae noTepu aNEKTPUUIECKOTO KaHAJIA CBA3U BO BpEMS
PaboThI B UHCTPYMEHTE ONIIUOHAIBHO IIPEYCMOTPEHA
Oarapes C TAUMEPOM.

Ilocne nojayu CUTrHaJIa HA OTCOEJUHEHHE T1O
NEKTPUUIECKOMY KAHAIY CBA3U JBUTATENIb AKTUBHUPYET
MEXAHU3M OTCOEAUHEHU A, KOTOPHBII BBITTOJTHAET
pasaeneHue MTHCTPYMEHTA JAKE B YCJIOBUAX
3HAYUTEIIBHOT'O OCTATOYHOI'O HATSAKEHUA KOJIOHHBI.
HicripITaHUE UHCTPYMEHTA ITOATBEPIUIIO BO3MOXKHOCTD
€r'0 MCIOJIBb30BAHUA C TAXKEIBIMU IPUOOPAMH U
YAapPOCTOUKOCTS K JUTMHHBIM IIEP(OPATOPAM.

Ha uCnbITaHUAX UHCTPYMEHT OTCOETMHEHUA T10
NEKTPUUIECKOMY KAHAITY CBA3U NMPOJEMOHCTPUPOBAII
BBICOKHE TTOKA3aTENNU PA6OTBI B CAMBIX CJIOKHBIX
onepanuax. B OJEBbIX YCIOBUAX UHCTPYMEHT
HCIIOJIB30BAJICA KAK BTOPUYHBIN HHCTPYMEHT
OTCOEANHEHMUSA, KOTOPBIH YCIIEITHO PA0OTAJI B
ArpECCHUBHBIX YCJIOBUAX IPOBEJNEHUSA NIEP(POPALTIH.
OnHUM U3 IPOEKTOB, I7I€ IPUMEHAJICA JAHHBIN
WHCTPYMEHT, ObUI IIPOEKT, /I PEATU3ALUHA KOTOPOT'O
OBLIO IPUBJICYCHO 6 TPOU3BOACTBECHHBIX JIMHECK.
HMHCTPYMEHT OTCOEAMHEHUA CITYCKAJICA B CKBAXKUHY Ha
I'HKT BMeCTE C INIMHHOM KOMIIOHOBKOMH IlepgopaTopa
JUI pabOTHI B INIACTE C BBICOKMM COIEPKAHNUEM
CEPOBOJIOPOAA U YIVIEKHUCIJIOTO ra3a. MTHCTPpyMEHT
MO3BOJIUJI 3HAYHUTEJIBHO YMEHBIINUTD KOJTUYECTBO
CIIO, 4TO IPUBEJIO K ITOBBIIIEHUIO 3(P(PEKTUBHOCTH
npoekTa. Ha Ipyrom npoeKTe UHCTPYMEHT CITYCKAJICS B
CKB2)KUHY Ha KabeJjie BMECTE C JJIMHHON KOMIIOHOBKOM
nepdoparopa. MHCTPyMEHT IMO3BOINIJ CHU3UTD
KOJINYECTBO HEOO6XOAUMBIX CITO 1 COKpAaTUTh BDEMEHHBIE
3aTpPaThl IS 3AKA34YHKA. JJaHHbIE pabOTHI OBLIIU YCIICIITHO
BBITIOJTHEHBI 6J1ATO/1apA UCTIBITAHUAM. Hanpumep, B
paMKaX KOMIIJICKCHOT'O UCIIbITAHUWA OIS MOIICHI/IpOBaHI/IH
3260 HBIX YCJIOBUI UCITOIB30BAJIACh KOMIIOHOBKA
repgoparopa ¢ MAKCUMaJIbHO JOITYCTUMOM JJIMHOMU
6osee 36 M. B cayuae mpoomKeHUsI TAKOM TCHCHITHU
3TOT UHCTPYMEHT U3MEHUT 6yayIee nepdopauu Ha
Kabere.

VipasiisieMbll BBICOKOIIPOYHBIM MHCTPYMEHT
OTCOEIMHEHUS IO JIEKTPUUECKOMY KAHATY CBA3U
MTO3BOJISACT IPOBOAUTD CITYCK TSXKEJIBIX IIPHOOPOB U
JUIMHHBIX Iep@dopaTopos Kak Ha HKT, Tak 1 Ha kabee.
DTa BO3BMOXXHOCTb IO3BOIUT HOBLICUTH 3(P(PEKTUBHOCTD
PabOoThI CKBAXKUH, 4 TAKXKE YCTAHOBUT HOBBIE CTAHAPTHI
BBITIOJTHEHU S TTEpOPAIINU Ha KabeJIe.

MakCcHMaJIbHOE HCIIOJIb30BaHHE IIOTEHIIHAIA
JAHHBIX, IOTyY€HHBIX BO BpeMs pa0OTHI
Kpuc Mepgpu, BHP; Dropro Camc, CMU

same strength as the tool tension rating. A
stronger release device facilitates running
heavier tools on wireline, along with the
ability to run significantly longer gun strings,
which increases operational efficiency. The
release device was subjected to a rigorous
qualification program conducted to ensure
the highest safety and reliability of this
device under demanding conditions.

This technology uses a motorized
release that holds two sections together
via retractable dogs. The release device
operates using new telemetry protocols that
are combinable and segregated from other
communication schemes. An optional battery
with a preset timer provides redundant
control if electrical communication is lost
during operations.

After the electrical release signal is sent,
the motor activates the release mechanism,
enabling the device to separate, even with
significant residual tension on the toolstring.
Completion of rigorous qualification testing
was necessary to confirm performance for
the heavy load requirements and high shock
levels characteristic of long perforating
toolstrings.

The new electrical release device has
delivered flawless performance in seemingly
impossible well programs. In field cases,
the device was the optimal answer in
providing a secondary release device that is
high functioning in the harsh perforating
environment. One case presents the
completion of a project that involved the
collaboration of six product lines. The
release device was used with coiled tubing
deployment of extremely long gun strings
in a reservoir containing high H2S and CO2
content. The device enabled a significant
reduction in the number of coiled tubing
runs, which resulted in a significant increase
in operational efficiency. Another application
enabled the conveyance of large gun strings
using wireline, which reduced the number
of descents required and saved valuable
time for the operator. These well programs
were successfully completed because of
the extreme engineering qualification
achieved. For example, surface integration
testing involved a maximum allowable gun
string of more than 120 ft in a well to model
downhole exposure. If this trend continues,
it is possible that this device will change the
future of wireline perforating operations.

The new controllable electrical release
device with exceptional strength enables the
deployment of heavy tools and long guns on
both coiled tubing and wireline. This will
lead to efficiencies in well design as well
as optimization and a higher standard in
wireline perforating operations.
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TEXHOJIOI'MU

B nporiecce ppesepoBanusg npo6ok Ha THKT B kabuHe
YIPABJICHUS MOXKHO YCJIBIIIATD CJIEAYIOMNE KOMAH/BL:
«CITyCK», «CTOII>, <[TIOJ/bEM», «3aKAUKa». YTO SABIAECTCSA
OCHOBOI IPUHATUS PEMIEHHUH U KAKYIO HH(POPMALTHUIO
HEOOXOIMMO OO6PAOOTATS 15l HPUHSTHS TOT'O UJIM UHOT'O
pemenus? Bo Bpems pabotsl ¢ 'HKT peructpupyercs
MHOKECTBO IAPAMETPOB, BKJIIOYASI PACXOJ, HACOCA,
JasjeHust, Bec 1 ckopoctb 'HKT. Yeniex onepanyu
3aBUCUT OT TOT'O, KAK IPOU3BOJJUTCA MHTEPIPETALIUSA ITUX
JIAHHBIX U KaK IPUHUMAIOTCS PEMIEHUSA 10 CAEAYIONUM
JEUCTBUAM. B TydiieM ciydae B KOHIIE PabOThI 3TH
JIAHHBIE APXUBUPYIOTCS B OJHY U3 MHOXKECTBA CETEBBIX
MATOK. A 4TO, ECJIU NTOCTYMNAIOMAsg MH(POPpMALU OYAET
AHAJIM3UPOBATHCA C LIEJIBIO PA3PAOOTKU ITOKA3ATENIEN
MPOU3BOAUTENBHOCTU U IOHUMAHU S, TOYEMY PE3YJIBTATHI
OBbLII UMEHHO TaKUMU? YTO, eC/In 3Ta UHPOPMAIUI
MO3BOJINT OCYIIECTBJIATD YIIPABJICHUE OYIyIIIMU
paboTramu? B AaHHOM CTAThE MPEIATAETCA ATITOPUTM,
Pa3pabOTaHHBI JIJIs1 aHAIN3A BBIITIOJTHEHHOM PA0OTHI,
KOTOPBIN NMO3BOJIAET O6PA6OTATH OOBIION, IIUPOKO
JOCTYTIHBIIN MACCHUB JAHHBIX IO (PPE3EPOBAHUIO ITPOOOK
na 'HKT.

TPHALATH JIET PA3PAOOTKH IIPOrPAMMHOIO
ob6ecmeYeHu s JIJIs1 MoaeTupoBaHusa pa6or c THKT.
HoBbie BO3MOKHOCTH

B. Atimicen, C.JIuscxy, C. Kpeiiz, Baker Hugbes,

a GE Company

PaboThI HAJT pa3pabOTKON IMAKETOB IIPOTPAMMHOTO
obecnedeHus U1 MOACINPOBAHUSA PA6OT C TMOKUMU
HACOCHO-KOMIIpeccopHbIMU Tpy6amu (I'HKT)

BEAYTCA B TEUEHUE MOCTIEAHUX TPEX AECATUIETUN JJI
TUTAHUPOBAHUA U BBINTOIHEHNHY ontepanii ¢ THKT no
BCceMy MUDY. [lepBbI€ BEPCHUH ITPOrPAMMHBIX ITPOAYKTOB HE
YYUTBIBAIM U3BMEHEHUA IAPAMETPOB BO BpeMeHU. OJJHAKO
34 [MOCIEAHUE JECATUIETUA STU IIPOTPAMMHBIE ITPOIYKTHI
MOJIYYUIA BO3MOKHOCTD YYUTBIBATD HECTAIIMOHAPHBIE
MPOLIECCHI, U3MEHSAIOMINUECS ITPH BBIIIOJTHEHUH PA6OTHL B
OyAyILIEM IUTAHUPYETCSA UCTIONB30BATb 3TU IPOLYKTHI /I
aromatusanuu pabot ¢ 'HKT. B 1aHHOI CTaThe BIIEPBLIC
MPEIIATAETCA OIUCAHUE ITUX IIPOrPAMMHBIX IIPOAYKTOB.

Pa3paboTKa KOMIIBIOTEPHOU IIPOI'PAMMBI HAYAJIACh B
Havasie 80-X IS OLICHKHU ITPOLIECCA JBUKECHUS (PIIIONIOB
Ha 3200€ U TEPMOOAPUYECKUX YCJIOBHUIH IIPU BBIIIOJIHEHNH
pa6ot ¢ THKT. Mcnionb30BaHUE MHOTI'O(DA3HBIX
PEONOTNYECKUX U (PPUKIIMOHHBIX KOPPEIALUL,
MIOJIyYEHHBIX I10 PE3YJIBTATAM JIAOOPATOPHBIX
UCCJIELOBAHUH, TIO3BOJIMIIO IIPOBEPUTD IPOTPAMMHBIN
MIPOAYKT HA COOTBETCTBHE IIPOMBICJIOBBIM JIAHHBIM
€O Bcero mupa. INosxe A1 OLEHKU BO3MOXHOCTH
pa6oTel THKT B rOpHU30OHTAIBHBIX CKBAXKUHAX U
NPEAYIIPEK/ICHNS BO3MOXHBIX OCJIOKHEHUH HA 3200¢€
MOSIBUJIUCH IPOTI'PAMMBI, IIO3BOJISIONINE IPOBOIUTH
AHAJIN3 HAT'PY30K U HAIIPSYKEHU N, IEUCTBYIOIUX HA
I'HKT. DTH 1pOrpamMMel y4UTHIBAIOT UHKJIMHOMETPUIO
CKBA’KWH, TDEHHUE, PA3MEP I'MOKOU TPYObI, IPOMUIIbL U
Marepuan craan. Cendac Hauboee pacrpOCTPAHEHEI
IIPOrPaAMMHBIE IPOJYKTbI, KOTOPbIC HE YYHUTBIBAIOT
W3MEHEHUE IAPAMETPOB B IIPOILIECCE BBITIOIHEHUS PAOOT.
OnHaKO HA MPAKTUKE 3260HHBIE YCIOBHS U3MEHSIIOTCS
B IIPOLIECCE BBIIOJIHEHUS TAKUX PAbOT, KAK IPOMBIBKA,
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Unlocking the Potential of Your Coiled
Tubing Post Job Data
Chris Murphy, BHP; Andrew Sams, CMU

"Run in hole", "stop CT", "pickup", "drop
pumps"... All common commands heard in
the control cab during a coiled tubing plug
drillout (CTDO). What drives the decision
making process and what information has
been processed to arrive at such a conclusion?
During a coiled tubing (CT) operation, many
parameters are being acquired including
pump rate, pressures, weights and speeds,
and the success of the operation relies on
how the supervisory personnel interpret
this data and advise on next steps. At the
end of the job, if lucky, this crucial data is
archived in the catacombs of the well file
on some network server. What if instead,
this information was analyzed to detail the
operation, develop performance metrics to
help understand why the results were what
they were, and ultimately provide guidance
for future operations? This paper discusses
an algorithm developed to support analysis
and a philosophy of job review that has been
utilized to robustly process a rich, continuous
and widely available CTDO data set.

30 Years of Continuous Coiled Tubing
Modeling Software Development
and Field Applications Creating New
Capabilities

Aitken W.A. H,, Livescu S., Craig S., Baker
Hughes, a GE Company

During the last three decades a coiled
tubing (CT) modeling software package
has been continuously developed to assist
in the planning and executing of global CT
operations. The first models were steady-
state. In the past decade these models have
been extended to consider transient effects
of operations as they are executed. These
models will also be used in the not-so-
distant future to automate CT operations.
In this paper, a review of all these models is
presented for the first time.

The development of a computer program
was initiated in the early 1980s to help
understand the downhole flow and pressure
conditions during CT operations. Utilizing
multi-phase rheological and frictional
correlations obtained from laboratory
flow loop testing, the CT flow model was
extensively validated against global field
data. Later, CT force and stress analysis
models, considering such effects as the
specific well geometry, mechanical friction,
CT size, shape and material strength, were
developed to predict lateral reach and assist
in preventing downhole CT failures. While



OCBOEHUE, CTUMYJIALNSA, IEMEHTHPOBAHUE, OYypEHHE HA
JEIPEeCCUU HA A30TUPOBAHHOM JXKUIKOCTU. 34 IIOCJIEAHUE
JECATUIETHS IPOTPAMMHBIE TPOAYKTHI IOy YN
BO3MOXHOCTDb YYUTBIBATH IIEPEXOAHDIE IIPOLIECCHI HA
CTaUAX IJIAHUPOBAHUS 1 BBIIIOJIHEHUS PA6OTEL bosee
TOT'O, HOSIBJIEHUE TEXHOJIOTUHU TesleMeTpuu Ha THKT
MO3BOJISIET COOUPATDH 300U HBIE JAHHBIE B PEXKHUME
PEAILHOI'O BDEMEHH U UCIIOIb30BATh IIPOI'PAMMHBIE
OPOAYKTEL, yYUTBIBAIOMUE H3MEHEHUE ITUX JAHHBIX,
JUIS ONITUMHU3AI N ONIEPAIIUH, TAKUM OOPA30M MOBBIIIAS
3(PHEKTUBHOCTD U 6€30I1ACHOCTD PAOOTHL

Briepsbl€e B JaHHOIM CTATHE IIPEAJIATAETCA OIIUCAHUE
MIPOrPAMMHBIX IPOAYKTOB, YU TBIBAIOIINUX U HE
YUYUTBIBAIOMUX U3MEHEHUE 3260MHBIX TAPAMETPOB.

B cTarbe onuchIBAETCA KAXKABIH IPOAYKT U €TI0
NpUMEHEHME 32 TocaeaHue 30 eT. TakKe B CTaThe
MNPEICTABIECHBI PE3YIBTATEI OOOCHOBAHUSA COOTBETCTBUA
MPOrPAMMHOIO OOECTIEYEHUS TPOMBICIIOBBIM

U J1260PATOPHBIM JJAHHBIM. [IJ1 TIEMOHCTPAIUH
MEPEXOAHBIX ITPOLIECCOB IIPH BBITIOJIHEHHUH PA6OT C
I'HKT 1 npenMyIeCcTB UCIOIb30BAHUA IIPOTPAMMHOTO
06€eCIeYeH s, YIUTBIBAIOMIETO 3THU IEPEXOJHBIE
IIPOLIECCHI, HA ITANAX IPEABAPUTEIBHOI'O IIJIAHUPOBAHNA
U BBINTOJIHEHUA PAOOT B CTATHE IPUBEJEHO OITUCAHUE
KOHKPETHBIX IIPOMBICJIOBBIX IIPUMEPOB.

B cTaTbe OnrcaH MUPOBOI OIBIT Pa3Pa6OTKHA
MPOrPAMMHOIO OOECTIEYEHUA JJ11 MOJEIUPOBAHUA PAOOT C
I'HKT 32 30 s1eT. MareMaTu4eCcKyo MO/IEIb U NTH(POPMAIIHIO
O IOATBEPKIEHUN COOTBETCTBUSA IPOIPAMMHBIX
MPOAYKTOB IIPOMBICJIOBBIM U JIAOOPATOPHBIM JJAHHBIM
MOYKHO HAUTH B CITMCKE JINTEPATYPHL. B CTaThe ONMNCAHBI
KOHKPETHBIE IIPOMBICIOBBIE NPUMEPHL Ha JAaHHBII MOMEHT
H4 [TI002JIBHOM YPOBHE HAOIIOJAETCSI HEXBATKA OIIBITHBIX
unxeHepos 'HKT, noaTomy pa3zpaboTka IpOrpaMMHOIO
obecrnedeHus JJ1s1 TOBBIIEHU S 3(P(PEKTUBHOCTH ONlEPALN
ABJIAETCA AKTYAJIbBHOM 3a1a4€EN.

HoBBI¥ yPOBEHD AKKYMYJIATOPOB JJIA
IHEPrOEMKHX 3200 HBIX HHCTPYMEHTOB
/1. Ceaypa, 3. Dpron, Schlumberger

TpaauiIMOHHBIE 3200MHBIE AKKYMYJISITODBI,
NPEIHA3HAYEHHBIE I MAJIOT'O HAMIPS KEHNUA/TOKA,

HE MOI'YT OO€ECIIEYUTh TPEOYEMYIO MOLTHOCTb, KOTZA
peub uaeT 06 UHCTPYMEHTAX, IPEAHA3HAYEHHBIX

JULA ONIEKTPUYECTBA, TOJBEAEHHOI'O C IIOMOIIBIO
Kabesst. BeICOKast MOITHOCTB, ITOTPEG/IsieMast 3STUMU
WHCTPYMEHTAMH, TPEGYET TOUYHOT'O OIIPEAEIIEHUA
TAKUX ITAPAMETPOB, KAK CHUJIA TOK4, BEIMYMHA CKAYKOB
HATIPAXKEHUA, EMKOCTDb AKKyMYJIATOPA IIPU PA3JIMYHBIX
HArPy3KaxX U TEMIIEPATYPAX.

J1J1s1 TOBBIIIEHU ST BXOZHOT'O HAIIPSIKEHUS
aKKyMyHHTOprIﬁ HUCTOYHUK ITUTAHUA I QHCPTOCMKHUX
3a00MHBIX MHCTPYMEHTOB BKJIIOUAET TPU 6JIOKA HaTapel,
COEJIMHSIEMBIX TIOCJIEIOBATE/IBHO, C BOZMOXHOCTBIO
HCIIOJIb30BAHUS TPEX JONOJIHUTEIBHBIX GJIOKOB,
COEJIMHSIEMBIX 1APAJIIEIBHO, /111 YBEJIMYECHUS CUJIBI TOKA.
J1s1 onipeiesIEeHNs XapaKTEPUCTUK JIMTUEBON 6aTapen
IIpY pa3HbIX Temreparypax (75 °C, 100 °C, u 150 °C) 6pu1u
MIPOBEJIEHBI UCIILITAHUA AKKYMYJIATOPA C 48-10 6/I0KaMU
Oaraperi Ipu CUJIe TOKA BeIIIE 1 A. B cTaTbe Takxe
NPEACTABICHO ONTUCAHUE 3JIEKTPOHHOM YaCTU

the most common and simplest approach
within the industry is still to use steady-
state models, in practice, the downhole
conditions during CT operations, such as
well cleaning, well unloading, well control,
stimulation, cementing, underbalanced
drilling with nitrified fluid, etc., are transient.
Consequently, the steady-state models have
been extended to account for downhole
transient effects at the pre-planning and
execution stages of CT operations. In
addition, with the advent of the state-of-
the-art CT telemetry systems, it is possible
to acquire the downhole data in real time
and use the transient CT software model

to automate and optimize CT operations,
increasing their safety and efficiency.

A review is presented for the first time
about the steady-state and transient models
included in the CT software model, with
details about each model and how they
performed during 30 years of operations.
Results and discussions regarding the
extensive validation of the software against
laboratory and field data are also presented.
Several field cases from around the world
help illustrate the transient nature of CT
operations and the benefits of using the
transient simulation in the pre-planning and
execution stages of these operations.

The paper presents the results from
30 years of global experience with the
CT modeling software program. The
mathematical models, validation against
laboratory and field data, verification against
other models available in literature, and
case histories are described. The current
trends within the industry are leading to a
shortage of experienced CT field engineers,
so the use of CT software models to increase
the efficiency, compliance and safety of CT
operations has never been as important as
now.

Redefining Battery Operation for
High-Power Downhole Tools
Segura ], Erkol Z., Schlumberger

The use of conventional downhole
batteries, which are intended for low voltage/
current, faces hurdles when it comes to
operating tools designed for surface power
provided through a cable. The high power
consumed by some of these tools requires
careful characterization of parameters such
as current, transients, and battery capacity at
different loads and temperatures.

The battery power tool developed for
high-power tools uses three battery packs,
here used in series, to boost input voltage,
with a provision to use three additional
packs in parallel for additional current.
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AKKYMYJIATOPA, UCIIOIb3YEMOM 1715 TIOBBIIIEHU S
HanpsikeHus 10 200 B, Heo6xouMoro J1Jist ipudbopa
UMITYJIbCHOI'O HEUTPOHHOT'O KAPOTAXKA.

B pesynbrare 6612 pa3dpaboTaHa CUCTEMA, KOTOPAs
MOKET OOECIIEYUTb EMKOCTD 20 A™d 11 6011ee 10 9acoB
HEMPEPBIBHOIM IKCILTYATALIMU IPUOOPOB UMITYJILCHOT'O
HEUTPOHHOI'O KAPOTAXKA. TaKKe JaHHAS CUCTEMA
06€ECIEYNBAET BPEMS PAOOTHI TPAAUIIMOHHBIX IPHOOPOB
Kaporaza 6osnee yeM 100 yacoB. CucTeMa TakKe O3BOJIET
UCIOJIb30BATH B IIOJIEBBIX YCIOBUAX IPOrPAMMHOE
06€eCIIEYeHHE IJ151 OLIEHKU BDEMEHHU PAOOTHI AKKyMYJIATOPA
HAa KOHKPETHOH CKBAKMHO-OIepanuu. [IpenmyiecTsa
JIAHHOI CUCTEMBI TOATBEPKAECHBI PE3YIBTATAMHU
[OJIEBBIX UCIIBITAHUH, IIPOBOAMMBIX HaunHas ¢ 2014
roza. IlpuBeieHb! IPUMEPHI YCIIEITHOTO TPUMEHEH U
AKKYMYJIATOPA HA MECTOPOXKAEHUAX CayJOBCKON ApaBUH,
Kownro, 'a6oHa.

CEKLLUS 3. BHYyTPUCKBa)XXKMHHbIe paboTbl
C NMOMOLLbIO dNIeKTPNYecKoro Kabens
U KaHaTHOM TeXHUKN

B maHHOM cexk1yy peCcTaBIEHbI JOKIA/bI IO
pa3pabOoTKe TEXHOJIOTUI IO CITYCKY IPUOOPOB U
OIBITY BBIIIOJIHEHU JIOBUWIBHBIX PAOOT. JIOK/Ia YUK
NPENCTABUIIMN NPEZEHTALINHN 110 PEATIBHBIM OCJIOKHEHUAM,
C KOTOPBIMH KOMITAHHWH CTAJIKMBAIOTCA HA CKBAKUHE,
U TEXHUYECKUM PEMIEHUAM C IPUMEHEHUEM
ANEKTPUUCCKOTO KAOEIs1, TPOCA M KAHATA /151 YCIIEIITHOT'O
pEIIEHNs ITIOCTABICHHDBIX 33/1a4 KaK HA BHYTPEHHEM, TAK U
H4 MEX/IYHAPOJHOM PBIHKAX.

KaHaTHBIE pA60THI C HHHOBAITHOHHBIM
PATHOYIACTOTHHIM IEPETATIUKOM: AHATHU3
MPAKTHIECKHX IIPHMEPOB HA MECTOPOKICHHUH
Kymapyk-Pusep: Hopt-Cioy1r, AJIsicKa

D. Xunu, K. Tettnop, Halliburion; T: Bu3, ConocoPbillips

MecropoxaeHue Kynapyk-Pusep B pernone Hopr-
CJ10y11 Ha AJISACKE SIBJISETCA 3PEJIBIM MECTOPOXKACHUEM,

HAa KOTOPOM OCYHIECTBIAETCA MHOXKECTBO
BHYTPUCKBA)KUHHBIX PA0OT I IOAAECPKAHUS YPOBHS
JI06BIY . [TpY TAKOM OOJIBIIIOM KOJITUYECTBE CKBAKUH, KAK
Ha MeCTOpOXAeHUU Kynapyk-Pusep, BHYTPUCKBAKUHHBIE
PabOoTHI AOJKHBL ObITh A(P(PEKTUBHBIMH, U TPAAUIIUOHHBIE
TEXHOJIOTUU KAHATHBIX PA60T U PA0OT C ATEKTPUYECKUM
Ka0eJIeEM CTAIKUBAIOTCS C OCIOXKHEHUAMU. OCHOBHOM
IPOOIEMOH ABIIETCSA OOIBIIOE KOJIMYECTBO MOHTAXKEN

U IEMOHTAKEN OO0OPYIOBAHUS JIJIS1 BBIIIOJIHEHU ST OJTHOU
onepanyy. OFHAKO €lIe OJTHOU IPOOIEMOU ABISCTCS
NoAJEPKAHUE PA6OTOCIIOCOOHOCTH OOOPYAOBAHHSA B
pErMOHE HU3KUX TeMIIEPATyp. Eme ogHOM 0CO6EHHOCTHIO
3TOTI'O MECTOPOXKACHUA ABIAECTCA OOJIBIIOE KOJIMYECTBO
CKBAXUH C AC(PAJIBTO-CMOJIUCTBIMHU U MTAPA(PUHOBBIMHU
omnoxeHusamu (ACIIO).

TeXHONMOrus KAHATHBIX PAbOT C Iiepeiadeii 3a60MHBIX
JIAaHHBIX ObL/Ia YCIEITHO OIIPOOOBAHA HA MECTOPOXKCHUN
Kynapyxk-Pusep, 3Ta TEXHOIOIMs Oblj1a OITMCAHA B
NpeRbIAYINUX CTAThAX (Wiese, 2015). BO3MOXHOCTD
MOHUTOPUHI'A ITTYOUHBL B PEXKUME PEAIBHOI'O BDEMEHHU
C IOMOIIBIO JIOKATOPA MY(PT U JJOIIOJIHUTEIBHOI'O
npU60OpPaA raMMa-KapPOTAXKA ABJISAETCA HOBBIM CJIOBOM B
TOBBIIIECHUN 3(PPEKTUBHOCTU KAHATHBIX PA6OT U paboT
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Battery characterization efforts at currents
higher than 1 A were performed at different
temperatures (75 °C, 100 °C, and 150 °C)

to explore the behavior of lithium battery
chemistry, with a total of 48 battery packs
tested. The electronics design to boost
battery voltage up to 200 V to support a
pulsed neutron tool is also presented.

The result of this engineering effort is a
system that can provide more than 20 Ah
of power and enables more than 10 hours
of continuous operation of pulsed neutron
tools. It also allows more than 100 hours
of operation of conventional production
logging tools. A tool planner software is
provided for the field users to estimate the
battery operation time for a specific job.
Those benefits are illustrated by the field
deployment results of this solution since
2014, with examples of successful operations
in the Kingdom of Saudi Arabia, the Congo,
and Gabon.

SESSION 3. Electric Wireline, Slick and
Braided Line Applications

This session emphasizes technology
developments in conveyance and tools along
with case studies of operational methods
and fishing operations. Speakers will present
on real well issues and solutions utilizing
electric, slick, and braided line to create
successful outcomes in both domestic and
international operations.

Digital Slickline Using a Novel RF
Transceiver: Case Studies in Kuparuk
River: North Slope, Alaska

Heaney FM., Taylor C., Halliburton; Wiese T,
ConocoPbillips

The Kuparuk River unit (KRU) on the
North Slope of Alaska is a maturing asset
providing a variety of well intervention
opportunities necessary to maintain
production. Because of the high well count,
interventions need to be efficient, and the
traditional slickline and electrical line model
are being challenged. The primary concern
is the multiple rig ups and rig downs to
complete the scope of work, but there are
also local concerns, such as maintaining
a workable equipment schedule in a cold-
weather region. Another unique feature of
the KRU is that many of the wells have scale
deposits.

Digital slickline (DSL) has been successfully
used in the KRU and was highlighted in
previous papers (Wiese 2015). The ability
to have real-time depth correlation with
a casing collar locator (CCL) and optional
gamma ray (GR) during slickline runs
and completing the traditional electric



C MCIIOJIb30BAHUEM 3JIEKTPUYECKOTO Ka6es (YyCTAaHOBKA
nakepa, nepdopanys u Jp.). Panee MOHUTOPHHT 3a00HHBIX
JIAHHBIX B PEAJIBHOM BPDEMEHHU CTAJIKMUBAJICS C IPOOIEMON
06pPa30BAHUS U3OBITOYHOI'O O6'bEMA OTIOKEHUH B
HEKOTOPBIX YYACTKAX CKBAKUHBL [IJIs1 PEMIEHUS 9TOU
IpOO6JIEMEI ObLT Pa3pabOTAH HOBBII IPOTOKOJ NEPEAAYN
JAHHBIX, KOTOPBIX UCHOIB3YET PAAUOYACTOTHYIO AHTEHHY
JUIS TIEPENAYU CUTHAJIA B OJHOM HAIIPABIEHUHU C IOMOIIBIO
TpOCa. B paMKax 3TOI TEXHOJIOTUH KOPITYC IpUOOpa

HE HYKHO COEIMHSATD C KOJIOHHOI TPYO A1 IEPEaun
CUTHAJIA.

B 2017 roay 66110 BbITIONIHEHO 6071€e€e 400 CIIO ¢
repeaaden JaHHbIX 110 TAKOMY THILY. BEIIIOJIHEHHbIE
PabOoTHI BKIIOYAIOT B CEOs U3BJIEYEHUE U 3AMEHY
rasjauTHBIX KIAMTAHOB, JOBUJIBHBIX ITAKEPOB, TOPIIEN,
nep@doOpPaTOPOB, YCTAHOBKY IAKEPOB M PEMOHTHBIX THJIb3.
CnenyeT OTMETUTD, YTO CPEAU BCEX KAHATHBIX PA0OT
C mepe/1aveii 3a60MHBIX AAHHBIX TPUMEPHO 60% 3TO
KaHATHBIE PA6OTHI C siccamu, 2 40% — pabOoTHI IO 3aMEHE
O60PYIOBAHUS C IPUMEHEHHUEM AJIEKTPUYECKOT'O KAO€EIS.
Takas TEHJIEHIIMA ITO3BOJIAET CYAUTh O TOM, YTO XOPOIIO
3aPEKOMEH/IOBABIIAS CEOSI TEXHOJIOTUSI MOXKET OBITh
HCIIOJIb30BAHA 1 JAJIBIIE 15 HOAJEPKAHUSA BBICOKOM
3P HEKTUBHOCTH.

IIpuMep BHINTOJTHEHHSA CIO0KHBIX JTIOBHIbHBIX
PaGOT IO U3BIECYECHHIO TAKEIOT'O ABAPUMTHOTO
HHCTPYMEHTA B YCJIOBHAX BBICOKHX JJABJI€HHH C
HCIIOJIb30BAHHEM Ka0exa, kKanara u THKT

2. Xappuc, P.36umoscku, A. Janzxaiimep, Saudi Aramcoy
JI. Beobep, H. Cemxu, Halliburion

B mannoOM cTaThe ONncaH NpuMep yCIENHOTO
BBITIOJIHEHU CJIOKHBIX JIOBUJIBHBIX PA6OT IO U3BJIEYEHHIO
TAKEJIOTO ABAPHUIHOI'O MHCTPYMEHTA B YCIIOBUAX BBICOKUX
JIABJIEHU B BLICOKOCEPHUCTOU I'a30BOI CKBAKHE
B CayioBCKOM ApaBuu. MylnbTHAUCITUTITIMHAPHBIA
POEKT BKJIIOYAJ B CEOS1 BHYTPUCKBAKMHHBIE PAOOTHI C
HCIIOJIb30BAHHEM TPOCA, PA3JIMYHBIX PA3MEPOB KAHATOB U
I'HKT.

B crarbe onrcanbsl NOAPOOHOCTH INIAHUPOBAHUS,
MO/IC/IMPOBAHUS U BBIIIOJIHEHUS PAOOTHI. TAKXKE B CTATHE
O6CYK/IAI0TCA TEXHOJIOIMH KOHTPOJIA 32 CKBAKMHOM U
COOTBETCTBUE BEICOKMM OIIEPALTMOHHBIM CTAHIAPTAM
HE@TEra30B0M OTPACIU. B cTaThe y1e/ICHO BHUMAHUE
PHCKAM U CTPATETUHU I10 UX CHUKEHUTO. KOMITJIEKCHBIH
IIPOEKT BKJIIOYAJI B CEOS JIOBUJIBHBIE PAOOTHI 11O
U3BJICYCHUIO PA6OTAIOMIEIO IEPPHOPATOPA B KOMIIIEKTE C
IIPOOKOM, KOTOPBIE ObLJIN OCTABJIEHBI B XBOCTOBUKE I1OCJIE
OCEYKHU B3PbIBA IIPH YCTAHOBKE ITPOOKU. PAGOTHI ObLIIN
OCJIO’KHEHBI HAJIMYHUEM PACCEYEHHOTI'O AJIEKTPUYECKOTO
Ka6eJ1sd HaJl ABAPUITHBIM UHCTPYMEHTOM.

J17151 BBITIOJIHEHU S PA60T ObLIIM 33/ICHCTBOBAHBI CAMBIC
IIOCJIEAHUE PA3PAOOTKH B OOIACTU JIOBUJIBHBIX PA0OT 11O
H3BJICYEHUIO TSXKEJIBIX ABAPUITHBIX MHCTPYMEHTOB. Takske
HEMAJIOBAKHBIM ACIIEKTOM SIBJISIETCS UHTETPUPOBAHHBIN
TIOIXO/1 K BBITIOJTHEHHIO CJIOKHBIX JIOBUJIBHBIX PA60OT
C COBJIIOICHUEM BCEX HOPM OE€30I1ACHOCTH IIPH
IKCILIYATALMU MHOI'OY POBHEBOM YCTBEBOM IIJIOMAIKU
Y HECKOJIBKUX TTO/BEMHBIX KPAHOB, C IIJTAHUPOBAHUEM
I'PY30IO/bEMHBIX PAOOT U OIIEPAITHI 10 U3BICUYCHUIO
Ka6ess 1 paboTaIoniero nepgoparopa,

line services (i.e., packer set, perforating,
etc) is a game changer that dramatically
helps improve intervention efficiency. A
previous challenge was maintaining real-
time communications in areas where there
is excess scale buildup. To circumvent this
issue, a new protocol was developed using
a radio frequency (RF) antenna to provide
half duplex communications with a coated
slickline. This methodology doesnot require
the tool housing to contact the tubular to
complete the signal transmission.

In 2017, more than 400 digital subscriber
line (DSL) runs covering a wide variety
of tasks were successfully completed,
including removing and replacing gas-
lift valves, fishing packers, string shots,
perforating, setting packers, and patches. An
interesting result of the KRU digital slickline
interventions was that approximately 60% of
the runs were slickline centric involving jars
and 40% were considered e-line replacement
services. This trend suggests that a successful
product should be able to complete all
typical slickline runs to maintain the
efficiency advantage.

Case Study of a Complex, Heavy-
Duty, High-Pressure Fishing Job Using
Wireline, Slick Line and Coiled Tubing
Intervention

Harris Anthony, Zbitowsky Ron, Dughaitber
Abdullab, Saudi Aramco; Webber Lionel, Sethi
Neerayj, Halliburton

This paper is a case study of a successful,
complex, high-pressure, and heavy-duty
fishing job on a live sour gas well in Saudi
Arabia. The multidisciplinary effort involved
braided line, various sizes of slick line and
coiled tubing (CT) intervention.

The paper examines details of the job
planning and design as well as the job
execution. The well control philosophy
and compliance to some of the highest
operational standards in the industry will
be discussed along with the associated risk
and mitigation strategy. This multifaceted
job involved fishing a live perforating gun
and plug assembly, which was stuck in the
liner following a misfire while attempting
to set the plug. The fishing job was further
complicated due to the presence of a parted
section of electric line on top of the original
fish.

Recent developments in heavy-duty
fishing operations were incorporated into
the intervention process. Equally important
is the integrated approach used for this
complex fishing job with special safety
procedures put in place for the use of
multilevel scaffolding, multiple cranes, lifting
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C COCTABJIEHUEM IIJIAHOB JIMKBU/JAIIUH ABAPUI U
KOHTPOJIEM IPOTUBOBLIOPOCOBOIO OOOPYIOBAHMUSL

B cTaTbhe TaKXKe ONUCBIBAIOTCS CJIC/IAHHBIE TTO
pE3YIbTATAM PAOOT BBIBOABL YCHENTHOE BBITTOTHEHUE
CJIOKHBIX JIOBUWIBHBIX PA6OT MO U3BIECUYECHUIO TKETIOTO
ABAPHUIHOI'O MHCTPYMEHTA MTO3BOJIUIIO PACHIUPUTD
TPaHUIIbl BHYTPUCKBAKMHHBIX PAOOT 6€3 UCIIOJIb30BAHUS
OypOBOH YCTAHOBKH, TOBBICUIIO 3(PPEKTUBHOCTD PAOOT U
OTKPBLIO HOBBIE BO3MOXKHOCTH JIJISI IPUMEHEHUS JJAHHOM
TEXHOJIOTUH, KOTOPAas PAHHEE MIPHUMEHSIIACH TOIBKO C
npusJiedyeHreM ycraHoBKH KPC.

BeInpsaMIIEHHE IOBPEKAECHHBIX 3JIEMEHTOB
KOMIIOHOBKH 3AKAHYHUBAHHA C IIOMOIIBIO
IEKTPHIECKOI'0O KaOeIs II03BO/IAE€T BOCCTAHOBUTD
JOCTYII B CKBAKHHY H IIPOBOAHUTH JaIbHEHIIIHE
BHYTPHCKBAKHHHBIE PA0OTHI II0 BOCCTAHOBJIECHHIO
JOOBIYH B 3aITyIICHHBIX CKBAKHHAX

C. Mypuu, A.Iponrepoo, P. Xancen, O. Mazmyccen, ALTUS
Intervention; M. Tynzecsux, JI. Xapcaxep, Statoil

HeKOTOpPBIE CKBAYKUHBI 3AIVIYIIEHBI U3-32 TIOBPEXKACHUSA
3JIEMEHTOB KOMIIOHOBKHY 3aKAHYUBAHUA, KOTOPBIE
MOPENATCTBYIOT JOOBIYE U MEMIAIOT MIPOBEJIEHHIO IIPOMBIBKH
CKBAKUHBL 32494CTYIO MPOLIECC U3BIEYEHH I KOMIIOHOBKH
3aKAHYMBAHUSA HECET B C€6€ PUCKU C TOYKH 3PEHUSA
CJIO’KHOCTH PabOThI, HAHECEHU yIIepOa OKPY>KAIOIICH
CpeAe U yXYAIIEHU (PUIBTPALUOHHBIX XaPAKTEPUCTUK
PU3A00MHON 30HBL. TaKKe 3TOT IIPOLIECC TPEOYET
OOMNBIINX 3aTPAT PECYPCOB U BDEMEHMU. BeIIpsAMIIEHUE
3JIEMEHTOB KOMIIOHOBKH 3aKAHYUBAHUSA C IIOMOIIBIO
JIETKOT'O, HO 9(p(PEKTUBHOI'O TEXHUYECKOI'O PEMICHH S
MO3BOJIAET BO3OOHOBUTD JOOBIUY U3 TAKUX CKBAXKIH.

B 1aHHOM CTAThE ONUCBIBAETCA PA3PAOOTKA
PAaCIIMPUTEIS], KOTOPBIN CITYCKAETCS B CKBAXKUHY BMECTE
C 3JIEKTPOTUPABINYECKUM MEXAHUYECKUM ITIOPITHEBBIM
UHCTPYMEHTOM Ha JIEKTPUUECKOM Kabene. [Ipocras,

HO BBICOKO?(D(PEKTHBHAS KOHCTPYKLMS PACIIUPUTEIIS
MO3BOJISIET YBEJIUUYUTD OCEBOE YCUJINE, OKA3bIBAEMOE
TIOPIIHEBBIM UHCTPYMEHTOM, JJI51 TAKOT'O PAIUAJIBHOT'O
PAaCIIMPEHMUS, KOTOPOE IO3BOJISICT BBIIIPSMUTD JE(DEKT B
KOMIIOHOBKE 3aKaHYMBAHU . O4YEHb BA’KHO IPOU3BOAUTD
TOYHOE U3MEPEHUE, KOHTPOJIb CTEIICHU PACIIUPEHMS

U OK43bIBAEMOI'0O PAAHUATIBHOI'O YCHUJIHS 1J151 TOT'O,

4TOOBI IPEAOTBPATUTH BO3MOKHOE ITOBPEXKICHUE
BBIIIPSIMIISIEMOI'O JIEMEHTA U IPYTUX JIEMEHTOB
KOMIIOHOBKHU 3aKAHYMBAHMUSL.

Takast 3a60MHAs1 KOMIIOHOBKA C (DYHKIIUEH KOHTPOJIS
U BBIBE/ICHUSI HA 9KPAH KJIIOYEBBIX [1APAMETPOB IIPUO6OPA
ITO3BOJIMJIA BBIIIOJIHUTD BBICOKOTOYHOE PACIIMPEHNE C
OOJIBIIMM PN AJIBHBIM YCUJIUEM B JIBYX CKBA’KHMHAX HA
33/JAHHOM ITTyOMHE C HIOBTOPHBIM UCTIOIB30BAHHUEM TIO
BCEMY YUACTKY C IIOBPEXKACHHBIMU 37IEMEHTAMHU. Taxoke
IS HO/ITBCp}KJI@HI/IH BbIHpHMH@HI/IH HOBp@)K/ICHHbIX
JIEMEHTOB CPA3Y ITOC/IE PA6OTHI ObLIIO IPOBEJEHO
aOJIOHUPOBAHMUE. B 060UX C1y4dasx padoTa HO3BOINIIA
HUCKJIIOYNUTDH HEOOXOMMOCTD TPOBEACHUS JOPOTOCTOSINECH
Y pPUCKOBAHHOM OIIEPAIINH 110 U3BICYECHHUIO KOMIIOHOBKU
3aKaHYNBaHU. Pa60Ta ObUIA TPOBEICHA O€3 OCIOKHEHU
32 HECKOJIBKO Y4COB, YTO ITO3BOINIIO C ITIOMOIIBIO
MOCJIEIVIONINX BHYTPHUCKBAKUHHBIX PA0OOT CHOBA BHIBECTU
CKBXHUHY HA PEKHUM C BBICOKMMM ITOKA32TEISIMU JIOOBIY L.
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plans, wire and live gun retrieval procedures,
contingency plans and multipurpose
pressure control equipment (PCE).

Lessons learned will also be presented in
the paper. This successful heavy-duty fishing
operation has helped push the boundaries
of rigless well intervention, improved
operational efficiency and opened up
additional opportunities for this technology
that previously required the deployment of a
workover rig or snubbing unit.

Electric Line Deployed In-Well
Rectification of Damaged Completion
Components Re-Enables Well Access
and Subsequent Intervention,
Reinstating Production of Shut-In Wells

Murchie SW, GrOnner@d A., Hansen R.,
Magnussen O.E., ALTUS Intervention;
Tungesvik M., Harsaker L., Statoil

There are wells shut in because of damaged
completion components which hinder their
production control or integrity, or prevent
a remedial intervention from being carried
out. Often, the option to pull the completion
has inherent risks from an operational,
environmental and/or reservoir damage
perspective and require extensive resources
and time to execute. Rectifying completion
component damage through a light but
effective in-well intervention solution
offers highly valuable options to reinstate
production from such wells.

This paper will discuss the rapid
engineering development of an expander
tool run in conjunction with an electric
line deployed electrohydraulic mechanical
stroker tool. Through a simple but highly-
effective design, an expander tool was
engineered to harness and magnify the
axial force delivered by the stroker to
generate a radial expansion with a force
magnitude sufficient to prize out a defectin a
completion component. Critical to the design
was a precise measurement and control of
the expansion extent and the radial force
exerted, so the component in question and
the other components of the completion
were not damaged.

This toolstring combination, coupled
with real-time control and surface readout
of key tool parameters, enabled a precise
and measured high-magnitude expansion
capability to be deployed in two different
wells with ease, at pinpoint depth, and
applied repeatedly across the length of
the defect it was addressing. Furthermore,
immediate validation of the repair was
available through a drift verification pass.

In both cases the in-well repair operation
eliminated the need for a high cost, high risk



Pa3paboTKa JAHHOT'O PUOGOPA IBJISETCI TPUMEPOM
GBICTPOr'O PEArUPOBAHUS MH)KEHEPHOT'O OT/IE A HA 3AITPOC
3aKA34YHMKA 1O PEIICHUIO TPOGJIEMBI C IIOBPEK/IEHHBIM
3JIEMEHTOM KOMITOHOBKH 3aKAHYMBAHUSL. B pe3ynbrare
6bLIa IPOBE/ICHA TIEPBAsi PA60TA IO CYCKY PACIIUPHUTEIS
Ha 3JIEKTPUYECKOM KaGerte, KOTOpast GblIa IO JOCTOUHCTBY
OIICHEHA 3aKA3YNKOM.

Omnepanui ¢ KabejaeM — KOMILUIEKCHASI CHCTEMA
YIIPABJIC€HHUA PUCKAMHA
X. Kacmuano, Baker Hughes; A. Xatizyo, NOV

BOMBIIMHCTBO aBAPUI U MHITUJIEHTOB IIPU ONEPALTUAX
C KabeJIeM IPOUCXOJAT B PE3YJIBTATE HEMPABUIBHOTO
noa60pa 160 HEKOPPEKTHOM IKCIUIYATAIIUH HA3EMHOI'O
ob6opynoBaHus. [IpuMepaMu TAKUX UHITUJEHTOB MOTYT
ABJIATHCS: IPEBBIIEHUE MAKCHMAJIBHO JJOITYCTUMOT'O
YCHUJIUS HATSDKEHUS HA 9JIEMEHTAX HA3€EMHOT'O
060pYAOBAHUS, UCIIOIB30BAHUE JIEOEJOK, KOTOPBIE
HE MOT'YT OOECTIEYUTD HATKEHUE, TPEOYEMOE JIJIS
U3BJICYEHM TSKEJIBIX KOMIIOHOBOK B INTYOOKHX U
UCKPUBJIEHHBIX CKBAXKUHAX.

Pa3nmuyHbIe THCTPYMEHTBI M IPOIPAMMHOE
obecIiedeHHE 151 MOJIETUPOBAHM A, UCTIONIb3YEMBIE [T
TUTAHUPOBAHUSA IPOBOJUMBIX OIIEPAIINIA, COCPENOTOYEHBI
HA PUCKAX U YCIIOBUAX, B KOTOPBIX OYAYT pabOTaTh
CKBaKWUHHBIE THCTPYMEHTHI U Kabenn. OHU HE
BKJIIOYAIOT TOYHYIO OLIEHKY IPUMEHUMOCTH BEIOPAHHOTO
HA3E€MHOTI'O OO0PYAOBAHNA U IPUHITUIIOB PAOOTEHI C 9TUM
OBOPYIOBAHUEM.

B gannoM crarbe peacTaBieH PE3YIbTaT BHEAPEHU
KOMIUIEKCA OLIEHKH HA3EMHOI'O OOOPYIOBAHUA B
HOMYJIAPHBIN IPOAYKT I/ MOJAEIUPOBAHUA HATPY30K
Py padoTe € KabesieM. B 3TOM KOMIUIEKCE IPEICTABIEH
KOMIIJIEKT HA3EMHOTI'O OOOPYAOBAHUS, KOTOPBIH BKIIOYACT
B cebs1: Kabeib, 1eOeIKY, OapadaH A1 Kabeis, ey U
KaHATBI, DPOJINKH OJIOKA, JATYHUKHU BECA, IKOPHBI IIITIITb
J1IE6EKU 1 OCHACTKY JUJISI KPEILJIEHUS OOOPY/JOBAHYS.

B cTaThe TaKKe IPEACTABICHBI JOCTONHCTBA
KOJINYECTBCHHOT'O NTPE/ICTABICHUS MEXaHIYCCKOM
MOITHOCTH U KPYTSIIEI'O MOMEHTA JIEO6E/IKU B 3aBUCHMOCTHU
OT HATSIKEHUS U CKOPOCTH, PACCYUTAHHBIX 110 BCEH
[JIyOMHE CKBA’KMHBI B CTAH/IAPTHBIX YCIIOBUAX U YCIIOBUSX
MIPUXBATA.

Vcriomp30BaHUE IAHHBIX UHCTPYMEHTOB C
IIPOTrPAMMHBIM OOECIICYEHUEM [IJIsI PACYETA HATPY3O0K,
BKJIIOUAsI OIICHKY IPUMEHHUMOCTH HA3EMHOT'O
O60PYIOBAHUSA U TEXHUYECKUX PELICHUM, IPUOOPETAET
e1rie GOJIBINEE 3HAYCHHE B YCIIOBHUSX JITMHHBIX U/HJIN
HUCKPUBJICHHBIX CKBAXKMHAX. [IpHMEHEHNE CTAHAAPTHOTO
HA3€MHOI'0O O60PY/IOBAHUS /IJISI TAKUX TUIIOB CKBAKUH
MOKET MOBJICYD 32 COOOH SKCILTYATAITMOHHBIC
OT'PAaHUYEHUS, KOTOPBIE HE OIIPE/IEIIIOTCSA HA CTAIUH
HHaHI/IpOBaHI/IH, YTO MOXET HpI/IBCCTI/I K aBapI/IHM nu
OOIBIIUM (PUHAHCOBBIM ITOTEPSIM.

CKBa>KHHHBIH TPAKTOP JJIS1 BHYTPHCKBAXKHHHBIX
PadOT B CKBA’KHHAX C OTKPBITHIM CTBOJIOM
I'Tuem, 1. llletipemos, H. Kab6n, Schlumberger

B aHHOM CTAThE PACCMATPUBAIOTCI OCOOEHHOCTH
KOHCTPYKILHH U PE3YIBTATHI OIIBITHO-TIPOMBIIIJICHHbBIX

completion retrieval and the repair operation
was executed flawlessly in hours, enabling
the subsequent intervention operations to be
carried out and the wells be brought back on
line with positive production results.

The tool development was an exemplary
case of rapid-response engineering, whose
ingenuity stemmed from a direct customer
request to solve a challenging completion
defect. It resulted in a world first for an
electric line deployed in-well expansion
solution, the resulting value of which was
well acknowledged by the customer.

Wireline Operations — All-Inclusive
Risk Management

Castillo H.C., Baker Hugbes;
Haigood A.G., NOV

Many of the high-impact operational
and safety incidents in wireline operations
are the direct result of incorrect selection
or inappropriate operation of surface
equipment. Examples of such incidents are
pulling tensions on the rig-up equipment
components above their safe working loads
and using winch units incapable of pulling
the tensions required to retrieve heavy tool
strings in deep or tortuous wells.

Current processes and simulation software
used to plan wireline operations are focused
on the risks and conditions in which the
downhole tools and wireline cables selected
will operate; they do not include specific
assessments of the adequacy of the surface
equipment selected and their associated
operating practices.

In this paper, we show the outcome of
implementing a set of surface equipment
assessments in a popular wireline
forces modeling software suite. The
surface equipment covered in this initial
implementation include the wireline cable,
hoist (winch) unit, wireline drum, chains/
slings, sheave wheels, load cells, powered
capstans, and rig anchoring points. We also
demonstrate the merits of the quantification
of the selected hoist unit horse power and
torque versus the tension and speed profiles
simulated at all depths for the free and stuck
tool conditions.

The use of processes and forces modeling
software, including suitability assessments
of the surface equipment and operational
choices, is particularly relevant to long and/
or tortuous wells. Selection of marginal
surface equipment in these types of wells
can impose severe operational limitations
not identified during the job planning phase
and create hazardous conditions that can
result in safety incidents and large financial
losses.
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UCHBITAHNUI HOBOI'O CKBA’KMHHOT'O TPAKTOPA, KOTOPBIA
OBbLI pa3paboTaH CHELNAJIBHO JJIs1 BHYTPUCKBA’KMHHBIX
Pa6oT B JOOBIBAIOITUX FTOPU3OHTAIBHBIX CKBAXKUHAX C
OTKPBITBIM CTBOJIOM.

BonpmMHCTBO TOPU3OHTAJIBHBIX CKBAKIH Ha BirkHeM
BOCTOKE 3aKOHYEHDBI OTKPBITBIM CTBOJIOM, B KOTOPBII HE
IIPOM3BOANTCS CITYCK KOJIOHH. BEpTHUKAIbHBIA y4aCTOK
CKBAXUHBI OOCAKUBAETCA, U B OOCATHYIO KOJIOHHY
crryckaercss HKT. [IpoBefieHre BHYTPUCKBAKUHHBIX PaboT
O T€O(PUZNIECKUM HUCCJIEJOBAHUSAM WJIN IPOMBIBKE
BBI3BIBAET OCJIOXKHEHUS U3-34 HEOOXOAUMOCTH CITyCKATh
npubop uepes HKT u 3arem paboTaTb B OTKPBITOM CTBOJIE.
HMHCTPYMEHT, KaK IPaBUJIO, ciyckaeTcsa Ha T'HKT v ¢
UCIOJIb30BAHUEM TPAaKTOpa Ha Kabene. THKT nmeer masnyio
INIYOHMHY JOCTYNA B CKBAXKUHY HU3-34 BBICOKOI'O TPEHMS, 4
TAKXKE U3-32 IEPEKPBITUSA JBUKEHUA )KUIKOCTH dyepe3 HKT,
YTO UCKAXKAET JAHHBIE UCCJIEJOBAHUI. TPaUITHOHHBIE
KOJIECHBIE TPAKTOPBI B HEKOTOPBIX TUMAX [OPOJ, MOT'YT
Pa3pymUTb OTKPBITHIA CTBOJI B MECTE KOHTAKTA KOJIECA C
IUTACTOM. DTO NPHUBOJAUT K IIPOOYKCOBKE TPAKTOPA U MAJION
CKOPOCTH JIBUKEHUSL.

17151 6OpBOBI C TAKMMU OCJIOKHEHUSIMH B HOBBIU TPAKTOP
OBLIH BHEJIPEHBI TEXHUYECKUE YCOBEPIIEHCTBOBAHUA.
BO3BpaTHO-TIOCTYNIATENBHBIN MEXAHU3M IPUBOAUT
B JIBUDKEHUE 1BA COEAUHEHHBIX MEXKY COOOI pbldara
C Pa3HBIMHU JTMAMETPOM JIJIS IIOJTHOTO COOTBETCTBUSA
HEPOBHOCTAM CTBOJIA CKBA’KHUHBI, O6ECTIEYNBAs IIPH
3TOM GOJIBIIYIO IUIOIMIAb KOHTAKTA C IUIACTOM. Harpyska,
OKAa3bIBAEMAS TPAKTOPOM, IO T'U/IPABINYECKOMY KAHAITY
CBA3U IEPENAET PAJUATBHOE YCUIIUE, O6ECTIEYNBAS
HEOOXOAMMOE CLETIJIEHHUE CO CTBOJIOM. PE3y/IbTaTEI
ONBITHO-TTPOMBIIIJIEHHBIX UCITBITAHUI NOKA3AJIH, YTO
IIPU IPOBEJIECHUH PAOOTHI IOYTH HE OBLIIO IPOOYKCOBKU
B TEX XK€ YCJIOBUAX, ITI€ PAHEE UCTIOIb3YEMBIE TPAKTOPHI
CTOJIKHYJIMCB C IIpOGIeMaMU. TPaKTOp OCHALIECH
JBOMHBIMH IJIABAIOIINUMH BTYJIKAMHU, KOTOPBIE O3BOJIAIOT
34KPBITh PBIYATH B BEPXHEM HATIPABJICHUH [1J1g 6071ee
JIETKOT'O IIPOXOXK/AEHUSA TIPU JABUKEHNH BHUS. [Ipn
MOJbEME TPAKTOPA U3 CKBA’KUHBI PbIYAT'Y 3AKPBIBAIOTCA
B HADKHEM HAIIPABJIEHUH JJ1A IPESOTBPAIEHUA
OJIOKUPOBKU TPAKTOPA. COYETAHUE JBOMHBIX I1IJIABAIOIINUX
BTYJIOK U MEXAHN3MA C IOCTOAHHOU CUJION OTKPBITUA
IIO3BOJISAET ABTOMATHUYECKHU ITPOXOUTD YEPE3 CYKEHUA
U PACIIMPEHMA B CTBOJIE CKBA’KHUHBL. B IPOMIIBIX
MMOKOJIEHUAX CKBA)KMHHBIX TPAKTOPOB /1 IPOXOXKICHUA
TAKUX YYACTKOB TPEHOBAJIOCH PYyYHOE YIIPABJICHUC
peryaraMu. JJaHHbIE HOBIIECTBA OBLIN YCIIEIITHO
OIIPOOOBAHBI HA HECKOJIBKMX CKBAKHMHAX. B cTaThe
MIPE/ICTABIIEHO OMMHMCAHNE PAOOTHI TAHHOT'O TPAKTOPA
Ha CKBAXKUHE, B KOTOPOI OITMCAHHBIE BhIIIE (DYHKIITUU
IIO3BOJIMJIN JJOCTUYB 320051 U OECIIPENATCTBEHHO
MIPOU3BECTH NOABEM IPUOOPA U3 CKBAKUHBL Takxke
B CTAThE IIPE/ICTABJIEHO CPABHEHUE TPEX PAOOT IO
reo(pU3NYECKUM HUCC/IEIOBAHUAM HA O/THOM CKBAXKHTHE:

B IEPBOI paboTe ucnonab3osanack THKT, BO BTOpoit —
TPAKTOP IPEABIYIIETO ITIOKOJIEHUS, B TPETHEH — HOBBIH
TPAKTOP.

O6bequHEHNE TAKUX (PYHKIUI, KAK BO3BPATHO-
MOCTYIIATEIbHBIN IPHUBOTHON MEXAHHU3M, COC/IUHEHHDIC
MEXy COOOM phIYary, peryJiMnpoBKa MPKUMAIOHIErO
JIaBJICHU S, IOCTOSIHHAS CHJIA PACIIMPEHUS, IBOHHBIE
TUTABAIONIME BTYIKH M ABTOMATUYECKAS HABUTAITUA
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Wireline Tractor for Through-Tubing
Intervention in Wells with Barefoot
Openhole Completions

Giem Greg, Sheiretov Todor, Couble Yoann,
Schlumberger

This paper presents the design features
and the results from field trials of a new
wireline tractor developed specifically for
through-tubing intervention into producing
horizontal wells with barefoot completions.

Many Middle East horizontal wells
have barefoot completions in which the
producing zone is left without tubulars. The
vertical section is cased and production
tubing put in place. Intervention for
production logging or remedial work is
challenging due to the need to pass through
tubing and then operate in open hole.
Intervention is conducted on coiled tubing
or wireline tractors. Coiled tubing has limited
reach in open hole due to higher friction, and
it chokes flow through the tubing, resulting
in inaccurate production logs. Conventional
wheeled tractors apply stress that can destroy
some formations at the wheel contact point.
This leads to heavy slippage and extremely
slow progress.

Several technical innovations were
implemented in the new tractor to
overcome these challenges. A reciprocating
mechanism drives a pair of linked grips
with independent opening diameters to
conform to variations in borehole geometry
while providing a large contact area with the
formation. The radial force is hydraulically
amplified from the tractor load, enabling it to
grip with as much force as required. Results
from field trials show little to no slippage
in conditions where previous tractors have
struggled. The tractor features dual floating
hubs that let it close in the uphole direction
when tractoring to improve restriction
navigation or close in the downhole
direction while pulling out of hole to prevent
self-locking. The combination of the dual
floating hubs and a constant-force opening
mechanism enables automatic navigation of
restrictions and expansions where previous
technologies would have required a manual
open/close sequence. These innovations
were successfully tested in several tractor
operations. One case study is presented in
which these features were instrumental in
successfully getting to the bottom of the well
and back to surface. In one case, the same
well was logged using coiled tubing, a prior-
generation tractor, and the new tractor. A
comparison of these intervention methods is
shown.

The integration of a reciprocating tractor
drive mechanism with novel technical



MO3BOJIWIH CJIE/IATh PA6OTY C UCMIOIb30BAHUEM
CKBAXKUHHOT'O TPAKTOPA B OTKPBITOM CTBOJIE HAIEKHOM
U 3(P(PEKTUBHOL.

CEKLLUA 4. BHyTpUCKBa)XXKMHHbIe paboTbl
cnpumeHeHuem NHKT

3a nocneguue 10 1eT 06beM padOT C IPUMEHEHHUEM
I'HKT B HE(DTAHBIX M Ia30BbIX CKBA’KMHAX BBIPOC.
TeXHOJIOTMY MOHUTOPUHTA IAHHBIX B PEXKHUME PEAJIBHOT'O
BPEMEHMU MO3BOJIAIOT HOBBICUTD 3(P(PEKTUBHOCTD PABOT,
YBEJIUYUTD ACOUTHI CKBAKUH U CHU3UTD 3aTPATHI HA
onepanuio. B myboKNX CKBA)KMHAX, KAK OOCA’KCHHBIX,
TAK U HEOOCAKEHHBIX, IPUMEHSAIOTCS PA3JIMYHBIE
CKBaKMHHBIE TPAKTOPBL JIJ151 Pa3pabOTKU 3PEIBIX
MECTOPOXKIECHUI, KOI/1a HEOOXOJUMO BBIIIOTHUTD
MOBTOPHBIN BXOJ] B CTBOJIBI PAHEE NPOOYPEHHBIX CKBAXKUH,
IPOBECTHU 6BYpEeHUE GOKOBBIX CTBOJIOB U CTPOUTENBCTBO
MHOI'OCTBOJIBHBIX CKBAKHMH, JIYYIIEHX TEXHOJIOI e
spisieTcs 6ypenue Ha THKT. DTa TeXHOIOTrHUs CTAHOBUTCS
BOCTPEOOBAHHOI U 32 IPEJETAMU HEPTETA30BOM OTPACIIU.
B pamMKax JaHHOM CEKLIUU OYAYT NIPEACTABIEHBI PEATBHBIE
CJIy4ay NPUMEHEHUS TEXHOJIOTUU CKBAKHHBIX
TPAKTOPOB U HHHOBAITUOHHBIE TEXHUYECKUE PEMIEHUA
B 001aCTH IepPOpanuu 1 Ppe3ePOBAHUSA, B TOM YUCIIE
oypenue Ha THKT mist paspaboTKU MECTOPOXKAECHUNA
MOJIE3HBIX UCKOITAEMBIX.

KOMIIZIEKCHBIH aHAJTU3 TEXHOJIOT'HH CKBAKUHHOT'O
TPAKTOPA B CKBA’KHHAX C OOJIBITHM OTXOJOM OT
BEPTHUKATH

B. baoezatiut, M. Hoti-Mexuou,

Aboynpaxman Ano-Mynvxem, Saudi Aramco

T'opu30OHTAIBHBIE U MHOT'OCTBOJIBHBIE CKBA’KHUHBI
CITYZKAT JUUIS YBEJIMYEHHUA TUIOIAA KOHTAKTA CKBAXKUHEI
C IIJTACTOM U YBEJIMYEHHU ITOKA3ATENIEN TOOBIUH.

7151 OLIEHKH TPOAYKTUBHOCTH TAKUX CKBAXKUH, KaK
MPAaBUJIO, UCTIONB3YIOTCA TAKHE TEXHOJIOI MU JOCTABKHA
npu60opos, Kak 'HKT u kabenb. [Ipy NCIIONIb30BAHUH
I'HKT MOXET NIPOU3ONTH OOJIBIIOE KOJIUIECTBO
OCJIOKHEHU, TAKUX KAK IIPUXBAT. [ [pH UCIIONB30BAHNH
KabeJist eCTh PUCK TOT'O, YTO IIPUOOP HE JOCTUTHET
33/IAHHOM ITTyOUHBL. [IJ151 pEIeHUsI 3TUX IPOOIEM
pa3paboTaHbBI CKBAXKUHHBIE TPAKTOPBI, KOTOPBIE MOI'YT
npumensaTbcsa BMecte ¢ T'HKT u kabesnem. BO3MOXHOCTD
06€eCEYNTD JOIOJHUTEIBHOE TATOBOE YCHUIIUE [
noabema 'HKT u kabess 110 BCEMY CTBOJTY TPAKTOPBI
TIO3BOJISIET YBEJIUYUTD INIYOUHY JOCTABKU IIPUOOPOB B
Pa3HBIX TUITAX TOPU3OHTANBHBIX CKBAXKUH C OTKPBITHIM
CTBOJIOM. L1e1bI0 JAHHOM CTAThH SIBJISETCS OLICHKA
OOJIBIIMHCTBA TEXHOJIOTUI CKBA’KMHHBIX TPAKTOPOB,
UCIIOJIb3YEMBIX JIJI TEO(PUINIECKUX UCCTIEJOBAHUN 1
PadoT IO UHTEHCU(PUKATUU IPUTOKA. KpoMme Toro, B
CTATBE NPEJACTABJIEH HOBBINA TPAKTOP MAJIOI'O AUAMETPA C
MOBBIIIEHHBIM CLEIIJIEHUEM U TATOBBIM YCUJIMEM, KOTOPBIH
MOKET [IPOXOAUTD YEPES CYKEHU S B 30HE YCTAHOBKY DIIH.
JaHHasA CTAThA IOMOXKET OINPEAEIUTD OOIACTU PAZBUTHA
JUUIS1 Pa3pabOTKU CKBA)KMHHBIX TPAKTOPOB.

bypenue Ha 'HKT: onnerT B HoBOX 3e1anguu
C. Kapumumneoxncao, X.JIynouw, TAG Oil; JI1. Xopeam,
C. Ceum, Halliburton

solutions for linked grips, pad pressure
regulation, constant force expansion, dual
floating hubs mechanism, and automatic
navigation has resulted in more reliable
and efficient tractor operation in wells with
barefoot completions.

SESSION 4. Coiled Tubing Applications
The use of coiled tubing in oil and gas well
interventions has increased over the last
decade. Advances in real-time downhole
measurements allow for improved wellbore
treatments resulting in higher production
rates and cost-effective solutions. Extended-
reach applications are better addressed by
the use of a variety of downhole tractors
either in cased-hole or open-hole scenarios.
Coiled tubing drilling is still the best option
in mature fields development when it comes
to well re-entry, sidetracks, and multilateral
wells construction. Its application keeps
growing outside the oil and gas industry. Case
histories will be presented on coiled tubing
tractor technology and creative solutions
on perforating and milling operations,
including coiled tubing drilling for mineral
exploration.

Comprehensive Review of Well
Tractor Technology in Highly Extended
Reach Wells

Badegbaish Wael, Noui-Mehbidi Mohamed N.,
Al-Mulhem Abdulrabman A., Saudi Aramco

Oil and gas wells are drilled with
horizontal and multilateral architecture to
improve reservoir contact and maximize
production. To evaluate the performance of
these wells, coiled tubing (CT) and Wireline
(WL) conveyance are routinely used. CT
inherently have many technical issues such
as lock-up. The WL cannot reach the target
depth. To address these challenges, the
oil industry introduced well tractors that
are combined with CT and WL to offer a
significant improvement in well accessibility
for all types of open- hole horizontal wells
by providing extra pulling force to pull CT
and WL all the way to target depth. The
objective of this article is to evaluate most of
the well tractor technology used in logging
and stimulation operations. Moreover,
the development of a new slim tractor
with improved gripping and pulling force
with ability to pass through restrictions
in electrical submersible pump (ESP) is
presented. This study can help identify areas
of improvement for tractor capabilities in
future operations.

Coiled Tubing Drilling: Case Study,
New Zealand
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TEXHOJIOI'MU

B yCI0BUAX HECTAOMIBHOCTUA HE(PTErA30BOTO PHIHKA
JIOOBIBAIONINE KOMIIAHWUH BBIHYKJIEHBI CHU3UTD 3aTPAThI
Ha GypEeHUE U JIIs1 OOECNIEUEHU S PEHTAOEIBHOCTU
HOBBICUTB 3(PPEKTUBHOCTD. TAKUM 06PA30OM, B MUPE,
OCOOGEHHO B ABCTPAINU, CENYAC HAOTIOIACTCS POCT
MHTEPECA K TEXHOJIOTUSAM TOBTOPHOI'O BXOJA B CTBOJIBI
paHee NPOOBYPEHHBIX CKBAXKUH, 6YPEHUST GOKOBBIX
CTBOJIOB, 4 TAKXKE OYPEHM S MHOI'OCTBOJIBHBIX CKBAKHH U3
paHee NPOOBYPEHHBIX CTBOJIOB. TeEXHONIOTUS OypPEHUS HA
I'HKT tectupyercs B HoBoi 3emaHaum B paMKaX OIBITHO-
MIPOMBIIUIEHHBIX PA0OT, OJJHAKO YCIIENTHO BBIITOTHEHHBIX
paboT noka HEMHOTO. ITOCIE OIIEHKH 9KOHOMHYECKOTO
3 PeKTa ¥ MONUCKA NOAXOASIEH CKBAKUHbBI-KAH/IN/1ATA
JIOOBIBAIONIASI KOMIIAaHUSA B KaHajie penmia onpoooBaTh
TexXHOoNOoruio 6ypenust Ha 'HKT, koTopoe BIIOC/IEACTBUA
OBLIO YCIIEIIHO BBITIOJTHEHO.

B manHOM CcTaThE ONMNCAH ABYX3TAITHBIA IPOEKT:
BHYTPHCKBAKMHHBIE PAOOTHI IS U30JAIUN
nponepOPUPOBAHHBIX YYACTKOB U OYpEHHE
OOKOBOT'O CTBOJIA U3 MATEPUHCKOT'O CTBOJIA JIJIA
BOBJIEYEHUSA B PA3PA6OTKY HOBOTO I1acTa. Llenamu
IPOEKTA ObLIIN: IEPEBO/L CKBAXKUHBI U3 JOOBIBAIOIIEH
B HATHETATEJIBbHYIO, ITIOBBIIIEHNE HEPTEOTHAUN
MECTOPOXIEHU A, TOAJIEPKAHNE YPOBHA JOOBIYN HEPTHU
BBOJIOM B pa3pabOTKy HOBOT'O O6'bEKTA. B JTaHHOI CTaThe
MPEACTABIEHO ONUCAHUE UCTIONb3YyEMOI TEXHOIOTUU U
OCNIOKHEHUH, TPEOJOJIEHUE KOTOPBIX MO3BOJIHIIO TOCTUYb
LEJIN, TOCTABJIEHHON 3AKA39YUKOM.

Ha 060ux 3Tanax npoekra op1a ucnoab3opaHa F’HKT
JAUAMETPOM 73 MM 11 MAKCUMAJIBHO 3(P(PEKTUBHOTO
BBIIIOJIHEHU S PA0OT 10 U30IALIUU IEPPOPUPOBAHHOTO
y4aCTKa U OypeHUs OOKOBOI'O CTBOJIA COIVIACHO
COCTABJICHHOTI'O IIJIaHA. [IJ15 3aKAHYHUBAHUS CKBAKIHBI
nocse 6ypeHus: 60KOBOI'O CTBOJIA B CKBAXUHY HA THKT
OblLJ1a CITyIeHa nepoprpoOBaHHAA TPYOA JUAMETPOM
73 MM JJIMHOU NPUOAN3UTEIBHO 100 M 1151 06€CIIeYeH s
YCTOHYUBOCTH CTEHOK OTKPBITOI'O CTBOJIA CKBAKHUHBI B
30HC HArHCTAHUSL.

bypenue Ha THKT pJ1s pa3zBe KN MECTOPOKICHUH
IIOJIE3HBIX HCKOIIA€MBIX

C. Coti, COBMECMMHBILL eHmp U3YUCHUA 1MeXHOIO2ULL
paseeoxu 2myboxux mecmopoxcoeHutl; K. Jlazam, b. Hearc,
M. Mocmodgpu, C. Doxc, KypmurcKutl yHueepcumem

B HOs16pe 2016 roga COBMECTHBIH IIEHTP U3yUCHUs
TEXHOJIOI'UH PA3BEJKU INTYOOKHUX MECTOPOXKJCHUI
pa3padoTan ycraHoBKy i 6ypenus Ha THKT RoXplorer®
JUIS1 HOBBIX MECTOPOXKAECHUM NMOJIE3HBIX UCKOIAEMBIX.
JaHHas yCTAHOBKA OOECIEYUBAET HU3KO3ATPATHOE,
OBICTPOE M OE30IACHOE OBYPEHUE, KOTOPOE OTBEYAET
TPEOOBAHUAM IKOJIOTHYECKOI 6E30ITACHOCTH.
3aMyCK TaKOU YCTAHOBKHU ABJISETCS HOBBIM 3TAIIOM B
paspaboTke TexHosnoruu 6ypenus Ha THKT nis pazsegku
MECTOPOXK/IEHNUN ITOJE3HBIX UCKOITAEMBIX. B riepBoi
nosioBruHe 2017 rofja 6bLIN YCIENHO BBIIIOJTHEHBI
HECKOJIBKO ITPOOHBIX PA6OT.

B gaHHOM CTaThE NPECTABIEHA TEXHOIOT U OYPEHUS
Ha T'HKT u ee npuMeHeHUe 17151 pa3BEIKNU MECTOPOXKACHUI
MOJIE3HBIX UCKOMAEMBIX. BbIJIM ONIPE/IE/IEHBI TPH
OCHOBHBIX ITpOOneMbl npu 6ypennu Ha 'HKT ns
pasBeIKU MECTOPOXKACHUN NTOJIE3HBIX NCKOAEMBIX:
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Kariminejad Sobeil, Lundi, Henrik, TAG Oil;
Horvath Lucas, Sweet Steven, Halliburton

While the oil and gas market continues
to fluctuate, operators are forced to reduce
drilling costs and increase efficiency to
remain profitable; therefore, the focus on
well reentry, sidetracks, and multilaterals
from existing wellbores is growing in
popularity, particularly within Australasia.
Coiled tubing drilling (CTD) technology has
been explored in New Zealand; however,
successfully executed operations have so
far been limited. After evaluating economic
benefits and finding a suitable candidate trial
well, a Canadian-based operator attempted
a CTD operation in New Zealand that was
technically successful.

This case history outlines the two-phase
project and discusses well intervention
to isolate existing perforations and the
sidetrack from the primary motherbore to
drill to the base of the new reservoir. The
objectives were to convert the suspended
well from an oil producer to a water injector,
enhance oil recovery within the field, and
prolong oil production by reviving an
underused asset. This paper discusses the
engineering and technology used as well
as regulatory obstacles and challenges
encountered that were overcome to reach
the operator’s objective.

A 2 7/8-in. coiled tubing (CT) string was
used for both phases of the operation,
spanning intervention and drilling to
perform all scheduled operations as
efficiently as possible. The resulting
completion, post-sidetrack, was to
incorporate the CT workstring with
approximately 100 m of a perforated 2
7/8-in. jointed pipe to maintain openhole
stability across the injection zone.

The Coiled Tubing Drilling Rig
for Mineral Exploration

Soe S., Deep Exploration Technologies
Cooperative Research Centre; Lagat C.,
Evans B., Mostofi M., Fox S., Curtin University

In November 2016 the Deep Exploration

Technologies Cooperative Research Centre
(DET CRC) launched the RoXplorer®,
a coiled tubing (CT) drilling rig for
greenfields mineral exploration, delivering
a platform for low-cost, rapid, safe and
environmentally-friendly drilling. The
launch represented an important technical
milestone in the development of CT drilling
for mineral exploration and has been
complemented by a series of very successful
field trials in the first half of 2017

The paper presents CT technology and its



n3HoC 'HKT, 6ypeHue TBEpABIX NOPOJ, C MAJIOH HAIPY3KOH
Ha JIONIOTO, JOCTOBEPHOCTDH OOPA3LIOB BEIOYPEHHOM
HOPOABL B cTaTbe NPeACTABIEHDI PEZYIBTATHI IPOOHOTO
oypennsa Ha THKT 1114 pa3BeIku MECTOPOXK/ICHU
MOJIE3HBIX UCKOITAEMBIX B CLIEMEHTHPOBAHHBIX TOPOJIAX B
IO2KHOM ABCTPAIUU U B HECLIEMEHTUPOBAHHBIX ITIOPOAAX
MECTOPOXIEHUA CTPYKTYPBI Mypper B Bukropuu. B
CTATbE TAKXKE OMHCAHBI METO/IBI PEMICHUS BBIIIICYKA3AHHBIX
npo6seM. Pe3ysibTaThl HOATBEPKAAIOT OOJIBIIYIO
MEPCIIEKTUBY [IPUMEHEHHN A TON HU3KO3aTPATHOM
MHOT'OOOEIIAIOMIEN TEXHOIOI U JIJISL PA3BEAKH
MECTOPOXKAECHUN MTOJIE3HBIX UCKOMAEMBIX. BBUTH Oy YEHBI
BBIJIAIONIECS PE3YIBTATHI AHAIN3d OOPAa3L0B BEIOYPEHHOI
HOPOABL: O6Pa3LIbl HOPOALI NpU 6ypeHnn Ha THKT Ha
MECTOPOXACHUU [TOPT ABryCTa COBIATIN C OOPa3LIaMH
MOPOABI IPU AIMA3HOM OYPEHHUH B COCEAHEN CKBAKITHE.

HHTErpHpOBAHHAA OIITOBOJOKOHHAA CHCTEMA
C PErHCTPALNHEH JAHHBIX B P€aTbHOM BPEMEHH
JJIA IIPOBEICHH A TOYHOMH nnepdopanmuu ¢
ucnoab3opanueM 'HKT: onipIT IPpUMEHEHU A HA
mecTopokaeHnu HerepH @yrxwic B Korymonn
B.Bepa, K.Toppec, D. /lenveaoo, K. [auero, /. Camnatio,
Halliburton, /I. Xuzyapa, M. Toppec, Equion Energia Limited

INepdoparinsg Ha JENPECCUU C TPAAULTUOHHBIM
CIIOCOOOM JOCTABKM IPUOOPA HA KAOEIE BIeYeT 34 COO0I
PHCKH, CBA3AHHBIE C UCKPUBJIEHUEM CTBOJIA CKBA’KUHBI,
MaKCHUMAJIBHBIM TATOBBIM YCUJIUEM KAOEIA, TIO/bEMOM
nepdopaTopa, BO3MOKHOCTBIO OOECIIEYUTh HEOOXOAUMYIO
JIETIPECCHIO 1A 3(PPEKTUBHOM TPOMBIBKH (Graeme et al,
2008). I;1s1 MUHUMH3A1IUH 3TUX PUCKOB JOOBIBAIOIIAS
KoMIIaHuA B KonymM6un pemmia IpoBeCcTy NePMOPALUIO B
HOBOI JOOBIBAIOUIEN CKBAKHHE C JIOCTABKOY TpHO60OPA HA
I'HKT ¢ MHTErpupOBAHHOI OII'TOBOJIOKOHHOM CUCTEMON
(MOC) ¢ perucrpanen JaHHbIX B PEAJIBHOM BPEMEHMU.

JIJ151 TAKOT'O CTBOJIA CKBAYKUHBI CIIOCOO JOCTABKH
npuoopa Ha THKT saBisieTcss HanboJsiee OITUMAIbHBIM.
[ obecrieueHn st HEOOXOANMON BEJINYHNHBI IENIPECCUU
Y TOYHOI NPUBA3KH K ITTyOHHE 32JaHHOT'O UHTEPBAIA
nep@dopanur ONTOBOJIOKOHHAA CUCTEMA UCTIOIb3YET
(PYHKILUIO TOYHOI'O OIIPEE/ICHUS ITTyOUHBI B IOTIOJIHEHUE
K (DYHKIIMM PETUCTPALIUH JAHHBIX I10 TEMIIEPATYPE U
nasnenuo B FTHKT 1 B MasioM 3aTpyOHOM IPOCTPAHCTBE
B PEAJIbHOM BPDEMEHU.

ITpu ncnonszoBanuu MOC 11 IPOBEAEHNS
nep@opanm COMIACHO TEXHUYECKOMY 33JAHUIO
3aKa34YHKA HeOOXOAMBI TOJIBKO 2 CITO. Her
HEOOXOJMMOCTH IIPOBOJUTB JOIIOJHUTENBHYIO CITO
JULA CTPABJIMBAHUA JABJIEHUSA U IIEPEXO/IA HA PEXKUM
JENPECCHUN.

HcnonpzoBanue cucrembl MOC 1TO3BOISAET UCKIIOYUTD
OIIUOKHU ITPH OMIPE/ICIEHUH [NTYOHUHBI, CBSI3AaHHBIE C
ymimHenueMm 'HKT.

Ha ocnoBaHuU pacyeTa IpeiebHbIX BEJIUYUH, [IPH
KOTOPOM OIPEAETIAIOTCI MAKCUMAIBHOE HATIPSKEHNE U
U3I'U0 C y4eTOM KO3(P(PULIMEHTA 3A11ACA, OBLIO BBISBJICHO,
4TO JJIs1 JOCTABKMU IIepopaTopa rubKas Tpydoa He Obliia
HYKHA.

JIJ11 aKTUBALIMU TIEPOPATOPOB BMECTe € cuctemort MOC
MOJKET UCHOIB30BATHCA TH/IPABINYECKAS CTPEISAIONTAs
TOJIOBKA, Pa60Ta KOTOPOI HE HAHOCUT BPE/]] OITTOBOJIOKHY

application for mineral exploration drilling.
The three key challenges for CT drilling

in mineral exploration are coil durability,
drilling hard rocks with low weight-on-

bit and sample fidelity. Results for mineral
exploration CT-drilling field-trials in the
consolidated cover rocks of South Australia
and the unconsolidated cover rocks of

the Murray Basin in Victoria are presented
and outline how each of these challenges
was overcome. The outcomes confirm the
promise of this cheaper regional prospecting
approach to mineral exploration drilling.
The results of assay samples of the CT
drilling cuttings are remarkable; the assay
samples from the CT drilling at Port Augusta
trial matched those of diamond drill core
from an adjacent hole.

Real-Time Fiber Optic Integrated
System Provides Precision and
Confidence in a Coiled-Tubing-
Conveyed Perforating Operation:

A Case Study from the Eastern Foothills
in Colombia

Vera Vanessa, Torres Carlos, A. Delgado,
Pacheco Carlos, Sampayo David, Halliburton,
Higuera Josue, Torres Monica, Equion Energia
Limited

Underbalanced perforating with
conventional cable operations involves
several risks associated with well tortuosity,
cable tension capacity, gun lifting, and
the capability of achieving the optimum
underbalance for effective tunnel cleanup
(Graeme et al. 2008). Because of these risks,
an operator in Colombia elected to perform
a perforating operation using a coiled tubing
(CT) real-time fiber optic (RTFO) integrated
system in a newly drilled development well.

CT-conveyed perforating is ideal for this
type of wellbore. To achieve the proper
underbalance and depth correlation to
perforate the target interval, an RTFO
CT system provides the most accurate
and reliable depth correlation process,
in addition to real-time pressure and
temperature monitoring inside the CT and
the outer annulus.

Using the RTFO CT system, only two runs
were necessary to complete the perforating
program, in accordance with the operator
design, rather than performing an additional
run needed for pickling and to generate
underbalanced conditions.

The use of the RTFO CT system can help to
prevent correlation errors resulting from CT
elongation.

A CT structure was not necessary to deploy
the guns based on the finite model analysis
that calculates maximum stress and flange
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WU 3300MTHOMY JATUYUKY [OCJIE A€ TOHAITHUN.

Taxoxe MOC NO3BOMAET 3aKA3YHKY OLIEHUTD
XAPAKTEPUCTHUKHU I1J1ACTA. COITIACHO PE3YIbTATAM OLICHKH,
OJJVUH U3 MHTEPBAJIOB ObL/I HU3KOIIPOHHUIIAEMBIM, [IO3TOMY
B 3TOM UHTEPBAJIE HE ObLIIO HEOOXOANMOCTHU IPOBOAUTD
OCBOEHHUE A30TOM.

3a60MHBIH JATYHK JABJICHUS [IO3BOJINJI OIPEACTUTD
BpEMSI ICTOHAIIMU TEPHOPATOPOB.

BBLIO 3a(PUKCHPOBAHO COKPAIEHUE BDEMEHHBIX
3aTPAT HA MOHTAK OOOPYAOBAHUS, UTO ITO3BOJIUIIO
ONTUMU3HUPOBATD JJINTEIBHOCTD PA6OTHL IIpH 3TOM
COKpAIlEHUE BDEMEHU HE MOBJIUAIO HA 3(P(PEKTUBHOCTD
PaboTHL

OCHOBHBIM (PAKTOPOM, MOBJIHABIINM HA COKPAILIEHUE
BPEMEHU, OBLIO UCIIOIb30BAHUE JIOKATOPA MY(PT,
HCIIOJIb3yEMOTO JIJIs1 TOYHOM MPUBA3KH 110 TTTyOUHE.
DTOT IPHUOOP NO3BOIUI OOECIEUYUTD TOUHOCTD
pasmemenus nepgoparopa u rimyouHy 1€ TOHALNH, 4
TAKXKE NPENOTBPATUI BO3MOXKXHBIE OCEYKHU ITPU B3PBIBE.
ITepOpaTopsI OB YCIIENTHO AKTUBUPOBAHEI 6€3
HENPOU3BOJUTEIBHOI'O BDEMEHHU U ITPOU3BOJICTBEHHBIX
WHIIUJIEHTOB.

Taxkum 06pa3oM, 6bL1a YCIIENTHO IIPOBEAECHA
nepdgopanus ¢ nepenaiom AasacHus 270 aTM B HOBOM
IUTACTE C UCTIOIb30BAHUEM I'M/IPABINYECKON JETOHAITH
Y MOHUTOPHUHI'OM 3200MHBIX JAHHBIX B PEXXUME
PEAIBHOIO BPEMEHHU JJO U IOCJIE B3PBIBA, YTO MO3BOJIHIIO
3aK434YUKY CBOEBPEMEHHO U ONEPATUBHO IIPUHUMATD
COOTBETCTBYIOIINE PEIICHUSL.

HoBBII NOAXOA K IPOBECHUIO ITEPHOPALIIHN C
UCTIONB30BaHNEM cUCTEMBI MOC BMECTE C TU/IPABINYECKON
CTPEJSIIONICH I'OJIOBKOM MOYKET ObITH UCIIOJIb30BAH
H4 HOBBIX IIPOJYKTUBHBIX IIJIACTAX C OCJIOXHEHUSIMU
(CKkBaXXUHEI € iIeduToM 6011ee 500 000 M3 /nens,
C1260CHEMEHTUPOBAHHBIE IIACTBI C BBIHOCOM IIECKA).

Hcmoab30BaHuE cUCTEMBI Teaemerpuu Ha THKT
JIJIS1 IOBBIIIEHU A 3(P(PEKTHBHOCTH KOMILIEKCHOM
onepanyu o (hpe3epoBaHUIO B YCIOBHIX 3aKPBITOH
CKBa>KHHBI

11 Koppua, /. lapna, C. Kpetie, C. JIuscky, A. Eeurnbaes,

3. Haoupoe, Baker Hugbes, a GE Compan)y

IToce BBOAA B 3KCILIYATALIUIO TOPU3OHTAIBHAS
CKB2’)KMHA B A3UH1 HE (POHTAHUPOBAJIA N3-32 HU3KOT'O
J1I€6MTA U HU3KOI'O YCThEBOT'O JIABJICHU S, KOTOPOE OBLIO
HUKE BEJIMYMHBI, HECOOXOIMMOM J1J151 COOPA CKBAXKMHHON
OPOAYKIIUHU B TPYOONPOBO/I. J1J1s1 HOBBIIEHUS TA30BOT'O
(paxkTOpa OBIIIN BEIOPAHBI /1BA UHTEPBAJIA. I IPOBEJCHUS
pa6oT 1o nep@oparuu U UHTEHCU(PUKAITUU IPUTOKA ObLIIA
BBIOpaHa TeXHOIOrUsA ¢ npuMeHenneM 'HKT, mOCKoIbKy
DIYOUHBI ATUX JIBYX UHTEPBAJIOB HAXOJUIUCH IO/ YIJIOM
6oee 80 rpagycos. bomnee Toro, A5 TOro 4YTOObI JKUJKOCTh
JUIS1 BO3/ICHCTBU S HA IUIACT IOI1AJ1a UMEHHO B TPEOGyeMbIe
UHTEPBAIBL, TPEOOBAIOCH IPOBECTH MEXAHUYECKYIO
U300, [1J1s1 MPOBEAEHUS pAOOTHI OBLIIO HEOOXOIUMOE
TOYHOE OIPEJICICHUE ITTyOHHBI 3100HHON KOMIIOHOBKH.
Pabora Bkmodana B cebs Tpu CI1O: yCTaHOBKA IBYX
KOMITO3UTHBIX TPOOOK, IPOBEACHHUE NTEPPOPALIUU
co crryckoM npubopos Ha THKT, (ppesepoBanme aByx
KOMITO3UTHBIX IIPOOOK 6€3 BBIHOCA PA30YPEHHOTO
MaTepraaa Ha NOBEPXHOCTD. Bee CIIO ObLIn IPOBEAECHBI
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bending, including a safety factor.

A hydraulic firing head can be used with an
RTFO CT system to activate the guns without
affecting the integrity of the fiber optics or
the downhole sensor tool after detonation.

The RTFO CT system enabled the operator
to evaluate the reservoir potential. The
evaluation results indicated that one of the
zones is a low producer, which avoided the
pumping of unnecessary nitrogen to induce
the specific zone.

The use of a downhole pressure sensor
enabled the identification of the time at
which the guns were detonated.

Improvement to the rigup was evidenced
and enabled time optimization without
affecting the operation.

The casing collar locator (CCL), used
for depth correlation, was a crucial factor
in reducing operational costs because it
helped to optimize placement accuracy and
gun detonation and to prevent misfiring
(Newman 2003). The guns were successfully
activated without nonproductive time (NPT)
or health, safety, or environmental (HSE)
incidents during operations.

A successful perforating operation was
completed with 4,000 psi underbalance in a
new formation using hydraulic detonation
with continuous real-time downhole
condition monitoring before and after
detonation, enabling the operating company
to make decisions in real time.

This new approach of using an RTFO
CT system combined with the hydraulic
firing head can be used to perforate new
formations in these crucial scenarios (wells
with production greater than 20 MMscf/D
and zones with continued sand production).

Operational Improvements Using a
Coiled Tubing Telemetry System for a
Complex Milling Operation in Shut-In
Conditions

Correa P, Parra D., Craig S., Livescu S.,
Yeginbayev A., Nadirov Z., Baker Hugbes,

a GE Company

A new horizontal well in Asia was not
capable of unassisted flow due to low gas
production rates and a wellhead pressure
below that required to enter the production
gathering system. Two zones were identified
at the heel that could increase the gas/oil
ratio (GOR). Because these two zones had
deviations greater than 80 degrees, coiled
tubing (CT) was selected for the perforation
and stimulation intervention. In addition,
mechanical isolation was required to ensure
the stimulation fluids entered only the new
zones. Accurate depth control was required
for three runs: setting two composite bridge



cTHKT guaMeTpoMm 73 MM C CUCTEMOU TEIEMETPUN.
BriepBel€ 7151 HOBBIIEHUS 3(P(HEKTUBHOCTU (PPE3EPOBAHUSA
OBLI MCTIOJIb30BAH BCIIOMOTI'ATEIBHBIIN y3€JI KOMIIOHOBKY,
KOTOPBIN PETUCTPHUPOBAJI JAHHDIE 10 HATSKEHHUIO, CXKATHIO
U KPYTAIIEMY MOMEHTY.

CucreMa TEJIEMETPUN BKIIIOUAET B €O M3TOTOBJICHHYIO
O TPEOOBAHUAM 3aKA3YHKA KOMIIOHOBKY HU34 KOJIOHHBI,
KOTOpAs1 B PEAJIBHOM BPEMEHHU NEPEAAET HA MIOBEPXHOCTD
JIAHHBIE IO JJABJICHUIO U TEMIIEPATYPE BHYTPU U CHAPYKU
KHK, a Takske JaHHBIE JIOKATOPA My(DT YEPE3 HAPYKHBIH
Kabenb, 3aracopaHHbif B THKT. MOHUTOPUHT IAHHBIX
IO HATI'PY3Ke U KpyTameMy MoMeHTy Ha KHK nmozsosmin
HOBBICUTB 3(PPEKTUBHOCTD 3A60MHOTO IBUTATEIISI U
(Ppe3BI, A TAKIKE ONTUMHU3HUPOBATDE U3HOC PAOOUUX JETAIEN
6maroiapst BO3MOXHOCTH PETYIHUPOBATh HATPY3Ky HA
(ppe3y COrTacCHO PEKOMEHIYEMBIM BETUYHMHAM. Hanpumep,
HCIIOJIb3Ys JAHHBIE 1O ONTUMAJIBHOMY JHUATIA30HY PA6OTHI
B3/, nH>XE€HEP CMOT HACTPOUTDb PA6OYHE TAPAMETPEIL, YTO
MO3BOJINJIO MIOBBICUTB 3(P(MEKTUBHOCTD (DPE3EPOBAHUSL.

CucTeMa TeNEMETPHH ITO3BOINIIA BBITIOJTHUTD
CJIEIVIONIUE ICHCTBUSE: YCTAHOBKY KOMITIO3UTHOM IPOOKH HA
y6rHE 5363 M IO CTBOJLY, yCTAHOBKY BTOPOI IPOOKH HA
ybuHe 5281 M, mepgopariuio B uHTEPBAIC 5297-5306 M
u 5152-5164 m. Kpome TOro, cucrema TeieMeTPHN
C BCIIOMOT'ATEJIbHBIM Y3JIOM KOMIIOHOBKH, KOTOPBIA
PETUCTPUPOBAJI JAHHBIE ITO HATSXKEHUIO, CKATHUIO U
KPYTAIIEMY MOMEHTY, IIO3BOJIMJIA IIPOBECTH (PPEZEPOBAHUE
JBYX IIPOOOK B YCJIOBUSX 3aKPBITON CKBAXKUHBI O€3
3aKJIMHUBAHUSA. TaKM 06pa3oM, (Ppe3epOBAHUE OBLIIO
MPOBEAEHO HEMPEPBIBHO, YTO MO3BOJIMJIO COKPATHUTD
JUIMTEJIBHOCTD PA60THI U HEOOXOJUMBII OObEM
JKMJIKOCTH IO CPABHEHUIO C TAKUMU K€ PA6OTAMH I1O
(Ppe3EPOBAHUIO C UCIIOIB30BAHHUEM TOIBKO CUCTEMBI
TesemeTpun. CpaBHEHHE 3TON PabOTHI IO (PPE3EPOBAHUIO
KOMIIO3UTHBIX IIPOOOK C IPEABIAYIEN PabOTOI B
JPYT'O¥ CKBAKHHE C IIOXOKHUMU YCJIOBUSIMH (IVTyOUHA,
WHKJIMHOMETPUS) ITIOKA34JI0, YTO UCIIOIb30BAHUE
CHUCTEMBI TEJIEMETPUHU TTIO3BOJIUIIO COKPATUTD
JUINTEIBHOCTD (ppe3epoBaHUs HA 22%. XOTS PE3YIBTATHI
PabOTHI IPEB30OULIN OXKUJAHUS 3AKA34HK4, paboune
[IAPAMETPBL, PETUCTPUPYEMBIE CUCTEMOM TEJIEMETPUN
U BCIIOMOT'ATEIbHOM KOMIIOHOBKOI, PErUCT PUPYIOIIEN
JAHHBIE ITO HATSYKEHUIO, CKATUIO U KDY TAIIEMY MOMEHTY,
OBbUIH HEMTOCTOAHHBIL, YTO OIPEAEIAET OOIACTU I
JanpHenned paboTel Ha/l MOAECPHU3AUEN PAOOT
1o (ppe3epoBaHUIO. Hanmpumep, Takye napaMeTphl,

K4K IIOCTOSIHHOE NP PEPEHIINAIBHOE JABJICHUE U
HAarpy3ka Ha ppesy, HE ObLIN UCIIOIb30BAHBI [IPU KAXKI0M
dppe3epOBAHUM.

HoBHU3HOM CUCTEMBI TEJIEMETPUU U BCIIOMOI'ATEILHOM
KOMITIOHOBKMU /1J15 pCFI/ICTpaL[I/II/I JAHHBIX I10 HATAXKCHUIO,
CXKATHIO U KPYTSIIEMY MOMEHTY SIBJISIETCSI BO3MOYKHOCTD
perucrpanuu gaHHbix KHK B pesxrme peasibHOro
BPEMEHU [17151 KOPPEKTHOM YCTAHOBKM IBYX KOMIIO3UTHBIX
MPOOOK 1 TOYHOM OOPA6OTKH UHTEPBAJIOB Ha TPEOYEMOI
J1IyOuHe. bosee TOro, JaHHBIN IOAXOZ, ITI03BOJISACT
3 PEKTUBHO pacPpe3epOBATH ABE KOMIIOZUTHBIC
MPOOKU C PEryINPOBKOI MapaMETPOB (PPE3EPOBAHMS /LIS
0obecTieuyeHU ONITUMAJIBHBIX pabodyux napamerpos B3/ u
dpe3sa, 9To /ies1aeT PaboTy SKOHOMUYECKH BBITOJJHOH IS
32KA34YHKA.

plugs (CBPs); deploying CT-conveyed
perforating (TCP) guns for opening two
intervals; and milling out the two CBPs
without taking returns to surface. All these
runs were performed with a 2.875-in. tube
wire-enabled CT telemetry (CTT) system.
For the first time, a tension, compression
and torque (TCT) subassembly was used to
improve the milling operation.

The CTT system consists of a customized
bottomhole assembly (BHA) that
instantaneously transmits internal (i.e.,
inside the BHA) and external (i.e., outside
the BHA) pressure and temperature, and
casing collar locator (CCL) data to surface
through a non-intrusive tube wire installed
inside the CT. Monitoring the BHA force and
torque data in real time helped improve the
motor and mill performance and life because
the weight on bit (WOB) could be adjusted
to the recommended values. For instance,
based on the optimum working ranges for
the motor used, the operator decided how
and when to modify the working variables
to achieve a reliable and efficient milling
process.

The CTT system alone helped set the first
CBP at 5363 m measured depth (MD), set the
second CBP at 5281 m MD, and perforate the
intervals between 5297 and 5306 m MD and
between 5152 and 5164 m MD. In addition,
the CTT system with the TCT subassembly
was used to mill the two CBPs in shut-in
conditions, without any stalls. This created
a continuous milling operation, reducing
the job time and the working fluid volume
compared to similar milling jobs using
CTT system alone. Comparing this CBP
milling job performance with a previous
operation in another well with similar
conditions (depth, deviation, etc.) using the
CTT system alone reduced the milling time
for one CBP by 22%. Although the overall
job performance exceeded the operator’s
expectations, the working parameters used
during the CTT system with the TCT sub-
assembly job were not constant, leaving a
few areas of improvement for the upcoming
milling operations. For instance, the
constant differential pressure and WOB were
not used on every milling pass down.

The novelty of using the CTT system
and TCT subassembly consists of real-time
monitoring of BHA data for positioning two
CBPs and opening new intervals exactly
at the required depths. In addition, this
approach enables removal of two CBPs by
adjusting the milling parameters to achieve
the optimum working parameters for the
motor and mill, providing direct and positive
financial impact for the operator.
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