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Te3ucobl KOI'I(I)EPEI'III““ Nno KONTIOOMHroBbIM
TEXHOJIOrMAM M BHYTPUMCKBaAYXUHHbIM paGoraM
SPE/ICoTA 2019 (ac- 1)

SPE/ICOTA Coiled Tubing & Well Intervention

Conference 2019 Abstracts (rart 1)

Mex ayHapoaHas KoHdepeHUMs 1 BbICTaBKa KONTIOOWHIOBbLIX TEXHONOT UM 1 BHYTPUCKBAXKMHHbBIX
pabot SPE/ICOTA npoxoamna B Byanenace, wrart Texac, CLLA, 26-27 mapta 2019 r. KoHdepeHLms
NPOBOANTCS EXXEroHO, MO TPAANLMM OpraHn3aTopaMm KoHdepeHLMM BbiCTynnnm OOLwecTBO
NHXeHepoB-HedTAHNKOB SPE 1 Accoumaums cneumanicToB no KonTioOWHIOBbIM TEXHOMOMMAM U

BHYTPUCKBaXXMHHbIM paboTam (ICoTA).

The Coiled Tubing & Well Intervention Conference & Exhibition took place in Woodlands, Texas, USA
on March 26-27, 2019. The annual event was traditionally organized by the Society of Petroleum
Engineers (SPE) and the Intervention & Coiled Tubing Association (ICoTA).

Cekuus 1. PewueHua ang
BHYTPUCKBAX>KUHHbIX paboT

B 0arHoil cexuiii paccmampusaemcs WupOoKUuLL
cnexmp npobem, ¢ KomopovlMU CEPBUCHBLE
KOMNAHUL CMASIKUBAIOMCA NPU 8bINOJIHEHUL
BHYMPUCKBANCUHHBIX pabom. B cexuuu
npeocmaesieHbl UHHOBAUUOHHbBLE U KDeamuUGHbLe
mexHu1ecKue peulerus, 61azooapsa Komopoim
npeocmasumesiu Ompaciu CHPasIArOmcs co 6ce
001€€ CIIOHCHBIMU MEXHUHECKUMU NPOOTICMAMI.

ABTOMATH3HpPOBaHHAA cHcTeMa (bpesepoBaHHA
Ha Kabee

Kaiin Busenbopn, Huxonaii baxnarnos, IToep Onueve I'ypmenoH,
Maxcum Kmowes, Ctoaoon An, Schlumberger

B foxazie NpeACTaBIeHa aBTOMATU3UPOBAHHASA CUCTEMA
(ppesepoBanms Ha Kabee, pa3paboTaHHAs I YAAIECHU U3
CTBOJIA CKBAKUHBI IIPEIATCTBUU PA3JINYHOrO THIA: OT ACIIO
JIO METAJIMYECKUX IPEJIMETOB. B cucTEME NpenycMOTpEHA
BO3MOKHOCTB aBTOMATUYECKOU HABUTAITUY CPEIU TPEMATCTBUL,
PaCIIONIOXKEHHBIX OJIM3KO JIPYT K IPYT'Y B CTBOJIE CKBAXKUHEL B
CTaTh€ OMUCAHBI KOHCTPYKTUBHBIE OCOOEHHOCTH, O61aro1aps
KOTOPBIM TEXHOJIOTHA (PPE3EPOBAHMS BBIIILJIA HA KAYECTBEHHO
HOBBII YPOBEHD 3(P(PEKTUBHOCTHU.

B padoTrax 1o ppe3epOBAHUIO HO-TIPEKHEMY
PacrIpOCTPAHEHBI IPOOJIEMBI C YIIPABIEHHUEM 32001MHBIM
UHCTPyMeEHTOM. Ha a(p(HpEKTUBHOCTD (PpE3EPOBAHUA
HETATHUBHO BJIUAIOT TAKUE POOIEMBL, KAK U3MEHEHNE
COCTaBa KOMIIO3UTHOT'O MaTEPUAJIA, CKOIIJIEHUE MITAMA PAZIOM
C (ppe3epyeMbIM OOBEKTOM, COIPOTUBJICHUE OT IIOTOKA
CKBAKUHHOM NPOAYKIIUU. DTU IPOOJIEMBI MOTYT IPUBECTHU K
YBEJIMYEHUIO NPOAO/IKUTEIBHOCTH ONEPALINH, 4 B HEKOTOPBIX
CIIy4asaX — K HEBBIIIOJTHEHHUIO 3a1a491 Pa6oT. [Ipr mpuMeHEHNN
TEXHOJIOTUU (PPEZEPOBAHUA HA KA6€JIE B COCTAB 3A00MHON
KOMIIOHOBKH BKJIIOUEHA CHUCTEMA UHTEJLJICKTYaJIbHOU OOPTOBOI
AIEKTPOHUKH, KOTOPAS MO3BOJAET AaKTUBHO KOHTPOIHUPOBATh

24 Ne 2 (068) Uions/June 2019

Session 1. Intervention Solutions

This interactive session qill present

a broad range of well intervention
related challenges and solutions,
showcasing the innovative and
creative manner in which our industry
segment strives to solve the ever more
complex issues we face.

Automated Wireline Milling System
Kyle Wiesenborn, Nikolay Baklanouv, Pierre
Olivier Gourmelon, Maxim Klyushev, Xuedong

Yang, Schiumberger

An automated wireline milling solution targeted
for removal of wellbore obstructions of a varying
type, from scale to metal, with built-in capabilities
of autonomous cruise navigation between
consecutive obstacles, is presented. This paper
highlights design features that made a step change
in the efficiency and usability of milling services.

Control challenges are still common in
downhole milling technology. Changes in milling
target composition, cuttings accumulation around
the target, drag forces from production flow, and
other variations can reduce system efficiency
and result in lost time or failed interventions.

In the case of wireline milling technology,
inclusion of intelligent on-board electronics in the
downhole equipment presents an opportunity to
actively control the milling process to optimize
rate of penetration and implement additional
protections to reduce operational risk. We
describe a robotic toolstring that automatically
and independently controls a wireline tractor
using real-time feedback from a milling cartridge
and other on-board sensors. Embedded control
algorithms implement intuitive workflows



MPOLECC PPEZEPOBAHUS ITYTEM PETYIMPOBAHUS CKOPOCTH
MPOXO/IKUA M UCTIOTIb30BAHUS IOTIOJIHUTEIBHBIX CPEJICTB
3aLUTBI OOOPYJOBAHUS IJIS1 CHUXKEHU S SKCILTyATALIMOHHBIX
PUCKOB. B cTaThe IPEACTaBIEHa POOOTU3NPOBAHHAS
KOMITOHOBKQ, KOTOPast aBTOMATHYECKH YIIPABIAET CKBAKUHHBIM
TPAKTOPOM, UCTIOIb3YS JAHHBIE, B PEAJTBHOM BDEMEHU
MHOCTYMAIONINE OT (PPEZEPHOTIO MOAYJIS U JPYTUX TATYHUKOB.
BCTpOEHHBIE AITOPUTMBI YIIPABIEHUS, PEATU30OBAHHBIE
6marofapst COBMECTHOMY OIIBITY HECKOJIBKUX 3KCIIEPTOB IO
BHYTPUCKBAXKUHHBIM PA60TAM, I€/IAI0T IPOLECC (PPE3EPOBAHUA
WHTYUTUBHO ITOHATHBIM.

ABTOMATU3HNPOBAHHASI CUCTEMA (PPE3EPOBAHUS HA Kabeie
MO3BOJIAET HAYATh PAOOTY, BHECS OIPEJEIEHHBIE TAPAMETPHI
(ppesepoBaHms. 3aTEM MOKHO B PEXKHUME PEAIBHOI'O BPDEMEHU
OTCJIEKUBATD IMPOLIECC (PPE3EPOBAHMS, B TO BPEMS KAK
POOOTU3NPOBAHHBIA 3A00MHBIN MHCTPYMEHT aBTOMATHYECKHA
PETYINPYET BEC HA IOJIOTE U YIIPABJIAET 3A00MHBIM JBUTATEJIEM.
HoBas aBTOMaTU3UPOBAHHAA 33001 HAS CUCTEMA YIIPABJICHU A
3HAYUTEJIBHO OOJIETYA€T KOHTPOJIb KPYTAMIETO MOMEHTA U BECA
Ha (ppese, 06ecreunBast IPEBOCXOAHYIO IIPOU3BOJUTEIBHOCTD
6maroaps BBICOKON CKOPOCTH MPOXOJKH U IIPOCTOTE
HCIIOIb30BAHUSA. ABTOMATHYECKOE U3MEHEHNUE HATPY3KU
Ha (Ppe3 OCYIIECTBIIACTCS O1aroAapst BLICOKOCKOPOCTHOM
pacrpeneneHHON CUCTEME YIIPABJIEHM, TIEPEIAIOIEI HA
(Ppe3 MAKCUMAIBHBIN KPYTAIIIAA MOMEHT Had BCEM JJUAITA30HE
CKOPOCTEM, KOTOPBIH OIIPENEIAECTCA IO KPUBOH MOIITHOCTH
asuraresns. Tonkaomee yCuiaue CKBAaXUHHOIO TPAKTOPA
MNPAKTUYECKU MITHOBEHHO PETYIUPYETCA C KAXKIBIM U3MEHEHHEM
yCI0OBUH (ppe3epoBanHysl. BeICTpOE pearupoOBaHUE HAPSAY C
MPOrPAMMHBIMU PEMEHUAMH I OTCAEKUBAHUA TPEATIOCHIIOK
3aKJIMHUBAHUA ABATATEIIS U OTPAHUYUTETIEM KPYTAIIETO
MOMEHTA 3HAYUTEIBHO CHIXKAET BEPOATHOCTD 3AKJIMHUBAHUA
PU NIPOXOXKAECHUHN (PPE3A YEPES CJIOKHBIE YIACTKU CKBAKUHBDL
JlaHHAaA TEXHOJIOTUA O3BOJIAET MUHHMHU3UPOBATD IIPAMOE
y4acTue OypUIBIIUKA 10 CPABHEHUIO C IPEAbIAYIIUM
TIOKOJICHUEM MHCTPYMEHTA. DTO PEATM30BAHO O1arofapsi
(PYHKIIUHM IPENOTBPAEHNS 3AKIMHUBAHUA U (DYHKLIMNU
4ABTOMATHYECKOI'O IOBTOPHOTI'O BKJIIOYEHU A 3100MHOTIO
JBUTATENA B CJIYI4€ CIYYAMHOI'O CKAYKa KPYTAIIEIO MOMEHTA.
Eme ofHUM (PAaKTOPOM, KOTOPBIH ITOJIOKUTENBHO BJIUACT HA
IIPOU3BOJUTEIBHOCTD U CTAOWIBHOCTD PA6OTHI KOMIIOHOBKH,
SIBJISIETCSI CTAOUIN3ALINS HAIIPSIKEHM L. TAKKE B TEXHOJIOIUH
NPEAYCMOTPEHBI TAKHE MEPBI 6€30MACHOCTH, KAK 3AIUTA OT
MEPEKPYIUBAHUSA KAOEIA U 3AIUTA OT IIEPETPEBA U IIEPETPY3KHU
IO TOKY.

I/IHHOBQ_L[I/IOHHbIC pCH_ICHI/IH B KOHCprKTI/IBHOM HNCIIOJTHCHHU M
4ABTOMATU3UPOBAHHOM CUCTEMBI (PPE3EPOBAHNS ITOBBIMIAIOT
3(pPEKTUBHOCTb KOMIIOHOBKH U CTEIIEHb €€ ABTOHOMHOCTH, 4
TAKXKE MUHUMH3HUPYIOT BIHUSHHE Y€JIOBEUYECKOTO (paKTOpa U
CHIDKAIOT PUCK 3aKJIMHUBAHUSA. B CTAThE TAKXKE IIPE/ICTABICHO
OIMCAHUE YCIIENTHO BBIITOJIHEHHBIX ITOJIEBBIX PAOOT U
UCIIBITAHUH C UCTIOJIb30BAHUEM JJAHHON KOMIIOHOBKMU.

CTHMYJIAIUA Y IIPOMBIBKA CKBAKHH C
HCIIOJIb30BAHHEM HMITYJIBCHOT'O HHCTPYMEHTA

Locex Koane, Oil States Energy Services — noopa3soenerue
Tempress

VIMITy/IbCBI TU/IPABIIMYECKOIO YAapa TeHEPUPYIOTCS, KOIAA
MOTOK >KU/IKOCTH B KOJIOHHE IIPEPBIBACTCS 32 IIPOMEKYTOK
BPEMEHH, KOTOPBIF HAMHOI'O KOPOY€, YEM JITTUTEIBHOCTD
HMITYJ/IbCA. BHYTPHUCKBA>KMHHBIN MHCTPYMEHT /IS CO3IAHUS

derived from the combined experience of
multiple experts in well intervention.

With this automated wireline milling system,
the user can initiate the milling process by
defining certain milling parameters and then
can monitor progress in real time while the
downhole robotic tool regulates weight on bit
and the milling motor. This new automated
downbhole control system significantly improves
torque-on-bit and weight-on-bit controls yielding
superior performance, such as rate of penetration
and usability. Dynamic load conditions are
handled in a high-speed distributed control
loop downhole to get most of bit torque capacity
across the entire speed range defined by the
motor power curve. Tractor push force is adjusted
quasi-instantaneously with changes in cutting
conditions. Control responsiveness along with
software solutions for tracking of motor stall
preconditions and a torque limiter greatly reduce
the occurrence of motor stalls arising due to the
bit wedging in highly reactive targets. With stall
avoidance and an automatic backing-off feature to
reengage the bit in case of a sporadic torque spike,
direct involvement of an operator is significantly
minimized compared to the previous tool
generation. Head-voltage stabilization is another
factor positively impacting the overall power
stability and performance of electromechanical
tools downhole. Safety features are also in place
to prevent cable twisting and protect assets from
overcurrent and overtemperature conditions.

The progressive design of the automated milling
tool boosts operational efficiency and autonomy,
minimizes human mistakes, and reduces risk of
getting stuck during the service. Case histories
demonstrate the first field jobs and system
integration tests performed with this new tool.

TECHNOLOGIES

Rarefaction Shock Cleanup and
Stimulation with a Water Hammer Tool
Jack Kolle, Oil States Energy Services — Tempress

Water hammer shock pulses are generated when
the flow in a length of tubing is interrupted in a
time that is much shorter than the pulse duration.
Water hammer tools used for well intervention
incorporate a poppet valve that closes very
quickly and a pilot valve that then causes
the valve to open so that the flow is stopped
periodically. The upstream water hammer shock
generates an impulsive mechanical load on the
bottom hole assembly (BHA) that can be used for
milling or other applications. The intense axial
vibration also extends the reach of tubing in long
tortuous completions. These tools also generate a
significant rarefaction shock downstream of the
tool, comprising a sudden drop in pressure that
can extend over 100's of meters of wellbore. The
rarefaction pulse propagates into the dead volume
beneath the tool and upstream into the annulus.
The rarefaction shock causes flow to surge into
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TU/IPABINYECKUX YIAPOB BKJIIOYAET B CEOS TAPEIbUATBIN
KJIAIIaH, KOTOPBIY 3aKPBIBAETCSA C 6OJIBIION CKOPOCTDIO, U
UMITYJIbCHBIN KJIAIIAH, KOTOPBIA 3ATE€EM OTKPBIBACT TAPEIbYATBIN
KJ1arnaH. Takum 06pa3oM, IPOUCXOAUT MTHOBEHHASI OCTAHOBKA
MOTOKA >KHUJIKOCTU B KOJIOHHE. [MPABINYECKUI yIap BBEPX

O KOJIOHHE CO3/1a€T UMITYJIbC MEXAHUYECKON HATPY3KU HA
3200MHYIO0 KOMIIOHOBKY, KOTODBII MOKHO UCIIO/Ib30BATh JJI
(ppe3epOBaAHUS WU JPYTUX IIPOLIECCOB. BBICOKME 3HAYEHU S
IPOJIOJIBHOM BUOPAITUHU ITO3BOJISIIOT OOECIIEYUTD IOXOXK/CHUE
3200MHON KOMITOHOBKH 10 11€JIEBOU ITTyOHHBI B CAMBIX CJIOXKHBIX
YYACTKAX CKBAXKUHEL TaKXKE HHCTPYMEHT CO3/1A€T 3HAUYUTENIBHOE
pa3peXEHNE, HANIPABJIEHHOE BHU3 10 KOJIOHHE, KOTOPOE
IPUBOAUT K PE3KOMY ITAJIEHHIO IABJICHUS HA IPOTXKEHUH OOJIee
100 M cTBOJIA CKBAKMHBL MIMITY/IBC PA3PEKEHM I HAIIPABIACTCA
BHU3 B TPYOHOE ITPOCTPAHCTBO O[] MHCTPYMEHTOM U 34TEM
BBEDPX 110 3aTPyOHOMY NIPOCTPAHCTBY. IMITYyJIbC Pa3pEKEHUA
BBI3BIBAET PEZKOE ABMXKEHUE MTOTOKA B IUTACT U U3 IIACTA. [
HUCCIEAOBAHMUSA MOIITHOCTHU U JUIMTEIBHOCTH 3TUX UMITYJILCOB
OBUIM IIPOBEJIEHBI UCIIBITAHUA. B CTAThE NPEACTABIEHO
OIMHCAHHUE YCIIEITHO BBIIIOJIHEHHBIX PAOOT IO IIPOMBIBKE

U CTUMYVJIALIMY CKBAKUH. Hanboee yCrenHbIM OITbITOM
NPUMEHEHUSA JAHHOU TEXHOJIOTUH ABJIACTCS IPOAABKA

COCTABA JIJIs1 OOPAOOTKH IPU3AO0MHOI 30HBI C HOCJIEYIOMICH
UMITYJIbCHOM LIMPKYJIALIUEI.

IHepdopairusa Ha JEIIPECCHH B PEKHME PEATBHOI'O
BPEMEHH B IIJIACTAX C AaHOMA/IbHO HU3KHM ILTACTOBBIM
JaBJI€HHEM: OIIBIT IPHMEHEHHUA TEXHOJIOTHH B
HAIrHETATEJIbHOM CKBaKHHE B Matarizuu

Asean Keone, Hationcen Howme, IIpamyowss Jicarnard,
Schlumberger

OIHMM U3 METOJOB NOAAECPKAHUA U ONITUMH3AIH
NPOAYKTUBHOCTH CKBA’KMHBI B TEYEHHUE BCETO CPOKA
KCIUIYATALIAU ABJIAETCA NTepdopanus Ha Aenpeccun. ITocne
nep@opanyu Ha pENpeCcCUy B IPU3A00NMHOM 30HE IIACTA
THOABJIAIOTCA YIACTKHU ITOBPEXKJAEHHOM TOPHOM IOPOABI C
HU3KOH INMPOHUILIAEMOCTBIO NEP(POPATMOHHBIX KAHAJIOB.
Korzga ruipoCTaTuyeCKOe AABIEHHE IO CTBOTY CKBAKHUHBI B
WHTEPBAJIE NPOAYKTUBHOIO IUIACTA NOAACPKUBAETCA HUXE
TUIACTOBOTO IABJIEHUS, TU YI4CTKH MTHOBEHHO OUUIIAIOTCA
IIPU BBI3OBE IIPUTOKA 13 I1acTa. Ha mesnbde Manansuu
nepgopanys Ha ACIPECCHUU IIPOBOAUTCS HE B JOOBIBAIOIINX
CKBA’KMHAX, 4 B HATHETATEBHBIX. L€JIbIO ONEPAIU ABJIAETCA
MOBBIIIEHHUE IPUEMUCTOCTH CKBAKUH. TEXHOJIOI WA BKJIIOYAET
B Ce0s1 OIITOBOJIOKOHHYIO CTPEJISIIONTYIO I'OJIOBKY Ieppoparopa,
Kortopas cnyckaeTcs Ha 'HKT ¢ OonTOBOJIOKOHHBIM Ka6€J1EM C
CHCTEMOI TEJIEMETPUN B PEAJIBHOM BPEMEHH.

Haubosnee pacnipoCTpaHEHHbIN U 9(P(PEKTHUBHBIN METO/
CO3/IaHMA IEIPECCUU B CKBAJKMHE — 3TO 3AMEHA PACTBOPA
repej nepgopanueit Ha 6oJsee Ierkuid. OMHAKO B CKBAXKUHAX
C HU3KUM IJIACTOBBIM JIABJIEHUEM CO3/JAHUE JICTIPECCHUU
BBI3bIBACT OIPE/ICIICHHBIC CJIOKHOCTH. B TAKMX CKBAKUHAX
JIETIPECCUS CO3/1AETCS MYyTEM 3aKa4KHU a30Ta. [lepdoparius
TAK>KE BBITIOJIHACTCS C UCIIOIB30BAHUEM a30THO MOAYIIKHL
[Toce co3panus JENPECCUN CKBAXKUHA TOTOBA K ITepopanun
Y IIPUMEHEHHE KAKHUX-TTUOO JIONIOJTHUTETBHBIX PACTBOPOB HE
TpebyeTCA.

Ha menbdoBoM MECTOPOXIAEHUN B Manans3nuu nepdopanus
B HATHETATEIbHBIX CKBAXKHMHAX ITPOBOAMNIACH HA PETIPECCUU,
ITIOCKOJIBKY LIC/IBIO PA6OT OBLIO IMOBBIIIECHUE [IPUEMHCTOCTH,

a He 706b19U. OFHAKO IPHUEMUCTOCTD 3THUX CKBAKUH OBICTPO
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and out of the formation. The extent and duration
of these pulses has been observed in surface tests.
Case histories of well cleaning and stimulation
applications are described. Best practices for
operation include squeezing treatment fluids into
the formation followed by flow circulation to
shock surge the completions.

Real-Time Underbalance Perforating in
Subhydrostatic Reservoir Improves Long-
Term Well Performance: A Case Study of
Well Injector in Malaysia

Azwan Keong, Nigel Yong, Pramudya Djanaka,
Schlumberger

One method of sustaining and optimizing a well
through its lifetime is underbalance perforating.
When hydrostatic pressure inside the wellbore
at the zone of interest is kept at less than the
expected reservoir pressure, the damaged and
crushed zones across the critical matrix at the
reservoir that cause low permeability in the
perforation tunnels will be immediately cleaned
up 4s soon as communication to the reservoir
is established upon perforating. In an operation
offshore Malaysia, underbalance perforating
was performed in injection wells, rather than
producing wells, to optimize injection rates. The
operation employed a fiber-optic firing head
deployed on a fiber-optic coiled tubing (CT) real-
time telemetry system.

The most common and effective method to
achieve underbalance is displacing the well to a
lighter fluid, less than the water gradient, prior
to perforating. Subhydrostatic wells with low
bottomhole reservoir pressure pose challenges
to achieving the underbalance state. For these
wells, well fluids must be removed via nitrogen
displacement and the completion perforated with
a nitrogen cushion. After underbalance is reached,
the well is ideally ready to be perforated as it is,
without introduction of additional fluids.

In the offshore Malaysia field, water injector
wells had been perforated overbalance because
the objective of the wells was injection and
not production. However, the injection rate of
these water injectors started to decline below
the optimum design rate only after a short
period, thus affecting the production rate of the
neighboring oil and gas producers. Two pilot wells
were designed to be perforated underbalance,
achieving immediate cleanup after firing. The
challenge was to perform an underbalance
perforation in a low-pressure, depleted reservoir,
using nitrogen as a displacement fluid. After this
condition was fulfilled with a 500-psi differential,
the well was to be perforated without any liquid
introduction to activate the guns, which restricted
the use of pressure- and ball-activated firing
heads.

The fiber-optic-enabled firing head deployed on
CT with real-time telemetry system is considered



CHMKAJIACH HIDKE OIITUMAJIBHOT'O YPOBHS, YTO IIPHUBOJUIIO

K CHHIKEHHIO IPOAYKTUBHOCTH COCEAHUX JJOOBIBAIOMUX
HEPTAHBIX U I'A30BBIX CKBAXXUH. J[JIs UCTIBITAHUSA TEXHOJIOTUU
nepdopany Ha AENPECCUN C MTHOBEHHOMN OYHUCTKOM IOCIE
OTCTPETUBAHMS ObLIU BBIOPAHBI IBE CKBA’KMHBI C HU3KUM
IUTACTOBBIM JIABJIEHHEM. BblJIa MOCTABIEHA 33/Ja49a IPOBECTH
nep@OpaLMIo B 3TUX CKBAXKUHAX, UCTIONb3YA IS CO3/JAHU
JIETIPECCUU 3aKAUYKY 230T4. B CKBaKMHE ObLIA JOCTUTHYTA
JIENIPECCUA B 35 aTM. AKTHUBAIIUIO IEP(HOPATOPOB OBLIO
HEOOXOIUMO MTPOBECTU 6€3 UCMIOIb30BAHUS I'UJIPABIUYECKOIO
KaHAJI1a CBSI3U UJIU COPOCA IIAPOB.

s penenus JaHHOU 321a4U B CKBXKUHY Ha THKT ¢
ON'TOBOJIOKOHHBIM Ka6€71eM ObLII CITYIIEH TIepdopaTop CO
CTPENAIOMIEN TOIOBKOU, C MEXAHHU3MOM AKTHUBAIINH 10
OIITOBOJIOKOHHOMY KaHAJIy CBA3U. AKTUBALIU CTPEJIAIOIIECH
T'OJIOBKU OCYILECTBIISAECTCA C IIOMOIIBIO OIITUYECKOI'O
CHUTI'HAJIA, KOTOPBII MITHOBEHHO IIEPEAAETCSA HA 3aJAHHYIO
INIYOMHY IO OTOBOJIOKOHHOMY Ka6€II0 6€3 HEOOXOUMOCTH
MCTIOJIb30BAHNA CKBAKMHHOM JKUJAKOCTU. [JaHHAA TEXHONIOTUA
TAKXKE COKPAIIAET JJIUTENBHOCTD OIIEPALTAH, ITOCKOIBKY
CO3JaHHE JENTPECCUH, TIEP(OPALINA U BEI3OB IIPUTOKA
npousBoATcA 3a ogHy CITO ru6Kor TPyOhL, 4TO IPUBOAUT
K COKPAIIEHHNIO OIIEPALIMOHHBIX 3aTpaT. ITociie BBOga ABYyX
HATHETATEIBHBIX CKBA’KUH B OKCILTYATAIIUIO IPUEMUCTOCTD
BBIIIJIA HA OIITUMAJIbHBIN YPOBEHD. DTO IO3BOJIUIIO
MOBBICUTH YPOBEHD JJOOBIYH 1O BCEMY MECTOPOKICHHIO.
Taxum 06pa3oM, tepdopaus Ha JEIPECCUN C CUCTEMON
VIIPABJICHUS B PEKUME PEATIBHOI'O BDEMEHU MOKET HE TOJIBKO
HOBBIIATH IPOAYKTHUBHOCTD JJOOBIBAIOMNX CKBAXKUH, HO 1
ONTHUMHU3UPOBATH IIPUEMUCTOCTD HAIHETATEIbHBIX CKBAKUH,
4TO ITO3BOJISIET NIPOIJIUTB CPOK PA3PAOOTKH MECTOPOXKACHUSL.

BHyTpHCKBa:KHHHBIE Pa00THI B Kacmuriickom mope
II0 IIEPEBOAY CKBAKHHBI C HH>KEJI€KANIEro IIACTA HA
BBIIICJICKAIHHA

Dapuo Xaouamarr, Camup Moanaes, Huoxcam I'yceiir3aoe,

Bus Banues, nceccul pacua, 2Karun I anvear Amas, BP; /[icegp
Dynxce, BISN; Xanuo Pazumos, Jlyuc Iunepo, Cumopa Py3memosa,

Baker Hugbes GE

PaboTa o nnepeBoay JOOBIBAIONIEN CKBAXKUHBI C HUYKHETO
TUTACTA Ha BEPXHUI 3aKII0YAETCS B U30JISIIIMY HIDKEIICKAIIETO
WHTEPBAJIA U TTOCJIEYIONIEN IEP(OPAITUH BBIIIEIEKAITIETO.

CYH_ICCTBYCT HECKOJIBKO TEXHOJIOTHUH U3OJIALIUU HUKEICKAIIETO

1acTd. B CKkBakrHaX B KaCIIMiiCKOM MOpPE U30JIALINA
OCYIIECTBIACTCS IIyTEM YCTAHOBKH MOCTOBOY ITPOOKU. OHAKO,
I10 CTATUCTUKE, OTIEPALH 1O YCTAHOBKE IMMPOOOK B PA3TMYHBIX
CKBAKMHHBIX YCIOBHAX HE BCET/[A YCIIEITHO BBITTOTHAIOT
ITOCTABJIEHHBIE 331441 110 U30JIALUN HIKEJIEKAIIETO
UHTEPBAJIA. TAKKE IIPH yCTAHOBKE LIEMEHTHBIX IIPOOOK
CYHIECTBYET OIPAHUYEHHE [I0 MUHUMAJIbBHOMY HUHTEPBAITY
MEXIYy INIYOMHOM IO/bEMA LIEMEHTA U 30HOM IEP(POPALIHH.
TaxuM 06pa3om, B pernoHe KacmmuricKoro Mopst BO3HUKJIA
MOTPEOGHOCTH B HOBOH TEXHOJIOTUH U30JISIITNU HUPKETICKAIITUX
UHTEPBAJIOB. [IJIs1 pElIEHN 3TOU 3444491 OblJIA IIPEJCTABICHA
HOB2s1 TEXHOJIOT'USI YCTAHOBKH IIPOOKH C UCIIOIb30BAHHUEM
CHCTEMBI «METAJI — METAIIIT». [IpU ITepeBO/IE CKBAXKUHBI C
HIDKEJIEKAIIETO MHTEPBA/IA HA BBIIIEJICKAIUHI TEXHOJIOT U
nepgopariuy Ha kaHaTe rin Ha HKT He aBseTcs IpUeMIEMOL.
IToaTOMY, NCXOS U3 COOOPAKEHHN OE30IIACHOCTH PAbOT U
3KOHOMHYECKON 3(P(PEKTUBHOCTH, J7151 JAHHOM CKBA>KUHBI
ObLIa BEIOpAaHA HOBAsI TEXHOJIOr U niepdoparuu. Ileppopariys

the most efficient intervention approach to
overcome the challenges set. The new firing head
will allow the perforating command to be given
through an optical signal instantaneously at depth
with no disturbance to the well fluid dynamics.
This technique will also optimize an online rig
operation where displacement, perforation, and
nitrogen lift contingency can be performed in
one CT run, hence reducing operating costs.

Since the initial startup of the two pilot wells, the
injection rates of the wells are at optimum, and
the performance gained from the two wells has
increased overall production in the field. Real-
time underbalance perforating is thus seen as the
way forward not only to enhance producing wells,
but also to boost injectors as well, prolonging the
life of an offshore oilfield.

Application of Thru Tubing Technologies
in the Caspian Sea Uphole Recompletion
Farid Hadiaman, Samir Mollayev, Nijat
Huseynzade, Ziya Valiyev, Jesse Gracia,
Jeanine Galvan Amaya, BP; Jeff Fulks, BiSN; Khalid
Rabimov, Luis Pinero, Sitora Ruzmetova, Baker
Hugbes GE

Thru-tubing uphole re-completion is a
workover technique aiming to re-complete
the existing wellbore by abandoning the lower
producing zone and subsequently perforate
upper layer. There are various techniques used to
abandon the lower zone worldwide. Specific to
Caspian Sea development, the abandonment will
only be required to set an isolation plug. However,
statistically speaking, success ratio of lower zone
abandonment, is quite low using current plugs set
in different condition of completion. In addition,
the risk of deploying balance cement plug also
presents significant challenge due to interval
limitation between top of the cement and new
perforation interval. It is deemed necessary to
find a fit-for purpose solution that provides a
solution to the Caspian Sea environment plug and
abandonment strategy. A new plug technology,
metal to metal system, was introduced to provide
assurance isolating the lower zone prior to
perforating new upper zone. Subsequently, a
wireline deployed or pipe (tubing) conveyed
perforation is not an attractive solution to thru-
tubing up-hole recompletion technique. A new
technology to perforate lively is selected from
safety and economic point of view for this specific
well. The perforation was done in underbalance
condition with intelligent coiled tubing. The
uphole re-completion (well delivery) performance
was more attractive than other conventional
uphole re-completion techniques. This paper will
elaborate the success of recompletion techniques
by deploying multiple new technologies in the
Caspian Sea.

Planning, Execution, Improvements, and
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TEXHOJIOI'MU

ObLIa IIPOBEJIEHA B YCJIOBUAX JEMPECCUHN C UCTIOJIb30BAHHUEM
HUHTEJJIEKTYanbHOIM cucteMbl THKT. YpoBeHb 106BIMM
CKBaKMHBI OKA32JICSI 60JI€E BBICOKUM ITO CPABHEHUIO CO
CKBAKMHAMH, II€ Pa6OTHI MPOMU3BOAIMCH C TIOMOIIBIO
CTAHJAPTHBIX METOJOB. B CTAaThe NPEACTABIEHO OIHUCAHNE
YCIENTHO BBIITOTHEHHBIX PA6OT O NEPEBOAY CKBAXKUH C
HIDKEJIEXKAIIETO IIACTA HA BBIIIEIEKAIINH C UCTIOIb30BAHHUEM
PA3/TMYHBIX HOBBIX TEXHOJIOT M.

IllanupoBaHHE, BBIIIOJTHEHHE, OITUMHU3AIIUA 1
PE3YIABTATHI IOBHJIBHBIX pa60T C HCITIO/IB3OBAHHECM
KOMILJIEKCA CITYCKO-TIOABEMHOT'0O OOOPYIOBAHHU A B
CKBA>KHHAX C CEPOBOAOPOIAOM JIJISI HAITHOHAJIBHOM
He@TIHO¥ KOMIIAHUH Ha bimxHeMm BocToke

Anvoepm Jlonanvocon, Halliburion; Xatimam Ano-Matiamn,
Kuwait Oil Company

B gaHHOI CTaThe OIUCAHDI IIPOLIECCHI IVTAHUPOBAHUS,
BBITIOJIHEHU S M ONITUMHU3AIH, 4 TAKXKE PE3YIBTATHI IOBUIBHBIX
PaboT C UCOIB30BAHUEM KOMIIIEKCA CITYCKO-TIOJTEMHOTO
060pPYIOBAHUSA B CKBAXKUHAX C CEPOBOJJOPOJOM LIS
HAIIUOHAJIBHON HE(PTAHOU KOMIIaHUU HA bimskaeM BocToke.

B cTarpe NpeACTaBIeH MPEBEHTOD AJIS PAOOT MO U3BJICUYEHHIO
MHCTPYMEHTOB, crtycKaeMbIx Ha THKT u kabene, a Taxkoxe

JUI pabOT MO (PPE3EPOBAHUIO. TAKIKE NPEACTABIICH IJIAH
JIMKBUJIAITUU ABAPHUH, IO/ KOTOPBIN ObLI IPOU3BEICH OO0D
IPEBEHTOPA. B cTaThe NOJPOOHO ONUCAHBI OCTOKHEHUS,
BO3HUKIIIUE BO BPEMS BBIIIOJIHEHUSA PAOOT, 4 TAKIKE METOZBI UX
perneHus. TakKe B CTaTbe OOCYKIAIOTCA KJIIOYEBBIE [TOKA3ATEIH,
KOTOPBIE MOBBICWIIN 3(P(PEKTUBHOCTD paboT. B fononneHmne

B CTATbE IIPEJICTABIIEHBI IPOOIEMBI C COCTOTHUEM CKBAKUH,

4 TAKIKE XKEJTAEMBIE U (DAKTUYECKUE PEIYIBTATHI PAOOT,
BBITIOJIHEHHBIX HA MOMEHT HAITMCAHUA CTATBH.

Cekums 2. COop 1 aHanNM3 AaHHbIX NpuU
npoBegeHNn BHYTPUCKBAXKUHHbIX paboT

Hcmopureckit CoiCUI0Cs, 4o 10001 HOBbLLL
Memoo COOPa OAHHBLX C 3A00LHO20 1L )/CIMbEeB020
000PY00B8aHUA NOBLILULACTIL IPPEKMUSHOCTL HA
KANCOOLL CMAOULU BHYMPUCKEANCUHHBLX PAOOIN —
01 NOOOOPA CKBAWCUHBL-KAHOUOAIMA 00 CAMOLL
pabomu. u arnanu3a 0arHbLx. B 0annoll cexuuu
paccmampusaromcs 60npocsbL OMMUMUSAUUL
CcOOPa OAMHHBIX UMOOCNCIL UX UHMEpNpemajuu
O/151 NOBBLUCHUA IPPEKIMUSHOCIU PAdOmM U
CHUMICCHUSL ONEPALUUOHHBLX DUCKOS.

KOMIIOHOBKA OTHOPA30BOT'O JE€HCTBHU A JIJIsI
HCCIeIOBAHUS IPO(DHUIISI IPUTOKA

@. X. T50 bocmur, Jan Ihpruc, Kesun Poys, [az Xuukor,
Well-SENSE Technology Lid

B crarbe nnpeacTasieH HHHOBALMOHHDBIN METO/ CITYCKA
ON'TOBOJIOKOHHOTI'O Kabeis 1151 cbopa faHHbIX FiberLine
Intervention (FLI), KOTOPBI ITIO3BOJIAET COKPATUTD 3ATPAThL
HA BBINIOJIHEHUE PA0OT. Ha CErOAHAIHNT IEHb TEXHOIOTHS
FLI mo3BOIAET COKPATHUTD 3aTPATHI HA CITYCK OITTOBOJIOKHA
B CKBXXUHY JIJI1 COOpa MH(MPOPMALTIH C PACTIPEAEICHHBIX
JIATYUKOB — PACIIPEACIEHHOE U3MepeHHeE TeMneparypsl (DTS)

U AKYCTUUYECKUX KOosieOaHuM (DAS). Takoit d1aCCUBHBIN» PEKUM }
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Results from a Multi-Well Fishing Campaign
using a Snubbing Unit on Pressurized HS
Wells for a NOC in the Middle East

Albert Donaldson, Haliburton,; Haitham
Al-Mayyan, Kuwait Oil Comparny

This paper describes the planning, execution,
improvements, and results from a multi-well
fishing campaign using a snubbing unit on
pressurized H,S wells for a national oil company
(NOC) in the Middle East. A suitable blow out
preventer (BOP) stack is shown for fishing coiled
tubing, wireline tools, and milling along with the
contingencies considered and how these were
incorporated into the design of the stack. The
challenges encountered during the execution
phase are explained along with the solutions
implemented. The key performance indicators
used and how these improved the operational
efficiency during the campaign are discussed. The
well problems, desired results, and actual results
of the interventions on the wells completed to
date are shown.

Session 2. Data Enchanced
Interventions and Diagnostics

Historical and new means of gathering
subsurface and surface equipment
data can be used to improve
interventions in each stage of a job,
Jrom candidate selection through
operational implementation and
post-job analysis. This session will
examine the benefits of increased
data collection and enhanced
interpretation models to deliver better
intervention outcomes and reduce
operational risks.

Disposable Intervention Tool for
Production Logging

F. X Tad Bostick, Dan Purkis, Craig Feberty, Kevin
Rose, Doug Hitchcock, Well-SENSE Technology Lid

Fiber optics can be readily introduced into wells
to gather data at very low cost by using a novel,
disposable deployment method called FiberLine
Intervention (FLI). To date, FLI technology
has been used to cost-effectively install bare
optical fiber in wellbores to collect distributed
sensing data, such as distributed temperature
sensing (DTS) and distributed acoustic sensing
(DAS). In this ‘passive’ sensing mode a variety
of applications have been demonstrated, for
example, cement assurance, leak detection,
injection monitoring and vertical seismic
profiling.

The FLI technology has now been expanded
to include "active" elements which provide
additional, discrete, electronic sensing functions



TEXHOJIOI'MU

c60pa JAaHHBIX HAXOJUT MIMPOKOE IPUMEHEHUE /IS IPOBEPKU
Ka4eCTBA LIEMEHTA, ONIPECJIEHUS 30H yTEUYEK, ONPEAEIICHU
npOoUIsa IPUEMUCTOCTH, 4 TAKXKE BEPTHUKAJIBHOTO
CENCMUYECKOTO NPOMPUIUPOBAHUSL

Certuac TexHONOrus FLI BKITIOYAET B CEOS «AKTUBHBIE»
KOMITOHEHTBI, KOTOPBIE IO3BOJIAIOT IOTYYaTh JONOJTHUTEIBHYIO
TOYHYIO HH(POPMALIHIO C IJEKTPOHHBIX JATYNKOB B MUHTEPBAJIE
OTOMPAEMOI IPOOBL DTA (PYHKIIMA TO3BOIAET KOMOMHUPOBATD
TEXHOJIOTUU COOPA JAHHBIX C TOYEYHBIX U PACIPE/IEIEHHBIX
JIATYUKOB JIJIS1 IOJIYYEHU S 60JI€€ IETAIbHOU MH(POPMALTUH O
CKBaXUHE. Taxoke faHHag (DYHKIIUA HO3BOJIAET PACIIUPUTD
CHEKTP NPHUMEHEHU TEXHOJIOTUH CHATUSA NPOMUIIA IPUTOKA
JUIL OLIEHKY NNPOAYKTUBHOCTH CKBAXKUHBI U IIJTACTA, 4 TAKXKE
OLIEHKU 3(P(PEKTUBHOCTH KOMIIOHOBKH 3aKAHYNBAHUSL

[yt crrycka KOMIOHOBKU FLI B CKBAXKUHY HEOOXOIMMO Ha
YCThE NOMECTUTD 30H/, B MAJIEHBKOE YCTPOMUCTBO 3aITyCKa
OJ] JABIEHUEM, KOTOPOE COPACBIBAET 30H],. 34TEM 30H/]
COETUHSAETCS C OITOBOJIOKOHHBIM KA0€JIEM B CKBAKUHE.
birarogaps pa3zpaboTKe «aKTUBHBIX> KOMIIOHEHTOB CEMYaAC
TeXHONMOrnA FLI MO3BOIAET yCTAHABINBATD HA 30H/[,
HU3KO34TAPATHBIN KOMILIEKC TAKUX 3JIEMEHTOB, KAK IATYHK
JABJIEHUS, JATUYUK TEMIIEPATYPEI U TATYHK JIOKATOPA MY(PT.
JIaHHBIE C JATYUKOB IEPENAIOTCA B PEKUME PEATIEHOTO
BPEMEHU 1O OIITOBOJIOKOHHOMY KA0€EJTIO B KOMIIAKTHBIH
YCTBEBOM KOMIUIEKC COOPA IaHHBIX. [Tocie cbopa HEOOXOIUMOI
MHMOPMALIUH, KOTOPBIA MOXKET JJIMTHCA OT HECKOJIBKUX YACOB
JIO HECKOJIBKUX CYTOK, 30H/ K OITTOBOJIOKHO MOKHO OCT4BUTb B
CKBA’)KMHE.

AKTHBHBIC JATYUKH COOUPAIOT HH(POPMALIHIO BO BpEMS
CITYCKA 30HJJA B CKBAKMHY, 4 TAKXKE TTOCJIE JOCTUKEHUA
UM LIeJIEBOY ITTyOUHBL I Tpr HEOOXOAMMOCTH BO3MOKHA
JEAKTUBAINUA TOYEYHBIX JATYUKOB, U ITOT KE KOMILJIEKC
MOYKET OBITb UCITOIB30BAH JIJIA ITONYYEHUA NTH(POPMALTUN
C pacTipeIe/IEHHBIX JATYUKOB. B aJIbTEpHATUBHOI OIIINHN
BO3MOYKEH CITYCK IBYX OITOBOJIOKOHHBIX KA0€JIEH, KOTOPBIE
MO3BOJIAIOT OJHOBPEMEHHO ITOIYYATh HH(POPMALIHIO KAK C
TOYEYHBIX, TAK M1 C PACTIIPEJIE/IEHHBIX JATYUKOB.

B 1aHHOM cTaThe ONUCaHa «aKTUBHAS» TeXHONOruA FLI, a
TAKXKE MIPEICTABIIEHDI JAHHBIE C ONIBITHO-TIPOMBIIIJIEHHBIX
UCIIBITAHUN HA MECTOPOXAEHUH. [ITaHHOE TEXHUYECKOE
pEIIEHNE TTO3BOIAET OCTABIATD MHCTPYMEHTDI B CKBAKUHE,
YTO COKPAIIAET 3aTPATBI U MUHUMM3HPYET PUCKH, 4 TAKIKE
ITO3BOJISIET IIOJIY4YATh HEOOXOAMMYIO HH(POPMALIHIO O CKBAKIHE
BO BPEMS IOOBIYN, HATHETAHUA U OCTAHOBKN.

BepTHKaTIBHOE CEHCMHYECKOE IPpodHIHpOBaHHE
C HCITO/Ib30BAHHUEM PACIIPEIECICHHBIX AKYCTHIECKHX
paraukoB Ha THKT

Amnodpeac Dnamaymanep, Yunoam lanracovoc, Muwens Jlebnan,
Mapx Yunnuc, Zcopoxc Hano, Halliburton

ITpodnInpoOBaHUE C UCTIOIB30BAHUEM PACIIPE/ICICHHBIX
AKYCTUUYECKUX JaTIUKOB (DAS) 3T0 6bICTPO PA3BUBAIOIIASCS
OIITOBOJIOKOHHASI TEXHOJIOT U 1JIs1 IPOBEPKHU KA4E€CTBA 1IEMEHTA,
OLIEHKU 3(PPEKTUBHOCTHU IEPPOPALINU U CTUMYIALN
HWHTEPBAJIOB, 4 TAKXKE OIPEIEIEHUS NPOMHUISA IPUTOKA.

B nocneiHee BpeMs JaHHAs TEXHOJIOTHS UCTIONIb3YETCs

U151 IPOBE/ICHU ST BEDTUKAIBHOI'O CEHCMHUYECKOTO
npodpunmposanus (VSP). Janubie VSP UCHIONB3YIOTCS JJ151
OIpPEJIETIEHNSI CKOPOCTHOM MOZIE/IN, KOTOPAst UCIIONIb3yETCsI
MPU IOCTPOEHUH CEHCMUYECKNX N300PAKEHUI 111 OLIEHKU
IJIACTA WJIM TTPU CECMUYECKOM MOHUTOPHUHIE I'UPOPA3PhIBA
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from within the deployed probe. This capability
enables the combination of single point data
with distributed sensing information to provide
enhanced well intelligence and assist with a
wider variety of production logging applications,
including evaluating well and reservoir
performance and completion effectiveness.

To deploy FLI, the probe is configured on
the wellhead in a small, pressure containing
launcher. This releases the probe which free-falls
downhole laying the fiber into the well. Following
the development of "Active FLI", the probe can
now be configured to house a suite of low cost,
expendable electronic sensors such as a pressure
gauge, a temperature sensor and a casing collar
locator (CCL). The fiber transmits the digitized
sensor data — in real time — to a miniature surface
data acquisition system. Following completion
of sensing and monitoring operations, which
typically last several hours to a few days, the probe
and fiber are then disposed of in the well.

The active electronic sensors collect data during
the probe's descent into the well and can continue
with ongoing monitoring when the tool reaches
its final depth. The sensors can be deactivated on
demand and the same fiber can then be utilized
for distributed sensing. Alternatively, two fibers
can be deployed allowing for the simultaneous
collection of single-point data and ongoing
distributed sensing throughout the wellbore.

Active FLI technology will be described in
this paper and data from a representative field
trial will be presented. The solution remains
disposable, thereby resulting in a low cost, low risk
and minimal impact method for obtaining key
wellbore information during shut in, production
and injection operations.

Vertical Seismic Profiling via Coiled
Tubing-Conveyed Distributed Acoustic
Sensing

Andreas Ellmautbaler, William Palacios, Michel
LeBlanc, Mark Willis, George Knapo, Halliburton

Distributed acoustic sensing (DAS) is a rapidly
evolving fiber optic technology for monitoring
cement curing, perforation performance,
stimulation efficiency, and production flow and,
more recently, for performing vertical seismic
profiling (VSP). VSP data can be acquired and
processed to determine velocity models that
are used in surface seismic imaging for reservoir
characterization, or for microseismic monitoring
of hydraulic fracturing operations. The limitation
of conventional VSP data acquisition has been
well accessibility, with wireline-conveyed tools
deployed during openhole or casedhole logging
campaigns before well completion or during
workovers. Fiber optic cable conveyance by coiled
tubing (CT) expands the opportunity for VSP
data acquisition during planned CT interventions.
This paper presents an example of a CT DAS VSP



171aCTa. OCHOBHBIM OTPAHUYEHUEM CTAHIAPTHON TEXHOJIOTUU
VSP SIBJISIIOTCSI OCJIOKHEHU S ITPU JIOBEJICHUH JIO 320051
WHCTPYMEHTOB, CITYCKAEMBIX Ha KA0€JI€ B OTKPBITHII WIH
3aLIEMEHTUPOBAHHBIIN CTBOJ NIEPE]] 3AKAHYNBAHHUEM CKBAXKUHDI
nm BO BpeMs KPC. Ciyck Ha THKT ¢ ONTOBOIOKOHHBIM KabeyieM
HO3BOJIAET PEMUTD JAHHYIO TPOOGIEMY. B TAHHOI CTAThE OIHCAH
IPUMEP UCTIOIb30BAHUS PACIPEEIEHHBIX AKYCTHYECKUX
JIATYHMKOB JIJIS1 BBITIOJIHEHU S BEDTUKAJIBHOI'O CEMCMUYECKOTO
npodunuposanus Ha FTHKT. [Toka3aHbl IPOIECCH 0OPAO6OTKU
JIAaHHBIX U OOPBOBI C TAKUMU IITYMOBBIMH [IOMEXAMH,

KAaK CIJIBHBIE AKYCTUYECKUE BOJIHBI B KOJIOHHE, KOTOPBIE
BBI3BIBAIOTCS ONIEPALUSAME HA YCThE CKBAKUHEL B cTaThe
OIHCAH OIBIT IPUBSA3KH IMTyOUHBI 110 JAHHBIM CEMCMOPAa3BEIKU
Y IAHHBIM COBMEIIIEHHBIX U300Pa’KEHUM, TOJTyYEHHBIX C
MOMOIIIBIO TAKOM TEXHOJIOIUU. TAKMM O6pa30M, MOKA3aHA
a(pPekTUBHOCTb NCOIb30BaHUS 'HKT € OITOBOJIOKOHHBIM
KabeJsieM [ IOy YEHM S TAHHBIX C PACIPEJEIEHHBIX
AKYCTUYCCKHUX JIATYUKOB JIJIS1 BBIIOJTHEHH I BEPTHUKAJIBHOT'O
CENCMHUYECKOTO NPOMUIUPOBAHHUSL.

COOpP IAHHBIX C HCIIOJIH30BAHHUEM KAHATHOM TEXHUKH:
OIIBIT YCTAHOBKH M U3B/ICUYCHH A KOPOHHEIX IIPOOOK
BHYTPH (DOHTAHHOM ApMATyPHI

DM, Xunu, K. Cmum, Halliburton

VYBennyeHne 00’beMa padoT HA IITyOOKOBOIHOM HIEIb(hE
MIPUBOAUT K TOMY, UTO IIPU BEIOOPE MOAPATINKA SIKOHOMUYECKAA
3(pPEKTUBHOCTD HE(DTECEPBUCHBIX YCIIYT BBIXOJUT HA IIEPBBII
IVIaH, OCOOEHHO B YCJIOBUAX BCE 60JIEE CJIOKHON KOHBIOHKTYPbI
PpBIHKA. OHOM U3 OCHOBHBIX ONE€PALIMH IIPH BBIIIOJIHEHHUH
BHYTPUCKBAKUHHBIX PA6OT HA INTyOOKOBOJHOM IIEJIb(E C
TOPU3OHTAIBHON (DOHTAHHOU aPMATYPOHU SABJIAETCA U3BJICUEHHE
TAaK HA3bIBAEMOU KOPOHHOI IMPOOKH, KOTOPAS CJIYKUT JJIs
CAEPKUBAHUA JABICHUA CUCTEMBI 3aKAHYMBAHUA CKBAXKUHBI
BHYTPH HOABOAHOI (POHTAHHON apMaTypbl. HermpasuibHOE
TUIAHUPOBAHHUE JAHHOU ONEPALIMU MOXKET IIPUBECTU K
CEPBE3HBIM OCIEACTBUAM. H3-32 BBICOKUX PUCKOB IIPH
BBITIOJIHEHWHY TAHHOI ONEPALIAY OOIBIITMHCTBO KOMIIAHWH-
ONEPATOPOB COCTABIAIOT IPOrPaMMy PabOT M3 IBYX YACTEHN —
OCHOBHOI IJIaH pa60T U IIaH Pa0OT B CJIy4Y4€ AaBAPHUH. DTO
MO3BOJIAET CHU3UTb PUCKHU IPU U3BJIEYEHUH KODOHHOU ITPOOKH.
XOTa OCHOBHOM 33/1AY€H ABJIACTCA U3BJICYEHNE KOPOHHOU
NPOOKH, TAKKE BO BHUMAHHE HEOOXOJUMO IIPUHUMATh, UTO
JUISL COITIACOBAHUA C 3aKA3YMKOM HEOOXOAMMO JJOKA34ATh
SKOHOMMYECKYIO 3(PPEKTUBHOCTD PAOOT.

Pa3paboTkKa TEXHOJIOTUH COOPA JAHHBIX C UCIIOJIb30BAHUEM
KAaHATHOM TEXHUKHU (TeXHONOruu DSL) No3BoMMIa IPOBOJUTD
Cc60P YCTBEBBIX JAHHBIX BO BPEMS U3BJIEYEHUS U YCTAHOBKH
NPOO6OK. TEXHOIOI U OOECIIEYNBAET CHIKEHHE PHCKOB
4ABAPUH BO BPEMS HAMOOJIEE BAXKHOTI'O 3TaIa padoT. B crarbe
IIPEJICTABJICH ONBIT IPUMEHEHUS JATYNKOB TEXHOJIOINH DSL ¢
Nepejadct IaHHBIX B PEAJIBHOM BPEMEHU 110 PAIMOYACTOTHOMY
KaHaJIy CBSI3U TP YCTAHOBKE KOPOHHBIX IIPOOOK B MOABOJHYIO
APMATYPY C UCIIOJIb30BAHUEM ACOB HA ITTyOOKOBOAHOM IIEIb(e
MEKCHKAHCKOT'O 3a/IMBa. TeXHOIOrHs1 6bLIa PAaHEE OMUCAHA
B crarbe Heaney u ap. (2018). Ha JaHHBIA MOMEHT HA PHIHKE
NPEJCTABIJICHO J1Ba OPEH/1a KOPOHHBIX IIPOOOK. ITpouieaypa
W3BJICYCHUSI TPOOOK OIMHAKOBA, OIHAKO B IIPOIIEyPax
YCTAaHOBKH €CTb Pa3/Inumsl. Takke Kaxaas IpoOKa HMEET CBOIO
YHUKAJIBHYIO ITU(PPOBYIO NOAIINUCH B CUCTEME COOPA YCTHEBBIX
JIAHHBIX.

Kpowme Toro, rexnosorus DSL coBMeCTHMA C TAKOM

acquisition. The processing steps are shown to
overcome some of the noise challenges inherent
in CT DAS data, such as persistently strong
borehole tube waves induced from the surface
operations activities. A case study is shown for
the depth tie between surface seismic data and
the CT DAS VSP derived corridor stack image,
demonstrating the viability of CT deployed fiber
to acquire DAS VSP data.

TECHNOLOGIES

Digital Slickline: Case Studies Setting and
Pulling Crown Plugs
F.M. Heaney, C. Smith, Halliburton

As the scope of deepwater operations increases,
the need for cost-effective well servicing is
paramount, particularly because of the continued
challenges associated with current volatile
commodity pricing. One of the first requirements
on any subsea deepwater intervention with a
horizontal wellhead production tree is pulling
the subsea horizontal tree isolation lock mandrel
plugs, commonly referred to wellhead or crown
plugs. This can be a "show stopper" event if not
planned correctly. Because of the critical nature of
this action, the majority of operators follow a two-
prong approach, with a primary plan of action
and a contingency procedure, to help ensure
barrier removal proceeds as planned. Although
successful removal of the crown plugs is the
principal concern, it needs to be completed cost-
effectively for the intervention to obtain approval.

The advent of digital slickline (DSL) allows
surface readout (SRO) monitoring during the
removal and installation of these barriers to
provide an increased level of confidence during
this important phase of the operation. This
paper outlines case studies of the real-time
sensors available with the RF communication
DSL system that was highlighted previously
(Heaney et al. 2018) for pulling and setting these
wellhead or crown plugs in deepwater Gulf
of Mexico interventions using the traditional
jarring approach. Two brands of crown plugs are
available on the market, and although both pull
the same, there is a difference in the installation
procedure and each plug or lock has a unique SRO
digital signature.

Additionally, the straight pull battery operated
extended-stroke downhole power unit
highlighted in McDaniel et al. (2008), Clemens et
al. (2014), and Babin et al. (2015) offers a cost-
effective contingency that can be deployed on
the small-footprint DSL unit. This setup allows
starting the operation using the traditional
jarring approach, and if required because of
high hydrostatic forces, the operation can easily
move to a straight pull contingency without
rigging down the DSL unit for maximized wellsite
efficiency.

New developments as the downhole power
generator was ported to DSL are discussed,
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HUBKO34ATPATHOU TEXHOJIOTUEH JIJIS1 AJIBTEPHATUBHOIO IJIAaHA
PaboT, KaK OCBOOOXKAEHUE CKBAKMHHBIX THCTPYMEHTOB
HATSKEHHEM C MCIIOJIb30BAHUEM CUJIOBOM yCTAHOBKHU DPU,
OMHCAHHOM B CTaTbax McDaniel u ap. (2008), Clemens u

Jp. (2014) 1 Babin u gp. (2015). TeXHOIOr M TO3BOJISAET
UCIIOJIb30BATDh CTAHJAPTHBIN METO/ C ICOM. B yc1oBUAX
BBICOKHX TMJIPOCTATUYCCKUX JIABJICHUI BO3MOXKEH IIEPEXO]] HA
AJIBTEPHATUBHYIO TEXHOJIOTUIO OCBOOOK/ICHUS CKBAXKUHHBIX
UHCTPYMEHTOB HATSKEHHUEM. B 3TOM Ci1y4ae JEMOHTAXK
yCTaHOBKM DSL He TpeOyeTcst, YTO NOBbIIIACT 3(PPEKTUBHOCTD
paodor.

B TexHonoruio c6opa JaHHBIX C UCIIOIB30BAHUEM KAaHATHOMN
TEXHUKU ObUIN IEPEHECEHBI TAKUE HOBBIE PA3PA60TKU, KAK
3a00MHBIA T€HEPATOP IHEPTUU. barogapss 3ToMy NOABUIACH
BO3MOXHOCTb YIIPABJICHUS IBUTATEIEM U COOPA YCThEBBIX
JIAaHHBIX B P€AJIbBHOM BPEMEHU. PaHee 3T (PyHKITUU ObUIH
PEICTABIEHBI TOJIBKO B ABTOHOMHOM BapUaHTE. [17151
HOBBIIEHUS 3(POEKTUBHOCTHA B KOMIIOHOBKY ObLII BKIIOUEH
3a00MHBINA AKOPb, KOTOPBIF MOXKHO CITYCKATh BMECTE C
3200MHBIM I'€HEPATOPOM SHEPTUU. DTO MTO3BOJISAET BBIIIOIHATD
PabOTHI B HOBBIX (DOHTAHHBIX APMATYPAX, I7I€ HET CTOIIOPHOI'O
KObLA. [17151 pabOoThI HA OOJIBIION ITIYOHHE TSIT'OBOE YCUIUE
3200HHOI'O TEHEPATOPA SIHEPIHUU TUIIOPA3MeEpPa 91,2 MM 6bLIIO
YBEJIMYEHO 710 36 T.

HOBBI IMOIXO0/I K IPOMBIBKE CKBAKHH HA Kab6eie
ITvep-Onusve Iypmatn, Katin Buzerb6opm, I'oua Youya,
Schlumberger

HoBas cCTeMa MPOMBIBKY CKBA’KMH HA KAO€EJIE ITO3BOJIAET
YJIABJIMBATH MIMPOKUN CIIEKTP PA3IUYHBIX TUIIOB MIJIAMA.
VHHKAJIbHBIE IPEUMYIIECTBA U 3(P(PEKTUBHOCTD CUCTEMBI
MOKA43aHBI ITyTEM MOJETMPOBAHUSA U UCTIBITAHUA CUCTEMBI B
KOHTPOJHPYEMBIX YCIIOBUAX.

TexXHOIOTrus IPOMBIBKH CKBAKHMH Ha KA0EJIE UCIIOIB3YET
METO/I CO3AAHMA JIOKAJIbHON LIUPKY/IALIMN HA 3260€ 1A
YJIABIMBAHMA [IIJIAMA B BAKYYMHBIE KEJIOHKU. [IpO6IIEMEI C
TPaJULIMOHHBIMH CUCTEMAMH IIPOMBIBKH Ha Ka6€Je CBA3AHBI C
HEOOXOMMOCTBIO HENPEPBIBHO YJIABINUBATDL U OTAEIATD HUIAM
Pa3JIMYHOIO THIIA, BKJIIOYA MEJIKHUE U CBA3AHHBIE YACTULIBL
HoBas TEXHONIOrHA MIPOMBIBKU HA Ka6€JIe ONITUMHU3UPYET
NPEABIAYITYIO TEXHOIOTUIO ITyTEM PEIMIEHUA KOHKPETHBIX
po6IIEM IPU PA6OTE C KAXK/BIM TUIIOM IIaMa. IToBbIIIIEHHE
3(PPEKTUBHOCTHU OOECIICUNBAECTCS 34 CYET UCTIOIb30BAHU S
BHUHTOBOI'O HACOCA KABUTALIMOHHOT'O TUIIA JJI CO3JAHH
OOMNBIIOrO BYHANPABJIEHHOT'O JABJIEHHA BCACBIBAHUA, 4 TAKXKE
34 CYET MOAYIBHOM KOH(PUT'YPALIHH JKEJIOHKHU C (PUIBTPAMU
IIOTOKA /151 MAKCUMAJIbHOM 3(D(PEKTUBHOCTU IIPOMBIBKH.

YTO6BI IPOAEMOHCTPHUPOBATH IPEUMYIIECTBA IIPUMEHEHM A
HACOCA KABUTALIMOHHOT'O THUIIA JIJI IPOMBIBKU OT IJIAMA,
€TI0 NNPOU3BOJUTEIBHOCTD CPABHUBAETCA C LIEHTPOOEKHBIM
HACOCOM. B IpenMy11ecTBa BXOAUT BO3MOXKHOCTb OOPATHOI
LUPKYJISLINU 11 OCBOOOXKIEHH S IIPUXBAYEHHON KOMIIOHOBKH
B Y4aCTKAX CKBA’KMHBI C OOIBIITUM CKOIVIEHUEM ITUTAMA.
AHa/1M3 JAHHOT'O TUIIA HACOCA BKJIIOYAET aHAJIN3 IPOILIECCa
BCACBIBAHUS 151 OLIEHKU 3(P(PEKTUBHOCTU MOJYJIbBHOMN
JKEJIOHKM. /17151 onIpeieNieHus IOTEPEH AaBIEHUA U IPOPUIIA
CKOITJIEHHS ITUIAMA HA JKEJIOHKAX C (PYIBTPAMH UCTIONB3YETCS
TUJPOAMHAMHYECKOE MOJETHNPOBAHUE. B CTAThE NPEICTABICHBI
PE3YNBTATHI UCTIBITAHUS CUCTEMBI /111 TOATBEPIK/ICHH S TAHHBIX
MozenrupoBaHust. ITokazana 3(pPEKTUBHOCTb HOBOM CUCTEMBI
MIPOMBIBKH JIJI51 IIMPOKOTO CHEKTPA PA3JINYHBIX TUIIOB ITUIAMA.
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notably on- command motor controls and

SRO, which was traditionally only available

in memory. A downhole anchor was added to

the toolbox, which can be run in combination
with the downhole power generator to expand
effectiveness, as new production trees might not
allow for a no-go landing shoulder. To address the
increased water depths, the 3.59-in. extended-
stroke downhole power generator was upgraded
to 80,000 Ibf pulling force.

A Novel Approach to Wireline Debris
Removal

Pierre-Olivier Gourmelon, Kyle Wiesenborn,
Gocha Chochua, Schlumberger

A new type of wireline-powered debris removal
system that efficiently captures and retains a wide
variety of wellbore debris types is presented. The
system's unique benefits and performance are
demonstrated through modeling and testing in
controlled conditions.

Wireline-powered debris removal technology
uses localized fluid circulation generated
downhole to vacuum debris into bailers for
capture. Challenges with conventional systems
are related to the ability to continuously mobilize
and separate a variety of debris including fine
particulates and cohesive debris-binder mixtures.
The new wireline debris removal system improves
on previous technology by addressing the specific
challenges of each of the debris types. This
performance improvement is enabled by using a
progressing cavity pump (PCP) to create powerful
bidirectional suction pressure and a staged
bailer configuration with parallel flow filters for
maximum fill efficiency.

Pump performance is compared analytically
for a centrifugal pump and a PCP to demonstrate
the benefits of the PCP for debris collection
applications. These benefits include reverse
pumping ability for unsticking the toolstring
when operating in debris-filled wellbores. This
pump analysis defines a suction pressure budget,
which is used to analyze the performance and
capabilities of the staged bailer system. The
pressure losses and debris accumulation profile
of the new top-fed parallel flow filter bailers is
determined by using fluid dynamics models.
Results of an extensive testing campaign are
presented to validate model results. Actual
collection performance is presented for a wide
variety of debris types using the new debris
removal system.

The new wireline debris removal system's use
of a PCP to generate the necessary vacuum and
provide bidirectional capabilities for operational
flexibility in combination with maximum debris
recovery provided by staged bailers with parallel
flow filters will bring new efficiencies and
reliability to intervention operations.



HoBas crucTemMa HCIOIb3yeT BUHTOBOIM HACOC
KaBUTALIMOHHOT'O THIIA JJIs1 CO3JAHHA BAKyYyMa U
JBYHAIIPABJIEHHOI'O BCACBIBAHUA. [IpUMEHEHHE TAKOT'O
HACOCA BMECTE C MOY/ILHBIMHU JKEJIOHKAMU C IAPAJIETbHBIMU
(PUnbTpamMu 06€CIEYNBAET MAHEBPEHHOCTD ITPH BBIIIOJIHEHUH
PpabdoT 1 MAKCUMAIBLHO 3PMEKTUBHYIO U HAJEKHYIO OYHUCTKY
CTBOJIA CKBAKUHBL

HOBBI ITOIXOL K OIl€HKE KAYECTBA IIEMEHTA C
HCIIOJIH30BAHHUEM ITACCUBHBIX AKYCTHIECKHX METOIOB
IIO3BOJISET OIPEAECITUTH HE HATUIHNE U COCTOSTHHE
IIEMEHTA, 4 YTeIKH (DIIOUI0B

Lynxan Tpyn, Archer

LIeMEHT B CKBAXKUHE NPEJHA3HAYEH JJI1 IPEJOTBPAIECHUSA
JIIO60rO IBUKEHUA (DITIOU/IOB IO CTBOJIY CKBAXKUHBL
JBrxkeHue (IIonI0B CO3JAET AKYyCTUYECKHE BOJIHBL, KOTOPBIE
OOHAPYKUBAIOTCS YyBCTBUTEIBHBIM JJATUMKOM. B TaHHOI
CTaThE NIPEJACTABIEHO OIMUCAHUE UCTIIBITAHUI U IIOJIEBOTO
MNPUMEHEHUS HOBOT'O AdKYCTUYECKOI'O MUHCTPYMEHTA, 4
TAKXKE €TO IPEUMYIIECTBA 111 OOHAPYKEHUSA JAXKE CAMBIX
HE3HAYUTEJIBHBIX YTEUEK.

TpagUIIMOHHBIE METO/IBI OLIEHKH KAYECTBA LIEMEHTA
OCHOBBIBAIOTCS HAd OLIEHKE COCTOSHUS [IEMEHTHOI'O KAMHS
MYTEM OIPEAEJIEHUS €TI0 HATUYUA 32 O6CATHON KOJIOHHOIM
WA XBOCTOBHUKOM. OTHAKO JIA2KE €CIN AKYCTHUYECKHUUA KAPOTAK
HOJATBEPAMII XOPOLIEE KAYECTBO LIEMEHTHOI'O KAMHS, €ECTh
MHOXKECTBO IIPUMEPOB, KOT'/[A 3A1IEMEHTHPOBAHHOE KOJIBLIEBOE
NPOCTPAHCTBO B TEUEHUE JIJIUTEIBHOI'O BDEMEHHN OKA3bIBAET
JIaBJIEHUE HA YCTHE — UHUKATOP HAJINYUA JBUKEHUA (DIIIONU]IOB
M3 BOJJOHOCHOI'O TOPU30HTA. B TAKUX CTydasaX JJBUKEHUE JAXKE
HEOOBIIOTO O6bEMA KUAKOCTH CO3AAET AKYCTHIECKYIO BOJIHY,
O6HAPYKEHUE KOTOPOH MO3BOJIUT OIIPEAEINTD HEHAJIEXKAITEE
KA4eCTBO LIEMEHTA.

11 MOAE T POBAHUA PEATBHBIX CKBA>KUHHBIX YCIIOBUHA
NOTOKA (PIIOUOB ObLIN UCIIOIb30BAHBI UCTIBITATEIbHBIE
KaMepelL. B KauecTBe ClieHApHUEB ObLIIN BEIOPAHBL: OTKPBITHIA
CTBOJI, O/INH MAJIbIN KAHAJI, MUKPO3a30P MEXy O0CATHOU
KOJIOHHOH U [IEMEHTHBIM KAMHEM, 4 TAK)KE [IEMEHT, KA4E€CTBO
KOTOPOT'O ObUIO ITPU3HAHO XOPOIIHUM C UCIIOJIb30BAHHUEM
CTAaHAAPTHBIX METOJOB. [€pPMETUYHOCTD 3aA1IEMEHTHPOBAHHOT'O
KOJIBLIEBOT'O ITPOCTPAHCTBA ObLJIA UCTIBITAHA *KUIKOCTBIO
M I'A30M H4 PA3HBIX PACXOAAX U IUPHEPEHIINATBHBIX
JABJIEHUSAX JJ1 HAUOO0JIEE PEATMCTUYHOI'O MOJETUPOBAHUA
CKBA)KMHHBIX YCJIOBUIL. I Ip1 NCTIBITAHUN XKUJKOCTDBIO YTEUYKU
OBbLIM OOHAPY>KEHBI IpU pacxozae 0,03 1uTpa B MUHYTY, B TO
BpEMsI KAK MUT'PALINA I'a32 ObliIa OOHAPYIKEHA JJAXKE IIPU OUYCHb
HM3KOM Ilepena/jie aasaeHus. [locneqnmnii ciy4dai apiasaeTcs
BA’KHBIM JIJI1 CKBAKUH, KOTOPBIE INIAHUPYETCA TMKBUUPOBATD,
TIOCKOJIBKY JI47K€ ME/IJIEHHOE TTOBBIIIEHUE IABJICHUA B KOJIBLIEBOM
IPOCTPAHCTBE B TAKUX CKBA’KMHAX HEJIOTYCTUMO. 3aTE€M ObIN
IIPOBECHBI AKYCTHYECKUE UCCIEJOBAHMS HA 8 CKBAXKUHAX CO
cnymenHor HKT f15 onpeiesieHnst MICTOYHNKA 3aKOJIOHHBIX
repeToKoB. HoBas TEXHOIOI M ITO3BOJINJIA OIIPEAEIUTD YIACTKHU
MHI'PALVH I'a34 B KAKJOU U3 CKBAKHH. DTO 14710 BO3MOXXHOCTb
[IPOBECTH JJ€TAJIBHOE IJIAHUPOBAHUE PAOOT IO MOHTAKA
YCTBEBOI'O OOOPYIOBAHUSL.

AH2/113 Ka9€CTBA LIEMEHTA C TOYKU 3PEHUS A0COMIOTHON
I'€PMETUYHOCTH, B OTJIMYHE OT TPAJUITHOHHOI'O IIOJX0/1a K
HUCCJIEJOBAHUIO COCTOSIHUSA LIEMEHTA, IIO3BOJISICT IIPOBOAUTD
TOYHYIO OI[€HKY Ka4€CTBA [IEMEHTHOI'O KaMH 4. JlaHHAs
TEXHOJIOTH Oy/IeT OCOOEHHO M0JIE3HA ITPU MTOTHOH

A New Approach To Cement Evaluation
Using Passive Acoustic Methods Directly
Analyses The Performance Of The Barrier
By Detecting Leakage Rather Than Its
Physical Presence And Apparent Condition

Duncan Troup, Archer

A cement barrier in an oil well is intended
to prevent any movement of fluid along the
wellbore. If there is movement of fluid, acoustic
energy will be produced and may be detected by
a suitably sensitive sensor. This paper describes
the controlled testing and real world application
of a new passive acoustic tool and the benefits
it brings to evaluation of even very small fluid
migration issues.

Traditional methods of cement analysis rely
on evaluating the placement and condition
of a cement barrier, which may confirm the
presence of cement behind the casing or liner.
There are innumerable examples of cemented
annuli that exhibit sustained annular pressure at
surface — an indication of fluid migration from
a charging source downhole — despite a good
cement condition log having been acquired.

In such cases there will be acoustic energy
generated by the movement of even small
amounts of fluid, the presence of which may be
used to indicate a failure of performance of the
cement.

A number of test cells were used to recreate
realistic downhole scenarios of fluid flow, the
cases including free-pipe, a single small channel,
an exterior micro-annulus and "good" cement.
The sealing performance of the annular barrier
was tested against both gas and liquid over a
range of flowrates and pressure differentials
to best simulate the downhole environment.
Reliable detection of annular flow at rates as low
as 0.03 litres per minutes was recorded for liquid,
while gas migration was detectable even at very
low differential pressure. The latter case is of
great interest in wells planned for permanent
abandonment where even slow annular
pressure build-ups are unacceptable. A logging
campaign covering 8 wells was subsequently
performed; rig-less and with production tubing
still in place; to identify the source of B-annulus
charging. The new technique was able to
successfully identify areas of gas migration in
each of the wells allowing detailed planning to
be conducted prior to bringing in a rig.

The analysis of cement from the perspective
of absolute performance as opposed to the
traditional approach investigating the condition
allows very detailed analysis of well barriers.
This is especially useful in operations for
permanent abandonment of wells were any
leakage is unacceptable. The ability to map
the fluid migration from source to surface
is a powerful tool in the efficient design of
remediation programs.
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TEXHOJIOI'MU

JIMKBUJIAIIUH CKBAXKUH, IJI€ YTEYKH HEJIONYCTUMBL BO3MOXXHOCTB
OOHAPYKUBATh IEPETOKU OT UCTOUYHUKA K IOBEPXHOCTHU
SIBJIIETCSI MOIITHBIM MTHCTPYMEHTOM /IS 3(P(PEKTUBHOIO
IUIAHUPOBAHMS PAOOT IO U3OIALIUU YTEYEK.

Cekums 3. PazpaboTka 1 akcnnyataums rmokux
TPYyO, peLueHne TeEXHUYeCKMX Npoodnem

DKCnmyamauss CK8AMCUH t ONmMuMUSAUUA
npouyecca 00obitLL mpedyem ece 60bLULe2O
BHUMAMHUA K HAOCHCHOCINU 6H)YMPUCKBANCUHHBLX
pabom u ycneurom) peueriuro noCmaeleHHolx
3aoau. [l iupoKo20 Cnexmpa CA0NCHbEX
CKBANCUHHBLX Y CIOBULL HCOOXOOUMO
paspabamuieams 60see dPPexmusHoLe
mamepudaJiol 1L 000Pyoosarue. B 0arnHotl cexuuu
paccmampusaromcst 60npocsL Paspaoomiu
nPOOYKIMOB U YCL)2 014 1BPOBeOeHUs: Oe30NACHbIX
U 3POPeKmUBHBLX BH)YMPUCKBANCUHHBLX PAOO.

IToBbrmeHHe Hage:KkHoCcTH THKT:
YCOBEPIIEHCTBOBAHHOE JIOKAJIBHOE ITOKPBITHE
Jist cBapHBIX IIBOB THKT

Kesun Dnnuomm, Jetin Knunik, Ceopux Yunvamc, FOnvxaolu,
Hesexuunv Appuaza, NOV Quality Tubing

Toueunas KOppo3us Ha BHyTPpeHHEN noBepxHOCTH 'HKT
npuBOAUT K aBapusaM ¢ THKT Bo Bcex pernoHax. OCOOGEHHO 3TO
KaCaeTCs HECTAHAAPTHBIX orepannui B CeBEpHOU AMEPUKE.
JIOKaJIbHOE NOKPBITUE, KOTOPOE HAHOCUTCS HA CBAPHOM IMIOB,
Pa3pabOoTaAHO AJI 3AMUTH HANOOJIEE YA3BHMBIX YIYACTKOB
kosnoHHBI THKT OT KOppo3uu. B JaHHOM CTAThE OMUCAH IIPOLIECC
Pa3pabOTKU MOKPBITHS, A TAKIKE IIEPBBIH ONBIT IPUMEHEHUS
I'HKT ¢ ;aHHBIM HOKPBITHEM.

B nnportecce npoussoacTsa 'HKT cTanb macTU4eCKu
nedopmupyercs. 'nokas Tpy6a TAKKE MHOTOKPATHO
MO/JIBEPTAETCSA IVTACTUYECKON Ae(POPMAIINU B ITPOLIECCE
KCIUTyaTal UK. [IprMeHsseMBbIE TOKPBITUSA HE OKA3bIBAIOT
JOKHOTO 3((pekTa Ha CPOK AKcIryarauuu T'HKT n3-3a
HEAOCTATOYHOI'O CLETIEHUSA C IOBEPXHOCTBIO TPYOBL

Ilocie TOro Kak 66110 IPUHATO PEMIEHHUE O PA3PA6OTKE
JIOKAJIM30BAHHOTI'O TOKPBITHS, ObLI PA3pPaA60OTAH IJIAH
UCIBITAHUN PA3JIMYHBIX BEPCUI OKPBLITUA. McibITanue
TIPOBOJWJIOCH JIJIS1 PA3/IMYHBIX MATEPHUAJIOB ITOKPBITHS U
PAa3IMYHBIX TEXHOJIOIUH €r0 HaHeCeHU . [IepBOHAYaIbHBIN
TUTAH UCTIBITAHUI IOJIPA3YMEBAJI IPOBEPKY CLICTVIEHUS
MOKPBITHUSA C IOBEPXHOCTBIO TPYODI, 4 TAKKE OLIEHKY
KHUCJIOTOCTOHUKOCTH C LIEJIBIO NOA60PA METOAOIOT A
Pa3paboTKu paboyero NpoOTOTUIIA.

B cTarbe NpeACcTaBIEHbI PE3YIBTATH UCTIBITAHNM,

KOTOPBIE OBUIN UCTIOIb30BAHBI JJ1 IPOU3BOJCTBA PAOOYETO
NPOTOTHUIIA. B Ka4eCTBE HAWITYYIIIErO METO/IA HAHECEHUA
JIOKQJIBHOT'O IOKPBITHU S ObI BBIOPAH METO/] HAHECCHUSI
THOKPBITUA OCAXKAeHUEM 13 TapoB (PVD). lanHbii MeTONR
MNOJPA3YMEBAET (PU3UYECKOE OCAKJIECHHUE MATEPUAIIA ITOKPBITHA
B PE3YJIbTATE UCITAPEHUS B BAKYyMHOU Kamepe. OgHako THKT
SIBJISIETCS IVIMHHOMEPHOU TPYOO, 17151 KOTOPOM HEBO3MOKHO
HCIIOJIb30BAHUE BAKYYMHOI KAMEPDL OTO IIPUBEJIO K Pa3PA0OTKE
TIEPBOU B CBOEM POJIE BAKYYMHOM KaMEPBI, KOTOPAsA HE
MOJIHOCTBIO 3AKPBIBAET TPYOY.

Pabounri nporoTun o1 yerienHo HaHeceH Ha THKT meTogom
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Session 3. Coiled Tubing and Pipe De-
velopment, Applications and Solutions

Increasing reliability and delivering
successful interventions is required

to ensure that well completions and
reservoirs are properly maintained
and optimized through production.
This objective is enbanced b) the
development of materials and
producits that provide effective and
efficient operations in a range of
hostile environments. This session will
Jocus on development to products
and services that will deliver safe and
successful intervention operations.

Improving Operational Confidence: An
Advanced Localized Coating for Coiled
Tubing Bias Welds

Kevin Elliott, Dale Klink, Cedric Williams, Yunhao
Li, Ezequiel Arriaga, NOV Quality Tubing

Pitting corrosion on the tubing ID has caused
failures of CT strings in operations across every
operating region, with unconventional plays
in North America being especially affected. A
localized coating that can be applied to the bias
weldment has been developed to protect the
most susceptible portion of the coiled tubing
string from corrosion. This paper will discuss the
development process for the coating as well as
initial case histories.

Steel is plastically deformed in the
manufacturing process to make coiled tubing, and
the product is repeatedly plastically deformed in
operations. As a result, coatings have historically
not been successful with coiled tubing due to
insufficient adherence to the tubing, which is the
substrate.

Once the decision was made to pursue a
localized coating, a test plan was developed to
test different iterations of the coating including
coating materials and application processes.

The initial testing plan included checking for
adherence to the substrate as well as resistance to
acid with the goal of highlighting a methodology
for a working prototype.

The results of the testing plan are provided
and were used to determine the path forward
to commission a working prototype. Physical
Vapor Deposition (PVD) was selected as the best
method for application of the local coating. PVD
operates by exciting a target within a vacuum
chamber, which coats the substrate. Coiled tubing
is a continuous product, which prevents the use of
a traditional vacuum chamber. This development
led to the creation of the first-ever vacuum
chamber of its kind — one that does not entirely
enclose the product.

The working PVD prototype has been



PVD Ha 3aBOzi€ B XBbIOCTOHE. B pe3yJIbTaTe ObI/IN IOJTYyYEHbI
TecTOBble 06pa3l bl THKT ¢ IOKaIbHBIM TOKPBITHEM HA CBAPHBIX
IIBAX. B CTaTbe ONMCaH IIEPBBII ONbIT UCIIBITAHUS TECTOBBIX
I'HKT B NOJIEBBIX YCIOBUAX, 4 TAKKE IIPUBEAEHDI OTYETHI
CEPBUCHBIX KOMITAHUM.

B gaHHOI CTAaThE ONUCHIBACTCA HOBAA TEXHOJIOIUSA HAHECEHU S
THOKPBITUI TPU TPOU3BOACTBE THOKUX TPYO. [IEpPBBIE PE3YIBTATHI
MOKA3bIBAIOT, YTO MOKPBITUE MOXKET 3HAYUTEIBHO MTOBLICUTD
a(ppexruBHOCTL THKT 11 IPpEAOTBPATUTH BO3MOKHBIE ABAPHUU C
MHHUMAJIBHBIMU 3aTPATAMU JJI1 CEDBUCHOI KOMITAHUL.

TexHosorus npousBoacTsa F'HKT ¢ 3akaakon
C IMOCJIETYIONIUM OTITYCKOM ITOBBIIIAET CPOK
AKCIUTYaTAIIHH TPYOHI I 0€30IMACHOCTH PA0OT B
CKBAKHHAX C OOJIBIIIHM OTXOIOM OT BEPTHKAIH HA
CJIAHIIEBBIX MECTOPOXKACHUAX B CIITA

WU Tanvean, I Maxxkaennano,d.Iazen, I Iunnep, Coil Tubing
Partners

Ha MECTOPOXAECHUAX HETPAAUIIUOHHBIX 34I1ACOB HE(PTH
nrasa B CIJA a1vHa TOPU3OHTAIBHBIX YY4ACTKOB CKBAKHUH
npesbIaeT 3 KM. Bee 6onee mupokoe npumenenue F'HKT
60s1BITIOro JuaMeTpa (60,3 MM 1 66,6 MM) B CKBAKMHAX
C BBICOKMMH JIABJIEHUSIMU IIPUBOAUT K TIOTPEOHOCTH B
MOBBIIIEHUH HAJIEKHOCTH THOKUX TPYO. B TAKKX yCIIOBUAX
JlaKe MOJ/IEPKaHUE TPYObl B O€30IIACHBIX PAOOYUX IIPEACTAX
HE MMO3BOJIAET U306EXKATh COKPAIMIEHH OXKUTAEMOTIO
cpoka ciyx0b1 'HKT, 4TO OrpaHUYHNBAET BO3MOXHOCTD
CITYCKaTbh MTHHOBAIITMOHHBIE KOMITOHOBKH 3AKAHYUBAHUA U
NPOBOJUTH IPOMBIBKH B JITMHHBIX CKBAXXUHAX. DTO ABJIACTCA
NPENATCTBUEM [IJI IPOBEAEHUA BHYTPUCKBAXXKUHHBIX PA0OT B
INIYOOKHUX CKBAKMHAX.

B cTrarbe nmpeacTaBIeHa CTATUCTUKA IIPOBEJCHUSA PA6OT C
I'HKT B CKBaXXUHAX, I7I€ JJIMHA TOPU3OHTAJIBHBIX Y4ACTKOB
CKBQ)XUH IIPEBBIAET 3 KM. CTaTUCTHUKA BKJIIOYAET JOXOXKACHUE
J10 326041, cpegHn CPOK ciy>xk6b THKT, TUTTMYHBIE TPUYHUHBI
4ABAPU U CITUCAHUSA TPYO.

IMpownssoactso THKT € NOBBINIEHHBIMU XAPAKTEPUCTUKAMU
HaJICKHOCTH, CPOKA CJTY>KObI U JOXOXKJAEHUS JJO 320051
HMMEET MEPBOCTENEHHOE 3HAYEHUE IS PACIIMPEHN A
ob1acTel IPUMEHEHU THOKUX TPyO. JoObIBatonue u
CEPBUCHBIE KOMITAHWUY UCTIONIB3YIOT HOBEUIIHE TEXHOJIOTUN
U COBPEMEHHBIE T'NOKHE TPYOBI, KOTOPBIE MOI'YT GE30IIACHO
paboTaThb B CJIOKHBIX CKBA)KMHHBIX YCI0BUAX. [Tocnennee
TEXHOJIOTMYECKOE HOBIIECTBO B UHAYCTPHH ITPOU3BOJICTBA
I'HKT — 3TO BHEPEHHE IIOTOYHOI'O IIPOLIECCA 3AKAJIKU C
OTITYCKOM. JIaHHBIN IIPOLECC IIOBBIIIAET OOUIUHI CPOK CITYKOBI
I'HKT, o6ecnieunBas 60j1€€ OGHOPOLHYIO MUKPOCTPYKTYPY
IO BCEN JIJIMHE, TTOBBIIIEHHYIO IIPOYHOCTb MATEPUAIIA U
YJIYUYIIEHHBIE XAPAKTEPUCTHUKU YCTAJIOCTHOI'O U3HOCA IIPH
usrube.

KoMOMHAIIMS TEXHOIOTUHU 3aKAJIKH C OTITYCKOM C
TexHonorueit npoussoacTsa 'HKT ¢ mepeMeHHOH TOMIITUHOH
CTEHKH ITO3BOJISIET [IPOU3BOANUTD YHUKAIBHBIE KOH(PUT'YpALIUHU
I'HKT ¢ NOBBIIIEHHBIM CPOKOM CITYKOBI 111 PA6OTHI B ITTyOOKMX
CKBXUHAX. [MO6KMeE TPyObI 60JIBIIOrO JUAMETPA C 6OJBIIEH
TOJIIUHOM CTEHKU U 60JIBIIEN BEJIUYHMHOM OTHOIICHU ST
JMAMETPA K TOJIIIMHE CTEHKY OOECTIEYNBAIOT HAJICXKHYIO U
6e30macHyIo 3kcruryaTanuio. F'HKT ¢ 605160 TOMIITUHOM
CTEHKH HaXOJAT BCe OOblIee MpuMeHeHue. Camas 60IIbIas
TOJIIIIMHA CTEHKH 34 BCIO UCTOPHIO OTpacau I'HKT — 7 mm.
ITpu 3TOM IaHHBIE THOKHE TPYOBI JOJKHBI YJIOBIETBOPSTD

successfully installed at the manufacturing
facility in Houston, and test strings coated locally
on the bias welds have been created. The paper
will describe the first beta-test strings that have
been released to the field and any reported
observations from the CT service companies.

This paper describes a new processing
technique for the manufacturing of coiled
tubing. Initial results show that the coating can
dramatically improve operations, especially the
prevention of unexpected failures with minimal
cost impact to the coiled tubing operator.

In-Line Quench and Temper Technology
Applied to CT Improves Safety and
Reliability in Extended Reach U.S. Shale
Operations

LI Galvan, G. McClelland, E. Gagen, G. Piller, Coil
Tubing Partners LLC

In unconventional resource plays across the
United States, lateral well sections are being
extended beyond 10,000-ft. The increased
application of larger coiled tubing (CT) in 2.375-in
and 2.625-in diameter for operations in wells with
mid-to-high pressure has pushed the reliability
envelope for conventional CT strings. Lower
expected life, while the tubing remained within
safe working limits, restricted the Operator's
completion and clean out options, which acted as
a potential barrier to longer lateral intervention.

The performance of CT Interventions in
complex extended reach wells with 10,000-ft+
laterals is presented in field case studies detailing
extended lateral reach, average service life with
statistics at retirement, and common failure
modes.

The manufacturing of CT strings with
improved reliability, life, and reach capabilities
has been paramount to extending the limits
of CT applications. Well Operators and
Service Companies have embraced newer CT
technologies and highly engineered string designs
that can perform safely in challenging well
conditions. The latest technological innovation
in the CT manufacturing industry is the
implementation of an in-line quench and temper
(Q&T) process. The Q&T process enhances the
overall CT life and predictability by producing
tubing with more uniform microstructure
throughout its entire length, increased
material strength, and improved bend fatigue
performance.

When the Q&T product is combined with rapid-
taper strip technology and iterative CT design
methodology, unique CT string configurations
can be produced that achieve unprecedented
well lateral reach with improved service life.

The combination of these factors enables the
safe application of CT with greater diameter to
wall thickness ratios (D/t) and increased wall
thicknesses. Heavy CT walls including0.276-
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TPEOOBAHUAM IO BECY U HOMHUHAJIBHBIM JJABJICHUSAM, 4
TAKXKE NPENEIAM PACTATUBAIOUIEY HATPY3KHU U YCTAJIOCTHOM
MHPOYHOCTH.

INonesow onbIT UCnONb30BaHUA [HKT, TpON3BEJEHHBIX
MO TEXHOJIOTUH 3aKAJIKU C OTITYCKOM, MTOKA3BIBAET, UTO
06IIAs ITTHHA ITPOXOJKU TAKUX TPy6 Ha 40—60% 60bIIIe 110
CPAaBHEHUIO C TPYOAMHU CTAHAAPTHOM I'PYTIIBI IPOYHOCTH.
DTO yMEHBIIAET KOMM4eCcTBO 3ameH 'HKT, uto genaer aty
TEXHOJIOTUIO 9KOHOMUYECKHU 3(P(PEKTHBHBIM PEMIEHUEM
JUI BHYTPHUCKBAKUHHBIX PA0OT, KOTOPOE TAKIKE COKPAIIAET
BPEMEHHBIE 3aTPATHI CEPBUCHBIX KOMITAHUIA.

I1o Mepe TOro Kak pa3padaTbIBAIOTCS HOBBIE TEXHOJIOTUH
TOPUBOHTATIBHOIO OYPEHMS U 3AKAHUYUBAHUS CKBAXKUH,
npoussoauTenu 'HKT 1 cepBUCHbBIE KOMITAHUU OYIyT
NPOAOJIKATh BHEAPATh MHHOBAIIMOHHBIE TEXHOJIOTUH U
NPEJIAraTh HHXKEHEPHBIE PEIMIEHUS, KOTOPBIE O3BOJIAT

UCNIONB30BaTh HaieskHbIE HKT B CJIOKHBIX YCIOBUAX HA CAMBIX

BAKHBIX ITPOCKTAX.

BhICTpOE pa3BHTHE CITYCKO-IIOIEMHOI'O
00OPYIOBAHUA JIJISI CITYCKA IO, TABJICHHUEM ITO3BOJISIET
IIPOBOTHUTH paﬁon B CKBAKHHAX C IIOJA3CMHBIM
(doHTAaHHPOBAHHUEM H BBIXOOM (DhIFOHA HA
IIOBEPXHOCTH

Anvbepm Jonansocon, Buxmop Mappepo-Petiec, Yunvam
Cxomm, Halliburton; Xatimam Ano-Matian, Kuwait Oil Comparny

B crarbe npeCTaBIeHO ONMUCAHNE TPUMEHEHU A
MIPOTHBOBBIOPOCOBOTI'O IPEBEHTOPA U CITYCKO-TIO/bEMHOT'O
060pYAOBAHMA IS CITYCKA IO JABJIEHUEM Ha BirkHEM
BOCTOKe € LIENBIO TOAAEP)KAHUA KOHTPOJIA HA/l CKBAXKUHOM
C NOA3EMHBIM (DOHTAHUPOBAHUEM U BBIXOIOM (DIIIOH/1 HA
MOBEPXHOCTD. B CTAThE NMPEACTABIIEH I'PAPUK MOOHUIU3ALINH,
4 TAKXKE IIPOLEAYPA UHTETPALIUH CITYCKO-TIObEMHOT'O

O6OPYIOBAHUS U IIPEBEHTOPA CO CKBAXKMHHBIM OOOPYOBAHUEM

JUIS1 BOBOOHOBJICHUS JOCTYIIA B (DOHTAHUPYIONTYIO CKBAXKIHY.
CraTpsl ONUCHIBACT IIPOIIEYPBI 1 0O0OPY/IOBAHUE 151
obecnedeHNs 6E30IACHOI'O MOHTAKA U CITYCKA B CKBAKUHY.

B cTarbe TakKe ONMHUCBIBAETCSI COCTOSHHUE CKBAKUHBI U JICUCTBUSA

JUIs1 O6€ECTIEYEHU S TIOJTHOI'O KOHTPOJISL HAJl CKBAKUHOM. Takoxe
NPECTABIEHBI U3MEHEHU A U3HAYAJIBHOI'O IIJIAHA PA6OT,
NPUYHUHBI U3BMEHEHNUH U PE3YIIBTATHI PAOOT.

Mo6uIn3a1ust, MOHTAX U UCIIBITAHWS ObLJIN 3ABEPIICHbI
B TeUeHUE 12 JHEN IOCIIE NTOIYyICHUs HApA/la-3aKa3a. Has
CKBAXKWUHOU ObLJI IOJIHOCTBIO BOCCTAHOBJIEH KOHTPOJIb, U
OH2 OCTABAJIACH B 6€30ITACHOM COCTOSIHHU B Te€UeHUe ele 14
JHeN. [lepBoHaYaIbHBIN IJIAH ITOCTOAHHO IIEPECMATPUBAJICA
Y U3MEHSJICA IO MEPE MOCTYIIEHUA JOIIOTHUTEIBHON
nH(OpMALINU BO BpeMsI paboT. [lepBOHAYaIbHBIN IJIAH
COCTOSJI B TOM, YTOOBI OTPE3ATh ITOBPEKACHHYIO KOMIIOHOBKY
3aKAHYUBAHUA, OJHAKO, KAK OITMCAHO B CTATHE, STOT IIJIAH
He ObLJI PEAJIM30BAH. BBICTPOE pearupoBaHUE NEPCOHAA U
HCIIOJIb30BAHUE CITYCKO-TIOJ/bEMHOI'O OO0OPYIOBAHMS JJIs1
CIIyCKa IO/ JABJICHUEM ITO3BOJINJIO BOCCTAHOBUTbL KOHTPOJIb
34 CKBXKHUHOM. [IpefoxkeHHOe 060PyIOBAHUE ITO3BOIHIIO
06ECIIEYUTD CAMOE OBICTPOE BOCCTAHOBJICHUE KOHTPOJISA HAJL
CKBa>XUHOM C IIO/I3EMHBIM (pOHTaHI/IpOBaHI/ICM U BBIXO/JIOM
¢ron1a Ha IOBEPXHOCTb.

IIycKOHAJIaXO9HBIE PAGOTHI 11O BBOAY B

AKCILIYATAIHIO INTYOOKOBOJHOTIO TPYOOIIPOBOAA C
HCII0JIb30BAHHEM I'HOKOM TPYOBI 6OIBIIOTO JHAMETPA
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in which is the thickest used historically in CT
interventions, are being deployed, all while
satisfying weight constraints, pressure ratings,
tensional load limits, and fatigue performance
requirements.

Actual field operations using this Q&T CT
technology have experienced overall increased
average running footages of 40—60% compared to
conventional grade strings. This performance has
resulted in lower CT replacement rates, creating
a cost- effective and time-saving solution for well
intervention and drilling operations.

As new horizontal drilling and completion
technologies are developed and utilized in
the industry, CT manufacturers and Service
Companies will continue to innovate and provide
engineered solutions that enable coiled tubing
to be a robust, safe and reliable technology in the
toughest environments and on the most critical
projects.

Rapid Deployment and Use of Snubbing
Unit Brings Well with Underground Blowout
and Surface Broaching Under Control

Albert Donaldson, Victor Marrero-Reyes, William
Scott, Halliburton, Haitham Al-Mayyan, Kuwait Oil
Company

This paper describes the mobilization of a
snubbing unit and blowout preventer (BOP) stack
in the Middle East and their use to enable the
control of a well with an underground blowout
and surface broaching within a short time. The
mobilization timeline is provided, along with
details about how the snubbing unit and BOPs
were integrated with existing equipment to enable
re-entry into the blowout well. The procedures
and equipment used to enable a stable rig up and
well entry are discussed. The paper also describes
the situation within the well and the procedures
used to enable control. Changes to the original
plan, the reasons for the changes, and the results
are also described.

Mobilization, rig up, and testing were completed
within 12 days of receiving instructions to
proceed. The well was controlled and left in a
safe condition within an additional 14 days. The
original plan had to be continuously reviewed and
modified as more information became available
during the snubbing operation. The original plan
was to slip and shear the holed completion out
of the well under pressure; however, as described
in the paper, this plan was not implemented.

The rapid deployment and use of the snubbing
unit brought control to a deteriorating situation.
Snubbing provided the fastest option to gain
control of this well with an underground blowout
and surface broaching.

Deepwater Pipeline Pre-Commissioning
Operation Using Large Diameter Coiled
Tubing Instead of Standard Downline:



BMECTO CTAHJAPTHOTIO TPYOOIIPOBOAA: HOBEHIIIHE
JOCTHKEHHU A TEXHOJIOTHH

Bunuyuii Poopuzec, 20yapoo Jenveaoo, Adpuaro Cpomme,
Halliburton

Ha ri1y60KOBO/THBIX MECTOPOSK/IEHHSIX BBOJI B
3KCIUIYATALIUIO TPYOOIIPOBOAOB 11 TPAHCIIOPTHPOBKHU
HE(PTH U T'a32 CBA3AH C ONPEICIEHHBIMU OCIOKHEHUSMM.
ITpH NCMIOJIB30BAHUU CKBAXKUHHOI'O OO0OPYAOBAHMS,
KOTOPOE PAHEE SKCILIYATUPOBAJIOCH TOIBKO HA MEJIKOBOJIBE,
HEOOXOIUMO YUYUTBIBATb THPOCTATUYECKOE JABICHUE,
OKa3bIBAEMOE OOJIBIIION TOJIIIEH BO/IbI HA TPYOY. [Ipr pa3zpaboTke
INIYOOKOBOJHBIX MECTOPOXKACHUI THOKHE TPYOBI OOECIIEYHNBAIOT

HECKOJIBKO ITIPEUMYIIECTB IO CPABHEHUIO C OOBIYHBIMU TPYOAMU.

VYUTBIBAsL, 94TO TPyOOIIPOBOABI UMEIOT JIUHY 60i1ee 200 KM

u fuameTp 6osee 500 MM, Ha TyCKOHAJIA/IOYHBIE PAOOTHI
TPEOYIOTCSI MECALLBI HEITPEPBIBHOM pa®OThL. CIEA0BATEIBHO, /111
COKPAIIICHUSI BDEMEHU U 3ATPAT HEOOXOJUMBI 6OJIEE BBICOKUE
CKOPOCTH NIOTOKA.

OKOHOMUYECKU I(PHEKTUBHBIM U HAJIEKHBIM CPEACTBOM JJIS
MYCKOHAJIAJOYHBIX PA6OT I IITyOOKOBOAHOIO TPyO6OIIPOBOJA
OKa3aJ1aCh T'OKasg TPyOa OOBIIOTO JUAMETPA. B HEKOTOPBIX
CJIy4asAX IO CPABHEHUIO C JPYTUMHU TPYyOOIIPOBOJAMHU JJIA
MYCKOHAJIAJOYHBIX PA6OT rHOKHE TPYOBI IPEJOCTABIIAIOT
SKOHOMMHYECKU 3(PPEKTUBHOE PEMIEHUE C KOMITAKTHBIM
PaCIIoNOXXKEHUEM OOOPYJOBAHUSL.

YTO6BI NPOMJINTD CPOK CITYKOBI THOKOH TPYOBL, IPH 3TOM
COXPAaHAA €€ IPOYHOCTD, ObUIN ITPOBEAECHBI UCCIIETOBAHUSA
TPYOBI HA MECTE PA6OT U MHOTOLIUKJIOBBIE UCITBITAHHA HA
YCTAJIOCTHYIO IPOYHOCTD. [IpHBIIeueHrE MHOTONTPO(UIBHON
OPUTabI MO3BOIUIO COKPATUTD IIEPCOHAII HA MAJIOM CYJIHE,
OoTBeYas TPE6OBAHUAM TEXHUKH 6€30ACHOCTU, OXPAHBI TPy
U OKpy>Karoner cpeaspl. 13-32 orpaHryeHni 1o paboyemy
MPOCTPAHCTBY, 4 TAKIKE JJI1 YMEHBIIEHUA HATPY3KU HA anyOy
CyZlHA OBLJIO PEATTM30OBAHO KOMITAKTHOE PACIIONIOKEHUE
060PYIOBAHYIS.

IIpruMeHeHHE CTAHIAPTHOT'O HUCXOAAIIETO TPyOOIIPOBOIA
JUI ITYCKOHAJIAIOYHBIX PA0OT CYIIECTBEHHO BJIUAET HA 3ATPATHI,
TIOCKOJIBKY B 9TOM CJIy4a€ Ha TPyOy HEOOXOJUMO HAHECTH
HECKOJIBKO BHENTHUX ITOKPBITHI JJ151 OOECIICYEHU I TPEOYEMOTO
COIPOTUBJIEHUA JABIEHUIO IIPU CKATUN U YBEJIMYEHUA
auamerpa. bonpmuii fuamerp TpedyeT OOJIBIIETO 3aIIACHOI'O
6apabaHa B COOTBETCTBUH C MUHHUMAJIbHBIM PA/JUYCOM
n3ruda (MBR), 4TO yBEITMYMBAET ILJIOMIA/Ib PACIIONIOXKEHHUS
060py0OBaHM Ha CyjiHE. CIIOXKHOE IIPOU3BO/ICTBO YBEINYHUBACT
32TPATHI U CPOKU ITIOCTABKU U JIEJIAE€T HEBO3MOXHBIM
IIPOBEACHHUE PEMOHTHBIX pa60T Ha MecTe. OfHAKO TMOKas Tpyda
JuamMeTpoM 89 MM ITO3BOJINJIA 3HAYUTEIIBHO COKPATUTD BPEMSI
PaboThl, YMEHBIITNB ITOTEPH JABACHHS HA TPEHHE U COXPAHUB
KOMITAKTHOE PACIIONIOXKEHUE OOOPYIOBAHY HA ITATy6e€.

B paboTEI IO MOHTAXY U 3KCILTYaTAlH ObLJIM BHECCHBI
OIPE/IETIEHHBIC YCOBEPIIECHCTBOBAHM S, KOTOPBIE IO CPABHEHHUIO
C IIPEABIAYIINUM AaHAJIOTMYHBIM IIPOEKTOM OOECIICUMIIN
TEXHOJIOTMYECKOE ITPEUMYITIECTBO U COKPATHUIIN JITTUTETBHOCTD
ITYCKOHAJIAJOYHBIX Pa6OT. M13-32 CypOBBIX ITIOI'OAHBIX YCJIOBUHI
U OI'PAHUYECHUI CY[HA HA JAHHOM IIPOEKTE I'MOKYIO TPyOy B
KOHEYHOM HUTOT€ IPUIIJIOCH U3BIE€Yb HA TIOBEPXHOCTD. TAKUM
06Pa30M, YCOBEPIIIEHCTBOBAHUSA COKPATHIIN BPEMS MOHTAKA U
YBEJIMYWIIN BPEMS JIJI1 PA6OTHI, TO3BOJISIA BBITTOTHATD HECKOIBKO
CITYCKOB TPYOBI I2KE B TEUCHHE HECKOJIBKUX KOPOTKUX
MIEPHO/IOB XOPOIIEH ITOTO/IBL.

J17151 MaJIOrO CyAHA OYEHB BAXKHBIM (DAKTOPOM ObLIO

State of the Art of This Technology
Vinicius Rodrigues, Eduardo Delgado, Adriano
Frotte, Halliburton

Deepwater fields present challenges to the
pre-commissioning of the pipelines responsible
for transporting oil and gas. Hydrostatic pressure
exerted by long water columns to the downline
system must be addressed and overcome because
it can collapse the downhole equipment that
had previously been used only in shallow waters.
With the development of deepwater fields,
coiled tubing (CT) provides several advantages
over regular downlines. Considering that the
pipelines are longer than 200 km and larger than
20 in. diameter, months of continuous work
are necessary during their pre-commissioning;
consequently, higher flow rates are required to
reduce time and costs.

Large-bore CT as downline has proven to be
a cost-effective and reliable means to access
deepwater pipeline pre-commissioning. With
reduced layout and costs, as compared to regular
downline systems, CT can provide the only
economically feasible solution for some scenarios.

To extend CT life without compromising
its integrity and the operation, on-site pipe
management and high cycle fatigue studies were
conducted. A multi-skilled crew also helped to
reduce personnel on board for a small vessel
application without reducing health, safety, and
environment (HSE)/service quality (SQ) levels.
Customized and reduced equipment layout was
implemented to address deck load and space
restrictions.

The use of a regular downline dramatically
affects costs because several external layers must
be added to provide suitable collapse pressure
resistance, increasing its diameter and requiring a
larger storage reel in accordance with minimum
bending radius (MBR) to avoid damage to the
downline, compromising deck layout. Complex
manufacturing increases procurement costs and
timing, and makes on-site repair capabilities
impossible. However, 3.5 in. CT considerably
reduced the final operational time, reducing
friction pressure losses while maintaining a
feasible layout.

Improvements made on rig-up and operational
procedures, as compared to previous similar
project experience, enhanced technology
advantages and reduced the deployment
and recovery time needed. Because of vessel
limitations with rough weather conditions on this
project, the CT eventually had to be recovered to
the surface. Consequently, these improvements
reduced rigging time and safely extended
the operational window, enabling multiple
deployments, even within shorter intervals of fair
weather.

An optimized deck layout for CT and
monocethylene glycol (MEG) collection spreads
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ONTHUMAJIBHOE pacnionoxenue ooopynosanusa 'HKT u cucteMbl
Cc60pa MOHOITUJIEHIVIMKOJISL. DTO ITO3BOIHUIIO COKPATUTD 3aTPATHI
3aKA34YHK4, YYUTHIBASA, YTO OFHOBPEMEHHO HA IPYIOM KOHIIE
TPyOONIpOBOAA PadoTaNA CaMasl KPYIIHASI CMOHTUPOBAHHAS HA
CYZIHE YCTAHOBKA JJIs1 OTKAYKHU BO/IBI TP ITYCKOHAIAJOYHBIX
pab6orax. Kabuna ynpasnenus THKT 6bu1a pacionoxeHa
MNEPIEHANKY/IAPHO KATYIIKE. 32 KATYIIKON ObLJIA yCTAHOBJIEHA
CHCTEMA BUJICOHAOMIONCHMSL, TO3BOJIAIONIAS CJIENUTD 34
BBIMOTKOU TPYOBIL.

CaMas KpylIHas ¥ caMasi IITybOoKast ONePariys O IMTyCKOHAIAIKE
B bpasuinu 6pu1a MpoBeAcHa 6€30MACHO C TPEBOCXOIHBIM
Ka4eCTBOM PabOT, YTO NOBBICUJIO YPOBEHD 3(P(PEKTUBHOCTH
OTPACJIH B 3TOHN OOIACTHU PAOOT. BO BpeMs paboThI 6bLIIO
U3BJIEYEHO HECKOJIBKO YPOKOB, KOTOPBIE MOXKHO HCIIOJIb30BATh
JUIS ONTUMU3ALIMU Oy yIIUX PAOOT.

AHaJTU3 IPOU3BOTUTEIFPHOCTH THOKHX TPYO
Ton Bpayw, Bpatian Tanou, CoilData LLC; Kapnoc Toppec,
Upstream Consulting LLC

IIpOU3BOAUTENIBHOCTD THOKOM TPYOBI B PEAJIbHBIX YCJIOBUAX
YaCTO ABJIAETCA PEAMETOM OOCYKIEHNUN B UHYCTPHUH
I'HKT. TTOCKONIBKY CTOUMOCTb OTHOU I'MOKOM TPyObl OOBIYHO
npesbiaeT 250 000 pomtapos CIIIA, cepBUCHBIE KOMITAHUNU
TPEOYIOT OT BJIOYKEHHBIX MTHBECTUIINH MAKCUMaJIbHOU
3 PeKTUBHOCTU. TAKKE CEPBUCHBIE KOMITAHWUH XOTST BUJICTh
MPEUMYIIECTBA 3aKYITAEMBIX TPYO IIEPE] TPYOAMH CBOUX
KOHKYpeHTOB. OfiHako B oTpacau 'HKT nundopmarius o Tpydax
HE BCET7IA JOCTYITHA, OCOOEHHO JJI1 HOBBIX MAPOK TPYO, 4 B
NyOIUKYyeEMOH MH(POPMALTUH, KAK IIPABUJIO, OITUCHIBAETCS
CIEIUAIBHOE IIPUMEHEHME 711 KOHKPETHON KOMITAHUH,
PETMOHA WUJIX THIIA PAOOT. B pe3ynbrare KaxKas KOMITAHUA
CaMa YCTAHABJIMBAET CPOK CITYKOBI TPYObI U KPUTEPUH JJ15
BBIBO/IA €€ U3 IKCILTYaTaUH. [TosABIEHNE GOIBIIOrO KOJTMYECTBA
HOBBIX IPOAYKTOB IIPUBOJUT K TOMY, YTO KAK/bIF KOHKPETHDIIN
OPOAYKT CJIOXKHO aJaIITUPOBATH IO/, YCJIIOBUSA CBOETO PETUOHA
WJIA KOHKPETHOT'O 3AKA34YHKA.

C 2010 roza IefCTBYET OHIAVH-TIJIONA/IKA, IJI€ CEPBUCHBIE
KOMITAHUH 34T PYKAIOT, OTCJIEKHUBAIOT U AHAJIU3UPYIOT JAHHBIE
O TMOKHUX TPYOaX U paboTax. DTa IJIOMA/IKA IIPEAHAZHAYCHA
JUIS OTCNIEKUBAHUA COCTOAHUA TMOKUX TPYO Y INTAHUPOBAHM A
JIBHEHINX pa0oT. Ha MOMEHT HAITMCAHUS CTATHU B IIOIIA/IKY
3arpy>KEHBI IaHHBIE O 6os1ee yeM 5200 THOKMX TPyOaxX U
146 550 paboTax. DTy 643y JAHHBIX MOKHO UCTIOTB30BAT /IS
IIPOBEACHUS ITTYOOKOI'O daHAIN3a IIPOU3BOANUTEIBHOCTU ITMOKHUX
Tpy6. OTHAKO JAHHBIE, 3AIPY’KAEMBIE KAXK/IOM KOMITAHHECH,
ABJIAIOTCA KOH(PUAEHIINAIBbHBIMU ¥ OOBIYHO HEJJOCTYIIHBI JJ15
obmero aHaM3a. IT0aToMy C LIEIBIO 3T KOMMEPYECKHUX
WHTEPECOB ObLIA ITPEJIOKEHA MHULIUATHUBA, COITIACHO KOTOPOH
KOMITAHUH MOT'YT CAENATD JOCTYITHBIMU OIIPEJEIEHHYIO
MH(MOPMAUIO 6€3 KOHPHICHIIUAIBHBIX JAHHBIX. DTY
MH(HOPMAITUIO MOKHO HUCTIOIH30BATh /1JIs1 BBIBEJICHU S
CTAaTUCTUKH, KOTOPASI MOXET IMPEACTABIISATH OOJIBIION HTHTEPEC
JIISI OTPACIIU B LIEJIOM.

YTO6BI TOKA32Th IIPEUMYINECTBA TAKOT'O MPEJIOKEHUS,

B JTAHHOM CTAThE MIPE/ICTABJICH IPUMEP aHAIN3A
IIPOU3BOJUTEIBHOCTU 'MOKOM TPYyObl HA OCHOBE COBOKYITHOM
MIPOXOJIKH HA MOMEHT BBIBOJIA TPYOBI N3 SKCIUIYATAITHUMN.
ITOCKOIBKY OOIBIIMHCTBO PA60T C THOKMMU TPYOAMHU XOTS
OBl YACTUYHO OIIAYMBAIOTCA 3 IIPOXOKY TPYObI, UMEHHO
3T BEJIMYNHA MOXKET PACCMATPHUBATHCS KAK [TOKA3ATENb
Joxoza. O61mas IpoxXoAKa TPYObl CDABHUBACTCS C PACYETHBIM
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was necessary for small vessel use; it reduced
customer costs, considering that a much larger
vessel was simultaneously operating on the
other pipeline end for the largest high-pressure
dewatering spread ever installed on a vessel for
a pre-commissioning operation. The CT control
cabin was placed perpendicularly to the reel;
consequently, a closed-circuit TV system was
mounted behind the reel to allow pipe spooling.

Brazil's largest and deepest pre-commissioning
operation was performed safely with service
quality excellence, increasing efficiency levels of
the industry within this scope of work. Several
lessons learned have been assessed for further
improvements.

An Analysis of Coiled Tubing Performance
Paul Brown, Brian Gunb), CoilData LLC; Carlos
Torres, Upstream Consulting LLC

The performance of coiled tubing pipe in real-
world conditions is a topic of interest and frequent
discussion within the industry. With pipe cost
routinely exceeding $250,000 per string, service
companies want to know if they are achieving the
maximum return on their investment, and how
their utilization compares with their competitors.
However, industry-wide information is not readily
available, especially for newer pipe grades, while
published data tends to be specific to a particular
company, region, or type of operation. As a
result, policies regarding pipe life and criteria for
retirement are largely set by each company, and
industry practices can be slow to adapt as new
products and procedures emerge.

An online system has been in place since 2010
where service companies upload, track and
evaluate pipe and job data for the purposes of
their own string management and operation
planning. With records for over 5,200 strings and
146,550 jobs at the time of writing, this database
has the potential to generate in-depth analysis of
pipe performance. However, the data entered by
each participant is confidential to that company,
and is not usually available for general analysis. An
initiative has therefore been developed whereby
companies can choose to make certain data
available, appropriately anonymized to protect
commercial interests, which can be used to
generate statistics of interest to the industry at
large.

To illustrate the potential benefits, this
paper will present a sample analysis of string
performance based on cumulative running feet
(or meters) at the time of pipe retirement. Since
most coiled tubing operations are billed at least
in part on running feet, this can be considered
as a proxy for revenue. Total running feet will be
compared with modeled pipe fatigue to see which
metric better anticipates working life in real-world
conditions. The paper will show how, when a
large quantity of data is available, a statistically



U3HOCOM, YTOOBI OIPE/ICINTD, KAKOW TTOKA34TEb CIOCOHOEH
JIy4IIIe IIPOTHO3UPOBATH CPOK CTIY>KOBI TPYOBI B ITOJIEBBIX
YCJIOBUSAX. B CTAaThE NOKA3aHO, KAK IIPH HAJTMYHUH OOJIBIIOTO
06'bEMA JAHHBIX MOKHO OIPEACTIUTD CTATUCTUYECKU 3HAYUMOEC
pacnpeneneHre pe3yabTaTOB A1 KAXKJOTO JUAMETPA U TPYIIIEL
IPOYHOCTH TPYOBL, YTO NO3BOJISAET CPABHUBATD PA3/TMYHbBIC
TPYIIIBI IPOYHOCTU U KOJTMYECTBEHHO ONPEACSTh, IPEBBICHUIIA
JIW TaHHAsI TPYOa PACYETHBII CPOK CIIY2KOBI MJIH K€ ObLIA
CIIUCAHA PAHBIIE — OTHOCUTEIBHO OTPACIIH B 1I€JIOM, 4 HE
OJTHOM KOHKPETHOU KOMITAHHH. B CTAaThE MOKA3aHA BA)KHOCTD
ydeTa BceX (PaKTOPOB, BKIIIOUAs pabodee JaBICHUE U YCJIOBHS,
B KOTOPBIX 3KCIUIYATUPOBAJIACh THOKAs TPyHA B TEUEHUE CPOKA
CITYKOBL

B 3akmroueHne B CTATHE NPEIOKEH HOBBIN TOAXO],
K YBEJIMYECHUIO OObEMA JJOCTYITHBIX JAHHBIX C Y4ETOM
COOOPAKEHNTIT KOH(PHUICHITUAIBHOCTH.

Cekuus 4. Nepeposble pa3paboTku
000pynoBaHNSA, MUHCTPYMEHTOB, peareHToB 1
MaTepuanoB ANs BHYTPUCKBAXXUHHbIX paboT

Baazooaps 661cmpo MeHAI0UCM)CA POLHK)Y
MEXHON02ULU BHYMIPUCKEANCUHHBEX PAOOIN
aoanmup)omca, YCAONCHAIOMCA U NOBbIULAION
YPOo6eHb UHHOBAUUU, 4IMOObL )O061eIMBOPUIND
nompeorocmu ompaciu. Poxyc OarHHoll
CexuUL Hanpasier Ha memoobl ONMUMUSALUL
pexncumos meuerus aroUoo8 i MUHUMUSAUUU
noBpeNcoeHUA NPU3aoOLHOLL 30HbL NJIACMA.
Taxxce 8 0aHHOLL CeKUUU PACCMAMPUBAIOMCSL
OOKNLAObL, NOCBAULCHIHBLE SHAMUMOCIU AHATIUSA
OAHHBIX 1PU ONIMUMUSAUULU 1NeXHOIO2ULI.
Paccmompen arnanus 6 peanvrom epemerit
ONLATIOBUIHBLX PAOOM U 1MEOPeIMU1ecKULL
AHATIUS3 0L MOOCDHUSAUUL KOHCINDYKUULU
UHIHCEKIMOPA C UCTIBI0 MUHUMUSAUULL
NOBPeAHCOCHUA NOBEPXHOCIIU 2UOKOLL MDY ObL.

B ooxnaoax maroce paccmampusaromcs
nocaeoHue Paspadomri 8 OONGcCmiU
BLLCOKOMEMNEPANTYPHBIX CKEANCUNHHBLX
mpaxmopos u nepghopamopos, CnyCKaemvLx Ha
Kabese, Komopuole PAclluparont 603MOICHOCTIL
01 CIYCKA UHCIPYMEHINO08 Ha Kabesie BMecmo
UCNONIL30BAHUA MPAOUUUOHHBIX 2UOKLX 1MD)/O.

HNHHOBAIIMOHHBIM CIIOCOO HCII0/Ib30BAHH A X€JIATHOM
U I'PA3€BOM KHUCJIOTHI B INTYOOKOBO/THOF CKBAKHHE ITOC/IE
I'PII 1151 OYMCTKH CHJIBHOTO 3aTrPA3HEHU A IIPU3A00MHOM
30HBI IUIACTA

Jhocu emmumm-ILubep, Pparvucko O. Tapcon,
Martikn Aman, Iasen I pamun, Jloyperc Pamuam, BP America Inc.

B MEKCUKAHCKOM 32JIUBE 3aKAHYHUBAHUE CKBAXKHUH, KAK
MPABUJIO, TPOUSBOAAT C OOCAKEHHBIM CTBOJIOM C ITOCJIEYIOMIEN
nepdopanmeit unu I'PIT ¢ yCTaHOBKOM I'PaBUITHOTO (DHUIIBTPA.
[Tpur3a060¥HAs 30HA IIJIACTA B 9TUX CKBA)KMHAX MOYKET OBITh
3arpsA3HEHA BO BPEMS OYPEHMSL, 3aKAHUYNBAHUS U/HUJIN HA ITAIIE
IKCIVIYATALMH. B JAHHOI CTAThE NPEACTABIECHA YHUKAIbHASA
TEXHOJIOTUS KUCJIOTHOM OOPA6OTKU C KOMOMHHUPOBAHHBIM
UCIIOJIb30BAHUEM XEJIATHOU U I'PA3EBOMN KUCJIOT /11 OYUCTKU

meaningful distribution of outcomes can be
determined for each pipe diameter and grade,
thus making it possible to compare grades, and
quantify whether a given string has exceeded or
fallen short of expectation, relative to the industry
as a whole and not just the company concerned.
The importance of taking into account all relevant
factors, including the operating pressures and
environment that the string has been exposed to
during its working life, will be discussed.

In conclusion, an approach to increase the
amount of available data, taking into account
legitimate confidentiality concerns, will be
proposed.

Session 4. Latest Developments
in Equipments, Tools, Fluid and
Materials for Interventions

Due to the vastly changing markets,
well intervention technologies are
adapting and growing in both
innovation and complexity to meet
the industry needs. This session will
Jocus on the efforts which have been
put on refining fluid regimes in order
to remediate formation damage. It will
also review topics regarding the role of
analysis in improving interventions;
both real-time analysis to support
coiled tubing fishing and theoretical
analysis to improve injector head
design for minimizing surface damage
to coiled tubing. The presentations will
also explore the latest developmenis
in bigh temperature wireline tractors
and wireline-deployed purf guns, both
expanding the capabilities for wireline
interventions in traditional coiled
tubing applications.

A Novel Deployment of Chelant and Mud
Acid in a Deepwater Frac Packed Well to
Remediate Severe Formation Damage

Lucy Pettiti-Schieber, Francisco O. Garzon,
Michael Aman, Pavel Gramin, Lawrence Ramnatb,
BP America Inc.

In the Gulf of Mexico the wells are usually
completed as cased and perforated or frac
packed. These wells can be damaged during the
drilling phase, completion phase and/or when
they are on production. This paper presents the
unique combined use of chelant and mud acid
treatments to remediate a deepwater Gulf of
Mexico well with severe formation damage. Fluid
qualification work optimized the treatment,
which was deployed using both coiled tubing and
bullheading methods. Surveillance, surface read

out and memory, were utilized throughout the }
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3arpsA3HEHHON NPHU33a00MHON 30HBI IIJIACTA TITYOOKOBOJHOM
CKBAXUHBI B MEKCUKAHCKOM 3a/1UBe. [To160p pacTBOPOB
TO3BOJIWI OIITUMHU3HPOBATD IIPOLIECC KUCIOTHOM O6paAbOTKU HA
I'HKT 1 0psAMOM NPOABKU PACTBOPA B ILIACT. Ha MpOTSKEHUU
BCEN pabOTHI TPOBOAUIICS COOP YCTHEBBIX JAHHBIX U COOP
3200MHBIX JAHHBIX C [IOMOIIIBIO aBTOHOMHBIX THCTPYMEHTOB,
4TOOBI OLICHUTD A(PHEKTUBHOCTD KAXKIOT'O ITANId OOPAOOTKY,

4 TAKIKE IPOBECTU OKOHYATEIBHBIN AHAJIN3 TEXHOJIOTMYECKUX
JKHUIKOCTEN,

Kaxx b1l BU1 00pab0TKU (06pabOTKA C HOMOIIBIO
I'HKT 1 06paboTKa IyTEM NPSAMOI NPOAABKY PACTBOPA B
IUTACT) BBIIOJIHAJICS IJIs1 KOHKPETHBIX LEIEH. YIUTBIBAS
KOH(PUTYPALTIIO KOMIIOHOBKHU 3aKaHYUBAHMS, C HOMOIbI0 THKT
ObLIA IPOBEIEHA OOPA6OTKA I'PA3EBOI KMCJIOTOM JIJIS1 OUUCTKH
(PUIBTPOB U NPHU3A00MHOM 30HBI IJTACTA. YTOOBI U30€KATh
PEAKLINY I'PA3EBOM KUCIOTHI C HU3KUM PH, € XeTaTHBIM
4Ar€HTOM C BBICOKHUM PH, 6bLJIN TPEANPUHATEI ONTPENECTIEHHBIE
MepbL Takas peakus CHIKAET 3(PPEKTUBHOCTb OOPAOOTKH, A
TAKXKE CIIOCOOCTBYET PUCKY OCAKIEHHA TIOOOYHBIX ITPOJYKTOB
PEAKIINU B IU1aCTE. [10CIEIOBATENBHOCTD ITAIIOB O0OPA6OTKU
MIPEJIIONATANIA, YTO [/ OYUCTKH ILTACTA TIEPE]T CIIEAYIOMIEH
3aKAYKOU BBI3BIBAETCS JOMIOTHUTEIBHBINA OOPATHBIN IIOTOK
JKMJJKOCTHU U3 IIJIACTA. JITaGOpaTOPHBIE UCITBITAHUS TOKA3aJIH,
4TO 3aMEIEHHAA CKOPOCTb PEAKIINU XEIATHHA ITO3BOJIAET
MNPOBOJUTH MHOTOKPATHYIO IPOMUTKY U IIOBTOPHYIO 3aKAYKY.
3aKJIIOUYUTEIIBHBII 3TAIl OOPAOOTKHU I'PA3EBOI KUCIIOTOM ObLT
NPEJHA3HAYEH /I CTUMY/IAIIMHA MAaTPULIBL U OOPAOOTKH IIJIACTA
Ha 1-1,5 MeTpa BIyTyOb IPHU3a60MHOM 30HBL BO BpeMs pabOThI
MNPEAIIONATAIOCh IPOBOAUTD PA3/IMYHBIE THUITBI AHAJIN34, YTOOBI
OLIEHUTD 3(P(PEKTUBHOCTD KAXKJOI'O 3TAIId OOPAOOTKH.

B aHa113 KaXXJOT0 3Taa BXOJWIN: ONIPEJETIEHUE TEMIIEPATYPHI
Y AaHAJIN3 NIPOO BBIXOAAIIEH N3 CKBAXKUHBI ITIPOIYKIIUH, YTOOBI
HOHATB 3(PPEKTUBHOCTD OOPAOOTKH, A TAKIKE AHAIN3 IAHHBIX
O BPAIIAIOMIENCA HACAIKE 11 OLIEHKHW HATIPABJICHU JEUCTBUSA
06pPabOTKU.

ITocne 06paboTKH 66110 32(PUKCUPOBAHO IMOBBIIIEHHE OOIIEHI
NPOAYKTUBHOCTU CKBAKUHBI 34 CYET OYHUCTKH 3aAIPASHEHHON
IPU3A00HOI 30HBI IVIACTA. DTU PE3YJIBTATHI HOATBEPKAAIOTCS
reo(PU3NIECKMMU UCCIIEJOBAHUAMN U AHATTM30M CKBAXKIHHOI
POAYKIIMHU I1OCJIE O6padOoTKU. Ha npoTsiskeHnn padoThl
CaMBIM 3(PPEKTUBHBIM METOJOM AHAIN34 OKA34JICSI KOHTPOJIb
TEMIIEPATY PbL, KOTOPBIH IO3BOJIUI Hanuboiee a(pPEKTUBHO
OLIEHUTD BECh IIPOLIECC OOPAOOTKHU.

B crarbe npeacrasieHa yHUKAIbHAA TEXHOIOIUA KUCIOTHOM
06pPabOTKHU C KOMOMHUPOBAHHBIM HCIIOJIb30BAHHUEM XEJIATHOM
Y TPSI3EBOI KHCIJIOT /111 BOCCTAHOBJICHUS ITPOAYKTUBHOCTH
CKB4KHHBI C 3aIPAZHEHHOM ITOCJIE SKCIUTYATAH [IPU3A00NHOM
30HOM IIJIACTA U CEPHE3HBIMU IOBPEKJCHUAMU KOHCTPYKIIUU
riocJie I'PIT € yCTaHOBKOM I'DABUMHOTIO (PUIIBTPA.

YCIenrHsId OIBIT TIOBHJIBHBIX pa60T HAa THKT ¢
HCIIOJIB30BAHHUEM 'HOPH/THBIX HHCTPYMEHTOB C KabereM
JIJIsI OIIEHKH 3200 HBIX JAHHBIX B PEAJIBHOM BPEMEHH:
OIIBIT PAGOTHI B BOCTOYHBIX IIPEATOpbax Koxymouu

Bamnecca Bepa, Kapaoc Toppec, D0yapoo Jenveado, Kapioc
Iauerxo, Halliburton; Moruxa Toppec, Xocyapa Xuzepa, Equion

[ IpoBeieH A CIIOKHOM OIIEPALIMU 10 U3BJICYEHUIO
ABAPUITHOIO UHCTPYMEHTA, 4 TAKIKE 1A IIPOBEPKU HAJAEKHOCTU
YU TOYHOCTHU IIPOI'PAMMHOI'O OOECIICUECHUS OblJIA UCIIBITAHA
HOBas TexHosorus ¢ npumenenreM F’HKT. B pamkax JaHHONU
TEXHOJIOTMH ObLIA Pa3Ppa00TAHA HOBAS 3200 HAsI KOMIIOHOBKA C
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intervention to understand the effectiveness of
each treatment, along with final fluid analysis.

Both coiled tubing and bullheading were used
for specific purposes. Given the completion
design configuration, a mud acid screen wash
was deployed using coiled tubing to clean the
screens and improve near-wellbore access. Care
was taken to avoid reacting low pH mud acid with
high pH chelant. This reaction would reduce the
benefits of each treatment, in addition to risking
precipitation of by-products in the reservoir.
Therefore, the operation was sequenced such that
additional flowbacks allowed for reservoir clean-
up prior to the next fluid deployment. Lab testing
showed multiple soaking and refreshes of the
slow-reacting chelant was optimal. A final mud
acid bullhead treatment was deployed to matrix
stimulate and treat the reservoir 3-5 feet into
the near-wellbore region. During the operation,
several forms of surveillance were planned to
understand the effectiveness of each chemical
treatment. This included temperature surveys,
surface flowback samples analysis to understand
the effectiveness of the treatments, and spinner
information to quantify zonal contribution.

Post-production results showed an
improvement in overall well productivity due to
a reduction in formation damage. These results
are supported by in-well surveillance and post-
intervention fluid analysis. The most basic of all
measurements, temperature, proved to be the
most effective in understanding damage removal
evolution and reservoir contribution throughout
the intervention.

This paper will present the novel combined
application of mud acid and chelant stimulation
treatments to remediate a frac packed well with
combined severe initial well construction damage
and post-production formation damage.

Successful Coiled Tubing Fishing
Operation Uses Hybrid Cable Connected
Tools to Evaluate/Validate Downhole Data
in Real-Time: A Case Study in the Eastern
Foothills of Colombia

Vanesa Vera, Carlos Torres, Eduardo Delgado,
Carlos Pacheco, Halliburton; Monica Torres,

Josue Higuera, Equion

New downhole coiled tubing (CT) technology
was used to facilitate the success of a challenging
fishing intervention and to verify the reliability
and accuracy of CT operations/simulation
software. The technology supplies the newly
designed bottomhole assembly (BHA) with
continuous power from, and fiber-optic
communications with, surface equipment,
enabling accurate, real-time monitoring of
measurements of bottomhole conditions.

Uncertainty exists in operations using CT
regarding whether the planned axial force is
transmitted from the surface through the pipe



TEXHOJIOI'MU

HEIIPEPBIBHOM IOAAYEN TUTAHUA OT YCThA 11O OIITOBOJIOKOHHOMY
Ka6€eJII0, KOTOPBIY 06ECIEYNBAET MOHUTOPHUHT CKBAKUHHBIX
YCJIOBUH HA 3260€ B pEAIBHOM BPEMEHM.

B pa6orax c npumeneHnnem 'HKT Bcerga cymecTByeT
HEOIPEAEIEHHOCTD B OTHOILIEHHHU TOTI'O, IIOJTHOCTDIO JIN
HEPENAETCS PACUETHAS OCEBAS CHJIA C IOBEPXHOCTH IO TPYyHE
Ha 3200HHYI0 KOMIIOHOBKY. TaK:Ke €CTh HEONIPEICICHHOCTD B
OTHOLIEHHUH KOPPEKTHOCTH PA6OTHI KOMITOHOBKU COITIACHO
IUTAHY PaOOT. JIOBUIBHBIE PA6OTHI BBITTOIHAIOT IIOCTABJICHHYIO
3a/1a4Y, TOJIbKO €CJIU YCUIHE (CoKATUE UK HATSKEHUE), KOTOPOE
3200 HAs1 KOMIIOHOBKA ITEPEAAET HA JIOBUJIBHYIO MEUKY
4ABAPHUITHOI'O UHCTPYMEHTA, Oy/IeT MUHUMAJIBHBIM. B cirydae
HEYJAYHBIX JIOBUJIBHBIX PA0OT KOMIIOHOBKY HEOOXOAMO
IOJAHUMATDb HA [IOBEPXHOCTD.

B aHHOI CTAThE ONKCAH OIIBIT JIOBUJIBHBIX PA0OT B
npearopbax Komymoémun, B CKBasKHMHE, B KOTOPOW 3aCTPSIT
nepdopaTop. DTa CUTYALUS IPUBEIA K CHUXKCHUIO JOOBIYU
HedTH Ha 30%. BBLIO NPEANPUHATO HECKOJIBKO MOIBITOK
U3BJIEYb ITPUXBAYEHHBIN IEP(POPATOP C UCIOIB30BAHHUEM
cranapTHOV THKT 1 BOCCTAaHOBUTB TOOBIYY HA IIPEKHEM YPOBHE.

IlepBOHAYAJIBHO HU3-34 OTCYTCTBHA JAHHBIX C 3a00HHOM
KOMIIOHOBKH B P€AJIbHOM BPEMEHH M €CTECTBEHHOI'O YIJIMHEHUA
n uckpusnenns F'HKT onepaTop nosaraii, 4To aBapuiiHbIA
UHCTPYMEHT YCIIEITHO U3BJIEKAETC HA IIOBEPXHOCTD, OIHAKO
HECKOJIbKO CITYCKO-TIO'bEMHBIX OIIEPALIUI HE PELIUIN 33/4a49Y.
Cniyck 'HKT ¢ HEnpeprIBHOM NOAAYEN TUTAHUA K 3A00MHON
KOMITOHOBKE IO OIITOBOJIOKOHHOMY Ka0€JIO NOATBEPAIIL,

YTO ABAPUMHBINA UHCTPYMEHT HA CAMOM JI€JIE€ HE JBUI'AJICS, A
BBIOpAHHAsI pAHEE KOMITIOHOBKA HE IIEPE/IABAJIA HA ABAPHUIHBIN
MHCTPYMEHT TpebyeMoe yCcrine. Bo BpeMs: CITyCKa B PEAJIBHOM
BPEMEHHU IPOBOJWIIOCH U3MEPEHUE YCHUIIHA, TIEPETABAEMOIO
TPyOO¥, U CHUJIBI y[1APA ICOM BBEPX,/BHU3. OTU BEJIUYHNHBI
NOAJEPKUBAINCH HA YPOBHE PACYETHBIX 3HAYEHUH. COCTAB
paHee BBIOPAHHOI KOMIIOHOBKHY 6blJI U3MEHEH. HoBast
KOMITOHOBKA ITO3BOJINJIA YCIIENTHO U3BJIEYb ABAPUNHBIN
UHCTPYMEHT W BEPHYTD OOBIYY CKBA>KUHBI HA IIEPBOHAYAJIbHBII
YPOBEHD.

3a00MHBIE JAHHBIE, 3AITUCh KOTOPBIX IPOBOAWIIACH B PEAJIBHOM
BPEMEHH, OBIJIA COMOCTABUMBI C ITIPOEKTHBIMHU JJAHHBIMH,
IIOJIYYEHHBIMU HA 3TAIE MOACIUPOBAHUSA PA0OTHL TOYHOCTD
Y HAJIEKHOCTD JJAHHBIX, ITOJTY4EHHBIX ITPU MOAETIMPOBAHNHA
PaboThl, TOKA34/I1 BBICOKUH YPOBEHD IIPOTPAMMHOTO
obecrieueHns, KOTOPOE ONEPATOP OYIET TAKKE UCIIOIb30BATh
JULS OyAyIIUX padoT.

JIaHHBI ONBIT ABJIAETCA IIEPBBIM U3BECTHBIM [IPUMEPOM
pab6oThl, B kKoTOpOor THKT MCIOMBh30Ba/IACh B COYETAHUN CO
CKBA’KMHHBIMU HpI/I60p3MI/I, Ha JATYUKU KOTOprX HerCprBHO
MOIABAJIOCH ITUTAHHUE, YTO MTO3BOINJIO U3MEPATH TAKHE
[IAPAMETPBL, KaK: BEC HA KOMIIOHOBKE, JIABJICHUE, TEMIIEPATYPA,
KPYTAIINA MOMEHT, HAKJIOH, (pa31POBKA, YCKOPEHUE, I'AMMa-
U3JIy4EHHNE U JIOKALMA MydT 06CAJHOM KOJIOHHBL B paMKax
JAHHOM TEXHOJIOTUU IPUMEHAIOCH HAJIEXKHOE IIPOTIPAMMHOE
obecnieueHmre, KOTOPOe MO3BOINJIO IIPOBECTU MOJETIUPOBAHUE
CKBAKHMHHBIX YCJIOBHUH C BBICOKOU TOYHOCTBIO.

Hcrmosb30BaHHUE BBICOKOTEMIIEPATYPHOTO
CKBAKHHHOT'O TPAKTOPA BBICOKOH MOITHOCTH
THIIOpa3Mepa 54 MM C JJIMHHBIM Ka0€JIeM C CHCTEMOH
TeJIeMEeTPHH

Badi/ati, [cornJIu, Ctoaoon Ane, Schlumberger

HoBoe NOKOJIEHHE TPAKTOPOB Ha KabeJIe TUIIoOpa3Mepa
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to the BHA and whether the BHA is functioning
according to plan. During fishing operations,
unless the BHA applies a minimum amount of
force (compression and/or tension) to the fishing
neck, the particular intervention run will be
unsuccessful. The BHA then needs to be returned
to the surface without recovering the fish.

This paper presents a case study of a well
located in the foothills of Colombia in which
a perforating gun became stuck following an
operational issue. This situation resulted in an
oil production reduction of 30%. Several fishing
attempts were performed using conventional CT
to recover the stuck perforating gun and to restore
production to its previous level.

The initial lack of real-time BHA data and the
inherent nature of CT elongation and buckling
led the operator to believe that the fish was
being recovered to the surface; several runs were
performed with unsuccessful results. A CT string,
equipped with fiber-optic communications and a
continuous power supply to the BHA, confirmed
that the perceived movement of the fish was not
real and that the BHA selected was not generating
nor transferring the expected force to the
fish. The force transmitted by the pipe and the
upward/downward impact force generated by the
jar were measured in real time and determined
to be consistent with simulated forces; the BHA
configuration used for the operation was then
redesigned. The new design led to the successful
recovery of the fish and the return of well
production to its initial level.

The real-time data measured during the fishing
operation favorably compared to the simulated
forces predicted during job design and execution.
The accuracy and reliability demonstrated by
the CT simulation software in use enabled the
operator to gain confidence in all simulations
performed with the software for future CT
operations.

This case study is the first known instance in
which CT was used in conjunction with downhole
tools that were supplied with continuous power
to sensors to enable measurement of parameters,
including force, pressure, temperature, torque,
inclination, phasing, acceleration, gamma ray,
and casing collar locator (CCL). This technology
was supported by reliable software capable of
simulating downhole conditions with precision
and accuracy.

Enabling High-Temperature High-Power
2 1/8-in. Tractor and Intervention Services
on Long Cables with Telemetry

Wei Dai, Jobn Lee, Xuedong Yang, Schlumberger

A new family of 2 1/8-in. wireline tractor and
intervention tools has been developed to enable
logging and intervention services in high-
temperature deviated or horizontal wells while
providing high power levels and maintaining



54 MM OBLIO Pa3padOTAHO I IPOBEICHUSA FEO(PUNIECKUX
UCCIEAOBAHUN U APYTUX PAOOT B UCKPHUBJIEHHBIX 1
T'OPU3OHTAIBHBIX CKBAXKUHAX C BBICOKOH TEMIIEPATYPOU.
ITpu 3TOM BBICOKASI MOIITHOCTB CKBA’KMHHOT'O TPAKTOPA U
HETNPEPBIBHASA CBA3b C YCTHEM OOECTIEYHUBAIOTCS C HIOMOIIIBIO
JJIMHHBIX KA0€JIEH.

BO MHOTI'HMX TOPU30OHTAJIBHBIX U MICKPUBJIEHHBIX CKBA’KMHAX
CKBAKUHHBIE TPAKTOPBHI ABIAIOTCS SKOHOMUYECKH
3(pPEKTUBHBIM PEMIEHUEM /I JOCTABKH KAPOTAXKHBIX
pHUO6OPOB, TEP(POPATOPOB U JPYTUX UHCTPYMEHTOB I10
CPaBHEHMUIO C METO/IOM JIOCTABKH HA THOKUX TPyHaxX. OTHAKO
PY yBEIMYEHUHN JIJIMHBI CKBA>KUHBI U TEMIIEPATYPEI
MPOBEJECHUE I'€O(PU3NYECKUX UCCIIEIOBAHUI U IPYTUX PAOOT
CTAaHOBHUTCS BCE H60JIEE CIOKHOI 3aja4€ell. TAKKE B YCJIOBUAX
YXYQUIEHUs CKBAXXUHHBIX YCJIOBUH CJIOKHBIMH 33Ja9aMH
ABJIAIOTCS NTEPENAYA BBICOKOH MOITHOCTH HA TPAKTOP U IPYIHE
IPpHUOOPEI U HENPEPBIBHOE NOAAECPKAHUE CBA3H C YCTHEM B
pEXUME PEATBHOIO BpeMeHU. CIIOKHBIE CKBA’KMHHBIE YCJIOBUS
MOT'YT OBITB CBSI3AHBI C BBICOKOU TEMIIEPATYPOI, GOIBIION
JUIMHOY CKBA>KWHBI INOO KOMOUHAITHEH 3TUX JBYX (DAKTOPOB.
Pa3padoTKa HOBBIX 3JIEKTPOHHBIX KOMIIOHEHTOB, TIPOI'PAMMHO-
AMNIAPATHBIX CPEACTB U IIPOTrPAMMHOIO OOECTIEYEHUA IS
CKBAXKMHHOTI'O TPAKTOPA U APYTUX IPUOOPOB ObLIA HAIIPABJIEHA
HAa PEIIEHNUE UMEHHO 3TUX IIPOOJIEM.

DIIEKTPOHHBIE KOMITOHEHTBI CKBA>KMHHOTI'O TPAKTOPA
paccurTaHbl HA pabodylo TeMieparypy A0 180 *Cipu
MMWHHMAJIbHOM BBIJIEJIEHUH TEIIA, YTO OOECTIEUUBAET
HAJEKHYIO PA0OTY TPAKTOPA IIPH BEICOKUX TEMIIEPATYPAX.
JaTYNKU TEMIIEPATYPBI, PA3MEIIEHHBIE IO BCEMY MHCTPYMEHTY,
06€CIIeYnBAIOT KOHTPOJIb COCTOSIHHA CUCTEMBI BO BDEMSA
padoTeL. CucTeMa TeJIEMETPUHN OblJIA OIITHMU3HPOBAHA
JIJISI COBMECTHMOCTHU C JJIMHHBIMH Ka6easaMH. Tax:ke 6bLI1UI
Pa3pabOoTaHbI ClIEUATBHBIE AJITOPUTMBI JJIA IIEPEAIHN
MAaKCHUMaJIBHO BO3MOKHOM MEXAHUYECKON SHEPTUUN
B 3ABUCHMOCTH OT YCJIOBUH IKCIUTYATAIIMU. B cTarbe
NPEACTABIEHDI PE3YJIBTATHI TA60PATOPHBIX UCIIBITAHUH
KOJIECHOT'O CKB2’)KMHHOT'O TPAKTOPA THUIIOPA3MepPa 54 MM IIPU
Temreparype g0 175 °C, nepegade 6onee 1 KBT s3HEpruu 1o
KAPOTAXKHOMY Ka6€JII0 JIMHOM 00J1e€ 9 KM U HENIPEPBIBHOMY
MOJJICPKAHHUIO CBA3U C 3a00MHOM KOMIIOHOBKOH.

TexXHONOrnM, OIMUCAHHBIE B JAHHOM CTATHE, ITO3BOJIAIOT
UCIIOIb30BATH CKBAYKMHHBIN TPAKTOP BBICOKOM MOIITHOCTHU
TUNIOPa3Mepa 54 MM I TeO(PUBNIECKUX UCCIIEJOBAHUI 1
JPYrux paboT B CKBAXKUHAX, JOCTYII B KOTOPBIE ObLI PAHEE
OIPAHUYEH U3-34 [NTyOUHBI MJIA TEMIIEPATYPDL

TexXHOJIOTHS IIPOBEICHHUA nepdopauu Ha
KabeJie CTAaBHT MHPOBOM PEKOP/I, ITO IIOBBIIIEHHIO
a¢dpdexTuBHOCTHU PAGOT

Anvxaou 3axmyue, Kapnoc Doyapoo I'yaoec, Koaur Bpaoghopo,
Kamanvoocum Curnex, Kapnoc baymarin, Xymar Mocmoypu
Iyp, Cepro Capuan, llapug Aboenvraza, Mouzec Cmapm,
Schlumberger; I'appu Cunraep, Yapio3 Aooza, TAQA

B crarpe npeacTapieHa HOBasA TEXHOIOIUA NePMOPALTN HA
Ka6eJIe C yCOBEPIICHCTBOBAHHBIM IIPOIPAMMHBIM OOECIICYCHUEM
JUU151 MOZIEJINPOBAHUS pabOT, KOTOPAsi HO3BOJINJIA TIOBBICUTD
3(PPEKTUBHOCTD PAOOT B INTyOOKHUX CKBAXKUHAX C PA3/IMYHBIMU
JaBJIEHUSAMU. Pe3ynpraTel padoT 110 nepdopanmu Ha Kadelie,
MPOBE/ICHHBIX B NIYOOKUX CKBA)KMHAX 32 OYCHb KOPOTKUE
CPOKH, COIOCTABUMBI C PE3Y/IbTATAMU pabOT IO Ieppopaniu
Ha TPy6aX, BBITOJTHEHHUE KOTOPBIX 3aHUMAET IOPa3zo 60JIbIIIE

excellent surface communication over long cables.

In many horizontal or highly deviated wells,
wireline tractors are a cost-effective solution
for conveying logging tools, perforating guns,
and intervention tools in comparison with
other conveyance options such as coiled
tubing. However, performing these logging and
intervention services has become increasingly
challenging, as well lengths increase and well
temperatures rise. Providing the necessary
high-power levels and maintaining real-time
communication with the wireline tractor,
payload, and other conveyed services from
surface as operating conditions deteriorate are
also problematic. Difficult operating conditions
can be sustanined exposure to high temperature,
long lossy logging cable, or combination of both.
We assessed these challenges in developing key
electronic, firmware, and software technologies
for the new tractor and tools.

To achieve robust tractor operation at high
temperatures, the electrical hardware is designed
to withstand operating temperatures of up to
180 °C while minimize heat generation.
Temperature sensors are placed throughout the
tool to monitor system health during operation.
Surface-downhole telemetry is optimized to
ensure compatibility with long cables. The
tool algorithm was developed to maximize
mechanical power delivery based on operating
conditions. Results are presented from lab-
based system level integration tests of the 2
1/8-in. wheeled tractor and intervention tools at
temperatures of up to 175 °C and delivering more
than 1 kW of power on 30,000 ft of logging cables
while maintaining communication with the
payload.

The technologies described in this paper allow
the 2 1/8-in. wireline tractor to perform high
power interventions and logging while tractoring
in wells previously inaccessible due to depth or
temperature constraints.

Perforating Conveyance Technology
Achieves a World Record in Maximizing
Operational Efficiency

Albadi Zabmuwl, Carios Eduardo Guedes, Colin
Bradjford, Kamaljeet Singh, Carlos Baumann,
Hooman Mostoufi Pour, Serko Sarian, Sharif
Aboelnaga, Moises Smart, Schlumberger; Garry
Sinclair, Charles Adoga, TAQA

We present a new perforating technology
based on new wireline conveyance equipment
and advanced downhole modeling to maximize
operational efficiency in long pay-zones under
all pressure conditions. Results of perforating
jobs of long pay-zones carried out on wireline in
very short times compete with traditional Tubing
Conveyed Perforation (TCP) operations which
take much more time. Also, perforating jobs
with large gun sizes that until recently were not
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BpeMEHU. TeEXHOIOrUs NO3BOJIAET CITYCKATh TEP(POPATOPEI
601BIIOro pazmepa 3a oany CIIO, 4TO paHee 6bIJI0 HEBO3MOMXKHO C
TPaJULIMOHHBIM METOJOM JIOCTABKU HA KabeJie.

HoBas TEXHOJIOTHS NO3BOJISAET JOCTABIIATD HA 3260H1
nepdopaTopsl 60IBIION ATUHEL 32 OfHY CITO. TexHOMOorNa
BKJIIOYAET B C€651 UETBIPE OCHOBHBIX JIEMEHTA: KA6EIbHAS
CHCTEMa, CITOCOBHAS BBIJICPIKATE BeC 710 13,6 T,

MNEPENOBBIE YIAPOCTOUKNE MEXAHNUECKUE KAOETTbHbBIC
COEIMHEHMUSI, MOJIEIMPOBAHME JOCTABKU IIPHOOPA, 4 TAKXKE
YCOBEPIIEHCTBOBAHHOE MOZEIMPOBAHUE IEPEXOAHBIX
JUHAMUYECKHUX HATPY30K /I IPOTHO3UPOBAHUSA YPOBHSA
BUOpAILM NPH eppopariunu. MoOAEIUPOBAHUE PAOOT IO
nep@opani OCHOBAHO HA JAHHBIX O IVIACTE U CUCTEME
3aKaH4YMBaHUA [IporpaMMHOE OOeCIEYEHHE CUMYIUPYET
MIPOLECC ABMIKEHUS ITPHUOOPA MO CTBOJIY CKBAXXUHBL U TIPOLIECC
nep@opaLy, YTO NO3BOJAET PACCUUTATD MAKCUMAJIBHO
JIOITYCTHUMBIY BEC KOMITOHOBKH JIJISI CITyCKA HA Kabere. Takke
C yY4€TOM HEOOXOITMMOTO KosrdecTsa CI1O npoBoanUTCS
CPaBHEHME 32TPAT U PUCKOB IS IBYX TEXHOJIOT U —
nepdopannu Ha kadesie 1 neppopanu Ha Tpyoax.

Jlo6bIBaonas KoMaHug B CEBEPHOM MOPE ITOCTABUIA
32/1a9y CPABHUTD HOBYIO TEXHOJIOTHIO C TPAJAUITMOHHON
TEXHOJIOTUEN NePOPALINU HA AJIEKTPUYECKOM Kabee 11
CKBQ’KMHBI C IPOAYKTUBHBIM UHTEPBAJIOM 230 M C TOYKH
3PEHUS NPOAYKTUBHOCTH IJIACTA, PUCKOB U SKCIUIYATAIUOHHBIX
XapakTepUcTuk. Ilepdopanysa Ha Tpy6ax Ha JAHHOU
CKBA’)KHMHE HE PACCMATPHUBAIACH U3-34 BBICOKOM CJIOKHOCTH U
BBICOKHX OIIEPAIIMOHHBIX PUCKOB. HOBasA TEXHOIOrUA 601€ee
3(PEKTUBHA 10 CPABHEHUIO CO CTAHAAPTHOM Nepoparei Ha
EKTPUYECKOM Ka6€EIe, IOCKOIBKY 151 pAOOTHI HEOOXOIMMBI
TONBKO 1BE CITO € 6€30IaCHBIM BECOM 8,2 T U YCTHEBOE
060pYIOBAHUE KOHTPOJIA HAZ, CKBAXKUHOU, PACCUUTAHHOE
Ha gasieHue 69 MIa. ITpu UCIIOT30BAHUH CTAH/IAPTHOL
TEXHOJIOTUU TOTPEGOBATIOCH 61 OT 6 710 8 CITO. CambIit 60bIIAS
JUIMHA KOMIIOHOBKH IEP(OPATOPOB TUIIOPA3MEPA 85,7 MM
cocTaBwiia 118 M, UTO SIBJISIETCS MUPOBBIM PEKOP/IOM B UCTOPUH
nepgopanmu Ha kadese. [Tlepdopariys Opu1a IpoBeAcHa
JIMHENHBIMU 3aPAAAMU HA JUHAMUYECKOU IETPECCUUN JIJTA
MAaKCHUMaJIBHO 3(P(PEKTUBHON OUUCTKU IEPPHOPALIMOHHBIX
KaHAJIOB ¥ O6€ECIIEYEHN BLICOKOU ITPOJYKTUBHOCTH
CKBaXKMHBL O0111a51 JUIMTEIBHOCTD PA6OTHI 11O IEPPOPALIUU
ObUId 3HAYWTEIBHO MEHBIIIE ITO CPABHEHMIO C TPAJIULIMOHHON
TEXHOJIOTUEN, UTO MO3BOJIMJIO 3HAYHUTEIILHO COKPATHUTD BPEMSA
PabOTHI yCTBEBOI'O OOOPYIOBAHMSL.

DTa CTAThA ITOKA3BIBAET, KAK IPUMEHEHHNE MHHOBAIIMOHHBIX
TEXHOJIOTHUM MTO3BOJISIET MI/IHI/IMI/ISI/IpOBH.Tb pI/ICKI/I JOCTAaBKH
JUIMHHBIX U TAXKENBIX IEP(HOPATOPOB HA Kabese. MHdopmanusa
O CKBAKMHE U IIJIACTE ObLIA NCTI0IH30BaHA JI7II MOJIETMPOBAHUSA
0€30I1ACHON U HA/ICKHO OIIEPALIH, KOTOPOE ITO3BOJINIIO
pPaccurTaTh YPOBEHDb BUOPALIMU OT Ilepdopanuu, 1podpuib
PACTATUBAIONMIECH HATPY3KU U UBMEHEHNE COCTOSTHUS CTBOJIA
CKBXUHBIL. OITMCAHHBIE B IAHHOM CTATh€ HOBBIE TEXHOJIOTNH
nepopariuy 3HAYHUTEIHHO PACIIMPUIN O6JIACTh IPUMEHEHH S
repopariuy B TEX CKBAXKMHAX, I7I€ JOCTABKA HA Kabesie MOXKET
ObITb 6051€€ AIPPEKTUBHOM, YEM TPAAULIMOHHAS JOCTABKA HA
I'HKT u Tpy6ax.

HccienoBaHHuE MEXAaHU3MA IIOBPEKICHH A
IOBEPXHOCTH 'HOKOH TPYyOBI B HHKEKTOPE

Ducuxyr 9ucoy, F'ogpar Ducan, Pationz FOans, Tan Ban,
IOnwe31t I'ao, Batiyssa Ban, Jianghan Shale Gas Development
Technical Service Company
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possible in a single run with traditional wireline
conveyance, are now efficiently executed in a
single run.

The new technology that allows conveying long
lengths of perforating guns on wireline in a single
run is based on four main elements: wireline
systems with safe working loads up to 30,000 Ibf,
cutting-edge shock resistant mechanical weak
points and disconnect systems, conveyance
modeling, and an advanced transient dynamic
modeling for perforating shock prediction. The
perforating job design modeling is based on the
reservoir zones and completion information,
both a conveyance and a wellbore dynamics and
shock simulation are carried out to determine the
highest payload that can be more safely deployed
per wireline run, and with the number of runs
required, costs and risks are compared between
wireline and TCP shoot and pull operations.

For a well with a 750 ft thick pay zone, a North
Sea operator requested a comparison between
this new wireline perforating technology and
conventional electric wireline deployment
in terms of reservoir productivity, risks, and
operational performance. For this well TCP
was not considered due to reservoir and
operational risks and challenges. Compared to
the conventional electric wireline conveyance
this new perforating technology offers better
efficiency with only two wireline runs using a
cable with 18,000 Ibf of safe working load and
a 10 Kpsi surface pressure control equipment
compared to 6 to 8 conventional runs. The longest
run consisted of 388 ft of 3 3/8 guns, which was
a new world record on wireline, with energetic
liner charges and dynamic underbalance to
ensure maximum perforation tunnel cleanup
and well productivity. The total operational time
for the perforating job was significantly less than
conventional electric wireline, which translated
into significant rig time savings.

This paper demonstrates how the application
of innovative technologies have minimized the
risks of wireline conveyance with long and heavy
perforating gun strings. We utilized well and
reservoir information to design a more safe and
reliable job execution, including prediction of
perforating shock, tension profiles and wellbore
dynamics. The new perforating technologies
described in this paper have extended
considerably the range of perforating jobs where
wireline conveyance can be more efficient than
traditional coiled tubing and tubing conveyed
perforating.

Study on Mechanism of Coiled Tubing
Surface Damage in Injector Head

Zhibong Zbou, Guofeng Zbang, Fayong Yuan,
Tang Wang, Yunwei Gao, Weijia Wang, Jianghan
Shale Gas Development Technical Service
Company



CornmacHO HH(POPMALTUU U3 TUTEPATYPHBIX HCTOYHUKOB,
OOJNBITHHCTBO ABAPUU THOKUX TPYO NOAPASAEIIACTCA HA
YETBIPE BUJIA: MEXAHUYECKOE TTIOBPEXKACHUE, KOPPO3US,
POM3BOJICTBECHHAS IPUYMHA U YEJIOBEUCCKUH (hakTop. Cpeaun
HUX aBAPUHU U3-32 MEXAHUYECKUX MOBPEXKIECHUN COCTABIAIOT
29%. Cpey pa3/IMYHbIX BUJIOB MEXAHUYECKUX IIOBPEXKACHUI Ha
ripoposnbHbie yrinybnenvsi (LPM) npuxonurtcst 46%. [IoHuMaHue
MEXAHHU3M4 BOZHUKHOBEHUS NTPOJIOIBHBIX YITTYOJIEHU HA
MOBEPXHOCTU I'MOKOU TPYOBI TOMOXET OOPOTHCS C 3TUM BHIOM
IOBPEXICHUI.

IIpeAnonaraeTcs, 9To 3alenIeHHE TPYObl I'PUIIIEP-OIOKAMU
BBI3BIBAET MNEPHUOJJUUECKOE MATHUTHOE MOJIE, KOTOPOE
BBI3BIBAET PE3OHAHC THOKOU TPYOBL IIpH 3TOM BOZHHUKAET
BUOpa1nus TPyObl. Bubpanys B CBOIO OUEpPE/lb MOKET IPUBECTU
K IIPOCKAJIB3BIBAHUIO TPYObI MEXKY IPUIIIIEP-OIOKAMU HA
MAaKCHMYyME BOJIHBL, KOTOPOE MPEKPAIIAETCI HA MUHUMYME
BOJIHBL DTOT IIPOLIECC MOXKET IIPHUBECTU K YCLITYHYATBIM
Je(EKTAM HA IOBEPXHOCTHU TPYOBL. M3-32 HECOOTBETCTBUSA
JUAMETPOB MEXY TPYOO! C YBEJIMUYEHHBIM IUAMETPOM U
IpUIIEP-OIOKAMU HATPYy3Ka Ha MOBEPXHOCTb THKT ouenn
OOJBIIAS. DTO MOXKET IPUBECTH K TOMY, UTO IIPH 3A3KATUH
B I'PHUNIIEP-OJI0KE OOJIOMKH IIJIAMA BBIPEXKYT [APATIUHY HA
MOBEPXHOCTHU TPYOBL 17151 pacueTa Harpy3ok Ha THKT B Takoi
CUTYAIUU UCTIOTIb30BAJICSA METO]] KOHEUHBIX 9JIEMEHTOB.
Pe3ynbTaThl pacdeTa MOATBEPANIIN IIPEIONOKEHUE.

[ ruccnefoBaHus pe30HaHCHOTO cOCTOsIHUS THKT Ob11a
NPEANPUHATA MONBITKA HAUTH UCTOYHUK IIEPHOAUIECKOTO
MATHUTHOT'O IOJISL U UCCIIENOBATD IIPOLIECC PE3OHAHCA.
[TocTpoeHne MEXaHNYECKOH MOZIEIU I'PUNIIED-6JI0KA
MO3BOJINJIO ONIPEAENUTD, YTO YaCTOTA BO3OYKAEHUA CBA34HA CO
cxkopocTbio aBrkenuss THKT u gimnoi rpunnep-6i1oka. [Toce
YIPOHIEHUA MOJEIN CTPOUTCA JUHAMUYECKAS MOJIEIb CITYCKA
I'HKT B BEPTUKAIBHYIO CKBAKHUHY, OIIPEJEIISIETCS BOTHOBOE
YPABHEHME, 4 3ATEM BBIBOAUTCSA YACTOTHOE YPABHEHUE, 10
KOTOPOMY OIPEAENAIOTCA (PAKTUYECKHE YACTOTHI PE3OHAHCA.
ITocne 3TOro NPOBOANTCA YHUCAECHHBIN PACYET C IIOMOIIBIO
METO/1A KOHEYHBIX PA3HOCTEN. PE3yIbTaThl MOJETMPOBAHUA
MOKA3bIBAIOT, YTO B TEUEHUE HECKOJIBKUX MUHYT ITOCJIE HAYA/IA
pe30oHaHCa aMIInTyAa Kojebanuil T'HKT nocTuraer BBICOKMX
3HAYEHWH, IPU KOTOPBIX HAYNHAETCA NOBPEXKACHUE TPYOBDL.
3aNMCaHHBIE B ITOJIEBBIX YCIOBUAX JJAHHBIE TAKXKE YKA3bIBAIOT
Ha Hajuue 3(peKTa pe3oHAHCA.

ITocne 06paboTKU BCEN NH(POPMALIH, OITUCAHHOM! BHIIIIE,
OBLJIO IOCTPOEHO U30O0PAKEHUE ITPOLIECCA (POPMUPOBAHUSA
IIPOJOJIBHBIX YITIyOJIEHUI HA IIOBEPXHOCTU TPYOBL. B KOHIIE
CTATBH PEJIJIOKEHBI PEKOMEHAITUH IO ITPEAYIPEXICHUIO
TTOSIBJIEHU I TPO/IOJIBHBIX YITTyOICHUH.

Cekuua 7. ObmMeH 3HaHUAMMU Ha cteHaax Il

DnexmpormvLe CmeHObl 036010 IUYHO
BLLCLYULAIND KANCOO20 OOKNAOUUKA U NOTLYHUIND
00CmMamouHoO nOOPoOHY10 urdopmarro. Cexuusl
srIIOUACTN PA3HBLE 1MeMbL OOKIAO08, O0HAKO
MeMamuKa coomeemncimegyent OOKAao0am OPy2ux
CeKLUUILL.

AHa7TN3 3200MHBIX JAHHBIX JJI51 T€HEPAITHH HMITY/IbCOB
JAaBJICHHUA U NEPETAIH OCEBBIX KOJICOAHMET

Xan Anamse6, Xoti Tpumnx, lampux Tomncon, Cmueer
Doppecmep, NOV; Iappem [13i13, Devon Energy

According to literature, most failures of
coiled tubing are classified into four kinds of
causes, mechanical damage, corrosion, string
manufacturing, and human error. Among these,
the failures due to mechanical damages take 29%
of all failures. Although there are various kinds
of mechanical damages, longitudinal plowing
marks (LPM) are the major mechanical damages,
account for 46%. Understanding the mechanism
of LPM damage on coiled tubing surface will help
to reduce this kind of damage.

A conjecture is proposed that the running of
the CT-gripper block-chain system will produce a
period excitation which arouses CT string system
resonance, and the vibration of CT string may
make slippage between the gripper blocks and CT
string at the wave peak and stop slippage at the
wave trough, which may form fish scale damage.
Because of the mismatch of the diameters between
CT with grown diameter and gripper blocks, the
first principle stress on the surface of CT will be
large enough so that rock debris can carve CT
easily when a gripper block is clamping it. FEM is
employed to calculate the stress of CT when it is in
this situation. The results verify the guess.

To determine the CT string system resonance,
we tried to find which gives the system a period
excitation and how the system resonates. First a
mechanical model of CT-gripper-chain is build,
and excitation frequency is found to be related
with the velocity of CT string running and length
of gripper block. After idealization, a dynamic
model for CT string in vertical well is built, and
the wave equation is established, then frequency
equation is derived and natural frequencies are
found. After that, finite difference method is used
to conduct numerical calculation. The results
show that when system resonates, it must take
minutes to reach large stress amplitude of the CT
string enough to make damage on it. The field
recorded data indicate that there maybe exists
resonance actually.

After synthesizing the information above, an
image of the process how LPM is formed has been
constructed. Finally, the measures to reduce LPM
damage are recommended.

TECHNOLOGIES

Session 7. Knowledge Sharing
ePosters llI

Knowledge Sharing ePosters allow
one-on-one interactions with
presenters and opportunities to study
a particular concept at an appropriate
level of detail. Subject matter varies,
but topics are consistent with the other
technical sessions.

Downhole Data Analysis for Pressure-
Pulse-Generating and Axial-Oscillation
Measurement Tool
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BBICOKME OCEBBIE HATPY3KH MOT'YT OBITh OOJIBIIION TPOOIEMON
py paboTe C BPAMAIOMINMCI OOOPYIOBAHUEM, OCOOEHHO
B F'OPU3OHTAJIBHBIX CKBAKMHAX C GOJIBIIUM OTXOJOM OT
BEPTUKAIN. OCEBBIE HATPY3KU CHUIKAIOT 3(PPEKTUBHOCTD
OypEHMUsL, HIOCKOJIbKY IPH BBICOKUX 3HAYEHUSAX OCEBBIX HATPY30K
JUIs1 OOECIIEYEHUS TPEOYEMOM CKOPOCTU NTPOXOAKH TPEOYETCS
MEPENABATD HA 32001 60JIbIIIE S3HEPTUH, B OCHOBHOM ITyTEM
MHOBBIIIEHUS KPYTAIIETO MOMEHTA U BECA HA JONIOTE. CHUKEHUE
3(pPEKTUBHOCTHU OYPEHUS IPUBOAUT K [IOBBIIIEHHOMY
M3HOCY MHCTPYMEHTOB, CHUZKEHUIO CKOPOCTU ITPOXOAKH U
HEHA/JIEKAIIEMY KOHTPOJIIO HANIPABJIEHH S KOMIIOHOBKI.

J17151 60PBOBI C BLICOKMMH OCEBBIMU HATPY3KAMU B OTPACINA
UCIIONB3YIOT HECKOJIBKO METOJOB. B JAHHOM CTAThE PACCMOTPEH
ATUTATOP, B KOTOPOM PEAIM3OBAH METOJ] TEHEPALIUH UMITYIbCOB
JIaBJIEHUS B KOMOMHAIIUY C THCTPYMEHTOM BBITECHEHUA. Kak
MPAaBUJIO, ATUTATOPBI IPUMEHSIOTCA TIPU OYPEHUH INTyOOKUX
BEPTUKAJIBHBIX, HAKJIOHHBIX ¥ TOPU30HTAIBHBIX CKBAKUH

JUISI IOBBIIEHM S 3(P(PEKTUBHOCTH IEPEIAYN BECA HA JIOJIOTO.
ITpuHLIAI AEHCTBUA ATUTATOPA — CO34aHUE UMITYJIbCA
JIABJIEHU ST, KOTOPBII BBI3BIBAET MHOI'OKPATHOE OCEBOE IBUKEHHNE
YAApHOI'O HHCTPYMEHTA. B JaHHOI CTATbe CPABHUBAIOTCA
JIAHHBIE PA0OT C UCITONIB30BAHUEM JIBYX ATUTATOPOB —

rnepBasg padoTa C TPAJULIMOHHBIM ATUTATOPOM, 4 BTOPAs — C
HOBBIM 3(P(PEKTUBHBIM aTUTATOPOM BBICOKOU MOITHOCTH.

BpLIO IPOBEIEHO CpaBHEHUE 3(PHEKTUBHOCTH Oy PEHMS C
HCIIOJIb30BAHUEM JIBYX UHCTPYMEHTOB B OTMHAKOBBIX Y44CTKAX
CKBAKUHBI — BEPTUKAJIBHOM U TOPU3OHTAIIBHOM.

JlaHHOE UCCIENOBAHNE OCHOBAHO HA AHATN3E JAHHBIX
MMITYJIbCOB JABJIEHUA U OCEBOI'O CMEMIEHM A, 3ATTUCAHHBIX IIPH
OypEHNN TOPUZOHTAIBHBIX CKBAKHUH, KOTOPOE IIPOBOJIUIA
KoMmmanusa Devon Energy B permoHe rpynmnbsl MECTOPOXK/IEHH
STACK (CIIIA). LIes1bI0 NCCIIETOBAHMS SIBJISIJICSI AHAJIN3
MPOU3BOJUTEBHOCTH ATUTATOPA BBICOKOU MOITHOCTH.

BbI71I0 HEOOXOAMMO OIPEAEIUTD, IOMOI'AET JIM OH ITOBBICUTD
3(PPEKTUBHOCTB OyPEHUSI U CKOPOCTD IIPOXOJKHU IO CPABHEHUIO
CO CTAHAAPTHBIM ATUTATOPOM. B CTaThe NOAPOOGHO OIMHCAHBI
PE3YNBTATHI UCCEAOBAHNN, 4 TAKIKE IIPEJCTABIEHDI IAHHBIE,
3AIMMCAHHBIE BO BpeMs 6ypPEHU.

AHaIN3 IPEJCTABIEHHBIX JAHHBIX ITO3BOJISAET IIPOBECTU
JETATILHOE CPABHEHHE ATUTATOPA BEICOKOI MOIIHOCTH CO
CTAHAAPTHBIM ATUTATOPOM, UCIIOJIb3yEMBIM IIPU OYPEHUHN
MMOXOKEH COCEIHEN CKBA’KUHBI. B 11€710M MCITOJIb30BAHUE
ArUTaTOPA BBICOKOM MOITHOCTH ITO3BOJIMJIO YBEJTUYUTD CKOPOCTD
MPOXOAKU HA 20—25%, 4TO TOATBEPAUIIO I(PPEKTUBHOCTD
MOJEPHU3AIUN MHCTPYyMEHTA. COOD JAHHBIX JJ15 AHAIN3a
MIPOBOAMJICS C TOMOITBIO MHHOBAITMOHHBIX, KOMITAKTHBIX 1
ABTOHOMHBIX JIATYNKOB, KOTOPBIE PETUCTPUPOBAIH OCEBBIE
KOJIEOAHMS, BHYTPEHHEE IABICHUE, TEMIIEPATYPY U OCEBOE
CcMereHue. PacionoskeHNeE JATYMKOB HEITOCPEICTBEHHO HAJL
ArUTATOPOM U IIOZ; HUM IIO3BOJIMJIO COOPATH BCE HEOOXOAMMBIE
JIaHHBIE JIJIs1 CDABHUTEJIbHOI'O AaHAJIN34, KOTOPBIE ObLIIO Obl
HEBO3MOKHO ITOJIyYUTh ITPH UCTIOIB30BAHNUM CTAH/IAPTHBIX
U3MEPHUTE/IBHBIX UHCTPYMEHTOB.

CIIyCK fACa HA IEKTPHIECKOM KaleJIe C IEIBIO
0€30IIACHOT0 U3BJICYECHHS H YCTAHOBKH KOPOHHOM
IPOOKH C IIOMOIIBIO CYyJHA /1A 6€3pari3e pHBIX
BHYTPHCKBAKHHHBIX PA0OT B I'TYOOKOBOJHBIX
CKBA:KHHAX B YCJIOBHAX CHJIBHOI'O T€UCHU A

Crroapm Mypuu, Dpaard Hopzercen, Anexcarndp Deendar,
Mapmun Campesur, Dpux boze, Altus Intervention; Knym Xauic,
A /S Norske Shell; Anopea Céopoore, TIOS AS

48 Ne 2 (068) Hiomn,/June 2019

Alamzeb Kbhan, Khoi Trinh, Patrick Thompson,
Stephben Forrester, NOV; Garrett Glaze, Devon
Energy

High levels of drag, especially in horizontal and
extended-reach operations, can be a major concern
during sliding or rotating. Drag reduces drilling
efficiency by requiring increased energy input,
primarily through increasing torque and weight on
bit, to achieve the desired rate of penetration (ROP).
Reduced drilling efficiency results in excessive tool
wear, lower ROP, and poor directional control. Of
the several methods the industry uses to combat
drag, the scope of this study was focused on the
use of a pulse generator paired with a displacement
generator, which makes up a drilling agitator tool
(DAT). ADAT is commonly used in extended lateral
formations to improve weight transfer to the bit in
vertical and nonvertical drilling applications. The
operational principal of the DAT is the production
of a pressure pulse that causes a repetitive axial
motion in a shock tool. This paper compares offset
run data between two DAT cases — one run with a
traditional DAT and the other on a new, efficient,
"high-energy" DAT (HE DAT). The run performance
in similar portions of vertical and horizontal
sections was compared between the two systems.

This study was based on data collected from
a pressure pulse and axial displacement data
recorder from horizontal wells in the STACK play
drilled by Devon Energy. The objective of this
study was to observe the performance of the HE
DAT and determine if there was a noticeable gain
in performance in terms of drilling efficiency and
ROP as compared to a standard DAT. These results
are discussed in detail and supported by high-
resolution data collected during drilling.

The data analysis presented here provides an
in-depth look into the operation of the HE DAT"s
performance as compared to the standard DAT in a
very similar offset well. Overall, a 20 to 25% increase
in ROP with the HE DAT was expected, effectively
validating the enhancements made to the tool. This
study collected data using data recorders — novel,
small, self-contained devices measuring axial
vibration, internal pressure, temperature, and axial
displacement — located directly above and below
the DATs to make a comparative assessment and
deliver information about drilling data that was
otherwise not available via conventional downhole
measurement tools.

RLWI Deployed Electric Line Stroker
Application for Safe and Secure Crown Plug
Retrieval and Setting in High-Current Deep-
Water Operations

Stuart Murchie, Erland Jevgensen, Alexander
Egeland, Martin Saetrevik, Erik Boge, Alfus
Intervention; Knut Hals, A/S Norske Shell; Andrea
Sbordone, TIOS AS

A/S Norske Shell needed to carry out tubing



Kommnanmsa A/S Norske Shell nocTasuiia 3agady U3BJIedYb
KOPOHHYIO TPOOKY KOJIOHHOM I'OJIOBKH C IOMOMIBIO CYAHA 15
6€3pan3epHBIX BHYTPUCKBAKMHHBIX PA6OT B HOPBEKCKOM
cexkrope CeBepHOro mops. CyleCTBOBAJIN OIIACEHUA 110
MOBOJY IPUMEHEHUS CTAHAAPTHON TEXHOJIOIHUH CITYCKA
MEXAHHUUYECKOT'O 5ICA HA KAHATHONU TEXHUKE U3-34 KOMOUHAIIUU
JIBYX (paKTOPOB: 60JIbIIAS TTTYOUHA U CHJIBHOE TEUEHUE B
PETHOHE MECTOPOXKAECHUSL. [I7151 yCIIENTHOT O BBIIIOJIHEHHU S 34/1d49H
B TAKHX CJIOKHBIX YCIIOBHAX TPEOOBAJICA 60JI€€ 6E30MACHBIM,
KOHTPOJIMPYEMBIN 1 HAJICKHBIN METO/,

YTO6BI NPOAHATIU3UPOBATE BIUSAHHUE MOPCKOT'O TEYEHU S
Ha Kab6eI1 1 KOMIIOHOBKH, HA UCIIBITATEIbHOM IOJIMTOHE
MOCTABIIMKA OBUIN IPOBEJIEHBI TEOPETUUECKUE UCCIIETOBAHUSA
U NIPAKTUYECKUE UCTIBITAHUA. [TOCTIE aHAIN3a PA3TUYHBIX
CLIEHAPHEB OBLIIO BEIOPAHO Hanboee 3(POEKTUBHOE U
HAUMEHEE 3aTPATHOE PEIICHUE. B KayeCcTBE MHCTPYMEHTA ObLI
BBIOPAH I'MJIPABINYECKUH AC, CITYCKAEMBIIN U AKTUBHUPYEMBII C
MOMOIIIBIO AJIEKTPUYECKOTO Ka0es. sl aKTUBALIUM TATOBOT'O
YCHJIHSL, HEOOXOUMOT'O JJ1s1 U3BJICUCHM S1 KODOHHOI IPOOKH, HE
TPe6OBATIOCH UCTIONIB30BATh KAOEJIb.

J1J151 TOrO YTOOBI U30EKATH CIYIANHOI'O MOBPEXKIEHUA
JIyBPHKATOPA, PACIIOJIOKEHHUE SJIEMEHTOB KOMITOHOBKH OBLIIO
HOOOPAHO TAKUM OO6PA30M, YTOOBI SIKOPB 51CA OBbLJI BBIIIE
IPOTUBOBBIOPOCOBOIO O60PYAOBaHM . Kpome Toro, fij1st
0obecreueHU JOOIHUTEIBHOTO 6apbepa 0€30IMACHOCTH ObLIH
NPEeSyCMOTPEHBI MHCTPYMEHT JIJISI U3BJIEYEHH S KOMIIOHOBKU
M CPE3HOI IITOK. Bblna pazpadoTana MOAU(pPUKAIIUA
CYHIECTBYIOIIETO ACA, TPOTOTHII ObLII U3TOTOBJIEH M UCTIBITAH HA
HA3EMHOM UCTIBITATEIbHOM ITOJIMTOHE.

OKOHYATEIBHBIN BAPHUAHT COCTABA KOMIIOHOBKHM 5ICA OBLI
YCIIEIIHO UCIIBITAH HA HEITTYOOKOH IIO/IBOAHON CKBAXKUHE C
60J1e€ GIATONPUATHBIMU YCIOBUAMU. TOYHOE yIIPABJICHUE
YCUJIMEM U JBUDKEHUEM 5CA B COYETAHUHN CO COOPOM
YCTBEBBIX JJAHHBIX B PEAJIBHOM BPEMEHU OOECTIEYHIIO
©€30ITACHOE U HAJIEIKHOE U3BJIEYEHUE U YCTAHOBKY KODOHHOM
Npo6KH. M3BjI€UEHHBIE C IPOOHOI pAOOTHI YPOKH, 4 TAKXKE
MOZIEPHU3ALNA TEXHOJIOTMYECKOT'O IPOLECCA TO3BOIIIN
YCIIENTHO IIPOBECTU OCHOBHYIO OIEPAIUIO B INTYyOOKOBOJHOM
CKBA’KMHE B OTKPBITOM MODE.

B 3akmoueHme ObUIO JOKA34HO, YTO UCIIOJIb30OBAHUE
TU/IPABIMYECKOTO AC4, AKTUBUPYEMOT'O C IIOMOIIIBIO
IEKTPUUECKOT'O KAOeIs, ABIIETCA 3(PPEKTUBHON
AJIBTEPHATHUBOM JJI1 ONIEPAITMU 10 U3BJICYEHUIO U YCTAHOBKE
KOPOHHOM IIPOOKH, IIPH ITOM OOECIICUHBAECTCS 60JIEE€ HAJICKHBINI
KOHTPOJIb HaJl CKBAXKMHOM.

YcnenrHoe u3BJjIe4eHHE 3aCTPABUICH IIPOOKH C
HCIIOJIH30BAHHEM POOOTH3HPOBAHHBIX TEXHOJIOTHI
BHYTPHCKBAKHHHBIX PA0OT C IPHMEHEHHUEM
3JIEKTPUICCKOTO KA0e s

Paxum Buooncait, Huwarnm Ianuzpaxu, Mary Xarnna, Maruiu
Lamm Komusan, I Tu Capma, Asurnaus bopa, LHlobxum Tusapu,
Cairn Oil and Gas, Vedanta Ltd; Tomac ITurmo, Welltec

PaboTa 6bLy1a IPOBEIEHA B HEJABHO IIPOOYPEHHOM CKBAXKITHE
Ha MeCTOpoxXaeHnH Kam6eit Ha menbde 3a11aHOro NOOEPEKbs
Nnpun. Ilocne npoBeieHN A 3aKaHYUBAHUA B CKBAKUHY
OBUIM CITYII[EHBI IBE MEXAaHUYECKUX IIPOOKU /7151 IEMOHTAKA
IIPEBEHTOPA U MOHTAKA (DOHTAHHOM apMaTyphL IIpOOKHN
OBbUIM YCTAHOBJIEHBI B Tpoduie noasecku HKT auamerpom
98,4 MM U B CEJIEKTUBHOM IPOQUIIE KIanaHa-oTcekaress (SC-
TRSSSV) nramerpom 96,8 Mm. ITocsie yecTaHOBKH (POHTAHHOM

hanger crown plug (THCP) removal from a
riserless light well intervention (RLWI) vessel

in the Norwegian sector of the North Sea. There
were concerns that the conventional application
of mechanical jarring with slickline tools could
not be used due to the combination of deep water
and high sea currents in the specific field. A safer,
more controlled and assured method was needed
to withstand this extreme environment and
provide the certainty of task success.

Theoretical studies and practical testing were
conducted at the supplier's test site to verify the
impact sea current had on cables and toolstring
assemblies. Different scenarios were analysed
and the most effective and lowest cost solution
was determined. An electric line deployed
and powered electrohydraulic stroker device
was selected, which did not require any cable
actuation to generate the pull forces required to
unseat the crown plug.

Toolstring space-out was critical to ensure
the stroker anchor was above and clear of the
well control package (WCP) and positioned to
prevent any inadvertent damage to the lubricator.
In addition, a release tool and a shearable stem
provided back-up safety capability for well
control. A modification to an existing stroker was
designed and a prototype built and tested at the
onshore facility.

The final stroker toolstring design was tested
out successfully on a more benign shallow
subsea well, where the highly accurate force
and movement control of the stroker, coupled
with real-time surface readout, enabled a safe
and secure crown plug pulling and installation
operation. The targeted operation in a deep-
water, high-sea current environment was then
carried out successfully, applying many lessons
learned and process improvements from the trial
well.

In conclusion, the use of electrohydraulic
stroker technology was proved to be a viable
alternative for crown plug retrieval and setting
operations, whilst bringing heightened visibility
and control to such an operation.

Successful Retrieval of Stuck Profile Plug
Using Electric-Line Deployed Robotic Well
Intervention Techniques

Rachit Vijay, Nishant Panigrabi, Manu Kbhanna,
Manish Dutt Kotbiyal , P ] Sarma, Avinash Bobra,
Shobbit Tiwari, Cairn Oil and Gas, Vedanta Ltd;
Thomas Pinto, Welltec

The subject well is a recently drilled and
completed in Cambay field offshore in West
coast of India. After landing the completion, two
mechanical plugs were installed to nipple down
BOP and nipple up X-mas tree. The plugs were
installed in a 3.875" tubing hanger profile and in
a 3.813" SC-TRSSSV selective profile. The problem
arose while retrieving the 3.813" selective plug
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TEXHOJIOI'MU

aApMATyPBI [IPU U3BJICYCHUU IPOOKU TUAMETPOM 96,8 MM C
[IOMOIIIBIO HHCTPYMeHTa GS uameTpom 101,6 MM BO3HUKIIU
npo6eMbl. BO BpeMsi paGOTHI ICOM KaHAT OOOPBAJICS, B
PESYIBTATE YETO B CKBAXKUHY HHUIKE CEJIEKTUBHOT'O POMUIIA
MIPOBATHJICS ABAPHUIHBIN NUHCTPYMEHT, BKJIIOUAIOMIUI 3A00MHYIO
KOMIIOHOBKY U TIPOOKY. [TpO6GKa 3aCTPs/IA B CKBAKUHE HA
ypoBHe nepesogauka HKT 114x89 MM — Ha 20 M HHKE [NTYOUHBI
npo@uUId KIanaHa-oTceKaTesss. OCTABIEHHDBIN B CKBAXKITHE
KaHAT U 3260 HAs KOMIIOHOBKA C SICOM OBLIIH YCIIEIITHO
U3BJICYEHDBI U3 CKBA’KHHBI, OJHAKO IIPOOKY, 3aCTPABIIYIO HA
ypoBHe nepesogHuka HKT 114x89 MM, HE y1a7I0Ch U3BJICYb JIAXKE
MOCJIE HECKOJIBKUX IOMNBITOK C UCIIOIB30BAHUEM CTAHAAPTHON
TEXHOJIOTUH HA KAHATE.

J11s1 n3BJIe4eHN s TPOOKU OBUIN PACCMOTPEHBI TEXHOJIOTUH,
TPEOYIOMNE UCTTONB30BAHUA OYPOBOI YCTAHOBKH,

Texnonorus ¢ THKT, a Tak:ke po60TU3UPOBAHHAS TEXHOJIOT U
U3BJIEYEHM IPOOKH C IOMOIMIBIO AJIEKTPUYECKOTO KAOEIA.
[Tocne npoBeAeHUs IETATBHOIO TEXHUKO-3KOHOMUYECKOTO
AHAJIN34 UMEIOINXCA BAPUAHTOB OBLIO IPHUHATO PEMIEHUE

O IPOBEAECHUHU JIOBUJIBHBIX PA6OT C MTOMOIIIBIO IEPEIOBLIX
POOOTHU3UPOBAHHBIX TEXHOJIOIHUH CITYCKA (PPE3A, TPAKTOPA

U 51CA HA AJIEKTPUUYECKOM Kabene. [1j1s1 3TOU onepanuu

OBbLIIU Pa3pabOTaHbl YHUKAIbHBIE (Dpe3bl. Ppe3epoOBaHNE
BBIIIOJIHAIOCH 32 HECKOBKO CITO 114 yaaneHus pas3aindHblX
4aCTEN IIOBPEKACHHON YCTAHOBOYHOM MaHaApenu. [Toce
YCIIEMTHOT'O (PPE3EPOBAHUA INIAHUPOBAJIOCH U3BJIEYb IIPOOKY C
HCIIOJIb30BAHUEM KAHATA.

OJHAKO IEPBOHAYAJIBHBIE ONBITKUA U3BJIEYb IIPOOKY ACOM
IPSIMBIM HATSDKEHHUEM B 15 T OKa3a11UCh 6e3ycriemHbIMU. [Toce
3TOTrO 6bLIA IIPEAIPUHATA IIOIBITKA (PPE3EPOBAHUS C IIOMOIIBIO
KOMOMHAIIUU TPAKTOPA U (Ppe3a HA KAOEJIE C LIEBIO IIOJTHOT'O
(ppesepoBanus NIPOOKU. ITepBOHAYAIBHO PPE3EPOBAHUE BEIOCH
B COOTBETCTBHH C IIJIAHOM, HO IIOCJIE 75 MM (DPE3EPOBAHUS
(ppe3 3aKIMHMIIO, U B PE3YJIBTATE OH 3ACTPsI/I BHYTPU IIPOOKH.
KoMNOHOBKY Ha Ka6€JjIe€ NPUIIOCh OTCOEAUHUTD U U3BJIEYD
C IOMOIIBIO MEXAHUYECKOI'O PA3bEANHUTENA HAJZL (PPE3OM.
Jasee 151 u3B1e4eHns IPOOKY C 3aCTPSABLINM B HEN (ppe3oM
B CKBAXKMHY Ha Kab6eJie 6blI CITYIIEH MOAHU(PHUIITUPOBAHHBIH
npu6op UPT ¢ TpakTOpOM U siICOM. B pe3ynprare INpooKy yAaI0Ch
OCBOOOAWTD U NOAHATE HA 10 M BbIIIE ITTyOHMHBI 3ACTPEBAHMS.
ITocne aToro npodka u ppes ObLIN YCIIENTHO U3BJICYECHDI C
MTOMOIIIBIO KAHATA.

B cTarbe nogpo6HO ONUCHIBAIOTCS OCHOBHBIE TAIIBI PA0OT,
METO/JIMKA BBIOOPA TEXHOJIOTUU U3BJICUYCHUS IIPOOKH, ILJIAH
JIOBWJIBHBIX PA6OT 1 €T'0 YCIIEITHOE BBIIIOJHEHUE. TAKXKE B CTATHE
OITMCBIBAIOTCSA IPOOJIEMBI, BO3HUKIIIME IIPU (PPE3EPOBAHUN
MIPOOKHU HA KA0€JIE B OTKPBITOM MOPE, ¥ CIIOCOOBI UX PEIIECHHUS.

IIpaxTrndeckui aHaIu3 THKT 1 3KCITyaTAIMOHHBIX
OI'PAHUYECHHUL
Ken Hotoman, Iampux Kennexep, Athena Engineering Services

IMpu sxcrryaranuu FTHKT cymecTByIOT ONIpefe/ICHHbIC
OCOOEHHOCTHU U OI'PAHHUYEHU S, KOTOPBIE IPOTUBOPEYAT
HAKOIJIEHHBIM 3HAHUAM U YCJIOKHAIOT paboTy. I1pu
akcruryatariuu F'HKT Heo6X0AMMO YEeTKO IIOHUMATD YCIIOBUS, B
KOTOPBIX BO3HUKAET U3rub U gedpopmanus Tpyosl. CoueTaHue
HAI'PY30K, JABJICHUH, KPYTALIEI'O MOMEHTA U U3IUOAIOINX
MOMEHTOB, KOTOPbIE UCTIBIThIBAET THKT, MOXET 3aTPyIHUTD
AHAJIN3 COCTOSHUS TPYOBL. L1es1b JAHHOM CTATBU — HOAPOOHO
PaCcCMOTPETDH HEKOTOPBIE U3 BBIIIECTIEPEYUCTICHHBIX ACIIEKTOB
U IPEAJIOKUTD YIIPOILIECHHYIO METOAUKY PACUYETd, KOTOPYIO
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with 4" GS tool after installation of X-mas tree.
The slickline wire snapped while doing the
jarring operations resulting in fish in the well with
BHA and plug slipping down below the selective
profile. The plug fell inside the well and got stuck
at the 4.5"x3.5" tubing crossover joint ~20m below
the SC-TRSSSV depth. The fished slickline wire
along with the slickline tool-string BHA was
successfully retrieved from the well, however, the
plug remained stuck at the 4.5"x3.5" tubing cross-
over and could not be fished out even after several
conventional approaches with slickline.

Solutions involving rig based retrieval and
rig less coil tubing intervention and e-line
robotic technology for retrieval of the plug
were evaluated. Upon completion of a detailed
feasibility study of available options, it was
decided to conduct fishing of the plug with
e-line based advanced robotic well intervention
techniques such as eline miller, tractor and
stroker. Unique milling bits were designed and
customized for this operation. The milling
operation involved multiple runs to target the
removal of various parts of the struck lock
mandrel. Upon successful milling operation, it
was planned to retrieve the plug with slickline.

Initial attempts to retrieve the plug by straight
pull using 33k pulling capacity Eline Stroker
were unsuccessful. Subsequently, milling was
attempted with a combination of E-line tractor
and Miller to drill thru the plug. The milling
initially started as per the plan but after 3 inches
of milling the bit got stalled and was eventually
stuck inside the plug. The E-line BHA had to be
released from the mechanical disconnect sub
above the bit. A modified 2" UPT tool with E-line
tractor-stroker was run to fish out the bit and
plug which resulted in the plug getting released
from the stuck position and moving upwards
about 10-meter from the stuck depth. Once this
was accomplished, plug and bit were successfully
retrieved with slickline.

The paper details the background of the
stuck incident, selection methodology of
fishing technique, fishing work plan and its
successful execution. The paper also describes
the operational difficulties encountered and the
mitigation chosen while milling a plug with an
electric line in the offshore environment.

Practical Pipe Understanding and Limits
Ken Newman, Patrick Kelleber, Athena
Engineering Services

There are aspects of pipe behavior and limits
that can be confusing and counter intuitive.
These include understanding the conditions
under which a pipe will "buckle" and when the
stresses in the pipe will reach a point where the
pipe material "yields". The combination of forces,
pressures, torque and bending moments that are
being applied to the pipe may make it difficult to
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MO’KHO UCIIOJIb30BATh B IIOJIEBBIX YCIOBUAX, KOIJA HEOOXOIUMO
OBICTPO NIPUHSATD BAXKHBIE PEIICHUS.

Cekuua 8. ObMeH 3HaHUSAMM Ha cteHpax IV

DnexmpormvLe CmeHObl 03600 IUYHO
BLLCTLYULAIND KANCOO20 OOKNAOUUKA U 1OTLYHUIND
00CmMamouHo noopooHY10 urgdopmaruro. Cexuus
BrIIOUACTN PA3HBLE 1MeMbL OOKIAO08, O0HAKO
MeMamuKa coomeencimeyent OOKAao0am OPy2ux
CeKUUILL.

IIepenoBasa TEXHOJIOIHA OJHOBPEMEHHOM HHCIIEKITHH
HECKOJIBKHX pr6 B ITIOJIEBBIX YCJIOBHAX

Ancan FO, Yunvam Peogpuno, Huxonac bozec, Kyane Luno,
Mapeun, /regpgd Oncon, GOWell International; Mocyumona
Doocuxe, Fluor Federal Petroleum Operations

JIJ1s1 THCTIEKITH HECKOJIBKUX TPY6 HAa IPEAMET KOPPO3HUU
OBUI IPEICTABIEH HOBBII YCOBEPIIEHCTBOBAHHBIN HHCTPYMEHT
JUIsL OTIpEIe/IEHU S TOMIUHEL TPy6s! (€PDT) Ha ocHOBE
MMIYJIBCHOT'O BUXPEBOI'O TOKA U JIEKTPOMATHUTHOI'O OIS
HMHCTPYMEHT MO3BOJISAET U3MEPATD TOITUHY METAJINYECKOHN
CTEHKHU IATU KOHIIEHTPUYECKUX TPYO C MAKCHMAIbHBIM
HAPYKHBIM TUAMETPOM 10 660 MM. YHUKAIbHAST KOH(DUT'YPATIHS
JIENTAET UHCTPYMEHT CAMBIM COBEPIIEHHBIM TEXHUYECKUM
pEMIEHUEM 11 U3MEPEHM A TONIIHUHBI KOJIOHH HATHETATEIBHBIX
U IOOBIBAIOIMTUX CKBAXXUH. THCTPYMEHT UMEET HAPY>KHBIA
JIUAMETP 51 MM U PACCYUTAH HA IIPEAETbHBIE 3HAYECHUA
TeMiieparypsl 175 °C v gasienus 138 MIIa.

WHHOBAIIMOHHBIN IATYMK BKJIIOYAET B CEOsT: 1) PpakTanibHyIO
KATYIIKY-TIEPEAATUNK C YITYUIIEHHBIM KO3(M(MUITUEHTOM
OTHOULIEHHN CUTHAJI/IIIYM, OXBATbIBAIOIIUM I[N POKU
JUHAMUYECKUN TUANIa30H CUTHAJIA (CUCTEMA MOXET ObITh
aJaIITUPOBAHA 10, PA3HBIE CKOPOCTH CITYCKA U PA3HYIO
MPOCTPAHCTBEHHYIO PA3PEMIAIONIYIO CITOCOOHOCTD JIIA
Pa3NUYHBIX TPYO); 2) CHHTE3UPOBAHHYIO ANIEPTYPY IIPHUEMHOI
Karymky (RX) 1711 To1aBIeHUS TyMa OT IIOOOYHOI'O IBHXKECHU S
MHCTPYMEHTA,; 3) KATYIIKY C IIHPOKOM IPOCTPAHCTBEHHOU
ANIEPTYPOH, KOTOPAA B COYETAHNH C AJIEMEHTAMU 1) 1 2)
MO3BOJIAET NOJABIIATH IOMEXH OT OCTATOYHOM
HAMATHUYEHHOCTH BHYTPEHHEH TPYObI O€3 BIIMSAHUS HA
MPOCTPAHCTBEHHYIO PA3PEMIAIONIYIO CTOCOOHOCT;

4) «MaJIBIF» U3BMEPUTENBHBIN IPEOOPA3OBATEND JJIsI
ONPEJENEHNA IEKTPOMATHUTHBIX CBOMCTB C LIEJIbIO BHECEHUA
MONPABOK B JAHHBIE UCCIIEAOBAHMS.

Pe3ys1bTaThl JA00OPATOPHBIX U ITOJIEBBIX UCIIBITAHUI B
COYETAHNH C PE3YJIBTATAMU MOJEIMPOBAHUA TTIOKA3AJIH, YTO
HOBBII THCTPYMEHT MOYKET U3MEPUTD TOJIIUHY IIATH TPYO OT
HAUMEHBIIIETO JUAMETPA 73 MM IO MAKCUMAIBHOI'O JUAMETPA
660 MmM. Kpome TOTro, TIO CPABHEHHUIO C MHCTPYMEHTAMU
NPEBIAYIIETO ITOKOJIEHHA CKOPOCTD PErUCTPAUH JAHHBIX
MOXET OBbITb 3HAYUTEJIbHO YBETUYEHA.

Cekuus 9. CNycK UHCTPYMEHTOB
Ha Kabene. Pa3paboTkun, obnacrn
NPUMeHeHNs, TEXHNYeCcKne peLueHus

B oannoti cexuyuu npeocmaenervl O0KNaokb.,
nocesuerHole PoONeMAM, BOSHUKAIOUUM
80 8DeMA CMAHOAPIMMHBIX U HECMAHOADIHBIX
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understand how the pipe will responding. The
objective of this paper is to clarify some of these
issues and demonstrate a simplified calculation tool
for field engineers to use when critical decisions
need to be made quickly.

Session 8. Knowledge Sharing
ePosters IV

Knowledge Sharing ePosters allow one-
on-one interactions with presenters
and opportunities to study a particular
concept at an appropriate level of
detail. Subject matter varies, but topics
are consistent with the other technical
sessions.

An Advanced Technique for Simultaneous
in Situ Inspection of Multiple Metallic
Tubulars

Yanxiang Yu, William Redfield, Nicholas Boggs,
Kuang Qin, Marvin, Jeff Olson, GOWell International,
LLC; Mosunmola Ejike, Fluor Federal Petroleum
Operations

A new pulsed eddy current (PEC) —
electromagnetic (EM) based tool called the
enhanced Pipe-thickness Detection Tool (ePDT)
has been introduced for multiple pipes’ corrosion
inspection. The tool can measure the metal
wall thickness of five concentric pipes with the
maximum outer diameter (OD) up to 26". This
capability and ePDT's unique configuration
provide the most advanced downhole solution for
tubular evaluations of production, injector and
gas/oil storage wells. The ePDT features a 2"

(51 mm) OD with ratings of 350 °F (175 °C) and
20,000 psi (138 Mpa).

The innovative sensor of ePDT incorporates: (1)
A fractal transmitter (TX) coil array that improves
the tool's performances with enhanced signal-to-
noise ratio (SNR) covering a wide signal dynamic
range, and adaptability for various logging speeds
and spatial resolutions for varying pipes; (2)

A synthetic aperture of the receiver (RX) coil
array for noise compensation from extraneous
tool motion; (3) A wide-spatial aperture RX coil
array which when combined with (1) and (2)
allows for compressing the inner pipe remnant
magnetization interferences without sacrificing
spatial resolution; (4) A "shallow" measuring
transducer to detect EM properties for logging
data corrections.

The results from lab tests and field trials
combined with simulation indicate that the ePDT
can quantitatively measure 5 pipes from 2-7/8"
as the smallest tubing to the maximum outer
casing with the OD of 26". In addition, the logging
speed can be significantly increased compared to
previous generation tools.



BHYMPUCKBANCUHHBLX PAOOM C Kabeem, U
MEXHUMECKUM DEULCHUAM IMUX 1POOTIEM.
Paspabomixa Ho8020 000PY00BaHUA U
120000p Memoo08 e20 OOCMABKU 8 CKBAICUM))
1POBOOUNIUCD C UCTIBIO ONIMUMUSAUUL
BHYMPUCKBANCUHHBIX DAOOM. JJOKAA0UUKL
OAHHOLL CeKUULU ONUCHLBAIOM PEaIbHbLe
npoGaemMbL, BOSHUKULLE 80 6DEMSL NOJIeEbLX
pabom, a maraice onvim NPUMEHEHUA KADeIbHbLX
MEXHONI02ULL, KOMOPbLE O30 UL ) CHEULIHO
BLINONIHUING NOCMABLCHHbLE 3A0AMU.

HHCTPYMEHT TOYE€YHOI'O CBEPICHU A — HOBBIH
HMHHOBAITUOHHBIN MOAXO0, K BCKPBITHIO IIACTOB C
IIOMOIIBIO CBEPJICHH A OTBEPCTHIL B 0A30BOM TPyOE
ceruyaroro ¢pmwirsrpa wia B HKT/00cagHOM KOJIOHHE

Denen Hoxan Mazryccen, Buoap Xayeen, Camar Capoas,
One Doeuno, D0ou Kapacen, TIOS; Jlapc Busapre Hopoadrc,
Top Kpucmuan Xoncm, Equinor

VICIIONIb30BAHUE ANIEKTPUYECKOTO MHCTPYMEHTA,
CITYCKAEMOT'O HA KA0€JI€, ABISAETCS IPOBEPEHHBIM, 6€30ACHBIM,
3(pPEKTUBHBIM U HAJIEKHBIM CIIOCOOOM CBEPJIEHUS OTBEPCTUH
B 6230BOI TPYHE NECYAHBIX (DHUIETPOB.

B cTarbe ONMCaH ONBIT PA6OTHI HA MECTOPOXK/ICHUH
HOPBEKCKOT'O KOHTHHEHTAIBHOI'O MENb(A B CKBAXKUHE, B
KOTOPOU IIPOU3OILIO 3AI'PA3HEHUE IIPOTHUBOIIECOYHOI'O
dunsrpa Japcu omnoxeHuamMu. PuisTp Jlapcu ABsIeTCs
pacHIMpsaEMBIM, THAPABINYECKA AKTHBUPYEMBIM
IPOTHUBONECOYHBIM (PHJIBTPOM. [IJ151 CBEPIIEHU OTBEPCTUI B
6a30BOY TpyHE (PUIBTPA U BCKPBITUS IIJIACTA OB UCTIOJIb30BAH
ANIEKTPUUECKUI (PPES, CITYyCKAEMBIH Ha Kabene. MTHCTpyMEHT
JIOJIZKEH OBLI ObITh OCHAIIICH HA/IC5KHBIM AHKEPHBIM
YCTPOHCTBOM 11 OOECTIEYEHH A YCTOMYHUBOCTH (Ppe3a U
TOYHOCTHU CBEPJIEHH S, YTOOBI IIPEJOTBPATUTD HOBPEKICHUE
(PUIBTPYIOMUX JIEMEHTOB HIKE. B CTAThE NMOKA3aHO, 4YTO
KOHCTPYKIIHS aHKEPHOI'O YCTPOUCTBA U (PPEIEPOBOUHOTIO
MOZY/SI COOTBETCTBYET 3A5BJIEHHBIM TPEOOBAHUAM.
IIpencrasiaeHa OCAEAOBATEIBHOCTD ONIEPALIMIHI, B KOTOPOH
NPOCBEPJIEHDI ABE CTAAUU HA PA3HOM INIYOMHE C 13 OTBEPCTUAMU
O KPYTY HA KKJO0U cTaanu. Ha MOMEHT Ty6IMKAIIUU 3TOMH
CTaTbU YPOBEHD JJOOBIYH TOM CKBAXKUHBI EIIE HE U3BECTEH, TAK
KAaK CKBa’KMHA €I11e He ObLIa TOBTOPHO BBEJIEHA B KCILTYATALIHIO.

Hcriorp30BaHHE KOMOHHAIIHNH 3200 HOH KaMePhI H
KaBepHOMepa Ha KabeJIe O CKBa*KHHHBIM TPAKTOPOM
JIJISI IICCIEJOBAHUS IIPEISITCTBUS HA OOJIBIIOH I'TYyONHE B
TOPH30HTATBHOM YYACTKE CKBAXKHHBI

Onnucon s, Anaoapro, Tannep Haxcon, EB.I9pu Mappuin,
Bpartian Ilsearuy, Bpanoorn LLmpyooepe, Welltec

ITpu ciycke nepgoparopa ¢ MpoOOKOH /111 IPOBEACHU S
MHOIoCTaAnMHOIO I'PIT B rTOPU30OHTAIBHOM CKBAXKITHE
mIy6rHO 7190 M B 3ammajHOM Texace 3aKa34MK CTOIKHYJICA C
MIPENATCTBUEM B CTBOJIE CKBAKUHBL. CITYCK MIA6JI0HA JUAMETPOM
95 MM Ha THKT 60 MM 3a(bUKCHPOBAT pa3rpy3Ky Beca Ha
ry6uHe 5567 M. CITyCK M1abIoHa AUAMETPOM 76 MM IHPOIIIETT
JAHHYIO ITTyOUHY CBOOOAHO. [17151 OTIpeeeHn s IPUYHUHBI
CY>KEHMS CTBOJIA 3AKA3YUKOM OBUIO IPUHATO PEIIEHUE
IIPOBECTH CITYCK 3260HOM KAMEPBI U MHOI'OPBIYAXKHOI'O
KaBepHOMEPA. OTHAKO U3-34 HEKOTOPBIX IIPOOJIEM, CBA3AHHBIX C
HegoxoxaeHneM 'HKT B ropr30HTA/IbHOM CTBOJIE, IIPOOIEMaMU

Session 9. Wireline Developments,
Applications and Solutions

Papers presented in this session will
Jocus on challenges faced, and solutions
provided, during routine and non-
routine field operations. The tools
developed and the conveyance methods
utilized were chosen to optimize
operational success in interventions.
Speakers will present actual well

issues and case histories, which will
demonstrate how the application

of wireline technology bas enabled

the successful delivery of downhole
intervention objectives with wireline
applications.

TECHNOLOGIES

A Precision Drilling Tool - A New
Approach to Open for Production by Using
a Novel Method to Drill Holes Through Base
Pipe in Sand Screen or through Tubing/
Casing

Espen Joban Magnussen, Vidar Haugen, Saman
Sarbaz, Ole Edvind Eddie Karlsen, TIOS; Lars
Bjarne Nordaas, Tor Kristian Holst, Equinor

The use of an electric drilling tool deployed
on wireline is shown to be a safe, efficient and
reliable method to penetrate the base pipe in sand
screens.

In the case study presented in this paper, a
well on a field on the Norwegian Continental
Shelf, completed with a Darcy sand screen that
was clogged due to scale. A Darcy screen is an
expandable hydraulically activated sand screen.
An electric drill deployed on wireline was used to
drill holes through the base pipe of the screen and
into the flow channels to open for production.
The tool needed a sufficient anchoring capacity
for keeping the drill bit steady as well as accuracy
of the drilling process to prevent damaging the
underlying filter media. Both the anchor and
the drill section of the drilling tool deployed
are shown to be designed to meet these
specifications. The sequence of the operation is
presented, where two circular patterns at different
depths with 13 holes each are drilled. At the
time of publishing for this paper, the results on
production from this operation is not yet known,
as the well has not started producing again.

Long Lateral Restriction Diagnosed by
Camera-Caliper Combo on E-Line Tractor in
One Run

Allison Lay, Anadarko; Tanner Paxson, EV; Gary
Murrill, Brian Schwanitz, Brandon Strubberg,
Welltec

An operator in west Texas experienced an

} obstruction pumping down a plug and perforating
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TECHNOLOGIES

C HOHUBUTEISIMU TPEHUS, CIOKHOCTBIO 3AITHUCH JAHHBIX
4BTOHOMHBIMH IPHOOPAMHU M HEBO3MOXKHOCTBIO ITPOBECTH
MOBTOPHOE UCCIIEIOBAHUE HHTEPBAJIOB, IO KOTOPBIM JJAHHBIC
OTCYTCTBOBAJIH, IOCTABIIHUK 3200HHOI KAMEPBI PEKOMEHJOBA
MPOBECTU UCCJIEJOBAHUE B PEKUME PEAIBHOTO BDEMEHU HA
IIEKTPUUECKOM KA6ETIE C TPAKTOPOM.

Ilepes CIyCKOM B CKBA’KMHY OBbLIO IIPOBEJICHO UCITBITAHNE

KOMOHMHHUPOBAHHON KOMIIOHOBKH TPAKTOPA, KABEPHOMEPA

U 3260MHOM KaMepbL B 06caiHyI0 KOJIOHHY 140x114 MM €

MOBEPXHOCTH 3aKAYUBAJIACE IIPECHAS BOJA JIJIS1 OOECTIEYEHU S

KAa4eCTBEHHOI'O BUJIEOM300PAKEHHUS C 3a60MHOI KaMephL [1pu

CITyCKE KOMOMHHUPOBAHHOM KOMIIOHOBKHU HA TPAKTOPE OBLIO

BBISBJIEHO HECKOJIBKO NTEPETAHYTHIX COEJUHEHHUI OOCATHBIX

TPYO, 2 TAKIKE U3TUOBI KOJIOHHBI HAJl 9TUMHU CEKIIUAMU.

KauecTBEHHOE N300Pa’KEHUE C 3300MHON KAMEPBI ITO3BOIHIIO

YCIENTHO ONPEJETUTD NPENATCTBHE B CTBOJIE. ObIIee

NPOUAEHHOE PACCTOSTHUE IIPU CITYCKE YEPE3 IEPETAHYTHIE

COEMHEHUS O6CATHBIX TPYO COCTABIAIO0 3067 M. KOMITOHOBKA

6bIJId CITYINEHA 710 TIYOUHBI 7166 M.

BriepBble B UCTOpUH 3200 HAS BUJICOKAMEPA ObLIA CITYIIICHA

B CKBXXUHY B OTHOI KOMIIOHOBKE C MHOT'OPBIYaKHBIM

KaBEPHOMEPOM U CKBAKMHHBIM TPAKTOPOM Ha Ka0eJIe 32

OJJHY CITyCKO-TIOZ/bEMHYIO ONIEPAUIO. laHHAA TEXHOJIOT U

NPEJCTABIAET CJIEAYIONUE IIPEUMYIIECTBA:

* [IpoBeneHne reO(pPU3NIECKUX UCCIIENOBAHNUMN C 3AITHUCHIO
JAHHBIX B PEAJIBHOM BPEMEHH C BO3MOKHOCTBIO IIOBTOPHOT'O
HUCCIENOBAHUA NPOOIEMHBIX Y9ACTKOB CKBAXKHBL

o JI1s1 JOCTHKEHM S OOJIBIION ITTYOMHBI TOPU3OHTAJIbHBIX
CKBA’KHH HE TPEOYIOTCA TIOHU3UTENN TPEHU, KOTOPBIE
YXYAIIAIOT KAYECTBO U300PAKEHUS C 3a00MHOM KAMEPBIL.

e HeTr nnpo6iiem CO CIUPANEBUHBIM CKPYYHUBAHHUEM I'MOKUX
TpyoO.

* KOMIaKTHOCTD YCTBEBOI'O OOOPYIOBAHUS JJIS IPOBEJEHA
reo(PU3NIECKUX UCCIIEJOBAHUI B HECKOJIBKMX CKBA’KMHAX HA
OIJHOM KYCTe.

¢ Tlo cpasrenuio ¢ THKT nipy MCIOIBb30BAHHUU CKBA)KMHHOI'O
TPAKTOPA BEPOATHOCTD IMOBPEXKIEHUA T€O(PU3NIECKUX
MHCTPYMEHTOB IIPU IIPOXOXKIAEHUN YePE3 CYy’KEHUA CTBOJIA
MEHBIIIE.

B cTarbe ONUCBIBAIOTCS NOAPOOHOCTH JAHHOU PAa60THL U

JAETCA NPEACTABJIEHUE O ITIOTEHITUAJIbHBIX BO3MOXHOCTAX

UCIIONIb30BAHUSA TAKOM TEXHOJIOIMU B OTPACIH.

CTBIKOBOYHAs CHCTEMA ITeP(POPALTHH CO BCTPOCHHOH
(yHKIIH€eF 3a1THCH JAHHBIX B PEAJTFHOM BPEMEHH

Kapnoc Doyapoo I'yaoec, Mapcus bernasuoec, Kapnoc baymar,
Depraroo I'apcua-Ocyna, [apug Aboensraza, 3yxup Sayan,
Cauo Ane Pacou, Motisec Cmapm, Schlumberger

B naHHOM cTaThe NpeACTaBIEHDb] PE3YILTATDI
MOJIEBBIX PA6OT C IEPBOU NEPPOPALUOHHOIN CUCTEMOH,
UHTEI'PUPOBAHHON C IPUOOPOM JJIs1 KOPPEIALUU ITTyOHHBI
1 MOJIYJIEM BBICOKOCKOPOCTHOTI'O U3MEPEHUSI B PEKUME
peasbHOrO BpeEMEHU. JITaHHASI CHCTEMA ITO3BOJISIET BO
BpeMs neppopaniy Noay4daTh U IEPE/IABATh JAHHBIC HA
MOBEPXHOCTD B PEKUME PEATBHOI'O BpEMEHU. CTBIKOBOYHAS
cucreMa nep@doparopa ¢ MOAYJIbHON KOHCTPYKIUEH
MIOBBINIAET OE€30MTACHOCTD, 3(PPEKTUBHOCTD U HAJIEKHOCTh
pabot. I3mepeHue 3a601HBIX YCIIOBUH B PEAJIBHOM BPEMEHU
MO3BOJISIET IEPEAABATD HA MOBEPXHOCTD JAHHBIE O 1ABJICHUH
B CTBOJIE CKBAKMHBI U COCTOSIHUH ITUHAMMNYECKO IENPEeCcCU
WU penpeccuu 11 3pPEeKTUBHOIM OYNCTKH KAHATIOB
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gun combination on a multi-stage frac operation
in a 23,600-ft lateral. Following a 3.74" OD gauge
run with 2-3/8" coiled tubing (CT), which hung
up at 18,266 ft, a 3" gauge run was able to pass
the holdup depth (HUD). To determine the cause
of the restriction, the operator decided to run
avideo camera and a multi-finger caliper tool.
However, due to some concerns with CT reach
in the long lateral, issues with friction reducers,
undesirable memory timers for recording the
logs, and the inability to repeat logging in zones
of interest or missing data, the camera provider
recommended the logging be performed in "real
time" on an electric-line (e-line) tractor.

A shop systems integration test of the combined
tractor, caliper and camera was performed
prior to running in the well. Clear fluid (fresh
water) was pumped down the 5.5"x4.5" casing
from surface to obtain quality video downhole.
Upon running the live system with the tractor,
several over-torqued collars were identified
as well as some buckling above those collars.

The images were clear, and the problem areas
were successfully identified. The total distance
tractored was 10,063 ft, passing through the bad
collars to the total measured depth of 23,511 ft.

This was the first time that a downhole video
camera was run in combination with a multi-
finger caliper tool on an e-line tractor in one run.
This service benefits the industry in the following
ways:

Flexible logging program with real time
diagnostics and decisions on additional passes in
problem areas.

No fluid darkening friction reducers necessary
to achieve long lateral total depth.

No CT helical buckling concerns.

Small foot print for logging program on multi-
well pads.

Less chance of damaging logging tools on
tractor than on CT if obstructions encountered.

This paper describes the operational details of
this case and offers insights into the potential uses
for such a service to the industry.

Docking Perforating System with
Integrated Real Time Downhole
Measurements

Carlos Eduardo Guedes, Marcia Benavides,
Carlos Baumann, Fernando Garcia-Osuna, Sharif
Aboelnaga, Zoubir Zaouali, Said Al Rasbi, Moises
Smart Schlumberger

This paper presents field results of the first
well perforating system integrated with a
depth correlation and real time high-speed
measurements device, this tool acquires and
transmits downhole data to surface in real time
while perforating. The docking gun system with
plug-in design improves operational safety,
efficiency and reliability, whereas downhole
measurements help to obtain maximum



nepdopanuu /MM CTUMYJISALUNA HHTEPBAJIOB.

Hosas nepopalinoHHast CUCTEMA COCTOUT U3 ABYX
OCHOBHBIX KOMIIOHEHTOB: CTBIKOBOYHBIH MOZIYJIb 1
YCOBEPLIEHCTBOBAHHBIN U3MEPUTEIBLHBIN MOJY/Ib.
CTBIKOBOYHBIN MOZY/Ib COCTOUT U3 KOMITAKTHOM, CMEHHOL
U 3AIUIIEHHON OT IEUCTBUA PAJUOIACTOT 3AMATBHON
CHCTEMBI /151 OIMHOYHOM X MHOT'OCTA/IMHHON NTEpOPATTHHN.

B KOMITOHOBKE HET JIEPKATENIEN 3APAJIOB, 4 TAKXKE HET
HEOOXO/IMMOCTH YCTAHABJIMBATH JICTOHATOPHI HA pabovei
IUIOIIA/IKE, UYTO CHHUIKAET BIIMSTHUE YEJIOBEYECKOT'O (PAKTOPA

U IIOBBIIAET OBIIYIO 6E30ITACHOCTD, 3(PPEKTUBHOCTD U
HAJIEXKHOCTD PAOOTHL YCOBEPIIEHCTBOBAHHBIN NU3MEPHUTEBHBIN
MOJ1YJIb PETUCTPUPYET OBICTPO MEHAIONIEECS JABJIICHUE B
CTBOJIE CKBAXKUHBI, AMIUIUTYAY IIMKOBOT'O YCKOPEHMUS, A TAKIKE
HU3KOYACTOTHOE IABJIEHHUE, TEMIIEPATYPY, TAMMA-U3JIyYCHUE
U JIOKALTUIO MYy(PT O6CATHOM KOJIOHHBL MI3MEpEHUS 3TUX
MapaMETPOB MO3BOJIAIOT B PEAJIBHOM BPEMEHU AHAJIU3UPOBATD
CKBAXKUHHBIE YCJIOBUA JJO, BO BPDEMS U IIOCJIE IEP(POPALTAH C
TOYHON KOPPEJIALINEN TTTyOUHBI JAXKE B OOCAJHBIX KOJIOHHAX
OOJBIINX PA3MEPOB U C BEICOKHM COJIEPyKAHUEM XPOMA.

CTBIKOBOYHAS CUCTEMA IIEP(POPALTAU ITOKA32JIA OUEHD
BBICOKYIO 3(D(PEKTUBHOCTH B ITOJIEBBIX YCJIOBUAX, IOBBICUB
6€3011aCHOCTb, 3(PPHEKTUBHOCTD U HAJICKHOCTb PAOOT U B TO JKE
BPEMS MAKCUMAJIBHO YBEJIMYUB IIPOU3BOJUTEIBHOCTD. CITyCK
JTAHHOI CUCTEMBI B CKBAXKUHY MOXKHO ITPOU3BOAUTD C ITIOMOIIIBIO
Kabesns, Tpakropa unu 'HKT ¢ kabenem. HoBast CTBIKOBOYHAs
KOHCTPYKIUS CUCTEMBI CHUKAET BIIMAHHUE YEJIOBEYECKOTO
(aKkTOpPa ¥ PUCK ABAPUIT K OTKA30B OOOPYJOBAHUSA HA PA6OUETH
onjajike. JJaHHast CUCTEMA TAKKE IO3BOJISIET YBEIUYUTD
JUIMHY KOMIIOHOBKH IEP(OPATOPOB, CITYCKAEMYIO 34 OTHY
CIIO, 1 NOBBICUTD 3P(PEKTUBHOCTD paboT. Kpome Toro,
U3MEPEHUS B PEAJIBHOM BPEMEHH HU3KO- U BBICOKOYACTOTHOT'O
JIaBJIEHUS B CTBOJIE CKBAKUHBI IIO3BOJISIIOT OIITHMU3HUPOBATH
O4YHCTKY IEP(POPATMOHHBIX KAHAJIOB U CTUMYJISLIAIO
UHTEPBAJIOB, IOBBIIIAS [IPOU3BOUTEIBHOCTD M CHHYKAsI OOLIYIO
CcebeCTOMMOCTD JOOBIYN HEPTH.

HHHOBaItHOHHA, 3()(EeKTHUBHAS YCTAHOBKA U
H3BJI€4E€HHE KOMIIOHOBKH CIBO€HHOI'O MaKepa ¢
HCITOJAB30BAHHECM MEXAHHYCCKHX HHCTPYMECHTOB HA
EKTPUICCKOM Kadere

Cnuroapm Mypuu, O00 Ditnap Mazryccern, Cmuan Xaanaro,
Mapmurn Compesur, Altus Intervention; Mopmer Ocmesur,
Interwell

JIO6BIBAIONIAA KOMITAHUA IOCTABUIIA 33/1a49y IIPOBECTH
BHYTPUCKBA’)KMHHBIE PAOOTEI C UCIIOJIb30BAHHUEM CABOEHHOT'O
[TAKEPA HA OHOM U3 I1aTPOPM B CEBEPHOM MOPE — PAOOTHI
JOJIKHBI ObLJIN BKJIIOYATD KAK YCTAHOBKY, TAK M U3BJICYEHNE
KOMIIOHOBKU. B pamMKax 3TO¥ 321441 JOOBIBAIONI A KOMITAHU S
MIPOBOJMIIA TOUCK MHHOBAIIMOHHOI'O PEMEHNA I
BBITNTOJIHEHU A 9(PPEKTUBHON ONEPALIMU, KOTOPOE O6ECIIEUNBATIO
OBl SKOHOMHUIO BDEMEHU U CPEACTB. ITepBOM paboTOoI],
ONHCAHHOM B CTATHE, ABJIAECTCS YCTAHOBKA KOMIIOHOBKH
CABOEHHOTIO ITaKkepa. M3-3a OrpaHUYEHUN 10 BBICOTE JIJIA
MOHTA3K4 IIPHU CITYCKE HA THOKUX TPYyOaX IIOTPEOOBATIOCH ObI
JeBsaThb CITO 115 yCTaHOBKM KOMIIOHOBKHY JUIMHOM 100 M. Bropas
paboTa BKJIIOYaJIa B Ce6s1 U3BJICUCHUE YCTAHOBJIECHHOM Ha
MaJIOH INIyOHMHE KOMIIOHOBKH CIBOEHHOT'O ITAKEPA, YCTAHOBKY
Npo6KU U cozfianue orsepcTuil B HKT ¢ 11€/1610 KOHCEPBALUY
CKBAXUHBL B 3TOI CKBAXXUHE I/ U3BJIEYEHUA CIBOCHHOI'O
MaKePa HEOOXOAUMO ObIJIO CHAYAIA OYUCTHUTD HAJTIAKEPHOE

well productivity by providing real-time
downhole wellbore pressure, transient dynamic
underbalance and/or overbalance for perforation
cleanup and/or well stimulation.

The new perforating system consists of two
main components: a docking gun system and an
advanced measurements module. The docking
gun system consists of a compact, plug-in, radio
frequency safe, addressable firing system for
single and multi-zone sequential perforating
applications. The system eliminates port plugs and
wellsite arming of detonators, reducing human
error and improving overall safety, efficiency, and
reliability. The advanced measurements module
provides high-frequency transient wellbore
pressure, peak acceleration amplitude, and low
frequency pressure, temperature, gamma ray, and
active casing collar locator. These measurements
enable real time confirmation of downhole
conditions before, during, and after perforating,
with accurate depth correlation even in high
chrome tubulars and large casing sizes.

This instrumented docking gun system
delivered an outstanding field performance,
adding value to operators by increasing safety,
efficiency and reliability, while at the same time
maximizing productivity. This instrumented gun
system can be deployed with wireline, tractor
or electrical coil tubing. The new docking gun
system design reduces human error and the risk
of wellsite accidents and failures. With this system
we also maximize gun length deployment per
run and operational efficiency. In addition, real
time downhole measurements of low- and high-
frequency wellbore pressure allow optimization
of perforating cleanup and stimulation,
maximizing productivity and reducing the overall
cost per barrel produced.

TEXHOJIOI'MU

Innovative, Efficient and Effective
Straddle Packer Assembly Deployment
and Retrieval Using Electric Line Powered
Mechanical Technologies

Stuart Murchie, Odd Einar Magnussen, Stian
Haaland, Martin Scetrevik, Altus Intervention;
Morten Ostevik, Interwell

An operator required straddle related
interventions to be carried out on one of their
platforms in the North Sea, for both straddle
retrieval and straddle deployment purposes. For
these they were seeking innovative solutions to
deliver more efficient and effective operations
providing time and cost savings. The first
operation described in the paper was a straddle
packer deployment, which, done conventionally
using coiled tubing, would have required nine
runs to install the 100-meter assembly. This
was due to the limited rig up height available.
The second operation was to pull a shallow set
straddle before setting a plug and punching the
tubing as part of a plug and abandon operation.
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IPOCTPAHCTBO OT CKOMUBIINXCS OTIOKEHUI.

st 06enx oneparmi 6pUI0 pa3padboTaHO PENICHHUE,

KOTOPOE NMO3BOJISLIO HPEOAOIETh TPYAHOCTH, XAPAKTEPHBIE
JUIS TAKUX TPAJUILIMOHHBIX METO/IOB, KAK CITYCK Hd TUOKUX
TPyOaxX WIH KaHaTe. B mepBoi padoTe (YCTAHOBKA CIBOEHHOT'O
MaKepPa) B KOMIUIEKCE C KOMITOHOBKOI MAKEPA UCTIOJIb30BAJICS
CKBAKUHHBIIN TPAKTOP, CITYCKAEMBII HA SJIEKTPUYECKOM
Kabere. I3MepeHne HATKEHU S /CKATUS TPAKTOPA B PEKUME
PEATBHOTO BDEMEHHU I'APAHTUPOBAJIO TOYHYIO YCTAHOBKY
MaKepa ¥ TOYHOE U3MEPEHHE 3ATSKKU BECA JJIs1 IPOBEPKU
KOPPEKTHOI YCTAHOBKU. JJaHHOE TEXHUYECKOE PEIIEHNE
06€ECIIEUNIIO YBEIMUYEHHYIO BBICOTY 151 COOPKU KOMIIOHOBKU U
BO3MOKHOCTD HCHOJIb30BAHUS PA3/IE/IUTEIbHBIX ITATPYOKOB JI
COOPKH KOMITOHOBKH, YTO ITO3BOJIUIIO BEIIOJIHUTH YCTAHOBKY
BCEX CEKILIUH KOMIIOHOBKU 34 MEHbIIIEE KOMHUYeCTBO CIIO.

B oTHOIIEHNH BTOPOX PAOOTHI (U3BIEYEHHUE CJBOECHHOTO
aKepa) Ay yoaJIeHU OTJIOKEHNH, KaK IIPABUJIO, UCTIOIb3YETCSA
TPaJULIMOHHBIA METOJ] CKPEOKOBAHMA HA KAHATE — METO/,
TPEOYIONUI 6OIBIIOIO KOJIMUECTBA BDEMEHU C HECKOJIBKUMH
CITO. BmecTO 3TOro 6bl/Ia UCIIOIb30BAHA KOMITOHOBKA JJIS
YIJIEHUSA OTIIOKEHUI, CITYCKAEMast HA Kabele, KOTOpast
MO3BOJINJIA BBITIOTHUTD PA60TY 32 HECKOJIBKO Y4COB.
TpaAUIIMOHHBIN METO/] TIOTPEOOBAJI OB HECKOIBKO HEN. [Tpu
CcOOpE KOMIIOHOBKHU YYUTHIBAJIOCH PACIIONIOKEHUE JJIEMEHTOB
JUIS yCIIEMTHOT'O ITPOXOXKJEHHA YEPES ITPOTUBOBBIOPOCOBBIN
npesBeHTOop. Kpome TOro, B KOMIIOHOBKE /1T U3BJIEYEHH A
CABOEHHOTO MAKePa ObLI IPENYCMOTPEH AC, AKTUBUPYEMBIA
HOCPEACTBOM KAOEISL.

IIprMeHEHME TEXHOIOIUH Ha KA0eJIE€ TOBBICUIIO
3(pPEKTUBHOCTD pabOTHL [IepBas paboTa IO YCTAHOBKE
KOMITOHOBKH C[IBOEHHOT'O ITAKEPA ObLJIA 3aBEPIIEHA BCETO 32
mecTsb CITO. TIpy nCcronp30BaHUU I'MOKUX TPYO HOTPEOOBAIOCH
Ob1 1eBATH CI1O. TaKuM 06pa30M, SKOHOMHUSI BDEMEHU
COCTABWJIA TIOYTHU JIBOE CYyTOK. 1JI1 ONTUMM3ALIUU ITPOLIECCA
CIIYCKa KOMITIOHOBKU Ilepe/] pabOTOH OBLIO IIPOBEAECHO
MOJIE/IMPOBAHME. J1JIs1 BBIITIOJIHEHUSI BTOPOU Pa60THI ObLIa
HCIIOIb30BAHA KOMIIOHOBKA C OYMCTHBIM (PPE3OM, KOTOPAs
BKJIIOYAJId COOPOYHBIE KAMEPBI, HCTIOJIb3yEMBbIE UCKIIOYUTEIBHO
JUIs yCTIEITHOT 'O ITPOXOXKEHHM A YEPES IIPEBEHTOP.
KOHCTPYKIIMs1 KOMIIOHOBKH TAKKE OOECIIEUMIIa HEOOXOJUMOE
LIEHTPUPOBAHUE BO BpeMs paboTel (Ppe30M. [TOCKONIBKY
JaHHAasA paboTa MPOBOAUIIACHE B BOAOOTAEIIAIONEN KOJIOHHE,
TEXHUYECKUE XAPAKTEPUCTUKU TUPABIMYIECKOIO MACIIA ObUIN
ONTUMHU3UPOBAHBI 151 pa0OTHI IIpU TeMneparype 1 °C.

IMpenMyImecTBa UCIONIb30BAHMA TEXHOJIOTHUH CITYCKA
MEXAHWUYECKUX MHCTPYMEHTOB HA 3JIEKTPUYECKOM Kabesie OblIn
OYEBH/IHBI B O6EUX Ollepanuax. TOuHOE U3MEPEHHUE ITTyOHUHBI U
OBICTPOE YIIPABJIECHUE 3A00MHON KOMIIOHOBKOH ITOCPEACTBOM
KOMAaH/I C YCTBS 1O AIEKTPHUUECKOMY KAOEJTIO TTIO3BOINIIN
MTOBBICUTb TOYHOCTD U YIIPABISIEMOCTD OIIEPAIIHH, B TOM YUCTIE
IIPU OTOUBKE 320051 6€3 INOBPEXKACHHUI KOMIIOHOBKH CIBOCHHOI'O
nakepa. O6e paboTsl ObIJIN BBIIIOIHEHBI YCIICIITHO.

dpe3epoBaHHE BHYTPHUCKBAXKHHHOTO KJIallaHa-
OTCEKATEJIA C HCIIOJIb30BAHHEM 3IEKTPHIECKOIO KaGessa

Catipyn Xepusanmo, lamap Iparotio, Medco E&P Natuna Lid;
Cypoa llympa Illpu Cymama, PT Welltec Oilfield Services

B 3101 cTaThe ONMCcaH ONbIT YCIEHTHOI'O IIPUMEHEHU S
Kabes 1715 (ppe3epoBaHMs JUCTAHIIMOHHO YIIPABJISAEMOIO
BHYTPHUCKBA>KMHHOI'O KJIalaHa-oTcekarensa (SCSSV),
KOTOPBIH B CKBAKWMHE OTCOEJUHUIICA OT IapHUpa. Kinanax
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Here, scale had accumulated above the straddle
which first needed to be removed to enable the
removal of the straddle itself.

For both operations, a solution was devised
that overcame the challenges and inefficiencies
of the more traditional methods, be that using
coiled tubing or slickline. In the first (straddle
packer deployment), an electric line tractor was
used to aid in-well straddle assembly. The tractor's
real-time tension/compression readings would
provide accurate and controlled deployment
and a precise measurement of the over-pull
verification once set. The solution provided
more rig up height, enabling surface assembly
of spacer pipe sections, hence fewer runs for the
full straddle system deployment. For the second
(straddle packer retrieval), historically such
scale removal would be performed by slickline
broaching — a time consuming multi-run method.
Instead, an electric line powered debris removal
tool string was used, removing the scale in hours
instead of days. Critical toolstring space-out
through the blowout preventer (BOP) stack was
managed. Furthermore, an electric line powered
stroker was used to retrieve the straddle sections.

The application of electric line based
intervention technologies provided direct and
indirect efficiencies. In the first operation,
the electric line deployment of the straddle
packer assembly was completed in only six runs
compared to the nine runs required if coiled
tubing was used, which delivered a time saving of
almost two days. Pre-job simulations were carried
out to optimise the deployment tool string design.
During the second operation, the cleanout mill
string, with collection chambers added purely
to manage the string space out through the BOP
stack, also provided better centralisation for the
milling operation. With this operation occurring
within the marine riser section, hydraulic oil
specification was optimised for 1 °C operation.

Advantages brought about through the use of
electric line deployed powered mechanical tools
were apparent in both operations. The depth
resolution, coupled with the real-time surface
read-out toolstring command — provided by
electric line — enabled fast, precise and controlled
operations, including delicate straddle tagging
without risk of damage. Both operations were
executed successfully.

SCSSV Flapper Milling Using E Line
Solution

Syabrul Heriyanio, Damar Pracoyo, Medco E&P
Natuna Lid.; Surya Putra Sri Sutama, P1. Welltec
Oilfield Services

This paper discusses the success of an operation
involving E-line unit to mill Surface Controlled
Subsurface Safety Valve (SCSSV) flapper on a
well, which has been detached from its hinge.

The flapper has become obstruction to well



CTaJI IPEMATCTBUEM B CTBOJIE CKBA’KHUHBI, KOTOPOE MEMIAJIO
IPOBOJUTH PA6GOTHI IO AKTUBALIUU CABIKHBIX MY(T, YTO

B KOHEYHOM UTOI'€ MOITIO HETATUBHO CKA34ThCsI HA YPOBHE
IOOBIYU CKBAKUHBI.

HHpopManus 0 TOM, YTO KJIAIAH CTaJI IPUYUHON CYy>KEHU
CTBOJIA CKBA>KMHBI, 6bL/1A TOJIy4YeHa Tpyu ouncTke HKT Ha kaHare,
a uHdopMaIug 06 OTCOEIMHEHNH KJIATIAHA OT MIAPHUPA 6bLIA
HOJYYEHA 61ar0o1aPs CYCKY 3a00MHOM KaMepsl. LIes1bio paboThl
SIBJISJIOCh BOCCTAHOBJIEHUE IOCTYIIA B 30HY MO/ KJIAIMAHOM
JUIS U30JIAALTUN UTHTEPBAJIOB U TPOBEACHUSA IEP(POPALIUNL
KoHcTpykius (ppes3a, CIENHaAIbHO Pa3paboTaHHAS 711
(ppesepoBaHUs KIAMaHd, CBOANIA K MUHUMYMY BEPOATHOCTD
BPAIIEHUs CTBOPKH KJIANIAHA IIPH (PPEZEPOBAHUH, UTO
MO3BOJIUJIO TTOBBICUTB 3(P(PEKTUBHOCTD ONEPALNU. [TOCKOIBKY
Jutst Komimannu Medco E&P Natuna 3To 65171 IEPBBIH OITBIT
(ppe3epOBAHUS KITATAHA-OTCEKATESA, HA CTEH/IE CEPBHUCHOI
KOMITAHUH OBLIO TPOBEAEHO UCTIBITAHUE C HACTOAIIUM
KJIAITAHOM-OTCEKATETIEM TAKOTI'O JKE TUIIA, YTOOBI IEPE]] PAOOTOH
HOATBEPAUTD PA6OTOCIIOCOOHOCTD JAHHOT'O METO/A.

YcnenHo BeIIOIHEHHAS pab0Ta IIOKA34714, YTO (PPE3EPOBAHUE
Ha Kabere CO CIIENUANIBHO PA3PAOOTAHHBIM (PPEZOM ABJIAETCA
3(PPEKTUBHBIM METOJIOM YIAJIEHN IIPEMIATCTBUI B CTBOJIE
CKBAKUHBL BpamaTebHOE ABUKEHUE CTBOPKH KJIAITAHA,
KOTOPOE MOIJIO IPENSITCTBOBATh padoTe (ppe3a, 6blJIO CBEICHO
K MUHUMYMY. BBITIOJTHEHHAA Pa60Ta IO (PPE3EPOBAHUIO
obecreunsia OTHONPOXOAHOM JUAMETD JIA BBITOTHEHUSA
OyAyLIUX OIIEPALIUIL

BrIcOK03(p(PEeKTHBHOE TEXHUIECKOE PEIICHHE JIJIS
YCTAaHOBKH KOMOHMHHUPOBAHHBIX IIPOOOK M AKTHBAI[HH
CIBHIKHBIX My T Ha Kabere

Cnuroapm Mypuu, 000 Ditnap Mazryccen, Cmuarn Xaanaro,
Mapmur Compesur, Altus Intervention

B CKBa’kMHE Ha HOPBEXKCKOM KOHTUHEHTAJIBHOM HIEIb(pe
OBLIIO HEOOXOAVIMO YCTAHOBUTD IIPOOKY J151 U3OJSIIUU
IPOAYKTUBHOI'O HHTEPBAA. [ToCse 3TOro 6p110 HEOOXOAMO
OTKPBITb HECKOJIBKO CABHXKHBIX MY(PT, YTOOBI OITTUMHU3UPOBATH
JOOBIYY HE(PTH M3 CKBAKUHBL KaK IIPaBUIIO, TaKas1 padboTa
BBINIOTHAETCA 34 1BE CI1O, OIHAKO /1/11 9KOHOMHH BPDEMEHH U
3aTPaT CEPBUCHOM KOMITAHUEN ObLIO ITPEJJIOKEHO BBIIIOJIHUTD
padory 3a ogny CIIO.

7151 BBITIOJTHEHH ST PA6OTEI ObLJIO Pa3pa60TAHO TEXHUUECKOE
pelIeHne, KOTOpOe O6ECIIEUMBAIIO BBICOKYIO TOYHOCTD U
MOJIHBIN KOHTPOJIb Ha/l BBIITOJIHEHUEM KOMOMHUPOBAHHOI
onepanuu. I'Turanue THCTPYMEHTOB JIJIA ITIOCA/IKU ITIPOOKU
U AKTHUBALMUA MY(PT OCYIIECTBIIATIOCH 1O JIEKTPUUECKOMY
KaOEJII0 C BO3MOKHOCTBIO YIIPABJIEHH A KOMIIOHOBKOH C YCTbA
Y U3MEPEHUS 3A00MHBIX JJAHHBIX B PEAJIbBHOM BDEMEHN.

7151 KOPPEKTHON PabOTHI KOMOMHHPOBAHHOM KOMIIOHOBKH
Ka0eJIb YIIPABJIEHU UHCTPYMEHTA JJ1s1 [IOCAAKH [IPOOKH,
PACIIONOXXEHHOT'O HUIKE, TPOXOAMT YEPE3 NHCTPYMEHT

JUIA AKTUBALMU My(PT. KOHCTPYKIIMA MHCTPYMEHTA 115
AKTUBAITUH MY(PT ABYCTOPOHHETO IEUCTBUS B COUETAHUH C
SICOM JIBYCTOPOHHETO JJCHCTBUS, TO3BOJISIET IEPEKIIOYATh
My(MTBI BOOOUX HATIPABIECHUAX, ECJIU 3TO HEOOXOIUMO

BO BpeMsI OIieparivi. Takke KOHCTPYKIIHS HHCTPYMEHTA
NPELyCMATPUBAET BO3MOKHOCTD ICAKTUBALINU C/IBUTAIOIINX
PBIYArOB 1O KOMAH/IE /IJIs IPEAOTBPAIICHUS CITY4aiHOTO
OTKPBITHS/3AKPBITHS My(DT BO BPEMS IBUKEHM I KOMITOHOBKI.

HcripITaHne KOMOGMHHPOBAHHOM KOMIIOHOBKU TIEPE]T
PaboTOM 6BITI0 TPOBEAEHO HA UCIIBITATEIBHOM CTEH/IE

intervention activity on this well, preventing a
zone shifting job which potentially would triple
the well's oil production.

The SCSSV flapper becoming a restriction was
identified from slickline tubing clearance job,
but the fact that it has been detached from its
hinge was learned after getting the result from
running downhole camera. The objective of the
operation is regaining access to the zone below
SCSSV for zonal isolation and perforation. The
bit was specially designed to mill the flapper
while minimizing the flapper rotational action
that might have caused by the milling, hence
increasing the milling effectiveness. As this is
the first loose SCSSV flapper milling for Medco
E&P Natuna, a System Integrity Test (SIT) was
conducted at Service Company facility with actual
flapper of the same type to prove the method
would work, prior to the actual job onsite.

E-line milling with special designed bit was
proven to be the effective method to solve the
restriction issue in this well. The restriction was
able to be milled, and rotational movement of the
flapper which could have impeded the milling
operation was minimized. A full-bore access was
made available upon the milling job completion,
which allow for future intervention work.

TECHNOLOGIES

Combined Plug Setting and Multiple Sleeve
Shifting Electric Line Operation to Deliver
a Precise, Highly Effective and Efficient
Intervention Solution

Stuart Murchie, Odd Einar Magnussen, Stian
Haaland, Martin Scetrevik, Altus Intervention

A plug needed to be set in a well located in
the Norwegian Continental Shelf to shut off an
existing production interval, followed by the
opening of several pre-installed reservoir control
sliding sleeves, in order to optimise oil production
from the well. It was suggested by the service
company that such a two- run operation could be
combined into a single run to save time and cost.

An electric line deployed solution was designed
to ensure high accuracy and control across the
combined operation, providing power to both the
plug setting and sleeve shifting tools, along with
real- time command and toolstring status readout
at surface. The combined setting and shifting
functionality required the use of a through-wired
shifting tool to enable real-time activation of the
plug setting tool, which was positioned below. A
bi-directional shifting tool was used, which, in
conjunction with a bi- directional stroker, would
enable sliding sleeve shifting in both directions, if
required, during the operation. Furthermore, its
dogs were retractable on command to ensure no
inadvertent shifting occurred while traversing the
multiple sleeve positioned in the well.

Pre-job system integration testing was done at
the service company location using a mock up
completion comprised of two sleeves rigged up
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TEXHOJIOI'MU

CEPBHUCHOM KOMITAHUH C UCIOJIb30BAHUEM MOJIE/I KOMIIOHOBKH
3aKAaHYMUBAHUS, COCTOAMIEN U3 IByX My(dT I'PIT 1 oHOM

CEKIIUH KOJIOHHBI B FOPU30HTAJIBHOM MOJIOXKEHUH. VICIIBITAHE
HOATBEPANIO COBMECTUMOCTD HHCTPYMEHTA JJIs1 IOCAJKH
NPOOKU U KJII0YA JUIS1 AKTUBALIUN MY(PT B €JUHON KOMIIOHOBKE.
Tax>Ke IPU UCITBITAHUY HE TPOU3OILIO 3AaKITHHUBAHUSA
WHCTPYMEHTOB B KOMITOHOBKE 3aKAHYHMBAHMS.

CIIyCK KOMIIOHOBKH B CKBA>KHUHY, KOPPEJIALINS TTTyOUHBL,
MOCAJJKA 1 U3BJIEYEHUE ITPOOKU OBLJIN YCIIEMTHO BBITIOJIHEHDL
3aTeM OblLIa TAKIKE BBITIOTHEHA KOPPEIALMA TTTyOUHBI JIJIS
BTOPOTI'O 3Tama paboThl C My(PTAMU. YIIPABJICHHE KOMIIOHOBKOH
B PEAJIBHOM BPEMEHU U COOP AAHHBIX 00 YCHJIMU U MOJIOKEHUH
51CA TIO3BOJIUJIM BBITIOJTHUTD YCIEITHOE EPEKJIIOUEHUE BCEX
MY(T B COOTBETCTBHH C IIJIAHOM PAOOT.

Hamuue sica NO3BOJIMIIO YCIENTHO MOJHATD TPOOKY, KOTjA OHA
3aCTPsIA B CKBAKUHE BO BPEMS CITYCK4A HA LETIEBYIO ITTyOHUHY.
HaTs>keHHE JIEKTPHUYECKOrO KabesIst HE O3BOJIMIIO OCBOOOIUTD
OPOOKY. [1711 BO3MOXHOCTH HE3ABUCUMOT'O U3BJICYCHUS 5ICA
U IIPOOKU B KOMITOHOBKE OBLIO YCTAHOBJIEHO HECKOJIBKO
MIPOMEKYTOUYHBIX MATPYOKOB. TaK:KE€ KOMIIOHOBKA ObLIIA
OCHAIIIEHA aBTOHOMHBIM JJATYUKOM JIABJIEHUS U TEMIIEPATYPBL
AHAJIN3 JAHHBIX 3TOro garduka nocue CI1O no3sonser
HOATBEPAUTD YCIEMIHBIA CABUT MY(DTHL JIJI CITyCKa KOMITOHOBKH
B CUJIBHO UCKPUBJIEHHBIX YY4CTKAX CKBA’KHMHBI UCIIOJIb30BAJIC
TPAKTOP.

PaboTa 1o Ccrycky KOMOMHUPOBAHHOM KOMIIOHOBKH 32
onny CITO 6bL1a YCIIENTHO BBIITOIHEHA, U, TAKUM OOPA30M,
C3OKOHOMJIEHO BPEMSI.

MexaHHYECKOE CO3JaHHE OTBEPCTHH B KOJTOHHE 0e3
B3PBIBYATHIX BEUIECTB C BO3MOXKHOCTHIO YIIPABJICHHS C
YCTBA

LDicowrya Bropuy, Mamwro gpesen, I pez I'um, Schlumberger

MexXaHUYEeCKOE CO3AHHUE OTBEPCTUH B KOJIOHHE C IIOMOIIBIO
ANEKTPUUECKHUX HHCTPYMEHTOB O€3 B3PBIBYATHIX BEIIECTB
C BO3MOXXHOCTBIO YIIPABJIEHUSA C YCThA IIPEACTABIIEHO JJI
JEMOHCTPALUH IPEUMYIIECTB U HEAOCTATKOB NOJOOHBIX
CHUCTEM 10 CPABHEHHUIO C TPAJTUIITMOHHBIMU TEXHOJIOTUAMU
CO B3PBIBYATBIMM BEMECTBAMHU U/UJIHA MEXAHUYECKUMHU
CUCTEMAMH CO3[JAHUSI OTBEPCTUN O€3 UCIOTIB30BAHUA
NEKTPUUECKOTO Kabes. B cTaTbe pacCCMOTPEHBI KPUTEPUH
NPOEKTUPOBAHUA PA60T, 3P (PEKTUBHOCTD, BBIBOJL IAHHBIX
B PE€AJIBHOM BPEMEHH, IIPOXOAHBIE CEYEHUS TTOJTy YEHHBIX
OTBEPCTUI M (PAKTOPBI PUCKA IIPU AHAJIU3E PA3IUYHBIX
CHCTEM CO3JAHUA OTBEPCTUI B KOJIOHHE.

Ha npoTsi>KeHUHU MHOTHX JIET B HE(PTAHOU
MIPOMBIIIIEHHOCTH B CKBA’KUHBI CITYCKAETCSA MHOXKECTBO
B3PBIBYATBIX M HEB3PBIBYATBIX KOMIIOHOBOK JJIs ITepOopariuu
KOJIOHH. CO BpEMEHEM KOHCTPYKIIMU CKBAXXUH YCJIOKHSAINCD,
4TO MPUBEJIO K NOBBIIIEHUIO CIIPOCA HA TEXHOJIOTUU
nep@oparuu KOJIOHH.

OuepeIHbIM IIArOM B YCOBEPIIEHCTBOBAHUU METO/IOB
nepgopanu KOJIOHH IS BCE 60JIEE CIIOKHBIX KOHCTPYKIIH
CKBAXXUH CTa71a Pa3paboTKa CUCTEMBI MEXAHUYECKOT'O
CO3/1aHMSI OTBEPCTUH 6€3 B3PbIBUATHIX BEMIECTB C
BO3MOXXHOCTBIO YIIPABJICHUS C yCThs. TaKast cucTeMa sIBJISIETCS
60J1ee 6€30NACHBIM M HA/IEXKHBIM BAPUAHTOM I10 CPABHEHHIO
C TPAaJULIMOHHBIMU METO/IAMU. TaK:Ke OHA OOECIIEUUBACT
MI'HOBEHHYIO OOPATHYIO CBA3b € 32604. Kpome Toro, cucrema
MO3BOJIACT 3HAYUTEIBHO CHU3UTh PUCK TOBPEXKACHUS
KOHTPOJIBHBIX JIMHUH, PACIIOJIOKEHHBIX HEIOCPEACTBEHHO 32
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with a tubing joint in a horizontal set-up. This
tested that there was no incompatibility between
the plug setting and sleeve shifting components of
the combined tool string, and that no inadvertent
tool hang up occurred within the completion.

The toolstring was run in hole, depth correlated
and the plug set and released. Subsequent
correlation was then done for the sleeve section.
The real-time control and surface readout of
stroker force and position enabled a precise sleeve
shifting operation, and all sleeves were shifted
successfully as per requirements.

The stroker also provided a means of pulling
the plug when it got inadvertently stuck whilst
running to set depth and the electric line winch
was unable to pull the string free. Multiple release
subs were also positioned in the toolstring to
enable independent recovery of the plug and
stroker assembly if required. In addition, a
memory pressure/temperature gauge was run,
which provided further validation of sleeve
shifting upon download and analysis. A tractor
was used to convey the toolstring across the
highly deviated section of the well.

This single-run combined service solution
delivered flawless operation with considerable
time savings.

Instrumented and Surface-Controllable
Nonexplosive Mechanical Punching of
Downhole Tubulars

Joshua Wurtz Matthew Dresel, Greg Giem,
Schiumberger

An instrumented, powered, and nonexplosive
mechanical punching system with full surface
control is presented to demonstrate the benefits
and limitations of such systems versus traditional
explosives and/or nonpowered mechanical
punching systems. The paper will consider
design criteria, performance, real-time outputs,
flow areas, and operational risk factors when
evaluating the different punching systems.

The oil industry has run many forms of
explosive and nonexplosive punching or
perforating assemblies in wells over the years.

As well design and complexity have changed
over time, so has the need for punching and
perforating methods.

An instrumented and surface-controllable,
nonexplosive mechanical puncher is the
needed change in downhole punching and
perforating methods for increasingly complex
well designs. Such a system is seen as a safer, more
reliable option than traditional methods, and it
provides immediate feedback on the operation.
Additionally, during punching operations, the
system significantly reduces the risk of damaging
control lines directly behind a tubular and
eliminates the risk of damaging annular tubulars.

Unique design factors and mechanisms were
evaluated and characterized to develop an



KOJIOHHOM, ¥ UCKJ/IIOYA€T PUCK ITIOBPEXKACHH S BHEITHUX KOJIOHH
332TPyOHOrO MPOCTAHCTBA.

IIpu pa3padoTKe JAHHOU CUCTEMBI ObI IPOBE/ICH AHAIN3
YHHKAJIBHBIX KOHCTPYKTHBHBIX OCOOEHHOCTEHN 1 MEXAaHHU3MOB
KOMIIOHOBKHU.

Jl1st nog60pa UCIOTHEH NS K1 TEOMETPHUYECKOTO PACIONIOXKEHU A
3JIEMEHTOB KOMIIOHOBKH JIIDOKOJIA OB ITPOBEAECH AHAIN3 HA
MNPOYHOCTb, HA YCUIN S, HEOOXOAUMBIE JIJII CO3[JAHUS OTBEPCTHH
B KOJIOHHE, 4 TAKOKE HA IIPOXOAHbBIE CEYCHUA OTBEPCTUI.
PazmuaHbIE ABIPOKOJIBI ObLIU UCIIBITAHBI HA TPYOAX PA3HBIX
THUIIOPA3MEPOB U I'PYIII IIPOYHOCTH C LIEJIbIO OIIPEAEICHUA
B3aMMOCBS3U MEXY U3MEHEHUEM THUITA TPYO U UBMEHEHUEM
IIPOYHOCTH, YCHUJIMU U IIPOXOJHBIX CEYEHUI OTBEPCTUI.

Pe3ynbTaThl MICIBITAHUH OKA34JIH, UTO JJI KAXKJOT'O
JIBIPOKOJIA Y ONIPEAETIEHHOTO THIIA TPYObI XaPaKTEPHBI CBOU
PHCKH, IPOYHOCTD, YCUINA CO30AHUA OTBEPCTUA U JUAMETD
OTBEPCTUIL. DTa MH(POPMALIUA MOXKET OBITh UCIIOJIb30BAHA IS
MOZEPHH3ALINHU AbIPOKOJIA IO KOHKPETHYIO 3a7a4y. Kpome
TOT'0, KOHTPOJIBHO-U3MEPUTENBHBIE TPUOOPBI MOKA3AJIN
CTaOMJIBHOCTD ITPU MHOT'OKPATHOM CO3/JaHUU OTBEPCTUI.
Tax>Ke MOKHO ONPEAECTUTD MOMEHT CO3/IAHUA OTBEPCTUA U
NOTEHLUAJIbHBIN U3HOC JIbIPOKOJIA.

BpII0 ITOKA33aHO, YTO AaHHAA CUCTEMA II03BOJIAECT CHU3UTD
PHUCKH B HECKOJIBKUX OOIACTAX. I10 CPAaBHEHUIO C CO3/IaHUEM
OTBEPCTUI C IIOMOILBIO B3PbIBYATHIX BEIECTB HA OTBEPCTUAX,
BBITIOJIHEHHBIX C IIOMOIIBIO JAHHOM CUCTEMBIL, HE OBLJIO HU
CJIEJJOB BCITYYUBAHUA IOBEPXHOCTH TPYObL, HU BHYTPEHHUX
3ayCEHIIEB WY NTOBPEXAeHUH. [Ipn CO31aHNM OTBEPCTUN
B KOJIOHHE B 34TPYOHOM ITPOCTPAHCTBE HAXOAW/IACH JIMHUSA
YIIPABJIEHNA JATYHUKOM JABJIEHUA, OJHAKO IOCJIE ITeEPHOPAUN
He OBIJIO 31MEYCHO HUKAKUX ITOBPEKACHUN KOHTPOJIBHON
JMHNA. HaKOHEL, KOHTPOJIb C YCThs MTOATBEPANIL, YTO
HCIIOIb30BAHUE ITIEKTPHUIECKOTO KA6€II ITO3BOJAET CHU3UTD
PHUCK IPUXBATA KOMIIOHOBKH.

HoBusHa 1aHHOM CUCTEMBI IPOC/ICKMBAETCS HA TAIAX
Pa3pabOoTKU, TPOEKTUPOBAHUA U AHAJIN34, BLITOJTHEHHBIX
C LIEJIBIO BBIBO/IA HA PBIHOK YCOBEPIIEHCTBOBAHHOI, H0j1€€e
HA4/ICKHOM U 6071e€ 9(P(PEKTUBHON CUCTEMBI CO3/IaHUSI
OTBEPCTUM B CKBAXKMHE. Kpome TOro, BO3MOKHOCTD
YIIPABJIEHHA C YCThs B PEAJIbHOM BPEMEHH MO3BOJIAET ITOJIy4aTh
MH(OPMALUIO O XOAE PAO6OTHI U CKBAXKUHHBIX YCJIOBUSIX, 4 TAKXKE
MMHHUMHU3UPOBATH PUCKU 1 IIOBBICUTH YPOBEHDb O€30IMACHOCTH.

dpe3epoBaHHE KOMIIO3UTHOM IIPOOKH HA Kabere
B ApreHruHe

IapuAeunap, /lseuod Ayoeno, Welltec Oilfield Services; Mapmauir
Hebuono, @arxyroo Xumenec, Pyoer Baitzens, PepHaroo
Kananec, Xoano Mapmumnec, YPF

B mapre 2018 roga B ApreHTHHE Ha MECTOPOXK/ICHUU
HETPAJUIMOHHBIX 34114COB ObLIO IIPOBEACHO (PPE3EPOBAHNE
KOMITO3UTHOM ITPOOGKHU C TOMOIIBIO TEXHOJIOTNH (PPE3EPOBAHU
Ha KaoeJie. B JaHHOM CcTaThe NOAPOOHO ONHUCHIBAIOTCS TAIIb
IVIAHUPOBAHMS U BBIIIOJIHEHUE IIEPBOU B APIreHTUHE PA6OTHI IO
(dppe3ePpOBAHUIO KOMITO3UTHOM IPOOKU Ha KabeJe.

Pabors! 1o nposeaenuto I'PIT o Texnonoruu Plug & Perf
OBLII IIPHUOCTAHOBIICHBI, KOITId KOMIIO3UTHAs IIPOOKA 3aCTPslyIa
B XBOCTOBHKE 127 MM (2,9 Krc/M) Ha IITyOHHE 2442 M 110 CTBOJLY
B BEPTHKAJIBHOM YYACTKE CKBAKHHBL, IPOOYPEHHOH B 3AJIEKU
HETPAJUITHOHHBIX 32114COB. [ITepBOHAYaIbHO JOOBIBAIOIIAS
KOMITAHUS PACCMATPUBAJIA BO3MOKHOCTD HCTIO/Ib30BAHU S
I'MOKUX TPYO /1A (Ppe3epOBAHUA IIPOOKH, OHAKO U3-34

optimized instrumented and surface-controllable,
nonexplosive mechanical puncher system.

Puncher materials and geometries were
evaluated for durability, forces required to
penetrate a tubular, and flow areas generated.
These punchers were characterized in multiple
tubular sizes and grades to determine the
relationships between tubular changes to changes
in the same durability, forces, and flow areas.

It was seen that different puncher types and
tubulars have varying operational risks, durability,
forces required to penetrate, and total flow areas
generated. This information can be used to
optimize a puncher to the operational objective.
Additionally, through instrumentation, it was seen
that there is repeatability in punches performed,
and a successful "shot" and potential puncher
wear can be determined.

It was also seen that the system reduces risk
in several areas. When compared to punching
with explosives, there was no tubular swell at the
perforations nor internal perforation burrs or
damage. The system was punched directly into a
downhole pressure gauge line behind the tubular
with no damage observed to the external line
after the punch hole was made. Finally, it was seen
through surface control, powered options could
be used to reduce any sticking risks.

The novelty of the instrumented and surface-
controllable, nonexplosive mechanical puncher
system is in the engineering, design, and
characterization of the system to provide an
optimized, more reliable, and more efficient
downhole punching system. In addition, there
is value in knowing in real time the status of the
operation, downhole diagnostics, and allowing
of surface controls for risk management and
additional contingencies.

TECHNOLOGIES

Composite Plug Removal With E-Line
Milling Solution in Argentina

Gary Aguilar, David Audelo, Welltec Oilfield
Services; Martin Nebiolo, Facundo Jimenez, Ruben
Waigel, Fernando Canales, Joel Martinez, YPF

In March 2018, an electric wireline (e-line)
milling solution was deployed to remove a
composite plug in an unconventional well in
Argentina. This abstract details the planning and
execution of the first composite plug removal with
an e-line milling solution in Argentina.

Plug and perf hydraulic fracturing operations
were halted when a composite plug became stuck
inthein 5" 214 1b/ft casing at 2,442 m MD in the
vertical section of an unconventional well. The
operator initially considered mobilizing coil tubing
(CT) to mill the plug, however time constraints
drove them to explore more efficient alternative
options. The availability, short mobilization time,
efficient rig up, and past successes of an e-line
tractor and milling assembly demonstrated a clear
advantage versus CT for this application.
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HEXBATKU BPEMEHU OHU CTAIA UCKATh AJIETEPHATUBHBIC
BAPHAHTBHL SIBHBIMU IPEUMYIIECTBAMU TEXHOJIOIUU
(dpesepoBanus Ha kabesie nepes rexnosorueit THKT sBisiinuch
JIOCTYITHOCTb, OBICTPASI MOOWIU3ALIHS, OIEPATUBHBIN MOHTAXK U
OIBIT YCIENTHOT'O MPUMEHEHN I KOMIIOHOBKU TPAKTOPA U (PPeE3a
Ha Kabee.

Lenbio paboT 6pU10 PPE3IEPOBAHUE KOMIIO3UTHOH MPOOKU U
obecrnedeHue OCTyNA K caeayomer craguu I'PIT Ha rmybuHe
4252 m. Iepsas CIIO a1 ppe3epOBaHUSA NPOOKH ObLIA YCIIETHO
BBIIIOJIHEHA 32 9,5 yaca. B reuenue cnepyomux 11 9acos 6p110
BBIIIOJIHEHO /IBE JONOIHUTENBHBIX CITO ¢ (ppe3oM TKEIOTO
THUIIA HA PA3HBIX [MIYOUHAX, YTOOBI OYUCTUTD IOCTYII K 11€JIEBOI
m1yomnHe. MCromb30BaHUE JAHHOU TEXHOJIOTUH O3BOJIUIIO
NPOAOJIKUTD PAOOTY B COOTBETCTBUH C IPOrPaMMOI 6€3
OTKJIOHEHHH OT IlJIaHA PaOOT.

Texnonorus ppe3epoBaHUs KOMIIO3UTHBIX IPOOOK U
JPYTUX NPENATCTBUN HA Kabeie ABNAETCA 3(P(PEKTUBHON U
3SKOHOMMWYHOH AJIBTEPHATHUBOM TPAAULIUOHHBIM METOLAM.
JIONOMHUTENBHBIE TPEUMYIIECTBA BKIIOYAIOT B CEO
3HAYUTEIBHOE CHUKEHUE PUCKOB 34 CYET COKPAIIEHUSA
EPCOHAIA U OOOPYAOBAHUSL

Cekuus 10. MNoBbiWeHNe onepaLnoHHON
3¢ pekTnBHOCTU, Ge30NacHOCTU paboT
N YPOBHS KOHTPOJS 3@ CKBaXXUHOWU

Tlocmoanrbimu 3a0avamis 015 Ompaciu
ABNAIOMCA NOCICOOBAMENBHOE CHUNCEHUE
3ampam, noBbIULeHUE IKOHOMUHECKOLL U
OnepayOHHOI dPPEeKMUSHOCMIU, a MAKIHCe
CHUMICCHUE KOMUHECEaA ABAPULL U HEeCUACNTHBIX
ayydaes. llosoviuerue oneparjuorHo

3P PexmusHoCmUL MOoNHceNt Obltb OOCIUZHYMO 3a
cuent UCNONL306AHUA HOBLX MEeXHOI02UL, HOB020
100X00a K MEmOoOaM 8HYMPUCKEANICUHHBIX
pabom, ananu3a OaHHbEX O NPOULIBEX PAOOMAxX

U COKPAUCHUSL BDEMEHHBLX 3aAIMPam ¢ NOMOULLIO
coOpPa OarHbLX 8 PealbHOM 8pemeru. anndas
CeKUUSL NOCBAUYCHA ) CNEUUHO DeAU308aHHbIM
VHUKATIHOIM DeUULEHUAM C UCNOIb308GHIUEM
Dasnuinsix mexHono2uti 015 NOBbIUEHIUA
oneparuoOHHOI 3PPHeKMuUeHOCHILL.

PasBurue BHYTPHCKBAKHHHBIX TEXHOJIOTUH B
IIOABOSHBIX CKBAKHHAX MECTOPOKIEeHHA baxyc ¢
HCIIOJIb30BAHHEM OypPOBBIX CY/IOB H CYJIOB JIJISI PEMOHTA
CKBaKHH

Poonu ©apryxap, ncoan Poopuzec, Pobepm Maxgepcorn,
Apache North Sea

OnBIT IPOBEAECHUS HECKOJIBKUX PA0OT B NOABOHBIX
CKBAXKMHAX HA HE(PTAHOM MECTOPOXKAEHUH baxyc B
CeBEpHOM MOPE MOKA3BIBAET, KAK O/THA JJOOBIBAIOIIAS
KOMITAHMS YCOBEPIIEHCTBOBAJIA IPOLIECC MIJIAHUPOBAHUS
BHYTPUCKBAKUHHBIX PAOOT /I PEMIEHUS PA3TTHYHbBIX
pO6IEM C UCTIOIB30BAHUEM 3HAHUM, ITOJTyYEHHBIX B XO/IE
YCIENTHO BBIIIOJIHEHHBIX PA60OT. DTO CLIOCOOCTBOBAJIO
VIIyYHIEHUIO IIPOLIECCA OPTAHU3ALINU PAOOT U CHUKEHHIO
MOTEHIIMAIBHBIX PUCKOB, 4 TAKKE IIPHUBEJIO K ITOBBIIIEHUIO
3(pPEKTUBHOCTH CIEAYIOMUX PAOOT: PEMOHT ra3u(THOIO
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The objective for the milling operation was
to remove the composite plug and confirm
unrestricted access to the next perf stage at 4,252
m MD. The successful plug milling operation on
the 1st run required approximately 9.5 hours of
milling. Over the next 11 hours, two additional
runs with heavy milling at different depths were
required to clear a path to the target depth. The
use of this solution allowed the operation to
continue as per the program without further
interventions.

An e-line milling solution for composite plugs
and other wellbore hardware is an efficient
and cost- effective alternative to conventional
methods. Additional benefits include a substantial
decrease in HSE risk exposure by minimizing
the operational footprint through a reduction of
personnel and equipment.

Session 10. Improving Operational
Efficiency, HSE and Well Control

A continuous challenge for our
industry is how to consistently reduce
costs, become leaner and more
efficient while striving for zero HSE
incidents. Improving operational
efficiency can be achieved through
leveraging new technology, taking

a new approach to intervention
methods, analysis of past job data, and
reduction of operational time through
real-time data. This session will focus
on unique solutions successfully
implemented through discussions
utilizing various intervention methods
to improve operational efficiency.

Evolution of Bacchus Subsea Well
Interventions Using Rig and Light Well
Intervention Vessels

Rodney Farqubar, Joel Rodriguez, Robert
MacPberson, Apache North Sea

A suite of subsea intervention case histories
at the Bacchus oil field in the North Sea will
demonstrate how one operator matured
intervention planning to address well entry
challenges using learnings gained over the
course of successive jobs. This contributed
to better management and mitigation of
potential risks leading to slickline performance
improvement for gas lift valve reconfiguration,
the successful deployment of coiled tubing to
clean out asphaltene deposits in a live subsea
oil well from a2 monohull vessel and setting of a
retrofit gas lift straddle to optimize and secure
production. The paper outlines intervention asset
selection, work programme development and
risk mitigation measures related to subsea tree
valve function issues and loss of full bore access }
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KJIATIaHA C TTIOMOIIBIO KAHATHON TeXHUKY, puMeHeHue 'HKT
JUISI OYMCTKHU AC(PAJIBTEHOBBIX OTJIOKEHUH B ICHCTBYIONICH

MO BOJHON HEPTAHOM CKBAXKUHE C IOMOIIIBIO OJHOKOPITYCHOI'O
CYZIH4, YCTAHOBKA CJIBOEHHOTI'O Ta3/TU(PTHOTO KJIAIAHA JJIs
OIITHMH3AINH JJOOBIYY 1 IIOBBIIIIECHUSI O€30MACHOCTH. B

CTATbhE ONUCHIBAIOTCS HOAOOP TEXHOIOTUHU, PA3PAOO0TKA IJIaHA
PaboT M MEPHI IO CHUKEHUIO PUCKOB, CBSI3AHHBIX CO COOSIMU
(POHTAHHOU ApPMATYPbI U TOTEPEH HOITHONPOXOTHOI'O AOCTYNA
B CKBAXKUHY M3-32 4C(PATIBTEHOBBIX U TAPAMPHUHOBBIX OTIIOKEHHUN.
ONUCAHBI PA3TUYHBIE TEXHOJIOTUH BHYTPUCKBAKUHHBIX
PaboT C IPUMEHEHNEM KAHATHOU TEXHUKH, KAHATA C KAOEIEM,
anekTpudeckoro kadenst u 'HKT, koTopble IpOBOASATCS C
UCIIOJIb30BAHUEM CYy/IHA JJISI PEMOHTA CKBAKUH. B cTarbe
U3JI0KEHA TEXHOJIOTUS AHAIN34 IIPUPOABLI OPIraHUYECKUX
OTJIOKEHU B CKBAKMHE U TTOCJIEAYIOUIETO TPUMEHECHUS
PE3YABTATOB AHAIN34 K IPOTHO3UPOBAHHUIO IPOHIIEM C
JIOCTYIIOM B CKBAKMHY U IVTAHUPOBAHUIO BHYTPHUCKBAKUHHBIX
PpaboT. PeaibHbIE IPHUMEPHI C TONIEBOM NPAKTUKHU PACIIUPAIOT
6243y 3HaHUM O IPOBIEMAX, C KOTOPBIMU CTAJIKUBAIOTCS B

XOJIE BHYTPHUCKBA)KMHHBIX PA6OT B TOABOJHBIX CKBAKUHAX, 4
TAKKE JAI0T UHPOPMAIIHIO O CIIOCOOAX 6OPHOBI C YKA3aHHBIMU
npobIeEMaMU.

KuHeTHYeCKHI IIPEBEHTOP — HOAYHIKA 0€30IMACHOCTH
I He(TerazoBo¥ OTpacaIn

bo6ou I'annaxep, Jeite Jocyoa, buanu Iannaxep, Cmuser
Anzcmmanrn, Kinetic Pressure Control Limited

B cTarbe NpeAcTaBIeHa 3aITATEHTOBAHHAA KOHCTPYKIIUAS
KUHETUYECKOTO MMPOMEXAHUYECKOTO IIPEBEHTOPA C
AEKTPONPUBOJIOM, KOTOPBIH ITO3BOJISIET CPE3ATH JIIOOOIH OOBEKT
U1 O0ECTIEYNUTD TEPMETUYHOCTD CKBA’KHUHBL

Kunernyeckuii npeseHTop (K-BOS) nossonser cpesars
JIFOOOM AJIEMEHT CKBA’KMHHOI'O OOOPYAOBAHUS HAJL IOJIOTOM,
4TO JJA€T BO3MOKHOCTB YOPATh U3 HE(PTEra30BOI'O CII0BAPA
TEPMUH «HECPE3AEMBIN». Birarofgaps KHHETUYECKOMY CPE3AHUIO
B CKBAKMHE OCTAETCA JIETKOU3BIEKAEMBbIN ABAPUNHBIA
UHCTPYMEHT IIPAKTUYECKHU 6€3 ITOBPEKACHUN. biiarogaps
MIIPOCTOMH, 3AIUINEHHON U T€PMETUYHON TEXHOJIOTUU
MPEBEHTOP CITIOCOOEH MOTHOCTBIO MEPEKPHITH IIPOXOJHOE
CEYEHHE MOCJIE CPEZAHUA U OOECTIEYUTh FEPMETUYHOCTD 34
HECKOJIBKO MUJUTUCEKYH/I, 3HAYUTEJIbHO CHUKASA PUCKH YTEUKH
JIETKOBOCIIJIAMEHAIOIMMNXCS M TOKCUYHBIX XKUJIKOCTEN U I'a30B.
biraropaps ay4mmmnM B OTPACIA TEXHOIOTUSAM MOHUTOPHUHIA,
HUCTIBITAHUA U AKTUBALIWHU IJIAMIEK KUHETUYECKHUH IIPEBEHTOP
SIBJISIETCSI HAJICKHBIM OapbePOM 6€30I1aCHOCTH, KOTOPBIH
IIPAKTUYECKU HE TPEOYET TEXHUUECKOT'O OOCTY KUBAHUSI
Oaropapst IPOCTOM KOHCTPYKIIUY, I7I€ PAOOUYHE 3JIEMEHTHI
HE CMAYUBAIOTCA CKBAXXUHHOM JKMKOCTBIO IO MOMEHTA
AKTHUBALUH. DTO OOECIICYNBACT CHIDKEHUE 32TPAT U COKPAILICHUE
JUINTENIBHOCTU IIPOCTOEB. Kak 1 aBTOMOGM/IbHASA IO YIIIKA
6€30IMaACHOCTH, ABTOHOMHBIN KUHETUYECKUN ITPEBEHTOD
OTBEYACT TPEOOBAHUSAM MEK/TYHAPOHBIX CTAHJAPTOB
B OTHOIIIEHHUU 6E30ITACHOCTH ITPH AKCIUIYATAITUU U
TPAHCIIOPTUPOBKE MUPOTEXHUUECKUX YCTPOICTB.

ITpu pa3paboTKe NPEBEHTOPA ObLIN UCIIOIb30BAHbI
TEXHOJIOTUH MOJICTUPOBAHUS PAOOTHI OTHECTPETBLHOTO
OPY2KHUs1, KOTOPbIE U3HAYAIBHO ObLIIU PA3PAOOTAHBI 11
BOEHHOM OTPAC/IN. AZAIITAIIVA JAHHBIX MOJEJIEN ITO3BOINIIA
MIPOrHO3UPOBATh PE3Y/IBTATHI UCTIBITAHUI ITPEBEHTOPA
Ha CPE3aHUE PA3TUYHBIX TPYO, BKJIIOYASA TPYObI, KOTOPLIE
TPAULIMOHHO CUUTAIOTCS «<HECPE3AEMBIMI. [17151 OOOCHOBAHUA
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caused by asphaltene and wax deposits. Light well
intervention vessel and mobile rig operations
using deployment methods including slickline,
digital slickline, electric line and coiled tubing
are described. The role of production technology
work undertaken to better understand the nature
of organic deposits in the wells and how that
contributed to anticipating well access risks and
inform intervention planning will be highlighted.
These real field examples add to the knowledge
base of well services and production technology
challenges faced during subsea well intervention
and highlights approaches to overcome them.

Kinetic Blowout Stopper - The Airbag for
the Oil and Gas Industry

AuthorsBobby Gallagher, Dave Juda, Billy
Gallagber, Steven Angstmann, Kinetic Pressure
Control Limited

A proprietary design using a pyro-mechanical,
electrically initiated, kinetic energy enabled
shearing action has safely and reliably delivered
on the promise of "Shear Anything" and seal
successfully.

The kinetic blowout stopper (K-BOS) will shear
anything in the well above the bit thus eliminating
non-shearables from the oil & gas lexicon.
Further a superior clean fish with minimal
deformation is produced by the kinetic shearing
action. The K-BOS will shut-in full flow and
pressure blowouts in milliseconds with its simple
protected hermetically sealed construction for
unparalleled post-shearing sealing performance
and dramatically reduce extremely deadly and
damaging flammable and/or toxic gas releases.
With unrivalled confidence and reliability with
best-in-industry control system monitoring
and function testing and actuation techniques,
the K-BOS requires virtually zero maintenance
because of its simple construction where the
working components are not wetted by wellbore
fluids until actuation, meaning lower costs and
reduced NPT and downtime. Like the automotive
air bag, the K-BOS is self-contained and meets
US and International deregulation requirements
regarding safety and logistics of pyrotechnic
devices.

Starting with ballistic modeling technology
developed for the military, the models were
adapted to the K-BOS application and predicted
the outcomes of shearing tests with different
common tubulars including traditional
"unshearables." A testing regime has been
conducted to validate the models, demonstrate
repeatability of the results, and demonstrate that a
post shear seal could be achieved.

More than 30 test serials with the K-BOS 4-1/16"
prototype including empty well-bore tests, shear
tests ranging from 5/16” wireline to 3-1/2" Drill
Collar with a 17 Wall Thickness. All tests to date
have sheared the target tubular without failure.



PE3YNBTATOB MOAECINPOBAHM A ObLJIU ITPOBEACHBI MHOTOKPATHBIE
UCIBITAHUS HA CPEZAIOLTYIO CLIOCOOHOCTb, KOTOPBIE MTOKA3AIN
CTAOMJIBHOCTD PE3YIBTATOB. TaKKe ObLIIO ITIOKA33aHO, YTO
NPEBEHTOP OOECIEYNUBAET MOMHYIO TEPMETUYHOCTD ITOCIIE
Cpe3aHusl.

Bb110 NpoBeieHO 6051e€ 30 UCTIBITAHUI IPOTOTUIIA
npesenTopa K-BOS 103 MM, BKIIOYASI UCTIBITAHUA ITPU
OTCYTCTBUHU OOOPYAOBAHUS B CKBAKUHE, UCITBITAHUSA HA
CPE3aHUE PAZINYHBIX 3JIEMEHTOB — OT KA0€EJIs JUAMETPOM
8 MM 10 OYpHJIBHOH KOJIOHHBI 89 MM C TOJIIIUHON CTEHKHU 25 MM.
Ha gaHHBI MOMEHT HA BCEX ITPOBEACHHBIX UCIIBITAHUAX BCE
LiEJIEBBIE OOPA3LIBI TPYO OBLIN YCIIENTHO CPE3aHbL [IpeBEHTOP
OBUI UCIIBITAH JJ151 TPYO PA3IMYHBIX KOH(PUTYPALIUI U3
PAa3INYHBIX MATEPHAJIOB.

Bo Bpems UCIIBITAHNI IIPEBEHTOP YCIIEIHO CPE3AT
BCE€ LIEJIEBBIE OOPA3LIBL, TIPU 3TOM IIPOLIECC OTBEYAJ BCEM
TPEOOBAHUSIM 6€30ITACHOCTH. VICTIBITAHU S TOJTBEPIUIN
PE3YNBTATHI MOAETUPOBAHUSA, 4 TAKXKE MPEJTOCTABUIN JAHHBIE
JUIsI KOPPEKTUPOBAHMSA ITPOLIECCA MOJAETUPOBAHUA JJ15
KOHKPETHBIX 32/124. DTO ITIO3BOJIMJIO OOECIIEYUTD BBICOKUI
YPOBEHDb TOYHOCTHU PE3YIBTATOB MOAETUPOBAHUA PAOOTHI
IIPEBEHTOPA IPU Cpe3aHuM. VICIIBITAHMA HA CPE3AIOLYIO
CIOCOOHOCTD TAKKE OKA3AJIH, YTO IPU PA6OTE MPEBEHTOPA HE
MPOUCXOJUT MOBPEXKACHUSA YITIOTHEHUM, YTO OOECTIEUUBAET
MOJIHYIO TEPMETUYHOCTD YCThS CKBA’KHMHBI ITOCJIE CPE3AHUAL.

IIpeBenTOp K-BOS COOTBETCTBYET 5-MY YPOBHIO TEXHUYECKOMU
roToBHOCTH (110 mKaae API 17N), 4To JaeT BO3MOKHOCTD
MEPENTH K ITOJIEBBIM UCTILITAHUAM. [T0/TydEHHBIE PE3YIBTATHI
U HENIPEKPAIIAIONIAACS pad0Ta HaJ| JAIbHENIIEH pa3pabOTKON
KHHETHUYECKOTo ntpeseHTOpa K-BOS crioco6¢TByIOT
YKPEIUIEHUIO TAK HA3bIBAEMOM COITMAIbHON JINIIEH3UH
He(TEra3zoBoy OTPAC/IN HA IIPOBEACHUE ONIACHBIX PAOOT.

KaGenxu 1151 00Ca’KeHHOTI'O CTBOJIA C IOJTHMEPHOM
000JI09KO¥ HOBOT'O IIOKOJICHHU I IO3BOJIHJIH
TOOBIBAIONICH KOMIIAHHH B MEKCHKE JOCPOUYHO U 0€3
HpOI/IC]JICCTBI/Iﬁ BBIINIOJIHHUTS IVIAH I10 3AKAHYHBAHHUIO
CKBA’KHH 1 OCYIICCTBHUTH BBOJ CKBAKHH B
IKCILTYATAITHIO 34 JEBATH JHEH J0 3aIIAHUPOBAHHOTO
CpoKa

Cepro Capoan, Schlumberger; @paricucko Apucmernou, Cunseuo
Kamnepoc, Ppancucko Iapca, Iberoamericana De Hidrocarburos;
Cepxuo Tpennec,/ncozegp Baprcu, Schlumberger

Ka6enu f1st paboTel B OOCAKEHHOM CTBOJIE C IOJTMMEPHOM
060I0YKOI HOBOTI'O IOKOJIEHUSI TTIO3BOJISIIOT YCTPAHUTD BCE
HEJOCTATKU TPAJULIMOHHBIX Ka6ee 111 FeOPU3UIECKUX
HUCCJIEJOBAHNH, O6ECIIEYnBas TOBBbIIEHHE 3(D(PEKTUBHOCTH,
3HAYUTEJIbHOE CHIDKEHHE PHUCKA IIOTEPU KOHTPOJIS Ha /|
CKBaKHMHOM, OTCYTCTBUE HEOOXOAMMOCTH B JOPOTr'OCTOSAIIEM
TEXHUYECKOM OOCITYKUBAHUH, 4 TAKXKE CHH)KCHHE 3aTPAT.
JlaHHA TEXHOJIOT'MS TT03BOJINJIA JOOBIBAIOIICH KOMITAHHUU B
MeKCHKE TOCPOYHO U 6€3 IIPOHCHIECTBU BBITIOTHUTD ILJIAH 110
3aKAHYUBAHUIO BCEX CKBAXKUH HA MECTOPOXK/ICHHUU H HAYaTh
JIOOBIYY 32 IEBSITh JHEH /10 3AIUIAHHUPOBAHHOI'O CPOKA.

HemaBHO pa3paboTaHHAS TEXHOIOTHS KAIICYIMPOBAHUS U
CHIMBAHUSA ITOJIMMEPOB OOECTIEYNBAET MTOTHYIO TEPMETHYHOCTD
JUISI JIEKTPHUUECKOTO CEPACYHUKA 1 OTIETKH KA0e L.

B pesynbTaTe yCTPaHAIOTCS PUCKU PA3BETBIICHUS JKIJI,
CKPYyYHBaHUS Ka6€J151, rAa3000Pa30BAHUS U KOPPO3UH OOOIOUKU
KabeJis. TakKe UCKII04aeTCsI HEOOXOMMOCTD B HICIIOJIb30BAHUN
060pYIOBAHMSA 7151 3AKAYKH CMa3KU. PABHOBECUE KPYTAIINX

Multiple materials and configurations have been
tested.

In all the shearing tests, the K-BOS successfully
sheared the target while achieving all safety
objectives. The shear test program has validated
the models and has also provided validation
data allowing for adjustments to the modeling
technology for this specific application and
resulting in a high level of accuracy and precision
in design and shear performance expectations.
The shear testing also showed that the K-BOS can
shear without damaging the seals and provides an
adequate sealing surface after shearing.

The K-BOS has successfully met technical
readiness level 5 (API 17N scale) and is ready to
move on to in the field scale shear and seal testing.
These results and the continuation to continuing
development further the prospects of ensuring
the K-BOS achieves its mission to strengthen the
industry's social license to operate.

TECHNOLOGIES

Mexico Operator Achieves HSE
Incident Free Well Completion Program
Ahead of Time and Nine Days of Early
Production Using New Generation Polymer
Encapsulated Cased Hole Wireline Cables

Serko Sarian, Schlumberger; Francisco
Arismendi, Silvio Camperos, Francisco Garza,
Iberoamericana De Hidrocarburos; Sergio Trelles,
Joseph Varkey, Schlumberger

New generation Polymer-filled and jacketed
wireline cased hole cables eliminate all inherent
bottlenecks of traditional wireline logging cables,
enabling unprecedented operational efficiency
with substantial reduction of well control risk
and costly maintenance. This Technology enables
a Mexico operator to deliver all their Operator
Field wells ahead of time, without any HSE or well
control incident while gaining 9 days of early
production.

Recently developed Polymer encapsulation and
bonding technology completely seal Wireline
cables electrical core and armors. The result is
elimination of armor birdcaging (see glossary)
and stranding, grease injection and associated
equipment, cable gassing-up and well fluid related
armor corrosion. Total armor torque balance
and polymer outer jacket substantially reduce
Chrome or glass coated completions damage,
cable friction and maintenance requirements. The
result is unprecedented well control safety, grease
related environmental and reservoir damage
elimination, higher operational efficiency with
faster rig-up/down and tripping speeds, reduced
tractor conveyance needs with improved well
access in complex completions and proven early
production gains.

Contrary to conventional Wireline cables, the
new generation polymer encapsulated cables
come with a gas blocked core and a pressure
balanced sealed cable termination. Potential well
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MOMEHTOB OPOHU KA6€EJIs U TOJIMMEPHAS BHEITH A OO0IOYKA
3HAYUTEIBHO CHILKAIOT BEPOATHOCTD IOBPEXK/ICHU Kabes IpU
TPEHUM KA6€ENsA U PadoTe C OOOPYJOBAHHUEM C XPOMHUPOBAHHBIM
WJIH CTEKJITHHBIM OKPBITHEM. TaKKe CHIDKAIOTCA TPEOOBAHUSA
K TEXHUYECKOMY OOCTY;KUBAHUIO Kabesis. B pesynbrare jaHHasA
TEXHOJIOTUS OOECIIEYNBAET CJIEYIOUIUE TPEUMYIIECTBA:
BBICOKHH YPOBEHD KOHTPOJIA HaJ| CKBAXKUHOI, UCKJIIOUCHUE
BEPOSATHOCTH 3aIPA3HEHMS IIJIACTA U OKPYXKAIOIIEH CPEBI
CMa3KOM, BBICOKAs ONEPAITUOHHASA 3(PPEKTUBHOCTD, OBICTPHII
MOHTAX/IEMOHTAXK, COKpaIeHue auTeabHoCTH CIIO,
OTCYTCTBHUE HEOOXOAUMOCTH B UCTIOIb30BAHUU CKBA>KMHHBIX
TPAKTOPOB, IOCTYII B CKBA’KMHBI CO CJIOKHBIMH TEXHOJIOTUAMU
3AKAHYHUBAHUS, 4 TAKIKE JOCPOYHBII BBOJI CKBA’KHH B
SKCIUIYATALHIO.

B ominume oT TpaUIIMOHHBIX Ka6€IeiH, Ka6eIr HOBOI'O
MOKOJIEHUS C HOJIMMEPHOM OOOIOUKOI TOCTABJISAIOTCSA C
ra303aMUIIEHHBIM CEPACYHUKOM U F€PMETHUYHBIM KAOEJIbHBIM
HAKOHEYHUKOM CO COATAHCUPOBAHHBIM JJABJIEHHUEM. TAKUM
06pa30oM, NOTEHIIUATIBHAA (PUIBTPALAA CKBAXKUHHOM XKUJIKOCTH
4Jepes NOMEPEYHOE CEYEHUE KAOEA TIOJTHOCTBIO UCKIIOYAETCSL.
Prck notepu KOHTPOJIA HAJT CKBAKMHOM TAKXKE IPAKTUYECKNA
HCKJIIOUEH. BriepBble B MEKCHKE HA T'A30BOM MECTOPOXIEHUN
Ha CEBepe CTPaHbI B TeueHUe 2018 1012 661710 IPOBEJEHO
45 BHYTPUCKBAKUHHBIX PA6OT C MPUMEHEHHEM KA0€JIA C
MOJIMMEPHOI O60JIOUKOH B OOCAKEHHOM CTBOJIE
(130 cr1yCKO-TIOLbEMHBIX ONIEPALIMHI C CYMMAPHOH
npoxoAKor 6osee 300 000 m). Bece paboTel o nepdopanuu
U T€O(PU3UYECKHUM UCCIIEJOBAHUAM, 4 TAKXKE IPYTHe
BHYTPHCKBA)KUHHBIE PAOOTHI B OOCAXKEHHOM CTBOJIE ObLIN
BBIIIOJIHEHBI 6€3 IIPOUCHIECTBUI B OOJIACTHU OXPAHBI TPY/4,
TEXHUKU 6E30ITACHOCTH WJIM KOHTPOJIA HaJl CKBAXKUHOM.
Heo6x0quMOCTb B TEXHUYECKOM OOCTYKUBAHUN KA6€EIs1
OBbUIA IPAKTUYECKU UCKJIIOYEHA, YTO MO3BOJIMJIO 3HAYUTEIBHO
COKDPATUTDb BPEMS PAOOT U 3ATPATHI /IS BCEX BOBJIEYEHHBIX
KOMIAHUI. [T0 CpaBHEHUIO C TPAAUIIMOHHBIMU PA6OTAMU
C UCTIOIb30BAHUEM OOBIYHOIO KA6€JIA AAHHAA TEXHOIOT U
TO3BOJINJIA BABOE COKPATUTD BPEMA HAd MOHTAX 1 IEMOHTAXK,

4 TAKOKE YBEJIMYUTD OIEPAIMOHHYIO 3(PPEKTUBHOCTD Ha
40%. JOCpPOYHBIN BBOJ, CKBAXKUH B SKCILTYATALIO [TIO3BOJIUII
IIPEBBICUTH JJOI'OBOPHBIC TTIOKA3ATENN 61ar0Aapst 9 CyTKam
JOIOJTHATEIBHOU TJOOBIYM I'a34 U KOH/IEHCATA.

Ka6enu 1151 06Ca’k€HHOI'O CTBOJIA C IIOJMMEPHOH
0060JIOUKOM HOBOT'O ITOKOJIEHU ST TTO3BOJIUIIN JOOBIBAIOIICH
KOMITAHUH B MEKCHKE C HU3KHMMH 3ATPATAMHU BBIITOJTHUTh
BHYTPHUCKBAKMHHBIE PA60THI 9(P(PEKTUBHO, OE30IIACHO U O€3
Bpea 11 OKPYKAIOIIEN Cpeibl. JIOCPOYHbBIN BBOJ CKBAXKWUH
B AKCIUIYATAITUIO OOECTICYIII IIPEBBIIIEHHUE JJOTOBOPHBIX
[IOKAa3aTeJIEN.

MoayabHasA THAPABINYECKAA YCTAHOBKA /1A
KAITHTAJIHFHOT'O PEMOHTA CKBAKHUH IIOBHINIAET
OIIEPAITMOHHYIO U SKOHOMHYECKYIO 3(h(PeKTHBHOCTH
padoT o 3amene DITH

Jlopu JJymu, A6oynpaxmar Omatiou, Xyccetin Catiyo, Saudi
Aramco; Teppu Toan, Halliburton

KanmuraabHbIF PEMOHT CKBAXKUH C TPAJAUITMOHHBIMUA
YCTAHOBKAMM BBITIOJIHSETCS C OOJIBIINUM BO3ACHCTBUEM HA
OKPYZKAIOIIYIO CPENY, YTO YCJIOKHAET TEXHOIOI'MYECKUE
IIPOLIECCHL. B JTaHHOM CTATHE IIPOBEICH aHAIN3 AJIBTEPHATUBHDBIX
TEXHOJIOru 3aMmeHbl BITH. B kKauecTBe TEXHOIOTUY,
OKAa3bIBAIOIIEH HAUOOJIBIINE BKJIA/] B IIOBBIIICHUE HEPTEOTAAYN
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fluid migration through the cable cross section

is thus completely prevented. Along with the
polymer jacketing, well control risk is all but
eliminated. During 2018, and for the first time in
Mexico, 45 cased hole interventions, 130 descents
and more than 1,000,000 feet in the well polymer
cable deployments were carried in a North
Mexico gas field. All Perforations, Production
logging and other cased hole descents were
completed totally free from HSE, operational or
well control issues. Logistically challenging cable
maintenance trips were all but eliminated, saving
substantial time and cost to all parties involved.
Compared to conventional wireline operations,
time saved using polymer encapsulated Wireline
cables represented a 50% reduction in rig-up

and rig-down time, as well as 40% operational
efficiency gain. With wells delivered early to
production all contractual targets were exceeded,
adding 9 days of additional production of gas and
condensate.

New generation Polymer encapsulated wireline
cased hole cables have enabled the Mexico
Operator plan and carry out efficient, safe, cost
effective, and environmentally friendly Wireline
Cased Hole operations, delivering producing
wells ahead of time and exceeding contractual
requirements.

Modular Hydraulic Workover Unit
Enhances Operational Efficiency and Cost
Savings for ESP Replacement's

Laurie Duthie, Abdulrabman Otaibi, Hussain
Saiood, SaudiAramco; Terry Toal, Halliburton

Workover operations with conventional
workover rigs have an enormous impact on the
site, adding strain to operational and production
targets. Alternative approaches to optimize
Electrical Submersible Pump (ESP) replacements
were evaluated and a Hydraulic Workover Unit
(HWU) was selected as delivering the most
advantageous outcome for the field to expedite
the workovers efficiently and cost effectively.
The HWU is more than capable to overcome
any challenges and perform the replacement
of failed ESP's, yet at the same time is a more
compact & mobile unit than a traditional
workover rig resulting in a much reduced impact
on the wellsite. Several major benefits are gained
including; avoidance of disruption to nearby
wells, faster well turn-around, reduced cost,
and ultimately an increased production avails.
The size and scale of conventional workover
rig and well spacing require the candidate well
and other nearby wells to remove flowlines
and instrumentation to create enough space
for the rig and ancillary equipment. One of the
primary design features of a standard HWU
is the high level of accessibility in tight spaces
allowing the unit to be assembled in small
multiple individual components. This can be



MECTOPOK/ICHUS, ObLIA BBIOPAHA TU/IPABINYECKAS YCTAHOBKA,
TIO3BOJISIONIASI HPOBOAUTH KAITUTAIBHBIN PEMOHT C 6OJIBIIECH
3(pPEKTUBHOCTBIO U MEHBIIUMU 3aTPaTaMU [HIpaBIndecKas
ycTaHoBKa KPC cnoco6Ha petuTh NPOOIEMBL, BOSHUKAIOIINE
npu 3ameHe DIH. Taxkke JaHHBIA THII yCTAHOBKH SABJISAECTCA
0071e€ KOMITAKTHBIM U 60JIE€ MOOHJIBHBIM IO CPABHEHUIO

C TPAAUITMOHHBIMHY YCTAaHOBKAMU KPC, 4TO 3HAYHUTEIBEHO
CHIKAET BO3/JEUCTBHE HA OKPYIKAIOUTYIO CPERY HA pabodert
nromaKe. OCHOBHBIE IPEUMYIIECTBA JAHHOU TEXHOJIOTUH:
HE HAHOCHUTCA BPEJ COCEJHUM CKBAKMHAM, AJIMHHBII
MEXPEMOHTHBIN IIEPUO/I, MEHBIINE 3ATPATHI U [IOBLIIICHHAA
JI0OBIYA NTOCJIE onepanuu. Kak npasuio, st IPEAOCTABICHUA
JOCTATOYHOM IVIONA/TN UL TPAAUITMOHHON YyCTaHOBKY KPC 1
BCIIOMOT'aTEIBHOI'O OOOPYAOBAHUS HA CKBAXKUHE-KAHIUAATE U
COCENHUX CKBA’KMHAX MPOBOAUTCS AEMOHTAX TPyOOIPOBOJHOM
06BA3KU. OTHUM 13 OCHOBHBIX ITPEUMYIIECTB CTAHJAPTHONU
TUAPABIUYECKOU YCTAHOBKU KPC sABIIsI€TCA BOSMOXHOCTD
pa3MeleHUs Ha MAJIOH IUIOIAU, IIPH 9TOM YCTAHOBKA
COOUPAETCA U3 MAJIEHBKUX WH/IUBU/IYAIbHBIX 2JIEMEHTOB.
Takast COOpKa MOXKET 3aHATb MHOT'O BDEMEHH, TIO3TOMY

OBbLIA IIOCTABJIEHA 331444 COKPATUTD BPEMS HA MOHTAX, IIPH
3TOM COXPAHUB KOMITAKTHOCTS. [IJIS1 pEIIEHN 32/5d449H ObLIA
pa3paboTaHa CenaIbHAA THIPABINYeCKasa ycTaHOBKA KPC
C MOJYJIBHOM COOPKOM U3 HECKOJIBKUX MAJIBIX MOZYJIE, UTO
06€eCTIeunBaET OBICTPBIN MOHTAXK U OIIEPATUBHOCTD PAOOTHL
KOMIMaKTHOCTB YCTAHOBKH ObIJIA COXPAHEHA, YTO MO3BOJIMIIO
npousBecTy 3amMeny DIIH 6€3 1eMOHTaKAa ICHCTBYIOMICH
TPYOOIPOBOJHON OOBA3KH.

I'mapasinyeckasn ycranoska KPC aBigeTcs Ko4eBbIM
TEXHOJIOTUYECKHM JIPABEPOM OIITUMU3ALINU OIIEPAIMOHHBIX
3aTpart. B pamMKax IpoeKTa O IIPOBEACHUIO PabOT HA 8
CKBA)KMHAX CPEAHUE 3aTPATHI HA CKBAKMHY CHU3WJIMCDH Ha
61%. B OTHOIIIEHUH OTIEPATTHOHHOM 3P (PEKTUBHOCTH BpEMSsI
MOJATOTOBKH PA60OYET IUIOMAIKHA U CKBA’KMHBI COKPATHIIOChH
Ha 69%, a BpeMst Ha MOHTaX — Ha 13%. BBICOKHIT yPOBEHB
ONTUMU3ALNHN A(PPEKTUBHOCTH U 33TPAT, 4 TAKKE BO3MOKHOCTD
YCKOPEHHOT'O BBOJIA CKBA’KUHBI B 3KCILTYATALINIO JIEJIAET
Pa3pabOoTKy AAHHOM TEXHOJIOIUH ITIEPETIOMHBIM MOMEHTOM
JuLst cepsl yearyr 1o 3ameHe OLH. HInpokui pyHKIIMOHAI
TUAPABINYECKON YCTaHOBKH KPC 1TIO3BOJISIET CUUTATD JJAHHYIO
TEXHOJIOI'MIO KOHKYPEHTOCIIOCOOHOM, A/IETEPHATUBHOM
TpasuIIMOHHBIM ycTaHOBKAaM KPC 11 3amensl DL H. ToT (pakr,
YTO JIEMEHTBI MOAY/IbHOU KOHCTPYKITUU TUIPABINYECKON
ycTaHOBKM KPC yxxe npeiBapuTe/IbHO CMOHTHPOBAHBI,
MMHHUMHU3UPYET BEPOATHOCTD ABAPHUH U OIIACHBIX MHIIUJEHTOB
[P MOHTAXKE, YTO ITOBBIIIAET YPOBEHb OE€30IIACHOCTH JIJISL
MEPCOHAJIA.

Omrrumusanusa pa6ort ¢ THKT B I'TyGOKHX CKBAKHHAX
C IIOMOUIBIO MOJETHPOBAHHUA B PEAIBHOM BPEMEHH

AopuanJlapponodo, Xyar I[1labno Hukonac Panvepu, /Juezo
Anexanopo Mapovuyunu, Baker Hugbes, a GE Comparny

C LIeJIBIO MOBBIMEHN A HEPTEOTAAYN U JIOCTUKEHUA
3KOHOMHYECKH YCTOMYUBOI'O IIPOLIECCA PA3PAOOTKHU
HETPAJUIUMOHHBIX 34114COB B API'€HTUHE HE(PTEIA30BbIC
KOMITAHUH OyPAT TOPHU30OHTAIbHBIE CKBAXKUHBI C JIJIMHOM
TFOPHU30HTAJIBHBIX y4aCTKOB OT 2500 10 3000 M. YTOOHB!
06€eCIIeunTb PEHTAOEBHYIO JOOBIUY YIVIEBOAOPOJOB, B
TOPHU3OHTAIBHBIX CKBAXKMHAX [IPOBOAUTCA MHOI'OCTAJUMHBINA
Ir'upopaspsIs miacta (MI'PIT).

Haubosee pacripoCTpaHEHHBIM METOAOM NIpoBegeHuss MI'PIT

very time consuming so the challenge was to
benefit from the superior accessibility but also
to minimize the rig time for a more efficient
process. To achieve this, a specialized fit for
purpose HWU with the modular construction
packaged into minimal components allowing
for a swift rig up and efficient deployment of the
unit. This HWU remains highly accessible and
can replace the failed ESP without disturbing the
installed production flowline infrastructure and
instrumentation.

The HWU has been a key technology enabler
transforming the status quo to improve the
optimization of resources and reduce operational
costs. During the project of 8 pilot wells, the
average workover cost reduction was calculated
at 61% per well. The improvement in operational
efficiency benefited from an overall 69% faster
site and well preparation duration with a 13%
reduction in rig time. The magnitude of these
improvements in efficiency, cost avoidance and
the unlocking of earlier production availability is
a game changer for ESP replacement operations.
The HWU equipped with comprehensive
capabilities has proven itself as a viable
alternative to conventional workover rigs to
replace failed ESP's. The design enhancements
of the pre-assembled modular construction for
the HWU minimizes the hazardous and labor-
intensive assembly onsite, increasing the safety
environment for the operational personnel.

TECHNOLOGIES

Optimizing Coiled Tubing Extended
Reach Operations with Real Time
Simulations

Adrian Larrondo, Juan Pablo Nicolas Ranieri,
Diego Alejandro Marozzini, Baker Hugbes,

a GE Company

With the objective of increasing productivity
and achieving an economically sustainable
development of the non-conventional reservoirs
in Argentina, the oil and gas (O&G) energy
companies are focused on drilling horizontal
wells with lateral extensions between 2500 m
(8,200 ft) to 3000 m (9,840 ft) in length. In order
to produce commercial volumes of hydrocarbons,
it is mandatory to fracture-stimulate multiple
zones.

The "plug and perf" method continues to be
the most common completion technique in the
field. Once the stimulation is completed, a coiled
tubing (CT) milling operation is undertaken
to remove the frac plugs. Critical to achieving a
successful operation is reaching total depth (TD)
in the well with the coiled tubing. The precise
determination of the operational coefficient
of friction (CoF) between the coiled tubing
string and the production casing, could be the
difference between failure and success, affecting
both the technical and economical results of the
project.
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TEXHOJIOI'MU

ocraercs TexHosnorus Plug & Perf. B pamkax JaHHOTO METOAA
nocJie T'PIT B CKBaXKUHE NPOBOJAUTCS (Ppe3epoOBaHUE TPOOOK HA
I'HKT. OCHOBHBIM ITOKA34TEJIEM YCIIENTHO BBIIIOJIHEHHOHU Pa6OTEHI
apisgeTcsa goxoxacHue THKT no 3a604. 17151 3TOro O4eHb BAXKHO
TOYHO ONPEJETUTD KOI(PPULIMEHT TPEHUS MEXKTY KOJTOHHOI
I'HKT 1 3KCILIyaTalTMOHHON KOJIOHHOMU, TIOCKOJIBKY 3TO BJIUAET
KAaK Ha TEXHUYECKHE, TAK U HA SKOHOMHYECKUE PE3YIBTATHI
MIPOEKTA.

Lles1b JAaHHOU CTATBhH — MIOAECTIUTBCS YPOKAMHU, U3BJICUEHHBIMHU
OCJIE IPOBEAECHUS H0JIEE UEM COPOKA ONEPALINI B IITyOOKUX
TOPU3OHTAJIBHBIX CKBA’KUHAX, ¥ OIBITOM, ITIOJTYy4EHHBIM IIPH
BBITIOJIHEHUU MOJIEJIMPOBAHUSA B PEAJIBHOM BPEMEHH JIJI1
OINPEJENIEHN PACTATUBAIOMIECI HATPY3KHU U KO3 OHUITUEHTA
TpeHUA. TAKXKE B CTATBE NPEACTABIICHBI PE3YIBTATHI BHEJPEHUS
JIAHHOM TEXHOJIOTUU X HOBOH pab0Y€eii METOJOIOTHHU B TOJIEBYIO
MNPAKTUKY. DTO OOECTIEYNIIO BO3MOKHOCTD TPOTHO3UPOBATh
OTKJIOHEHUA KO3 (PUITNEHTA TPEHUS OT HOPMAJIBHBIX
3HAYEHUIT, 60JIEE€ TOYHO OLICHUBATD BIMSAHUE TBEP/BIX YACTHI] B
CTBOJIE CKBA’KMHBI HA KOI(P(PUITUEHT TPEHU S, 4 TAKXKE ITOBBICUTD
3(pPEKTUBHOCTb NOHU3UTEIIS TPEHUS «METAIII-METAILII,
HCIIONIb3YEMOT'O BO BPEMS (PPE3EPOBAHUSL.

TexHOIOTHUA IePPOPAITHH HA IENPECCHH ITO3BOIHIA
COKPATHTH KOJTHYIECTBO CITyCKO-IIO'bEMHBIX OIIE€ DAL
cxabGeneM B 6 pas, a JIMTEIbHOCTh PAGOTHI — B 3 pasa

LDicunn Xuanuep, Kapnoc Doyapoo I'yadec, Kapaoc baymarn,
Ab6paxam Toppec, Cepxo Caposan, Llapug Aboensvraza,
Schlumberger

HCrIon1b30BaHUE CUCTEMEBI TEP(OPALTNU HA KAOETIE TO3BOJIAIIO
3HAYUTEJIBHO COKPATUTD JJIUTEIBHOCTD PA6OTHI U YBETUYHUTD
MaKCUMAJIBHYIO JUTUHY KOMIIOHOBKH ITEP(POPATOPOB I
onHor CITO 1o CpaBHEHUIO C TPAJHUITMOHHBIMU TEXHOJIOTUAMU
Ha CYIIE U B MOPE, B OIIEPALIUAX C OI PAHUYEHHOM BICOTOU
MOHT4’K4 HA YCTBE KaK C 6ypPOBOM YCTAHOBKOM, TAK 1 O€3.

B ycnoBuax orpaHM4YE€HHON BBICOTHI MOHTA2KA HA YCTHE,
HAaIIPUMED, Ha OIIEPALIUAX C HEBBICOKOH OYPOBOM YCTAHOBKOM
WJIN MAJIBIM BBUIETOM CTPEJIBI KPAHA, IS IPOBEJEHUA
nepdopannu JJIMHHOI'O UHTEPBAJIA HEOOXOIMMO IIPOBO/IUTH
HECKOJIBKO CITYCKOB IEP(OPATOPOB. YTOOB! yMEHBIIUTD
KOJIMYECTBO CITYCKOB, IEP(MOPATOPHI COEJUHAIOTCA C
MOMOIIIBIO YCTPOMCTBA FEPMETUYHOTO OAJITTUCTUYECKOTO
rnepeHoca. JJaHHoe yCTPOUCTBO OOECTIEYNBAET FEPMETHYHOCTD
KOMITOHOBKH H4 YCTBE, 4 TAKXKE OOECIEYNBAET OAJIJIMCTUYECKUH
MEPEHOC 3aPAJA OT OAHOTO IepdOopaTopa K APYyroMy Ha
3a60¢€. Takke yCTPOHCTBO ITO3BOJISIET OIITHMU3HPOBATH
NpoLEeCC nepopar Ha AeIpPeccun. KommyecTBo Taknux
COEIMHUTEJILHBIX YCTPOUCTB B OJJHOU KOMIIOHOBKE HE
OI'PaHHUYEHO. YCTPOUCTBO MO3BOJIAET IIPOBOAUTD CITYCK 1
U3BJICYCHHE IIEpPOPATOPOB IOA JaBineHHueM 10 103 MITa,
TAKXKE YCTPOHUCTBO PACCYMTAHO HA AKCILIyATALIMIO B CPEJIE C
COAEPKAHNEM CEPOBOJOPOAA.

IMpumeHeHune JaHHOM TEXHOJIOI'MU OOECTIEYNBAET
3HAYUTEJIbHYIO S3KOHOMUIO BDEMEHHU Hd MOHTAK KOMIIOHOBKH,
4 TAKJKE MOBBIIIEHNE 6€30IACHOCTHU C IIOMOIIBIO Y/IAJIEHHOHN
ITAHEJIN YIIPABJIEHU A, KOTOPAA ITO3BOJIAET COEAUHATD
U Pa3beAUHATD IEPQPOPATOPHI IO/ AABJIEHUEM C 60I1ee
06€30I1aCHOIO PaCCTOsAHUA. Ha TEKYIIHI MOMEHT JAHHAs
TEXHOJIOIHA ObLJIA IPUMEHEHA BO MHOKECTBE CKBAKHMHO-
onepauui. OJHUM U3 IIPUMEPOB, IIPEICTABJICHHBIX B JAHHON
CTATBE, ABJIACTCSA TOPU3OHTAIBHAS CKBAXKUHA, B KOTOPOXU
rep@opanusa MpoBOJHUIACE C MOPCKOM YCTAHOBKH C OYEHD
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The goal of this paper is to share the lessons
learned after more than forty extended reach
operations and the experience earned on the
utilization of real time simulations to define both,
the tensile load exerted for an extended reach tool
and the coefficient of friction found during coiled
tubing operations. Also demonstrate, by analyzing
real life applications, how the implementation of
this technology and new working methodology,
allows to anticipate deviations with respect to
the "normal" values of friction, achieve a better
understanding of the influence of solids in the
completion to the coefficient of friction and obtain
a more efficient use of the metal-metal lubricant
utilized during the milling operations.

Under Pressure Perforating Deployment
System Leads to a Six-Fold Reduction in
Wireline Runs and a Three-Fold Reduction of
Rig Time

Jill Hillier, Carlos Eduardo Guedes, Carlos
Baumann, Abvabam Torres, Serko Sarian, Sharif
Aboelnaga, Schiumberger

The perforating deployment system significantly
reduces rig time while maximizing the perforation
length per run as compared with traditional
systems, both on land and offshore, for rig or rigless
interventions with very limited rig-up height.

In limited rig-up height interventions, such as
installations with short rig-up height or small
cranes, to perforate long intervals it is necessary
to use multiple short gun runs. To reduce the
number of runs, short gun subassemblies are
connected using a sealed ballistic transfer
connector. The sealed ballistic transfer connector
provides surface wellhead pressure containment
sealing capability within the gunstring while also
ensuring downhole ballistic transfer between
guns subassemblies and the added value of
optimizing perforating underbalance conditions.
There is no limit on the number of sealed ballistic
transfer connectors that can be used in one string.
The sealed ballistic transfer connector allows
deployment and reverse deployment under
pressure in wells up to 103 Mpa, and it is qualified
for H,S environments.

The application of this technology allows
significant rig-time savings and reduces personnel
exposure via a remote operational console that
enables personnel to connect and disconnect the
guns under pressure from a safer distance. To date
many jobs have been completed with this proven
technology. One example presented in this paper
is a horizontal well perforated from an offshore
installation with an extremely short rig-up height,
where there was only 16 m available to deploy
wireline toolstrings. The limited height meant
that a conventional wireline with tractor would
allow deploying only a single 6-m-long gun carrier
per trip. Using sealed ballistic transfer connectors
enabled a 53-m gunstring (seven 6-m and one



MAaJIOH BBICOTOM, TTIE JIJISI MOHTAKA KOMIIOHOBKH OBLIIO
JOCTYITHO TOJIBKO 16 M. DTO 03HAYAIIO, YTO IIPU IPUMEHEHUU
TPAJULIMOHHOU TEXHOJIOTUHU CITYCKA HA KA0OEJIE C TPAKTOPOM 32
opHy CITO MOXHO 6bUIO CIYCTUTDH KOMIIOHOBKY C MAKCUMAJIBHOM
JUTIHO¥M 11epOPaATOPOB TOIBKO 6 M. ICTIOIb30BAHUE BOCBMU
YCTPOUCTB F€PMETUYHOTO OAJUIMCTUUYECKOTO IEPEHOCA
MO3BOJIMJIO CITYCTUTD B CKBAKUHY KOMIIOHOBKY JIJTMHOM
53 M (CEMb 6-METPOBBIX U O[fHA 3-METPOBAsT KOMIIOHOBKA
nep@opaToOpPOB C JONOTHUTEIbHBIMU 3JIEMEHTAMU) 34 OJHY
CIIO. 11 ;aHHBIX YCJIOBHUI 3TO CTAJIO PEKOPAOM. B XO71€ 3TOM
paboThI 6110 IPOBEAEHO Hosee 100 cTaguil nepOpPaLy, YTO
MO3BOJIMJIO CHU3UTB TPEOGYEMOE KOJTMYECTBO CITYCKOB Ha Kabeye
€ 59 510 10 1 COKOHOMHUTB 51 JIEHb ONIEPAITMOHHOI'O BDEMEHU.
JlaHHA4 CTAThs TOKA3BIBAET, KAK UHTETPHPOBAHHOE
NPUMEHEHUE TEXHOJIOTUH F€EPMETUYHOTO OAJTTUCTUYECKOTO
MEPEHOCA, CKBA>KUHHBIX TPAKTOPOB U KA0EJIEN C TOTUMEPHON
O60JIOUKON MOXKET COKPATUTD BPEMS BBITTOTTHEHUS PAOOT IO
nep@opany ¢ MaJIO! BBICOTOM MOHTAKA KAK HA CYIIIE, TAK
U Ha MOpPE. B IpyroM peICTaBIEHHOM B CTAThE IIPUMEPE
NPUMEHEHNUE TEXHOJIOTUH MO3BOJIUIIO JOOBIBAIOIIEH KOMITAHUH
CIKOHOMHUTB HECKOJIBKO JTHEN ONEPAITMOHHOIO BDEMEHH, 4
TAKXKE COKPATUTD BOBJICYEHHOCTD [IEPCOHAJIA ITPU BBITTOJTHEHUH
JUINTENIBHBIX OITACHBIX PAOOT.

ONbIT OIITHMH3AIHH PAOOT 110 (Ppe3epoOBAHHUIO
B HedpTEera3oHoCHOM oaccerine MouTHU B Kanae
bnsiizJlyxee, Reservoir Group — omoen 81y MpPUCK8ANCUHHBLX
pabom

CBuTa MOHTHU SIBJISIETCSI OCHOBHOM CTPATUT PAPUIECKON
€IMHUILICH CO CJIAHIIEBOM HE(PTHIO U CJIAHIIEBBIM I'A30M
B OTJIOKEHUAX HUXKHET'O TPHACA B 3a11aJHOM KAHA/ICKOM
0ocafgodHOM 6accerine B Bpuranckon Konymoum u Anbbepre.
PecypcChl CBUTHI OLIEHUBAIOTCA B 12,7 TPUJJIMOHA KyOOMETPOB
IPUPOJHOIO I'a3a, 14 521 MWUINOH 6appesieH ra30BOTrO
KOH/ICHCATa U 1125 MUJIIMOH 6appeneit Hedru. s
U3BJIEYEHUA YITIEBOJOPOJOB U3 INIACTOB 3TOM CBUTBI Oy PATCA
TOPU3OHTAJIBHBIE CKBA’KHMHBI, HA KOTOPBIX 34TEM IIPOBOJATCS
pasnuyHble onepanuy MmHorocraguuaoro I'PIT or 25 1o
75+ craguii. Ilo Mepe yBeIM4eHMs KOJIMYEeCTBA CTaAUi U
YIJIMHEHNUS FTOPU3OHTAJIBHBIX YYACTKOB [IJ11 OOJIBIIErO OXBATA
IUIACTA IIPOUCXOAUT HEIPEPBIBHBIIN [IUKJI PA3PA6OTKHA HOBBIX
TEXHOJIOTUH ¥ MOJIEPHU3AIIUN OOOPYAOBAHUSA C LIEJIBIO
TOBBIIIEHS HEPTECOTAAYM.

Wzomnsanysa nHTepsanos PIT Ipon3BoanuTcs MO0 NOCPEACTBOM
CITyCKA MEXAHUYECKOT'O O60PYAOBAHMA B CKBAKMHY B COCTABE
KOMIIOHOBKH XBOCTOBHKA, JIMOO BO BpeMs ['PIT. ITpu pa3padoTke
CBUTBI MOHTHU HANO0JIEE PACIIPOCTPAHEHHOMN TEXHOIOIUEHN
U30JISILUU CTAANN ABIsgeTCsa MeTog Plug & Perf. B pamkax
TEXHOJIOTUM B CKBA)KHUHY IPOKAYMBAIOTCA U YCTAHABJIUBAIOTCS
Ha Ka0eJIe MOCTOBBIE IPOOKH U3 KOMIIO3UTHOI'O MATEPUAIIA.
3areM BO Bpem 3Tox ke CIIO ¢ kabeneM NpOon3BOgUTCA
KYMYJIITUBHAs IEPPOPALIUSI HECKOJIBKHUX HHTEPBAJIOB. 3ATEM
Ha 3THUX UHTEPBAIaxX npoussogutca I'PIT, 1 aToT niporecc
[IOBTOPAETCA A1 KAXKA0M cTaanu. ITocsie 3Toro npoBognuTCs
dpe3epOBAHNE KOMIIO3UTHBIX IIPOOOK JJjIs1 OOECIICUEHU S
IIPUTOKA CKBAXKMHHOM YKUJIKOCTH BBEPX 10 CKBAXKUHE. B TaHHOI
CTaThe MPEJCTABICH AHAJIU3 TAHHBIX PAGOT C 62 CKBAKUH,
NPOOYPEHHBIX B BBICOKOIIPOJAYKTUBHBIX 34JI€KAX CBUTHI
MoHTHU. B cTaThe pacCMaTpUBAIOTCA METOABI MOJACPHU3AIINN
TEXHOJIOI'MH, 4 TAKXKE 9P(PEKTUBHOCTb U3MEPEHUS JAHHBIX BO
BpeMsl (ppe3epOBaAHUSL.

3-m carrier plus adaptations) to be deployed in
a single run using eight sealed ballistic transfer
connectors. This was a record for the deployment
conditions. More than 100 deployment and
reverse deployment insertions were successfully
conducted during this perforating job, reducing
the required number of wireline runs from 59 to
10, and saving 51 days of operation and rig time.
This paper demonstrates how the integrated
application of the perforating sealed ballistic
transfer connector technology, tractors, and
polymer-encapsulated cables can reduce time in
long perforating jobs with short rig-up heights
both on land and offshore. In another presented
example, the operator saved days of rig time,
in addition to large economic and production
time savings, and also reduced the exposure of
personnel to lengthy, riskier tasks.

TECHNOLOGIES

Case Study: Optimizing Milling Operations
within the Canadian Montney Play

Blaise Lukye, Reservoir Group —
Well Intervention

The Montney Formation is a major shale gas
and shale oil producing stratigraphical unit of
Lower Triassic age in the Western Canadian
Sedimentary Basin in British Columbia and
Alberta. The potential resource is estimated at
449 trillion cubic feet of marketable natural gas,
14,521 million barrels of marketable natural gas
liquids (NGLs) and 1,125 million barrels of oil. The
hydrocarbon resource is unlocked using horizontal
drilling followed by various fracture stimulation
techniques from 25 to 75+ stages. As stage counts
increase and lateral lengths are extended further
to stimulate more formation, the challenges
of efficiently completing a producing well is a
continuous cycle of technique development and
equipment improvements.

Hydraulic isolation between fracture stimulation
stages is established using mechanical methods
deployed as an integral part of the production
casing string or inserted into the production
casing string during the fracture stimulation.

In the Montney, the method of "plug-and-perf”
has been the predominant method of isolating
stages. The method utilizes highly drillable bridge
plugs pumped down and set on wireline followed
by explosive jet perforating one or several ‘perf
clusters’ during the same wireline run. These
perforation intervals are fracture stimulated

and the process is repeated for each stage until
the lateral is fully stimulated. These drillable
bridge plugs are then removed during the post-
stimulation drillout phase of the completion to
open the production casing for hydrocarbon
inflow. This paper is a case study of a 62 well

data set in a confined, highly productive area in
the Montney resource play. The paper discusses
progressive improvement methods and measuring
efficiency of post-stimulation drillouts.
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