TEXHOJIOI'MU

Te3ucobl KOI'I(I)GPEI'II.I““ Nno KONTIOOMHIroBbIM
TEXHOJIOrMAM N BHYTPUMCKBaAYXUHHbIM paGoraM
SPE/ICoTA 2019 (uacr-2)

SPE/ICOTA Coiled Tubing & Well Intervention

Conference 2019 Abstracts (rat2)

Mex ayHapoaHas KoHdepeHUMs 1 BbICTaBKa KONTIOOWHIOBbIX TEXHONOT UM U BHYTPUCKBAXKMHHbBIX
pabot SPE/ICOTA npoxoamna B Byanenace, wrat Texac, CLLA, 26-27 mapta 2019 r. KoHdepeHLms
NpPOBOANTCS EXXErofHO, Mo TPAANLMM OpraHm13aTopaMm KoHdepeHLMM BbiCTynnnm OOLwecTBoO
NHXeHepoB-HedTAHNKOB SPE 1 AccoumaLms CneLyanicToB no KoNTIoONHIOBbIM TEXHONOTMSM

N 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 11. TexHnyeckme pewieHua ansa
ropvsoHTasIbHbIX 1 MHOIOCTBOJSIbHbIX CKBaXXUH

Brympuckeaxcurmvie padonivt nposoosmcs

80 6ce 601ee 271YOOKUX U CTIONCHBLX 110
KOHCIPYKUUL CKEANCUNHAX. B 0anmoli cexuuu
paccmampusaromcs 00KAaA0bL, NOCEAUCHHbLE
MEXHONO2UAM GHYIMPUCKBANCUHHBLX PAOOM CO
cnyckom npubopos Ha kaovene, mpyoax u I HKT
8 CTLONCHBLX 20PUSOHINAIGHBLX CKEANCUHX.

B cexuuu npeocmasierst nocaeoHue
00CMUNCCHUSA 8 OONACIMIUL U3BTIeHeHUA MPYO,
Dabom 6 271)60KUX CKEANCUHAX, NPOMBLEKIL C
xoHyenmpuueckoii I HKT, crycka nepgopamopos,
3ape3KiL OOKOBbLX CIMBO.106 UMHO20€ OP)20e.

YcoBepHIeHCTBOBAHHE METO/IA CITYCKA HHCTPYMEHTOB
JIJI I3BJICYEHHA TPYO C HCIIOIB30BAHHEM CKBAKHMHHBIX
TPAKTOPOB

ITvep Dyure, [s6u0 Jamm,Schiumberger

151 pa3paGOTKU TEXHOJIOT UM CITYCKA PA3BEANHAIOMNX
MHCTPYMEHTOB HA CKBAXKUHHOM TPAKTOPE ObLI HCIIOIb30BAH
KOMIIJIEKCHBIH ITOAXOZ,. Bblj1a MOCTaBIEHA 334a94 COCTABUTD
NPOLIEAYPY CITYCKA C COXPAHEHUEM PA6OTOCIOCOOHOCTH
TPAKTOPA U IPYTUX IEMEHTOB KOMIIOHOBKU.

B ciryuae npuxsata 6y pUIbHON TPYObI UIH IOTEPH
LUPKYIAIUN B CKBAXKHUHY CIYCKAIOTCS UHCTPYMEHTHI [T
HU3BJIEYEHHUA TPYODBI C IOMOMIBIO TPAKTOPOB Ha Ka0€ETIE.
OCHOBHAa 32712494 JAHHOI'O METO/IA — OCBOOOIUTDL TPyOy
BBIIIE MECTA NPUXBATA. KaK IPaBUIIO, PU U3BJICUEHUH TPYObI
UCIOJIb3YIOT IPUXBATOOIIPEAETUTEIb, I€ TOHUPYIOMI NI IITHYD,

a Tak:ke Tpydbopes mubo MaeyHyIo Topraeay. ['lpu npuMeneHnu
MIAMICYHOM TOPIIE/IbI B CKBAXKUHY CITYCKACTCA B3PbIBOOITACHBIMA
3apsj, AETOHANA KOTOPOTI'O MPOMCXOANT IO CITELTUAIBHOMN
NPoLENYPE, KOTOPAS OOECTIEYMBAET TOYHOE CTOJIKHOBEHHE
YAAPHBIX BOJIH. OJJHAKO B3PBIB YACTO IIPUBOJUT K NOBPEXKACHUIO
CKBa’)KMHHOI'O TPAKTOPA.

[ pETUCTPAINHU BCEX KIIIOUEBBIX [IAPAMETPOB, KOTOPBIE
MPUBOAAT K IMOBPEXKJEHUIO TPAKTOPA, OBJIO IPOBEAECHO IMOJTHOE
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Session 11. Horizontal and
Multilateral Solutions

Wells requiring intervention
continue (o grow longer and more
complex. This session will discuss
technology for intervention with
wireline, composite rod, and coiled
tubing in complex borizontal wells.
Hear the latest developments in pipe
recovery, extreme reach, concentric
coil cleanout, perforating gun
deployment, sidetracking, and more.

Enhanced Conveyance Method for Pipe
Recovery Services with Wireline Tractors
Pierre Foucher, David Damm, Schlumberger

A holistic approach was employed to
develop a technique for conveying severing
tools on wireline tractor. The objective is to
establish a procedure to preserve the integrity
of the tractor and related components of the
toolstring.

Wireline tractors are sometimes required
to convey pipe recovery services when the
drillpipe becomes stuck and circulation is lost.
In this case, the primary objective is to free the
pipe in the lateral right above the stuck point.
Pipe recovery services typically use a freepoint
finder, detonating cord, and pipe cutter or
colliding tool. This last option employs a high
explosive load triggered in a specific manner
to cause precise collision of the shock waves.
Unfortunately, the explosion commonly
damages the tractor used for conveyance.

A full experimental characterization of the
downhole explosion was conducted to record
all critical parameters that could physically
damage the tractor. A dedicated special



3KCIEPUMEHTAJIBHOE UCCJIEJOBAHUE B3PbIBA B CKBAXKMHE. 3aTEM
ObLIa UCIIOIB30BAHA CIIELINUAJIbHAS CUCTEMA COOPA JAHHBIX,
YTOOBI IKCIEPUMEHTAIBHO U3MEPUTD BO3JICUCTBHE CITyCKAEMOI
Ha TPAKTOPE TOPIEABL BbLJIO MPOBEAEHO U3MEPEHUE TAKUX
MapaMETPOB, KAK IABJICHUE, CHJIA yapa U Ac(POpMaLiUsL.

Janee 6bU1 NPOBEJEH INTyOOKUI AHAIA3 PE3YIBTATOB
U3MEPEHUI C 1IE€JIBIO COCTABIEHUS HOBBIX YTy4YIIEHHBIX
UHCTPYKLMNH 10 HAJIEKHOU TPAHCIIOPTUPOBKE
Pa3bEJUHAIOMNX HHCTPYMEHTOB C COXPAHEHUEM
PaboTOCIIOCOOHOCTH TPAKTOPA U BCIIOMOT ATETBHBIX
3JIEMEHTOB KOMITOHOBKH. B paMKax JAHHOI TEXHOJIOTUH OBLIIO
Pa3paboTaHO SKOHOMHYECKH 3(P(PEKTUBHOE PEMIEHUE.

ONUCaHHBIA METOJ, ObLIT UCTIONIb30BAH B IIOJIEBBIX YCIOBUAX
HAa MECTOPOXKAEHUHU HA Bir>kHEM BOCTOKE, I71€ OH ITO3BOJIUIT
3HAYUTEIBHO COKPATUTD JJINTEIBHOCTD PAOOTHI U U3BJIEYD
MAaKCHMAaJIbHO JUIMHHBIN Y9ACTOK TPYObI 6€3 NOBPEXKACHUSA
TPAKTOPA.

C IIOMOIIIBIO 3TOT'O YCOBEPHIEHCTBOBAHHOI'O METOA
TPAKTOPBL, CITYCKAEMBIE Ha Ka6eJe, MO3BOJIAIOT
TPAaHCIOPTUPOBATh HHCTPYMEHTHI JJ151 U3BJIECYEHU TPYO C
JOITYCTUMBIM YPOBHEM PUCKA ITOBPEXKIEHUA TPAKTOPA, UTO
MO3BOJIAET CHU3UTD SKCIUIYATAIJMOHHBIE 3aTPATHL B rjesiom
3TO 3HAYUTEIBHO MNOBBIMIAET HAJEKHOCTD JAHHOI'O METO/A
TPAaHCHIOPTHUPOBKH UHCTPYMEHTOB [IJI1 U3BJIEYEHUSA TPYO U
MHHHUMU3UPYET BO3MOXKHOE BPEMS IIPOCTOSL.

IIpumenenue KoHueHTpuuecko THKT nisa
IIPOMBIBKH H OLICHKH IIPOXYKTHBHOCTH B C/IOKHBIX
TOPHU3OHTAIBHBIX CKBAKHHAX: OIIBIT IIPOBEIECHU A
Pa0OT HA TPEX CKBAKHHAX HA MECTOPOKIECHHUH C
BBICOKOBA3KOM He(d 11O B KyBeriTe

Huxuma Komapu, Myrup Ababy, Baker Hugbes, a GE Comparny;
Cpunusac Pao, Xoce I pezopuo I'apcus, Kysetimcras negpmanas
KOMNAHUA

B paMKax TeCTUPOBAHUS TEXHOJIOT MU «XOJOAHOM» TOOBIYN
BBICOKOBSI3KO HE(PTH HA MECTOPOXK/ICHUU B KyBeiTe 6b1710
npO6ypPEHO HECKOJIBKO TOPU30HTAIBHBIX CKBAKUH. Ha 9THX
CKBA)KUHAX OBUIM IIPOBEIEHBI BHYTPHUCKBAXKUHHBIE PA6OTHI
Pa3au4dHOro TUma. OQHAKO HA HEKOTOPBIX CKBAKHMHAX OBLIIO
32(PUKCUPOBAHO PE3KOE MAAECHHUE TOOBIYN HHUXKE OXKUJAEMOI'O
ypOBHA. IIpEAIIOIarasoce, 4TO B ATUX CKBAKMHAX C aHOMAJILHO
HU3KUM IUTACTOBBIM JIaBJIEHUEM IIPOU3OIIO IIOBPEXACHUE
NPpU3a00HHOM 30HBI IVIACTA U3-34 OOIBLION PENIPECCHUH
HA [UIACT, BBI3BAHHOM MCIIOJIb3YEMBIMH BO BPEMSA PA6OT
JKUJKOCTAMU.

TexXHONIOIus UCIONIB30BAHU KOHIIEHTPHUYECKUX TMOKUX TPYO
C 3200 HBIM CTPYMHBIM HACOCOM OBbLJI4 BIIEPBBIE IPUMEHEHA
B KyBeriTe 1 n1pru3HaHa 3p(PEKTHBHBIM METO/IOM IIPOMBIBKH
TOPU3OHTAIBHBIX CKBAKUH M ONIPEJE/IEHUA IPUYHH MTa/ICHUSA
JO6BIYN. B paMKax JAaHHOM TEXHOJIOIUH OFHO(A3HAS
HpOMbIBO‘IHHH JKUIAKOCTD IIOACTCS I1O BHyTpCHHCﬁ KOJIOHHE
Ha CTPYMHBIN HACOC, YTO NPUBOAUT K JIOKAJIBHOMY CHUKEHHUIO
JIaBJICHUS, 6/1aI0/1aPpsi KOTOPOMY TBEP/IbIE YACTUIIBI MIN
hIIIOUBI OTCACBIBAIOTCS M3 CTBOJIA CKBA’KUHBI U CMEIIIAHHbBIN
MOTOK IIECKA M XKUJIKOCTH BO3BPAIIACTCS YEPE3 KOJIBLIEBOE
MIPOCTPAHCTBO KOHIEHTPUUYECKUX 'NOKUX TPYO. BOZMOXKXHOCTD
HCpCKJ’IIO‘-ICHI/IH MCXKOY paBHI/I‘-IHbIMI/I pC}KI/IMaMI/I pa6OTbI
MTO3BOJINJIA IPOBECTU IIPOMBIBKY 1 0OPA0OTKY CKBASKHUHBI 34
OIHY CITYCKO-TIOJ/bEMHYIO ONIEPAITHIO.

JlaHHAas TEXHOJIOr U ObIA YCIIEITHO IPHUMEHEHA 1715
y/laJIEHUS IECKA, OIICHKU MTOBPEK/ICHUS TPHU3a00MHOM 30HbBI

acquisition system was then used to measure
experimentally the effect of a colliding tool
conveyed on a tractor including pressure,
shock, and strains.

In-depth analysis of the results was used to
determine optimized operational guidelines
and practices to achieve the objective of
reliably conveying severing tools while
preserving the integrity of the tractor and
related logging tools. The technique relies on a
cost-effective solution.

This method has been deployed to the field
for successful application in the Middle East
where it saved significant operational time and
maximized the recovered pipe length without
any damage to the tractor.

With this enhanced method, wireline
tractors can convey pipe recovery tools with
acceptable risk of damage to the tractor, which
reduces operation cost. Overall, it significantly
increases the confidence in using this
conveyance option for pipe recovery services
and minimizes potential downtime.

TECHNOLOGIES

Concentric Coiled Tubing Technology
for Well Cleaning and Evaluation in
Complex Horizontal Wells: A 3 Wells Case
Study from Heavy Oil Field, Kuwait

Nikita Kothari, Mounir Ababou, Baker Hugbes,
a GE Company; Srinivas Rao, Jose Gregorio
Garcia, Kuwait Oil Company

A few horizontal wells were drilled in Kuwait,
heavy oil field, as a part of cold production
testing. Various workover interventions were
performed on these wells. However, some of
the wells showed sharp production decline
and were producing below expectations. It was
suspected that formation damage may have
occurred in these ultra-low reservoir pressure
wellbores due to the overbalance of the fluids
used during interventions.

Concentric coiled tubing (CCT) technology
comprising of a downhole jet pump, was
recently employed for the first time in Kuwait
and was determined to be an effective
method to clean the horizontal sections and
investigate the reasons for the production
problems. The single phase cleanout fluid is
circulated down the inner string to power
the jet pump, creating a localized drawdown
that vacuums the formation solids or fluids
out of the wellbore and the combined sand/
fluid stream returns via the CCT annulus. The
multiple operating modes provided the benefit
of cleaning and treating the wellbore in the
same run.

This specialized system was successfully
utilized to remove sand, evaluate the formation
damage and enhance production; meeting
all objectives in a single well intervention.
Pressure and temperature gauges run below
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IUIACTA U YBEJINYEHM JOObIYN. IIpH 9TOM BCE TU 325491 ObLIN
BBITIOJIHEHBI 32 OJIHY Oonepanuio. Ha IByX CKBa>KHMHAX B COCTAB
3200HOM KOMIIOHOBKH HHKE HACOCA OBLIN BKIIOYEHBI TATYNKH
JIABJIEHUS U TEMIIEPATYPBI, KOTOPBIE 3aPETUCTPUPOBATINA
3a00MHOE faBeHue Bcero 10 atMmocgep. Pe3ynbTarel
JIOOBIYY CKBAXKMH MO3BOJIUIN PACIIUPUTD O6/IACTD 327149
BHYTPHUCKBA)KUHHBIX PA0OT HA MECTOPOXK/IEHHUH BLICOKOBA3KON
HedTU B KyBeliTe 1 OTKPBLIN HOBBIE BO3MOXKHOCTH /I
TIPOMBIBKH CTBOJIA CKBAXKUHBI U OLIEHKU TTOBPEXEHU A TIJIACTA C
UCHOIB30BAHUEM TEXHOJIOTUU KOHIICHTPUYECKHUX I'MOKUX TPYO.
B #aHHOM CTaThe PACCMOTPEHBI IPEUMYIIECTBA TEXHOJIOT U
KOHIIEHTPUYECKUX THOKUX TPYO U MPUBOAUTCS IOAPOOHOE
UCCJIEJOBAHUE BBIIIOJTHEHHBIX PA6OT HA NIEPBBIX TPEX
TOPU3OHTAIBHBIX CKBAXKUHAX. AHAJIN3 TPO(UIIEH IPUTOKA
ecka 1 (Iona, MPOBEICHHBIN BO BPEMS IPOLIECCA
BAKYYMUPOBAHM S, TO3BOJIUJI IIPOBECTU OLIEHKY CKBAKUHHOI
OPOAYKIIUH U IPEAOCTABUTD BAKHBIE JAHHBIE JIJIS PA3Pa60TKU
CTPATETUU ONITUMHU3AIUH JJOOBIYU.

KJIHH-OTKJIOHHTEb /IS KOJIOHH OOJIBIIIOTO THAMETPA;
HOBBIE€ BO3MOKHOCTH 32PE€3KH OOKOBBIX CTBOJIOB HA
IT'HKT ¢ BCIT0/Ib30BAHHEM HHHOBAITHOHHOI'O METOIA
BBIPE3KH OKHA B 00CATHOM KOJIOHHE

LDicetime Onunzep, ConocoPhbillips Alaska Inc; [icor Muzin,
Pobepm Xappuc, Kanouc Hnznuw, Kapa Junnep, bpaoau
Dpeiisep, Northern Solutions

Texnomnorus 6ypenusa Ha THKT Ucronb3yeTcs Ha CEBEPHOM
CKJIOHE AJIAICKHU C 1994 roaa g 6ypeHns 60KOBBIX CTBOJIOB.
PazpaboTaHHbIE HA AJIACKE TEXHOJIOTUH, B TOM YHCJIE
TEXHOJIOTUA (PPEZEPOBAHUA OKHA C KITMHOM-OTKJIOHUTEJIEM,
CENYaC UCMOJIBb3YIOTCA IIO BCEMY MUPY. BOJbIIasa 9acTh
OOKOBBIX CTBOJIOB OYPUTCS C UCIIOJIBb30BAHHUEM CTAHJAPTHBIX
OTKJIOHUTEJIEN B HECKOJIBKUX KOH(PUTYPALUAX B CKBAKMHAX
€ 06CaIHOM KOJIOHHOM OJHOTO IMAMETPA WJIN CKBAXKUHAX
co cnymeHHbIMU HKT. Texnonorus 6ypenus Ha 'HKT 6pu1a
orpanudena pazmepom HKT vim MUHUMaJIbHBIM IPOXOAHBIM
JUAMETPOM JUISI OTKJIOHUTEJIA, A TAKXKE BHYTPEHHUM
guamerpoM HKT, XxBoCTOBUKA UKW O6CAJHOU TPYOBI, B KOTOPYIO
OyZAET YCTAHOBJIEH OTKJIOHUTEb. KITMH-OTKJIIOHUTED [
ycTaHOBKU B HKT 89 MM B TPaHCIIOPTHOM MOJIOKEHUH UMEET
HAPYKHBIH JUAMETD 66,7 MM, UTO [TO3BOJISICT IPOU3BOAUTH
€r'0 YCTAHOBKY TOJIBKO B OOCA/THBIX KOJIOHHAX THUIIOPA3Mepa
139,7 MM 1 MEHBIIIE.

ITpu yCTAaHOBKE OTKJIOHUTENS 89 MM B OOCAJHBIE KOJIOHHBI
OOMNBIIETO JUAMETPA BO3ZHHUKAIOT CJIOKHOCTU C HA/IEKHBIM
KPEMJIEHUEM OTKJIOHUTENA U (PUKCAIIUE KOMIIOHOBKH
(Pppe3epoBanHns OKHA. Pa3paboTKka HOBOI'O KJIMHA-OTKJIOHUTEIIS
JUJIs KOJIOHH GOJIBIIOrO IMAMETPA IO3BOJINJIA PEIIUTD 3Ty
po6iemy. UHCTPYMEHT C HAPY>KHBIM HAMETPOM 66,7 MM
MOYKHO YCTAHABJIUBATD B 06CAJHON KOJIOHHE 178 MM. DTOT THII
OTKJIOHUTEJIS IIO3BOJIUT HpI/IMﬁHHTb TEXHOJIOT'UIO 6prHI/IH Ha
I'HKT n1s 337124, pEMIEHUE KOTOPBIX PAaHEE OBIO HEBO3MOKHO.
B jaHHOM cTaThe NPEACTABIEHO OIIUCAHNE KOHCTPYKIIMHY KJIMHA-
OTKJIOHHUTEJIA, A TAKIKE HCIBITAHHUMI U OHbITHO-HpOMbIIHII@HHbIX
PpaboT, KOTOPbIE MPOBOAUIUCH I PA3PA6OTKHA UHCTPYMEHTA.

VHHKaIbHAS TEXHOJIOTHSI CITycKa nepdoparopa
HA YIVIEPOJHOM KOMIIO3UTHOM CTE€P>KHE ITOBBINIACT
a¢ddexTuBHOCTS IEepdhOopaITHH, 00ECIICIUBACT
CHH:KCHHE BPECMCHH H 32TPAT, 4 TAKKE IIPETOCTABIISICT
BO3MO>KHOCTH IIPHMEHEHH A HOBBIX TEXHHICCKHX

32 Ne 3 (069) Centsiopn/September 2019

the tool on two wells recorded bottomhole
pressure of only 150 psi. Post-production
results has pushed the boundaries of the well
interventions in heavy oil field in Kuwait and
has unlocked several wellbore cleanout and
formation damage evaluation opportunities
using the CCT technology.

This paper reviews the benefits of the
concentric coiled tubing technology and
provides a comprehensive case study of the
first three horizontal wells. The analysis of
the sand and fluid influx profiles obtained
during the vacuuming process assisted in to
evaluating well production provided crucial
data in formulating a management strategy.

The High Expansion Wedge; Accessing
A New World Of Coiled Tubing Drilling
Sidetracks Through An Innovative Casing
Exit System Approach

James Oblinger, ConocoPhillips Alaska Inc;
Jobn Milne, Robert Harris, Candice English, Carl
Diller, Bradley Frazier, Northern Solutions LLC

Coiled Tubing Drilling (CTD) has been used
on the North Slope of Alaska since 1994 for
drilling sidetracks or laterals. Technology and
techniques developed in Alaska have been
transferred globally including the process and
best practices to mill windows off whipstocks.
A majority of the through tubing sidetracks
have been drilled using conventional
monobore or through-tubing whipstocks
in multiple configurations. CTD has been
limited to the size of the tubing or minimum
internal diameter (ID) that a whipstock can
pass-through and the ID of the tubing, liner,
or casing that the whipstock will be set in. A
3-1/2" Thru-Tubing whipstock has a running
outer diameter (OD) of 2.625" and could only
be set in liner or casing up to 5-1/2".

The problem with installing a 3-1/2" Thru-
Tubing whipstock in larger liner or casing
than 5-1/2" has always been the ability to
properly anchor the whipstock and keep the
window milling bottom hole assembly (BHA)
on the tray of the whipstock. That is no longer
an issue with the development of the High
Expansion Wedge (HEW). The HEW has a
2.625" OD and is capable of anchoring inside
7" liner or casing. This type of whipstock will
open a new set of CTD candidates that have
previously been inaccessible. The goal of this
paper will be to describe the design, testing,
and field trials that were used to develop the
HEW.

Leveraging The Unique Properties Of
A Carbon Composite Rod Deployment
System To Push The Boundaries Of
Perforation Procedures, Bringing Time
And Cost Savings To Standard Operations



PENICHU I, HEBO3MO>KHBIX B PAMKAX TPAJTHUITHOHHOM
TEXHOJIOTHH CITYCKA Ha KabeJie
Lynxan Tpyn, Archer

Iepoparius C IPUMEHEHHUEM B3PbIBYATBIX BEMIECTB
OCTAETCSA HEOTBEMJIEMBIM ITAIIOM PA3PAOOTKH MECTOPOXKACHUA
YIJIEBOJOPOJOB. TEXHONIOT U CITyCKa TPUOOPOB C
KYMY/ITABHBIMU 33PASAMU B CKBAXKUHY IPAKTUYECKU HE
M3MEHMIIACH C 1930-X rOJI0B, OJHAKO METO/IBI CITYCKA ObLIH
3HAYUTEJIBHO YCOBEPIIECHCTBOBAHDL B TaHHOM CTaThHE
paccMaTpUBAIOTCA IPEUMYIIECTBA UCIIOIb30BAHUS HOBOU
TEXHOJIOTUH IPUMEHEHH S YIVIEPOJHBIX KOMIIO3UTHBIX
MaTEPUAJIOB 7151 HOBBIIEHUA 3(PHEKTUBHOCTU IEPPOPALTUL

T1OTy>KECTKUI YITIEPOAHBIHN CTEPKEHD OOTATAET BBICOKOM
MPOYHOCTBIO U XKECTKOCTBIO, 00ECTIEYNBAECT HU3KUI
KO3(D(PUITUEHT TPEHUS IIPU CITYCKE, A TAKIKE COAEPKUT
ANEKTPHUYECKUH TPOBOJHUK. BCe 3T (paKTOPBI B COBOKYITHOCTHU
06€ECIEYNBAIOT CYIIECTBEHHBIE IPEUMYIIECTBA IO CPABHEHUIO
C TEXHOJIOTUEH CITyCKa ITepdOpaTOpOB Ha Kabese. Hanbonee
OYEBHUJJHOE IMIPEUMYIIECTBO COCTOUT B TOM, YTO BBICOKAS
MPOYHOCTB CTEPXKHSA JEIAET BO3MOKHBIM MOHTAK U CITYCK
OYEHB JJIMHHBIX U TAXKEJBIX KOMIIOHOBOK IIEP(OPATOPOB,

YTO MO3BOJIAET COKPATUTD KOJIMYECTBO CITYCKO-TIO/bEMHBIX
onepanuii (CI1O), Heo6xoaMOE 115 HEPPOPAITUN OFHOTO
uHTEPBANIA. JKECTKOCTD CTEPKHA CHHUYKAET PUCK OTPHIBA B
CKBAXKWHE M3-34 TIEPETA/IOB JABJIECHUSA. DTO MTO3BOAET CO34ATh
©0J1€€ BBICOKYIO JETTPECCUIO IO CPABHEHHIO C TEXHOJIOTUEN
CITyCKa Ha KabeJe, B TO BPEMSA KAK AJIEKTPUUYECKUI TPOBOAHUK
06€CIEYNBAET BOZMOKHOCTb BBIOOPOYHOU AKTUBALIUU
nepdopaTopos.

Ipu 3KCIITyaTaluy CKBAXKUHBL, KAK IIPABUJIO, BOSHUKAET
HEOOXO/IMMOCTbD B IIPOBEACHNH BHYTPUCKBA)KMHHBIX PA0OT.
3a49aCTYIO UICTOHMIEHHE IUIACTA IPUBOJUT K IEPEMEIIECHUIO
T'PAaHMUL] PA37Ena INTACTOBBIX (PIIION/IOB, B PE3YIBTATE YETO I
YBEJINYEHUSI HEPTEOTAAYN TPEOYETCsI TIOBTOPHAS IEPPOPALUSL.
B cIbHO NCKPUBIEHHBIX CKBAKMHAX (KAK M B OIIMCAHHON B
CTAaTbhe CKBaKMHE B CEBEPHOM MOPE) JJ1A CITyCKa iepdopaTopa
TpebyeTCsa IPUMEHEHHE TPAKTOPA. KpoMe TOro, TEXHOIOT U
CITyCKa Ha KabeJe NPegyCMaTPUBAET OIPAHUYEHHE T10 IJIMHE
KOMIIOHOBKHU ITEP(OPATOPOB, UTO NIPHUBOIUT K YBEJTMUEHUIO
konnuecTsa CIIO. [IpuMeHeHNeE YITIEPOJHOI'O KOMIIO3UTHOTI'O
CTEP>KHS IIO3BOJIUJIO BIBOE COKPATUTD KOJIN4YeCTBO CIIO,
HEOOXOJUMBIX 151 IePPOPALIMU HOBOI'O HHTEPBAJIA, YTO
IIPHUBEJIO K 3HAYUTEIBHOM S3KOHOMUH 3aTPAT.

HeKoTOpbIE CKBAXKUHBI HE ABJIAIOTCA TOPU30HTAIbHBIMH,
OJJHAKO UMEIOT JOCTATOYHO JUIMHHBIIN y4aCTOK CTBOJIA ITO7,
OOJIBIINM YIJIOM, YTO JIE/IAE€T HEBO3MOXKHBIM CITyCKATh IIPHOOPHI
HUCKJIIOYUTEIBHO Ha Kadesie. HU3Kkui KoappUuIUeHT TPEHUsL
Y BO3MOXXHOCTD CITYCKA B CKBASKHMHY C IPOTAJIKUBAHUEM
IO3BOJISIOT AOCTABIIATH IPUOOPHI C IIOMOIIBIO CTEPXKHS 6€3
HCTIONB30BAHUSA TPAKTOPA. JKeCTKOCTb CTEPKHS IPENSATCTBYET
NEPEMEIIECHUIO KOJIOHHBI BBEPX 10 CTBOJTY ITOCIE ITepopariny,
YTO MO3BOJISICT CO3/aBATh BLICOKYIO ICIIPECCUIO, KOTOPAs
CIIOCOOCTBYET COXPAHEHUIO IIPOHULIAEMOCTH IIPU3A0ONHONU
30HBI I71ACTa. COYETAHNE HOBBIX Pa3pabOTOK B 00/1ACTU
CEJNIEKTUBHOM NTePMOPAIIUU U THOKUX ITEP(POPALTMOHHBIX
CHCTEM C IPEUMYVITIECTBAMHU KOMIIO3UTHOI'O CTEPIKHS ITO3BOJISIET
JIOCTABJISITh IPUOOPHI B TE€ YIACTKH, JOCTHKEHHUE KOTOPBIX
HEBO3MOXHO C UCIIOIb30BAHUEM TPAKTOPA HJIU JIIOOOH APYTOH
TEXHOJIOTUHU CITYCKA.

COKpalieHUe BpEMEHH U 3aTPAT, 4 TAKXKE YBEJIUYCHUE JTUHBI
WHTEPBAIA NEP(OPAIIUH IO3BOJISET UCIIOIb30BATh TEXHOJIOTHUIO

As Well As Allowing New Techniques
When Compared To Conventional
Wireline

Duncan Troup, Archer

Ballistic perforation remains a fundamental
part of the process of producing valuable
hydrocarbon deposits. The basic technique of
lowering a gun containing shaped charges into
awell is essentially unchanged since the 1930's,
but the method of deployment has undergone
many improvements. This paper intends to
examine the benefits and advantages of using
new carbon composite materials technology in
increasing the efficiency and effectiveness of
perforation.

The semi-stiff carbon rod is very strong,
rigid, has low friction and contains an
electrical conductor. These factors all combine
to confer significant advantages over wireline
for deploying perforation guns. The simplest
benefit is that the strength of the rod makes
rigging up and running very long and heavy
gun strings feasible, reducing the number
of runs in hole required to perforate a given
interval. The rigidity of the rod reduces the
risk of being blown up-hole by pressure
differentials, thus allowing more potential
underbalance than when using wireline while
the conductor allows the use of addressable
select fire systems.

Economic management of a well will almost
certainly involve some intervention during
its lifetime. A not uncommon example is a
well where depletion has moved reservoir
contacts and re-perforation becomes
desirable to maximise recovery. If deviation
is high, as in a recent well in the North Sea,

a tractor intervention will be required and
due to the constraints of a conventional

cable deployment, gun lengths will be

limited resulting in multiple runs. The carbon
composite rod system was able to halve the
number of runs required to perforate the new
interval resulting in a considerable saving.

Many wells may not be horizontal but
have a sustained section at high angle which
precludes the use of wireline alone. The low
friction of the rod and the ability to push it
into hole allows access without recourse to a
tractor, while the stiffness prevents movement
of the string uphole after shooting, allowing
significant underbalance to be applied
with all the attendant benefits to reservoir
performance. Combining new developments
in selective firing and flexible gun systems
with the attributes of the rod allow access to
zones below known restrictions which are
currently impassable by tractor or any other
conventional deployment system.

Demonstrating the ability of the carbon
composite rod system to save time and

TECHNOLOGIES
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TEXHOJIOI'MU

YIJIEPOJHOI'O KOMIIO3UTHOI'O CTEPXKHSA JJ11 ONTUMU3ALTUU
IUTAHHUPOBAHUS BHYTPUCKBA’KUHHBIX PA6OT. ICKIIOUEHUE —
pOO6JIEMBI IBUXKEHN S KOMIIOHOBKH BBEPX ITOCJIE OTCTPENA,
OCOOEHHO B CHJIBHO UCKPUBJIEHHBIX YYACTKAX, TIO3BOJISAET

6onee 3(pPEKTUBHO INTAHUPOBATH NEPHOPALUIO HA JETPECCUN
CO BCEMM BBITEKAIOLINMU IIPEUMYIIECTBAMU. DJIEKTPUYECCKUH
MOPOBOJHUK B CTEPKHE JAET BO3MOXKHOCTD UCIIOJIb30BATh
CHUCTEMY CEJEKTHBHOU aKTUBAIIUH IEP(POPATOPOB U YCTPOHUCTBO
HATSKEHUS T'OJIOBKH, KOTOPBIE HAPAAY C BO3MOKHOCTBIO TOIKATh
KOMIIOHOBKY ITO3BOJISIOT IPOXOJUTD YEPES TAKUE CYKEHUA U
OPENATCTBUSA, TPOXOXK/IEHHUE KOTOPBIX ITPH UCIIOIb30BAHUU
TPaJULTHOHHBIX METO/IOB HEBO3MOKHO.

BiustHHE IUIOTHOCTH TBEPAO¥ (pa3nl HA 3P HEKTHBHOCTH
IIPOMBIBKH 'OPHM30OHTAJIBHBIX H HAK/IOHHO-
HAITPABJICHHBIX CKBAKHH

Coxam Ilanoovs, Pamaoan Axmeo, Cyoxau [llax, Ynusepcumem
Oxanaxomot

KONTIOOMHT MIHMPOKO UCIIOJIB3YETCA B ONEPALUAX 10 TPOMBIBKE
CTBOJIA CKBAXKUHBI JJI51 YIAJIEHUS TBEPABIX YACTHI], TAKHUX KAK
OypOBOM IIJIAM HMJIM ITPOMIAHT, OCTaBmIuica nocie I'PI1. 3agacTyio
PabOoTHI IO MPOMBIBKE CKBAKHH ABJIAIOTCA HEA(P(PEKTUBHBIMH,
YTO MPUBOJUT K MOBBIIMIEHHUIO ONEPALTMOHHBIX 3aTPAT. LIeabio
JIAHHOTI'O MCCJIEJOBAHUSA ABJIAETCS PA3PA6OTKA MOJEIIN /LIS
pacueTra TpeOYEMOro PacXo/ia U JUIMTEIbHOCTU LIUPKYJIALIUNA
JKMUJKOCTH IS 3(PPEKTUBHOTO YAATIEHUA TBEP/BIX YACTULL U3
CTBOJIA CKBAKUHBI X OITUMU3A1IUU ITPOMBIBKU.

JIJ11 U3yYEHN S MEXAHU3MA [IPOMBIBKH CKBAXKUH ObLIIN
MPOBEAEHBI SKCIIEPUMEHTHI ITO BBIMBIBAHHIO CJIOS TBEP/IBIX
YACTHULL C UCIIOJIb30BAHUEM UCIIBITATEIBHOI'O CTEH/IA C KOJIBLIEBBIM
npoctpancTBoMm (127 x 60 mm) qymuao# 10,4 M. McceqoBanue
BJIMAHUA IJIOTHOCTU TBEPAOH (PA3BI, PACXO/A, YIJIA HAKJIOHA U
THIA KUJKOCTH HA IPOLIECC TPOMBIBKH OBLIO IIPOBEJEHO ITyTEM
U3MEPEHUSA CTETIEHU PA3MBIBAHUA TBEPAOT'O CJIOA M AHAJIN3A
3 HEKTUBHOCTH IPOMBIBKH. /151 SKCIIEPUMEHTA B KOJIBIIEBOE
MPOCTPAHCTBO UCIIBITATEIBHOI'O CTEH/1A ObLI IIOMEIIEH
YCTOHMYHMBBI CJION TBEP/BIX BELIECTB. ITOCIIE TOTO KaK CTEH/ ObLII
YCTAHOBJIEH TTOZ, TPEGYEMBIM HAKJIOHOM, CJIOH TBEP/BIX BEIIECTB
TNOABEPICA PAZMBIBAHUIO B TedeHUE 30 MUHYT IIPU [IOCTOAHHOM
pacxopie. 3aT€M BBIMBITBIE BO BPEMS KA2KI0T'O TECTA TBEP/bIE
BELIECTBA B3BEUINBAJINCD /1151 ONIpeJe/ICHUS 3(PPEKTUBHOCTU
MPOMBIBKH. [IJ151 OIIpeieIEHNUA TONIINHBI CJI051 HA PA3HBIX
Y44CTKAX CTEH/IA UCIIOJIb30BAIACh CUCTEMA OJBUKHBIX KaMep.
ITo pe3ynbraTaM U3MEPEHNN JIJIS KAXKJOI'O TECTA ObLJIA TIOCTPOEHA
KPUBAA 3PO3UU CJIOS TBEPABIX BEMECTB (CPEAHAA TOJNIUHA CIIOS
B 3AdBUCUMOCTH OT BPEMEHU LIUPKY/ISLIUMN). AHAIN3 I'padUuKa
MIOK43aJI COOTBETCTBUE KPHUBOI 3aKOHOMEPHOCTSIM, BbIABJIEHHBIM
panee. OFHAKO TAKXKE ObLIIN BBISIBJICHBI OIIPEJEICHHBIC
PACXOXKACHMUSL.

JaHHOE uccien0BaHue IOKA3bIBAET, YTO INIOTHOCTD TBEPIOI
(pa3bl OKA3BIBAET HEZHAYUTEIBHOE UJIM YMEPEHHOE BJIMSHIE HA
3 PEKTUBHOCTD IIPOMBIBKHU. I[IpH 33TAHHOM PACXOJE TBEPBIC
YACTUIIBI BBICOKOH INIOTHOCTH 3HAYUTEIBHO YCIIOKHSIIOT
IIPOMBIBKY CKBaKUH, OCOOEHHO B yYaCTKAX, OIU3KUX K
TFOPU3OHTAIBHBIM. KDUTHYECKUI yTOJI HAKJIOHA — YTOJ,
IIPH KOTOPOM IIPOMBIBKA SIBJISIETCS HAUOOJIEE CIIOKHOM —
CYIIECTBEHHO HE 3aBHCEJI OT INIOTHOCTU TBEPAOU (PA3LI.
KU KOCTB JJj1s1 IPOMBIBKU CTBOJIA CKBAXKUHBI OCTABAJIACH
OMHAKOBOM HA BCEX YIVIAX HAKJIOHA HE3ABUCUMO OT IIJIOTHOCTH
TBEPAOH (DA3BL

Pe3ynbTaThl 3TOrO UCCIIEIOBAHMS MOT'YT UCIIO/Ib30BATHCS B
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perforate longer sections more economically
allows optimised planning. Eliminating
concerns over gun lift, especially in high
deviations, gives far more flexibility for
planning underbalance perforation with all its
intrinsic advantages. The electrical conductor
in the rod enables the use of addressable
select fire systems and head tension devices
that, along with the ability to push the BHA,
allows entry through otherwise impassable
restrictions.

Effects of Particle Density on Hole
Cleanout Operation in Horizontal and
Inclined Wellbores

Sobam Pandya, Ramadan Abmed, Subbash
Shab, University of Oklabhoma

Coiled Tubing (CT) is widely used in wellbore
cleanout operations to remove solid particles
such as drilled solids or residual proppant
from the hydraulic fracturing treatments.

The cleanout operation is often associated
with inefficiency and substantially increases
the operational cost. This study is aimed at
developing a model to predict the required
fluid circulation rate and time to efficiently
remove solids from the wellbore and optimize
cleanout operation.

To study the hole cleaning mechanism, solids
bed erosion experiments were conducted
using a flow loop that has a 10.4 m long
annular (127 mm x 60 mm) test section. The
effects of solid density, flow rate, inclination
angle and fluid type on cleanout operation
were investigated by measuring bed erosion
and hole cleaning efficiency. A stable bed was
initially formed in the annular test section of
the flow loop. Once the setup was positioned
at the desired inclination, the bed was eroded
for 30 minutes at a constant flow rate. The
amount of solids removed during each test
was weighed to determine cleanout efficiency.
A traveling camera system was utilized to
measured bed height at different locations in
the test section. The measurements resulted in
the generation of bed erosion curve (average
bed height versus circulation time plot) for
each test. The trends are consistent with
previously reported measurements; however,
certain discrepancies were found when
examining the trends.

This study indicates that solid density has
a slight to moderate effect on hole cleanout
operation. For a given flow rate, high-density
solids make hole cleaning much more
challenging, especially in near horizontal well
sections. The critical angle of inclination that
is defined as the angle at which cleaning is the
most difficult was not significantly affected
by the density of the solids. Irrespective of the
density of solids, the effective cleanout fluid to



IOJIEBBIX YCIOBUAX I OIITUMM3ALIMU OIIEPALINH 10 IIPOMBIBKE
TOPU3OHTAJIBHBIX U HAKJIOHHO-HAIIPABJIEHHBIX CKBAXKUH.
XapaKTEPUCTHUKU CJIOS TBEPBIX BEMIECTB, 3AIIMCAHHBIE B

XOJI€ UCCIEAOBAHM S, [IO3BOJIAIOT JIyYIIE ITIOHATh MEXAHU3MbI
NEPEHOCA TBEPABIX YACTULL B CTBOJIE HAKJIOHHO-HAIIPABJIEHHONU
CKBAXUHBI XU MOT'YT OBITh HCIIOJIb30BAHBI B KAYECTBE OCHOBBI 11
JAJTbHEUIITUX UCCAETOBAHUI,

YcoBepIIeHCTBOBAHHE KOHCTPYKIIHH CKBAKHHHOTO
TPAKTOPA, CIIYCKAEMOT'0O HAa KabeJ1e, IO3BOJISIET
COKPATHTH BPEMEHHBIE 32TPATHI U IIOBBICHTH
HAJEKHOCTH padboT

MamwroJIu, Cyuoeorn Cunexa Poil, Halliburion

B noki1aie npeCcTaBiICH HEABHO PA3PAOOTAHHBIN
CKBA’KHHHBIN TPAKTOP, CITYCKAEMBIH Ha KA0€JIe, KOTOPBIH
MO3BOJIAET COKPATUTD JJIUTEIBHOCTD PAOOT U IOBBICUTD
HAJEKHOCTD ONEPAUH. JIJAHHBIN TPAKTOP MO3BOJISAET CITYCKATh
B TOPU30HTAJIBHBIE U HAKJIOHHO-HAIIPABJICHHBIE CKBA’KUHEI
IMUPOKUH CIIEKTP PA3TUYHBIX IPHUOOPOB I FEO(PU3NIECKUX
UCCIETOBAHUI, BHYTPHUCKBA)KMHHBIX THCTPYMEHTOB, 4 TAKXKE
IPHUOOPOB CO B3PBIBYATBIMU BEMECTBAMU HA CKOPOCTH JIO
30 M/MHH. KpOME TOTO, TPAKTOP O6ECTIEYUBAET 33/JAHHOE TATOBOE
ycuime npuy remuneparype o 175 °Cu gasnexnuu 1o 170 MITa.

IlepBOHAYAIBHAS KOHCTPYKIUA CKBAXKUHHBIX TPAKTOPOB C
TUIPABINYECKUM IIPUBOJOM ObLIA HU3KO(P(PEKTUBHON. Takas
KOHCTPYKIUA TPeOOBAIA IPUMEHEHU JONOJTHUTETBHOIM
NIEKTPOHUKU JIJIS IPEOOPA30OBAHUA HANIPSKEHUA (Sheiretov
2016). YCOBEPIIICHCTBOBAHNE KOHCTPYKITMH 300N HBIX
JIBUT'aTEJIEV ITOCTOSHHOI'O TOKA U AJIEKTPOHHUKHU ITO3BOJIAET
HOBBICUTB HA/IEXKHOCTD U TATOBOE YCUJIHE TPAKTOPA U
CHU3UTD ITAPA3UTHBIE TOTEPU. OCHOBHBIE XAPAKTEPUCTUKHU
KOHCTPYKIIUH TPAKTOPA:

+ OPPEKTUBHAA U HAZIEIKHASA JIEKTPOMEXAHUYECKAA
KOHCTDPYKIIUSL.

+ COBMECTHUMOCTD C OTHOKHUJIbHBIMH U MHOT' O’KHMJIBHBIMH
Ka0EJIAMM.

* YIpasJIeHHUE C TOMOIIBIO CUCTEMBI TEIEMETPHUH, KOTOPAS
IIO3BOJIAET B PEAJIBHOM BPEMEHHU ITOJIY4Y4Th JIAHHBIE O 3200€ U
COCTOSAHUHU TPAKTOPA BO BPEMSA PAOOTHL.

+ TOYHBIF KOHTPOJIb U HAJIEIKHAA [TEPENAYA JAHHBIX O CKOPOCTH
TPAKTOPA, KPYTAIEM MOMEHTE U OCEBOM YCUJIMH HA KOJIECA.
COBMECTUMOCTD C TAKUMH 3JIEMEHTAMU, KAK: yCTPOHCTBO

JUISL OCBOOOXKICHUSI TPAKTOPA, BEPTIIIOT, JIOKATOP MY(PT, JATYNK

YCKOPEHMUS, JATYNK HATKEHUA, yCTPOUCTBO IS OOECIIEYUEHUA

0€30I1aCHOCTH IIPH OOPAIEHNH CO B3PbIBYATBIMU BEIIECTBAMH,

4 TAKXKE POJIUKH.

JIokaTtop My(T, JaTYMUK HATAKEHUA U JATYUK YCKOPEHUA
CIIOCOOCTBYIOT 3(P(PEKTUBHOI padoTe TpakTopa. Ilpu
MIPOXOXKAEHUH TPAKTOPA YEPES CYKEHUA KOMIIOHOBKH
3aKAHYUBAHUA U NIPENATCTBUA HEOOXOAMMO OOECTIEYUTD
BO3MOKHOCTb PET'YIMPOBAHUS OCEBOI'O YCHJINSI Ha KOJIECA.

Cekums 12. TexHu4yeckue perueHus g
BHYTPUCKBAXXNHHbIX paboT B CNIOXKHbIX YCI0BUSX

TIpu nposederuL BHYMPUCKBANCUHHBLX

pabom 8 C/I0NCHBIX )CII0BUAX C AHOMASIGHBIMIUL
SHAYEHUAMIU MeMnepamypol u Oa6.1eHUs
OONLULOLL 271YOUHOLL U CIPOUMU MPEOOBAHUAMU
K 9K0102UMeCKOlL 6€30NACHOCMU 603HUKAIOM

unmepecHsLe 3a0ayiL NO NOBLIUEHUIO }

be used in wellbore cleaning operation at all
inclinations remained the same.

The outcomes of this investigation can
be applied in the field to optimize cleanout
operations in horizontal and deviated wells.
The bed characteristics recorded during
the investigation give more insight into the
mechanisms of solids transport in inclined
wellbores and can be used as the basis for
further investigation.

TECHNOLOGIES

Advancement in Wireline Tractor
Design Reduces Operating Time and
Improves Reliability

Matthew Lee, Sushovon Singba Roy,
Halliburton

A newly developed wireline tractor is
exhibiting positive effects for total operating
time and reliability. Not only can it deploy a
wide range of logging tools, well intervention
tools, and explosives at a rate up to 100 ft/min
(6,000 ft/hr) in horizontal or highly deviated
wells, it has an efficient electro-mechanical
design. Additionally, the tractor can run in
wells up to 350°F and 25,000psi with full
tractoring force.

Historically, wireline tractors were based on
a lower efficient hydraulically powered design
or additional electronics to invert voltages
were necessary (Sheiretov 2016). Because of
advancements in downhole-rated DC motors
and electronics, it's possible to increase
reliability while delivering more power with
less parasitic losses. Important design points
for a tractor include:

- Efficient and robust electro-mechanical
architecture

+ Compatibility with single and multiconductor
wirelines

- Controlled by a real-time telemetry system to
log tractor and well data while tractoring

+ Precise control and feedback of tractor speed,
torque, and wheel normal force

- Combinable with a wireline release tool,
swivel, casing collar locator (CCL), downhole
tension, accelerometers, explosives safety
device, and rollers.

The CCL, downhole tension, and
accelerometer measurements assist with
efficient tractor operations. The wheel
normal force should be adjustable to the
tractor through restrictions and completion
components.

Session 12. Intervention Solutions
in Challenging Environments

Well intervention faces interesting
challenges when it comes (o

pressure and temperature, extended
reach, environment, cost, and }
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3P PeKmueHOCIU 1 COKPAUCHUIO 3AmpPam.
TIOUCK YHUKAIBHBIX 1MEXHUMCCKUX DeULeHULT
07151 Peuerus Pa3iudHbLX 3a0a4 A61emcs
HenpepvIBHbIM KPeamueHbiM 1NPOUECCOM.

B oannoti cexuuu npeocmaesnervs Hogole
MEXHONO2UU U UHHOBAUUOHHBLE MeXHUUECKIUe
pewerust O OOCAYHCUBAMHUSL CKEANCUH C
ucnonvsosaruem I HKT u xabens, komopuoie
NO36010M ))CREULHO bINOSIHAMD
nocmaenerHvie 3a0aqi.

CrerfuaabHO pa3padoranHas THKT muameTpom
60,3 MM oGecrieunBaeT 3P PEKTHBHOE IIPOBETECHUE
BHYTPHCKBAKHHHBIX PA0OT B CKBA’KHHAX I'TYOHHOM
9 KM C OOJIBIITHM OTXOJAO0OM OT BEPTHKAIH HA IIeabde
AGy-Iaou

HUpma Ianvean, Global Tubing; Xoce Xumenec, J]ncoan
Yanoa, Halliburton; D0eapo Yumau, ADNOC Offshore; [appu
Maxxnennano, Global Tubing

Jl1st o6ecriedeHns CTAOMIBHOTO YPOBHS JOOBIYY HA
JUINTEJIBHOE BPEMS, 4 TAKIXKE JIJIS YBEJTMYEHU A TIJIOMA U
KOHTAKTA C IJIACTOM IKCILTyaTalys CKBA’KHUH B [IepcrUICKOM
3aJIMBE NIPOU3BOAUTCS HA UCKYCCTBEHHBIX OCTPOBAX C
UCIOJIb30BAHNEM TEXHOJIOTUU OYPEHUS C OOJIBIINUM OTXOAO0OM
OT BEPTUKAIN U TEXHOJIOTMY 3AKAHYUBAHUA CKBAXKIH
XBOCTOBHUKAMU. [lTaHHAS CTPATETUS UMEET MHOI'O IIPEUMYIIECTB,
OJJHAKO CJIO’KHBIE TPEXMEPHBIE TPAEKTOPHUH CKBAXKUH MOTYT
BBI3BATb OCJIOXKHEHUS B TEUEHUE NIEPUOAA IKCILTYyATALUHU
CKBAXUH. O6eCIEYEHNE BO3MOXKHOCTHU BBITIOJTHEHUS
BHYTPHUCKBA)KUHHBIX PAOOT B TAKUX CKBAXKUHAX C JNIMHHBIMUA
T'OPHU30HTAIbHBIMU YYACTKAMHU ABJIACTCA BAXKHOM 3a4a49€H
JUTA TOCTUKEHUS TPEOYEMBIX ITOKA3ATENEH PA3PAOOTKHU
MECTOPOXKACHUS.

17151 BBITIOJIHEHUSI OCHOBHOT'O OO'beMA PA6OT O IIPOMBIBKE
U CTUMYJISALIUN CKBAXKUH C TPAEKTOPHUAMU C COOTHOIIEHUEM
«IYIyOHHA 1O CTBOJIY/IJIYOHMHA 1O BEPTUKAIN> 4,5:1 C
JUIMTHOM TOPU30HTAIBHOI'O YUACTKA B IUTACTE /10 6 KM 10
WHAVBHUYAJIBHOMY 3aKa3y 6bl1a cripoekTuposana 'HKT,
KOTOpas O6€ECIEYNIa MAKCUMAJIbHBIE ITOKA3ATEIH JOXOXKICHUA
JIO 32004 M1 paCcXo/1a P 3aKa4Ke. [Tpy BBIOTHEHUN PA0OT
NPEIBABIIAINCDH CIEAYIOINE TPEOGOBAHUA: JOXOXKIEHHUE IO
11€JIEBOY ITTyOHUHBI 9150+ M, COKpAIIEHHUE UCIIOIb30BAHHU S
JIOPOrOCTOSIIUX UHCTPYMEHTOB /17151 pA0OTHI B ITTyOOKHX
CKBAKMHAX M OOECIIEYEHHNE PACXO/1A 3AKAYKHU )KHUJIKOCTH
He meHee 0,8 M?/MuH. [lTaHHbIE TPEOOBAHUS JOJIKHBI ObLIH
BBITIOJIHATBCS BMECTE C COOMIOIEHHUEM JIOTYCTUMOT'O IEPenaa
JIABJIEHUS C LIEJIBIO TOBBIEHUS CPOKa C1yk6b! 'HKT, a Takske
6€3 MPEBBIIEHUS JONYCTUMBIX TAPAMETPOB PAOOTHI yCTHEBOI'O
060pPYAOBAHUSL.

I npoexktuposanus 'HKT Obl1a HCIOMB30BaHA
UTEPALTUOHHAS MOJIE]Ib, KOTOPAs BKIIOUAJIA B CEOS CIEAYIONINE
KOMITOHEHTBL: 3AMTaTEHTOBAHHAS TEXHOJIOTUS U3TOTOBJIEHH S
I'HKT nyTem CBapKH HITPHUIICOB, AHAJIU3 CHJL, IEUCTBYIOIINX
Ha 'HKT, aHa113 ru/IpaBIMdeCKUX CUJT, THCTPYMEHTHI JIJIS
CO3JJAHUS TATOBOT'O YCHUJINSA, MOIETMPOBAHUE U3HOCA TPYOBI
U IPYIU€ PEKOMEHIALINH IO TPOU3BOACTBY U citycKy 'HKT,
KOTOPBIE NO3BOJIMJIU YCIIENTHO U 6€30ITaCHO IPUMEHHUTD
THKT pramerpom 60,3 MM, Becom 70 T, ATuHOM 9601 M 1715t
BBITIOJIHEHUSA PA6OT HA HCKYCCTBEHHBIX OCTPOBAX.

I'nbkue Tpy6bl HO3BOINIIN JOCTUYb 1I€IEBbIX [TTYOUH B
CaMBIX CJIOKHBIX CKBAXKUHAX, 4 TAK)KE OOECIIEYUTD TATOBOE
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efficienicy. The search for unique
solutions to address the varying
challenges is always continuous
and creative. This session will cover
several technology introductions
and deployment of innovative
techniques, in both wireline and
coiled tubing services, that enable
successful delivery of intervention
objectives.

Highly Engineered 2.375-in CT Provides
Effective and Reliable Interventions in
30,000-ft Mega Reach Wells in Offshore
Abu Dhabi

Irma Galvan L1 Galvan, Global Tubing LLC;
Jose Jimenez J.M. Jimenez, Joel Ulloa]. Ulloa,
Halliburton; Edward Wheatley E,J. Wheailey,
ADNOC Offshore; Garry McClelland G.
McClelland, Global Tubing LLC

With the aim of long-term sustainable
production in the Persian Gulf, wells are being
developed on artificial islands to maximize
reservoir contact using extended reach
drilling technologies with liner completions.
This drilling strategy has many advantages
and efficiencies, albeit, it results in complex
3-D well trajectories which challenge service
operations throughout the well's life cycle. The
ability to perform interventions in these wells
with challenging laterals using Coiled Tubing
(CT) is critical for achieving field development
goals.

With well cleanouts and stimulation as
the primary scope of work, a CT string was
custom-engineered to maximize reach
capabilities and injection rates, in well
trajectories of up to 4.5:1 MD/TVD ratios
that extend up to ~20,000-ft laterals through
the reservoir. The challenging operating
requirements incorporate several constraints,
including accessibility of +30,000-ft target
depths, minimizing the use of high cost
extended reach tools, and achieving injection
rates of at least 5 BPM, all within acceptable
pressure limits to maximize CT service
life, without exceeding surface equipment
capabilities available in the area.

An iterative CT design methodology
that incorporated the use of patented CT
manufacturer strip technology, extensive
tubing forces and hydraulics analyses, traction-
force generating tool capabilities, fatigue
simulations, and improved operation practices,
enabled safe and successful deployment of
70-T (155,000-1bs) 2.375-in CT strings with
31,500-ft continuous length on the artificial
islands.

CT strings reached target depths, with the
bottom-hole assembly (BHA) generating
7,500-1bf of traction force in the most difficult



yCHUJIME HA 3200HHYIO0 KOMIIOHOBKY 3,4 T U PACXOJ] 3aKa4KH BO
BpeMs cTumynanuu 0,8 m?/MuH. Ha TEKyIMi MOMEHT JJAHHBIE
TUOKME TPYOBI ABIAIOTCA CaMbIMU TsKeNnbIMU 'HKT, koTOpbIe
OBUIH CITYIIEHBI HA UCKYCCTBEHHBIX OCTPOBAX. DTO MTO3BOJIUIO
JIOOBIBAIOMEN KOMIIAHUY TOBBICUTD IIPOU3BOJUTENBHOCTD U
YPOBEHD IOOBIYU B INIYOOKHUX TOPU3OHTAJIBHBIX CKBAXKUHAX.

B jaHHOM CTaThE ONHUCAH MACHITAOHBIN IPOLIECC
NPOEKTUPOBAHUA TPOoU3BOACTBA 'HKT o MHAMBUAYAIBHOMY
34Ka3y JJ151 BBIIOJIHEHUSA CJIOKHBIX ONEPALTUT, BKJIIIOYAIOIMNX
KUCJIOTHYIO O6PA6OTKY, H3OJIAIIUIO HHTEPBAJIOB
MEXAHUYECKUMU METOIAMU, 6OPBOY C OTIIOKEHUAMH,
BOJIOU3OJISILTUOHHBIE PAOOTHI U IPOMBIBKY CKBAXKUH. TaKKE B
CTATbE NIPEACTABIICH AHAJIN3 ITOJIEBBIX JAHHBIX U JIAHHBIX I10
akcruryaTanuu F'HKT, KOTOPBIA TOKA3BIBAET, UTO ITOCTABJICHHBIE
T'HKT no3Bomiin JOOIBAIOMIEH KOMIIAHUH ITOBBICUTD
3(PHEKTUBHOCTD PAOOT.

B OyaymeM nimaHupyeTcs OypeHNE CKBAXXUH C 6oyee
JUIMHHBIMH TOPU30OHTAIBHBIMU YIACTKAMHU, [IO3TOMY
JagpHeNIas pa3padboTKa TEXHOIOTUN TPOU3BOJCTBA TNOKHX
TPy6 NO3BONUT 3(PPHEKTUBHO BBINOIHATH PA60ThI ¢ THKT
IJIHOM 60J1ee 11 KM 4J1s1 obecriedeHU ST MAaKCUMAJIBHOT'O
JIOXOZK/ICHU S 10 32005 Y IOCTUKEHU S TPEOYEMBIX ITOKA3aTEICH
Pa3pabOTKN MECTOPOXKACHUA. TEXHUUECKUE PEMIEHUSA 10
npoussoactsy THKT auamerpom 60,3 MM U JUTHMHO¥ Gostee
11 125 M certyac HAXOAATCA HA CTAAUU IPOEKTUPOBAHUA. DTH
TPyOBI TO3BOJIAT NIPEOOJETh 3HaueHue Beca THKT 73 T, uto
CTaHET HOBOU BeXOU B uctopuu orpaciau THKT.

YcoBepuIeHCTBOBAHUE METOJOB 00€eCIIedeHH A
moxoxxaeHua F’HKT 1o neneBbIX ITyOHH B
TOPHU30OHTAJBHBIX CKBAKHHAX C OOJIBIIHM OTXO0aO0OM
OT BEPTHKAJIH C OTKPBITHBIM CTBOIOM C OOJIBIITHM
KOJIHYECTBOM IIPENATCTBHH

Xyccetin Catiyo, Jlopu /Jymu, Saudi Aramco; Ymym Aiibap,
Mycmacgpa ban, Schlumberger

Yenex paboTt o 06pabOTKE CKBAXKUH C OOJIBIIMM OTXOA0M OT
BEPTUKAJIN METOJIOM 3aKaUKHU KUJKoCTH yepesd 'HKT 3asucur B
OCHOBHOM OT INTYOUHBI CIYCKA TMOKOM TPYOBI, KOTOPAsI BIUSIET
HA IUIOMA/Ib KOHTAKTA C IIacTOM. Hanboree CI0KHBIMU C TOYKH
3penus goxoxgeHuss THKT 1o 3260 ABISIIOTCS CKBA’KUHBL C
MUHHUMAJIBHBIM IPOXOJHBIM AUAMETPOM 61 MM U AMAMETPOM
OTKPBITOTO CTBOJA 155,6 MM. [IJTs peIeHUsI JAHHOM TTPOGIEMbI
ObLIa UCTIOIB30BAHA KOMIIOHOBKA CKBA>KMHHOI'O TPAKTOPA
M4JIOT'O JUAMETPA C OIITOBOJIOKOHHBIM Ka6€eseM, KOTopas
TIO3BOJIMJIA IOCTABUTh HOBBIH pEKOPJ, IO J0XOxAcHUI0 THKT.

IMpuxsar 'HKT 0poncxoauT B pe3yJIbTaTe OBBINICHUS
CHJI TPEHUS U CIUPAJIIEBUHOI'O CMSITUSI THOKOM TPYOBL. DTO
OTPULIATENBHO CKA3BbIBAETCS HA ITOKA3ATEJIE JOXOXKACHUSA
I'HKT. 1151 pemeHuns JaHHOM TPO6JIEMBI OBLIIO IIPOBEJCHO
MOJIETMPOBAHUE C UCIIOJIb30BAHMEM JJAHHBIX C IPEABIAYIINX
PaboOT HA CKBAKHHE, 10 PE3YJIBTATAM KOTOPOT'O Obl/IAd TOYHO
omnpe/iesieHa IMTybruHa IIPUXBATA, YTO ITO3BOJIUIIO PACCYNUTATD
HEOOXO/IMMOE TATOBOE yCHIIHME. B KauecTBe ONITUMAJIBHOTO
MHCTPYMEHTA JUIS CO3[JAHUS TPEOYEMOT'O TATOBOT'O YCHUIIUS C
Y4€TOM MHUHUMAJIBHOI'O IIPOXOHOI'O JUAMETPA OblJI BBIOPAH
CKBA)KMHHBIN TPAKTOP MaJIOro JuameTpa (53,98 Mm),
crryckaemblit Ha 'HKT. JI71s1 BBITIOJTHEHMSI pAaOOTHI ObL1a BEIOPAHA
cnenuanIpHO pa3padoranHas FHKT ¢ nepeMeHHOM TONITUHON
CTEHKH C OIITOBOJIOKOHHBIM Ka6€eJIeEM, IO KOTOPOMY B PEKMME
PEAIBHOIO BPEMEHH OCYIIECTB/IAIACH IEPEAAYa JAHHBIX
C 3200MHOTO MOZIYJISI U3MEPEHU S HATSKEHUSI-CoKATH S, YTO

wells, while delivering up to 5 BPM injection
rates during the stimulation operations. These
extended reach CT strings are the largest

(by weight) ever produced and deployed on
the artificial islands, which enabled the well
operator to maximize well performance and
productivity in ultra-long lateral wells.

This paper demonstrates the extensive
design process to provide support and custom-
engineer CT strings to perform complex
operations — including matrix stimulation,
mechanical isolation, scale inhibition, water
control, and well cleanouts. Analysis of the
field data, and performance of the strings will
also be discussed to demonstrate increased
efficiencies achieved by the well operator.

As future wells are being designed with
greater laterals, further development in
downbhole tools technology will allow the
deployment of +35,000-ft CT in continuous
length to economically and efficiently achieve
extended reach CT operational goals in the
field. Engineered solutions for 2.375-in CT over
36,500-ft are currently in the design stage.
These strings are expected to surpass the 73 T
(tube only) weight — becoming a future
milestone for CT interventions.

Incremental Gains in Coil Tubing
Reachability for Highly Restricted
Extended Reach Open Hole Completions

Hussain Saiood, Laurie Duthie, Saudi
Aramco; Umut Aybar, Moustapha Bcl,
Schiumberger

Successful stimulation fluid placement in
extended reach wells (ERW's) through coiled
tubing (CT) is primarily dependent on the
depth reached for maximum reservoir contact.
Well configurations of minimum bypass
(2.4 in)) and openhole sections (6 1/8 in.) are
the main challenges for CT reach in these
ERW's. Implementation of a CT slim tractor
along with fiber-optic enabled cable were
applied to overcome the challenges and set a
new record for CT reach.

CT lockup is the phenomenon that occurs
due to friction forces and helical buckling,
which limits the CT reach. To tackle these
challenges, an accurate simulated lockup
depth is estimated using historical data to
identify the required pull force. The CT slim
tractor (2 1/8-in.) was chosen as the optimum
tool to provide the required pull force, as well
as pass through the minimum ID restriction of
the well. Specially designed tapered CT with
fiber-optic enabled cable acquired real-time
data from the downhole tension-compression
(TC) sub to confirm both the activation and
lockup depth of the tractor.

The expansion ratio of the tractor from
21/8-in. to 6 1/8-in. OH section opens a new
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TEXHOJIOI'MU

MO3BOJINJIO HOATBEPAUTD INTyOUHY AKTUBALIUU U [NIYyOUHY
IIPUXBATA TPAKTOPA.

DYHKIHS PACHTUPEHUS TPAKTOPA € 53,98 MM 110 155,6 MM
B OTKPBITOM CTBOJIE SIBJIIETCSI HOBBIM BUTKOM Pa3BUTUSA B
MeTogax obecrieueHus goxoxaeHus THKT B CKBaKMHAX C
MaJIbIM IIPOXOJHBIM IUaMETPOM. CKBAXKMHHBIA TPAKTOP
C HAMMEHBIIIUM B MUPE HAPY>KHBIM JIMAMETPOM MO3BOJINII
[IPOTH YE€PE3 MUHUMAIBHBII TPOXOAHOLM AraMeTp 61 MM
U 06€eCeYn’I TArOBOE ycuaue 6osee 1,5 T, 4TO MO3BOIUIO
pasmectuts 'HKT 1o BCel JIMHE OTKPBITOrO CTBOJA. Kpome
3TOrO, OBIIN 3APETUCTPUPOBAHBI /IBA HOBBIX PEKOP/Id: CAMBINA
JUIMHHBIA Y4aCTOK CKBA>KUHBI, IIPONIEHHBIN C IIOMOILIBIO
TPAKTOPA MAJIOT'O JUAMETPA, U CAMOE OOJIBIIOE PACCTOSTHUE,
MIPOM/ICHHOE B JOOBIBAIOMIEN CKBAXKUHE INTYOUHON 7530,4 M.
[IpruMeHEHNE YKA3AHHBIX TEXHUYECKUX PEMIEHHUI OOECTIEUNTIO
YBEJIMYECHUE IVIOMAAN KOHTAKTA C IIJIACTOM BO BpeMs
06pPA6OTKU U YCTAHOBUJIO HOBBIH CTAH/IAPT B O6JIACTU
06pPA6OTKU CKBAKHH.

JaHHble TEXHUYECKUE PELIEHN PACIINPAIOT BO3MOXHOCTH
BHYTPUCKBA)KMHHBIX Pad0T ¢ 'HKT B rOPU30OHTAIBHBIX
CKBAKUHAX C OOJIBIIUM OTXO/IOM OT BEPTUKAJIU C
NPENATCTBUAMU B KOMIIOHOBKE 3a4KAHUYHUBAHUA, TIE
OCHOBHOM 32Ja49€H ABJIAETCA YBEJIUYEHUE [TI0KA3ATEIIA
noxoskaeHus 'HKT s nposeieHust 00paboTKuU. Takke B
pEe3yJIbTaTE OAHOBPEMEHHOI'O UCIIOIb30BAHMA HECKOJIBKHUX
MHHOBALIMOHHBIX PENIEHNI ObLI yCTAHOBJIEH HOBBIA PEKODZ,
noxokieHus 'HKT, KOTOpPBIN IPEBBICHII TPEABLAY I
MOKA3aTeNb IPUOIU3UTEIBHO HA 1,5 KM.

Hcnons3oBanue I'HKT B cpejie C HOBBINICHHBIM
COIEPKAaHHEM CEPOBOLOPOIA
Tomac Ilaopomn, Baker Hugbes a GE Compary

HaKomieHHbIN HAYyYHO-NUCCIENOBATEIBCKHI U ITPAKTUYECKUH
OMBIT ITOATBEPANII BO3MOXHOCTB UCIIOJIb30BAHU A THOKUX
Tpy6 rpynn npodHocTH 80, 90 1 100 B Cpezie C HOBBINIEHHBIM
COAEPKAHUEM CEPOBOAOPOAA 6E3 IIPEBBIIEHUA MAKCUMAJIBHO
JOIIYCTUMBIX 3HA4EHUN. Ha TEKYIIUI1 MOMEHT B OTPACIN
jpoctynHbl HoBble THKT 6071€€ BBICOKUX I'PYIIII IPOYHOCTHU
(110 1 140), 0O1HAKO HET OKOHYATEIBHOI'O IOHUMAHHNA
BO3MOKHBIX IIPOOJIEM AKCILTYATALUH, IIPUTOJTHOCTH TPYO
U MAKCUMAJIBHO JJOITYCTUMBIX 3HAYEHU COAEPIKAHMA
CEPOBOOPOAA. B TAHHOM CTATHE NIPEACTABIECHBI BO3MOXXHbBIE
npo6aeMel Ipu sKCIIyaTauuu F’HKT B TAKKUX YCJIOBHSAX
1 YKA3aHBI (DAKTOPBL, KOTOPBIE CJIEAYET YUYUTHIBATD IIPU
NIPHUCBAWBAHUM HOBBIX I'DYIIII IPOYHOCTH.

B crarpe npeacTasiieH 0630p TEXHUYECKUX CTATEN
110 3kcruryaranuy 'HKT B yC/IOBUAX IIOBBIIIEHHOI'O
COZIEPKAHUS CEpOBOIOPOAA € 1982 rosa, a TaKKe OJIEBOM
onbIT Ucnonb3oBaHusl 'HKT B TAKMX yCIOBUAX. DTU IAHHBIC
MTO3BOJIAIOT OIPEAECTIATE BO3MOKHBIE ITPOOJIEMBI ITPH
akcruryatauuu FTHKT ¥ ClIUCOK KpUTEPUEB 1711 KBATU(PUKALTAN
HOBBIX I'DYIIIIT ITPOYHOCTH, JOCTYITHBIX HA PBIHKC, BK/IIOYaA
METOJMKY UCTIBITAHUI, KOTOPBIE ITO3BOJIAT OIIPEJE/INUTD
COOTBETCTBUE TPYObI TPEOOBAHUAM ONPEAETEHHON I'DYIIIIBI
IIPOYHOCTH.

AHaJIN3 TAHHBIX [TO3BOJINJI YCTAHOBUTD, YTO BO3MOXHBIMH
npo6aeMamu Ipu axcruryaTanuu THKT B yeoBusax
MOBBIIIEHHOT'O COAEPKAHUSA CEPOBOIOPO/IA ABIAIOTCS
CHMYKEHHE CPOKA CJIY2KOBI TPYOBI M PA3JIMYHBIE BU/IBI
CEPOBOAOPOAHOIO pACTPECKUBAHMS. [IpUHUMAs 3TO BO
BHHUMAaHUE, 6bJIO YCTAHOBJIEHO, YTO B IIPOLIECC KBATHU(PUKAITUU
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era for CT reach in restricted ERW's. The world
slimmest tractor passed the 2.44-in. minimum
ID restriction and provided more than a

3,000 Ibf pulling force, allowing the CT to
cover the entire openhole section. Along

the way, two new records were recorded for
the longest section tractored by a slim CT
tractor and the furthest distance travelled in

a producer well reaching a TD of 24,7006 ft.
Increased reservoir contact during stimulation
through engineered solutions has set a new
standard enabling the implementation of a full
stimulation campaign.

These engineered solutions demonstrate the
potential for CT interventions in extended-
reach horizontal wells with completion
restrictions, where the main challenge is to
maximize the reach for optimum stimulation.
As a direct result of several innovative solutions
applied simultaneously, a new record for CT
reach was set, surpassing the previous record
by nearly 5,000 ft.

Coiled Tubing and Sour Service -
Are We There Yet?
Tomas Padron, Baker Hugbes a GE Companny

Research and field experience have given
technical bases to accept the use of CT80,

90, and 100 coiled tubing (CT) for sour
service, including their limitations. New
higher strength Grades are now available
(CT110 to CT140), but there is not enough
awareness about potential issues, suitability,
and boundaries regarding their use in H,S
environments. This paper presents the
potential issues and indicates the aspects that
should be considered for the qualification of
new CT Grades.

This paper gathered research data from the
review of technical publications related to CT
and sour service since 1982, and also included
field experiences regarding the use of CT in
wells containing H,S, in order to establish the
potential problems of working with CT in
sour environments, and define what should
be considered for the qualification of the new
CT Grades available in the market, including
the testing options that will cover the aspects
needed for that qualification.

The analysis of the information allowed
establishing that the potential problems of
using CT in sour service include the reduction
of fatigue life available and different forms
of H,S cracking. Considering this, it was
established that the aspects that should be
included for qualifying a CT Grade for sour
service are: sour fatigue performance for pipe
and bias weld, boundaries limits regarding H,S
partial pressure, and finally the effectiveness
of anti-cracking inhibitors for protecting the
pipe against H,S cracking. The testing options



TPYyIII IPOYHOCTH JIJI YCIOBHH MOBBIIIEHHOT'O COJAEPKAHUS
CEpPOBOJOPO/IA AOJIKHBI ObITh BKJIIOYEHBI CJIEAYIONINE
(PaKTOPBL TOKA3ATE/IN YCTAJIOCTHOI'O U3HOCA TPYOBI M CBAPHBIX
IIBOB, 'PAHUIIBI APIIMAIBHOIO IABJIEHUS CEPOBOAOPOAA U
3(pPEKTUBHOCTh UHTUOHUTOPOB CEPOBOJOPOJHOI KOPPO3UH.
[Tpeanaraemas METOJUKA UCIIBITAHUI BKJIIOYAET B CEOs
ucnelTanue o6pasnos 'HKT Ha yCTamoCTs NPH U3rude
IOCJIE HAXOXIECHUS B CEPOBOAOPOLHOU CPELE, A TAKIKE
UCHBITAHUE MAJIBIX OOPA31[0B METAJLIIA HA CONPOTUBJIEHUE
Cynb(PUAHOMY PACTPECKHUBAHHUIO MOJ] HATIPSIXKEHHUEM B
CEPOBOJOPOACOACPKAIUX CPE/IaX COIVIACHO CTAH/IAPTY
NACE TMO0177 (meTonbt A, Bu C).

Heo6xoa1MO NOIy4YUTh 60J1€€ OTHOE NPEACTABICHUE O
BO3MOKHBIX IPOOIEMAX NTPH UCTTONB30BaHUU 'HKT BBICOKMX
I'PYIII IPOYHOCTH B CPEAAX, COAECPIKALINX CEPOBOLOPOL.
Takoke Ha TEKYIIUIT MOMEHT HE CYIIECTBYET O(PUITUATBHON
UHCTPYKIINHU ITO KBAJIM(PUKALTUH JAHHBIX I'PYIIT IPOYHOCTU.
B 1aHHOM CTAThE KPATKO U3JIOKEHBI BO3MOXKHBIE TPOOJIEMEL,
KOTOPBIE MOTYT BO3HUKHYTb IPH BO3/IEUCTBUH CEPOBOAOPOAA
Ha 'HKT (ganHbIE TAaGOPATOPHBIX UCITBITAHUN X IPUMEPDI
ABAPHI B IOJIEBBIX YCIOBUAX), 4 TAKIKE ONIPEIEIEHBI (DAKTOPHI,
KOTOPBIE CJIEAYET YYUTBIBATD IIPU KBATU(PHUKAITUH I'PYIIIT
npouyHocty 'HKT, 1 npefcTrapieHa METOAUKA UCITBITAHUI.

PacmrnpeHue BO3MOKHOCTEH JTHATHOCTHKH JIe(hEeKTOB
T'HKT mpu paGoTe B OCTOKHEHHBIX YCIOBHIX:
YCIIEUIHBIM OIBIT B AITIOHMH

Hosomy Howwoa, Camowu Tewuma, Puo Imada, INPEX;
Ymym Aiioap, [Toep Pamoroery, Schiumberger

Ycnex BOMOU30IAIMOHHBIX PAOOT 3a9aCTYIO 3aBUCHT
OT TOYHOT'O OIIPEJIEJIEHNUSA MEXAHU3MA ITPOPBIBA BOJIBL.

OnHAaKO, KOTZA TP SKCIUTYATAILIUH CKBAKUHBI TPOUCXOAUT
MOBPEXKAECHUE IIACTA, ONIPEJEIUTD MEXAHU3M ITPOPBIBA BOJBI
CTAHOBHUTCS 3HAYUTEIBHO CJIOXKHEE. /I TPOBEEHUA PA6OT
B TAKHX CJIO’KHBIX YCJIOBUAX (BBICOKAS TEMIIEPATYPA, HU3KAA
MPUEMUCTOCTD, CUJIBHOE HCKPUBJIEHHE CTBOJIA CKBAXKUHDI,
JUIMHHBIE IEP(POPAUOHHBIE UHTEPBAJIBI U ITOBPEXKJEHHBIA
CTBOJI CKBAXKUHBI) 6bliIN OO6'beIMHEHBI TeXHONMOrusa FTHKT 1
TEXHOJIOTUSA PACNIPENETIEHHOTO U3MEPEHUS TEMIIEPATYPBI
(DTS). DT0 NO3BOJINJIO ONIPEJEINUTD IIOBPEXKICHHBIC
HE(PTEHOCHBIE MHTEPBAJIBI U IIPEANIONATAEMBIE YIACTKUA
MPOPBIBA BOABI B CKBA’KMHE B JIIIOHNHN HA CYIIE.

CKBaXMHA4 6bLJIA CUJIBHO 3aIPSI3HEHA OYPOBBIM PACTBOPOM Ha
HEPTAHOM OCHOBE U PACTBOPOM 3aKAHUYMBAHUS, YTO IIPUBEJIO
K CO3/JAHUIO CTOMKUX IMYJIbCUU B CTBOJIE CKBAXKHUHBI BO BpEM A
3aKAHYMBAHUA. HeCMOTPsA HAa KAYECTBEHHO BBITIOJIHEHHBIE
PabOTHI 11O IIPOMBIBKE U ITEPGPOPALINH, IIJIACT OBLII CUJIBHO
MOBPEXK/IEH, U3 CKBAXKUHBI JJOOBIBAJIACH TOJIBKO BOJIA.
ITOCKOIBKY ITOBPEXAEHUE CTBOJIA CKBAXXUHBI IPENATCTBOBAJIO
HCIIOJIb30BAHUIO JIIOOBIX I'€O(PU3UUECCKUX HTHCTPYMEHTOB, B
Ka4€CTBE OCHOBHOI'O IMArHOCTUYECKOI'O METO/]A Obl1a BEIOPpAHA
TEXHOJIOT U PACIIPEEIICHHOIO H3MEPEHUSI TEMIIEPATYPBI, B
paMKax KOTOPOH OII'TOBOJIOKHO OBLIIO CITYIIIEHO B CKBAXKUHY C
nomoupio T'HKT g1 o6ecrieueHns NOJHOIO OXBATA UHTEPBAJIA.
[Tony4eHHBIE PE3YIBTATHI ObIM OOPAO6OTAHBI M CONIOCTABJIEHBI C
JJAHHBIMU MO/IEJIMPOBAHUSI, C IOMOIIBIO KOTOPOI'O IPOBEPSIINCH
Pa3/IMYHbIE BAPUAHTDI IOBPEK/ACHUS I1ACTa. B pesynbrare
NOJTy4YE€HHAsI UH(POPMAITHS ObLIa HCIIOJIb30BAHA /111
OIIPEAE/ICHUS METOMA BOJIOU3OAIIMOHHBIX PAOOT.

Ha ckBasxrHe OblI1a BBITIOJTHEHA CIIEAYIONAst
NOCJIEOBATEIBHOCTD PA6OT: OCHOBHOE U3MEPEHUE

proposed include bending fatigue testing of CT
samples after being exposed to H,S, and small
scale samples NACE TMO177 testing (Methods
A,B,or Q).

More awareness about potential issues of
using high strength CT Grades in sour service
is required, and also there is no formal industry
guidelines regarding their qualification for
sour service. This paper summarizes the
potential problems that can occur from the
exposure of CT to H,S (lab data and field
failures examples) and establish what should
be considered for the qualification of a CT
Grade to be used in sour service, including the
testing options.

Pushing the Limits of Damage
Identification with Coiled Tubing in
Extreme Conditions: A Success Story
from Japan

Nozomu Yoshida, Satoshi Teshima, Ryo
Yamada, INPEX Corporation; Umut Aybar,
Pierre Ramondenc, Schiumberger

The success of water conformance
operations often depends on clear
identification of the water production
mechanism. Such assessment can be
complicated significantly when formation
damage is also occurring. Coiled tubing (CT)
and distributed temperature sensing (DTS)
were combined to overcome challenging
conditions (high temperature, low injectivity,
high deviation, long perforated intervals, and
wellbore damage) to identify damaged oil
zones and suspected water-bearing zones in an
onshore well in Japan.

The subject well experienced unexpected
contamination of oil-based mud and
completion brine which generated tight
emulsions in the wellbore during the
completion phase. Despite a thorough
cleanout and perforations, severe damage was
observed and mostly water was produced.
With the presence of persistent damage in the
wellbore preventing any logging tool use, DTS
was selected as main diagnostic method, with
the fiber optics being deployed with CT to
ensure full coverage of the interval. Acquired
temperature surveys were processed and
matched with simulated profiles, which tested
various scenarios of damage. Ultimately, results
were used to drive the design of remedial
actions.

The following operational sequence
was implemented: temperature baseline
measurements (6 hr), brine bullheading
through CT-tubing annulus at 0.2 bbl/min
(22 hr), and shut-in (6 hr) for warmback. The
long injection stage was required to ensure
enough fluid was being injected across the
entire interval while keeping the downhole
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TeMrieparypsl (6 9), IpsiMast 3aKA9Ka PACTBOPA YePe3 MAJIOE
3aTPYOHOE IIPOCTPAHCTBO € pacxogoM 0,03 M>/mMuH (22 v),
orcToi (6 9). JinTebHas 3aKa49Ka PACTBOPA TPE6OBAIACH
JUIS OOECIEYEH U JOCTATOYHOIO O6'bEMA JKUJKOCTHU BO BCEM
UHTEPBAJIE, A TAKXKE /I YAEPXKAHUA 3A00MHOTO TaBICHUS HUXKE
JABJIEHUS TUAPOPA3PHIBA. JJaHHBIE, TOTyYEHHBIE C IOMOIIBIO
pacnpeneneHHOrO U3BMEPEHUS TEMIIEPATYPBI B PEATTBHOM
BPEMEHU, TOKA32JIM HAJTMYHE MOITIOMIAIOMINX 30H B CEPEAUHE
UCCIIEAYEMOT'O MHTEPBAa. Hrke HHTEPBaIa HAOMIOJAIUCh
TOJIBKO HE3HAYUTEIBHBIE U3MEHEHU S TEMIIEPATYPEL, YTO MOXKET
OBITB IPSMBIM CJIEJJCTBUEM HU3KOTI'O PACXO/1A 3aKAUKU. 11
KOJIMYECTBEHHOI'O ONPEAETIEHU OO'bEMA ITOIVIOMEHUH 1O
CTBOJTY CKBA>KHUHBI JIOTIOJTHUTEJIBHO 6bLIA IPOBEJECHA OOPA0OTKA
MOJIYYEHHBIX JIAHHBIX C TOMOIIBIO YUCJIEHHOTO MOJETUPOBAHUSA
TEMIEPATYPBL MOAENHNPOBAHUE METOIOM UHBEPCUHN
TEMIIEPATYPBI OBLIO MIPOBEJEHO HE3ABUCUMO C UCIOIb30BAHUEM
JIBYX PA3HBIX CUMYJISTOPOB, KAK/IbII U3 KOTOPBIX NOKA3aJ1
MOXOXUI NPO(UIb TEMIIEPATYPEL, YTO NOATBEPANIIO BBICOKYIO
3P HEKTUBHOCTD JAHHON TEXHOJIOTUU. PE3yJIBbTAThI HE TOJIBKO
HOATBEPAUIN HATMYHE BBICOKOOIIONMAIONIEN 30HBI B
CEpEAVHE UHTEPBAA, HO U IOKA34JIH, YTO B HIKEIEKAMEM
HWHTEPBAJIE TAKIKE C BBICOKOM BEPOATHOCTBIO IPOUCXOAUT
HOITIOIIEHUE. [JONOMHUTENBHAS UH(POPMALINA YKA34J14 HA
TO, YTO BBICOKOIIOITIOMIAIOIIAS 30HA ABJIAECTCS OCHOBHBIM
BOJIOHOCHBIM UHTEPBATIOM. JJaHHBIN AHAJIN3 ITO3BOJINII BEIOPATH
Hauboee 3(pPEKTUBHBIN METO]] BOJOU3OJISIIIUOHHBIX PA60T B
MOBPEXJIEHHBIX MUHTEPBAJIAX.

B cTaTbe NOKA3a4HO, KAK AHAJIN3 COBOKYITHBIX JJAHHBIX
OT CTA/IMU IIPOEKTUPOBAHMA IO CTA MU BBITIOTHEHUSA
PaboT U UHTEPIIPETALIMU JJAHHBIX MOXKET IOBLICUTH
OCBEJIOMJIEHHOCTD O 3200UHBIX YCIOBUAX. TAKKE B CTATHE
MOKA3aHO, KAK PACIPEIEIEHHOE U3MEPEHUE TEMIIEPATYPEI
MOXET CTATh JOCTOMHON AJIBTEPHATUBOU CTAHJAPTHBIM
METOAAM JUATHOCTHUKHU ITOBPEXKIECHUH IIACTA U ONIPENETIEHUA
BOJIOHOCHBIX MHTEPBAJIOB B CJIOKHBIX YCIOBHAX, KOT[A
HCIIOJIb30BAHHME I€O(PU3NIECKUX HHCTPYMEHTOB HEBO3MOXKHO.
Pe3ynbTaThl KOIMYECTBEHHOI'O AHAIN3a PACIIPEIETIEHHOIO
U3MEPEHUSA TEMIIEPATYPBI IPEAOCTABUIN UH(POPMALIHIO O
XapaKTepe MOBPEXKJEHNH 1O CTBOJIY CKBAKUHBIL, YTO IO3BOJIMIIO
3P HEKTUBHO NTOJOOPATH METOJ, BOJOUZOALIMOHHBIX PAOOT.

YcoBepuIeHCTBOBAHHE KOHCTPYKITHH JTYHOYHOT'O
KOHHEKTOPA C BO3MOXKHOCTBIO HAMOTKH HA 0apa0daH i1
HOBBINIEHHUS 3P HEKTUBHOCTH PAOOT C IPHUMEHEHHEM
T'HKT B CKBa;KHHAX C OOJIBIIHM OTXOA0OM OT BEPTHKATH

Acyanr Keorz, Kpucmogpgpep Copercen, IOcep Anoanyccu,
Agpcan Apunemma Marnun, Maprx Ommau, Schlumberger

BHYTPUCKBa)XHMHHBIE pA0OTHI HA KOHTUHEHTAJIBHOM LIeabde
Hopsernu 3a4acTyo IPOBOJSTCS C UCIIOIb30BAHUEM KA6EIbHON
TEXHUKHU OJ1aro[apsi KOMIIAKTHOMY PAa3MEIIEHUIO HA IJIaTopMe
U MaJIOMY BeCy. OTHAKO HEKOTOPBIE PabOTHI TPEOYIOT
32Ka4YKU PAOOYHX XKUJIKOCTEH HA ONPE/IC/ICHHYIO ITTyOUHY,
4TO BO3MOKHO TOIBKO € noMotsio 'HKT. Bosbmas riryorHa
CKBA)KMH U HEOOXO/IUMOCTb OOECIICUYEHU ST BLICOKOH CKOPOCTH
JKMJIKOCTH B 3ATPYOHOM IIPOCTPAHCTBE TPEOYIOT IIPUMEHEHUSA
I'HKT 60nbmoro guamerpa. OJHAKO I'Py30II0bEMHOCTb KDAHOB
oT 30 110 48 T HE TO3BOAET BLIITOJTHATL PA60OTHI C TAKUMU
TPy6aMU. AJILTEPHATHUBOM ABJIAETCA TEXHOIOIUSA COEJUHEHUA
JAByx THKT Ha matdopme.

CraHapTHBIN MeToA coequHeHus AByX T'HKT Ha nimatdopme
MOJIPA3yMEBACT MIPOBE/ICHNE CBAPKU /IBYX TPYO B ITIOUTH
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pressure below fracturing pressure. Real-time
DTS data during pumping and warmback
indicated the presence of a high-intake zone in
the middle of the interval. Below that section,
only marginal temperature changes were
observed, which may be a direct consequence
of the low injection rate limitation. Post-job
processing using numerical temperature
simulation was performed to complement
that analysis and quantify intake along the
well. Temperature inversion against DTS
response was conducted independently
using two different simulators, both of which
yielded similar profiles, confirming the
soundness of this approach. The results not
only supported the presence of high intake
in the middle interval, they also showed that
the bottom zone most likely took some fluid.
Complementary information eventually
pointed to the high-intake interval being the
primary water-bearing zone. This analysis led
to the selection of the remedial actions to be
performed in damaged oil zones.

This study demonstrates how integrated
use of data from design, to job execution, to
interpretation can change the perception of a
well and how DTS can be a viable alternative
to damage and water-production diagnostics
in some extreme conditions when production
logging tools cannot be used. Results of the
DTS quantitative analysis provided local
damage profiles along the well, which were
critical to the subsequent planning of remedial
activities.

Advancement in Spoolable Dimple
Connector Design Provides Reliable
Coiled Tubing Interventions in Extended
Reach Wells

Azwan Keong, Christoffer Sorensen, Youssef
Andaloussi, Afsal Areepetia Mannil, Mark Oettli,
Schiumberger

On the Norwegian continental shelf, well
interventions often use wireline's relatively
small equipment footprint and weight.
However, some operations still require fluid
conveyance to specific depths, for which
coiled tubing (CT) remains the only possible,
economic option. Challenges related to reach
and to achieving high annular velocity require
the use of large-diameter CT. However, with
crane capacity ranging from 30 to 48 t, lifting
such strings is not possible. The alternative is
joining CT pipes offshore.

The conventional way of joining two strings
offshore is by creating a butt weld, which
connects parts that are nearly parallel and do
not overlap. This welding technique, if done
onsite, has been long known to decrease CT
life by 50% at the weld location. In addition,
welding activity offshore raises significant



apaJlyIeJIbHOM HOJIOKEHNH 6€3 HaxJyieCcTa. [ITMPOKO U3BECTHO,
41O nnposejeHue ceapkyu 'HKT Ha cylie yMeHbIIaeT CPOK
KCILTYyaTAl UK TPyObl Ha 50% HA y9aCTKE CBAPHOro mBa. Kpome
TOT'O, IPOBEACHUE CBAPOYHBIX PAOOT HA MOPE BBI3BIBACT
yIpO3y AJIs1 0€30MACHOCTH. [IPYTUM METOAOM COETMHEHU A
JIBYX 'HOKUX TPYyO ABJISAETCS TEXHOIOIUA C UCTIOTb30BAHUEM
JIYHOYHOT'O KOHHEKTOPA C BO3MOXKHOCTBIO HAMOTKH Ha 6apabaH.
[TocnegHue TOCTUKEHUS B PA3PabOTKE JAHHOU TEXHOIOTUN
MO3BOJIMJIA PEIUTD PSJ] ONIEPAITUOHHBIX IIPOOJIEM, TAKHX KAK
MHOBBIIIEHUE YCTAJIOCTHOI'O H3HOCA, BBI3BAHHOI'O IIUPKYJIALIUEN
U IABJIEHHEM HA yYACTKE KOHHEKTOPA, TEPMETHU3ALUSA 1O]]
JIaBJIEHUEM U KOPPO3HSL.

IIpruMEHEHHE IYHOYHOI'O KOHHEKTOPA C BO3MOXKHOCTBIO
HAMOTKH Ha 6apa6aH Ha ByX padoTax ¢ THKT nozsonmio
PENINUTD NOCTABJIEHHBIE 32Ja41 10 OOECTIEYEHUIO JOXOXKICHUS
J10 32604 1 TpebyeMOro pacxo/a 3aKkadku. Ha atame
MJIAHUPOBAHMS 3TUX PAOOT HEOOXOAUMO OBbLJIO YUHUTHIBATh
cnepyomue paxktopsl. Yuactok THKT g5 pazmenieHus
KOHHEKTOPA OBbLI BEIOPAH C HOMOIIIBIO TOYHOI'O MOJICTIUPOBAHUS
pacrnpezneneHs Beca C LeJIbI0 MUHUMH3AIUU OCEBOM
HATPY3KH Ha KOHHEKTOP. [Ipr MOHTake O60PYJOBAHUSA U
NPOBEAECHUN PAOOT OBLIU MUCTIOIb30BAHBI JIVIIINE TEXHUYECKUE
peneHus I MOBBIIEHN I IIPOYHOCTU KOHHEKTOPA.

To4YHBIE U3MEPEHUS U3HOCA U APYTUX ITOKA3ATENEN PA6OTHI
KOHHEKTOPA IMTPOBOAMIUCH BO BPEMS PA3ITMYHBIX ONIEPAIUILA,
BKJIIOYAs IEMEHTUPOBAHUE U (PPEZEPOBAHUE LIEMEHTHBIX
CTAKaHOB, YCTAHOBKY IPOOKH, TEP(POPALIHIO, TPOMBIBKY

OT IIPOIITAHTA U IEPEKJIIOYEHHNE CABHMKHBIX MY(PT. HoBasg
KOHCTPYKIIUSA KOHHEKTOPA ITO3BOJINIA 3HAYUTEIBHO ITOBBICUTh
3(PHEKTUBHOCTD PA6OT HPUMEHUTEIBHO K KOJTMYECTBY LIMKJIOB
u3rubda 1 npoxoake Tpyosl. Harmpumep, B ONMMCAHHBIX Pa60TaX
OJITH KOHHEKTOP TTO3BOJIIT OGECIIEYUTD TPOXOAKY 33 600 M B
KOMITOHOBKAX 3aKaHUYMBAHUS C XPOMHUPOBAHHBIM IIOKPBITHEM.

Taxkum 06pazom, ucnonbzoBanue F’HKT 601bmoro fuamerpa
MOXKET PACCMATPUBATBCA B KAYECTBE BO3MOKHOM TEXHOJIOIUH
JUIA BBITIOJTHEHUA PA3/IMYHBIX BHYTPHUCKBA’KUHHBIX PA60T,

I7I€ IPYy30IOABEMHOCTD KPAaHA OrpaHUY€eHA. MICIIOIb30BaHME
YCOBEPIIEHCTBOBAHHOI'O KOHHEKTOPA C BO3MOKHOCTBIO
HAMOTKH Ha 6apabaH NO3BOISAET OypUTh OOJIBIIEE KOJTUYECTBO
ITYOOKHX CKBAXKUH U CITYCKATh O0JIEE UPOKUI JUATIA30H
THUIIOPA3MEPOB KOMIIOHOBOK 3aKaHYMBAHUA. KOHHEKTOPD

JAeT BO3MOXHOCTD IIPOBOAUTD ITPOMBIBKY 11ocse I'PIT, aTo
MO3BOJIAET 3AIYCKATD B OKCILIyATAIIAIO CKBAKUHBIL, I7I€
TPeOYeTCsA IPOBEJAEHUE TAKUX PAOOT C 3aKAYKOM JKMJKOCTH, KAK
nponmnanTHbi I'PIT.

PacinupeHHe rpaHuI; MHOT'OCTAUHHOTO
THAPOpPa3pPeIBa IIACTA ¢ IpuMeHeHueM F'HKT
B He(hTAHBIX OTOPOUYKaAX HOBOIIOPTOBCKOTO
MEeCTOPOKACHHUA

Anexcanop benos, Cepeeil Cumaros, OO0 d asnpommedpmo-
HTIp; Anamonuti Kuuuzun, Koncmarmun Bypour, AHmoH
Yapyuwun, Muxaun Jlemrosuy, Schlumberger

B nacrosimee Bpems € y4eTOM yXYAIICHUA IPOJYKTUBHOCTH
OOJBIIMHCTBA KOJUIEKTOPOB YPE3BLIYANHO BAKHBIM CTAHOBUTCA
BOIIPOC BO3MOXXKHOCTH IIPUMEHEHUS B HEPTAHBIX OTOPOUYKAX
MHOT'OCTAUMHOTI'O I'MJIPABIMYECKOIo pa3pbisa rracta (MIPIT).
B xone I'PIT Ha HOBOIIOPTOBCKOM MECTOPOXKAECHUM OIIEPATOP
CTOJIKHYJICA CO CJIOKHOM I'€OJIOTMYECKON MOJIETIBIO I1JIACTA,
XAPAKTEPUIYIOMIEHCA OTCYTCTBUEM MOIIHBIX 6APbEPOB U
HE3HAYUTEJIbHON PA3HULIEN MEXY YPOBHAMU I'OPHOT'O

safety issues. Another method of splicing two
CT strings consists in using a spoolable dimple
connector. Recent engineering advances have
addressed several operational challenges
related to those connectors, such as fatigue
caused by cycling and pressure, ballooning
around the dimple area, pressure sealing, and
material corrosion.

The spoolable dimple connector was used
in two CT intervention campaigns to achieve
operation objectives in terms of reach and
pumping rate. Those operations put forward
considerations that must be accounted for
during the planning phase. The connector
placement was determined by carefully
simulating weight distribution to minimize
axial load on the dimple area. Several best
practices were captured when the equipment
was assembled and during interventions to
increase integrity of the connector. Detailed
measurements allowing for the connector
wear and performance monitoring were taken
under various work scopes, including cement
squeeze and milling, plug setting, perforations,
proppant cleanout, and sliding sleeve shifting.
Significant improvements in performance with
regards to the number of bending cycles and
running meters were achieved with this new
connector design. For instance, the operations
under consideration saw a single connector
clocking up to 33,600 running meters in
chrome completions.

Using a large-diameter CT can now be
included as an option for various well
intervention work scopes in places where
crane lifting capacity is limited. The use of a
redesigned spoolable connector allows for
more extended reach wells to be drilled and
a wider selection of completion size to be
installed. It also paves the way for well startup
operations that require fluid conveyance, such
as proppant fracturing because post-fracturing
cleanout can now be performed using CT.

Coiled Tubing has Set New Benchmarks
for MSF in Novoportovskoe Oil Rim Field

Alexander Belov, Sergey Simakouv,
Gazpromneft-NTC; Anatoly Kichigin,
Konstantin Burdin, Anton Charushin, Mikbail
Demkovich, Schlumberger

Today, when most reservoirs have low
productivity, the question of whether hydraulic
fracturing can be applied to the oil rims
becomes very important. During hydraulic
fracturing at Novoportovskoe field, the
operator was faced with a complex geological
model of the reservoir characterized by an
absence of strong barriers and minor contrasts
in stress between interlayers associated with
high risks of breakthrough into the gas zone.
An outstanding example of 0il rim stimulation
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TEXHOJIOI'MU

JaBJICHHUA B PA3HBIX IIPOILIACTKAX, YTO IIOBBIIIAJIO PUCK
IIPOPEBIBA I'a34. IPKUM IPUMEPOM BHEAPEHUA MTHHOBALIMOHHOM
TeXHOJOrnH MI'PII B HEPTAHBIX OTOPOUYKAX CTAJI OIIBIT,
IOJIy4Y€HHbBIN Ha HOBOIIOPTOBCKOM MECTOPOXKAECHUH,

I7I€ YCIENTHO 6bUIH NIPOBEAEHBI 30- U 27- CTaAUHHBIE
TUAPOPA3PBIBHI IIJIACTA C UCTIONAb30BaHUEM My(dT ['PIT,
YIPABJISIEMBIX HA TUOKOUM HACOCHO-KOMIIPECCOPHOI TPyOE.

B COBpEMEHHBIX peanuax HE(PTEra30BblE KOMIAHUH
OPENBIBISIOT BCE OOJIBIIE TPEOOBAHUHI K TEXHUYECKUM U
TEXHOJIOTrM4eCKUM acrekram MI'PI], rae onpenensommummn
daxkTopaMu cTanu 3PPEKTUBHOCTD NPOBEAECHU ONIEPALINH,
KOJIMYECTBO CTAAUII, AJIMHA TOPU3OHTAJIbHOI'O y4aCTKA
CKBA>KMHBI, BO3MOXHOCTD IIOBTOPHOI'O I'MJIPOPAa3PbiBa U
OTKPBITHA/3AKPbITUA IIOPTOB ITOCJIE€ SKCILIYATALUY 115
BOZO-U I'a30U30/14A 1. [T0JIy4EHHBIN ONBIT JEMOHCTPUPYET
BO3MOKHOCTH COBPEMEHHBIX TEXHOJIOTUH, TI€ IPUMEHEHHE
I'HKT no3BOJISIET HE TOJIBKO COOTBETCTBOBATH BHICOKUM
TPEOOBAHUAM, HO U PACHIUPSATH I'PAHULIBI IPUMEHEHU. TaK,
rpanuia B 30 cTaguii 6b11a YCIEUTHO IIPEOAOICHA U ITO3BOINIIA
YBETUYUTDb KOA(PPUITUEHT OXBATA IIJIACTA IOCPEJCTBOM
6osnpliero konuyectsa craguii I'PIT. ITpu 3TOM MeTO,
3aKaHYMBAHMS [IO3BOINUI IPOU3BOAUTH MI'PIT 6€3 nogbema
I'HKT Ha NOBEPXHOCTb ¥ UCIOIB30BATh BCE BO3MOXKHOCTHU U
MPEUMYINECTBA THOKON TPYOBI B CJIy4ae NOMYyYEHUS PEKUMA
«CTOID>.

KomanpaHas paboTa 3aKa34MKa U HECKOJIBKUX CETMEHTOB
HOAPATYHKA ITO3BOJINIIA JOOUTBCA YCIIEXA B PEMIEHUH
MOCTABJIEHHOX 32/Ja49H B CJIOKHBIX I'€0JIOTUYECKUX
U KJIMMATUYECKUX YCIOBUAX HOBOIIOPTOBCKOTO
MECTOPOK/IECHUSA, PACIIOJIOKEHHOTIO 32 ITOJISAPHBIM KPDYTOM.
bBpL1a pazpaboTaHa U PpEAIM30BAHA OITUMHU3UPOBAHHAA
KOHIIENIINUA IIPOBEJAEHNUA MHOTOCTAAMNUHOTIO I'PIT C
MPUMEHEHUEM MHOI'OPA30BbIX OJTHOIPOXOAHBIX CABUKHBIX
My@T I'PIT, ynpaBiasseMbIX HA THOKOH HACOCHO-KOMIIPECCOPHOU
TpyO€ 0€3 ITOIbEMA HA IIOBEPXHOCTD BO BPEM S [IPOBEAECHUSL
TUAPOPA3PbIBA.

BpUIM JOCTUTHYTHI CEAYIOIINE PE3YIBTATDL:

57 craguri I'PII 32 Hememro.

- Cokparrenue Bpemenu nposeaerust [PIT Ha 63% 11t Kask/I0%

CTaJIUN.

*+ YBEJIMYECHUE KOJINYECTBA CTAJUN HA CKBAKMUHY Ha 43%.
+ COKpaueHue ra30Boro (pakTopa o CPAaBHEHUIO C paHEE

IIPOBEJEHHBIMU ornepanuamu I'PIT.

HWHTErprpOBaHHBIN METO/ IIPOBEAEHUA MHOT'OCTAJUIHOT'O
U POPA3PEIBA IJIACTA IIO3BOJINII JOCTUYb 3(PHEKTUBHOT'O
OXBAT4 IJIACTA TPEIUHAMH, YBEJTUYUTD KO(MPPULTUEHT
MU3BJICKAEMBIX 3aI14COB, [IPU 3TOM HE JJOITYCTUB IIPOPHIBOB I'PIT B
I'a30BYIO HIATIKY U ITIOJOIIBEHHBIC BOJBI.

Texnosorusa MI'PIT 1o «6eCciapoBOi» TEXHOIOIUH, C
HCIIOJIb30BAHUEM CABUXHBIX MydT I'PIT, yripaBiseMbIxX
Ha 'HKT 6€3 nojybeMa Ha TIOBEPXHOCTD, [IPUBJIEKACT K
cebe Bce 60bIIE BHUMAHMSA KAK B PETUOHE, TAK U B MUPE.

B cTarbe onucaH 1osy4eHHbIN Ha HOBOIIOPTOBCKOM
MECTOPOXAECHUHU IIPAKTUYECKUH OIBIT IIPUMEHEHUSI
rnepegoBot TexHooruu MI'PTI s paspaboTku HEPTAHBIX
oropouek ¢ THKT B kKaueCcTBE OCHOBHOI'O CPEJCTBA
yIpasieHUs. TAKXKE B CTATBE IIPEACTABICHO OIIUCAHUE
IIEPBOM B MUPE YCHENTHOM OINEPALTAH IO 3AKPBITHUIO MydT I'PIT
[IOCJIE I'OJA IKCILTyaTanuu. B gekabpe 2017 rofa B CKBAXKHUHY
Obl1a CITYIEHA KOMIIOHOBKA 3aKAHYMBAHUA C 30 MydTaMu
I'PIT, a B 2018 roay, IO IPOIMECTBUU I'O/ld SKCIUIYATAIINH,
reoU3UYECKUE UCCIEAOBAHUS BbIABUIIN IIPOPBIB I'd34, 1J1
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and application of new technology was a
project in Novoportovskoe field where 30-
and 27-stage multistage fracturing operations
(MSF) were successfully performed with a
shifting ports completion operated by coiled
tubing.

Currently, oil and gas companies are
increasingly demanding technical and
technological aspects of the MSF, where
the determining factors are the efficiency
of operations, the number of stages, the
length of the horizontal part of the well, the
possibility of refracturing, and ability to open/
close sleeves after operation for water and gas
shut-off. The experience gained shows the
possibilities of modern technologies, where
the use of coiled tubing enables meeting the
high requirements and also expanding the
boundaries of the application. The 30-stage
boundary was successfully overcome and
allowed to increase the formation coverage by
means of more fracturing stages. At the same
time, the completion method made it possible
to perform MSF without pulling the coiled
tubing out of hole and to use all the capabilities
and benefits of CT in the case of a screenout
SO).

The teamwork between the customer
and several of the contractor's product
lines enabled successful completion of
the integrated project under the difficult
geological and climatic conditions of the
Novoportovskoe field, which is located beyond
the Arctic Circle. An optimized concept of MSF
with the use of re-closable full-pass hydraulic
fracturing sleeves, operated by a single-trip
coiled tubing-conveyed shifting tool was
developed and implemented.

The following results were achieved:

+ In one week, 57 hydraulic fracturing stages
were completed.
+ Hydraulic fracturing stage time was reduced

by 63%.

- The number of stages per well increased

by 43%.

+ The gas factor for storage was reduced from
that of previous fracturing operations.

The integrated method of multi-stage
hydraulic fracturing allowed achieving
effective fracture coverage to increase the
recoverable reserves, while preventing
fractures in the gas cap and bottom water.

The sliding sleeves MSF technology, operated
by coiled tubing without pulling it out of
hole, is applicable to further operations in the
region and worldwide. This paper describes
the experience, lessons learned, and best
practices gained at the Novoportovskoe field
while deploying a novel application of MSF
for oil rim deposits where CT was used as the
key enabler. It also describes the first success
worldwide in closing of sleeves after 1 year of



JIMKBUJAITMU KOTOPOT'O 6BLIJIO HEOOXOJJUMO 3aKPBITh BOCEMb
MY(PT. Bce BoceMb My(T ObLIIN YCIIEMTHO 3aKPBITHL DTOT METO],
MOZKET OBITh IPUMEHEH U HA APYTUX HEPTAHBIX U TA430BbIX
MECTOPOXACHUAX, TIE CTPOUTENBCTBO TOPHU3OHTANIBHBIX
CKBaXUH ¢ MI'PII AB/1g€TCA OCHOBHOU CTPATErUEN PA3BUTHUSL.

00630p IPOGIEM MOBPEKTCHHUS IJIACTA U
COBMECTHMOCTH HHI'HOHTOPOB KOPPO3HH IIPH
KHCJIOTHOH O0PaA0O0TKE CKBAKHH

Kyopauwios Bauecnas, Xuwam A. Hacp-Ono-/un,
Texaccxuii ynusepcumemA&SM

WHTrUO6MTOPBI KOPPO3HUH SABJIAIOTCA AKTUBHBIMHU
XUMHUYECKHMMU BEIIECTBAMHU, KOTOPBIE B3AUMOJIEHCTBYIOT
C JPYTUMHU XKUAKOCTAMH U TOPOJOH IIJIACTA. DTO
B3AUMOJEUCTBUE BIUAECT HA 3(PPHEKTUBHOCTb HEKOTOPBIX
MPUCAJIOK U MOKET NIPUBECTHU K IIOBPEXKAECHUIO IIACTA.

Kpome Toro, MFHrubUTOPbl KOPPO3IUH U3MEHAIOT (PU3UIECKUE
CBOMCTBA KUCJIOTBL, UCIIOJb3YEMOM IIPU O6PAOBOTKE.

Lenpto HACTOAIIEH! PA6OTHI IBJISICTCS: 1) UCCIIEIOBAHUE
B3AUMOJENCTBHA UHIMOUTOPOB KOPPO3UH C IPYTUMH
MPUCATKAMHU, UCIOIB3YEMBIMU IPU KUCITIOTHON OOPAOOTKE
CKBAKWH, U 2) UCCJIEJOBAHNE MEXAHU3MOB ITOBPEXIEHNUA
MJIACTA, CBA3AHHBIX C THTHOUTOPAMHU KOPPO3UH.

B cTarbe npeacTaBiaeH 0630p HAYYHO-UCCIEIOBATEIBCKUX
PaboT M OIMUCAHUE IPOILIECCOB B3AUMOJEUCTBUSA HHI'HOUTOPOB
KOPPO3HH C IPUCAAKAMHU, PA3IMYHBIMH KHUCJIOTAMHU U ITIOPOJIOH
nacta. [IpeiIcTaBIEHHBIE PE3YJIBTATH O60OIIAIOTCS C yIETOM
paHee ONyOIUKOBAHHBIX PE3YIBTATOB SKCIIEPUMEHTOB
U [IOJIEBBIX HAOIIOICHUN. AHAIN3 JAHHBIX PE3YJIBTATOB
HO3BOJISIET 60JIEE TOAPOOHO UCCIEIOBATDH B3AUMOACUCTBUE
UHIHOUTOPOB KOPPO3UH C APYTUMH KHUJIKOCTAMU OOPA6OTKH.
BeIIBIEHHBIE TEHJEHIIUN MOT'YT IPUMEHATHCA JJI AaHAJIN3A
COBMECTUMOCTH HUHI'HOUTOPOB KOPPO3UH U IPOEKTUPOBAHUA
KHUCJIIOTHBIX O6PabOTOK.

KOMIIIEKCHBIN aHAJIN3 CIIELTUAJIBHOM JIUTEPATY PBI BBIABUAJ
HAMOOJIEE PACIIPOCTPAHEHHBIE OCJIOKHEHUS IIPHU IPUMEHEHUN
UHT'UOUTOPOB KOPPO3UHU B KUCJIOTHBIX OOpabOTKAX.

BBLIO YCTAHOBJIEHO, YTO MHTUOUTOPBI KOPPO3UH MOT'YT
OTPHULIATEJIBHO BJIUATH HA XaPAKTEPUCTUKH BA3KOYIIPYTHUX
MOBEPXHOCTHO-AKTHUBHBIX BEIIECTB, IOJIMMEPOB HA OCHOBE
NOJUAKPUIAMU/A, THIT'UOUTOPOB I'IPATOOOPA30BAHUS U
COJIAHOM KMCJIOTBL. TaK)Ke B CTATHE CAETAH BBIBOJ O TOM, UTO
OHOIIM/Ibl, AHUOHHBIE IOBEPXHOCTHO-AKTUBHBIE BEIIECTBA,
MIPHUCAKUA IIPOTUB OCAJKOOOPA30OBAHM A, B3AUMHBIE
PACTBOPHUTENN U KOPOTKOLEIIOYEYHBIE CIIUPTHI CHUXKAIOT
3P PEKTUBHOCT UHT'MOUTOPOB KOPPO3KUHU. B 3aKjIIoucHNE
YCTAHOBJIEHO, YTO HU3KAA KOHIIEHTPAIM MHTUOUTOPOB
KOPPO3UHU IIPUBOAUT K IIOBPEXKIECHUIO TPYO. OJJHAKO
4pE3MEPHOE UCTIOIB30BAHNE MHTUOUTOPOB KOPPO3UHU TAKXKE
MOJKET IPUBECTHU K ITOBPEXKAECHUIO IOPO/BI U U3MEHUTD
BEJIMYHNHY CMaYNBAEMOCTU. ONNCAHHBIE TPOHIEMBI MOTYT
MIPUBECTHU K IIOBPEKACHHIO IUIACTA, OCTOKHUTD PEAKITHIO
B3AMMOJIEVCTBHUA ITIOPOBI C KUCIOTOM U CIEIATD ONIEPAITUIO
KHUCJIOTHOHN OOPAOOTKHU OMHOCTBIO HEA(PHEKTUBHOM.

JlaHHOE UCCIEIOBAHE AAET IIOTHOE IPEACTABICHUE O
npo6JieMax, CBA3AHHBIX C IPUMEHEHNEM UHIMOUTOPOB
KOPPO3HHU B OIIEPALTUSX 10 OOPAOOTKE CKBAXUH. TaKKe B
CTAThE IIPEACTABIEH OOOOIEHHBIN AHAIN3 XUMUYECKUX
KOMIIOHEHTOB U COCTAaBa MHI'MOUTOPOB KOPPO3UU. JJaHHOE
HCCIEJOBAHUE IEMOHCTPUPYET OOJIBIION MACIITA6 IPOOIIEM,
CBSI3AHHBIX C IPUMEHEHNUEM UHIHOUTOPOB KOPPO3NH U JPYTUX

well production. The well was completed in
December 2017 with a 30-stages, and in 2018,
after a year of production, logging showed a
gas break through which required eight sleeves
to be closed. All eight sleeves were successfully
closed. This method can be applied to other
oil and gas fields, where the construction

of horizontal wells with MSF is the main
development strategy

Formation Damage and Compatibility
Issues Associated with Use of Corrosion
Inhibitors in Well Acidizing - A Review

Viacheslau Y. Kudrashou, Hisham
A. Nasr-El-Din, Texas A&M University

Corrosion inhibitors are active chemical
species that interact with other fluids and
reservoir rock. This interaction affects the
performance of some additives. It can also
lead to formation damage. Finally, corrosion
inhibitors change physical properties of the
acid used in treatment. The objective of this
paper is to discuss 1) the interactions between
corrosion inhibitors and other additives used
in well acidizing, and 2) formation damage
mechanisms associated with corrosion
inhibitors.

This paper reviews research work and
provides the description of the interactions of
corrosion inhibitors with additives, acids, and
reservoir rock. The reported here results are
summarized based on the previously published
experimental results and field cases. Analysis of
these results provides greater understanding of
the interactions between corrosion inhibitors
and other stimulation fluids. Observed trends
can be useful for compatibility analysis and
design of well stimulation treatemnts.

Comprehensive analysis of the literature
revealed the most common problems with the
application of corrosion inhibitors in acidizing
treatments. It was found that performance
of viscoelastic surfactants, polyacrylamide-
based polymers, hydrate inhibitors, and
hydrochloric acid can be negatively affected
by corrosion inhibitors. Also, it was concluded
that biocides, anionic surfactants, antisludging
agents, mutual solvents and short chain
alcohols reduce the effectiveness of corrosion
inhibitors. Finally, it is clear that a low
concentration of corrosion inhibitors results
in damage of tubulars. However, excessive
use of corrosion inhibitors can interfere
with the reservoir rock and cause wettability
changes. These compatibility issues may
cause formation damage, obscure the acid
reaction, and can lead to failure of an acidizing
treatment.

This work summarizes the issues with use
of corrosion inhibitors in well stimulation
applications. Chemical components and
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JI06ABOK, MCIIOJIb3YEMBIX IIPU KUCJIOTHOM O6pPabOTKE
B IIECYAHUKAX U KAPOOHATHBIX IOPOJAX.

Cekums 13. ObMeH 3HaHMAMMU Ha cTeHaax V

DnexmponrvLe CmeHObL NO360NAAI0NTL JIUHHO
BLLCILYULANNTD KAHCO020 OOKAAOUUKA U NOTLYUUNTL
00CMAmoHuH0O nNOOPOOHYIO UHPOPMALUIO O
KAANcoOoMm uccaeoosanuut. Cexuyus 6Kao4aen
pasHbie memvl 00KNA008, OOHAKO MEeMAMUKA
coomeemcmae)em OOKAAOAM 8 OPY2UX CEKUUAX.

IIpenoTBpanieHue 3aATPI3HEHU U KOPPO3UH BO BpEM I
dpezepoBaHHUSs: OIIBIT PAOOTHI B OTIOKEHUAX [IepMCKOTO
He(dTEera3aoHOCHOIro 6accerHa

Tanxa Ianunoo, GeoKimika Oil & Gas

B cTaTbe NPENCTABIECHBI PE3YJIBTATHI ONBITHO-
OPOMBIIUIEHHBIX PA60T B ITepMCKOM 6aCCEVHE, B XOE
KOTOPBIX aHAJIM3UPOBATUCh XUMHUUYECKHE ITPOLIECCH] U
Pa3IUYHBIE METO/BI PAOOT. PE3yIBTATHI IEMOHCTPUPYIOT, KAK
BHYTPHCKBAKUHHBIE ITPOLIECCH] U UCTIOIb3YEMBIE XUMHUYECKHE
PEAreHTh INO0 UX OTCYTCTBHE MOI'YT ITOBJIUATH HA COCTOSTHHE
060PYJOBAHUA U CBECTU HA HET 3(P(PEKT OT XUMHUUECKOHN
06pabOTKH, KOTOPAasi 1pOBOAUTCS B Xoje I'PIT. B nanHOM
UCCJIEJOBAHUHU NIPEJCTABJICH AHAJIN3 PE3YJIBTATOB UCIIBITAHUI
IIACTOBOY BOABL, TPOBEIEHHBIX BO BPEMS PA3JIMYHBIX
onepanuii no Ppe3epoBaHUIO. TAKKE B UCCIIEJOBAHUN
PacCMaTPUBAIOTCA BOIIPOCHI UCIIOIb30BAHUA YCTAHOBKU KPC
u ycTaHoBKU HKT, MOHTaa 060PyJOBAHM A, UCTIOJIb30BAHUA
BOJIbI U XUMHYECKHUX PEATEHTOB, 4 TAKIKE PA3JIMYHBIE
pOO6IEMBI, BOSHUKAIONIUE B XOZI€ PAOOT. BB BBITIOJIHEH
AHAJIN3 BOJBL, UCIIOJIb3YEMOU B HATHETATEIBHBIX CKBAKMHAX,
U KUJKOCTH, MTOCTYIIAIOIIEHN U3 CKBA’KUHBI BO BPEM S
(dppes3epoBanusl. Takke 6blI BBIIIOJIHEH AaHAIN3 9(PPEKTUBHOCTH
XUMHUUYECKON OOPAOOTKU C IPUMEHEHUEM OUOITUIOB.

B nccnenoBaHuy NPEACTABIEHBI PE3YIBTATHI
MOJIEBBIX PA60T B TOPU3OHTAIBHBIX CKBAXKUHAX JIJIA
JIBYX JOOBIBAIOIINX KOMITAHUI B [TepMCKOM OaccerHe.
Onepanuu 1o (ppe3epOBAHUIO OBUIH BBIIIOTHEHDI C
ucnonbzopanueM 6purazpsl KPC 6o ¢pnora F'HKT.
Pe3ynbpTaThl MCIIBITAHUN TOKA3BIBAIOT BJIUAHNE CXEMBbI
PacCTaHOBKH OOOPYJIOBAHMA U TEXHOJIOI'MYECKUX ITPOLIECCOB
U Ha KA4E€CTBO BOJIbI M 9(P(PEKTUBHOCTD UCIIOIb3YEMbBIX
XUMHUYECKUX PEATEHTOB. BO BcexX onepanuax Boja 6bL1a
3arpa3HeHa. [Ipy 3TOM HauOOJIbIIYIO CTENIEHD 3ATr PA3HEHUA
U HAUMEHBIIYIO 3(POEKTUBHOCTh XUMHUYECKHUX PEATCHTOB
POJEMOHCTPHUPOBAIU padOThI ¢ npuMeHeHueM 'HKT.

B nporpammy pa6oT 1o 06paboTKE BOJbI ObLJIN BHECCHBI
U3MEHEHM S, YTO ITO3BOJIMJIO 3HAYUTEILHO ITIOBBICUTH

3 PEKTUBHOCTD pabOT. TakKe B X0/1€ PabOT O6blIA 3aMEUYECHA
NOTEHIUAIbHAA KOPPO3UA pabodeii KOJJOHHBI U3-34
3arpa3HEHUA BOABL KpoMe TOro, 611 BBIIIOIHEH AHAIN3
BJIMAHHA U3MEHEHUHA OO'bEMA JO3UPOBAHUA XUMHUYIECKHUX
PEAreHTOB. AHAJIN3 IPOBOIUJICA LIS OIIPEEJIEHUSA CTENIEHN
YJIY4IIEHUA ONIEPALIMOHHBIX ITOKA3aTENEM, KOTOPOE IMO3BOINT
CHHU3UTD 32TPAThI HA 3aMEHY OOOPYIOBAHUS1, CHU3UTb OO'bEMBI
YpE3MEPHOTO HUCIIOIB30BAHUS PEATEHTOB U OOECTIEYUTD
3AIUTY CKBAKHBI OT 3aI'PA3HEHHS N3-32 BBICOKOTI'O

YPOBHS OaKTEPHI. B JTaHHOM NCCIEA0BAHNH IPENCTABIEH
KOMIIJIEKCHBIH 4HAJIU3 PA0OT IO (PPEZECPOBAHUIO, [JAHBI
PEKOMEHIALIMH I10 TTOBBIIEHUIO 3(PHEKTUBHOCTH IPUMEHEHUA
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formulation of corrosion inhibitors are
reviewed and summarized. This work reveals
the scope of the problems associated with
implementation of corrosion inhibitors and
other additives used in acidizing of sandstone
and carbonate reservoirs.

Session 13. Knowledge
Sharing ePosters V

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

Prevent Fouling and Corrosion During
Mill-Out Operations: Permian Case
Studies

Tanhee Galindo, GeoKimika Oil & Gas

Case studies of mill-out operations in the
Permian Basin which evaluate chemical
programs and processes used. Results show
how existing processes and chemicals used or
lack thereof, can affect equipment and undo
the preventative chemical treatments used
during the hydraulic fracturing process. The
study looks at field water testing performed
during various mill-out operations and
considered workover rig vs coiled tubing,
equipment set up, water & chemicals used,
and operational challenges. Water analyses
were completed on the injection water and
returns at various intervals of the mill-out.
Effectiveness of chemical treatment was also
monitored when biocide was used.

Field case studies of horizontal wells for
two operators in the Permian Basin are
presented. Wells were milled-out utilizing
workover rigs or coiled tubing units. Testing
results show the impact of equipment
setup and operations process on the water
quality and efficiency of the chemicals used.
Water fouling was prevalent in all cases,
with coiled tubing jobs showing the highest
degree of water contamination and chemical
inefficiency. Changes in the water treatment
program during operations showed significant
improvement and sustainable results. Potential
corrosion of the work string due to water
fouling and water composition were also
observed. The effects of changes to chemical
dosages were also monitored. This was
important because it identified operational
improvements that can reduce equipment
replacement costs, reduce chemical overuse
and help protect wells from fouling due to
high bacteria. These case study provides a



PEAreHTOB U OIUCAHBI BO3MOKHOCTU IIPOAJIEHUS CPOKA
CJIY>KOBI SKCIIYATAIIMOHHON KOJIOHHBI.

HoBFbIF ypoBeHB e pPOopaIHOHHBIX PA0OT B
Cy6I‘OpI/IBOHTaJII)HI,IX TAa30BBIX CKBA’KHHAX B YCJIOBHAX
JENPECCHH C HCIIOIB30BAHUEM KAHATHOM TEXHHUKH U
HHTE/UIEKTYaJIbHOH TeXHOMOruu THKT

Yunoam Tanua, Pebexxa Komnu, Maxmyo I'yoatioon, Huxu
Jlusunzcmon, 3agpep Spron, Schlumberger

Pacnonosxennoe B Ilepcuickom 3anuse CeBepHoe
mecTopoxgenue Karapa aBisaeTcs KpyITHEUIITUM I'a30BbIM
MECTOPOXKIEHUEM B MUPE C OLICHOYHBIMHU 3AI1ACAMHU CBBILIE
25 TPHJUIMOHOB KYOOMETPOB U3BJIEKAEMOT'O I'd34, YTO
COCTABJIAET NIPUMEPHO 10% U3BECTHBIX MUPOBBIX 3a114COB. [Ipu
Pa3pabOTKE ITOrO MECTOPOXKAECHUS CEPBUCHBIE KOMIIAHHUU

CTAJIKUBAIOTCA C TAKC/IBIMHA YCJIOBUAMMU JIJIA ITIPOBCACHU A p36OT

0 6YPEHUIO U 3aKAHYUBAHUIO CKBAKUH. VICKJTIOYUTETHHBIC
TPYAHOCTH IIPU TPOBEAECHUY BHYTPHUCKBAKUHHBIX PA6OT
HO6YININ TOOBIBAIOITUE, IPOU3BOICTBEHHBIEC H CEPBHUCHBIC

KOMITAHHUU p33p216OT2TI) MHHOBAIIMOHHBIC CTPATCTUU U CO30ATH

CHUCTEMATHUYECKOE TEXHOJIOTNYECKOE COTPYAHNYECTBO JJIA
MNPOBEACHUSA PAOOT HA 3TOM MECTOPOXKAECHUN 6E30ITACHBIM U
3 HEKTUBHBIM OOPA3OM.

B nocnennee BpeMs BOZHUKIA HEOOXOJUMOCTD B
NPOBEACHUN IEP(HOPALUN U CEJIEKTUBHOI CTUMYJIALINU B
JIBYX HOBBIX CyOrOPU30OHTAIBHBIX CKBA)KMHAX C HECKOJIBKUMU
NPOAYKTUBHBIMH UHTEPBATIAMHU. YIUTBIBASA (DAKTOPHI
©€30MACHOCTH U IKCILTYATAITMOHHYIO 3(D(PEKTUBHOCTD, 4
TAKXKXE HEOOXOIUMOCTbD CITYCK4 M U3BJIEUEHU A HHCTPYMEHTOB
O/ 1aBJICHUEM, B KA4YECTBE Hanobosee 3(p(PeKTUBHOI'O METO/A
CITyCKa KOMIIOHOBKHU ITEP(POPATOPOB CPEAHEN JJIUHEL 183 M 1
TUIIOPA3MepPa 73 MM 34 OAHY CIIYCKO-TIOA’bEMHYIO OIIEPALIUIO
ObL1a BEIOpaHa TexXHOIOrud crycka Ha THKT. HecMoTps
HA TO YTO JAHHA TEXHOJIOI'UA YCIIEITHO NPUMEHAETCA B
JPYTIUX PETMOHAX, HEOIATONPHUATHBIE CKBA>KIHHBIE YCJIOBUS
TPEOYIOT CIIEIUAIBHBIX MHCTPYMEHTOB U BHEJJPEHUA
MHHOBAILIMOHHBIX METO/IOB, TAKHUX KAaK CITYCK ITEP(OPATOPOB HA
APMHPOBAHHOM KaHaTe guaMeTpom 7,9 mm u 'HKT guameTpom
73 MM C CUCTEMO¥ OITTOBOJIOKOHHOM TEJIEMETPHUHU 1
TOYHOU KOPPEJISLINU INTyONHBIL, CBOEBPEMEHHOM aKTUBAIIH
CTPENAIOMIEN I'OJIOBKH NEPHOPATOPA U NOATBEPKICHUA
CpabaThIBAHYSL.

B pesysbrare TIaTeapHOro INIaHUPOBAHUSA U ITIOATOTOBKUA
nepgopanus B AByX CKBA)KHMHAX ObLIA IIPOBECHA I1O7,

YETKHUM KOHTPOJIEM, U KK A U3 IPHMEHAEMBIX TEXHOJIOT U
JIOKa3271a CBOIO 3(P(PEKTUBHOCTD. Bi1aroapsi HpuMEHEHHIO
APMHPOBAHHOI'O KAHATA IMAMETPOM 7,9 MM JUIMTEIBHOCTD

CITyCKa KOMIIOHOBKH IEP(OPATOPOB OblIa COKPAIIEHA HE MEHEE

4eM Ha 2 JJHs IIO CPABHEHUIO C 3AIVIAHUPOBAHHBIM I'DA(PHUKOM
PpaboT, a KOHHEKTOPBI B CEPOBOAOPOAOCTONKOM UCIIOTHEHUN
U CTPENAIONAA T'OJIOBKA C AKTUBALIEH UMITYJIbCOM JIABICHUSA
TTO3BOJIMJINA U30EXKATh OCJIOKHEHUHA BO BpDEMA HAXOXKICHUA
KOMIIOHOBKH B CKBa>KMHE. Tenemerpuueckas cucrema 'HKT,
paboTaomas B peXKUME PeATbHOIO BPEMEHH, IIO3BOJINIIA
IIOJIyYUTDh TOYHBIE JJAHHBIE O 3A60MHBIX YCJIOBUAX BO BpEM S
PaboTBhl, YTO MTO3BOJIUIIO YBEPEHHO KOHTPOJIMPOBATD IIPOLIECC
AKTUBAIIUU CTPEIAIONIEN I'OJIOBKHU, ONIPEAETIUTD I'A30BOAAHOMN
KOHTAKT B CKBAKMHE, 4 TAKXKE OCYIIECTBUTb MOHUTOPHUHI'
PEAKIINU IUIACTA, KOTOPBIF UCKJIIOYNII HEOOXOAUMOCTD B paHee
3AIUIAHMPOBAHHBIX OIEPALMAX [10 OCBOEHHIO A30TOM.

B cTaThe ONUCHIBAETCS IIPOLIECC BHIOOPA OCHOBHBIX

comprehensive review of mill-out operations,
which provides guidelines for improving
chemical efficiency and potential of extending
life of the work string.

Redefining Perforation in Sub-
Horizontal Gas Wells in Underbalanced
Conditions with Slickline Deployment
and Smart Coiled Tubing

William Tapia, Rebecca Comley, Mabmoud
Houdaidon, Nicky Livingstone, Zafer Erkol,
Schlumberger

TECHNOLOGIES

Located in the Arabian gulf, the Qatari
North Field is the largest non-associated
gas field worldwide with estimated reserves
exceeding 900 trillion cubic feet of recoverable
gas, or approximately 10% of the world's
known reserves. Development of this field
present tough conditions for all aspects
of well drilling and completion activities.
Particular challenges for performing well
intervention, which have driven operators
and manufacturing and service companies to
develop innovative strategies and systematic
technology collaboration for intervening these
fields in a safe and efficient manner.

Recently, two new sub-horizontal wells
with multiple reservoir zones needed to
be perforated and selectively stimulated.
Considering safety factors and operational
efficiency, the insertion and retrieval under
pressure system was identified as the best
alternative to convey an average length of
600ft of 2 7/8-in. guns in single trips with
coiled tubing (CT). Although this system
has been successfully used in other regions,
downhole adverse conditions required specifc
components and implementing innovative
methods, including the use of 5/16-in. braided
slickline for gun deployment, and 2 3/8-in.

CT with fiber optic telemetry capability for
accurate depth correlation, precise actuation
of the firing head system and confirmation of
gun detonation.

As result of a dedicated planning and
preparation process, the two wells were
perforated in controlled conditions and each
of the applied technologies proved its value.
The use of 5/16-in. braided slickline reduced
the gun deployment time by at least 2 days
from the planned schedule, and the H2S rated
connectors and the pressure-pulse firing head
gave the confidence to avoid any issues when
the perforating assembly was downhole. In
respect to the CT real-time telemetry system,
this technology provided an exceptional
indication of bottomhole conditions
throughtout the operation by enabling
precise control of the firing head mechanism,
identification of gas/water fluid contact in the
well, and monitoring of formation response,
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TEXHOJIOTUH 11 TpoBeAeHus nneppopaumu Ha THKT

B JIByX CyOIOPU30OHTAJIbHBIX CKBAXKUHAX Ha CEBEPHOM
MeCTOpOXAeHUU KaTapa 1 I1aH paboT, pa3pabOTaHHBIN 111
3TUX oneparuil. TAKXKE B CTAThE NPEACTABICH HAKOIJICHHBIH
onsIT IpoBeeHus nepgopanmu Ha THKT na CeBepHOoM
MECTOpOXAEHUU KaTapa, N3B/ICUEHHBIE YPOKH U BBIBOJIBL

Ob6ecneyeHne BBICOKOM TOYHOCTH IIPH YCTAHOBKE
IECYAHOM IIPOOKH JIJISA BPEMEHHOH U30JISIITHH
CKBa>KHHBI C IOMOIIBIO HHTEI'PHPOBAHHOH
OIITOBOJIOKOHHOM CHCTEMBbI IIepeaavYH JAHHBIX B PEIKHMME
PEaTTBbHOIO BpEMEHH

Bamneca Bepa, Kapnoc Toppec, Doyapoo Jenvzado, Kapaoc
Iauexo, Halliburion; Monuxa Toppec, /icocvro Heepa, Equion

3aKaJka necka yepes ruokyIo Tpyoy C MOHUTOPUHIOM B
PEXKUME PEAJIBHOT'O BDEMEHU BBITIOJIHAETCSA KPAUHE PEAKO
M3-32 IOTEHIIUAIBHBIX PUCKOB, CBA3AHHBIX C LIEJIOCTHOCTBIO
Kabens. I[ToaToMy yCIENIHA ONEPALUS 10 YCTAHOBKE IECYAHOM
NPOOKH C TOMOIIIBIO OITTOBOJIOKOHHOM CUCTEMBI MOHUTOPHUHT A
B PEKHUME PEATBHOTO BDEMEHH B CJIOKHBIX CKBAKMHHBIX
YCIOBUAX UMEJIA OOJBIIYIO 3HAYUMOCTB /1 IOBTOPHOT'O
OCBOEHUS CKBA’KUHBI, TO3BOJIMB ONITUMU3UPOBATh BDEMSA U
34TPATHL

J1711 N30JIAIU M CKBA’KUHBI BO BPDEMS PAOOT IO TOBTOPHOMY
OCBOEHHIO UCITOIb3YETCA HECKOIBKO METOAOB, OTHAKO
3KOHOMHYECKU 3(PPEKTUBHBIM METOJIOM SIBISAETCA YCTAHOBKA
necYaHor Npooku ¢ nomompio 'HKT u nHTErpupOBaHHON
ONTOBOJIOKOHHOU CUCTEMBI MOHUTOPHUHI'A B PEXKHUME
PEANTBHOTO BPEMEHHU, KOTOPAst HEOOXOAUMA JIJIS1 TOYHOTO
KOHTPOJIA HE TOJIBKO INTYOUHBI yCTAHOBKH IIECYAHOM
NpOOKH, HO U 0O6'bEMA ITECKA. Be3 TAKOU KOMIIJIEKCHOMU
CHCTEMBI TIOOBIBAIOMIEN KOMITAHUY IIPUIILIOCH ObI IPOBOJUTD
JOIIOJIHUTEJIBHBIE CITYCKO-TIOgbeMHbIE onepanuu (CI1IO)

C a5IeKTpruYecKuM KabesneM mian 'HKT nis koppensnun
ITyOHHBL, UTO IIPUBEJIO OB K YBEJIMYCHUIO 34TPAT U BDEMEHU
padoT.

HMHTErprpOBaHHAA ONITOBOJIOKOHHAA CUCTEMA TTIO3BOJISAET
B PEKMME PEATIBHOT'O BPEMEHU KOHTPOJINPOBATH O6BEM
ECYAHOM IPOOKH, UTOOBI BEPXHSIsI I'PAHULLA IPOOKU OblLi1a
JOCTATOYHOI JIJIS U3OIALIMU NIPOAYKTUBHOTIO TUIACTA U HE
34CBINAJIA HATIPABJIAIONIYIO BODOHKY, YTO OOECTIEUNBAET
BBIIIOJIHEHHE ONlepaliuu 6€3 JonoaHuTenbHbIX CI1O u
YBEJIUYEHUA 3ATPAT.

JIoKaTop My(T IO3BOJISIET UBMEPATH INTYOUHY ITIECYAHOU
NPOOKH U UCKJIIOYUTH BEPOATHOCTD HEKOPPEKTHOTO
U3MEPEHUS [TTyONHBI U3-34 TAKUX (PAKTOPOB, KAK YAJIMHEHUE
IIPU PACTSKEHUU TPYOBL

C IOMOUIBIO OIITOBOJIOKOHHOM MHTEI'PUPOBAHHOU CUCTEMBI
MOHHTOPHHI'A B PEXKUME PEabHOIO BpeMeHU uepe3 FTHKT
B CKBAKHHY ObLJIO 3aKa4aHO 60JI€€ TPEX TOHH IIECKA O€3
MMOTEPH CBA3U C 3a60MHBIM MHCTPYMEHTOM M 6€3 HAPYIIEHU A
LIEJIOCTHOCTH Ka6€eJ1sd, KOTOPOE MOIJIO OBl IPUBECTH K
CIIYTBIBAHHUIO KA6€EJIs U3-32 BBICOKOI'O TPEHUS U YPE3ZMEPHOTO
IIPOBUCAHMA BHYTPH TPYOBDL

WHTErpHpOBaHHAs ONITOBOJIOKOHHAS CUCTEMA
MOHHUTOPHHIA B PEAJIbHOM BPEMEHU NTO3BOJISIET BEIBECTU
OIIEpalIHU 10 YCTAHOBKE IIECUYAHBIX IPOOOK HA HOBBIN
YPOBEHD, IOMOT'asI N30€KATh NCIOJIb30BAHUS IPYTUX
YCTAHOBOK U JONOMHUTENbHBIX CI1O, 0CO6EHHO B Clly4ae
3ANJIAHUPOBAHHBIX PAOOT IO TOBTOPHOMY OCBOEHHIO
CKBaKHHBI B YCJIOBUSAX OIPAHUYEHHOH IVIOIMIAIU PA3MEICHUA

48 Ne 3 (069) Centsi6pn/September 2019

which eliminated the need for initially
planned nitrogen lift operations.

This paper describes the selection process of
the key technologies deployed for performing
CT conveyed perforating operations in two
sub-horizontal wells in Qatari North Field, and
discusses the workflow developed for those
interventions. It then presents case studies
and lessons learned and provides conclusions
from the experiences gained for performing
CT conveyed perforating operations in North
Field.

Real-Time Fiber-Optic Integrated
System Allows Precision in a Surgical
Sand Plug Settlement of a Temporary
Well Isolation Operation

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

Josue Higuera Equion

Pumping sand through coiled tubing (CT)
with real-time capabilities is not a common
practice because of potential risks associated
with cable integrity. A successful sand plug
settling procedure supported by a real-time
fiber-optic integrated system under critical
well conditions was of high importance
during a recompletion intervention, allowing
optimization of time and costs.

Multiple methods are used to isolate a well
during recompletion activities; nevertheless, a
cost-effective method to divert involves setting
sand plugs with CT and a real-time fiber-
optic integrated system, which is essential
to achieving precise settlement of the sand,
not just for depth but also for volume of sand
pumped. Without this complete system, the
operator would need to make extra runs
for correlations with electric line (e-line)
or CT units, which increases both cost and
operational time.

A real-time fiber-optic integrated system
allows adjustment to the sand plug stages
in real time to help ensure top of sand (TS)
necessary to isolate the producer formation
and keep out the wireline entry guide without
additional runs and increased costs.

A casing collar locator (CCL) tool permitted
the correlation depth to be measured in each
tag, ensuring knowledge of where the sand
was placed and helping prevent incorrect
depths resulting from uncontrollable factors,
such as elongation.

More than 6,500 Ibm of sand was
pumped through CT using a real-time fiber-
optic integrated system without losing
communication with the downhole tools and
without affecting cable integrity, which could
lead to bird nesting the cable because of high
friction and excessive slack inside the pipe.

This real-time fiber-optic integrated



YCTBEBOT'O OOOPYAOBAHUSA HA PAOOYEN IIJIOMIAJKE.

HCMCHTI/IpOBaHI/IC AJISI H3O0JIAITHH CKBAKHHBI
B KyBeriTe ¢ MOMONIBIO YCTAHOBKH JJIA CITYCKO-
MOA'BEMHBIX OII€PAITUIH MO/, JABJICHHUEM

Moxannao ans-Moxaiinan, Kapmuetin Heanasannan,
Aunax Hamun, Paxao anv-Kaoxu, Maxeut CyHOepao#concaH,
Kysetimcran negpmanasn xomnanus; bacasapaonc Kynwyp,
Xaooap Xyceiin, Napesco Cementing

KOMITOHOBKHY 3aKaHYMBAHUA INTyOOKHUX CKBAKHH B KyBeriTe
COOTBETCTBYIOT €AMHOMY CTAHJAPTY, U ITOCJIE UCIIBITAHUS
3TU CKBA’KMHBI IEPEBOASATCS B AKTUBBL CO BDEMEHEM B 3TUX
CKBAXKUHAX NPOBOJATCS BHYTPUCKBAKUHHBIE PAOOTHL
MokeT 6bITh OJIHA UJIH HECKOJIBKO LEJIEV TPOBEAEHUA PAOOT:
BOJIOM3OJISIITUOHHBIE PA6OTHL, JOOABICHHUE HOBOI'O UHTEPBAJIA
CTUMYJIALMY, TEP(OpaLs C IPUMEHEHUEM IPOOOK, IPOBEPKA
COCTOSIHU S TPYO TUOO0 reo(pU3ndYeCcKue UCCaAe0BaHM . Ha
OPOTSKEHUU 20 JIET SKCIUIYATALIUH B PE3YIBTATE ITUX PAOOT B
CKBXKUHAX OCTAIOTCA ABAPHUIHBIE MHCTPYMEHTBL, BOCHOBHOM
310 'HKT nmu60 kabenb. HEKOTOPBIE U3 CKBAXKUH YACTUYHO
KOHCEPBUPYIOTCS LIEMEHTHBIMU ITPOOKAMU. B CBA3U € 3TUM Ha
OJHOM U3 CKBAKHMH JIJIS IPOBEJICHUS IOBUIBHBIX PA60OT BHYTPHU
HKT 65112 pa3BepHYTA YCTAHOBKA [T CITYCKO-TIOJbEMHBIX
OIIEPALI TTO/T IABJIEHHUEM.

Panee CKBaKMHY HEBO3MOXKHO OBLJIO 3aIVIYIIUTh HU METOJIOM
34KAYKU B JIOO, HU IIUPKYJIALIMEN TKEIOro pacTsopa Ha T'HKT.
Tak 3Ta CKBa)KMHA O6blJIA BBIOPAHA B KAYECTBE KAH/IW/1ATA HA
NPUMEHEHUE YCTAHOBKH 151 CITYCKO-TIOZ/bEMHBIX ONIEPAI AL
MO/ ABJIEHUEM C LIEIBIO IPOMBIBKH U YCTAHOBKHU LIEMEHTHON
npo6kn. Onepanus BIIEPBbIE OCYIIECTBIAIACH ITO IOCTOAHHOMY
KOHTPAKTY.

KoMmeke paboT BKIIIOYAJ B CE65 TTOTHYIO OYUCTKY BCEX
MOCTOBBIX ITPOOOK, KOTOPBIE, COITIACHO UMEIOIINMCH JAHHBIM,
MOIJIM HAXOAUTHCS HA ITTyOHHE OT 1280 M 10 MAKCUMAaJIbHOU
IYOUHBL, JOCTYITHOM 151 pabodei KOJIOHHBL. I10 JaHHBIM
C IPEJBIAYIINX ONEPAINUI OBIJIO YCTAHOBJIEHO, UTO PAHEE
CKBA’KMHA ObIJIA 3AIVIYIIEHA 3AKA4YKOM PACTBOPA HAJT 3a00€M,
4TO HE ABIIETC 9PPEKTUBHOM 3a1UTON OT IIPOPBIBA I'A34.
[Toatomy nepes, paboTor 6bLJIO IPOBEACHO ICTAIBHOE
TUTAHMPOBAHUE ITPOLIECCA YCTAHOBKH LIEMEHTHO IPOOKN
BHYTPH XBOCTOBHKA, YTOOBI U30JTUPOBATH HUKEIEKAIINHA
Y44CTOK OTKPBITOI'O CTBOJIA.

J1J11 KOPPEKTHOI'O PAa3MEIIEHUSA [IEMEHTHOI'O PACTBOPA
B CJIOJKHBIX YCJIOBUAX BBICOKHX TEMIIEPATYP U JABJIEHUN
OBLIIN IIPOBEJEHBI MACHITAOHBIC JIAOOPATOPHBIE UCIIBITAHUS
Y BBITIOJTHEHO MOJIEJIMPOBAHME PA6OTHL B KadecTBe areHTa
JUIA U30JIAIIMH YYACTKA IIPOPBIBA a3 ObLI UCIIOIb30BAH
PacTBOP INIOTHOCTBIO 1,98 KI/M?, HU3KOI BOJOOT/AAYEN U
NOAXOAIMMH PEOJIOTUYECKUMU CBOMCTBAMH. KpoMe Toro, 111
IPEJOTBPAIIEHUSA O6PA30BAHUS (DHUIBTPALTMOHHOIM KOPKHU ObLIA
HCIOJIb30BAHA AJIBTEPHATUBHASA, CIIELIUAIBHO Pa3pabOTaHHAA
Oy(pepHas AKUIAKOCTD.

LlemeHTHAs TPOOKA ObLJIA YCTAHOBJIEHA B XBOCTOBHUKE
JUAMETPOM 127 MM C TOMOIIBIO PabOYElt KOJTOHHBI
JuaMeTpoM Bcero 38,1 mm. IIpu 3TOM 0CO60€ BHUMAHUE
VIEJIAIOCh IPEJOTBPAIIEHUIO IOMAIAHUA LIEMEHTA OOPATHO
B HKT nuameTpoM 88,9 MM, paCIOJIOKEHHYIO BBIIIIE.

Taxoke /17151 6€30I1aCHOT'O U3BJICYEHU ST PAOOYEI KOJIOHHBI

OBLJIO HEOOXO/IMMO YYUTHIBATH IOCTATOYHO JIJINTEIIBHOE
BPEMS 3aT'YCTEBAHUA [IeMEHTA. CKBA>KHMHA OBbLIA YCIIEIITHO
U30JIMPOBAHA, YTO TENEPD MO3BOJIUT UCIIONb30BATh YCTAHOBKY

system begins a new generation of sand plug
operations by helping prevent additional runs
or having other units correlate, particularly if
a recompletion activity is programmed and
space accommodation is a challenge because
of the workover unit.

TECHNOLOGIES

Critical Cementing Application on a
Snubbing Unit to Isolate Well in Kuwait

Mobannad Al-Mobailan, Karthikeyan
Nellayappan, Dipak Patil, Fabad Al-Qadbi,
Mabhbesh Sounderajjan, Kuwait Oil Company;
Basavaraj Kunchur, Khaddar Hussain,
Napesco Cementing

In deep wells in Kuwait, completions are
fairly standardized which after flow testing
are handed over to assets. In course of time,
well interventions were done due to one or
more of the following reasons — water shut
off, addition of zone, plugged perforations,
tubing check or production logging. In course
of these Rigless interventions over a period of
two decades wells have accumulated with fish
primarily coiled tubing or wire line fish with
some wells being partially plugged. In view of
this, a snubbing unit with targeted capabilities
to fish inside tubing was deployed.

Earlier, the well could not be killed either by
bull heading or with heavy mud circulated by
coiled tubing. Thus, the well was identified as a
candidate to mobilize a snubbing unit to clean
out and place a cement plug. The Snubbing
operations itself was being performed for the
first time under a regular contract.

The operations include a complete cleaning
of all the bridges suspected from about 4200 ft
to the deepest depth possible as per the
availability of the work string tubulars. It was
identified from previous records, this is likely
to be an off bottom kill with mud and may
not effectively prevent the gas seepage. Thus a
detailed planning for a critical cement plug to
be placed inside the liner to isolate the open
hole from below was made.

Extensive laboratory testing and job
modeling was conducted to ensure proper
placement of the cement slurry in a
challenging HP/HT environment. A 16.5 ppg
Gas Block Slurry with low Fluid Loss and
favorable rheological propertieswas utilized.
Additionally, an alternative, customized
engineered designed spacer was used to
prevent the formation of a filter cake.

The cement plug was placed with only 1.5”
ID workstring in a 5" liner while taking due
care to prevent cement back into the 31/2"
completion tubing above. Besides, care had
to be taken to factor in a sufficiently long
thickening time to enable pull out work string
safely. The well was successfully secured and
isolated and will now allow the utilization of a
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KaIUuTaJIbHOI'O PEMOHTA CKBAKHH JIJISI IEPEBO/A CKBAKMHBI HA
JIpyTrHie€ TOPU3OHTHL

YCTaHOBKA JJ151 CITYCKO-IIO'/bEMHDBIX OIEPALINH IO/ JABJICHUEM
JIOKA32J1a CBOIO 3(P(PEKTUBHOCTD IO U3OJIALIUU YIACTKA
IPOPBIBA I'a32 M OOECIIEYEHUIO HYJIEBOTO JJABJICHUS HA YCTHE IS
MOOWIN3AIIUH YCTAHOBKHU KAITUTAJIbHOI'O PEMOHTA CKBAYKHH.

B cTaTbe pacCMaTPUBAIOTCA CIOKHOCTH, BO3HUKIIINE IIPU
OPOEKTUPOBAHUH, IIJIAHUPOBAHUH U BBIIIOJTHEHUH IIPOLICAYPBI
YCTAHOBKHU IIEMEHTHOM IPOOKH OObEMOM 1,27 M? [1J151 UBOISAIIUU
y4aCTKa IPOPBIBA I'a34, N3-34 KOTOPOT'O CKBA’KMHA ObLIA
HEJOCTYITHOU B TEUEHUE MTOCJIEAHUX TPEX JIET.

B 2010 rosy BO BpeM4 3aKaHYMBAHWSA CKBAXKUHbBI HA CEBEPE
KyBeriTa HOCTOAHHO BO3HUKAIU OCJIOKHEHUS C IIPOPLIBOM I'a34.
151 permenus npo6IeMBI ObLIIO IPOBEAEHO LIEMEHTUPOBAHNE
1 06pa0OTKA yYaACTKA OTKPBITOI'O CTBOJIA CKBAKHUHBL OJTHAKO
THPUTOK CO CKBAKMHBI HE ObLJI HOMYyYEH. TaKKE /1151 U30IAIINHU
UHTEPBAJIA IPOPHIBA I'A32 B CKBAXKUHY 3AKAYHBAJICS TSIKEIIBIA
PAaCTBOP, YTO NIPUBEJIO K OOPA30BAHUIO OAPHUTOBBIX OTIOXKEHUI,
HO JIABJIEHUE B CKBA’KUHE OCTABAJIOCh HA YPOBHE 270 aTM.
TTONBITKY 3aITTyIIATD CKBAXKHUHY ¢ ToMobio 'HKT u Tsxennoro
pacTBOpPa HE NPHUBENH K YCIIEXY, HOCKONBbKY crtyck 'HKT Ha
MAaKCUMAJIbHYIO ITTYyOMHY ObLIT HEBO3MOXKEH M3-34 BBICOKHUX
UPKYJISAITMOHHBIX JJABICHUH.

Cekuus 14. ObMeH 3HaHMAMM Ha
3NEeKTPOHHbIX cTeHaax VI

DnexmponrsLe CmeHObL NO360NAI0NT JIUHHO
BLLCILYULANNTD KAHCO020 OOKAAOUUKA U NOTLYUUNTD
00CMAmMoHuHO NOOPOOHYIO UHPOPMALUIO O
KAANcOoMm uccaeoosaruut. Cexuyus 8Kao4aen
pasHvie memvL 00KNA008, OOHAKO MEeMAMUKA
coomeemcmae)en OOKAAOAM 8 OPY2UX CEKUUAX.

JUCTAaHITHOHHBIF MOHUTOPHHT 1 MOAECIHPOBAHUE
onepanui c THKT B pesKkuMe peaIbHOT'O BPEMEHH

Ton Bpayn, Bpaiian Tanbu, CoilData; Kapaoc Toppec, Upstream
Consulting; bxapam Pao, BTechSoft

IlepCOHAJI CEPBUCHBIX U IOOBIBAIONINX KOMITAHUI BCE
YalIlle U3BABIACT XKETAHNUE OCYIIECTBIIATD JUCTAHIIMOHHBIN
MOHUTOPHHT JJAHHBIX PaboT ¢ npuMeHenueM 'HKT. Ouens
YaCTO 3aUHTEPECOBAHHAS CTOPOHA YEPE3 UHTEPHET
HOJK/IIOYAETCS K KOMITBIOTEPY PETUCTPALINH JAHHBIX HA
CKBAXXUHE, HCTIOIb3Y$ IPOIPAMMHOE O6ECTIEYEHHE, KOTOPOE
HAXOAUTCS B CBOOOJHOM JOCTYIIE. DTO NO3BOJIAET BULETD TO
JK€ UB00PAKEHUE C KOMITBIOTEPA, KOTOPOE BUUT ITEPCOHAT
Ha MECTE pabOoT. ONHAKO, OHIAMH-TIEpeAAda HU30OPAKEHN A
C 3KpaHa TpebyeT ObICTPOTO U HAIEKHOI'O UHTEPHET-
coenrHeHU. [TpU 3TOM 3aMHTEPECOBAHHASI CTOPOHA HE
MOJKET OCYIIECTBIIATD YIIPABIEHUE, IOITOMY PA6OTATh C
MIPOrPAMMHBIM OOECIEYEHHNEM MOXKET TOJIBKO ITEPCOHA
ycranoBkU 'HKT, KOTOPBIN, COOTBETCTBEHHO, JOJIPKEH ObITH
O6y4EH ITOMY HAPALY C APYTUMH OOA3AHHOCTSAMHU.

Jpyroit noaxo, KOTOPBIA ObLI BIEPBLIE PEATU30BAH B
2015 rony, 3aKJII09AETCA B IIOTOKOBOM IIEPEIAYe TAHHBIX HA
YAAJIECHHBIA BEO-CEPBEP HEOOIBITUMU NAKETAMU IAHHBIX
U ITOCJIEIYVIOIIEM BOCCTAHOBJIEHUH BCETO MACCUBA IAHHBIX
MOCJIE MTOJIYYEHHU . 3ATEM JJAHHBIE MOI'YT OBITh TPOCMOTPEHBI
B PEXUME, OIIM3KOM K PEKHMY PEATIBHOMY BDEMEHH, JIIOOBIM
YIIOJITHOMOYEHHBIM JIUIIOM C 6pAy3€POM 1 NOJKIIOYEHUEM
K UHTEPHETY. DTOT METOJL HE TPEOYET BEICOKOHM CKOPOCTH
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work over rig to recomplete the well.

The use of a Snubbing Unit has been proven
effective to isolate the gas zone and ensure
zero pressure on surface to enable mobilization
of Workover rig. The paper discusses the
challenges in design, planning and operations
of placing a 8 bbl plug to stem the gas which
made the well unapproachable for the last 3
years.

In 2010, a deep well in North Kuwait was
facing continuous complications with gas
cuts during completion operations. In order
to secure the objectives of the well the open
hole section was cemented and was stimulated
in LM zone with no success in flow at surface.
Additionally, heavy mud was pumped to
control the gas influx, resulting in barite
settlement but the well reflected pressure of
4000 psi. In order to subdue, attempts have
been made to kill the well with CT and heavy
mud which failed as CT could not be run to
the deepest depth due to high circulating
pressures.

Session 14. Knowledge
Sharing ePosters VI

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

Remote Monitoring and Modeling of
Coiled Tubing Operations in Real Time
Paul Brown, Brian Gunby, CoilData LLC;
Carlos Torres, Upstream Consulting LLC;

Bbarath Rao, BlechSoft

Service company and operator personnel
increasingly wish to monitor coiled tubing
(CT) operations from a remote location. Very
often the interested party will connect to
the data logging computer in the field via an
internet connection using freely available
commercial software, which allows them to
view the computer screen as it appears to the
personnel on location. However, streaming
video in this manner requires a fast and
reliable connection. It also leaves the viewer in
a predominantly passive role, with the burden
of running the software remaining with the
personnel in the CT unit, who must therefore
be trained to handle that task along with their
other duties.

A different approach, first introduced to
the CT industry in 2015, involves streaming
the acquired job data to a remote web
server in small packets, and reconstructing



HEPEJAYU TAHHBIX U PA0OTAET JAXKE IPU IPEPBIBUCTOM
COEAMHEHNH. []aTbHENIIINM HMHHOBALITMOHHBIM PEIIEHUEM CTAIA
nepeaya JAaHHBIX B PEAJIBHOM BPEMEHH Ha OIUH BEG-CEPBED
JUIs1 OMTHOBPEMEHHOT'O IIPOBEACHUS AHAIN3A HANIPSI)KEHHOT'O
COCTOSTHUSA TPYOBbI U MOAETUPOBAHUS YCTATIOCTHOT'O U3HOCA.
ITpu 3TOM COCTOSTHUE TPYOBI C JUATPAMMAMU OTOOPAKAETCS

B PEAJIBHOM BPEMEHHU B O6paysepe. KOppeKTHPOBKA MOJETN

U IJIAHA PpA6OT MOXKET IPOU3BOAUTHCS JUCTAHIIMOHHO, YTO
MO3BOJINT 3HAYUTEIBHO CAKOHOMHUTD CPECTBA.

B 3TO k€ BpeMs AITOPUTM CJIESUT 34 BXOAAIUM IIOTOKOM
JAHHBIX U 3aITyCKAET ABTOMATUYECKUE YBEAOMIIEHU JIJIS
MEPCOHAJIA, KOTOPBIH TOXKE CJIEUT 34 PAOOTOI. TakuM 06pa30M,
3aK434UK MOXKET OBITh IPEAYTIIPEXACH O npubnmxkenun 'HKT
K HEOOXOUMOW ITTyOUHE, Oy PUIIBIIUK — NPENYIIPEXACH O
BBIXOJIE U3 CTPOS ONIPEAETIEHHOIO IATYNKA, 4 THXKEHEP MOXKET
OBITh IPEAYIIPEXKIEH OO OMTACHOCTH NPEBBIIIEHUS IPEJEIbHBIX
3HAYEHUI HATPY30K Ha TPYOY.

DTa OHJIANH-CUCTEMA U POKO HUCIIOIb30BAIACH B TEYEHHE
HECKOJIBKHX JIET, IO3BOJIASA TPAHCIUPOBATD MOJIEBBIE JAHHBIE B
o6bpeMe 10 50 paboT B CYTKU. B CTaThe NPEACTABIECHO CPABHEHNE
PE3YIBTATOB IPUMEHEHM TAHHOM CUCTEMBI C TPAJULIMOHHBIMHU
MeTOoAaMU. ONMHUCAHBI TAKXKE OTPAHUYEHUA U IPEUMYIIECTBA
JIAHHOT'O METO/14, B YACTHOCTH, IIPOOIJIEMBI C MTOAKIIOUYEHUEM K
cety THTEpHET HA MECTE PAbOT, U IPEICTABJIEHBI BO3MOXKHBIE
peleHus.

TTOKa3aHO, YTO B PE3YyJIbTATE IEPEBO/A OOIBIICH
COCTABJIAIOIIEH IPOLIECCA KOHTPOJIA 34 PA0OOTOM 32 NIPEJETBI
YCTBEBOM IUIONAJKH TIOTPEOHOCTD B CIICITUAJINCTAX HA
MECTE PabOT YMEHBINACTCS, YTO, B CBOIO OYEPED, TPUBOUT K
3KOHOMMUH CPECTB. Kpome TOro, MHTErpariys BCero mporiecca
PpaboTHL, OT INTAHUPOBAHSI /IO BBITIOJTHEHUS], B EIUHYIO
OHJIAMH-IIAT(OPMY, JOCTYIIHYIO JIJIS1 IIOOOU BOBJICUYEHHON
CTOPOHBI HE3ABHCHMO OT reorpapuieCcKoro pacrioyIoKEHUS,
MIPEAOCTABIISICT GOJBIINE BO3MOXKXHOCTH [IJ151 IIOBBIIICHUS
3(PHEKTUBHOCTH.

OOHapy KeHHeE yTe4€eK B CKBAKHHE: BHEIPEHHE HOBOT'O
HMHCTPYMEHTA JJIS IIPOBEAEHUS IIIyMOMETPHH HA KabeJie
Hurwuaro Ans, Drcurcone Yowcao, Mapeun Pypx,
GOWell International

B mannoM crarbe npeacTaBaeHO HOBOE ITOKOJIEHUE
UHCTPYMEHTA JJIA IPOBEAECHUS IIIYMOMETPHUN HA KabeJle.
JaHHBINI IPUOOP NPEAHAZHAYEH /11 OOHAPYKCHU S
AKYCTHUYECKUX/BUOPAIIMOHHBIX BO3/ICHCTBUH B CKBAXKUHE,
BBI3BAHHBIX I'MJIPABIUYECKUM TPEHHUEM ITOTOKA JKHUJIKOCTH
I10 CTBOJIY CKBAXKUHBL B paMKax onepanyii 1o 06eCrneu4eHuIo
LIEJIOCTHOCTH CKBAKUH 1 ONIEPALUI 1O JIMKBUAAITNYN CKBAKUH
OJJHOY 13 OCHOBHBIX O0JIACTEN IIPUMEHEHUS 3TOI'O IIPUOOpa
SIBJISIETCSI OOHAPYKEHNUE NCTOYHHUKOB YTEUYEK B TPYOHOM U
3aTpPyOHOM IIPOCTPAHCTBAX. Pa3paboTKa MHHOBAIIMOHHOM
MaTPHLBI JATYNKOB, CIIELIUAIbHON KOH(PUTYPALTUN
KOMIIOHOBKH, 4 TAKKE TPEX HOBBIX METOA0OB OOPAOOTKHU JAHHBIX
MIPOBOJAWIIACH /11 OOHAPYKEHUA CJIEAYIOIINX TUIIOB CUT'HAJIOB:
- Cmabpble akycTrdeckue curaassl (0T -30 aB 10 -60 aB) —

HaIlpuMep, HEOOBIIHE YTEUYKH B 3ATPYOHOM IIPOCTPAHCTBE

WJIM BHYTPU CKEJIETA IIOPO/IbI IIJIACTA.

CrUIbHBIE AKYCTUYECKUE TIOMEXH OT ABMKEHUS IIPUO60PA BO

BpPEMA KAPOTAXKA B ICHUCTBYIOMEN CKBAXKUHE.

HecranyonapHble 1/1IU HEJIMHEMHbBIE UCKAKEHWA CUT'HAJIA

13-32 U3TUHAIONINX KOJIEOaAHNH TPHUOOopa.

+ CEeMICMUYECKU IIIYM B CKBAKMHE.

the complete data file on arrival. The data

can then be viewed in near real-time by

any authorized person with an internet
connection and a browser. The method
requires little bandwidth, and works even
with an intermittent connection. In a further
innovation, the live data is simultaneously fed
into tubing forces analysis (TFA) and fatigue
modeling software running on the same web
server, with the resulting real-time pipe status
displayed in the browser alongside the data
charts. Adjustments to the models and job
design can be made by a person observing the
job remotely, rather than on location, with
potential for significant cost savings.

At the same time, an algorithm monitors
the incoming data stream for detectable
events, and triggers automated notifications
to personnel who are ‘following’ the job. In
this manner an operator can be alerted when,
for example, the CT approaches a target of
interest; a technician can be warned that
a sensor is failing; and an engineer can be
alerted if the pipe limits are in danger of being
exceeded.

This web-based system has been used
extensively over a period of several years, with
up to 50 jobs streaming on a typical day. Field
examples will be presented illustrating this
technology, and contrasted with conventional
methods. Limitations as well as advantages
will be discussed, in particular concerns about
web connectivity at the wellsite, and possible
solutions presented.

The case will be made that, by moving
the majority of the job monitoring process
offsite, the need for specialist expertise in the
field is reduced, with associated cost savings.
Furthermore, by integrating the entire job
process, from planning to completion, into
a single web-based platform accessible to
any involved party regardless of geographic
location, numerous possibilities for other
efficiencies can be imagined and realized.

TECHNOLOGIES

Downhole Leak Detection: Introducing
A New Wireline Array Noise Tool

Qinshan Yang, Jinsong Zbao, Marvin Rourke,
GOWell international, LLC

This paper will introduce a new generation
wireline Array Noise Tool (ANT). This tool is
used to detect downhole acoustic/vibration
activities originating from fluid-structure
friction flow. One of main applications in
Well Integrity (W1I) and Plug & Abandonment
(P&A) for ANT is to locate leak sources in well
completions and tubulars. The innovative
sensor matrix and system configuration
together with three novel data processing
methods are studied and developed to address
the following primary challenges:
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WHCTPYMEHT MOXKET PAOOTATh KAK B CTAITUOHAPHOM PEXUME,
TAK U B PEXUME AEHUCTBYIOEH CKBAKHUHBL

Martpu1ia JATYUKOB C HIUPOKUM IUANA30HOM Pa3paboTaHa
JUIs1 (OPMUPOBAHUS PA3ITHUYHBIX MACCUBOB U3MEPUTEIBHON
MHMOPMALIMU C UCTIOIb30BAHUEM YHUKAJIBHOH HACTPAUBAEMOI
METOIUKHU. B PE3y/IBTATE UHCTPYMEHT MOXKET OJHOBPEMEHHO
06pabaTHIBATD A6COMIOTHBIE U AU (PEPEHITNATIBHBIE
AKYCTUYECKHE CUTHABL JITaHHAS MATPULLA JATYHUKOB
MO3BOJISIET NOBBICUTh COOTHOIMIEHUE CUT'HAJI/IITYM Ha
20—-30 gb. MHOTOMEPHBIN MOJY/Ib MAITUHHOI'O OOYYEHU
C KACK4/IHBIM MOJIKJIIOYEHUEM K UTEPALINU KJIACTEPOB
UCIOJIb3YET NOJTYyYEHHBIE JAHHBIE /I OTACICHUS CUTHAJIOB
HACTOSAMIEN YTEUKH OT JPYTUX HEXKETATEIbHBIX ITyMOBBIX
CUTHAJIOB. [Tocne 06pabOTKU JAHHBIX JJ151 1AIbHEUIIETO
OT/IEJIEHUS XAPAKTEPUCTUK PACIPOCTPAHEHUSA CUTHAIA
YTEUKH OT JPYTUX ITyMOB UCIIOIb3YETCA METO, JIEKOMIIO3ULTUHN
CKOPOCTEN PACMIPOCTPAHEHN AKYCTUYECKHUX BOIH, KOTOPBII
MO3BOJISIET OBBICUTH COOTHOIIEHUE CUTHAJI/IITYM JIJIs
OnpeAecHUs YTEYKU. B KOHIIE MCIONB3YETCS 6A1ECOBCKU
AHAJIN3 BEPOATHOCTEN /I ONPEAEIIEHUSA [NTYOUH YTEYEK C
HHJIEKCOM JJOCTOBEPHOCTH, OCHOBAHHBIM Ha MTH(POPMAIIUH,
COJEPKAIIENCA KAK B 9HEPTUU CUTHAJIA, TAK U CKOPOCTH
curHamna. Microynb30BaHuE 3TOU METOJOJIOTMU OOPabOTKH
JIAHHBIX ITO3BOJIAET MOBBICUTH COOTHOIIEHUE CUTHAJI/IIIYM
¢ 15 go 20 gb. Llenpio METOAA ABJIAECTCA YCTPAHEHNUE
HEXENATEJIbHBIX AKyCTUYECKUX IITYMOB, HE CBA3aHHBIX C
YTEUKAMU, C COXPAHEHUEM JJOCTATOYHOHN YyBCTBUTEIBHOCTH
JULA BBISIBJIEHUSA HE3HAYUTELHBIX YTEUEK.

JaHHBI MTHCTPYMEHT HAIIIEI KOMMEPYECKOE IIPUMEHEHUE B
CIIA, Ha biirokaeM BocToke, B BOCTOUYHOM A31u U JIATHUHCKOM
Amepuke. DPPEKTUBHOCTh HHCTPYMEHTA ObL1a IOATBEPIK/ICHA
C IOMOIIIBIO MOJETMPOBAHUS, TAOOPATOPHBIX UCIIBITAHUI
U ITOJIEBBIX KAPOTAKHBIX JAHHBIX. [IpHMEPBI KAPOTAXKHBIX
JHUATPAMM JIEMOHCTPHUPYIOT KO3(P(PUIIMEHT YCIIENTHOCTHU
BBISIBJICHU S yTEUEK CBBILIE 95%. B CTAThE OIMHMCAHBI IPUMEPBI
NPOBEAECHUA UCCIEJOBAHNUI B CKBAJKMHAX C HECKOJIBKMMH
KOJIBLIEBBIMU IPOCTPAHCTBAMH, CKBAXKUHAX C HU3KHMMHU
JeOUTAMH, A TAKIKE B I'A30BbIX CKBAKMHAX.

TexXHONIOrus MyMOMETPUU HA KAOEJIE COBMECTHO C
YCOBEPUIEHCTBOBAHHBIMH METOAAMH OOPA6OTKH JAHHBIX
ABJIAETCA HOBBIM PEIIEHUEM JIJI OOHAPYKEHUA UCTOYHUKA
yTE€YEK U MOHUTOPHHTI'A KAHAJIOB YTEYEK, YTO ABIACTCA BAXKHBIM
IIPOPBIBOM JIJIA IIPOBEJIEHUA ONEPALUL 10 OOECTIEYEHHIO
LIEJIOCTHOCTH CKBAKHWH, ONEPALTNN IO IMKBUJAIIMH CKBAKUH 1
MHOI'MX JIDYI'UX 33/1a4.

IHoBsimenue 3@ dexruBHocTU PppedepoBanmsa Ha THKT
C HCIIOJIb30BAHHEM TEXHOJIOI'HH PACTBOPHMBIX IIPOOOK

LAuana Xymabapam, Oxy USA; Jxncon Paii, Innovex Downhole
Solutions; Yao Dpertisep, Dropro Xeitrc, Oxy USA

Ha MecTOpOXAEHUAX C HETPAJANULIMOHHBIMU 3AI1ACAMU 11
3aKAHYUBAHUA OOJIBIIMHCTBA TOPU3OHTAIBHBIX CKBAXKUH
npumenaeTcsa metoy Plug & Perf ¢ ncnonb3oBanmnem npoook
I'PI1 1 n3omAY UTHTEPBAIOB. Kak npasuiio, nocie I'PIT
IPOOKH (PPE3EPYIOTCS C IIOMOIIBIO IT'MOKOM TPYOBI 111
MOCJIEAYIONIEH SKCIUTYATAIIMH BCEX UHTEPBAJIOB. DTA ONEPAIUs
MOJKET OBITD JOPOIOCTOAMIEN M CO3/4ABATD JIONIOJIHUTEIbHBIE
pucku. KinrodyeBbIMU (PAKTOPAMU BBICOKOH 3(PPEKTUBHOCTHU
dpe3epOBAHNA ABIACTCA JIETKOPA36Y PUBAEMBII MATEPUAT
npo60oK I'PIT 1 3(p(pEKTHBHOCTD BLIMBIBA PA36yPHUBAEMBIX
yacTull [Tocsemaue qOCTUKEHUS B OOJIACTH TEXHOJIOI' I
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- Tiny acoustic leakage signals (-30dB to
-60dB), for example, the minor leaks
behind pipes or even inside the formation
matrix;

Strong road-noise acoustic signal

contamination from tool motion while

dynamic logging;

Nonstationary and/or nonlinear signal

distortions because of tool flexural

vibrations;

Downhole seismic noise.

The tool can be operated both in stationary
logging and in dynamic logging.

The wide-band sensor matrix is designed
with a unique configurable technique to
form different measurement arrays. As a
result, the tool can simultaneously acquire
absolute and differential acoustic signals.

By using this sensor matrix we are able to

improve Signal-to-Noise Ratio (SNR) by

up to 20 to 30 dB. From the acquired data,

we employ a multi-dimensional machine

learning (ML) classification module, cascaded

with cluster iteration to separate real leak
signatures from other unwanted noise signals.

After a data conditioning process, the wave

velocity-domain decomposition method is

utilized to further distinguish the leak signal
propagation characteristics against other
noise propagations to enhance overall SNR
for leak detectability. Lastly we use a Bayesian
likelihood analysis to identify the leak depth
locations with a confidence index based on
the information contained in both signal
energy and signal velocity. We are able to
achieve 15dB to 20dB SNR improvement from
this data processing methodology. The system
design goal is to eliminate unwanted acoustic
noise that is not associated with leaks, while
maintaining sufficient sensitivity to pick up
minor leaks.

The tool has been logged commercially
in the US, Middle East, East Asia, and Latin
America. The tool performance has been
validated through simulation, lab tests,
and field logs. Field logging examples are
demonstrating a leak detection success rate
above 95%. Field cases include multi-annulus,
low flow rate, and gas well field examples.
Field results will be presented in this paper.

ANT instrument technology and the
associated advanced processing methods are
a new solution for detecting the leak source
locations and monitor leak paths, especially,
in Well Integrity (WI), Plug and Abandonment
(P&A), and many other well applications.

Coil Tubing Drillout Efficiency Gains
Utilizing Dissolvable Plug Technology

Diana Hutabarat, Oxy USA; Jobn Ray,
Innovex Downhbole Solutions; Chad Frazier,
Andrew Haines, Oxy USA



I'PTI ¢ paCTBOPUMBIMHU IPOOKAMU IIPUBEIH K CHUXKEHUIO
06'bEMOB (PPE3EPOBAHUS UIH IOJTHOMY UCKJIIOYEHHIO
HEOOXOIMMOCTU (PPE3EPOBAHMS, 4 TAKIKE K CHUXKECHHIO 32TPAT
HAa BHYTPUCKBAKMHHBIE paOOTHI c npuMeHeHueMm 'HKT. B
JIAHHOI CTAaThE PACCMATPUBAETCA 3PHEKTUBHOCTD TEXHOJIOTUU
PACTBOPUMBIX IPOOOK U €€ BIMSTHUE HA ONEPALIAU IO
(pe3epOBaAHUIO.

B cTaTbe IpeCTABIIEH AHAIN3 IPUMEHEHHN S PACTBOPHUMBIX
npO60K I'PT1 B rOPH3OHTAIBHBIX CKBAXKUHAX IO HECKOJIBKHUM
KpUTEPUAM. MOXKHO JIN (PPEIEPOBATH PACTBOPHUMBIE IIPOOKH,
€CJIM OHU PACTBOPHJIHCH HE ITIOJTHOCTBIO? PaCTBOPAETCA TN
POOKA MOJTHOCTBIO, OCTABJISIS IOJTHOIIPOXOAHOM JUAMETD?
[TpUBOAUT JIM IPUMEHEHUE TEXHOJIOIMHU PACTBOPHUMBIX IIPOOOK
B TOPU30OHTAJIBHBIX CKBAXKUHAX K SKOHOMUM BDEMEHU U 3aTPAT
IO CPABHEHUIO C TPAJUITUOHHOM TEXHOJIOTUEN KOMIIO3UTHBIX
IpOO6OK? [171 CpaBHEHUA TEXHOJIOIUHI PACTBOPHUMBIX U
KOMITO3UTHBIX TPOOOK OBLIX BEIOPAHBI IBE CKBAKUHBI C
OIMHAKOBBIM KOJIMYECTBOM CTaAu ['PIT 11 OMMHAKOBOM JIJTMHOM
TOPU3OHTAIBHOIO YYaCTKA. B OTHON CKBAa’KMHE HCIIOIb30BAJINCH
KOMITO3UTHBIE ITIPOOKH MO BCEU JNIMHE TOPU3OHTAIBHOTO
Y4aCTK4, BO BTOPOU CKBAKMHE HUCIIOIb30BAIUCH TOJIBKO
PacTBOPUMBIE IPOOKU. B 06€MX CKBaKMHAX (PPEIEPOBAHUE
npoBogunochk Ha 'HKT ¢ ofHAKOBOM KOHCTPYKIIUEN
KOMITIOHOBKH HHM34 KOJIOHHEL [Tocie (ppe3epoBanus 66110
MPOBEAEHO CPABHEHHE JIJIMTEIBHOCTH ONEPAIUI C IIEJIBIO
ONpeIe/IEHNS CTENTEHU SKOHOMHU BPEMEHU U 3ATPAT.

Pe3ynbraTsl MCIIBITAHUI ITOKA34JI1, YTO PACTBOPUMBIE
NPOOKU COKPAIAIOT BPEMA Pa36ypPHUBAHUA KAXKIOU IIPOOKHU U
HEOOX0IMMOE KonndecTBo onepanuii ¢ 'HKT. ITpu nposegeHnn
npombIBKH Ha THKT 651710 32(pMKCHPOBAHO 3HAYUTEIBHOE
CHMIKECHMUE 32TPAT U HOBBIICHUE 3(P(PEKTUBHOCTH 34 CUET
PEKOPHO BBICOKOU CKOPOCTH ITPOXOJKHU C TIOBEPXHOCTU
JIO 320041, 4 TAKXKE 34 CUYET OBICTPOr'O BBOJA CKBAKUH B
IKCILIYATALMIO. B CKBa’KMHE C pACTBOPUMBIMH IPOOKAMHU OBbLIIN
MOJIHOCTBIO UCKJIIOYEHBI CITYCKU MHCTPYMEHTOB HA HETIOJIHYIO
IYOUHY, COKPAIIEHO BPEMSI IIPOMBIBKH, 4 TAKXKE CHHUKEH OObEM
TeJIEN U ATEHTOB /I [IPOMBIBKH. ICIIO/Ib30BAHNE PACTBOPUMBIX
NPOOOK TAKIKE MO3BOINIIO COKPATUTD BPEMS HA CITYCK
KOMIIOHOBKHU B UHTEPBAJIAX MEXK/Y IPOOKAMMU.

Taxkyum 06pazom, crouMocTb onepanuii ¢ F'HKT Hanpsamyio
3aBHUCHUT OT MeToza TexHonoruu Plug & Perf. Panpiie
TexHosorus I'PI1 ¢ npobkaMu NoApazyMeBaia JUIMTEIbHOE
Pa30ypUBaHUE, IOITOMY OOIBIINHCTBO JOCTUKEHUN B
Pa3paboTKE pAaCTBOPUMBIX IIPOOOK HAIIPABIECHO HA CHUKCHUE
croumocTtu onepanuii ¢ FTHKT. YcoBepieHCTBOBAHME
KOHCTPYKITUH PACTBOPHUMBIX IIPOOOK IA€T BO3MOKHOCTD
COKPATUTD BpeEMs Pa36ypHUBaHHUS HIIH ITOJTHOCTBIO UCKITIOUHUTD
HEOOXOUMOCTbD B pa30ypUBAHNH. MOXXHO IIPEAIIONOXKUTD,
4TO €IIIe OOJIBIINM IIPEUMYIIECTBOM OYZET BO3MOXHOCTD
MIPOEKTUPOBAHUS OOJIEE€ TOPU3OHTATBHBIX YYACTKOB, KOTOPBIE
He 6y/1yT OrPAHUYEHBI ITTyOUHOM JJOXOXIEHH A THOKOH TPYODL

YcnenrHast yCTaHOBKa MHOT'OCEKITMOHHOH
xpomupoBaHHO¥M THKT GonbIIOro JuamMeTpa B
KadyecTBe TH(PTOBOI KOJIOHHBI B CKBAKHHAX C BBICOKHM
CoAepsKaHHEM YIVIEKHCJIOTO ra3a B BomtuBuH

Locosannu A. puanoec, Xoce P.Opmu3, /lyuc . Anmeno,
Halliburton

IIposeneHne BHYTPUCKBAKMHHBIX PAOOT B YAAJIEHHBIX
U TPYAHOJOCTYIHBIX PEr'MOHAX C UCIIOJIb30BAHUEM
o6opynosanusa 'HKT 60101 AJIMHBL U JUAMETPA 334ACTYIO

In unconventional plays, the majority of
horizontal well completions employ Plug
and Perf methods using frac plugs to isolate
multistage stimulation treatments. The post-
stimulation operation typically consists of
drilling out the plugs with coil tubing and
commingling all frac stages. This operation
can be costly and adds risk to the completion.
Frac plug drill-ability and debris mitigation
is a key factor in drill out efficiency. Recent
advancements of dissolvable frac plug
technologies have reduced or eliminated
drill-outs and the cost of coil tubing
intervention. This paper examines the
effectiveness of dissolvable plug technology
and its effect on drill-out operations.

The implementation of dissolvable frac
plugs in full laterals was evaluated by several
measures. Can the dissolvable plugs be milled
if not fully dissolved? Does the dissolvable
plug completely dissolve leaving a clean
wellbore? Is there a time and cost benefit of
cleaning a wellbore with 100% dissolvable
plugs versus of a conventional, composite
plug lateral? In an effort to evaluate
dissolvables versus conventional composites,
two trial wells were selected with the
same stage count and lateral length. In one
wellbore composite plugs were utilized
throughout the entire lateral; in the second
well, only dissolvable plugs were used. Both
wells were drilled out using coiled tubing and
the same BHA configuration. After the drill-
outs, the total time in the well was compared
to determine a time and cost savings.

The result of the trial proved that
dissolvable plugs reduced drill-out times for
each plug and reduced the total amount of
coil tubing operations needed. A notable cost
reduction and efficiencies were observed
for thecoil tubing clean out operation due to
high record-footage drill-out from surface
to TD (Total Depth), and an efficiency gain
during execution to bring the wells on
to production. The dissolvable trial well
showed the ability to eliminate short trips
and minimize pumping sweeps, gels, and
chemicals to clean out the hole. Use of the
dissolvable plugs also resulted in quicker
run-in hole times between each plug.

Coil tubing intervention is a legacy cost of
Plug and Perf completions. Early frac plug
technology required extensive drillout,
and many plug design innovations have
been directed at reducing the coil tubing
cost. The advancement of dissolvable plugs
presents the opportunity to reduce or
eliminate drillout intervention. Perhaps an
even greater benefit will be enabling the
design of longer lateral completions that are
not constrained by the limited reach of coil
tubing.
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TEXHOJIOI'MU

TPEOYET KPYIHBIX UHBECTULINIH. VICIOIB30BAHUE TUOKUX TPYO
OOJIBIIOrO JUAMETPA MOXKET IIPUBECTU K OCJIOKHEHUSM BO
BPEMSI IOTPY30-Pa3TPY30YHBIX PA6OT U TPAHCIIOPTUPOBKH.
OIHUM U3 BADUAHTOB PEUICHUS 3TUX IPOOJIEM SABJISACTCS
JOCTaBKa KOPOTKHUX y4acTKOB 'HKT Ha padouyio miomagky
U COEIMHEHUE [IBYX MJIU OOJIEE CEKLIMU Ha MeCTe. B JanHOII
CTATbE NPEJIOKEHA AJIBTEPHATUBA KAK JJIs1 ONIEPALIUL Ha
MOPE, TZI€ I'PY30IObEMHOCTb KPAHA OTPAHUYEHA, TAK U JJI5
OIlEpALIMU HA CYIIIE B yAAJICHHBIX PANOHAX, T€ [IEPEBO3KA
TSIPKEJIBIX TPY30B MOKET OBITh 3aTPYAHEHA.

TpaAruIIMOHHBIE METO/ABI COCIMHEHUS THOKUX TPYO
BKJIIOYAIOT B CEOS1 OPOUTAIBHYIO CBAPKY U UCIIOIb30BAHHE
MEXAHHUYECKUX KOHHEKTOPOB (Ehtesham 2008). OTu MeTOAbI
MOTYT IPUMEHATHCA IMOO B KOHTPOJIUPYEMBIX YCJIOBUSAX, TMOO
B ciry4dae, korja cekumu 'HKT uMeroT Mablil JUaMeTp Wi
JUINHY, YTO MO3BOJIAET PA3MECTUTDh UX HA OJHOM 6apabaHe 1
pacnpenenuTs BeC. OHAKO 3TH METOABI UMEIOT OIIPEIECIEHHBIE
HEAOCTATKU. OPpOUTAIBHYIO CBAPKY MOT'YT ITPOBOANTD TOJIBKO
KBAJIM(PUITMPOBAHHBIE TEXHUYECKHE CIIELTUAIUCTEL [Tpn
3TOM HEOOXOUMA JOIIOTHUTEIbHAA MHCIIEKIIHS CBAPHOTI'O
1B HA MECTE, YTO YBEIMYUBAET BPEMS U CTOUMOCTD PAOOT.
Kpome Toro, cBapouHbIe pabOThI MOI'YT OBITh 3AIIPEIICHbI
B 34BUCHMOCTHU OT YCJIOBUI HA paboyeil IUIomaaKe. Takxe
CBAPHBIE MBI TPUBOJAT K (POPMHUPOBAHUIO YIACTKOB
T'HKT ¢ HU3KOU U3BHOCOCTOMKOCTBIO, CHUKASI TEM CAMbBIM
MOTEHLIMAIBHBI CPOK CJIYyKOBI TPYOBL. B TAKHX yCIIOBUAX
LENECOOOPAZHBIM PEMIEHUEM ABJIAIOTCA KOHHEKTOPHI C
BO3MOKHOCTBIO HAMOTKH Ha 6apadaH, KOTOPBIE NO3BOJIAIOT
ONEPATUBHO COETUHATH THOKHE TPYOBI [IPU YCJIOBUH,
4TO 62pa6aH PACCYUTAH HA BEC U JNIMHY COEJUHEHHON
TPYObL Ha HEKOTOPBIX IUIOMIAJKAX OIPAHUYEHUA 10 BECY U
padouen oAU TPEOYIOT IPUMEHEHUSI JIMOO 6apabaHOB
MaJIOH EMKOCTH, JIMOO TUOKUX TPYO, COETUHSIEMBIX BO
BpeMs onepanun. OJHAKO UCIIOIb30BAHUE KOHHEKTOPOB C
BO3MOXHOCTBIO HAMOTKHU HA 6apabaH B TAKUX YCJIOBUSIX HE
BCET7A BO3MOXKHO. B JAHHOM CTAThE NPENCTABIEH HOBBIU METO,
coenrHeHuss THKT Ha paboyeii nionjaike.

HccnenoBanme NpOBOJUIOCH C LIEJIbIO U3YYEHH A
TEXHUYECKOU OCYIIECTBUMOCTH MEXAHUYECKOI'O COEJUHEHUA
JIBYX KOJIOHH 'MOKHX TPy JIJIS IPOEKTOB C UCTIOIb30BAHHUEM
JIM(PTOBBIX KOJIOHH. B 4MCJIO OCHOBHBIX LI€JIEN BXOAUT 3aa494
coeprHeHus KoJToHH T'HKT Hajy yCThEM CKBAXKHHBI B YCIIOBUSX
JENCTBYIONIEN CKBAKUHBI C yY4€TOM OI'PAHUYEHHNI ITO EMKOCTH
6apa6aHoB. MIcCiiefOBAHUE BKIIOYAET B C€6s1 Pa3PAOOTKY
WHCTPYMEHTA JIJIsI MEXAaHUYECKOTO COEIMHEHNU A THOKHUX
TPYO, NpoeKTUpoBaHne KOHCTpyKnu I'HKT, a Taxkoke mondop
nogsecku 'HKT 1 ycTheBOIo 060py0BaHUS. TAaKXKE B CTATHE
OITMCAHBI TPOBE/ICHHBIE UCITBITAHU S, IIPOIIECC MOJICTHPOBAHUSA
MeXaHW4YeCKUX HanpspkeHuit Ha THKT u nporeaypa paboT 1o
COEIUHEHUIO TPYO.

B cTaThe IpeCTaBIIeH OIBIT IIPOBEJICHUS PaboT,
H3BJICYEHHBIE YPOKHU U OCHOBHBIE (DAKTOPHI, KOTOPBIE
HCO6XOIII/IMO HpI/IHI/IMaTb BO BHHMMAHHC HpI/I COCOMHCHUI
HECKOJIBKHX CEKITUH I'MOKOU TPyObI OTHOTO UJIH PA3HBIX
JIMAMETPOB U TOJIIINH CTEHOK. BBITIOJIHEHNE 3TUX PAOOT C
oMoIbI0 060opyAoBaHus THKT SBASETCS SKOHOMUYECKU
3(pPEKTUBHBIM AJIBTEPHATUBHBIM PEIICHHUEM IO CPABHEHUIO
C MCHOJIb30BAHUEM OOOPY/IOBAHUS IS KATTUTAJIBHOI'O
PEMOHTA CKBAKUH U TPYO C pE3bOOBBIM COEJUHEHHEM. [JaHHOE
HCCIEOBAHUE HAIVISITHO ITOKA3bIBAET, KAK COTPYAHHUYECTBO C
JIOOBIBAIONIEH KOMITAHUEH ITO3BOJIMJIO IPOBECTH KAMIIAHUIO
10 YCTAHOBKE ISTH JIM(PTOBBIX KOJIOHH B BOIUBUH.
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Successful Campaign to Install Multi-
Sectional Large Diameter Chrome CT
Velocity Strings in High CO, Wells in
Bolivia

Jovanny A. Hernandez, Jose R. Ortiz,
Luis F. Antelo, Halliburton

Well intervention projects performed in
remote and difficult-to-access areas using
coiled tubing (CT) equipment and strings with
long lengths and large diameters sometimes
represent high investment projects. The use
of heavy CT strings can lead to complications
during lifting and transport operations.

One alternative to address these issues is to
transport short sections of CT to the wellsite,
then connect two or more CT strings onsite.
This paper provides an alternative for offshore
operations where crane load capabilities are
limited and for land operations in remote
locations where heavy loads can compromise
transportation.

Conventional methods of joining CT strings
are available, such as orbital welding and the
use of mechanical connectors (Ehtesham
2008). These methods can be applied under
controlled conditions or when the CT strings
are of small diameters or lengths that enable
them to fit on a single spool and the resulting
weight can be accommodated. However,
these methods present some shortfalls.
Orbital welding requires access to qualified
technicians and additional verification of
the weld on site, adding time and cost to
operations. Welding may also be prohibited
based on wellsite conditions. Additionally,
welds create de-rated sections on the tubing,
reducing the potential run life of the string.
Spoolable connectors are a viable option where
the two strings may be joined off critical path
and when the work reel is capable of holding
the combined strings. Some operations must
be performed using smaller work reels to
accommodate the work area, or involve strings
being joined during the operation, which are
not ideal situations for spoolable unions. The
option presented in this paper provides a new
method for joining strings on the fly.

The study was performed to explore the
technical feasibility of mechanically joining
two CT strings for velocity string (VS) projects.
Challenges include making the union of these
strings above the wellhead under live well
conditions and the load capacity limit of the
reels. The study includes design of mechanical
joining tools, design of the CT strings, selection
of CT hanger tools, and surface equipment.
These points also include testing, mechanical
stress simulations of the CT, and the procedure
used to join the strings.

This paper shows the best operational
practices, lessons learned, and field



Cekuma 15. O6meH 3HaHUaAMU
Ha 3NeKTPOHHbIX cteHaax VI

INeKmporHbLe CMerobl 03600 JIUHHO
BLLCTYULAIND KANCO020 OOKIAOUUKA U NOJ) YU
00CMamouHo nNOOPOOHYHO UHPDOPMALUIO O
Kancoom uccaeoosaruu. Cexyus 6Kiouaem
pa3srwvie memvt OOKAA008, O0HAKO MEeMAMUKA
coomeemcme)em OOKAAOAM 6 OPY2UX CEKUUAX.

HcnpITaHHE IIOJTMMEPHOTI'O I'eJIE00PA3yIONIEro areHTAa,
YYyBCTBHTEJIBHOI'O K pH, 111 ITUNKBUJAIIHH YyTE€YEK B
CTBOJIE€ CKBAKHHBI

Hasan Tasacconu, Moxammaopesa Illagpuiiu, Texaccruii
yrusepcumem 6 Ocmune; Kpucmuan Munnuz, Swisstopo;
Lococnun T'uzuzep, Ypcyna Pécau, Solexperts; Jxcetimc
Iammepcon, ETHZ; Teeppu Teypuanam, Swisstopo; /lyxac
Meoocus, Texacckuii ynusepcumem 6 Ocmume; Xapeu I'yomar,
Chevron ETC; Tonu Dcnu, BP; Mamuto banvxogpg, Texacckuti
YHusepcumem 6 Ocmume

L1e/IOCTHOCTD CTBOJIA CKBA’KUHBI ABJIAECTCS BAXKHBIM
BOIIPOCOM B OOIACTU JOOBIYN HE(PTU U I'a3d U XPAHEHUA
YIVIEKUCJIOIO I'a34. YCIIENTHOE OA3E€MHOE OCAKIACHUE
Pa3NIUYHBIX (DIIOUAOB, TAKUX KAK YIVIEKUCIIBIH I'a3, 3aBUCUT
OT F€pMETUYHOCTH NOA3ZEMHBIX pE3EPBYapOB. Ha 06bEKTAX
XPaHEHUSA YITIEKUCIIOTO Ia3a B CHCTBYIOMIUX HATHETATEIbHBIX
U paHee NPOOYPEHHBIX CKBA)KMHAX MOT'YT BO3HUKHYTb yTEYKH
M3-32 BBICOKOT'O U30BITOYHOI'O JABJIEHU S, MEXAHUYECKOTO/
XHUMHYECKOT'O PA3PYIIEHU U/WUIN HEKAYECTBEHHOIO LIEMEHTA.
DTO NPUBOAUT K ITOTEPE TEPMETUYHOCTH OOBEKTA XPAHEHU A
raza. CTaHAapTHBIE METO/BI KATTUTAJIBHOTO PEMOHTA HE
CIIOCOOHBI O6ECIIEYUTD FTEPMETUYHOCTD CKBAXKUH C yTEYKAMU
1O MHUKPO3230Py MEX/y OOCATHON KOJIOHHOM 1 [IEMEHTHBIM
KAMHEM HJIN 110 TPEIIUHAM B [IEMEHTE PA3MEPOM B HECKOJIBKO
MHKPOH. B paMKax skcniepuMeHTa B MonTeppu B llIBerinapuu
OBUIM ITPOBEJEHBI UCIIBITAHUS HOBOTI'O ITOJIMMEPHOTO
resIe00pas3yIoEro areHTa, KOTOPBIH NEPBOHAYAIBHO ObLIT
Pa3paboTaH 151 U30JISUH IPU3AO0MHON 30HBI, C LIEIBIO
OLIEHKH €TI0 XaAPAKTEPUCTHUK JIJIA1 BBIIEYTIOMAHYTOU OOJIACTH
NPUMEHEHUS.

TTomMMEpPHBIH resIc00PA3YIONIUI AaTr€HT ObLI 3A4KA4aH C LEJIBIO
JIMKBUJIAIIUH yTEYEK B CTBOJIE CKBA’KMHBIL, TPOOYPEHHON B
IVIMHUCTBIX OTNIOXeHUAX Opalinus Clay. DHPeKTHBHOCTD
NPHUMEHEHUS YyBCTBUTENBHOIO K NOKa3aTemo pH res ais
TEPMETU3AIUN TPEUIUH B [IEMEHTE ObIA PAHEE MOATBEPKICHA
JIAOOPATOPHBIMH IKCIIEPUMEHTAMH I10 UCCIIETOBAHUIO
kepHa (Ho u zip., 2016; Tavassoli u fip., 2018). 3arycreBaHue
YYBCTBUTEJIBHBIX K pH MUKpOTrenei IponCcXoaunT IOCIe
HEUTPAIUZALINU IIPU KOHTAKTE CO IMEJTOYHBIM LIEMEHTOM.

ITpr 3TOM NPOUCXOAUT HAOYXaAHHE I'EJIA U ITOBBIIIEHUE
NPEJEA TEKYYECTH, YTO MO3BOJIAET UCTIOIb30BATD I'€JIb [T
U30JIALMHU yTeueK. [IpeBapuTebHadg IOATOTOBKA CTBOJIA
CKBA’KUHBI OCYIIECTBJIAIACD C [IOMOIIIBIO HECKOJIBKUX
[IUKJIOB HAIPEBAHUA-OXJIAKIECHHUS C LIEJIBIO BBI30BA YTEYEK B
006CaTHOM KOJIOHHE U LIEMEHTHOM KaMHe. KaHanmaMmu i1 yreuek
ABJIAETCA COBOKYITHOCTD TPEIIMH B LIEMEHTE U MUKPO3430p€
MEXIy O6CATHOM KOJIOHHOM M IEMEHTHBIM KaMHEM. TouHOE
HpOHCXO)K,ZICHI/IC ATUX KAHAJIOB MOXHO yCTaHOBI/ITb HYTCM
AHAIM32 OOPA3L0B KEPHA B KOHIIE AKCIIEPUMEHTA. [17151
U30JISILUH HHTEPBAJIOB YTEUYEK HCIIOIb30BAJICS ITIOJIMMED
[OJIMAKPHUIIOBOM KMCJIOTHL I IpO11eCC COCTOAI U3 TPEX STATIOB:

considerations when joining multiple CT
string sections of the same or different
diameters and wall thickness. Performing
those jobs with CT equipment provides a low-
cost alternative solution to the use of workover
equipment and threaded pipe. This study
demonstrates the collaboration performed
with an operator to develop a campaign
solution for five velocity string jobs in Bolivia.
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Knowledge Sharing ePosters allow
one-on-one interactions with
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comsistent with the other technical
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Pilot Case Study of Wellbore Leakage
Mitigation using pH-Triggered Polymer
Gelant

Shayan Tavassoli, Mobammadreza Shafiei,
The University of Texas at Austin; Christian
Minnig, swisstopo; Jocelyn Gisiger, Ursula
Rosli, Solexperts; James Patterson, ETHZ;
Thierry Theurillat, swisstopo; Lucas Mejia,
The University of Texas at Austin; Harvey
Goodman, Chevron ETC; Tony Espie, BP;
Matithew Balhoff, The University of Texas at
Austin

Wellbore integrity is a critical subject in
oil and gas production, and CO, storage.
Successful subsurface deposition of various
fluids, such as CO,, depends on the integrity
of the storage site. In a storage site, injection
wells and pre-existing wells might leak
due to over-pressurization, mechanical/
chemical degradation, and/or a poor cement
job, thus reducing the sealing capacity of
the site. Wells that leak due to microannuli
or cement fractures on the order of microns
are difficult to seal with typical workover
techniques. We tested a novel polymer gelant,
originally developed for near borehole
isolation, in a pilot experiment at Mont Terri,
Switzerland to evaluate its performance in the
aforementioned scenario.

The polymer gel sealant was injected to
seal a leaky wellbore drilled in the Opalinus
Clay as a pilot test. The success of the pH-
triggered polymer gel (sealant) in sealing
cement fractures was previously demonstrated
in laboratory coreflood experiments (Ho et
al. 2016, Tavassoli et al. 2018). pH-sensitive
microgels viscosify upon neutralization in
contact with alkaline cement to become
highly swollen gels with substantial yield stress
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TEXHOJIOI'MU

1) 3axauka XeJIaTOOOPA3YIOUIETO AT€HTA JJIs IIPEIBAPUTEIBHON
TIPOMBIBKH C LIE€JIbIO OOECIIEYEH M GJIATONPHUATHBIX YCIOBUHI
JUISL TIOJIMMEPHOI'O T'eJld, 2) 3aKa4Ka PacTBOPA IOIUMEPA U 3)
3aKPBITUE CKBAKUHBI JJ11 OOPA30BAHHNS ITIOJTMMEPHOT'O I'eJIsL.
3aTeM ObUI IPOU3BEIEH AHAJIN3 KPATKOCPOYHOM /IOTOCPOYHOH
3(pPEKTUBHOCTHU I'eJIst HA CIOCOOHOCTD YACPKAHUSA
3aKAYMBAEMBIX )KUJKOCTEN (TVIACTOBAS BOJA U YIVIEKHUCIIBIN I'd3).

B xoz1€e ucriprranmit HOBBIM COCTAB ITO3BOJINUJI YCIIEIITHO
U30JIMPOBATb MUKPOKAHAJIBI yTedeK. C LIEJIbIO AaHAIN3a
3(PHEKTUBHOCTU COCTABA B CKBA’KMHY ObLJIN 3AKAYaHBbI
IUIACTOBAs BOJA U YIVIEKHCJIBIM I'd3 14 CO30AHU
AU PePEHITNATBHOTO AABJIEHN A HA [IOJIMMEPHBIN I'€JIb.
JaBjieHye U pacxoy 3aKA4KH IJIACTOBOU BOJBI U YIVIEKUCJIOIO
ra3a Ha KAKbIM MHTEPBAJI KOHTPOIUPOBAJIUCH KAK BO BpEMSI
3dKA4YKH, TAK U [IOCJIE 3aKAYKU. Pe3yJIbTaThl UCIIbITAHUI 3aTEM
CPABHUBAJIUCH C PE3Y/IBTATAMU TAKOM K€ 3aKAYKHU B CKBAXKHIHY
6€3 N30JIUPYIOIIETO AT€HTA.

Bp110 TPOBEEHO HECKOJIBKO KPATKOBPEMEHHBIX (4 MHH)
HCHOBITAHWUM 3aKA4KOM IIJTACTOBOM BOABI C MOCTOSHHBIM
PaCcxXOAOM IIPU PA3JINYHBIX 3HAYCHUAX AaBjIeHUA. [Ipr 3TOM
3HAYUTEIBHOI'O PACXO/A 3aKAYKH HE HAOJIIONAJIOCH (PACXO/bI HE
npesbinany 0,3 MJI/MHH). PE3yIbTaThl HIOKA3BIBAIOT OOJIEE YEM
JECATUKPATHOE CHMIKEHME PACXO/A 3AKAYKU 110 CPABHEHUIO
CO CKBA;KMHOM 0€3 U30IHUPYIOLIETO are¢HTA. [IOTMMEPHBII I'eJlb
MPOJEMOHCTPHPOBAJ BBICOKHE ITIOKA3ATENNU CKUMAEMOCTH
B Ha4aJIe KPATKOBPEMEHHBIX UCIIBITAHUHI. BO Bpemsa
JOJITOCPOYHBIX UCIBITAHUN (1 Hezes1s) pacxo/ 3aKa4YKH IOCJIE
resIc00pa3oBaHUs ObLII €11 MeHbIIEe (OKOJIO 0,15 MJI/MUH).
HcnipITaHUE 3aKAYKOM YITIEKMCJIOTO T'a34 MOKA3aJI0 CHUKEHUE
JABJIEHUS TOJIBKO HA 3 0ap MO IPOMECTBUU HOYH ITOCJIE 3AKAYKH
10 CPABHEHUIO C PE3KOM ITIOTEPEN [JABIICHHUS B CKBAKHUHE 6€3
TNOJIMMEPHOTO Teid. U30/IMpyIomuil arenT NpoAEMOHCTPUPOBAT
XOPOIIHE IKCILTYATAIIMOHHBIE XAPAKTEPUCTHUKHU JTAXKE MIOCTIE
3aKAYKH YIVIEKUCIIOTO Ia3a C BBICOKOU TU(PPYy3UBHOCTBIO U
KHUCJIOTHOCTBIO.

IlepBO€E UCTIBITAHHUE HOBOT'O M30JIUPYIOIIETO ATEHTA
JIOKA3aJ10 €ETO CMTIOCOOHOCTD INKBUIUPOBATD YTEUYKU B CTBOJIE
CKBA’KHMHBI YEPE3 TPEIIHHBI B LIEMEHTE UJIM MUKPO3430PD
MEXIYy 06CATHOM KOJIOHHOI M IEMEHTOM. JIpyrue MeTo/1bl
JIMKBUJIAIIUHN yTEYEK KPAMTHE PEJKO IPUBOAAT K YCIIEHTHOMY
pesynbrary. [epMETUYHOCTD CKBA’KUHBI ObLIIA YCIIEIITHO
UCIIBITAHA B BLICOKOIIEIOYHOM CPEZE C IJIACTOBOM BOJOU B
KOHTAKTE C LIEMEHTOM. MICIIBITAHUA TTO3BOINAJIN JIOCTUTHY Th
OTJIIMYHBIX PE3YJIBTATOB. JaJIbHEHIITNE aHAIN3 OyJET
IIPOBOAMNTBCA ITOCJIE OTOOPA OOPA3LIOB KEPHA M OOPA3LI0B
LIEMEHTA B 3ATPYOHOM IIPOCTPAHCTBE. PE3y/IbTaThI JAHHOT'O
SKCHCpI/IMCHTa MOFYT HpI/IMCHHTbCH AJI U3YHICHUM ST CJIOKHOT'O
XAPAKTEPA B3AUMOJEHUCTBHS LIEMEHTA U CTBOJIA CKBAXKUHBI
U KOPPEKTHUPOBKU IIPOLIECCA JIMKBUJAIIMU YTECYEK [T
O JEPKAHUA JUHAMHNYECKON '€OXUMUYECKON CPEABI B CTBOJIE
CKBA>KHHBL

HNHHOBAIIMOHHBIH ITO/IXO0/: HOBAS pA004as > KHIKOCTh
3HAYHUTETBHO NOBBIIIAET 3(h(PEKTHUBHOCTH OIIEPAITHE C
I'HKT B He()T€era3oHOCHOM O6acce¥iHe YH/IIMCTOH

Matix Peobepn, Newpark Drilling Fluids; Koyn Ceprocex,
Zocopooc Hopmown, Occidental Petroleum

YcnemHas pa3paboTKa HEPTEra30BbIX MECTOPOXKICHUN
3aBUCUT OT IIPUMEHACMBIX TEXHOJIOIUI. ITpuMeHenue
TEXHOJIOI'MH, UCIIOJIb3YIOIINX JJAHHBIE, [IOBBIIIAET
3P PEKTUBHOCTD OYPEHUS CKBAKUH C OOJIBIIUM OTXOLOM OT
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that can block fluid flow. The leaky wellbore
setup was prepared by heating-cooling cycles
to induce leakage pathways in the cased and
cemented wellbore. The leakage pathways
are a combination of fractures in the cement
and microannuli at the cement-formation
interface. The exact nature of these leakage
pathways can be determined by over-coring
at the end of the experiment life. We used
polyacrylic acid polymer (sealant) to seal
these intervals. The process comprises of
three stages: (1) injection of a chelating

agent as the preflush to ensure a favorable
environment for the polymer gel, (2) injection
of polymer solution, and (3) shut-in for the
polymer gelation. Then, we evaluated the
short-/long-term performance of the sealant
in withholding the injected fluids (formation
brine and CO, gas).

The novel sealant was successfully deployed
to seal the small aperture pathways of the
borehole at the pilot test. We conducted
performance tests using formation brine and
CO, gas to put differential pressure on the
polymer gel seal. Pressure and flow rate at the
specific interval were monitored during and
after injection of brine and CO,. Results of
performance tests after polymer injection were
compared against those in the absence of the
sealant.

Several short-term (4 min) constant-
pressure tests at different pressure levels
were performed using formation brine,
and no significant injection flow rate (rates
were below 0.3 ml/min) was observed. The
result shows more than a ten-fold drop in
the injection rate compared to the case
without the sealant. The polymer gel showed
compressible behavior at the beginning of
the short-term performance tests. Our long-
term (1-week) test shows even less injectivity
(70.15 ml/min) after polymer gelation. The CO,
performance test shows only 3 bar pressure
dissipation overnight after injection compared
to abrupt loss of CO, pressure in the absence of
polymer gel. Sealant shows good performance
even in the presence of CO, gas with high
diffusivity and acidity.

Pilot test of our novel sealant proves its
competency to mitigate wellbore leakage
through fractured cement or debonded
microannuli, where other remedy techniques
are seldom effective. The effectiveness of
the sealing process was successfully tested
in the high-alkaline wellbore environment
of formation brine in contact with cement.
The results to date are encouraging and will
be further analyzed once over-coring of the
wellbore containing the cemented annulus
occurs. The results are useful to understand
the complexities of cement/wellbore interface
and adjust the sealant/process to sustain the



BEPTUKAIN. BypeHne CKBAXKHUH TAKOT'O TPO(MUIIA BBIIOTHAETCS
B CBSA3U C OYEHb HU3KOU IPOHHUIIAEMOCTBIO KOJIJIEKTOPA

U HAJIMYHUEM €CTECTBEHHBIX BEPTUKAIBHBIX TPEIIUH B
6acceriHe YUILIMCTOHA, KOTOPBIA NPEJCTABIEH B OCHOBHOM
MaJIONPOHUIIAEMBIMH KOJUIEKTOPAMU C OTHOCUTEIBHO
BBICOKMM IIOPOBBIM JJABJIEHUEM. B CTAThE OMUCAHO
YCOBEPIIEHCTBOBAHUE Y BHEJJPEHUE HOBOH JJOOABKH JJI
onepanui no ppeseposanuio u npomeiske Ha 'HKT. Panee aTa
JI06aBKa IPUMEHSIACH IPU OYPEHUU CKBAXKIH.

Omnepanyu ¢ 'HKT B CI0KHBIX CKBAXKUHHBIX YCJIOBHSIX
TPEOYIOT NPUMEHEHU S 3(PPEKTUBHBIX PAOOUUX KUJKOCTEH.
HoBas 06aBKa NCIOIB30BAJIACH 151 [IOBBIIEHN
CMAa3bIBAIONIEN CIIOCOOHOCTH U CHUKEHHUS TPEHUS «<METAJLIT —
METAJLT». 1151 BBITIOJIHEHUS PAOOTHI HOTPEOOBAIOCH HECKOIBKO
CITyCKO-TIOJIbEMHBIX ONIEPAIIUIA U HECKOJIBKO CITYCKOB Ha
HETOJIHYIO ITTyOUHY U3-34 OBBIIIEHHBIX CKPYYHUBAIOIINUX U
OCEBBIX HATPY3O0K.

HoBas 106aBKa Ha BOJJHOU OCHOBE, UCIIOIb3yEMASI B
Pa3MUYHBIX KOHIIEHTPALIUAX, IO3BOIAET MAKCUMU3HUPOBATD
POU3BOAUTEIBHOCTb, CHU3UTh HECOOXOJJUMOCTD B OOJIBIIIOM
KOJHUYECTBE CITyCKO-NIOJ’bEMHBIX ONIEPAIINNA U YBEITUYHUTD
CPOK CJTy2K6BI 3300MHOIO HHCTPYMEHTA. B JTaHHOI CTaThe
PacCMaTPUBAETCA 3TAI INIAHUPOBAHUSA, KOTOPBIN BKJIIOYAET
B CE0S MOZIETMPOBAHUE PAOOTEL, TOAOGOP O60PYJOBAHM,
onpeaeneHue KO3M@UIIMEHTOB TPEHMU . TAKKE B CTATHE
ONUCAHBI CJIOKHOCTH, BO3HUKAIOMIUE ITPH UCTIOIb30BAHUN
Jno6aBku B oriepanyax ¢ THKT. Bbliio 3aMe4eHO COKpaIeHue
Oo6IIeN AJIUTEIBHOCTHA PA0OT U BPEMEHH PAOOTEHI 6€3
yIIy6ieHU S 320051 11O CPABHEHUIO C TPAJUIIMOHHBIMU
METOAAMHU. B CTAThE OIMHUCAHO IIPUMEHEHUE JJOOABKH B
6acceriHe YIIINCTOH, 4 TAKXKE U3BJICUECHHBIC YPOKU IIPU
IPUMEHEHUH 1J00aBKHU B [IepMCKOM 6aCcCeriHE.

VApTpa3BYyKOBBIE HHCTPYMEHTHI € (ha3upoOBaHHOH
PEIIeTKOM 00eCIIeYHBAIOT TOYHOE H3MEPEHHE
T€OMETPHYECKH CJIOKHBIX 3JIEMEHTOB CKBAXKHH, TAKHX
KaK IIOCAJOYHEIE HHUIIIIEIH, 2 TAK KE BepH(PHUKAITHIO
KPHTHYECKH BA>KHBIX H3MEPEHHUH

ynran Tpyn, Archer

MHoOTH€ 37IEMEHTHI, UCIIOIb3yEMBIE B KOMIIOHOBKAX
3AKAHYMBAHMSA, ABJIAIOTCA T€OMETPHUYECKU CIIOKHBIMUA
3JIEMEHTAMMU C JKECTKMMHM JIOITYCKAMHU IIPU IIPOU3BOJCTBE.
ToyHOE U3MEPEHNE PA3MEPOB BHYTPEHHETO NTPO(MPUIIS 3TUX
3JIEMEHTOB B CKBAXKUHE C IIOMOIIBIO TAKUX MEXAHUYECKUX
CPEACTB, KAK CKBAXUHHBII IPOGUIEMEDP, HEBO3MOXHO H3-

34 PE3KMUX M3MEHEHUI BHYTPEHHETO IMAMETPA, KOTOPbIE

HE ITO3BOJIAIOT OOECIIEYNTD HA/IJIEK AU KOHTAKT PHIYATOB
npoduuaemepa ¢ UCCIELyeEMOM IOBEPXHOCTHIO. B JaHHOMI
CTAThE PACCMATPUBAETCA IPUMEHEHNE BBICOKOTOYHOI'O
YJIBTPA3BYKOBOI'O MHCTPYMEHTA, TIO3BOJIAIONIEIO IIPOBOJAUTD
TOYHBIE U3MEPEHUS 6€3 (PUNUECKOTO KOHTAKTA. Takke

B CTAThE OJPOOGHO OMUCAH OIIBIT U3MEPEHUS TPOPUIIS
MOCA/I0YHOT'O HUIITIEISL

MexaHudecKkue IpoMUIEMEPDI PHIYa’KHOT'O THUIIA HE MOT'Y'T
U3MEPSTh BHYTPEHHUI IUAMETP, €CJIM OHU (PU3UYECKHU
HE COIIPUKACAIOTCS C IOBEPXHOCTBIO, 4 TIOCTOSIHHOE
CONIPUKOCHOBEHUE OOECIIEYNTDH HEBO3MOKHO. AJIETEPHATHUBOM
(pI/IBI/I‘-ICCKI/IM HU3MEPCHUAM ABJIACTCA TEXHOJIOTHUA OTPAKCHU A
My4YKa aKYCTUYECKUX BOJIH OT IOBEPXHOCTU UCCJIEYyEMOT'O
3JIEMEHTA U BBIYHCJICHHE BHYTPEHHETO AUAMETPA 10
CKOPOCTH 3BYyKa CKBA>KHHHOM KHUJIKOCTU. ICIONb30BaHUE }

dynamic geochemical environment of the
wellbore.

A Novel Approach: Williston Basin Coil
Tubing Fluid Shows Significant Process
Improvement

Mike Redburn, Newpark Drilling Fluids; Cole
Cernosek, George Norton, Occidental Petroleum

The successful development of an oil and gas
field relies upon the application of technology.
Utilizing data-driven results improves drilling
efficiency in extended-reach wells. Horizontal
drilling of these wells is necessary for oil
recovery due to the very low permeability
of the reservoir and the presence of natural
vertical fractures found in the Williston Basin.
The reservoirs within the Williston Basin
are generally tight with a relatively high pore
pressure. A novel additive used during the
drilling phase of the well was implemented
and improved for coil tubing milling and
cleanout procedure.

Coil tubing application requires the use of
robust fluid products due to the demanding
environment. The novel additive was used to
increase the lubricity improving friction on
metal to metal contact where excess torque and
drag led to the use of multiple tool runs and
several short trips to decrease the drag forces.

Novel water-based drilling fluid enhancer
used in varying concentrations maximizes the
performance, reducing the need for excessive
short trips and an increase in tool life. This
paper will highlight the planning phase for
the engineering design, the equipment used,
friction factor matching, and the challenges
encountered using the additive during coil
tubing applications. Operators have seen
noticeable reductions in days reducing the
amount of flat time with prior conventional
application. The application case history shows
introduction in the Williston Basin and lessons
learned when introduced into the Permian.

Phased Array Ultrasonic Tools Provide
Precise Measurement of Geometrically
Complex Components Such as Nipple
Profiles Downhole, Confirming Safety
Critical Dimensions

Duncan Troup, Avcher

Many components used in completions
are geometrically complex and machined
to tight tolerances. Precisely measuring
the internal profile dimensions of these
items after installation is impossible using
mechanical means such as calipers due to
the sharp ID changes precluding good finger
contact. This paper will discuss the use of a
precision ultrasonic tool that allows accurate
measurements to be taken without physical }
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TEXHOJIOI'MU

METOJOB (POPMHUPOBAHUSA HATIPABJIEHHOI'O CUTHAJIA C
TOMOIIBIO HECKOJIBKUX VIBTPA3BYKOBBIX U3JIydaTeseid
HO3BOJAET CHOKYCUPOBATD 3BYK C BBICOKOU TOYHOCTBIO U
BBICOKMM Pa3pPEIIEHUEM. B KOHCTPYKITUIO YIBTPAa3ByKOBOTI'O
UHCTPYMEHTA BXOAAT 288 PACIIOIOKEHHBIX 110 OKPYKHOCTHU
JATYUKOB C (pa30BOI PEMIETKON, KOTOPBIE TTO3BOJIAIOT
U3MEPUTD TOYHBIN BHYTPEHHUM JUAMETP JAKE CAMbBIX
CJIOJKHBIX IPO(UIIET.

INocagoYHbIN HUNIMENb IPEIHA3HAYEH JIJIS1 YCTAHOBKU
YCTPOICTB PETYIUPOBAHUSA IPUTOKA B KOMIIOHOBKE
3aKAHYMBAHUA U BKJIIOYAET B CEOS YINIOTHUTEBHBIN y3€1 U
3aMKOBBII IPO(MUIIb. B mpoliecce MpOu3BOACTBA MTOCAJOYHOTIO
HUIIEN A PA3MEPHI ATUX ITOBEPXHOCTEN KOHTPOIHUPYIOTCS
C BBICOKOU TOYHOCTBIO, TOCKOJIBKY YCTPOHCTBO, KOTOPOE
HEOOXOAMMO YCTAHOBUTD B HUMIIE/Ib, HAIPUMED KJIATIaH-
OTCEKATENb, TOJIKHO UJIEATIBHO 3aXOAUTh B IPO(UJIIb, YTOOBI
06eCEYUTb FePMETHUZAIUIO TPYOHOT'O IPOCTPAHCTBA
Y HAZEKHYIO (PUKcauIo. Hampumep, NOBpexXAcHUE
WA PA3MBITHE 3AMKOBOT'O IPOPUIIS MOXKET NIPUBECTH K
BBIXO/1y KJIATIAHA-OTCEKATEIA U3 ITOCAZOYHOTO HUIIIIEIS.
Maccus 13 288 1aTYHKOB YIBTPA3BYKOBOI'O HHCTPYMEHTA
06€eCEYNBAET PACCTOAHUE MEXY TOUYKAMH U3MEPEHUNA
1,25° 1O OKPY>KHOCTH, YTO FAPAHTHUPYET OOHAPYKEHHE
Jla’ke HEOOIBIINX e(PEKTOB. [Toce 1abOpaTOPHBIX
WCITBITAHUI IOCAJOYHOT'O HUIIIEA I IPOBEPKU PAOOTHI
WHCTPYMEHTA B KOHTPOJIMPYEMBIX YCIOBUAX OBLIIO IPOBEPEHO
HECKOJIBKO PAabOT IO MHCIEKIIUU ITOCAAOYHBIX HUIIIIEJIEH Ha
MECTOPOXKIEHHNH, I7I€ TTO UMEIOMUMCH JAHHBIM CKBAXKUHHOE
060PYAOBAHHUE OBLIIO IOABEPKEHO 3PO3UU. MTHCTPYMEHT
CMOI' TOYHO OTOOPA3UTh 3AMKOBBIN IIPO(MPUIb CJIOKHON
KOHCTPYKIIMH U U3MEPUTD PA3MEPDI KAJKIOT'O HUIIIIETIA
C TOYHOCTBIO /IO COTBIX JOJIEN JIOMMA, YTO MTO3BOJIUIIO
JIOOBIBAIOICH KOMITAHUN YOEIUTHCS B IIPABUIBHOM BBIOOPE
HUIIIIEJIEH /1 YCTAHOBKHU KJIAIIAHOB-OTCEKATEICH.

YHUKaJIBHBIE CBOMCTBA CPOKYCHPOBAHHOI'O YJIBTPA3BYKa
TO3BOJISIIOT U3MEPSITH U OTOOPAXKATH ITPOdPUIN
BHYTPUCKBAKHHHOT'O OO0OPYIOBAHUS JAKE CAMOU CJIIOKHOM
KOHCTPYyKUMH. [TokazaHus 288 pacIioNIOKEHHBIX 110
OKPY’KHOCTH JATYHUKOB IMO3BOJIAIOT OOECTIEYUTD U3MEPEHNE
BBICOKOI'O PA3PENIEHUA C TOYHOCTBIO IO O MUJLIIUMETPA,
YTO IOBBIIIAET BEPOITHOCTB I1OA60PA 3(PPEKTUBHOTO
PELIEHU S TOM UJIM UHOU ITPOOIEMBI BMECTO TOI'O, YTOOBI
NPpHUOETATh K JOPOrOCTOAIIEN 3aMEHE KOMITOHOBKH
34KAHYMBAHUAL.

IIOTHOCTBIO YIIpaBIA€Masi, CITyCKaeMasA Ha Kade1e
KOMIIOHOBKA 3JIEKTPOMEXAHHIECKOTO HHCTPYMEHTA
HEePEKTIOYEHHU S BBICOKOM MOIITHOCTH C OOJIBIIHM
k03(dbUITHEeHTOM paACHIHPEHU

Tomac Mayuwer, Bpernoor Kpucma, Amarnoa Onusuo, Patiar
Banoep Ilypmen, Tooop Illetipemos, Schlumberger

B poknaze npeacTaBeH NEPEKIIOYAIONINI MHCTPYMEHT
TUIIOpa3Mepa 53,9 MM C HOBBIMH IEKTPOMEXAHUYECKUMU
MEXAHU3MAMHU IICPCKIIOYCHUA U AKOPCHUA C I/IHHOBaL[I/IOHHOfI
KOHCTPYKIIMEN COEUHEHUA KOMIIOHEHTOB. UHCTPYMEHT
MOXKET IMPOXOUTH YEPE3 CY>KEHHUSI KOJIOHHBI 55,9 MM
Y MCIIOJIb30BATHCA B O6CAIHBIX TPYOAX C BHYTPEHHUM
JAUAMETPOM 0 127 MM. MOJyJIb AKOPS BBIIEPIKHUBAET HATPY3KY
26,8 T Ha IPOTSKEHNH BCET'O ITUKIIA OTKPBITHSL, 4 THCTPYMEHT
MEPEKJIIOYEHN I OOECIIEUMBAET IIEPEAATY OCEBOIO YCUIINUA
OTKPBITUS/3AKPBITUA 7,1 T HA TUAPABINYECKUI phIYar.
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contact, and to detail a case study of inspecting
alanding nipple profile.

Mechanical finger type caliper devices
cannot measure internal diameters unless
physically in contact with the surface and this
is not possible at all times. An alternative to
physical measurement is to reflect a projected
beam of acoustic energy from the target and,
knowing the speed of sound of the well fluid,
calculate an ID measurement. Using a number
of ultrasonic transducers allows beamforming
techniques to precisely focus the sound to
produce good resolution. The ultrasound tool
uses a circumferentially arranged band of
288 sensors that operate in a phased array to
determine accurate ID of even very complex
profiles.

A landing nipple is a component that is
designed for the installation of flow control
devices in a well completion and comprises a
seal area and a lock profile. The dimensions
of these faces are very precisely controlled
during manufacture because the device being
installed, such a safety valve, must fit perfectly
in order to provide a seal and mechanical
attachment. If the lock profile, for example,
becomes damaged or eroded than there isa
chance of the safety valve being ejected from
the nipple. The 288 transducer array of the
ultrasound tool provides a circumferential
spacing of 1.25° between measurements;
ensuring even small defects can be detected.
Following a laboratory test of a representative
landing nipple under controlled conditions
to verify the tool performance, a number of
landing nipples were inspected in a field where
erosion was suspected. The tool was able to
accurately map the complex locking profile
and to measure the dimensions to within a
hundredth of an inch in each case, giving the
operator confidence that the correct locks were
being used to install the safety valves.

The unique properties of focused ultrasound
allow the mapping and verification of even
complex machined components while they
are still downhole. With 288 circumferential
readings, high resolution measurements
are possible to an accuracy of a fraction of a
millimetre raising the possibility of engineering
a solution to a given problem rather than
resorting to the expensive option of replacing
the completion.

Wireline Electromechanical Shifting
Tool with Large Expansion Ratio and
Fully Controllable High-Force Capability

Thomas Mauchien, Brandon Christa,
Amanda Olivio, Ryan Vander Poorten, Todor
Sheiretov, Schlumberger

New electromechanical anchoring and
shifting mechanisms for a 2 1/8-in. wireline



CryckaeMble Ha Ka6€ejie THCTPYMEHTDI IEPEKIIIOYEH U
IPUMEHSIOTCS JUIS1 YIIPABIECHUA C/IBUKHBIMH MY(PTAMHU
I'PT1, u3Be4eHN s IPOOOK, IPOBEJECHU JIOBUIBHBIX PA6OT
U IPYTUX ONEPALUH, TPEOYIOMUX OOJIBIIOTO OCEBOT'O
ycumd. Takre MTHCTPYMEHTBI HAXOJAT BCE 60IEE MUPOKOE
IPUMEHEHUE 61aTO/1apsl BOZMOXKHOCTH MIEPEABATh HA 3200
YCHUJINE, CONTIOCTABUMOE C YCUJIHEM, TEPEJABAEMBIM IIPH
CITyCKe Ha Tpy6ax. KpoMe TOro, MFHCTPyMEHT OOECIICYUBACT
JIETKOE YIIPABJIEHHUE KOMIIOHOBKOM U MOHUTOPHHT 32601 HBIX
JIAHHBIX B PEKMUME PEATIBHOI'O BPEMEHU. B HEKOTOPBIX
CIIy4asiX IIPU CIIYCKE UHCTPYMEHTA HA HEOOXOANMBIH
Y4aCTOK OOCaJJHOM KOJIOHHBI OOJIBIIOTO AUAMETPA
HEOOXOAMMO CHAYAIA IIPOUTU YEPES CY’)KEHUE KOJIOHHBI,
MOCJIE YETO UHCTPYMEHT JIOJIKEH PACHITUPUTHCA A0 OOJBIIOTO
JUAMETPA. DTOT MOKA3ATEb HA3BIBAETCA KOI(POUIITUEHTOM
pacmupenusa. OTHAKO yBEIMYEHUE KOI(PDUITUEHTA
pacHIMpPEHUsA NIPUBOAUT K CHUKEHHIO BEJTUYHUHBI
MEPETABAEMOTO OCEBOTO YCHIHA. HOBAst KOHCTPYKIIUA
MOJYJIEN SIKOPEHHS U IEPEKITIOUEHUA OOECTIEUUBAET
BBICOKMU KO(PPHUITUEHT PACIIHUPEHUS, COXPAHAA [IPU 3TOM
CIIOCOOHOCTB MEPENABATH OOJIBIIOE OCEBOE YCHUIIHE.,

B poknazne npeacTaBaeHbl TEXHUYECKHE PEMIEHUA
MHOT'OYUCJIEHHBIX ITPOOIEM, BOSHUKAIONIUX ITPH
MNPOEKTUPOBAHNH KOHCTPYKIIMHU CITYCKAEMOI Ha KabeJie
KOMIIOHOBKH, KOTOPAas BKJIIOYAET MOJAYJIb IKOPEHUA, MOJY/Ib
JIMHETHOTO IPUBOJA U UHCTPYMEHT AJIS IEPEKIIOYEH U
Mopynb AKOPEHM A MTO3BOJIAET BBIAEPKUBATE TIOCTOAHHYIO
pagranbHYIO HATPY3Ky HE3ABUCHMO OT JJUAMETPA CTBOJIA
CKBAXXUHBL Kak 1 1060€ Ipyroe BHyTPUCKBAKUHHOE
060PYJOBAHUE, MTHCTPYMEHT IEPEKITIOUEHUSA JOJIKEH
OTBEYATD CIEAYIOMIUM YCJIOBUAM: CITYCK 6€3 IIPUXBATOB,
0€30TKA3HAsA IKCILIyaTALUA U BO3MOKHOCTD ITOJTHOM
J€AKTUBALIUN PBIYATOB JJO BETUYHUHBI HAPYKHOT'O
JAUAMETPA UHCTPYMEHTA B CJIY4Y4€ ITOTEPU MOIMHOCTH J1AKE
B YCJIOBUAX 60IBIIOTO CKOIJIEHUA IMIJTamMa. Kpome Toro,
HEOOXOAMMO COXPAHUTD LIEJIOCTHOCTD KOJIOHHBI, B KOTOPYIO
YCTAHABIUBAETCA AKOPb. Ha ycuimne AKOpeHus He TOJIKHO
BJIUATD TOJIKAIOIIEE/TATOBOE YCUJIUE MO YA TUHENHOT O
npuBoAA. 11 BOCIPUATHS OOIBIINX U3THOAIOIINX HATPY3OK,
KOTOPBIE MOI'YT BO3HHUKATB O] AEHCTBUEM OCEBBIX HATPY3O0K,
SIKOPHAS1 CUCTEMA JIOJDKHA OBITh OOOPYJOBAHA LIEHTPATOPOM.
SIKOPb M1 MHCTPYMEHT NEPEKJIIOYEHN JOIKHBI O0IaJATh
XAPAKTEPUCTUKAMU, OOECIIEYNBAIOMNMH HAJIEKHOE
MU3BJICYEHHNE U3 CKBAXXUHBI J1A2KE IIPH HAJIMYUU OIPAHUYEHUT
B CTBOJIE. B KOMIIOHOBKE JIOJIKHBI OBITH JJATYUKH OCEBOTO
YCUJIMS Y YCUJIMS OTKPBITHS, 4 TAKXKE CHUCTEMA ITepefjaun
3200MHBIX ITAHHBIX B PEXKUME PEAIBHOTO BDEMEHH.
BCTpoeHHOE TPOrPaMMHOE OOECTIEYEHUE ITO3BOJISIET
CHCTEME PEATUPOBATH HA ITIOKA3aHUS IATYNKOB B IUATIA30HE
COTEH MUJUIMCEKYH[ /151 3(PPEKTUBHOI'O U BLICOKOTOYHOI'O
YIIPAaBJICHUS HHCTPYMEHTOM. B CTaThE IIPE/ICTABICHBI
IIPUMEPHI IIPUMEHEHU S MHCTPYMEHTA JIJIs1 PEIICHWS
Pa3INYHBIX 32/1a4.

HoBble pa3paboTKY, IPEACTABICHHBIC B JAHHOM
CTAaTbhE, IO3BOIAIOT PACHIUPUTH OOJIACTb IPUMEHEHHU S
MEXAHUYECKUX MHCTPYMEHTOB, CITYCKAEMBIX Ha Ka6€JIe, B
CKBaKMHAX, I7I€ CITYCK TAKOI'O O60PYAOBAHUS paHee OblI
HEBO3MOKEH. Bosiee Npoxkoe MpUMEHEHNE HHCTPYMEHTOB,
CITyCKAEMBIX Ha KabeJie, IPUBEAET K COKPAIICHUIO
JUINTEIBHOCTU PA60T U MOBBINIEHUIO 3(D(PEKTUBHOCTH U
HAa/IE’KHOCTU ONEPAITUI JOCTABKU IPHUOOPOB C IIOMOIIBIO
MEHEE 32TPATHOI'O METO/IA CITYCKa Ha KabeJIe.

shifting tool employ innovative linkage designs
to enable passage through 2.2-in.-diameter
restrictions and deployment in casings up to
5.0-in. inner diameter. The anchoring system
delivers 60,000-1bf force through the entire
opening range, and the tool provides more
than 16,000 Ibf of linear actuation force to the
pressure- activated shifter.

Using wireline shifting tools for sliding
sleeves, pulling plugs, fishing, and other
operations requiring high axial forces is
becoming more common because the tools
generate forces comparable with surface-
controlled pipe-conveyed devices while
offering excellent operational control and real-
time feedback downhole. Because operations
may include going through a small-diameter
restriction before shifting in a larger borehole,
tools must open to a large diameter, a property
known as the expansion ratio. However, as
the expansion ratio increases, the ability of
conventional tools for generating large linear
forces diminishes. New anchor and shifting
designs feature large expansion ratios while
preserving the ability to deliver large linear
loads.

Solutions are presented to the numerous
challenges of the design for a wireline
toolstring typically including an anchor, linear
actuator, and shifting tool. The anchoring
system has the capability to apply constant
radial force that is independent of the borehole
size. As with all intervention tools, it cannot
stick to the tubular and must be fail-safe
and fully retractable within the tool outside
diameter (OD) in case of a power loss, even
in high-debris environments. Integrity of
the tubular where the anchor is set must be
maintained. The anchoring force must not
be influenced by the axial push/pull force of
the linear actuator. Self-centralization of the
anchoring system is needed to eliminate the
large bending forces that would otherwise
occur from the linear actuator action. Both the
anchor and shifting tool must have features
that enable pulling them out of hole reliably,
even through a restriction. Force and opening
displacement sensors are important in giving
real-time feedback of the state of the system.
In combination with integrated firmware, this
enables the system to react to events in the
hundred-milliseconds range for effective, high-
accuracy operations. Examples are presented
for tool usage for specific applications.

The novel designs presented in this paper
expand the operating envelope of mechanical
services on wireline to operations in wells
that were previously not serviceable by such
tools. Wider application of wireline tools will
lead to reduced operational time and bring
an increased success rate and intervention

reliability on a lower cost conveyance platform.
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