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BBEAEHUE

ITy1aH OCBOEHM I BAHKOPCKOI'O MECTOPOXKACHUS HA
cesepe KpacHosipckoro kpasi B Bocrounoit Cubupu
BKJIIOYAET NIEPUOAUYECKUE THIPOANHAMUYECKUE
UCCJIEJOBAHUS C LEIBIO OOHOBJIEHUS UMEIOMIEHCS
MO/IEJIN JJAHHBIMU IO KOJIJIEKTOPY U XaPAKTEPUCTUKAM
pmonnos. ITpumensemsie MeTObI ['IC mpu3BaHbI
OLIEHUTD IPO(UIIb IPUTOKA, OIPEAEIUTD U
CIIPOTHO3UPOBATH MOBEJICHUE TIJIACTA U PAOOTY
(rIbTpa HA 3260€ CKBAKUHBL TaKKe OHU
UCTIONB3YIOTCA i TpoBenenusa AKL, nccnetoBanmsa
LEIOCTHOCTH TPYO U OLIEHOYHOT'O KAPOTAXKA
MEPETOKOB MEXK/TY IVIACTAMU.

IIpopnnu CKBa>XKMH HA BAHKOPCKOM
MECTOPOXK/JEHUH CIIPOEKTUPOBAHBI C
TOPU3OHTAJIBHBIM CTBOJIOM JJIMHOM 60s1ee 1000 M.
CNOXXHBII TPOMUIb CKBAXKUH TPEOGYET OCOOOTO
noaxoAa K MetoaaMm nposegenust I'MC, ocOOeHHO B
CIIy4asiX, KOIZia KAPOTAK HA KAOeJIE€ HEJIb3s IPOU3BECTU
M13-34 HEBO3MOXXHOCTH CITyCKA IIPHOOPA O
NPOAYKTUBHONM 30HBL B TOPU30HTAIBHBIX CKBAKUHAX
OOJBIION TPOTAKEHHOCTH UCIIONIb3YETCSA KOMIUIEKC
T'UOKUX TPYO (KOJITIOOMHT) B KA4ECTBE CIIOCOHA
JIOCTABKHM BHYTPUCKBAXKUHHOT'O UHCTPYMEHTA JIJIA
nposenenus ['MC. OqHAKO, KaK 1 TI0O0M IPyron
CKBaKMHHBII UHCTPYMEHT, THOKasA TPYyOa UMEET
CBOU 9KCILIyaTAIJMOHHBIE IPEAEIDL IS yCIENTHOTO
BBINOJIHEHUA PA00T ¢ [MMC KPUTHUYECKHUM ITAPAMETPOM
ABJIAETCS [NIYOMHA IPOHUKHOBEHUSA, KOTOPYIO
HYKHO JOCTUT'HYTb JIO TOTI'O, KAK HACTYITAE€T CMATHE U
CIIMPAJIEBUHOE 3AITMPAHUE TUOKON TPYOBI, TAK KAK
«HEJIOXO/I» 1O IPOEKTHOM ITTyONHBI OYAET O3HAYATD
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INTRODUCTION

The field development plan of Vankor oil and gas
field, located in the north of Krasnoyarsk region in East
Siberia, includes periodic hydrodynamic research to
update the existing model with data on reservoir and
fluids characteristics. The applied logging methods
are aimed to evaluate the reservoir inflow profile and
to estimate and forecast the reservoir behavior and
completion screens’ performance. Also it is anticipated
to perform the periodic cement bond, tubing integrity
and interformational flows evaluation logging.

The well profiles in Vankor are designed with the
horizontal section of more than 1,000 m. The complex
well profile requires a special approach to intervention
techniques, especially in cases when the wireline
logging becomes practically impossible to perform
because of the inability to reach the production zones.
The coiled tubing is used In horizontal extended reach
wells as the delivery method for downhole logging
tools. However, as any other method, the coiled tubing
has its operational limits. For successful job execution
the most critical parameter is the depth of penetration
that has to be reached before the helical bucjling and
lockup occur, since the failure to reach the projected
depth will mean the inability to get the logging data for
formation and inflow and consequently will lead to the
wrong assumptions and further field planning.

Depending on the horizontal completion ID and
the well trajectory, the ability for extended reach in
horizontal sections longer than 1000 m is problematic
and limited due to the helical buckling and lockup of
coiled tubing. A limitation to reach the required depth




HEJJONOJIYYEHUE JAHHBIX O IIJIACTAX 1 JOOBIYE, UTO
MOKET IPUBECTU K HEBEPHOMY IVTAHUPOBAHUIO U
CHMIKEHUIO JJEOUTOB NPOAYKLIMU CKBAXKUH.

B 3aBUCUMOCTH OT IMAMETPA TOPU3OHTAIBHBIX
CEKIIMU U TPAEKTOPHUH CTBOJIA CKBA’KHUHBI JJOCTHXKECHUE
TEKYILETO 32005 B TOPU3OHTAJIBHBIX CTBOJIAX,
npesbimaomux 1000 M, 339aCTyI0 DpOOIEMATUYHO
WJIA HEBO3MOXKHO U3-34 CIIUPAJIIEBUIHOTO 3AIIUPAHUSA
TUOKOM TPyObL. OTPaHUYEHUS B JOCTUKCHUU
HEOOXOAUMOM TTTyOUHBI IIPEXK/IE BCETO OOYCJIOBIEHDI
CHJIAMU TPEHM S, BOZHUKAIOIMNMU IIPU KOHTAKTE
TUOKOM TPYOBI CO CTBOJIOM CKBAKUHBL Kak 66110
y2KE OIMMHUCAHO BO MHOTUX Pab0TaX, KOTJja CHJIA
OCEBOI'O CXKATHS, ICHCTBYIONASI HA THOKYIO TPYOY,
MIPEBBIIIAET HEKOTOPOE KPUTHUUIECKOE 3HAUYECHUE,
NPOUCXOAUT UCKPHUBJIEHHUE TPYOBI, U OHA TPUHUMAET
CHUHYCOUJANIBHYIO (popmy. [Ipu faipHENIIEM
YBEJIMYEHUU CUJIBI OCEBOT'O CXKATHSA 'HOKas TpyOa
J1e(POPMHUPYETCS B CMUPAJIb. By lydr OrpaHUYEHHOM
CTBOJIOM CKBAKMHBI, CMATAS B CIIMPAJIb TUOKAsA TPyOa
OyAET NPUKUMATBCS K CTEHKE CTBOJIA CKBA’KHHBI,
4TO NPHUBELET K BOZHUKHOBEHHIO JOITOTHUTETBHBIX
KOHTAKTHBIX CHJI. CUJIa, HEOOXOAUMAS JJ15
CITyCKa TMOKOU TPYOBI B CKBAKUHY, 3HAYUTEIBHO
YBEJINYHBAETCS MOCJIE TOTO, KAK TPOU3OILIO
CIHPAJIEBUIHOE UCKpUBJIEHNE. CHJIA TPEHUA
YBEJINYHMBAETCS IPU KOHTAKTE F'UOKOI TPYOBI CO
CTEHKAMM CTBOJIA CKBAKMHBI MJIM O6CAJHOI KOJIOHHBI
U IIPEBOCXOANUT BHEIIHEE TOJIKAIOIEE YCUITHE,
OJIOKHPYA TEM CAMBIM PAa3MEIIEHUE UHCTPYMEHTA B
MCKPUBJIEHHBIX CEKITUAX CTBOJIA, BBI3bIBAS 3AITMPAHHE.

BBuay orpanndennii no TEXHUYECKUM CPEICTBAM
BO Bpems nnposegeHua 'MC oqHuM 13 JOCTYITHBIX
METOZIOB YBEJIMYEHUS IPOXOAKH ABJIAETCA
MOAN(PUKALMS (MU OIITUMU3ALUs]) KOHCTPYKLIUH
THUOKOI TPYOBI, KOTOPAsI TPEOYET CIIELIUAIBHOI'O
BHUMAHM JUISL yCIIENTHOT'O IIPOBEJECHUS PA6OT
B TOPHU30HTAJIBHBIX CKBAXKUHAX 1 CKBAJKMHAX
C 60IBIINM YJAJICHHUEM 320051 OT BEPTUKAJIH.
[TpaBuibHAsI KOHCTPYKIIHS UCIIOIb3YEMOI TMOKOMI
TPYOBI ABJIAETCS PEMIAIOIUM (PAKTOPOM I
YCIIEMTHOI'O IIPOBEJEHUA CKBAXKMHHBIX PA60T 1O
I'IC Ha BaHKOPCKOM MeCTOpOxAeHNH. KosmoHHa
XAPAKTEPU3YETCA LIETBIM PAZOM MAPAMETPOB, TAKUX
KaK HAPYKHBIU JUAMET], TOJIIUHA CTEHOK, CBOMCTBA
Marepuasna v JnHa. IIpaBUIbHA ST KOMOUHAITUS
PAa3/IMYHBIX (PAKTOPOB KPUTHYHA JJIs1 JOCTUXKECHUSL
yCIIEX4, OJHAKO, [IOKA HE IIPOAHAIU3UPOBAHBI
MMapaMETPHI BBITIOTHEHHBIX PA0OT, HENIb3S OLICHUTD
KPUTEPHH JIJISA BLIOOPA.

BBI6OD TONIMHBI CTEHOK — KIIOYEBOU (PAKTOD
B OIIPE/ICJICHUU NTPETIONATAEMOM JKECTKOCTH
KOHCTPYKIIMU I'MOKOM TPYObIL. 3HAYEHUE KECTKOCTH
KOHCTPYKIIMU BBIBOJJUTCS U3 «MOMEHTA MHEPITH»,
0603Ha4vaemMoro «I» u moxpyns FOHra, 0603Ha4aEMOrO
«E». 3nauenue El UCIIOIb3yeTCs B LIEJIOM PsIie
WHKCHEPHBIX PACUYETOB, TAKUX KAK CTPYKTYpPHAS

occurs, first of all, because of the frictional contact
forces between the coiled tubing and the wellbore.

As described in multiple papers already, when axial
compression forces over a critical value are applied to
coiled tubing, it will first buckle into a sinusoidal wave
shape. As the compressive force increases further, it
will ultimately deform into a helix. Confined to the
wellbore, the helically buckled coiled tubing will be
forced against the wall of the wellbore and additional
contacting forces will develop. The force needed to
push coiled tubing into well increases dramatically
once the tubing has buckled into a helix. The frictional
drag developed as coiled tubing is forced against the
hole or casing will ultimately overcome the external
pushing forces, thereby limiting the placement of tools
in deviated sections. This situation is described as a
lockup.

Because of limitation on technical solutions during
the wireline logging, one of the main methods
to overcome the problem is the modification
(or optimization) of coiled tubing string design
that requires the special attention for successful
intervention in horizontal and extended reach wells.
The correct configuration of the actual coiled tubing
string becomes the critical factor in the successful
intervention of Vankor wells. The string has many
options for composition, ranging from outside
diameter, wall thickness, material properties and
length. The proper combination of the various factors
is crucial for success; however, until actual well
interventions are analyzed the selection criteria cannot
be properly evaluated.

The choice of wall thickness is a key factor in
determining the apparent stiffness of the coiled
tubing. This measure of stiffness is derived from the
“Moment of Inertia” designated as “I” and Youngs’
Modulus, designated as “E”. The value of El is used in
many engineering calculations such as rigidity, critical
buckling, wall contact force, bending moments etc. The
value of E is a material property and does not change
in value for most steels, as are used in the manufacture
of coiled tubing. The value for I however, is determined
by the diameter to the fourth power — in other words, a
very small change in wall thickness has an exponential
effect on the value of the Moment of Inertia and the
apparent stiffness of the coiled tubing.

The choice of a tapered string is based on several
criteria, the most important being the actual force
required to remove the coiled tubing from the well.
The taper design provides a minimized weight in the
horizontal section of the well bore while maximizing
the amount of pulling force that can be applied at
surface.

The choice of the outside diameter is also affected
by several constraints, the main one being the length
of the string. The larger the diameter of the tubing,
the larger the core diameter of the storage reel has to }
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O60pYyIOBAHNE

JKECTKOCTB, KPUTUUYECKOE 3HAUCHUE CMATHS TPYOBI,
CHJIa KOHTAKTA CO CTEHKOM, MOMEHT U3TU0a U T.JI.
3HadeHue E — CBOMCTBO MATEPUA/IA U OAUHAKOBO
JUIS1 OOJIBITMHCTBA MAPOK CTAJIN, IPUMEHAEMBIX B
IPOU3BOACTBE 'NOKON TPyObL. 3HAYEHME I, OJHAKO,
BBIYHCJIAETCS KAK JUAMETP K OUKBAIpATy — JPYTHUMU
CJIOBAMH, 1a7KE HUUTOXKHO MaJIOE U3MEHEHUE B
TOJIIUHE CTEHKU MOXET UMETh 9KCITOHEHIINAJIbHBIN
3 EKT HA 3HAYEHUE MOMCHTA UHEPIIUH U HA
IPEANONIATAEMYIO X KECTKOCTb KOHCTPYKIIUHU 'HOKOIM
TPYyOBL

BbeI6OP KOMOMHUPOBAHHOM KOJIOHHBI OCHOBBIBAE€TCS
Ha HECKOJBKUX KPUTEPUAX, [NTABHBIM U3 KOTOPBIX
ABJIAETCA (PAKTUYECKAS CUJIA, HEOOXOAUMAS
JUIA IO'bEMA T'HOKOM TPYObl U3 CKBAXKHHBL
KOoMOUHMPOBAHHAS KOHCTPYKIIUA OOECTIEUUBAET
MHUHHMMH3AIUIO BECA B TOPU3OHTAJIBHBIX CEKITUAX
CKBAXXUHBI IPU MAKCHMAJIbHOM YBEJIMYEHUN
MHOJBEMHOI'O YCUJIUS, KOTOPOE MOXXHO NPHJIOKUTD HA
MOBEPXHOCTH.

BBI6OD HAPYKHOT'O IMAMETPA TAKKE 3ABUCUT OT
HEKOTOPBIX OTPAHUYEHHNH, [TTABHBIM U3 KOTOPBIX
ABJIAETCS JJINHA KOJIOHHBL YeM OOJIbIle TUAMETP
TPyOBI, TEM GOJIBIIIE TOJIKEH OBITh JUAMETD
CEPIEYHMKA KATYIIKH, YTO B CBOIO OUEPESL TPEOYET
YBEJIMYEHUA HAPYKHOTI'O AUAMETPA KATYIIKH, YTOOBI
BMECTHUTB BCIO JUIMHY T'UOKOM TPy6bL. KpoMe TOro, €
YBEJMYEHUEM JUIMHBI M PA3MEPOB KATYIIKHA BO3DACTAET
CYMMAapHBI BEC KOMIIOHOBKH, YTO IPUBOJUT K
npo6eMaM C TPAHCIIOPTUPOBKOU.

Broport MOMEHT, KOTOPBIF HEOOXOIMMO IPUHUMATh
BO BHUMAHHUE, — 3TO CIIOCOOHOCTD OCTATIBHOI'O
060PYAOBAHMS BBIIEPKATH BEC THOKOU TPYObI C
YBEJIMYEHHBIM JUAMETPOM. OTPaHUYEHUE I10 BECY HA
MOJbEM HA IOBEPXHOCTD MOXKET CTATh IIPENATCTBUEM
JUISL UCTIOJIb30BAHM S THOKUX TPYO 6OIBILIETO TUAMETPA.

INocnenHee 3HAYUTENBHOE TPEOOBAHNE
OTHOCHTEJIBHO IIPUMEHEHU I THOKUX TPYO OOJIBIIOIO
JUAMETPA — IPOTHO3UPYEMBIE OTPAHUYEHUA IIPH
3aKaHYUBAHHUU CKBAKHHBL. HEOOXOUM JOCTATOYHBIN
KOJIBLIEBOI 3230pD MEXKY HAPYKHBIM JIUAMETPOM
I'HOKOU TPyObl U HAUMEHBIIIUM JJUAMETPOM CTBOJIA
CKBAKIHBI, YTOOBI OOECIICYNUTD IIPUTOK B CKBAXKUHE
BO BpeMsI IPOBeJEeHUs Pab0T. EC/iu KOIbLEBOM
3430p CJIMIIKOM MaJI, THOKAs TPyOa IPEBPAIACTCS
B 3¢ PexTuBHbIN ITYLEp. Korma 30Ha npuToKa
OI'PAHUYEHA, CKOPOCTD KUJKOCTH YBEJIMUYUBACTCS B
TOYKE OIPAHUYEHUS. YBEINYEHHUE CKOPOCTU IIPUTOKA
BKYTIE C MEJIKUMH, J]A’KE€ MUKPOCKOITHYECKIMU
TBEP/IBIMHU YACTUIIAMHU, KOTOPBIE BHIHOCUT IIJIACTOBAS
JKHJIKOCTD, MOKET CTATh IPUYNHOI CEPbE3HON U
OBICTPOTEYHOM 3PO3UH U PA3PYILIEHUA TMOKOM TPYODL

METOAONOINA MPOEKTUPOBAHUA
MBKOW TPYBbI

MeTOomoIOTHS MPOEKTUPOBAHUS KOJIOHHBI
BKJIIOUACT B CE€0S1 MOZICTTMPOBAHHUE CHJL, ICHCTBYIONNX
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be, which in turn requires the outside diameter of the
storage reel to be increased to store the total length of
the coiled tubing string. Also, as the length increases and
the storage reel dimensions increase, the total weight

of the assembly increases which results in limits in
transportation.

A second major constraint that has to be considered is
the capability of the remaining equipment that currently
available at location to handle the larger diameter
and weight coiled tubing. A limitation of the ability to
pull the coiled tubing to surface can be a restriction to
utilizing larger diameter coiled tubing strings.

The last major restriction in the use of larger diameter
coiled tubing is the expected restrictions that are to be
used in the well completion. There must be adequate
radial clearance between the outside diameter of the
coiled tubing and the smallest diameter in the well to
allow the well to flow during interventions. If this radial
clearance is too restrictive the coiled tubing will be an
effective choke. When the flow area is restricted, the
velocity of the fluid increases at the point of restriction.
The increase of inflow accompanies with small or even
microscopic particles, which are transported with
formation fluids, may become the cause of quick and
serious erosion and failure of coiled tubing string.

THE STRING DESIGN METHODOLOGY

The coiled tubing string design methodology
includes modeling tubing forces, pressure limit, and
wall thickness selection. The wall thickness selection
is based on the consideration of extended- reach
potential, which relies on a ratio of compression force
acting on tubing to the limit of helical buckling force (or
"compression ratio” by A. Zheng, SPE 63251). Integrating
the calculations of tubing force and pressure limit with
the wall thickness selection optimizes string makeup
by minimizing the overall tubing weight with the
requirements of extended- reach. However, it is limited
in horizontal sections where the extended-reach depth
falls quickly as the ability to withstand compression
forces increases.

Operational safety concerns also limit the maximum
compression forces allowed on a string since a large
compression ratio always means a weak string. Since
helically buckled tubing is prone to failure of other
modes, such as corkscrew, safe operational practice
always prefers a low compression ratio.

In practical terms, it is done with the use of
commercial software for coiled tubing simulations.
Designing a string requires two basic tools, a tubing-
force model and a pressure-limit model. The tubing-
force model calculates the axial force along the tubing
as it is being run into and pulled out of the well. It takes
into account the frictional contact between the tubing
and the wellbore. It also accounts for the effect of helical
buckling-induced normal contact force. The pressure-
limit model calculates the working envelope of CT



Ha TPyOy, IPEAEIa AABJICHUS U TOJIIIHUHBI CTEHOK.
BBI6OD TOJIIMHBI CTEHOK OCHOBBIBAETCS HA
pacdeTe NOTEHIINAId KOHCTPYKIIUH THOKOU TPyObI
JOCTUKEHHS 320051 CKBA’KHUHBI U ONTUPAETCS HA
COOTHOIIECHUE CUJIBI CKATUSA, AEUCTBYIOIIEH

Ha TPYOY, K IPEJIEIy CIIUPATIEBUHOTO CMATHUA TPYO
MU «KO3(PPHUITUEHTY CKUMAEMOCTH»,

cM. A. Zheng, SPE 63251). O6beIlMHEHNE BCEX
pacyYeToOB — MPOYHOCTb KOJIOHHBL, IPEAEI IABICHUS
U BBIOOP TOJIIUHBI CTEHOK, IIPOBE/ICHHBII HA
OCHOBE KO3(P(PHUITUEHTA CKUMAEMOCTH, — IIO3BOJISIET
ONTUMH3UPOBATHh KOHCTPYKIIUIO KOJIOHHBI ITyTEM
YMEHBIIEHUS OOIIETO BECA TPYOBI B COOTBETCTBUHN

C TpeO6OBAHUAMU JOCTHKEHUA 32005, B JTaHHOM
ClIy4ae, NPU HAJIMYUU NPOEKTHBIX OTPAHUYEHHNH,
€IMHCTBEHHBIN CIIOCO6 MTOBBICUTH CIIOCOOHOCTD
TPyOBI JOCTUYb HEOOXOAUMOI TTTyOUHBI CKBA’KHUHBI
MO CTBOJIY — 3TO YBEJIMYHUTB CHOCOOHOCTb KOJIOHHBI
BBIJIEPKUBATH JIEVICTBYIOIIHE CUJIBI CKATHUA. DTO
YCIOBHE, OFHAKO, HE PAOOTAET B TOPU3OHTAIBHBIX
CEKIIUAX, IJI€ JOCTHKEHHE 320051 PE3KO YMEHBIIIAETCSA
M3-34 CIIOCOOHOCTH KOJIOHHBI IPOTUBOCTOSITH
YBEJIMYMBAIOLIECH CHUJIE CIKATUS.

TpeboBaHUS IPOU3BOACTBEHHON OE€30ITACHOCTH
TAKXKE OTPAHUYHBAIOT MAKCHMAJIBHO JOITYCTUMBIE
CHJIBI CKATHA HA KOJIOHHY, TAK KaK OOJBIION
KO3(P(PUILTMEHT CKUMAEMOCTH BCET1A IOAPA3YMEBAET
€J1a6y10 KOJIOHHY. [TOCKONBKY CIIUPAJIBHO
JepopMupOBaHHAs TPyHa 60IEE NOABEPKEHA
Pa3pPyIIEHUIO, HA IPAKTUKE JIJI OOECIIEYEHU A
6€30MACHOCTH IIPEAIIOYTEHUE OTAAETCA HU3KOMY
KO3(P(PUIITUEHTY CKUMAEMOCTH.

IIpu NPOEKTUPOBAHNUU KOJIOHHBI HEOOXOIUMEBI
J1Ba 6A30BBIX MHCTPYMEHTA: MOJEJIb IPOYHOCTH
TUOKOI TPYyOBI K MOJIEJIb IIPE/Ea JaBaeHus. [leppas
MOJIEJIb PACCYMUTBIBAET OCEBYIO HAI'PY3KY BJOJIb
TPYOBI BO BPEMS CITYCKO-TIO/bEMHBIX OIEPALTUIL.

OHa NIPUHHUMAET BO BHUMAHHE KOHTAKTHYIO CUITY
TPEHUS MEXAY TPYOO! U CTBOJIOM CKBA’KUHBL. DTa
MO/JIEJIb TAKKE OTBEYAET 32 3(PPEKT CIIUPATBHOI'O
WCKPUBJIEHU S THOKOM TPYObL. MOJIe/Ib IIpeea
JIABJICHUS PACCYUTBIBAET PA60OUIYIO 30HY I'MOKOMI
TPYOBI 110] KOMOMHUPOBAHHOM HAI'PY3KOH JJaBJICHU S
(BHYTPEHHETO U BHENIHET'O) 1 OCEBOU CHUJIOUN.

OCHOBBIB2Ch Ha 3(pPeKTe KOapPUIueHTa
CXKUMAEMOCTH JJI51 CKBAXKHUH C OOJIBITHM OTXO/IOM OT
BEPTHUKAJIHN U HA COOOPAKEHUAX IKCIITYATAITMOHHOMN
6€30IaCHOCTH, IIPOLIECC TPOEKTUPOBAHHU
BBIIVISIZTAT CJIETYIOIIMM OOPA30M: €CJIH TEKYITUI
KO3(PPHUIMEHT CKMMAEMOCTH JJIs1 JAHHOM TOJIMHBI
CTEHKH TMOKOU TPYOBI MEHBIIE MAKCHMAJIBHOI'O
JOIIyCTUMOI'O KO3(PPULIMEHTA CKUMAEMOCTH,
ITO3BOJISIONIETO IOCTUYb 326051 CKBA>KUHBI, TO CIIEAYET
HCIIONIb30BATh KOJIOHHY C O0JIEE TOJICTBIMU CTEHKAMIL
MaKCUMaIbHBIN KOAPPUITUEHT CKUMAEMOCTHU
OIIpe/IeeTCs IByMS (PAKTOPAMU — pabodeH
IJIYOUHON U TPEO6OBAHUEM IKCILIYATAITHOHHOM

under the combined loading of pressure (internal and
external) and axial force.

Based on the effect of compression ratio on extended
reach depth and operational safety considerations,
the design process is presented as follows: if the
compression ratio for the current wall thickness is
less the maximum compression ratio allowed for the
extended-reach string then a heavier wall should be
used. The maximum compression ratio is determined by
two factors, the operational depth and the operational
safety concern. However, as it has been mentioned
above, when compression ratio is large (the case of
horizontal wells), it does not have much impact on
increasing the reach.

The string design process starts from the bottom end
of the string and proceeds upward. For each section of
CT to be designed into the string, the whole designed
string (from bottom to the section being designed) is
numerically run into and pulled out of the well. During
this numerical simulation, the axial force at this section
of tubing is calculated for each wall thickness to select
optimum size and section length. When it is done,
then this section of tubing is successfully designed, and
the next section is tested. Otherwise, a heavier wall is
chosen from the manufacturers' available thickness list
and the design process repeated.

A FIELD APPLICATION

The example of the applied design process for the
wells on Vankor oilfield is presented below. The typical
well has a 3D trajectory with significant variation in
both the deviation and the azimuth angles. A plot of the
trajectory is shown in Figure 1.

Each well is drilled with a complex trajectory into
the producing zone. The wells are designed with a
reverse bend in it allowing the horizontal section of
the wellbore to be directly beneath the wellhead. This
profile leads to some challenges in reaching TD inside
the 114 mm completion screen assemblies.

The wells have insulated surface casing, which is
cemented to a depth of 35 m and intermediate casing
to 1700 m in order to protect the permafrost from the
thawing effects of flowing wells. The intermediate
casing is 177.8 mm, with an internal diameter (ID) of
157 mm. The production tubing varies in size from 114
mm to 73 mm and is hung off in the well. The horizontal
completion consists of long screen assemblies, 114 mm
OD, which are set in place once the drilling operations
are complete. The assemblies consist of a liner hanger,

a cement-through joint, spacer tubing, screens, blank
sections and external centralizers with a bull nose plug
at the end of the assembly.

The well has a maximum measured depth (MD) of
4,797 m, with tubing running up to MD of 3,300 m. The
rest of the well is completed with screen assembly in
openhole. The friction coefficients are 0.3 for the tubing
and 0.35 for the liner section. The fluids in the well and
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O60pyIOBAHNE

6€30nacHOCTH. OHAKO, KAK YK€ OTMEYAJIOCh BBIIIIE, the CT both have a density of 0.85 SG (crude oil) —
KOrja KO3 (PUIIMEHT CKMMAEMOCTH BBICOKUI the well is producing.
(TOPU3OHTAIbHBIE CKBAXKUHBI), OH HE OKA3bIBACT The original optimum string design in the Vankor
OOJIBIIOTO BIIMSHUA HA IOCTUKEHUE 326051 field is comprised of 90,000 psi yield, low alloy high
IIponecc NpoeKTUPOBAHUA KOJIOHHBI HAYMHAETCSA strength steel tubing. The nominal outside diameter is
0oT 326051 U UEeT BBEPX. [TpU MPOEKTUPOBAHUU KAK/IOM 1.75 inch and the wall thickness varies over the length
CEKIIMU MOZICTIUPYETCS CITYCK-TIObEM KOJIOHHBI C of the string. The down hole end of the tubing has
IOMOIIIBIO CIIELUAIM3UPOBAHHOI'O IIPOIPAMMHOIO awall thickness of 0.156 inch. The wall thickness is
obecneueHus. Bo BpeMs HOCTPOEHUS MOZEIN increased in four stages to a maximum value of 0.204
IIPOBOIATCA PACYETHI OCEBOM CUIBL JJAHHOM CEKLINU inch. The predicted lock up depth is 4,393 m according
TPYOBI 715 33JAHHOU TOJIIUHBI CTEHKU. EC/TU pacyeTsl to a Tubing Force Model. The simulations show that for
YCIIEIIHBI, TO JAHHAA CEKLIUA YTBEPKIAACTCA B IIPOEKTE this given string, a heavier wall does not increase its

¥ TECTUPYETCH CIETYIONAs CEKITHUA. B IPOTUBHOM
CJIy4a€ BBIOUPAETCS 6OJIEE TOJICTASI CTEHKA, JOCTYITHAS
Y IPOU3BOIUTEIS, Y IIPOIIECC TPOEKTUPOBAHUS
TIOBTOPSIETCAL.

NMPOMBbICJTOBOE NMPUMEHEHUE

Huxe npencrasicH IpuMep nporecca
IPOEKTUPOBAHU S, IPUMEHSEMBIH JIJIS1 CKBAXKUH
BaHKOPCKOTO MECTOPOXKACHUA. TUMTNYHAS CKBAXKUHA
UMEET TPEXMEPHYIO TPAEKTOPUIO CO 3HAYUMBIMU
KOJIEOAHUSIMU YIJIOB UICKPUBJIEHUS U A3UMYTA.
I'padpuK TPAEKTOPUH NPEACTABIEH HA PUCYHKE 1.
Kaxxzgas ckBasknHA 6ypUTCS 10 TPOJYKTUBHOTO
IIACTA U UMEET CIIOKHYIO TPAEKTOPHIO. CKBAKHUHBI
OPOEKTUPYIOTCS C OOPATHBIM U3rU60M, KAK CJIEICTBUE
3TOT'O — FOPU3OHTAJIbHAS CEKIUA CTBOJIA HAXOANTCS
MIPSAMO MO/ YCThEM CKBAKUHBL Hanmuaue Takoro
OPOMUIIA CKBAXKUHBI BEJET K OIPE/ICIEHHBIM
TPYAHOCTAM IO AOCTHXKEHUU ITPOEKTHOM ITTyOUHBI
BHYTPH KOMIIOHOBKH (PUIBTPA (114 MM) 3aKOHYEHHOI
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CKBA’KUHBI.
CKBaXKHMHBI OOCAKEHBI TEIVION30JIUPOBAHHBIM Pucynox 1 - Tpexmepnan mpaexmopus ckeaxscuns «A»
3a1IEMEHTUPOBAHHBIM KOHJYKTOPOM /10 IJTYyOUHBI 35 M Figure 1 - The well A 3D trajectory

U TEXHUYECKON KOJIOHHOM JIO INTYOUHEI

1700 M, 717151 TOTO YTOOBI 3AMUTHTD Tosepxrocmmnuoiii 6ec/enyouna / Surface weight vs depth
BEYHYIO MEP3IOTY OT TZUVIHI:H BCHC,B;C”EBI/I@ ] - ey s ncrccuga /Legend
KOHTAKTa C pabOTAIOUIEH CKBAKHMHOM. 7/
Hcrionb3yeTcss TEXHUIECKAs KOJIOHHA 7 Tomsem
ripou
177,8 MM C BHYTPEHHUM JUAMETPOM _, Crycx-obpramas
KOHCTPYKITHSI
157 mm. HKT BappupyeTca B pazMepax g “ Tripin- Reg
Nirem: e
oT 114 MM 10 73 MM. TOPH3OHTAIBHAS g s’ (%féh%iime)-
OOBbIYHAA
CEKITNA COCTOUT U3 JJIMHHBIX (DHUIBTPOB ] FoH PR
C BHEITHUM JUAMETPOM 114 MM, § - ;/‘I"C““P)’“Cg
S & MH. BEC
3almMpaHue
KOTOPBIE YCTAHABJIMBAIOTCS CPpa3y IIOCJIE N 1l Z%’”;%ﬂ (oar up (loclzup)
= [l
3aBepiieHus 6ypenusa. KoMImoHoBKa g : npant . s Karacrpogu:
COCTOUT U3 IOABECKH XBOCTOBHKA, S i mpyooL S i Catastrophic
1 00bIUHOLL mpyBoL onmuMuL- buckling
TPYOKH I TUPKYIIAIINU IIEMEHTA, tsl KOHCMpPYKYUU PR, P —
paszzaenurenbHoi HKT, IycThIX CEKLIMIA i Lockup of the KOHCMPYKULLL peuuinlN
o i| regular coiled No lockup of the ™ Disconnect limit
¥ BHENTHUX IIEHTPATOPOB C PE3bO6OBOI i tibing string optimized coiled B fenmpan
POGKOI Ha KOHIIE s H tubing string
MaxkcuManbHas TTyO6rHA CKBAKUHBI TTO . Hogepxrocmmbiil 6ec (k2) / Surface weight (kg)

cTBony — 4797 m, HKT cniymiena Ha rimybuny

1o cTBONY 3300 M. OCTaBIIAACS YACTh o
. Pucynox 2 — Cpagénenue cnupaieéuoHozo 3anupanus OouiuHo u
CKBa’KMHBI 3dKOHYC€HA KOMIIOHOBKOM- Onmumugupogauuoﬁ KOJIOHHDBL

(PHUIBTPOM B OTKPBITOM CTBOJIE. Figure 2 — Comparison of lock up forregular and optimized strings
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KoadpdunuenTte! Tpenus pasusl 0,3 a1 HKT u 0,35
JULSL CEKITUM XBOCTOBUKA. [TIOTHOCTD KU/IKOCTEN B
CKBaKMHE U B 'HOKOI Tpy6e pasHA 0,85 yIE/IBHOIO
BeCa (CbIpast HE(PTDh) — CKBAXKUHA HA TIPUTOKE.

ITepBOHAYAJIbHBIN OIITUMAJIbHBIN IPOEKT
KOJIOHHBI HA BAHKOPCKOM MECTOPOXK/ICHUH
coctouT u3 HKT HU3KOJIETUPOBAHHON
BBICOKOIIPOYHOMU CTAJH C BBIXOA0M 90 000 psi.
HoMuHaIBHBIA HAPYKHBIA AUAMETD — 44,45 MM,
TOJIIUHA CTEHKU BAPbHUPYETCS O BCEH JJINHE
KOJIOHHBI. TOMIMHA CTEHKH HA 3200HMHOM KOHIIE
TPy6BI — 3,68 MM. TOJIIMHA CTEHKH YBETUIHUBACTCS
B YETBIPE CTYNEHHU IO MAKCUMAJIbHOT'O 3HAYEHU A
4,45 mm. IIpeanionaraemas riyoruHa 3aIUPAHUSA
TUOKOI TPYOBI COITIACHO MOJIE/IN IPOYHOCTH —
4 393 M. MozeTMPOBAHUE IOKA3AJIO, YTO JIJIs
JaHHOIM KOHKPETHOM KOJIOHHBI YBEJIMYEHHE
TOJIIUHBI CTEHOK HE YBEJIMYUBAET JOCTHXKEHUE
326051 IO CPABHEHUIO C 60JI€€ JIETKON KOJIOHHOMU
(MMEIOIEN MEHBIIYIO TOJIIIUHY CTEHOK).

Ha oCHOBE HOBOT'O METO/IA TPOEKTUPOBAHUSA
ObLIa Pa3paboOTaHa HOBAA KOJIOHHA, KAK
MOKa3aHO B Tabymne 1. OCHOBHBIE (DAKTOPHI,
KOTOPBIE TPUHUMAIHNCh BO BHUMAHHE HA
CTaJU1 IPOEKTUPOBAHUA: HU3 THOKOU TPYOLI
B TOPHU30HTAJIBHON CEKIIUU TOJIKEH OBITh
CaMBIM JIETKHM I10 BECY (M UMETb HAUMEHDIIYIO
TOJIIUHY CTEHOK); CPEIHAA 9ACTh, KOTOPAA OyJeT
HAXOJUTHCS B HAKJIOHHOM CEKIINH, JJOIKHA OBbITh
CAMOU TAKEJION. BEpXHMI KOHEL B BEPTUKAIbHOMN
CEKIIUH JJOJKEH JIMIIb BBIIEPKUBATD HATPY3KY
BECA KOJIOHHBI ITPU TTO'BEME U HE UT'DAET POJIU B
IOCTHKEHUHU 326041,

7151 HOBOM KOJIOHHBI, KOTOPas No4TU HA 400 M

Ty6sKE NIPEBIIYILETO IIPOEKTA, OTCYTCTBYET INTyOUHA

CITMPAJICBUHOIO 3anIupanust. Ha pucynke 2
MIPEACTABICHA B CDABHEHUU IVTYyOMHA CITYCKa OOEUX
KOJIOHH I'MOKUX TpyO. HEOOXOAMMO OTMETUTb,

YTO B IAHHOM IIPUMEPE CIIUPAJIEBU/IHOE CMSTHE
TPYyO U 3aIIHPAHUE — ITIABHBIC OTPAHUYNBAIOIINE

Tabauua 1 - Koucmpgxmguﬂ ONMUMUSUPOBAHHOU KOJOHHDBL
Koamwoounza (om 3a00s 0o oapadana)

Table 1 — Optimized Coiled Tubing String Design
(From dowmnbole to reel)

Oowan dnuna Torwuna Maxcumanvrhoe

onuna cexuyuu cmenKku Bec (k2/m) | mazoeoe ycunue
Konounst (m) | I'KHT (m) (mm) (daH)

CT i 5 Wall q 9
otal CT section thickness Weight Maximum Pull
length (m) length (m) (kg/m) (daN)
(mm)

5608.3 9083 3.18 3.232 25550
4700.0 109.7 340 3445 27240
4590.3 106.7 3.68 n/a 29270
4483.6 1067 396 3956 31280
43769 106.7 445 4385 34 660
4270.2 106.7 4.83 4716 37280
41635 10699 5.18 5.018 39660
3093.6 914 4.83 4716 37280
30022 1024.1 445 4385 34660
1978.1 1978.1 396 3956 31280

extended reach compared to lighter one (one having
smaller wall thickness).

The new string from the new method has been
developed as shown in Table 1. The main factors
observed at the design stage are: for the downhole end
in horizontal section to be the lightest in weight (and
has the smallest wall thickness); and for the middle
part that goes in inclination buidup section to be the
heaviest. The upper end in the vertical section must only
have enough capability to pull the string weight and
does not contribute in extended reach ability. There is
no lockup depth for the new string, which is almost
400 m deeper than the previous best design. Figure

(paKTOPBI ITPU IIPOEKTUPOBAHUHN KOJIOHHBL ITporecc

IIPOM3BO/ICTBA TAKXKE HAKJIA/IBIBACT OI'PAHUYECHUS HA
IIPOEKT KOJIOHHBI, TAK KAK HE KAXK/bIM TU3ANUH MOXHO
BOILJIOTUTD B ’KHU3Hb.

3AKJTKOYEHUE

Ha BaHKOPCKOM MECTOPOXKICHNUYN U3HAYAJIbHOM
npO6JIEMOI, C KOTOPOIH NPUIIIOCH CTOJIKHYTHCS, OBLIO
OTCYTCTBUE BO3MOXXHOCTHU JIOCTUTHYTB IPOEKTHON
IJIYOUHBI CKBAKUHBI IIPH IOMOIIY TPAAUIIMOHHBIX
METO/OB KOJATIOOMHIA. DTA MPO6IEMA PENIEHA
6marofaps UCMOJIb30BAHUIO KOPPEKTUPOBKU (MJIN
ONTUMM3AIUN) KOJIOHHBI THOKUX HKT, 4TO NO3BOINIIO
YBEJIMYUTB INIyOHMHY IPOJBUKEHUSA HA 5—15%.

Pemmenre HOBBIX BO3ZHHUKAIOMUX IPOOJIEM OYAET
BECTHUCH B PAMKAX TAKOI'O K€ CUCTEMATHYECKOT'O
noaxoja. ©

2 shows the comparison of running in hole for both
coiled tubing strings. It is worth noting that in this case
helical buckling and lockup are the major limiting
factors for the string design. The manufacturing process
also sets limitations to the string design, i.e. not every
design is practically possible to manufacture.

CONCLUSIONS

In the Vankor field, the initial problem encountered
was the inability to reach the total depth of the
wells with conventional coiled tubing methoods.
This problem has been overcome utilizing existing
technologies and applying them in systematic manner.
The coiled tubing string has been re-designed that
allowed enhancing the reach by 5-15%. As other issues
arise, they will also be dealt with in the same systematic
fashion.
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