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€06XOJUMOCTb KOHTPOJIA IKCILTyaTA N
HOJIBECKU KOJITIOOMHI'Aa OOOCHOBAHA TEM, YTO

rubKas Tpyoa ABIAETCSI HAUO0IEE KPUTUYHBIM

3JIEMEHTOM KOMIIJIEKCA KOJITIOOMHTA, HOIBEPKEHHBIM
PA3/IMYHBIM HATPY3KaM (MEXAHUYECKUH U3HOC,
YCTAJIOCTb MATEPUATIA, HATIPSKEHHNE, TABJICHUE), U,
COOTBETCTBEHHO, TPEOYET MOBBIINIEHHOIO BHUMAHUSA K
OOCIYKUBAHUIO. PErTaMeHT KOHTPOJIA SKCILIYATAllUU
JIOJIZKEH OBITh PA3Pa60TaH A1 OOCCIIEUCHU S
6€30ITACHON U HAJIC3KHOM IKCIUTYATAIIUU KAXKI0HU
MNOJIBECKU KOJITIOOMHI'A U MUHHMMHU3A1IUU BCEX BUJIOB
PHCKA, CBA3AHHOT'O C ©3HOCOM TPYObI, BEI3BAHHBIM
KaK MEXAaHUYECKUMU U TPOU3BOACTBEHHBIMHU
pakTOpamu, TaK U (PaKTOPAMHU BHYTPUCKBAKMHHOM
cpenbl. Takum 06pa3oM, KOHTPOIb 34 SKCILTYATAlTUEN
TUOKOU TPYOBI NOIPA3YMEBAET KOHTPOJIb KAYECTBA
BHOBb M3IOTOBJIEHHBIX IOIBECOK, MOHUTOPUHT
OOIIETO UKINYECKOTO U3HOCA, 3AIIUTY OT KOPPO3UH,
Je(PEKTOCKOITHIO (HEPA3PYIIAIOIIUI KOHTPOJIB), 4
TAKXKE NPOPIIAKTUYECKOE OOCTY KUBAHUE PA6OYNX

TOABECOK KOJITIOOUHTA. B HACTOAIIEN CTAThE JaH 0630D
IPUHATON NPAKTHUKH 10 TAKOMY KOHTPOJIIO HA [IPUMEPE

komnianuu OOO «T'parikan Benn Cepsuc» («<I'BC»).

BE3OMACHOCTb U YCTANIOCTHbIN
N3HOC NMOABECKU KOJITKOBUHTA

TTOCKONBKY T'MOKas TPYOa ABIAETCI PACXOAHBIM
MAaTEPHAJIOM, PACCIUTAHHBIM HA OTPAHUYEHHOE
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necessity of coiled tubing
Csupervision is stipulated by the
fact that a coiled tube is the most

critical element of the whole coiled tubing system as
is prone to various loads (mechanical wear, material
fatigue, stress, pressure), and, consequently, requires
special attention during maintenance. It is necessary
to develop a regulation on operations control to
ensure safe and durable operation of a coiled tube
and to minimize all types of risk related to tube wear
and tear caused by both mechanical and production
factors and borehole environment factors. Thus,
control over coiled tube operation means quality
control over the newly manufactured tubes, overall
cyclic wear, corrosion protection, defectoscopy
(nondestructive control) as well as preventive
maintenance of the operational tubes. This article
provides an overview of the accepted practice of
tube control in Trican Well Service (TWS).

SAFETY AND FATIGUE WEAR
OF A COILED TUBE

Coiled tube is a consumable designed for the
restricted number of plastic bending cycles. That
is why it is important to forecast tube’s fatigue life
to failure, including both bending fatigue and full
cycle of tube tripping. Coiled tube’s mean time
to failure depends on the dimensions (diameter,



KOJIHUYECTBO IIUKJIOB IIACTUYECKOI'O U3TUOA, BAXKHO
YMETBb IPOTHO3UPOBATH YCTAJIOCTHYIO HAPAOOTKY

Ha OTKA3, BKJIIOYas KAK THOKOCTHYIO YCTAJIOCTb, TAK

u nnoniHbIN UK CI1O. Hapa6oTka Ha OTKa3 TPYOE
KOJITIOOHMHTA 3aBHUCUT OT Pa3Mepa (AUaMeTP, TOMIIUHA
CTEHKH), MAPKH CTAJIH, AMIUIUTYBI Ie(pOpMALTUHN
M3TH0A, KOJBLIEBOT'O HAIPSKEHU A (OT BHYTPEHHETO
JIaBJIEHH ), COCTOSIHUS IOBEPXHOCTH TPYOBI
(IIEpOXOBATOCTb, MEXAHUYECKUE MTOBPEXKICHUSA) U
YXYAIMEHUA XaPAKTEPUCTUK IO, BO3AECHCTBUEM CPEJIBI
(KOppO3H, XPYIKOCTb MATEPHAII).

MOHUTOPUHT yCTAJIOCTHOU HAPAOOTKH B < BC»
BEZECTCA ABYMSI OCHOBHBIMU CIIOCOOAMU: TIPOOET TPYOBI
(MeTpax) U IPOrPAMMHOE MOAETIUPOBAHUE YCTAJIOCTH.
[Tpober Tpy6bl — 3TO CYMMAPHAS [JJINHA TPYObI HA
CITyCKE B CKBAKMHY. JJaHHBII CIIOCO6 TOBOJIBHO
3(pPEKTUBEH MPH YCIIOBUH, YTO AHAJIOTUYHOE
060PYNOBAHUE UCIIOIb3YETCA AJI51 CKBA’KHH B IOXOXKHUX
YCIOBUSAX; OH IIPEATIONATAET ITOCIEAOBATEIbHBIA
HEIPEPBIBHBIA YUET IIPU PA0OOTAX IO PEMOHTY
CKBaKMH WIN IPU 6ypeHnn. OfHAKO HanuboJsiee
NPEANOYTUTENBHBIM B UHAYCTPHUH METOJIOM YUIETA
(ucrionb3yeMbIM U B < BC») ABISE€TCA MOHUTOPHUHT
YCTAJIOCTHOU HATPY3KH HA PA3JIMYHBIX CETMEHTAX
TPyOBI IIPU ITOMOIIU CHEUATH3UPOBAHHOTO [10.
CyIIeCTBYET HECKOJIBKO IMTPOI'PAMM KOMIIBIOTEPHOT'O
KOHTPOJIA 3KCIUTYATALIMK KONTIOO6MHTA. B «TBC»
ucnonbayercs [1O Cerberus. Ha pucynke 1 npusesieH
rpaUK yCTAIOCTHOM HCTOPUH.

IIpenen 100% Ha pucyHKe 1 mpeacTaBiseT
KPUTHUYECKYIO YCTAJIOCTh KAKOI'O-JINOO CETMEHTA HA
BCEN MTPOTAKEHHOCTU TPYODL, ONIPEAEAEMYIO KAK
BO3HUKHOBEHHE YCTAIOCTHON TpemuHelL 1O Cerberus
onpeJeseT 6E30MACHBIN PAOOYNI IMMUT YCTAJIOCTU
Kak 80% OT yCTaJIOCTHOTI'O PECYPCa KONTIOOUHT 4.
Taxum 06pa3om, O6ECIIEYNBACTCS JOTOTHUTEIBHBIA
O€30ITACHBIN 3A11AC IPOYHOCTH, IIPEJOTBPAIAIONI I
MOABJIIEHUE HETEPMETUYHOCTH. OTHAKO 3TO MOXKET
O3HAYATh BCETO HECKOJIBKO JIOTIOTHUTEBHBIX ITUKJIOB
IVIACTUYECKOT'O U3IN0a 10 OOPA30BAHUS TPELIUH B
CTEHKE, BOCOOEHHOCTH IPU BLICOKUX JIABJICHUAX
WJIH IIPU TTIOBPEXKAEHUAX TPYObL. Hanpumep, A4
Tpy6b1 60,3 MM Mapku QT80 ¢ IIMKINIHOCTHIO HA
M3ru6e C PpainycoM 72” v IUAMETPOM KATyIIKu 96,
KonnuecTBO CITO, HEO6XOAUMBIX JI/Is1 OOPA30BAHUS
YCTAJIOCTHOM TPEIIUHBI ¥ Pa3pbiBa IIpU 70 aTM PaBHO
178 (rexyuiee 3HaueHUE) U 219 (MpOorpaMmMHOE)
LIMKJIOB COOTBETCTBEHHO. DTO O3HAYAET, UTO JIJIs
JaHHOI IToJBECKU JonycTuMo etie 41 CITO (tipu
OTCYTCTBUH ITOBPEXKACHUN U IPYTUX IPU3HAKOB
paspyueHus TpyObl), IPEX/E 9YeM 0OPA3YyeTCA
YCTAJIOCTHAS TPENUHA MU «CBUII». 1 HA060pOT, /1151
TO K€ NO/IBECKU U YCTAHOBKH KOJITIOOHMHTA C TEMU
JK€ IapameTpamy, paboraromen npu 420 aTM, BCETO
TPU AONOTHUTENBHBIX CITO MPUBEAYT K ITOSABICHUIO
YCTAJIOCTHOM TPEITUHBI OT BOSHUKHOBEHMUS /IO
paspbiBa. OUEBUHO, YTO YCTAJIOCTHAS HAIPY3Ka HA
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wall thickness), steel grade, amplitude of bending
deformation, hoop stress (as a result of internal
pressure), state of tube’s surface (roughness,
mechanical damage) and performance deterioration
under the influence of the environment (corrosion,
metal shortness).

In TWS coiled tube’s fatigue life to failure is
monitored using two main methods: tube’s run
distance (metreage) and fatigue simulation. Tube’s
metreage is the overall tube’s length run in borehole.
This method is quite efficient provided that similar
equipment is used for the wells with similar
conditions; this method implies consequential
continuous record keeping during well workover
or drilling jobs. However, fatigue load monitoring
on different tube segments with the use of special
software is the most preferable method (used by
TWS as well). There are different software programs
meant for coiled tube’s operation control. TWS
utilizes Cerberus software. Figure 1 shows fatigue
history graph.

100% limit at Figure 1 represents a critical fatigue
of any segment throughout the length of the
tube, which means occurrence of a fatigue crack.
Cerberus software defines a safe working limit as
80% of the coiled tube’s fatigue life. Thus, it ensures
additional safety margin allowing to prevent
seal failure. However, this can mean only several
additional plastic bending cycles before a crack
appears, especially under high pressures and in case
of tube damage. For example, the number of trips of
2 60,3-mm QT80 tube with bending cycles radius of
72” and reel diameter of 96” before crack formation
and break-down at the pressure of 70 atmospheres

Pucynox 1 - I'pagpur ycmanocmu 2uoroti mpyost
6IT0 Cerberus

Figure 1 - Coiled tube fatigue chart, Cerberus software

is 178 (current value) and 219 (software value)
respectively. It means that for this particular tube

it is acceptable to have 41 more trips (if there is no
tube damage or other features of tube wrecking)
before a fatigue crack or a wormhole occurs. And,
vice versa, for the same tube and CT unit with the
same parameters, operating at 420 atmospheres only
three additional trips will lead to fatigue fracture
formation and breakdown of a tube. It is obvious
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IIO/IBECKY KOJITIOOWHT'A, IPUBE/ICHHASI HA PUCYHKE 1,
HEPABHOMEPHO PACIIPE/IEICHA I1O JJIMHE TPYObI
U HEKOTOPBIE €€ CETMEHTHI TPUOIIHIKAIOTCS K

0€30MACHBIM PAOOYUM IUMUTAM OBICTPEE, YEM JIPYTHE.
Eme ofHO HAO/IIOAEHNE, OCHOBAHHOE HA PUCYHKE 1, —

HATNYHC PA3JTTUTYHBIX CKAYKOB B 3AITHCHU YCTAJIOCTHU B

MECTAX PACHOJIOKEHUS CBAPHBIX COeAUHEHUNH. C LIEJIBIO

Y4€Ta TOT'O, YTO B MECTAX CBAPHBIX IMBOB YCTAJIOCTHAA

CTOUKOCTb HMXKE, YEM Y OCTAIBHOU TPyOHI, T1O Cerberus

YBC/IIMYHUBACT CKOPOCTD YCTAJIOCTHOI'O U3HOCA B 9TUX

MecTax. TAKMM 06Pa30M, MAKCUMAJIbHBIA YCTAJIOCTHBIHA

JUMHT B 80% OT yCTAJIOCTHOT'O PECYPCA IIPUIIETICA HA
4170 M OT KOHI11a 6apabaHa U (PAKTUIECKU OOYCJIOBJIEH
HAJIMYUEM TaM CBAPHOTO IIB.

Ecnu 661 IpOGET TPYOB! (METPA’K) OBLII OCHOBHBIM
KPUTEPHUEM YCTATIOCTHOT'O PECYPCA TPYOBI U €€
06€30MaCHOr0 NPUMEHEHU S, TO CIEA0BAJIO ObI
NPEANONOXKHUTD, YTO YCTAJIOCTHASA HATPY3Ka
PaBHOMEPHO PACHPEEIAETCA IO BCEH JIVIMHE TPYOBI,

4 3TO, KaK CJIEAYET U3 IpapHKa HA PUCYHKE 1, OUEBU/THO,

HC TAK.

BITMAHWE YXYALLEHNA CBOUCTB
MATEPUAJIA HA BE3OINACHbIU
YCTAJIOCTHbIVN PECYPC TPYBbI
KoaddunmenT 3anaca npodHoCcTU B 80%,
npumenseMsbli 1O Cerberus K ycpeiHEHHOMY
YCTAJIOCTHOMY PECYPCY KONTIOOUHTA, U3BMEPSIEMOMY
B JIAOOPATOPHHU C UCTIOIb30BAHUEM HOBBIX OOPA3LI0B
TPYyObL, 0OECIIEYNBAET 3AI1AC YCTATIOCTHOI'O OTKA34,
CBSI3AHHOI'O C UCIIBITAHUAMH, CBOMCTBAMU MATEPUAIIA
U IPOU3BOACTBEHHBIMH (pakTOpaMu. [IpuMepom
3TOT'O MOTYT CJIYKUTb U3BMEHUYHUBOCTb KOHKPETHBIX
PE3YJIBTATOB UCIIBITAHUM (CTAHAAPTHBIE OTKJIOHEHU S
JIAaHHBIX), U3MEHEHUS CBOVICTB MAaTEPHUAIA TPYOBI 1/
WJIM FEOMETPHUYECKHE CBOMCTBA IIPU SKCIUIYATALI U,
YBEJIMYEHUE JUAMETPA UIH BBIITYyYUBAHUE,
HEOIHOPOJHOCTb MEXAHUYECKUX CBOMCTB,
HEU3MEPSEMBIE U HEYUUTBIBAEMBIE 3(D(PEKTHI TPU
TEOPETUYECKOM MOJEIMPOBAHUU YCTAJIOCTHOM
CTOUKOCTHU U T.I1. OHAKO HANOO0JIEE CYIECTBEHHBIE
BO3AEUCTBUA YXYALICHU CBOUCTB MaTEPUaJId HA
YCTAJIOCTb KOJNTIOOWHTA, TAKHE KAK MEXAHUYECKUE
MOBPEXKAEHUA U KOPPO3Us, B COBOKYIIHOCTU
COCTABJIAIOMMUE 2\3 IPUYNH OTKA34 KOJITIOOWHTA IIPU
IKCIUIYATALUU, CJIEAYET PACCMATPUBATD OTLEJILHO.
XapaKTEPUCTUKU IIOBEPXHOCTHBIX ITIOBPEXKACHUN
BBIPAKAIOTCA B KOHKPETHBIX KPUTUUIECKUX
napaMeTpax, TAKUX KaK JJINHA, IIUPHUHA, ITTyOHUHA
Y HATIPABJIEHUE U3BSHOB, BBISIBJICHHBIX KAK B XOJIE
WCITBITAHWI [IPU IEPEMOTKE, TAK U IIPH BU3YAJIbHOM
OCMOTDE, TIE METOJ, UCTIBITAHUH ITPU IIEPEMOTKE
HEBO3MOKCEH. PacuyeTHBIN KO (PUITUEHT CHUKECHUS
HOMMHAJIBHBIX IAPAMETPOB 3aTEM IPUMEHSAETCA K
OCTATOYHOMY 6€30ITACHOMY YCTAJIOCTHOMY PECYPCY,
CMOJIEJIMPOBAHHOMY IIPH ITIOMOIIY ITPOTPAMMBI
Cerberus.
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ITPUHIIHUIIbI KOHTPOJIA
SKCIIVIVATAITIH

N OBCIY2KNBAHMUMA ITIOABECOK
KOJITIOBHHTA

SUPERVISION OF COILED TUBING
OPERATION AND MAINTENANCE

that the fatigue load specified at Figure 1 is not
evenly distributed longwise the tube and some of
the tube’s segments are achieving safe operational
limits quicker than others.

Figure 1 also shows fatigue value peaks at the
place of weld seams location. Cerberus software
increases the rate of fatigue wear on the weld seams
taking into account that their fatigue endurance is
lower that the fatigue endurance of the rest of the
tube. So, the maximum fatigue limit of 80% of the
tube’s fatigue life fell at 4,170 meters from reel core
end and is actually stipulated by the presence of a
weld seam at that point.

If tube’s run distance (metreage) was the main
criterion of the tube’s fatigue life and its safe
operation, we would assume that fatigue load is
evenly distributed throughout the length of the tube,
however we see from Figure 1 that it is not the case.

EFFECT OF MATERIALS' PROPERTIES
DETERIORATION ON THE
TUBE'S SAFE FATIGUE LIFE

80% safety margin rate, applied by Cerberus
software to the tube’s average fatigue life measured
at a laboratory using samples of new tubes,
provides a certain margin in terms of fatigue failure
associated with tests, properties of materials and
production factors. Variability of specific test results
(standard data deviations), alteration of the tube’s
material properties and/or geometrical properties
during operation, diameter enlargement or
buckling, inhomogeneity of mechanical properties,
non-measurable and unsustainable effects during
theoretical simulation of fatigue endurance are
the examples of the abovementioned. However,
the most significant effects of material properties
deterioration like mechanical damage and corrosion
which attribute to 2/3 of coiled tubing failure during
operation shall be considered separately.

Surface damage features are manifested in such
critical parameters as length, width, depth and
direction of the defects, detected both during
respooling tests and during visual inspection when
respooling is impossible. Design coefficient of
nominal parameters reduction is then applied to
the residual safe fatigue life simulated by Cerberus
software.

PRODUCTION CONTROL
OVER THE TUBE'S LIFE

TWS utilizes AradiaCTOperations software —
coiled tubing control system located on the web-site
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NMPON3BOACTBEHHbBI KOHTPOJ1b www.ctfatigue.com. This web-site is meant for
NCTOPUW TPYEDI tracking the status and history of all the coiled tubes
«I'BC» ncnonb3yeT IpOrpaMMHOE OOECTIEYEHNE operating worldwide. This system has recently been
AradiaCTOperations — CUCTEMY KOHTPOJIS IOABECOK put into practice in Russia. This system provides
KOJITIOOMHT A, PAa3MEIIEHHOE HA MHTEPHET-TIOPTAJIE on-line analysis of coiled tube state, preventive
www.ctfatigue.com. /ITaHHBII peCypC CITYKUT JJ15 maintenance (inspection during tube respooling,
OTCJIEKUBAHUA CTATYCA U UCTOPUU BCEX ITOJBECOK repair works, tube modifications) and many other
KONTIOOHHTA «I'BC», 3a1€1ICTBOBAHHBIX B IPOU3BOACTBE control functions such as operational data analysis,
O BCEMY MUPY. JJaHHAg CUCTEMA HEAABHO ObLIA BBEICHA planning, distribution, decommissioning and after-
B o6pateHue B PO. OHa NpejOCTaBIAET OHIANH- job reports.
AHAJIN3 TEKYIIETO COCTOSHUSA TUOKUX TPYO, UICTOPUIO Figure 2 shows one of the software screenshots.
OPOMPUIAKTUYECKOTO OOCITYKUBAHUA (MHCIIEKIUA IPU The figure shows operational data for 44.5-mm
NEPEMOTKE TPYOBI, PEMOHT U MOAU(PHUKALIUU TPYODL), GTO90 tube. The screen depicts maximum fatigue
4 TAKXKE MHOXXECTBO JIPYIUX (DYHKITUIT KOHTPOJIA, (according to Cerberus), and the total run
TAKHUX KaK aHAJIN3 PAOOYUX JJAHHBIX, IJIAHUPOBAHHUE, distance — 207,059 m with 55% fatigue at the
pacnpezeieHue, CIIUCAHUE U OTYET IIOCJIE OIIEPALIUU. moment of tube decommissioning.
IIpuMep OAHOTO U3 PabOYNX IKPAHOB IIPUBEACH
Ha puUCyHKe 2. Ha pUCyHKe IpUBEIeHb paboune DEFECTOSCOPY (NON-DESTRUCTIVE
JaHHEBIE 10 TPY6e 44,5 MM Mapku GT90. Ha akpaHe CONTROL) AND LEAK-TIGHTNESS
OTOOPAKAIOTCSA MAKCUMAJIbHAA YCTATOCTHASA Prior to any job on a well TWS conducts
BBIPAOOTKA (IO pacueTaM Cerberus), a Tak:xe oOmuii hydrostatic testing of coiled tubes, both new and
npober 207,059 M NPH BEIPAOOTKE YCTAJIOCTHOTO used ones. For new tubes hydrostatic tests are
pecypca 55% Ha MOMEHT CITHUCAHUS TAHHOU ITOJIBECKH. conducted within 15 minutes at a level so that
. the total Von Mises tension on the inner diameter
JEDEKTOCKOMNA (HEPA3PYLLAKOLNA equals to 90% of SMYS (specified minimum yield
KOHTPOIJ1b) U TEPMETUYHOCTb strength), based on nominal outer diameter and
Ilepen Kax/I0H onepaliuei Ha CKBaxuHe <I'BC» minimum wall thickness for each steel grade of
IPOU3BOJAUT I'UJPOCTATUYECKOE UCTIBITAHUE TIOJBECOK a coiled tube. (SMYS for grade 90, for example,
KOJITIOOMHI'A, KAK HOBBIX, TAK U C Ipo6erom. 1is will be 90,000 psi). As for the used coiled tubes,
HOBBIX IIOJIBECOK I'MJIPOCTATUYECKOE UCTIBITAHUE TWS follows the recommended practices (IRP 21)
OPOBOAUNTCS B TEUEHUE 15 MUH HA TAKOM YPOBHE, YTOOBI developed in Canada. Within the framework of
MAaKCHUMaJIBHOE COBOKYIIHOE HATIpsikeHue Bon Marica such recommended practices proof-test pressure

Ha BHYTPEHHEM AUAMETPE 6bI0 paBHO 90% MIITIM
(MUHHMAJIBHOMY NPEJIENY IIPOYHOCTU MATEPHAII),
OCHOBAHHOMY Ha HOMHUHAJIbHOM HAPYKHOM JJUAMETPE
Y MUHUMAaJbHOH TOJITUHE CTEHOK JIJI51 KAKJOMU

MaPKH CTaJIU TUOKOH TPy6sL. (MITIIM /17151 MApKU T e e

90, HanipuMep, 6yzaeT paseH 90,000 psi). 111 rH6KOH —

TPy6BI € Ipoberom «I'BC» crefyeT peKOMEHIYEMBIM rEemasmeTTEm TS eI e |
B IIPOMBINJIEHHOCTHU pekoMenganuam (IRP 21), _

paspadoranHbIM B KaHaze. B paMKax TaHHBIX 0
PEKOMEHAALUI JABJIEHHE OIIPECCOBKU JOJIKHO -
COOTBETCTBOBATH MEHBIIIEMY U3 CICAYIOIIUX IBYX: =
PaCYETHOE YCTBHEBOE AABJIEHUE THOO 110% MAaKCUMATIBHOTO - [
OKH/IAEMOT'O U30BITOYHOT'O IABJICHHUS HA YCThE. - L
INomumo cnefoBanud npasunam IRP 21, permamenT g L
«I'BC» mpeayCMaTpUBAET YYET UCTOHYEHU A CTEHOK ITO oo s m s mmmmEEmmmEmm T
IIPUYMHEC KOPPO3KUH NI MEXAHUYCCKUX HOBpC)KIICHI/H;I, PMCJ)HOKZ — Humepnem-cmpanuua c omuemom

TAKUX KAK U3HOC WK 3PO3UsL, IOCKOJIBKY JIABJICHUE, o pabome AradiaCTOperations
Ha KOTOPOE PACCUMTAHA IMOKAS TPY6Q, 3ABUCHT Figure 2 — Web page with AradiaCTOperations report

OT MUHHMAJIbHOM TOJIIHUHBI CTEHKH. [TOCTOSIHHO

OTCJIEKUBAIOTCS IPU3HAKU MEXAHUYECKOTO, shall correspond to the lesser of the following two:
KOPPO3HUOHHOI'O U APYTUX MNOBPEXAECHUNA TPYOHL, 4 design wellhead pressure or 110% of the maximum
TAKXKE YXYJUIEHUI CBOMCTB MaTepHaIa repes paboTon expected excessive wellhead pressure.

U HA IIPOTAKEHHUU BCEM ONEPALTUU C KOTTIOOMHI'OM. Besides implementation of IRP 21 rules, TWS’s

ITpu BU3yaJIbHOM OOHAPYKEHUU JEPEKTA IIPOBOJAUTCA regulation provides for taking into account tube’s
0oJ1e€e THIATENbHASA IPOBEPKA, BKJIIOYAION A B CEOST: } wall thinning due to corrosion or mechanical }
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U3MEPEHUE MUHUMATBHOT'O U MAKCUMAJIBHOT'O
HAPY>KHOT'O JINAMETPOB;

pAacyUeT CPETHETO JUAMETPA U OBATTBHOCTH TPYOHI,
OCHOBAHHBI¥ HA BBINIEYIIOMSHYTBIX 3AMEPAX;
HM3MEPEHUE MAKCUMAJIBHOM [NTyOUHBI KOHKPETHOT'O
TTOBPEXKICHUS,

MHKPOCHEMKA JICTAICI [TOBPEKICHUSL.

N3MepeHUst COMTOCTABIISIOTCS C OTPAHUYCHUSIMU

M0 AKCIUIYATAUH KOMITAaHUU «TBC», IpUBEICHHBIMU
Huke. O6111ee IPaBUIIO B 3aBUCHUMOCTH OT BH/IOB
MPOBE/ICHHBIX PA0OT — HOABECKA, IOCTUTTIIAS OT

150 000 M 10 200 000 M mpobETa, HOABEPraCTCS
THIATEIBHON IPOBEPKE U IIPU BO3MOXKHOCTH —
UCHBITAHUSIM C IIPUBJICYECHUEM NOAPIHON
OPraHU3aIUU U IPOBEICHUEM NHCIIEKIITH TPYOBI IIPU
TEPEMOTKE, C LIEJIBIO ONPEICAECHUS TOTTOTHUTEIBHOTO
pecypca. YTo KacaeTcst HOBOU Wi 6/y TPyOHL,
XPAHUBIIENCS HA OTKPBITOM BO3/IyX€ B TCUECHUE
IPOJOJIKUTEIBHOI'O BDEMEHH, B OCOOECHHOCTH
HENOAAJIEKY OT MOPSI, €€ IOJBEPraIOT IIPOBEPKE HA
IpEAMET IPHU3HAKOB KOPPO3HUH BCJIEICTBHE XPAHCHUS
U OLICHUBAIOT €€ KCILIYyATAI[MOHHYIO IPUT'OHOCTb.

IKCIMJTYATALMOHHbIE OTPAHNYEHNA
MO rEOMETPUN TPYBbI

DKCIUIYaTAIlMOHHBIE OTPAHUYEHUS JJ1 TUOKNX

TPy6, HAXOAAMIUXCS B PA60OTE, OOBIYHO HAXOAATCS B
COOTBETCTBUH C IPOMBIIIJICHHBIMU CTAH/IAPTAMU U
PEKOMEHJOBAHHBIM PETTIAMEHTOM, TAKUMHU KaK YKE
ynomuHasmumecs IRP 21.

IToBeCKa KOATIOOMHT'A CYUTACTCS HEMPUTOHOM

JUISL OTICPAIIMU HA CKBAXKUHE, €CJIM €CTh KAKHE-TUOO 13
CIENYIOMNUX U3MEHEHUN I'€OMETPHUH OFJHOU U3 CEKITHH
TPyOBL:

VYBEJIMYEHHBIN HAPYKHBIN JUAMETP: PA3AYTHE WU

PACIIMPEHUE HAPYKHOI'O IuaMeTpa 6oJiee 4yeM Ha 5%.

OBaJIbBHOCTD: OBAJIBHOCTB UJIHU HEKPYTJIOCTD
IIPEBBIIIAET 5%.

IloTepu B TONIIUHE CTEHOK: IOTEPS CPESHEN
TonuuHbl cTeHKH (TC) npesbimmaeT Ha 10%
HoMuHaNbHYIO TC. JIokaneHas noteps TC
IIOCJIE MIJTU(P-PEMOHTA OLIEHUBAETCS, U TPyOE
MIPUCBAUBAECTCA KOI(MMOUITUEHT CHIKEHU A
HOMMHAJIBHBIX ITAPAMETPOB, IIPU 3TOM
HEOOA3ATENBHO U3BSATHE U3 IKCIUTYATALIHHN.
I''my6bruHa KOPPO3UOHHOM SI3Bbl: MAKCUMAJIbHASA
IJIYOMHA IPEBOCXOIUT 5% JIOKAJIBHOIO 3aMepa TC.
TpemuHbL HE TONYCKAIOTCS (HU HAPYKHBIE, HU
BHYTPEHHMUE).

I'nbkas TpyOa 1 3a30p B repMETU3ATOPE: BHYTPEHHUI

3230P MEXKY MAKCUMAJIBHBIM OH
U MUHUMAJIbHBIM @BH B F€PMETU3ATOPE —
meHee 0,05 cMm.

CMMNCAHUE NOABECKN KONTIOBUHIA

He3aBrUCHMO OT 3KCILTYaTAIIMOHHBIX OTPAHUYECHUA

10 TCOMECTPHH, OITMCAHHBIX BBIIIC, PCIICHHEC O ITOJTHOM
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ITPUHITHUIIbI KOHTPOJIA
SKCIUVITYATAIII

N OBCIY2KNBAHMUMA ITIOABECOK
KOJITIOGHHTA

SUPERVISION OF COILED TUBING
OPERATION AND MAINTENANCE

damage such as wear or erosion, since the pressure,
coiled tube is designed for, depends on minimum
wall thickness. Prior to the job and during job
performance TWS continuously tracks the signs
of mechanical, corrosion and other types of tube’s
damage, as well as deterioration of materials’
properties. If defects are visually detected we
conduct a more thorough inspection that includes:
» measurement of the maximum and minimum
outer diameters;
computation of a mean diameter and tube ovality
based on the abovementioned measurements;
» measurement of the maximum depth of the
specific defect;
» microphotography of the defect details.
The measurements are then compared to TWS’s
operating limits, mentioned below. We apply
a general rule depending on the type of jobs
performed — coiled tube with the run distance from
150,000 to 200,000 meters is submitted to thorough
examination, and, if possible, to tests (engaging
contractors) and inspection during respooling
process in order to identify additional tube resource.
As for the new or used tubes that were stored in the
open air for a long time, especially not far from sea,
they are subject to inspection to detect corrosion
signs resulting from storage, and operational ability
of such tubes is assessed.

OPERATIONAL LIMITATIONS

IN TERMS OF TUBE GEOMETRY
Limitations for the operational coiled tubes

are usually in line with the industrial standards

and recommended regulations such as the

abovementioned IRP 21 regulation.

Coiled tube is recognized unsuitable for operation
if it has one of the following geometry changes of
one of its sections:

» Enlarged outer diameter: buckling or more than
5% enlargement of the outer diameter.

¢ Ovality: more than 5% ovality.

» Wall thinning: reduction of the average wall
thickness by more than 10% of the nominal wall
thickness. Local reduction of wall thickness
after repair by grinding is evaluated and the tube
is assigned a derating factor, which does not
necessarily mean withdrawing from service.

» Corrosion pit depth: maximum depth is more
than 5% of the locally measured wall thickness.

* Cracks: not allowed (neither external nor
internal).

* Coiled tube and sealer clearance: internal



UZBATUHN MOIBECKU KOJITIOOMHI'A U3 IKCILIyaTAI|UU
ONIPENENAECTCA OCTATOYHBIM YCTAJIOCTHBIM PECYPCOM B
COOTBETCTBUH C KOMIIBIOTEPHOM 3aIIMChIO U UICTOPHET
MOABECKHU, OTCJIEKUBAEMOM IIPOrPAMMON KOHTPOJIA
Tpy6b! AradiaCTOperations. ONBIT HOKA3bIBAET,

4TO PEAKAS HOABECKA KONTIOOWHI'A CITYKHUT IO

MOJIHOU BBIPA6OTKH YCTAJIOCTHOT'O PECYPCA, TAK KAK
HEBO3MOXKHO U30€KATh MOBPEXKACHUN, KOPPO3UH U
JPYIUX Pa3pyHIAIONIUX (PAKTOPOB, JEUCTBYIONUX HA
TPyOy B TEUEHUE BCETO CPOKA IKCIIYATAIIUU.

Kaxk y’ke OTMEYaJIOCh, OCHOBHOH (DAKTOP
HEOOXOAUMOCTHU ITPOBEPKHU T'HOKOM TPYObI —
JocrrxeHue e1o 150 000 m npobera. OfHAKO, KaK
MOKA34HO HA PUCYHKE 2, TOABECKA MOXET CYIIECTBEHHO
MNPEBBICUTD AAHHYIO UMDY, HE JOCTUTHYB IIPU
3TOM KPUTHYECKOTO IKCITYaTALIMOHHOT'O INMUTA.
J17151 yBETMUEHU S CPOKA CTY>KOBI TPYOBI BO3MOKHO
YKOPAaYUBAaHUE KOHIIEBOI CEKIIUU TPYOBI I
CMEILEHHA YCTAJIOCTHOI'O U3HOCA HA IPYI'YIO,

MEHEE MO BEPIHYBIIYIOCA IIJIACTHYECKOMY U3HOCY,
CEKIUIO TPYO6bL. HE3aBHCHUMO OT OCTATOYHOT'O
YCTAJIOCTHOI'O PECYPCA, TOJJBECKA MOKET OBITh U3BATA
M3 SKCIUIYaTAI MU IIPU ONIPEIEIEHHBIX YCJIOBUAX,
NPEACTABJIAIONINX BBICOKHUI PUCK OTKA34, TAKHUX KaK
pu paboTe € CEPOBOAOPOIOM.

3ALLUNTA OT KOPPO3UN

Tpy6a noaBep:keHA MHOXKECTBY PA3/IMYHBIX
BO3/IEHICTBUN, KAK XUMHUYECKUX, TAK U CO CTOPOHBI
Cpe/ibl, €CIU HE IPUHUMAIOTCS COOTBETCTBYIOIINE
MEPBI 3AIUTLL B cCpeHEM IO MHYCTPUU HA
JIOJIIO KOPPO3UU BeITagaeT 30-50% BCEX OTKA30B
Tpy6B.L [Ipu 3TOM KOppO3Hua HEOOpaTuMa. Eciu
OHa 06PA30BANIACH, TMKBUIUPOBAT IOJTHOCTBIO €€
HOCJENCTBUS MPAKTUYECKHA HEBO3MOXHO. B «I'BC»
UMEIOTCS IPOLIEYPBI «IIPOAYBKH> KOPPO3ZUOHHBIX
JKMJIKOCTEN 230TOM, MAIIEHUS IOCJIE KUCTIOTHBIX
pPadboT, IPOTUBOTPEIUHHBIN HHI'HOUTOP JIJIS
CEPOBOJOPOTHOM CpeAbl (BO3AENUCTBUE JKHUKOI'O
cepoBoznopoaa (H,S) v 3amuTel OT KOPPO3UU BO BPEMS
XPAHEHUS UJIU TPAHCIIOPTUPOBKU MOPEM.

J1J11 BHYTPEHHETO MHI'NOUPOBAHUS OOBEM
WHTHOUTOPA PA3MEIIAIOT MEXKAY ABYMS AYKAMU IEHBI
U NIPOKAYUBAIOT IO F'HOKOI TPy6E A30TOM, UTOOBI
pacnpeenTb PABHOMEPHBII CJIOH UHTHOUTOPA
O BHYTPEHHEN TOBEPXHOCTHU TPYOBL 3aTEM,
MOCJIE 3aKAYKH A30Ta, 062 KOHIIA THOKOM TPyObl
T€PMETU3UPYIOT IIPU JABJICHUH HECKOJIBKO BBIIIE
ATMOC(EPHOTO.

PEMOHT NOABECKWN KOJITKOBUHTA

B marepuanax 10-ro 3aceganus EBponencKkoro
KPYIJIOrO CTOJIA IO KONTIOOUHIY U
BHYTPHUCKBAKUHHBIM paboTam 10—16 Hosi6pst 2004 1.
ObLIa OITYOJIMKOBAHA NIPOLIEAYPA «YCTPAHEHUE
J1e(PEKTOB HA IOBEPXHOCTH KONTIOOMHTA», IPUHATAS B
«I'BC» B Ka4eCTBE CTAHJAPTHOI'O METOAA YCTPAHEHHU

technologies

clearance between the maximum outer diameter
and minimum inner diameter in the sealer — less
than 0.05 cm.

COILED TUBE DISPOSAL

Regardless of the abovementioned operational
limitations in terms of geometry, the decision on
tube’s full withdrawal from operation is stipulated
by the residual fatigue life in accordance with
the computer record and tube history traced by
AradiaCTOperations. Experience shows that hardly
any coiled tube operates to the very end of its fatigue
life, as it is impossible to avoid damage, corrosion
and other destructive factors affecting the tube
throughout its operation life.

As it has already been mentioned, when a coiled
tube’s run distance reaches 150,000 meters it is
necessary to inspect the tube. However, as Figure 2
shows, a coiled tube may run much more than
150,000 meters without reaching its critical
operations limit. To prolong the tube’s operating
life it is possible to shorten its end section in order
to move the fatigue wear to another tube’s section,
which was subject to plastic wear to a lesser extent.
Regardless of its residual fatigue life, the tube can
be withdrawn from operation under conditions
posing high failure risk, such as operation in H,S
environment.

CORROSION PROTECTION

Coiled tube is prone to different impacts — both
chemical ones and impacts of the environment the
tube operates in. On average 30 to 50% of all the
tube failures are attributable to corrosion. Corrosion
is an irreversible process, so if it occurs you are never
able to fully eliminate its consequences. In TWS we
do the following corrosion protection procedures:
corrosive liquids displacement with the use of
nitrogen, acid neutralization after acid treatment
jobs, application of an anti-crack inhibitor for H,S
environment (this inhibitor prevents impact of
liquid H,S and protects from corrosion during coiled
tube storage and transportation by sea).

For internal inhibition we put a certain amount
of inhibitor between two packs of foam and pump
it through the coiled tube with the use of nitrogen
to evenly distribute the inhibitor on the tube’s inner
surface. Then, after pumping the nitrogen in, both
ends of the coiled tube are sealed at the pressure
slightly above the atmospheric one.

COILED TUBE REPAIR

The proceedings of the 10th European Coiled
Tubing and Well Intervention Round Table, held
on November 10—16, 2004, contained a procedure
titled “Repair of Defects on the Coiled Tube’s
Surface”. This procedure is applied by TWS (when }
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needed) as a standard method of repairing external
surface defects. The latest version of FlexorTU
software allows forecasting total fatigue recovery as
a result of repair by grinding in accordance with the
mentioned procedure.

We conducted different research in the field of
coiled tubing repair using butt welding and circular
welding. If manual arch welding is applied, fatigue
life of such butt and circular welds is usually 25-40%
of the fatigue life of a tube without welds. Besides
fatigue endurance monitoring with the use of
Cerberus software, it is possible to cut the butt weld
out of the tube and weld the tube again after several
trips (10 to 20) depending on the peculiarities of the
jobs it performed. Let’s suppose that high-quality
arch welding provides 40% of the base fatigue life
of a tube. It is quite clear that coiled tube repair that
requires grinding the material to the depth of 35% of
the wall thickness and more is better to be done by
means of butt/circular welding.

The latter method is more preferable, especially
COBEPLLEHCTBOBAHWE . in case of numerous defects, when grinding is not
KOHTPOJ14 SKCINIYATALUNOHHON practical.

NPUTOAHOCTU TMBKOW TPYBbI

<«I'BC» npeAnpUHUMAET IOCTOSHHBIE YCUJIUS IO
YIIY4YIIEHUIO IPOIPAMMBI MUHUMM3AIIUH PUCKA OTKA3a
U YBEJIMYEHU S CDOKOB 3KCIUIYATAIIMU ITOJIBECKU
KOJITIOOHHTA. B KaueCcTBe NpHUMeEPa IPUBEAEM
CJIEAYIOIINE UCCIENOBAHMUA U PA3PAOOTKH, 4 TAKKE
AHAJIOTUYHBIE IPOEKTEL, IPOBOAUMBIE B JAHHOE BPEMSI
WA HAXO/SIUECS HA PACCMOTPEHU:

* YCTaHOBKA M UCIIOIb30BAHHUE ATITAPaTa

HAPY>KHBIX IOBEPXHOCTHBIX A€(PEKTOB 1 MIPUMEHSIEMAS
0 Mepe HEOOXOAMMOCTU. [TocneHsA S BEpCUs
1O FlexorT'U o3BoIsET CIPOrHO3UPOBATH OOIIEE
YCTAJIOCTHOE BOCCTAHOBJIEHUE B PE3Y/IBTATE HIIUD-
PEMOHTA B COOTBETCTBUH C JAHHOU IIPOLIEAYPOU.

IIpOBOAUINCH PA3TMYHBIE UCCIEAOBAHUSA IO
PEMOHTY KOJITIOOMHTA ITPH HOMOIIU CBAPKH C
HCIIOJIb30BAHUEM IIBOB BCTHIK 1 KOJIBLIEBBIX ITBOB.
Kaxk mpaBuIo, yCTaJIOCTHAA CTOMKOCTD CTBIKOBBIX U
KOJIBIIEBBIX IIIBOB COCTABIAET 25—40% OT CTOMKOCTU
TPyObI 6€3 IIBOB, €CJIN MBI ObLIN PE3YIBTATOM JYTOBOH
CBaPKHU BPy4YHYIO. [IOMMMO MOHUTOPUHIA YCTATIOCTHON
crorikocTu npu nomoinu I1O Cerberus, CTBIKOBOH IIOB
MOKHO U3BATb U3 TPYOBI M CBAPUTD €€ 3aHOBO ITOCJIE
Heckonbkux CITO (ot 10 go 20) B 3aBUCHUMOCTH OT
OCOOEHHOCTEN KOHKPETHBIX PAOOT. IIpeanonoxum,
YTO BBICOKOKAYECTBEHHAA JyTOBas CBapKa AaeT 40%
OT 6A30BOT'O YCTAIOCTHOI'O PECYPCA, IOHATHO, YTO
PEMOHT rMOKOU TPYOBL, TPEOYIOMIUI IITU(POBKHU
MaTepHaIad HA TITyOUHY 35% TOJIIUHBI CTEHKH U
boJiee, JIydIre OCyIeCTBISATh IPH TOMOIU CTBIKOBOF/
KOJIbLIEBOX CBAPKM.

3a4aCTyIO NOCIEAHUM METO IIPEAIIOYTUTEIIBHEE,
OCOOEHHO B CJIy44€ MHOI'OYHUCIEHHBIX ITIOBPEXKEHNM,
KOI'ZJa IIJIN(P-PEMOHT HEMTPAKTUYEH.

IMPROVING CONTROL OVER COILED
TUBE’S OPERATIONAL ABILITY

TWS makes continuous efforts to improve its
program aimed at failure risk minimization and
prolongation of a coiled tube’s operational life. As
an illustration of the abovementioned, below we
mention our research and developments as well as
similar projects being currently implemented or

IJIACTUYECKOM yCTAIOCTH (AITY): MOHUTOPUHT
SKCIUTYATALIUU KOJITIOOMHTA, JOIOJIHUTEIbHBIE
UCHBITAHUA HA IPEJMET Ne(PEKTOB U ITIOBPEKICHUIA,
YCTAJIOCTHBIE XAPAKTEPUCTUKH CTBIKOBBIX/
KOJIBLIEBBIX CBAPHBIX IIIBOB, UCCJIEIOBAHUS U
Pa3paboOTKU HHCTPYMEHTOB JIJI1 KOJITIOOUHTA.
IIporpamMma MOHHUTOPHUHIA: TOAPA3yMEBAET
IIPOBEPKY OOPA3IIOB PAOOUMX ITOJIBECOK KOJITIOOMHI4,
MIPEJOCTABISAEMBIX C IPOU3BOJCTBEHHBIX YUACTKOB,
OLIEHKY UX 3KCIUIYaTAIIMOHHON NPUTOJJHOCTH,
BKJIIOUAst AITY IeICTBUTENBHBIX IE(PEKTOB U
OBPEK/ICHUI UCTIBITBIBAEMON TPYOBI.

MOHUTOPHHT B PEKHUME PEAJIBHOI'O BDEMEHU
HAPY>KHOT'O JUAMETPA, OBAIBHOCTH U TC 114
KPUTUYECKHX U BBICOKOITPO(HUIIBHBIX PAOOT.
INoaroToBKa ATInaca NOBPEXAECHNI F'HOKOM TPYObI A1
IIPOU3BOACTBEHHOT'O IEPCOHAJIA.

HIcIbITaHUA YCTAIOCTH OOPA3LIOB, U3BATHIX U3
CHHCAHHBIX ITOJBECOK, C LEJIBIO OLIEHKH OCTATOYHOT'O
YCTAJIOCTHOI'O pecypca.
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being under consideration:

* Installation and utilization of a plastic fatigue
device: coiled tubing operations monitoring,
additional tests with a view to defects and
damages, fatigue characteristics of butt/circular
welds, research and development of tools for
coiled tubing.

Monitoring program: includes examination of the
samples of operational coiled tubes from the sites,
assessment of their operational ability including
(plastic fatigue device) assessment of actual
defects of the tested tube.

* Real-time monitoring of the tube’s outer diameter,
ovality and wall thickness for critical and very
special jobs.

Preparation of Coiled Tube Defect Atlas for the
operating personnel.

Testing the fatigue of the samples of disposed
coiled tubes in order to assess their residual
fatigue life. @



