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CNCTEMA OLEEHKU TMBKUX TPYB

B nipeabiayiem BeITYCKe XKypHaa «Bpems
KOJITIOOHMHT'2» MBI OITMCBIBAJINA HOBYIO CUCTEMY OLIEHKH
cocrosHus rubkux Tpyo (I'T), koTopas usmepsier
JUAMETP U TOMIUHY CTEHOK I'T, BEBIYUCIAET UX
OBAJIBHOCTD U OOHAPYKUBAET Ae(PEKTHI [1]. JaTumnKHy,
paboraromue Ha apdexTe X0oI1a, UCTIONb3YIOTCS I
M3MEPCHUSI PACCETHUI MarHUTHOT'O TOTOKA (PMIT) B_
¥ B, 0CeBOIo u painaibHOIO TOJIE COOTBETCTBEHHO.
Bropas rpynma gaT4ukoB usmepsieT B_ i onieHKH
TOMIIUHBL CTEHOK I'T. JIaTUnKY, U3BMEPSIONINE BUXPEBBIE
TOKH, UCIIOIB3YIOTCS JJ1s1 ONpeAeacHus auamerpa I'T u
BBIYHMCJIEHUS UX OBAJIbBHOCTH.

OBaJIbBHOCTD BEIYUCJIAETCS IIPU MTOMOIIU CIEAYIOMEN
(HOPMYIIBL

0=200xD,_,. -D_)/@O, .. +tD,..)

B gaHHOM paboTe 6yAyT IPEACTABIEHBI HECKOIBKO
MPUMEPOB, OCHOBAHHBIX HA PE3YIBTATAX NOCIEAHNX
PaboT 1O O1IeHKE COCTOAHUSA I'T.

MPUMEPbBI NMPOBEAEHWA PABOT MO
OLEHKE COCTOAHUA HOBbIX TT

HOBBIE I'T HENOCPE/ZJCTBEHHO INOCJIE U3TOTOBJIEHVIA

Kaaxu6poska. Ha prcyHke 1 TOKa3aHbI YETHIPE
LJUKJIA KaTUOPOBKU, MPOBOJUMOMN JI1 HACTPOUKU
4YBCTBUTEIbHOCTH PMIT Ipy MOMOIIM 3TAIOHHOI'O
06pas11a, KOTOPBIA NEPHOJUYECKU TOBOPAYUBAIOT HA
90 rpanycos. ITokazaHue ¢ HAUOOIbIIEH AMILUIUTYOMA,
PACIIOJIOKEHHOE Y IIPABOI'O KPasi BCEX YETBIPEX
U300PAKECHUI, HA CAMOM JIEJIE TTOSBJISICTCS U3-32 PMII
KBa/IPATHOM O6IACTHIO, KOTOPAs ObLJIA BIPE3aHA U3
3TAJIOHHOI'O 0O6PA311A.

PMII-curuaji OT HaCKBO3b IIPOCBEPJIEHHOI'O OTBEPCTHUA
guameTpom 0,794 MM pacCIiONOKEH B LIEHTPE KAXKJOTO U3
YETBIPEX U300PAKEHUI.

YyBCTBUTENBHOCTD K PMII (pakTUUECKH
YCTAaHABIUBAJIACh IPH NIOMOIU V-OO6Pa3HOIO CUT'HAIA
(HE IIOKA3aHO).

CurHaiusl KOJXOHHBI I'T. PMII-curyaaasl a1s Ieaomn
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THE CTAS SYSTEM

In an earlier issue of CT Times!, we described a new
assessment system for CT that measures diameter
and wall thickness, computes ovality, and detect
imperfections.Hall effect sensors are used to measure
the magnetic flux leakages (MFL) B_ (axial field)
and B, (radial field). A second sensor set measure B_
for wall thickness measurement. Eddy current lift of
measurement sensors are used to determine diameter
and for the ovality computation.

Opvality is computed from

6= 200 X (Dmax - Dmin) / (Dmax + Dmin :
In this paper, we present some examples of recent
assessments.

EXAMPLES OF NEW TUBING ASSESSMENTS

NEW TUBING IMMEDIATELY AFTER MANUFACTURE
Standardization. Figure 1 shows 4 standardization
runs with the reference standard rotated at 90 deg
intervals to set MFL sensitivity. Largest indication at the
right hand end of each run is actually the MFL from a
square area that was milled out of the reference standard.
The MFL from the 1/32-nd inch through drilled hole
(TDH) is shown near the centre of each run. Sensitivity to
MFLis actually set using a notch signal (not shown).
String Signals. MFL signals for the entire string
(Figure 2, about 12,600-ft) are shown in the 2nd (blue)
trace, and indicate noise from internal seam weld
variations for many of the strips that make up the string,
The wall thickness trace (green — maximum wall, red
— minimum wall, blue average wall) shows one tapered
bias weld very clearly, and the OD trace
(green —maximum OD, red — minimum OD,
blue - average OD) showswhere many of the bias welds
are, and some small ovality at the thin end.
Figure 3 shows typical indications from excess seam
weld flash penetration at 1298-ft. from the start of
the run. The peak-to-peak amplitude for the largest
indication here is 140 Gauss. The inspector performs this



KOMOHHBI I'T (PUCYHOK 2, IJTMHA KOJIOHHBI OKOJIO
3840 M) IOKA3aHBI HA BTOPOU (CUHEIN) KpUBOI. OHU

NPENCTABIAIOT COOOI ITyMBbI OT BHYTPEHHUX POITHUKOBBIX

IIBOB MEX/1Y TOJIOCAMMU HITPHUIICA, (POPMHUPYIOMIETO
KONMOHHY I'T.

KpuBas TONUHBI CTECHKHU (3€/ICHAS — MAKCUMAJIbHAS
TOJIIINHA, KPACHAA — MUHHUMAJIbHAS TONIIUHA, CUHASL —
CpeaHAsA TONIHUHA) O4EHDb YETKO MTOKA3bIBAET YITIOBOU
OB TMOKOU TPYyOBI IEPEMEHHOTO TUAMETPA.

Kpusas napyxHoro auamerpa (HI) (3eyeHas —
MakcUMaabHbIM H/I, KpacHas — MUHUMAIbHBIA H/
CuHAA — cpeanni HJI) MOKa3bIBAET, T/I€ HAXOAATCS
YIJIOBBIE IIBBI, 4 TAKXKE HEOOJBIIYIO OBAJIBHOCTD CO
CTOPOHBI MEHBIIET'O JUAMETPA.

Ha pucyHKe 3 MOXXHO BUAETD XAPAKTEPHbIE CUTHAJIBI,
YKAa3bIBAIOLINE HA YPE3MEPHYIO IIPOIIJIABKY 3ayCEHIIA
POJIUKOBOTO IIIBA B parioHe 395,6 M OT HAYaJ1a KOJIOHHBL
VIBOEHHASI AMIUINTY/ 14 HAUOOJIBIIIETO U3 ITIOKA3AHUMI
cocrasseT 140 I'aycc. MHCIIEKTOP BBIIOIHAET
yBenndeHue nzoopaxenus (PMII-curnan B 'ayccax
B 3aBUCHMOCTH OT IOJIOKEHUS BJIOJIb TPYOBI U ITO
€€ OKPY>KHOCTH) IOKA3aHUH B PAMKAX IIPOLIEAYPbI
npoBEPKU. TpexMepHOE N300PAKEHUE TOJIE3HO JIJIS

OIIpENIENIEHUA ITAPAMETPOB UICTOYHHKA PMII-CUTIHAJIOB BO

BpeMs IPOBEPKU. [IJIMHA IPEACTABIECHHOIO HA PUCYHKE
OTpe3Ka TPyObI cOCTABNAET 0,3 M.
Hudposas peHTreHorpaMma (CACIaHHAA

NPOU3BOAUTEIIEM) UCTOYHUKA OJHOTO U3 PMII-cUraanos

MOKA3aHA HA PUCYHKE 4. POJTMKOBBIN IOB HAXOUTCA B
BEPXHEN 4aCTU PUCYHKA. [TOXOXe, 94TO MaOJI0OHHBIN HIap
HE YJAJIUJI 3TOT MAJIEHBKUI IE(DEKT.

Pucynox 3 — Yeeauuennoe usoopasicenue PMIT-
CuzHal06 om ooracmu mpyost 8 paiione 395,6. m

Figure 3 - Zoom of one region of MFL indications
at 1298 ft

OnHUM U3 OOBSICHEHUH 3TOMY SIBJISIETCS TO, UTO
o6s1acTp 60J1€€E TOICTOM/MUPOKOH CTEHKHU IITPHUIICA
PaCILUIaBUIACh IPU NIPOXOXKAECHUU CKBO3b KATYIIKY
WHAYKIJUOHHOTI'O HAIPEBA BUXPEBBIMU TOKAMHU B TOT
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Pucynox 1 — Yemoipe yuxia Kkaruopoexu
Figure 1 — 4 standardization runs

Pucynox 2 — Bce cuznanvt om k0a0uHoL I'T
Figure 2 — All string signals

blow-up (MFL Gauss vs location along and around tube)
of local indications as part of his prove-up procedure.
The 3D image is helpful during prove-up for determining
the parameters of the source of the MFL. The axial length
represented in this picture is 1.00-ft.

A digital radiograph (taken by manufacturer)
of the source of one of the MFL indications is shown
in Figure 4. The seam weld is at the top of the picture.

It appears that the drift ball did not dislodge this small
piece of spume.

One explanation for this is that an area of thicker/
wider strip wall melted when passing through the eddy
current induction heating coil when the tube was being
formed from skelp, and formed a ball of molten steel
under its own surface tension, much as water dripping
from a spigot would do. It then cooled. During the
subsequent passage of a steel gauge ball through the
tubing, the material that was hanging down was knocked
off, and ended up in the hydrotest fluid. What we see here }
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TEXHOJIOT'NH

MOMEHT, KOI'/1a TPy6y (POPMUPOBATIN U3 HITPUIICA.

B pesynbrare noa JeUCTBUEM COOCTBEHHOI'O
THOBEPXHOCTHOTO HATSXKEHUS OO6PA30BAJICS KOMOK M3
PACILIaBIEHHON CTAJIH, TOJOOHBIN TOMY, KOTOPBIH ObI

06Pa30BAJICA IPU OOPBITUBAHUM TPYObI BOJOY U3 KPaH4.

3aTeM 3TOT KOMOK OCTBIL. BO BpeMs ITOCTIEYIONIETO
MIPOXOK/ICHUS CTAJIBHOI'O MTAGJIOHHOTO I1aPa 10

KkonoHHe I'T mpoBHcaBIINIT MATEPHAJI ObLI COUT U YHECEH

SKUJKOCTBIO JIJIS1 TUAPOUCTIBITAHUN. TO, 4TO MBI 3/1€Ch
BU/IUM, IIPEACTABIAECT COOOI MIEHKY, OCTATKU KOTOPBIA
ObLTY BBIHECEHBI U3 KOJIOHHBI.

DTO HE TAKOE penkoe apiaeHue. MHoraa nocue
MPOBEICHUS T POUCIIBITAHNI MOXXHO COOPATh
MHOTO MOAOOHBIX OCTATKOB, BBIHECEHHBIX U3 KOJIOHHBI
CKpPEOKAMU.

K coxxasIeHHIO, 3TO ABIAIETC IpobieMoit At PMIT-
AHAJIN34, HOCKOJIBKY IIPUBOUT K HEXKEJIATEIbHBIM
TMOKA3aHUSIM.

HOBASA I'T, KOTOPASI XPAHWJIACb 3TO4A

Hac monpocuy OLeHUTb COCTOSTHHAE HOBOY KOJIOHHBI
I'T, KOTOpAasl XPAHUJIACH B XBIOCTOHE B TEUEHHE TPEX
JIeT. MBI OGHAPYKWJIH, YTO KOJIOHHA ObL/IA ITOKPBITA
HUTTUHIOBON KOPPO3UEN (CM. PUCYHOK 5), HECMOTPA
Ha TO YTO I'T 6112 TOKPBITA CJIOEM COOTBETCTBYIOIIETO
UHTUOMTOPA. MTHIrMOUTOPBI KOPPO3UU HE MOT'YT
3AMUIATH KOJIOHHY BEYHO IIPU TAKUX KJIMMATUYECKUX
YCIOBUAX, KOTOPBIE HAOTIONAIOTCA B XbIOCTOHE U PAJIE
JPYTUX LEHTPOB HE(PTEra30806br4u. IToaTOMY /11
NPOAJIEHNUSA CPOKA CTYKOBI KOJIOHHBI I'T HEO6XOAUMO
MPOBOJUTH €€ TEXHUYECKOE OOCITYKUBAHUE,

[IPE/IYCMATPUBAIOIIEE PETY/ISIPHOE IOBTOPHOE HAHECEHHE

HHTUOHUTOPOB.

H3Mepsas reoMeTprdecKUe napameTpsl (AIMHa,
IMMUPHUHA, NIYOHMHA) HAUO0JIEE KPYITHBIX KOPPO3UOHHBIX
A3BUH W UCIIOJIb3Y4 3TU JAHHBIE B IpOorpamme Flexor,

MBI MOYKEM OLIEHUBATH PA3HUILY B CPOKAX CITYXKOEI,
NPECKA3bIBAEMBIX TPAJAULIMOHHBIMU MOJEIAMU
Pa3BUTHA YCTATIOCTH, KOTOPBIE HE YYUTBHIBAIOT
MOBPEXKECHHUA, U PEAJIBHBIMUA 3HAYEHUAMU,
HAO6JIIOAAEMBIMU TTOCJIE OCMOTPA KOJIOHHBL

Ha rpaduxke, n306pakaromeM TOMIUHY CTEHKU [T,
BU/IHBI HEKOTOPBIE HENTPEPBIBHO CYKAIOMIUECT OTPE3KH.

Ha pucyske 6 TOKa3aHbI KPYIVIOJOHHBIC SI3BHHBI
(MakcuMasbHas 11yoruHa — 0,457 MM, 8,5% OT 06111t
TOJIIMHBI CTeHKU I'T) B parione 3988 m. [Iy1s1 OJIyYeHU I
3TUX JAHHBIX CUCTEMY OTKAJIMOPOBAIN IIPU ITOMOIIN
HACKBO3b IIPOCBEPJIEHHOI'O OTBEPCTUA JUAMETPOM
1,588 MM, KOTOPOE OOBIYHO SABJIAETCS 3TAJIOHHBIM

UHAUKATOPOM IIPU HACTPOUKE YyBCTBUTEIBHOCTU PMIT-

CHUCTEMBI IEPE, IIPOBEPKON KOJTOHHBI I'T.

Ha pucynke 7 nOKa3aHO yBeJIMYEHHOE
unzobpaxkenre PMIT-CUIHAIOB OT U TTUHI'OBBIX
SI3BHH, IIPEJICTABICHHBIX HA pUCYHKe 6. [Togo6HOe
YBEJIMYEHUE O3BOIAECT UHCIIEKTOPY OIIPENENATD, ITIE
Ha I'T HaxoAATCsA AEMPEKTHL, 1 B ITUX MECTAX IIPOBOIUTD
YJIBTPA3BYKOBOE CKAHUPOBAHUE, KOTOPOE IAET
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is the remaining neck, the rest having been pushed out of
the tubing.
This is not uncommon, and sometimes, large bags
of this “spume” is collected after the hydrotest, being
pushed through the tubing by the wiper balls.
Unfortunately, this is a problem for MFL, as it produced
unwanted indications.

Pucynox4 - Hugppoeasn penmzenozpamma
U306IMOUHO20 ZPama Om HympeHHezo
poaurxoeozowmea

Figure 4 - Digital radiograpb of excess spume
banging from the internal seam weld

NEW TUBING STORED FOR 3 YEARS

Asked to assess a new string that had been in storage
in Houston for 3 years, we found the pitting shown in
figure 5 even though the tubing had been protected
by a coating (protective coatings do not last for ever
in climates such as Houston’s, or elsewhere, and a
maintenance programme which includes regular
reapplication of coatings is an essential part of making
string last).

Measuring the dimensions (length, width, depth) of
the worst of these pits and using these data in the Flexor
programme can then be used to indicate the difference
in fatigue life as predicted by conventional fatigue models
which do not account for damage, and the reality found
by inspecting the tubing.

Some continuously tapered sections are seen on the
wall thickness channel.

Figure 6 shows round-bottomed pits (max depth 0.018-
in,, 8.5% of specified wall) at 13,085-ft. To get these data,
the MFL section of the instrument was standardized on
a 1/16th-inch through drilled hole (TDH), which is our
usual MFL reference indicator for setting the sensitivity
prior to inspecting used tubing.

A zoom of the MFL from the pitting in Fig 6 is shown
in Figure 7. This type of zoom enables the inspector
to determine where the imperfections are along and
around the string, and thus determine where to scan with
ultrasound if they originate mid-wall or ID.

This small wall loss was not considered by the owner to
be sufficient to seriously affect the fatigue performance
of the tubing, and the tubing was placed in service, but
the fatigue life was lowered by the owner to allow for this
pitting.



Pucynox 7 — Cuznanot PMII, zenepupyemoie
COBOKYNHOCMBIO A36UH HA 6HEUIHEU NOSEPXHOCMU
mpyosl, HAXOOUBMLEIICA HA XPaHeHuu

Figure 7 — MFL Image of a row of pits in the OD
ofgstored pipe

UH(OPMALIHIO O TOM, T€ 6EPYT HAYAJIO ITU SI3BUHBL

CoO6CTBEHHUK JAHHOM KOJTOHHEI I'T ITocYuTaj 3To
HEOOJIBIIIOE HCTOHYEHUE CTEHOK HEJOCTATOYHBIM JIJI51
TOT'O, YTOOBI CEPBE3HO MOBIUATD HA €€ YCTAJIOCTHBIE
XaPAKTEPUCTUKU. TpybHa ObLIa BBEIEHA B SKCILIYATAIHIO,
OJJHAKO CPOK €€ CJIY2KOBI ObLJI YMEHBIIEH C ITOITPABKOU HA
OUTTUHTOBYIO KOPPO3HIO.

3aMETBTE, UTO UCCIENOBAHUS, IPOBEJCHHBIE
B YHUBEpPCHUTETE ropoza Tanca, Moka3aau, 4To
KPYTIJIOAOHHBIE I3BUHBI HA BHEITHEN IOBEPXHOCTH,
INIYOMHA KOTOPBIX COCTABIAET MeHee 10% oT ob1men
TOJIUHBI CTEHOK I'T, HE OKA3BbIBAIOT CEPE3HOTO A(P(PEKTA
H4 YCTAJIOCTHYIO JOATOBEeYHOCTD I'T. B Tabnuiie 1
MIPUBEJICHBI PEZYIBTATHI PA6OTHI IPOI'PAMMBI
Flexor TU 6.1 0 MOIEIUPOBAHUIO YCTATOCTH ['T
(mapku CT110) ¢ TOMIIUHOM CTEHKH 5,33 MM, I3BUHOM
m1y6unHon 0,458 MM, BHYTPEHHUM JlaBiaeHueM 20,7 MI1a,
Haxopsmencs Ha 6apadane paaunycom 1,07 M.

«HeTt» =I'T 6€3 KOPPO3ZNOHHBIX NTOBPEKICHUI,

«I3BMHA» = KOJI-BO CITYCKO-TIO//bEMHBIX OIEPAITNH C
KOPPO3UOHHOM A3BUHOM,

«Y[Ian. A3BUHA» = KOJI-BO CITYCKO-TIO/bEMHBIX OIIEPALINH
C A3BUHOW, YJAJIEHHOI IUIM(POBKOM.

Taoruua 1 — Boiuucaenua npozpammsot Flexor
Table 1 - Flexor calculation

Jegperm
Flaw
Koz1-680 yux106 00
Trips to.. B SEET Yoan.
; A36UNa
None Pit R
emoved
BOo3HUKHOBeHUA MPeujumbL
Initiation of crack = 176 =
Omiasa 222 209 215
Failure
95%-1iyposers
00CmMoeepHOCIL 151 88 119
95% confidence }

technologies

Pucynox 5 — Credst nummunz060i Koppo3uu na
enewmneti nogepxnocmuI'T no éceii ee orune

Figure 5 — OD surface pitting indications throughout
partof'the string

Pucynox 6 - lummunzoeasn KOPPO3us Ha eHemnei
noeepxnocmu 6 paiione 3988 m

Figure 6 — OD surface pitting at 13,085-ft

Note that research at the University of Tulsa has
shown that OD surface round-bottomed pitting that
is less than 10% of the specified wall thickness deep
does not have a serious effect on the fatigue life of the
tubing. Table 1 shows the results of running the Flexor
TU 6.1 programme for the 0.018-in. deep pit at 0.210-
wall tubing, with an internal pressure of 3000 psi on the
tubing, while on a 42-in. radius reel, and using a grade
of 110 kpsi. ‘Non’ = no pits present (i.e. the wall without
any pitting), ‘pit’ = trips over the guide-arch with the pit
present, and ‘removed’ = trips with the pit sanded out.

The table shows the trips to the initiation of a crack,
the trips to failure (i.e. the crack passing 100% of the way
through the tube wall), and the statistical 95% confidence
level in the “initiation” data. The numbers in the table
show the effect of the pit on the fatigue life of the tubing,
both leaving the pit in the tube wall, and removing it by
sand-paper. Obviously, different numbers would have
resulted if we had used a different internal pressure,
and reel and guide arch radii. However, calculations
with Flexor do provide the owner with a good idea
of the fatigue life reduction that is caused by leaving
imperfections in the tube OD surface, and by removing
them.

Wall Thickness. Figure 5 also shows wall thickness
variations along this string which has 3 continuously
tapered sections The wall thickness scan for the entire
string is shown in Figure 8, expanded vertically
(green — maximum wall thickness, blue —average,
red — minimum). One does not expect any wall loss
in new tubing other than from this pitting.

4
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Tabaua NOKA3bIBAET KOJTUYECTBO IIUKJIOB O
BO3HUKHOBEHUS TPEIIUHBIL, 1O OTKA34 (TPEIINHA
PaCIpOCTPAHAETCA HA BCIO AJTUHY OKPY>KHOCTU
TPYOBI), 4 TAKIKE CTATUCTUYECKUU 95%-11 yPOBEHB
JIOCTOBEPHOCTH /151 TAHHBIX O BOBHUKHOBEHUU
TPEIMHBL YUCIIA B TAOIUIE TOKA3BIBAIOT BIUAHUE
SI3BUHBI HA YCTAJTIOCTHYIO IPOYHOCTD I'T 1114 ciryvas,
KOTJIa I3BUHA HE ObLIA YAAJIEHA, U IS CJIy4dast, KO/l €€
VAAJIUIIU IPU HOMOIIHN NUTH(MOBKU. OUEBUIHO, UYTO MBI
OBI ITOJTYYUIN IPYTHE JAHHBIE, €CIU OBl UCIIOIb30BAJIN
Jpyry€ 3HAYEHUS BHYTPEHHETO JIABIEHU S, PAJUYCOB
6apabaHa u HanpasJsitoned. OJTHAKO BBIYHUCICHUS
nporpamMmsl Flexor mpeIoCTaBasAI0T KIMEHTAM
UHQPOPMAIUIO O TOM, KAK YMEHBIIIAETCSI CPOK CJIYKOBI
I'T B cny4gasx, Korga Ae(EKT Ha BHEITHEN TIOBEPXHOCTH
OCTAETCA 6€3 BHUMAHUA U KOI/JIA €TO YAAJIAIOT.

ToJXIIHMHA CTEHKH. PUCYHOK 5 TAK)KE ITOKA3bIBAET
KOJIE€6aHUS TOIIIUHBI CTCHKH BOIb BCEH JIJINHBI
KOMOHHBI I'T, KOTOPasi COCTOUT U3 TPEX HENPEPBIBHO
CYKAIONUXCA CEKIUN. YBETMYEHHAA B BEDTUKAJIBHOM
HAMPABJIEHUHN CKAHOTPAMMa TOJIIIUHBI CTEHOK BCEN
I'T npeacTaBiieHa HA PUCYHKE 8 (3€JIEHAS IMHUA —
MAKCHMAaJIbHAs TOJNIUHA, CUHAS — CPEHAA TONIINHA,
KpacHasa — MUHUMAJIbHAA TOMIUHA). OU4EBUIHO,
4TO UICTOHUYEHHUE CTEHOK B HOBOH I'T MOXET OBITH
O6YCIIOBJIEHO JIMIIb 3TOH MATTUHIOBOU KOPPO3UETL.

BbIBLLIAS B YITOTPEBJIEHVIN KOJIOHHA T
CucreMori 6pl1a UCCIEA0BaHA KOIoHHA ['T nuameTpom
31,75 MM, KOTOPAs NUCHOJIb30BAIACH JJII KUCJTIOTHBIX

06pa6oTok B CeBepHoit Jlynsnane. Ha paccrosrum 610 m

OT HUKHETO KOHIA I'T 66111 OOHAPYKEHBI TUTTUHIOBAS
KOPPO3Hs M HEKOTOPOE NCTOHUYECHHUE CTEHOK. [lanee

OBLIIO OOHAPYKEHO HECKOJIBKO HEOOIBIIUNX (I1y6rHa < 10%

OT O6IIEN TOJNIIIUHBI CTEHOK) KAHABOK (CM. PUCYHOK 9).
OHu 61N yAAJIEHBI HIM(POBKOM 151 TOT'O, YTOOBI

W13 HUX HE HAYAJIM O6PA30BBIBATHCA ITOIIEPEYHBIE
YCTAJIOCTHBIE TPEIIUHBIL.

YBenudeHHOE n306paskeHre PMIT-CUTHAIOB,
WHAYLIMPOBAHHBIX KAHABKOI, [IOXOXEN Ha Ty, KOTOPAas
MIPEACTABIEHA HA PUCYHKE 9, MOXKHO BHJIETh HA pUCYHKe 10.
Taxoke Ha HEM ITOKA3aHbl MATHUTHBIE IIIYMBI OT
POIMKOBOTO 11BA (3EIEHBIE IIOJIOCHL). BepxHUii rpaduk
npeacTasaseT cooor PMIT-cUurHasibl OT HECKOIBKUX
JaT9UKOB. HY>KHUI IrparK NOKA3BIBAET CKAHOI'DAMMY
(360 rpamaycos) I'T, MecTONOMOXKEHHUE TePEKTA, A TAKIKE
PMII-curnaJjisl, KOTOPBIE, KAK MBI IIOJIATAEM, UCXOAAT OT
POJIMKOBOTO IIBA.

MBbI pEKOMEHJOBAIN YA AJIUTh HUXKHIOIO YACTh
KOJIOHHBI I'T 13-332 KOPPO3UOHHBIX TOBPEXKIECHUN U
UCTOHYEHUS CTEHOK. B ciryuasx, korga I'T nogsepranacey
KHUCJIOTHOMY BO3/ICHCTBHUIO, BAXKHO TOTYAC JKE
HEUTPAIN30BATDH KUCJIOTY IIEJIOYHBIM PACTBOPOM.

B nHOM Ci1ydae KUCI0Ta OyIeT CKAIINBAThCS
HEOONBIINMU JIY>KULIAMH B KA2KJOM M3 BUTKOB ['T

U MOXKET BBI3BIBATH CEPbE3HBIE KOPPO3UOHHDIE
MOBPEK/ACHUSA. DTO SIBJICHHUE U3BECTHO KAK «CKJIAJCKAS
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USED STRING

A 1.25-in. string that had performed an acid job in
North Louisiana was run through the system. Acid pitting
and some wall loss was found in the bottom 2000-ft of
the string. Further, there were several shallow (< 10%
deep) gouges (Figure 9) found, and these were removed
by sanding, so that they could not act as initiation points
for transverse fatigue cracks.

The zoom of the MFL from a gouge such as that shown
in Figure 9 is presented in figure 10. This screen capture
also shows the magnetic noise from the seam weld
(mainly green). The upper trace is MFL from several
sensors. Lower trace also shows a 360 deg scan around
the tube, with the imperfection location, and some MFL
that is believed to be from the seam weld.

We recommended removal of the bottom 2000 ft
of the string because of the acid damage and corrosive
wall loss. In cases where acid is run through CT strings,
itis also essential to neutralize the acid immediately
with an alkaline solution, or the acid will congregate in
small puddles at the bottom of each wrap the string, and
cause severe pitting at these locations. This has come to
be known as “storage corrosion” and was first reported
when inspection devices were first used in the North Sea.

FLEXORTU

Input parameters are diameter, wall thickness, grade,
pressure, real diameter, guide-arch radius. These data
permit the programme to calculate the cycles
on a fatigue machine, or the trips into a well,
as the case may be.
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Pucynox 8 — Cxanozpamma moauwunvt cmenox éceitI'T,
COeNannan npu noOMouju 6eCKOHMAKmHOZ0 MEeMmooa
usmepenus

Figure 8 — Wall thickness scan for the entire tube, taken
using a non-contact magnetic method

The programme also shows the expansion of the tube.
An inspector can then enter defect length, width and
depth in the upper right of the screen, and immediately
compute the effect of that defect on the fatigue life
of the tubing at that point. Finally, the inspector can
compute the effect of removing the defect by sanding,

As seen above some fatigue life generally returns when
defects are smoothed out, so smoothing is a very
acceptable procedure. It has now become commonplace
when performing an API 55T SR37 inspection of new
tubing to smooth out OD surface imperfections. It is
recommended that the length of the smoothing is at least
twice the diameter of the tubing. The effects of whether
adefect is cut into the tube surface (i.e. some metal is
removed), or is impressed into the surface (i.e. no metal is
removed) are shown in the column on the right, and the
two cases giver very different results.
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KOppOo3ust». Briepsble OHa ObL1a O6HapyxeHa Ha I'T|
KOTOPBIE 3KCILTYaTUPOBAIHCH B CEBEPHOM MOPE, CPA3Y
MIOCJIE HA4aJ1a UCTIOIb30BAHMA TAM KOHTPOJIBHO-
U3MEPUTEIbHOU ANIAPATY PhL

NMPOrPAMMA FLEXOR TU

B kaueCTBE BXOHBIX IAPAMETPOB UCIOIb3YIOTCS
JUAMETP, TOJIIUHA CTEHOK, JABJIEHUE U PEAJIBHBIN
IuameTp, Mapka craau I'T, a TakKe pajinyC KPUBHU3HBI fc' zz%’;:’:;% Kanaexa na 6vi6weti 6 ynompeorenuu
HAIIPABJIAIOLICIH. DTU JAHHBIE ITIO3BOJIAIOT IIPOI'PAMME Figure 9 — Gouge found on used string. These are
BBIYHCJISATD KOJIMYECTBO LIUKJIOB Cruoanusa I'T Ha quite common, and easily removed
YCTAHOBKE I UCTIBITAHUN HA YCTAJIOCTD WX YHUCJIO
CITyCKO-TIOJTbEMHBIX ONEPAIIUI, KOTOPOE MOXKET
BbJIEPKATh ['T, B 3BUCMMOCTH OT PAa3/IMYHBIX
OOGCTOATENBCTB.

IIporpaMma TaKXe MOKA3bIBAET PACTAKEHHE TPYOBDL.

OnepaTop-AePEKTOCKOUCT MOXKET B BEPXHEM
MPAaBOM yIJIy 9KPaHa BBECTHU JJINHY, TONIIUHY U [NTYOUHY
Je(PEKTA U MOMEHTAJIBHO PACCUYUTATD BIUAHHUE ITOT'O
Jed€eKTa Ha YCTAIOCTHYIO TPOYHOCTH I'T. M, HakoHe1,
OH MOJKET BBIYUCIUTD NOJIOXKHUTENBHBINA 3(D(PEKT
OT YAANEHHU 3TOrO AedekTa nuIn@OBKOH. [Tocne
IIIU(POBKU AEPEKTOB OOBIYHO MPOUCXOAUT YACTHUIHOE
BOCCTAHOBJIEHUE YCTAJIOCTHON NPOYHOCTHU I'T. [ToaTOMy
NIH(OBKA SABISETCS BIIOJIHE IIPUEMIJIEMON IPOLIEAYPOI.
Certyac npy IpOBEAEHNH IIPOBEPOK HOBBIX KOJIOHH
I'T no cranpapty API 58T SR37 mutndoBka 1eeKToB
Ha BHEITHEN TOBEPXHOCTH CTAJIA OOBIYHBIM JIEJIOM.
PexomenpayeTcs, 9TOObI JJIMHA IU(PYEMOIO YIACTKA Pucynos 10 - Iipedensnuii nopoz uyscmeumensuocmu
OBblJIa TIO MEHBIIICI Mepe B 1BA pa3a ooibiie guamerpal'T. @ PMIT x udoenmupurxauuu kanaexu 6 paiione 3788.m

Figure 10 — Gouge MFL breaking threshold at 12427-ft
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