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fl The present invention relates generally to the field of non-destructive
testing and, nore particularly, to a nethod and apparatus for cleaning and

i nspecting tubulars i ncludi ng inspecting.for flaws in pipe sequentially
usi ng pul se echo and time of flight diffraction (TOFD). BACKGROUND OF THE

| NVENTI ON There has | ong been a need for nethods of cleaning and inspecting

tubul ars, particularly Tﬁsefm@ jigal nmet hods used
t oday |ncI ude di sassenbpﬂng the riser pi pg?ﬂorh ‘arig, transporting the

riser pipe to a é d and there conducting inspection and testing of the
t ubul ar hnlques Such a nethod is not only expensive

and tinme consum ng, but al so very disruptive of normal operations on the

rig. Thus, t hﬁ{eeprés%ﬁﬁin%lﬁwﬂ%ﬂte‘?s enérally & ﬁﬁ‘ 44 oPpbhlacktRbiivsResd £, more

tubulars on site to down tinme of e rig, and to save the cost s~ of

tr aﬂs por tpangcuéa;h' noem:hqthﬂdragilj @wm deangrrad mpeqln@ge@tlim incinding ltgémlectmg fﬁr
t echni que used. at the r or .t t ubul ars ave
certain RER S q"\?ﬁ?%i é’&’?fﬁ.e‘g%" dh 90@@1@# %ﬁ‘%@ﬁ gﬂ)@%) detect flaws

In structures, parti cul arIy wel ds in such structures. The ability to

detect flaws in structures such as tubulars in drilling and production
rigs and pipelines is especially critical before any catastrophic failure

occurs. g @]gégm ng{,Eﬂjtﬁ jy structures has proved to an effective
and practica ol "'for nondestructive testing (NDT). Known ultrasonic
technl ques tyEBcaI ly yield reliable exam nation results. However, sone

geonet ri es makBerr hasiong beema serdcior acthvdy o€ slegnipg pad, inspesting W&‘Eﬂ!ﬁﬂé’

nccopt anEor R e A L Ppied S nall Bk DR B PR IR 1A SO
Thi s t echriggrmspotisg the asabipedas gmrﬂm:pdtthge dmémhngnanechhmniﬂbﬂmg of thedutiugar

axi al using well known techniques. Such a method is not only expensive and time consuiming, but also

very disruptive of normal operations on the rig.

Thus, there remain aneed for a system and method of inspecting tubulars on site to minimize
down time of the rig, and to save the costs of transporting and rcﬁ:ming the tubuiars under
inspection.

_ Even the techniques used at the yard for the testing and inspection of tubulars have certain

- drawbacks. Various techniques have been developed to detect flaws in structures, particularly welds

 in such structures. The ability to detect flaws in structures such as tubulars in drilling and production
'_ rigs and pipelines is especially critical before any catastrophic failure occurs.

Ultrasonjt: testing of metal structures has proved to an effective and practical tool for
nondestructive testing (NDT). Known ultrasonic techniques typically yield reliable examination
‘results. However, some geometries make known ulirasonic techniques difficult or even imptbssible

- to apply, or yield inaccurate resulis.

One technique that has gained common acceptance in the NDT field is referred fo as the
ec}ﬁodynamic technique. This technique consists of measuring the duration of the defect echoin axial

or circumferential tube direction when the ultrasonic probe (in pulse-echo mode) is moved over the



or circunferential tube direction when the ultrasonic probe (in paVsM%Y,r%p(m
node) is noved over the 1 27 May 2005 defect. Such a defect may invol ve
slag, porosity, stress cracking, or other anonalies fromthe anticipated
metal grain structure. In the pul se-echo node, the depth of a defect is
calculated fromthe probe displacenent distance at which a defect echo was
pi cked up. To detect the defect, the anplitude of- the defect echo should

be above ngfse Suei gl defddpﬂayr%vow@smg gﬁ‘érﬁﬁiys S&E@tcrmgot)r ofdRf bh6rdhlfds FoHh Ry N
escape detection if they are orientéd in.a particular way relative to'the -
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However, ampBfug¥ b@ltﬁd aef&gsaehd: kRR6hld beeabayé BBise IRl tI@&W%guﬁaﬂya&efm&acﬁet@ﬂ n
flaws, and thls fact has |ead to the devel opnent of other testinhg

t echni qu egarmrﬂér qneanescapeidgieetion i fheycare eﬁented:m praticularopp) relghive tfbthé peRied
by the AEﬁhﬁ %c eLtﬁ"lJQq ¥ réﬁs%%'ti:@!r&]t E}hﬁfﬁk 9ﬁ ﬁp}?algl echo

met hod of *accur ate y Si moni tor roug
i N-servi c&cﬁﬂJ@wsusadhﬂlﬁemsémmvenm&wmosﬁmrmamh@m&aaﬁnmngmpeman\mmkuess
qui ckly. ﬁeco ni zed thq%fithe thod was equally effective, for the de ection

of f 1 aws, PPFPEEFERTTPES W?Bg e Pulseieehn it adiemaypes qertain flagis g hges
not rely Egﬂﬁ%a@feio?gehydftdﬂn&fteshﬂﬁt&hﬁ Yuesat her, TOM detects the

diffracted sound initiating fromthe tips of the flaw |n TOED, a

transmtting pro em_t t burst .of sound energy into a material and
the tsound ener$ ?fl Péé‘z‘gﬁbﬁ giipndecipigia GOND) Bas dengloped by A sdiasyel he

ener gy i g h&fald¢ bt BriliOM thte'}ﬁdfsle@é!ﬁé%k' %Ciﬂah@(i of Q&u‘f‘aﬂé?ghﬂgs d{ﬁ%?%%gttﬁe

the flaw and 1s"diffracted away fromthe flaw. fraction o ) )
di f f r act gbroggiuwell beighiaifsn-sawiae daws inthe umclng ipdusy. FoFlweeldlinkpection.dtiwas quicdiy

which are_rece rece ol ved usin L npl e
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remains aneed for a nethod and systemfor detection of flaws fromwthin a

cyl i ndri &hedifiacied sopnd mitiging ﬁ@mdhﬁpb%"f)the flaw.
In TOFD, 2 transmitting probe emits a short burst of sound eriergy into a material and the
sound energy spreads-out and propagates in an angular beam. Some of the energy is reflected from
the flaw but some of the energy is incident to the flaw and is diffracted away from the flaw. A
fraction of this diffracted sonnd travels toward a receiving probe. The diffracted signals which are

received by the receiving probe are time resolved using simple geometry calculations and are

graphically displayed in a grey scale form.

While the TOFD technique has proved effective for many geometries, there remains aneed
for a method and system for detection of flaws from within a cylindrical structure, such as a pipe or
riser stanchion. The present invention is believed to be the first structure and method of NDT using
TOFD from within 2 tubular such as a riser pipe. T ' '



riser stanchion. The present invention is believed to be the firs&/ May 2005
structure and met hod of NDT using TOFD fromw thin a tubular such as a.

riser pipe. 2 27 May 2005 SUVMMARY OF THE | NVENTI ON The present invention
addresses these and ot her needs in the non-destructive testing art by

provi di ng a conprehensive systemfor the cleaning, inspection, and testing

of tubulars, particularly riser pipes. In a first.aspect of the present

i nventi on, P e R 2 tubul ar conprises cleaning, visually

I nspecting, corrosion nmappl ng, and TOFD testing the tubular. The present

I nvention is also adapted for use with new construction in which the

cl eani ng step e pesentiovention eddrassys thasesndetioerseeds ih fheamootdestructive tsstingdrt bne

i nvention,_a speci al desi gned aqr adapted tool is royi de r _eac f
the st eps’ BPVRRE S FRrREETaY S dbrsB APute iiProtion: » b sl b By
i ncl udes phRr ppbd. T firdt fassRSbf @€ présent iBPENRN] #BRMod T spectARG hibulEOidngises
dried drilling flui-ds and other materials. An air notor driven wire brush
with an aleagmgemisuallyoinspesting caerpsion seapping. $hé d QD desting theetubulsnl dhe present
small lin whi ¢h L nel I teri rQtrudi.ng i nto.

cylindrica ves Q’é;%gs, al%a%duapﬁfi#gle% e ggl cgggﬁcggfﬁéﬁ %])J %Fé:ge@gléltgg Eeg r IéOt be
brush. Theevdstay brsosile casy. Jalaseth@reashedt btk dnvayitian, | seiped filyadesizhedvart fiapted tosd fh

away cuttings, rust, a dust, The step of visual inspection conprises
movi ng a é’éf%‘é‘?eﬂ f?qﬁa%ﬁﬂtg‘ﬁfte?%%ﬂ%ﬁl?ﬂ’é’ﬂ: A digital |inear placement
transducer, referred to as an encoder, is provided to precisely locate the
camera W t hi nThdwepidfblebing ththeridedfthcdulinlmckedes Brevivéltif, $desiedd, foRerove loose

conput er d.to,a recorder. Sr a_ .permanent record. The step of _corrosion

mappi ng ea%rﬁ%dfé’ saﬁ%@féé@%@ﬁﬁn@@%&%ai& AR pE R SInyen wie brash wih ap.
A drive gyshem bl idheyhded of O gl i NQudl WIS
t hrough the tubul ér, gil!r,]d tﬁeﬂésorrpﬁfe _%@%@gﬁf%ﬁ@%ﬁ%@?ﬁﬁf ut heé:18
meppi ng. Aeietikl protredifOvie fetoytindrival gpacyi dediinmiodbisedto frbeidsd imprebmiethrbwirar
seam and ﬁ'lugl{ &5 wlirg%i'usﬁ Hmcag 3 be ?(iﬁ:wéd%?r a?eetfsggyso’fwsa&err ?OS“SIES%QIQNEL)F cuttings, rust, and

dust.

=]

The step of visnal inspection comprises moving a camera throughout the tubular. A digitat
linear placement transducer, referred to as an encoder, is provided to precisely locate the camera
~within the tubular. The camera provides a video signal to a computer and to a recorder for a

permanent record.

The step of corrosion mapping employs a pﬁlse echo system to map wall thickness of the

tubular. A drive system is provided to move the tool holding the pulse echo probes through the

. tubular, and the computer once again makes a record of the mapping. Finally, a TOM system is
. provided to detect flaws in the tubular seam and girth welds, such as inservice defects, siress and
- fatigne cracking, corrosion, erosion, weld fabrication defects; lack of fusion (LOF), slag porosity,

..

and other defects.

These and other features of the invention will be apparent to those skilled in the art from a

review of the following description along with the accompanying drawings.



fatigue cracking, corrosion, erosion, weld fabrication defects, | 2&May 2005
fusion (LOF), slag porosity, and other defects. These and other features

of the invention will be apparent to those skilled in the art froma

review of the follow ng description along with the acconpanying draw ngs. 3
27 May 2005 BRIEF DESCRIPTION OF THE DRAWNGS Figure 1 a is a side viewin
partial section of a cleaning systemin accordance with this invention for

cl eani ng ﬁ%{ﬁﬁ# m@}é%" g D main riser pipe. Figure'lb is an
end i ewa_ e 'cléani ng sys?em igure it Figure 2 is a side VI ewin -

partial section of a cleaning systemfor cleaning snaller I'D pipe, such as
3" and 4" pi peflg'lﬂ duarie a3ddd wew mmd@abS@Pmnnfpaplqanmg sygfomiin moesrdace Jathhis

for the vi.sual. gl)'r%]ectl on of e ar q:ﬂg rpEpe Figure 3b is an end
view of t PR 913?65 *Fitte 4a is a side view

in partial section of a systemfor t he vi sual |nspect|on of small 1D pipe,
such as for a Bigumrlb4d amendi view of (heplgeming Fydem of Bigureslaan end vi ew of the
visual inspection systemof Figure 4a. Figure 5a is a'side viewin parti aI

ti f
i amotor pi po. HE B USRRACTRINER GUEATF APICARRD e K EL Bhalte D pife D

5c is a shui:hasetthmdm pipaw of corrosion mapping tool suitable for use in the
i nspection system of Figures 5a and 5b. Figure 6a is a side viewin

partial secti S q’?ﬁ&l i Dt}tf%ﬁ i of
a small di am&*?lgelﬁ19r 3% ‘ys&ceﬁw Bglgﬁj S%c‘9;%3{{1n(9fe'°1n %ﬁle%)vp&fe e lg%s??%drlﬁso él—Jla%rre
6a. diameter pipe.
; - .
Figure 3b is an end view of the visual inspection system of Figure 3a.

Figure 4a is a side view in partial section of a system for the visual inspection of small ID

. pipe, snch as for a 3" or 4" nominal 1D pipe.
 Figure 4b is an end view of the visual inspection systém of Figure 4a.

Figure 5aisa side view in partial section of a system for performing corrosion mapping
mspechon of a Jarge diameter pipe.

Figure 5b is an end view of the system of Flgure Sa.

Figure 5c is a side section view of corrosion mapping tool snitable for use in the inspection

‘system of Figures 5a and 5b.

Figure 6a is a side view in partial section of a system for performing corrosion mapping

| inspection of a small diameter tubular.
Figure 6b is an end view of the system of Figure 6a. -

Figures 6¢ and 6d are side section views of corrosion mapping teols for 3" and 4" nominal

- ID tubulars, respectively, suitable for use in the system of Figures 6a and 6b.

Figure 7 is a side view in partial section of a preferred system for performing TOFD testing



Figures 6¢c and 6d are side section views of corrosion mappi ng toozz N@y@OOS
and 4" nomnal |D tubulars, respectively, suitable for use in the system
of Figures 6a and 6b. Figure 7 is a side viewin partial section of a
preferred systemfor performng TOFD testing 4 27 May 2005 of a large

di ameter pipe. Figure 8a is aside viewin partial section of a preferred
systemfor performing TOFD testing of a small dianeter tubular. Figures 8b
and 8c areesi oct i iews of TOFD tools for performng testing of 4"
and 3" ugﬁpgg%éﬁﬁ%%g@g¥iveLmisui%able for use with the system of Figure
Sa. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present_inveﬁkgon

i ncl udes a sysFimre s & side vinw preparfighsceesionof pareisredsysien opperognigp TOFD testing
conducti ng.su i [on using the system The system of the invention
i ncl udes gﬁ%$§9%§%ﬁ§E§ﬁ§§ﬁ%arryingout,the vari ous stages of inspection, as
wel | as the tools which have been designed or specially adapted for the

i nspecti on. ThEignwes Bbdnd8a areside sestion views off QFfboolsforperforying desting pfp and 37)

cl eaning; (2) visual. i.ns tion: (3 rrosi o ibng; and (4) TOFD
i nspecti o .“#We@%‘?ﬁ%ﬁrﬁ’%%goﬁlféﬁ%ﬁﬁ?s %%@Wg%h the four steps of
the method, with the structure described during each step. C eaning

Figures 1 and |a show the arrangenent for cleaning the main, 21" IDriser
pi pe 10. At one end of the pipe 10 is coupled a winch assenbly 12 driven

by a win ?BF%E @@%ﬁaﬁq rp:ﬂ?m%% UENepted for nounting to a
fl ange 18‘9% eD%)?;ge . \;\nwre Ine 'S é%l% on a w nch spool 20,

enough wire line to reach the entire |ength of the pipe 10. The end of the
wireiline 18 Therpresent imventiondnalydesed system figsi the inspensionsofitBbulats |28 4 Refhed of

i mg CRAOREE s Akl uefiit fleent ABl S Etcrh ST Bt iR ok AR i
assenbl y fdPcariyirg ot thelvarionsottagkd of mmpskctibeg, asiwedl dsithretodB. which have been designed or
specially adapted for the inspection. The niethod of the invention comprises primarily four steps: (1)
" cleaning; (2) visual inspection; (3) corrosion mapping; and (4) TOFD inspection. The following
description follows through the four steps of the method, with the structure described during each

step.

' Cle;hing
Figures 1 and la show the arrangement for cleaning the main, 21" ID riser pipe 10. At one
end of the pipe 10 is coupled a winch assembly 12 driven by a winch motor 14 andifhe winch
assembly 12 is adapted for mounting to a flange 16 of the pipe 10. A wire line 18 is wound on a
-vn'nch spool 20, enough wire line to reach the entire length of 'the pipe 10. The end of the wire line
18 terminates in a swivel 22, which couples to a cleaning tool 24. As used herein, the term "drawing
systemn" refers to the mechanism for drawing the cleaning tool through the pipe, and includes the

winch assembly 12, the winch motor 14, and the wire line 18.

_ On the opposite end of the pipe 10 is mounted a drive mechanism 26 to actuate the cleaning
" tool 24. The drive mechanism 26 includes a motor mount 28 on which is mounted an air motor 30.

. The motor mount 28 also includes af least two guide bars 32 which slidingly extend into awxiliary .



On the opposite end of the pipe 10 is nounted a drive nechani sm 227tMay 2005
actuate the cleaning tool 24. The drive nechanism 26 includes a notor .

nmount 28 on which is nounted an air nmotor 30. The notor mount 28 al so

i ncludes at |east-two, guide bars 32 which slidingly extend into. auxiliary

5 27 May 2005 lines 34 and the guide bars are preferably about 3.5 feet
long. The air nmotor 30 is provided with an air supply 36; which may be any

avai |l abl e ghds ﬁ%&kﬁég?ﬁdélﬂ%% ﬂx%&raﬁy abéa@yglfe& 1&:% Tﬂ@midﬁlbib? 3@ lfsaﬁrbwaéd with@n

air motor 1s a drive tube 38, which-1s preferably made up of- 3" -secti ons,
and the sedt supply 3§ whichwesy b@@bﬁawahhyb@uwyoﬁwuam psi Slotipledtoctbe dpvenihaft of

| 40.. Th d.of it t ub ite t,
SO Py o A s e b s Tt 1SpreTeRihLy §amfga R8sy o oedRbe”
pair of %ﬁ@a@ﬁ@h@m@yweﬁﬂy m'faﬁé’ﬁﬁ LB olYtinhs 10! “I‘He%&%?fhe&ih@ggﬂﬁortﬂbé ]

mai ntains the cleaning tool in “alignnment within the pipe 10 to-ensure .
conpl et e onppoutn‘tbév@mambtow(banonzjedﬂo theueleamsg thol 4. ’Iﬂlhelepmpgtoowo}mmdysapmr

speed control for,.th tor 3 i ded r .an
oPver oM atet B A ad BisRharetfhl Lol bt Sne ¥, Pl phaic S8 8RB ool in
procedur e a@fnmbmanthigthe pehel 103b efsuad cdﬁﬁeﬁ&hﬂuﬁf@@h&ﬂcie&ﬂ% dftilsd ﬂﬁd@&fﬂz@ Bipe.
pipe is first flushed, Jng}referabl y wth potable water, to renove | oose

debris an&maélyweedmma r fheiabangter 30 is R@WWYfaéﬂHé%l@t@fﬂPéﬁﬁ@aﬂs fy complete

cleaning toal 1244, P or mount 28 is installed by sliding the
gui de bars |nto %hne aux ary tubes. Wth the guide bars fully inserted,

the position of the air m)tor .. _can be adjusted to center the axis of
rotation of thé&oheginihenropadurestigiqaning themsidatof thsmajm pipgtl Dothe inside of jfee pipe is

posi tioni

back out a ouﬁh%@’%g%ggt@?ﬁlpé% 5’&) ?e%geg?cr?%e&&gg‘%o@g%&g%%?{ é‘é'?v SE&W

i Inst al | edmudfﬁ%emr@?]owbyéthe?ﬁdﬁﬁgmbmﬁi tiest, mfmotﬂﬁ?thQith6yﬁmgﬂe

c eanlng tQ 24 . on_the t.he rst cti 0 rive tube 38

cl eani ng 5‘88‘?}”“?@9“‘8& éﬂ(e)P%S @@}éi‘? ﬁBd%ﬁ?P Qﬁ&%@% the SHFnl‘i‘fth?\E&’é‘mtctrhe
air line 3@ yehdfRRA baferi: Mu.,eomwbn@,@ehe thi®r @ﬁl‘gutrsﬁ%' }@ﬁc%mﬂ%of Variafbtished

to zero. The aiT pressure is then slowy increased until the cleaning tool
24 j ust slilappsn@mnz of the anplierytiipes. ahemoonmassgeblweﬂmumuﬁ backouk @houtdbb e

air pres S tchcl) kh t%%% seci%gl e bibeHsAE tns o Shel 1l moto e, t.rjﬂlasrfm')vsides 2 ESd

to keep t
) clearance for the cleanmg tool 24 on the end of the first section of drive tube 38. The cleaning tool

is then placed inside the end of the main pipe 10. Next, the air line 36 is connected to the motor and

the air regulator 48 is adjusted to zero. The air pressure is then slowly increased until the cleaning

tool 24 just starts to turn. Note that due to the coefficient of friction, more air pressure will be
required to start furning the tool than is required to keep the tool turning,

The cleaning tool can then be manually run into the pipe for cleaning the first portion.
"Alternatively, the wire line 18 can be pushed through the pﬁp_e 10 and connected to the swivel 22
: j_:rior to making up the tool to the air motor. With this setup, the wincﬁ motor is used to pull the

cleaning tool through the pipe. When the motor mount 28 contacts the énd ofthe pipe, the air supply
36 is shut off, and the mount 28 is pulled back to provide enough clearance to attached another 3'
section of drive tube 38. The procedure is repeated until the entire length of the pipe 10 has been
cleaned with the cleaning tool. The process is completed by flushing the plpc with water until the

‘water at the other end of the pipe is clear of debns



The cl eaning tool can then be manually run into the pipe for cl ea%Yany,@005
first portion. Alternatively, the wire line 18 can be pushed through the

pi pe 10 and connected to the swivel 22 prior to naking up the tool to the
air notor. Wth this setup, the winch notor is used to pull the cleaning
tool through the pipe. Wen the notornount 28 contacts the end ofthe pipe,
the air supply 36 is shut off and the nmount 287is puIIed back to provide
enough cl ear anggofiRr ’s‘étﬁﬁ‘%@ui?é@fo‘i‘%fea&nﬁ {86 Ginh DG RkilHY ¥ipes. tm%ma& deph@s the

procedure is repeated until 'the entire 'ength of the e 10 has been

cl eaned watrhngenmnbﬁ)edmnngswtﬁmaﬂﬁmmpﬁmés@419c1umpn@1t1@@m§=§ whichsmayfhenwise
pi pe with, wa ter. at ~the ot nd of I

Cebri s o b8ty Bhiyein'sAopEs o, Tne Fhdfl RIS AokE e B 1R 02 pll

auxi |'i ary ppode@ Sine 52 w&@egeﬂlsﬁﬁ;&:aﬂ@g@ﬁfeamm&h dieihingbeailineg, apt e cloxmninger
di aneter 3 and 4 inch noni nal | Dpi pes, which nay_ otherwi se be feferred to

herei n as tookpunprisss @eummmé@léﬁévhwlms U@dmm@lm remoKe walda Wi extende
50 and e
For 61 canfi Y AR s 090 35 RERSPEE /oty Sl B8 4R AR TR R o

gri ndi ng tvhnhafefllamhlodhus&ihmdoqmtmvd!ﬁeélgtﬁnengtvﬁepﬁieﬁls whi ch extend down
into the lines 50 and 52. Renoving the protruding welds ensures that the

i nspection togls ' L at8r tr e
thr ough e prieacd g Beriifian Blcihe foby OFis Ut S BB Y S obERleby
56 for r mimmmbprﬂpemﬁnmémemﬂmtvﬁﬁe brash 96 i0h deb@lmrgesleeve ss
| medi ately behind the wre brush 56 is a centralizing sl eeve

pr ef &r abIP}efﬁﬁ’Bb’ raydeofp hard nipsis oF ether appretiatemaerph foalign e @iting toolt%* apdithf
the cutti 50 9ne @Qttlh? ?ooé,%eebllaélﬂ %Pii @&%aéglgﬁg%i&% 24 Al Q:Blmm%&?mﬁ&gﬁ;‘a

and centra |Z|ng sl'eeve coaxl'a r|ve
whi ch i s deive pﬁﬁtﬁumahmsa:nuplad)tomn diZmbor 621 f@thighspeel rocitiah bﬁﬂle@bamtlty mounted

coaxi al | y ted tool The . tor 62 is ovi ded with ess air
froma ri boqo cHpOlP qin‘é iPLessizs( affetionia e 4 \FHPP/lg %ﬂ‘i"@ﬁg
provi des p%&d%ﬁi 4 varfe mgﬁ ﬁro@ﬂﬁs §9ﬁ%5ﬁ1@9 baRber Qﬂd 5&9& EQidol BY citfollting air
pressure“to the air notor On a comon line wth the rig aiT supplyllne
64 is a mwetmp@alymbtom& %av@mmlon[bmgwﬂtébenamesupmdme (hie 8 Bigtes supplydmesr
j et nozz| w%? m;’)hrcln(r;x €s efndgrufr&sugeut%tWﬂgrr}gt I%[ZQI% 70 which washes rust, dust, and other

. debris forward through the pipe.

Visual Inspection .

Figures 3a and 3b depict a structure for visual inspection of the interior surface of the main
~ pipe10. Analternative means for visual inspection uses a camera mounted on a TOM tool, described

_below.

The structure of Figure 3 a includes a camera carrier-72 on which is mounted a camera 74

having a wide angle lens for complete circumferential viewiné ofthe interior of the pipe. The carrier
72 is retained securely centered within the pipe 10 with a plurality of spring loaded wheels 76. The

' carrier with camera mounted thereon is drawn through the pipe with a harness 78 coupled to the
carrier with swix-fel mounts 80. The harness 78 is joined to the wire.line 18 wound onto the winch

-“20 spool, as previously described.



debris forward through the pipe. Visual Inspection . Figures 3a abd Mﬁy 2005
depict a structure for visual inspection of the interior surface of the

main pipe 10. An alternative nmeans for visual inspection uses a camnera
nounted on a TOMtool, described below The structure of Figure 3 a

I ncludes a canera carri er .72 on which is nounted a canera 74 having a

wi de angle lens for conplete circunferential viewng ofthe interior of the

pi pe. The carr Qg carférai?d pfr@ﬁaés@ﬁﬁﬁﬁ(‘d%ﬁh ¥igh BNl #2200V delthvikidhgdoriged dddsetdet h

a plurality-of spring |oaded wheel's 76. The carrier w th canmera_ nounted

t her eon i geagrdenB4 end @ pephputerBiiopsovife reahtimgrvirvang gBthe gapradiew and o previde per

with sw vel ts.80,. The.harhess 78. is,}0ined the wre-li

onto ¢ he. ArREPL eyl pgenctt ThE Bend fop 32 iduftpieplyfecd Bp $h oo et 84 RORAS
canera 74 sk Bfof thesighiline @Y Airifg the ixptctiongs B wi lide | ©1seien up By BRviNdH] €O
cassette recorder 84 and a conputer 86 to provide real tine view ng of the

f: anera vi a,iwaem? threpgbragiigitnd Linear plasemgnigransecey prenepder Mpwhich ow simpheansidlgs of
[ 82 i ., . . .
of "the.si raieay EhAREahB6R R af bl R g Rutighhs helife 1RGN grRtBE LAY

up by thenBiReRd knowi. TheGmodertd0ioiepled tolibg coaputtr §6&31 siphald Be90] THelARRBLIQEY

or encoder 90, which is sinply an_idler. of precisely known dianeter so
that the #issaetivelybemonned feghperqaé?er?’% and grgigmabline§a gray b inciyded #uth fis signal ne
t ubul ar i@%ﬁgpmn. The encoder 90 is coupled to the conputer 86 by a signal
line 92. e encoder may alternatively be nounted to the carrier 72, and
the signal line 92 may then be included wwth the signal |ine 82. Because

of constrict eddespise of cepstrictadespacn, aglifferent sraciuge is spliedyior ghepfyiowing BgigHehe
i nterior f @66 Hantifes sRl L4 : e A& Qm.%% :
4b. A sim are arr asngerrent ?il’a%)rﬁ%?}#%g?%%rest el né%esgtglll%rn 0 g%%ét;}glsé?o and 4"
lines. Therthymspertion oftiogud'bandai linasl Thb systes of Figureadmanipibnisesithe siroe mbiming
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so that the wire line 18 may be directed onfo 2 line 34.

The camera 74 is mounted to a centralizer sleeve 94, which is coupled to the wire line 18
with a swivel mount 96. The ¢entralizer sleeve adapts the same camera to different ID auxiliary lines.
The signal from the camera 74 is provided over the signal line 82 to the television and recorder 84

and to the computer 86 as previously described, The carnera is drawn through the auxiliary line 34

by the wire line, which passes over the encoder 90 so that the longitudinal position of the camera is
-known at all times. The wire line passes over an idler pulley 98 which presses against the encoder
.90.

The purpose of the visual inspection of the interior surface is to show up any obvious surface

* cracks or corrosion, and to provide for a more comprehensive ulirasonic inspection to follow. It
- provides the user with a visnal inspection record, through therecorder 84, of the assembled drilling
riser joint internal pipe surfaces, for example, although the system and method of this invention may

‘be applicable to other tubulars.

To use the visual inspection system, the camera is installed to the appropriate size adapter
- sleeve for the line to be Inspected, and the camera cable is fished through the line, starting from the



so that the wire line 18 maybe directed onto a line 34. The carrer,%hMﬂE 2005
nmounted. to a centralizer sleeve 94, which is coupled to the wire line 18
with a swivel nount 96. The centralizer sleeve adapts the sanme canera to
differentI D auxiliary lines. The signal fromthe canera 74 is provided

over the signal line 82 to the television and recorder 84 and to the
conputer 86 as previously described. The canera’'is drawn through the

auxi | i ary bbx eed B4the lpynn &tk forl ax@mbieD Ehe ohitiie s PR 36O to tHR aBRAD ERD tHI0NImEh
t hat -t he 1 ongi tudi-nal- -posi tion of -the canera is known at all tinmes. The

wire |ine23sgaablyss mpanted fo theierd of e riser me-iierirghineds seupleshothe encpdercanddher
90. The pyrbese &Ib d J&ﬁné’dnﬁb?ége IA3PRGhL QJi‘nﬂItertagﬁ da{%s%ﬂ R ge%l{def nd éncbeeﬁp ow

up any.obV|ous ace cracks or corrosion,
conpr ehensdryed, anhd ﬂaasnageas visspé oh tiascte@n b tHemﬂewhbn t@éﬁﬂedﬁ&qﬂaf@lmrqumlﬁyh a
vi sual ingpection reco thr h he recorder 84, ofthe asse rLII|ng
ri serj oi ntRSTnESIRERE WHICH: QWFEEE%ES 67 theguehthetubylps. T ﬁW?W&&%Wf

met hod of wmms takiny ef inspection Yecoh® Theprodedireashbdld dhdhcte wdafios all Tbubieetd thee
visual ing % on system the canera is installed to the appropriate size
adapt er g for the line to be inspected, and the canera cable is
fished through the line, starting fromthe 8 27 May 2005 box end.to the
pin end, for exanple. The cable is then connected to the canmera, and the

wi nch assenbly is nmounted to the end of the riser pipe. The wire line is
coupl ed tCoridyioncMdampdgr , and the renaining cable connections are nade to
the conputer and television with recorder. The encoder is zeroed, and the
image is vie e i sion . to ewsur uat |cture
qual ty: Thentsuteh o oy B RIS e Menlrite B! Rkhoh e R pR S B i oy
The user pipan omgmie Saliea $idé eleworaomekivh enappii iebl 00, ldﬁﬁﬁﬁiétddﬁﬂ aé@&taheb withe
procedure shoul.d then be repeated for all_tubulars to bhe inspected.

Cor r osi offeiRYsBHAY Pesifonedviiun thenain prped 0. Figpredb is areensk view sheveng the RRQHHBE| on
nmappi ng pfrabhe fbﬁh@ﬁﬁé’ﬂw%oﬂlm aﬂ@F&me 5¢ is a detail view of the corrosion mapping tool 100

itself,

Referring first to Figure 5¢ and the corrosion mapping tool 100, the tool comprises primarily

a trancated cylinder 102 with flanges 104 and 106 at the Ieft and right ends of the cylinder 102,

. respectively. The cylinder 102 is axially oriented along an axis 103, which when in use is coaxial

- with the axis of the pipe 10. Mounted to the flange 104 in abutting contact is a seal plate 108 which

is retained by an end plate 110, held to the flange with a set of bolts 112, for example. One such bolt

112 may be replaced by a lifling eye 114 to assist in transporting the tool 100, since the tool 100 is

- 1oughly 20" in diameter and quite heavy. At the other end of the cylinder 102, mounted to the flange

106, is an end plate 116, a seal plate 118, and a backing support ring 120, all held to the flange 106
with a set of bolts 112, for example.

Note that the mounting hardware for the seal plates 108and 118 is not the same for each seal
plate. The end plate 110 is to the left of the seal plate 108, i.e. away from the flange 104, and the end
plate 116 is to the left of the seal plate 118, i. e. in abutting contact with the flange 106. This

- arrangement provides support for the compliant seal plates when the bend under fncnon agamst in
the m31de dlameter of the pipe 110 when the tool 100is drawn through the pipe. |



pi pe 10. Figure 5a.is a side view of a corrosion mapping t ool 100,27 May 2005
constructed in accordance with the invention, positi.oned within.-the min

pi pe 10. Figure 5b is an end view showi ng the nmounting hardware for noving
the tool 100, and Figure 5c is a detail view of the corrosion nmappi ng tool
100 itself. Referring first to Figure 5c and the corrosi on mappi ng tool

100, the tool conprises primarily a truncated c¢ylinder 102 with fl anges

104 and 106 at Thbend ghiec B Gbidedsltndvint tdie 16l 1204@1d H0Be end BRRETIG With Y-

The cylinder 102 is axially oriented along-an axis~103;" whi ch” when in use’
i s coaxi aplurality of halte 134, for examplire The pub 1@eivivba no'&dmgd%,w@mh eeAejsesigWatephose

170, " hot acenerive 2P (st 0 St p b er o SRLOE LR BB Lo BB

112 may bgepaRt adRcidil wed infthé ffraivn MdipitiPasaiesdrived bélok! HRSROIRR BBo ifttude Ol
100, since the tool 100 is roughly 20" in dianmeter and quite _heavy. At the
ot her end? wrter planpgl j3qdeadinghe ﬂﬁwmftv@aertte afipxitile fabgd 32 pdich ¢asriogibefatepfat e

116, a s

i ange. 1082 PR 34 Epneh i e {7 Iy PRl o o s e
har dwar e $ap foriried byekd cyhinddrd €2 1108 seuh ﬂlaﬁek&(llssnd a13,tdne tisaineribodiamatchofthea knam
plate. The end plate 1 10 is to the left ofthe seal plate 108, i.e. away
fromthe ®¥%Hye 104, and the end plate 116 is to the left of the seal
plate 118, i. e. in abutting contact with the flange 106. This arrangenent

provi des suppalh‘e chdplated 0peoidds anhowsse for axtablmnndsum 186 evhixtindcsivagartrahsdugtd on
I pe 110 when the tool 100 i

di h d
Cotoh clmiable L Sreilp Bt Sort beApsutsdelort Fresgmsiter Seapis iae
for a hube&&%té},%da Sflse &‘ﬁo %ﬂsﬁc@ﬁ £40L Lohium ﬁéﬂmawaw EPbad fx%ex@flrlﬁ%ﬂlé:h b {07

exanpl e. The hub recel ves coupling 126, recelves a water hose
connect i dnstall2@in the eylﬁidgnlr(@ Bablould/\ht wndegstood thhelthaugr oripere ttansdupet isshoviz @

i d f h | h h '
i g RETHL B PR n e oS B33 T agteGiwer & Han B SHRs e Toea0
| eadi ng taedhder W40 pbrovidega ﬁuﬁse&cﬁd ggnﬂlte detth@ink3Za1Mhi ki ess T thesylinber M0atiga t O

a penetration 134 t hrough the C)iml nder 102. Thus, thewater fl oods an,
annul ar @R Evel ]@gwpgégaepirtg'g]a%cy der 102may also provided with a nipple 144 to receive a

lifting ring, if desired.

Figures 5a and 5b show the arrangement for the use of the tool 100. As previously described

' with regard to the cleaning of the pipe 10, the winch assembly 12 is mounted at one end of the pipe

10 and the winch assembly is mounted to the flange 16. The winch is driven by 2 winch motor 14

and includes a winch spool 20 upon which is wound a wire line 18, enough wire line to reach the

 entire Jength of the pipe 10. The end of the wire line 18 terminates in a harness 146, which couples
to the tool 100 with a set of swivels 148,

The transducer 140 provides a signal over the signal line 138 (which may be the same signal

. line 82 as previously described) to the computer 86 to provide a record of the corrosion mapping
inspection. The signal line 82 is preferably taken up on the ts:ke-up reel 88 to keep the slack out of

the signal line 82 during the inspection. As the wire line 18 is taken up by the winch, it passes

through the encoder 90 as before. The encoder proﬁdes position of the tool 100 along the

longitudinal direction of the main pipe 10. The encoder 90 is coupled to the computer 86 by the
signal line 92. The encp_der may alternatively be mounted to the carrier 100, and the signal line 92

10 -



5a) formed by the cylinder 102, the seal plates 108 and 118, and gKeMay 2005
interior dianeter of the main pipe 10. The end plate 110 provi des a nount
for a cable connector 136 which receives a transducer signal cable 138

(See also Figure 5a) to be described bel ow The transducer signal cable 138
terminates in a pul se echo transducer 140, which is nounted in an insert

142 which in turnis installed in the cylinder 102. It should be

under st oogndytthén td ihélodegihwictnthy sighal Hne@®2sducer is shown, a plurality of
transducers are used in order to provide a full 360 coverage to map the

vl 1t chness 1apot RERa) e pip Bt bl BBl B 5 o0 AU AP Fole bR ElgS

cylinder 302 10BYheéxvioh Risamblyad iyHeh niouitdditb hd fighgk 6 LAE Blc (6o1ds hddked bp & the
ring, if desired. Figures 5a and 5b show the arrangenent for the use of the
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t he ch senb nt.ed at o n e ni
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enough wire line to reach the entire |length of the pipe 10. The end of the
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th f 0
Wth a s ﬁro&fssgy\%x mﬁs}lieﬁﬂeﬁnﬁe alhf‘:ﬁie k3 gf'ﬁl%rcn pl}% allgre%b%?%%gﬁ\é%ﬁmb%r

si gnal same” si revi
descri bec@sfoﬁiatdaeeﬁmmmmm}v%. to provi de a record of t he corrosion mappi ng
I nspection. The signal line 82 is preferably taken up on the take-up reel

88 to keep th k out _of ..the ne 82 duri i As
the wire. i ne A BeEr elBbemins 0% e thf roordelfh Bippstb e ipies ARRTES o8 ooyl
90 as befipFRurekite, &j’lﬁadﬁﬁ 6@ rR?éﬂ:rﬁﬁg fﬁﬁ&d} Figﬂi\es&.fc dnl €d} 0@l préfl@edioonfpr threosion
| ongi tudi nal _direction of mai n . The encoder 90 is coupled to

t he conpiapingefifhe shand 4] BWalars e 0\312 Aﬂeel &3t Bcrdaptad forapse dp At opuns! 1he
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then be in t he si
components, which are numbers the same in Figures 6¢ and 6c. Thus, the following detailed

description applied to both tools.

. The tool (either 150 or 152) comprises pn':_narily a cylindrical body 154, a left end cap 156,
' . and aright end cap 158. A séal retaining ring 160 is mounted to the left end cap 156 with a set of
" bolts 162, for example, and a seal retaining ring 164 is mounted to the right end cap 158 with aset
of bolts 166. for example. The seal retaining ring 160 holds a seal plate 168 in place, and similarly
the seal retaining ring 164 holds a seal plate 170 in place. The seal retalmng rings 160 and 164 are
preferablj-r secured to their respective retaining rings by a set of bolts 172.

The right end cap 158 provides a mount for anipple 174 and a hose connector 176, providing

a conmection for the water source or hose connection 128. When pressurized, water flows ﬂﬁrough

- the nipple 174 into a set of flow channels 178 to flood the t.;hamberformed' by the seal rings, the
cylindrical body, and the wall of the tubular. This provides a signal couplant for the pulse echo for

 the corrosion mapping tool.

The left end cap 156 provides a mount for a two ring 180 to provide a meéms for pulling the
tool through the tubular. The left end cap 156 inchudes penetrations 182 through which pass signal

11



To use the tool 100, the wire line 18 and the signal line 138 are2fciiay 2005
t hrough the length of the pipe . 10.. The winch assenbly 12 is then nounted

to the flange 16 and the tool is hooked up to the signal line 138 and the-
connecting hose 128. The tool 100 is placed flush with the end of the pipe
10, and the encoder is zeroed. Water is then applied through the hose
connection 128, filling the annular chanber 135. The wi nch notor is then

turned on,caplék|1igngo threy theallrdBRictit siimal Fom BRBALEL The sighdl qables 189 tﬁhﬂnﬁtb&t
position of the tool 100 is known at all tinmes fromthe encoder.

 ensaucoreapitrmdls hrkes m%‘ﬁ@ﬁtm oo hrouih GE Sy Il v b0,
whi ch is e, ~.w #t &ﬂ)ﬁgg 31[%]0 d:Ir gwdécﬁtf&r a c%}i’ﬁ?c\f\é()?@&’hg&ge& lé'?unad the

simlar arrang eman FOSi on na
tubul ars, oﬁ&uﬁfwwaeofmeﬁibgumes 6a, 6b, 6c, and 6d Ref erring first to

Figures 6¢ and 6d, and preferred tool for corrosion mapping of_the 3" and

4" tubul ars ar sho 0,1 s adapted f use in,4! nomnal LD

tubul ars, and a%@é"s‘ﬁkﬁﬁg @8‘?8??@’5&0?1:1%& sﬁg‘?’ﬁ‘ﬁgﬁlﬁﬁst 'fﬁe%lﬂ]e S4i5e
tools con&:ﬁiuauﬁ@ﬁar %Wnc&ﬁ@&ﬁ@ﬂlﬂes&ﬁbe@mﬂtﬁe WEHER @Y Btakdble SPfiEmbiintfsb gHat &%
6¢c and 6¢c. Thus, the follow ng detailed description applied to both tools.

The t ool (W@ietlwerwm h@rdnwg} optg il fubeler 3. Thertpelyl 0f ixdrawn dhrpugh the Gibplar 34 by g

| eft end o

nount ed tgl%t e eft end gscsgébg‘;%gg%tﬁ a%ﬁ%@@%@@%@@% de%?r%?g%dozlrs\d
a seal rekaiwn sigliningeg. THedwirs linaopasted dvear idker pulit98ewkicls pesskd 8gaihdt thecenseder

of bolts é&g& for- exanple. The seal retaining ring 160 holds a seal plate
168 in pl and simlarly the seal retaining ring 164 holds a seal plate
170 in pl.ace. The seal retaining rings 160 and 164 are ‘preferably secured

to their resperd iseahé esredsiunngappinig®oby003 thetvireflinbaBtagd ﬂ:?eZslgnEmeabié 088 arerfeld
cap 158 provides a nmount for a nipple 174 and ahose connect or

provi di ngflo“ﬁ‘ tBrwgh theiteriiarcd t His eRds whiers isriteql 100 isgltagheds hhe taot 5&11@2‘5"4’%%?1

pressuri
channel szt?78 to ?F%%%I%gmﬁlgﬂng orcrr@ggﬁti’ ]#e s%‘&f‘ﬂﬁ?%&o@& s febi8tired with
cylindri db¢ ehddy theatmbuleh eandethé entﬁodbhdas gaerbed. SWith Tmater - messmrcjesp;ﬂleémgrﬂae hose

cap 156 (PoCHER 18 WS Sroublen e re e O e A e e

t he tubular, measuring wall thickness and providing measurements to the computer.

Time of Flight Diffraction Inspection

The tool for performing Time of Flight Diffraction (TOFD) is not described in detail, because

the tool niaybe acquired from ScanTech, 1212 Alpine Suite A, Longview Texas 75666. Further, the
“TOM technology itself was adapted from techniques provided by AEA Technology ple, whose
registered office is at 329 Harwell, Didcot, Oxfordshire OX11 ORA, United Kingdom. The

~ technique will be described in sufficient detail for a complete understanding of the present invention.

. In summary, the TOM scanner system includes a very maneuverable crawler unit with four,
large diameter rare earth magnetic wheels. The magnetic wheels grip the interior surface of the pipe
- 10so thatthe crawler can be guided the entire length of the pipe. The crawler is remotely steered by

~ the user, and the wheels include surface conforming suspension. The crawler is motor driven, and

12



tool through the tubular. The left end cap 156 incl udes penetratlgzmzoos
t hrough which pass signal 11 27 May 2005 cables 184 to carry the = :
ultrasonic test signal fromthe tool. The signal cables 184 term nate at
transducers 186, which are nounted in penetrations through the cylindrical
body 154. It -should be wunderstood that enough transducers are provided for
a conpl ete 360 coverage around the circunference of the tubular. Figures
6a and 6b b dsdriisirefetabl avoRerGhiclde, Higbrqud Hereein®h 682tAE Mbt@UAIRirbe, ieRdirehe
same --pounti-ng for the - wi nch as previously described, and the winch is

rot at abl e ®RIPk Sgnisgnd igspestnn sighal cablies ard shirdderg The pnenderiprevqusly dsserpednis
tubul ar 3
whi oh’ pas<1gBlyePiesch et ol cBen 8 Bl hoLFic it ot Y snd At Tt

t ool 100 itBmsdurersmare ddiblagimbaleftsr a Afiaangerof nhdtiva. passes over an idler pulley
98 whi ch presses agai nst the encoder 90. To use the corrosion Aapping tool

100, the wire and th nal re fed do thr

Lobul o 34 1o FiBTeThol R allie b0 PikitiBe Fobr Spfltin ey it Fosiiniiiek 0o
coupl ed t Qre dhb&n M Figude 7 cadd tSHpRainsaiideof A0fgitldthaDRel 200 anes girthwel@804, s
attached. The tool 1Is reg| stered with the end of the tubul ar, and the

encoder i &hilethreysteny prlepmblemcides 3 smglestpwler-cEhegraviee priderably deriwdes & Brele o8
to provid &

through + REDHERLAG MhichBhetble o i ARRPHIRI Sl 1201208 ohd sl bl Em0210%Ks
to the coppuicesly dElscmbed;f thel wathat sprly et 21dn pravidee che ovatebheoupbat férothe TOM
perform’n Tlrreo racti o I s _not described in

Decause | BHERGET Theg i Sty A QEabrs At e s (ks U il A8 eep o ack out

Longvi ew Jﬁﬁ@ﬁggaﬁggﬁezm fthe H#dPM technol ogy itsel f was adapt ed from
t echni ques provi ded by AEA Technol ogy pI c, whose registered office is at .

329 Harwel | Di dcot, Oxfordshire OX11l ORA, United Kingdom The tec ue
will be descriHecsigial sable mcludes 2 gumben of lipesoinclidinecy wide sigpal e 13 f&l

present |avenly Qr%;eni 13 e %@i&%ﬁ a#&‘ﬁd%s%&@%ﬁfde?ﬁ&nﬁ%é REIHAE 86 B pi&iide real
maneuver abl e cra unit wt our,
time viewing of the camera view and to provide a record of the inspection. The signal cable 208

further includes a signal line 214 from the encoder for precise position measurement and indication,
- asignal line 216 for carrying the TOM signal to the computer, and a manenvering control signat line
218 from a remote, joystick control 220.

Tn operation, the crawler 200 is driven down the pipe, and the operator views the interior of
the pipe at the television monitor 84, controlling the movement of the crawler with the joystick

- control 220. When a girth weld 204 is encountered, the crawler is turned and driven around the
circumference of the pipe.

Figure 8a depicts the arrangement for the performance of TOM testing in smaller tubulars -
in accordance with this invention. Figures 8b and 8c depict the tools of the invention for conducting
TOFD testing in 4" and 3" nominal ID mbul-ars,_-respecﬁvgly. The tools are identical, with the
exdeption of an adapter sleeve 230 to adapt the tool to the larger 4" ID tubular. Thus, the following
aescription will apply to both Figures 8b and 8c.

A TOM tool 232 comprises a body 234, a left end cover 236, and a right end cover 238.

. Within the bodyisa carrier and slide assembly 240, which provides a cam action for a set of yokes
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| arge di aneter rare earth nmagnetic wheels. The magnetic wheel s grzngoos
interior surface of the. pipe 10 so that the crawl er can be gui ded the : :
entire length of the pipe. The crawler is renotely steered by the user,
and the wheel s include surface conform ng suspension. The crawl er i s notor
driven, and 12 27 May 2005 the notor is preferably a water shielded,

hi ght orque, rare earth electric notor. W ring, --i ncluding control

signal s anm aﬁegs]tas%gm%yrgm& o?éﬂ.k 324318 Xi.kk;] 124Gt Jﬁﬁ%@féﬁpﬁéasdﬁeﬁsvmum
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system preferably includes a single cirawer. The craw er preferab
i ncl udes efrasi agipple 25Aiand pic adnmeeién 242 Sbtuatierl erdetzactionpf zliod 854 fromathegrgﬂmder

cabl e 208 and wat er 8 scri bed, .t.he wat.er
bl y |1 Vs Bl et doserB 20 S 1o R e B SR
si gnal calgh@es;@@,}d}&lgmﬁfre&ﬁﬁhgtﬁe@ﬁe& up on the take-up reel 88 to keep the
sl ack out of the signal cable 208 during the |nspect|on The signal cable

i ncl udes a nu i ncl udi n i deo si gnal 212 fromthe
on-boar d cansr 16t Bog e ot &FuiehRtzSr e Rl Shfectan dphafes 1O Be3 %ﬁr
conput er  8éndestidd; 8YpéiousIdesdribe®, sehv@¥hdS chilplinl SorGRETOM ¥ipRil PRChdd9 iPfiRNTyd

a record of the I nspection. The signal cabl e 208 further i ncludes a mg};al

line'214 fonsstedio 6 éan 25%vhish privides powhny Snrongihetoel 232 imarotaymeten

maneover | S il el dvBlet SO TIAE Y Bivt M ST et Mnfbessg g0
I n oper at 2 aparetiiie drivaveens 250Figarea) byeremdoiisle Edmvm@eAt B dppdsite apofdiediody

views the interior of the at the tel evision nonitor 84 trollinpg
! he. moveniSi gt GHS EPUNSFOF B4 107 CoRBELTB GBS (0] A PBIUZB R e B Wr Phi

wel d 204 jy aﬁ@ﬁﬁmr@gmtm Ariaie cnd of BBy AU JEHoVLBnAkRbR S8 i pulling
circunference of the pi
the tool through the tu ular

Figure 8a shows the use of the tool 232 in a small diameter tubular in performing the TOM

test. As previously described with regard to the use of other tools, the wire line 18 is coupled to the

" eyebolt 268 and then back to the winch assembly 12 driven by a winch motor 14 and the winch
~assembly 12 is adapted for mounting to the flange 16. The wire line 18 ispulled over an idler pulley
98 which contacts the encoder 90 to precisely locate the tool 232 within the tubular. The signal cable
264iswoundtoa takeﬁp reel 88 to keep slack out of the cable. At the other end of the tubular are
protdcied the drive means 260, a water supply connection 270 for the water couplant, and an air

| supply connection 272 for coupling to the connection 252 (Figures 8b and 8c).

To use the tool 232, the signal line 264 and the wire line 18 are fed through the tubular and
connected to the tool. The air and water connections are made up, and rotating drive means 260 is

g connected. Then, the tool is registered with the end of the tubular, and the encoder is zeroed. The
- tool is the pulled through the tubular and rotated by the rotating drive means 260, imaging the fubular

,for internal flaws. The computer captures the image for later review and analysis.
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Figure 8a depicts the arrangenent for the performance of TOM test?ZgM@y 2005
smal l er tubulars .in accordance with this invention. Figures 8b and 8c

depict the tools of the invention for conducting TOFD testing in 4" and 3"
nom nal 1D tubul ars;- respectively. The tools are identical, with the
exception of an adapter sleeve 230 to adapt the tool to the larger 4" 1D
tubular. Thus, the following description will apply to both Figures 8b and

8c. A TOM t ool T832rikaIes, ipfeféired cRMHintdt and ok bf Station\bEthe pABentaiv@nton hp/t
end cover 238.- Vgthin tEe body is a carrier and slide assgnbfy“240"mhrch'“'

provi des &eetedescribedl grihe fregoingspecificafioneEhis iryeptionys potto bsconsaped as fimilpd fe the

support a_s of I: i A : 0

The shoe?mgh mgPﬁgg dﬂﬁéﬁﬁﬁﬂﬁg%?ggfgﬁﬁgﬁﬁ%gEﬁgﬁ&@%gLﬁghﬁéﬁgﬁgéﬁﬁfF?%ﬁﬁF%
order for vifigiosH@RichhRpea e be @Kt B thowt slillédie therire withut Sepdriepefrath thdpiritraf] |
tubular in preparation for the TOMtest. The carrier and slide dssenbly 240
i s nmoved theamepbemely by air pressure froman air cylinder 248 which is
supplied froma nipple 250 and air connection-252. Actuation or retraction
of a rod 254 fromthe air cylinder noves the carrier and slide assenbly
240 back and forth, so that the yokes ride up and down on the slides,

depl oying and retracting the shoes. The body al so retains a connector 256
for a water connection. The water fromthe water connection, as previously
descri bed, serves as a couplant for the TOM signal. The body is firmy
connected to a drive arm 258 which provides a neans for rotating the tool
232 in a rotary notion for conplete circunferential coverage of the TOM
test! The drive arm 258 is preferably connected to a square tube drive
means 260 (Figure sa) by renovable screws 262. At the opposite end of the
body - is a signal cable connector 264 for connecting the tool to the
conputer, preferably by way of a pre-anplifier 266 (Figure 8a). At the
sanme end of the body is an eyebolt connection 268 for pulling the tool

t hrough the tubular. Figure 8a shows the use of the tool 232 in a snal

di ameter tubular in perfornming the. TOM test. As previously described with
regard to the use of other tools, the wire line 18 is coupled to the
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eyebolt 268 and then back to the winch assenbly 12 driven by a vvi%ZhMﬁ‘)Y(?roos
14 and the winch assenbly 12 is adapted for nounting to the flange 16. The
wire line 18 is pulled over an idler pulley 98 which contacts the encoder
90 to precisely locate the tool 232 within the tubular. The signal cable

264 is wound to a takeup reel 88 to keep slack out of the cable. At the

other end of the tubular are provided the drive neans 260, a water supply
connecti on Xdkldier: t he water couplant, and an air supply connection 272

for coupling to the connection 252 (Figures 8b and 8c). To use the tool

232, the signal line 264 and the wire line 18 are fed through the tubul ar

and .connected to the tool. The air and water connections are nmade up, and .
rotati ng drive neans 260 is connected. Then, the tooI is registered with
the end of thel-t Aunethed ofiprpeqting adirereEPrFwe i ¥@8 ' The  tool is the pul | ed

t hrough the tubul ar and rotated bythe rotating drive neans 260, imaging the
tubul ar for |nterra;alwédany@}sp&iiﬁgﬁ@rﬁsﬂ@dpraw&ﬁabh]ﬁem;(rage for |ater
review and analysis. 14 27 May 2005 The pri nC| pI es preferred enbodi nent,
and node of operation, of the BpLes i nve been descri.bed i n the

f or egoi ng speci fi cﬁ ?W@ﬁﬂt‘? (g.t eo?*p?gl & COEING E crl’u%tg?ll mted

to the particular qudmttﬂlxﬁs@deaﬁ“ﬁibpxﬁeb lﬁﬁ‘e&:oﬁ’d&ﬁ%ﬂnﬁpﬁng&ghcdﬂ}ﬂ'lsmga
illustrative rather than restrictive. ove varla and changes
maybe made by those tAlyraliey jof trans “?fFStm%“tt?fg E‘@B’ é’ﬁ\" % spirit of

the invention. 15 coaﬂecl\@yrh@ﬁ@iae stiéace bBihdTpipk, thécﬂiﬁééilﬁﬁnﬂfpmg‘lﬁﬁbctl ng a
pi pe conpri si ng the steps of: a) visually i nspec ing the i néa i de of the pi pe

with a canera; b) detfétﬂiﬁfh?‘ﬁ@g%l’t‘érﬁpwth?ﬁ’é%r?@g’? iggyt ¢4, plagss gdanfy

corrosion mapping tog, dﬁédﬁﬁhhheyﬁeﬁtﬂ@de&ttbhefﬁbt@nentbﬂh@@dﬁ&ﬁnon mappi ng
t ool conprising a

mapping tool, the corrosion mapping tool further having a coupling to
receive a water hose connection in order to flood an annular chamber
around the transducers defined by the hollow, truncated cylinder, the

compliant seals, and the inside of the pipe; and

¢) inspecting the pipe for flaws with a time of flight diffraction tool from
inside the pipe.

2. The method of claim 1, wherein the transducers provide a coverage of 360

degrees within the inside of the pipe.

- 3. The method of ¢laim 1 or claim 2, wherein in step (b) the corrosion mapping tool
is passed through the inside of the pipe and the position of the corrosion mapping

tool within the pipe is monitored by a linear placement device.
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plurality of transducers nounted on a hollow, truncated cylinder %ZdMay 2005
coupled to the inside surface of the pipe, the corrosion mapping tool

further having a pair of spaced apart, conpliant seal plates adapted to

flex in a direction away fromthe direction of novenent of the corrosion
mappi ng tool, the corrosion mapping tool further having a coupling to

receive a wat € |38 of ﬁ{sdlﬁf 3 QhleRQfe Abe AVIhRE i amber

around the tra‘{is u%g‘F@‘B%g%ﬁ‘h’le"ggﬁfﬁ? e gl [ ow, trun@g%ed cylinder, the
conpl i ant seal s, subsentidlly venishldwsdiont he pi pe; and c) inspecting the pipe for
flaws with a tine of flight diffraction tool from inside the pipe. 2. The

nmet hod of claim 1, wherein the transducers provide a coverage of 360
degrees within the inside of the pipe. 3. The nmethod of claim1l or claim 2,

wherein in ste b) the_corrosion nmapping tool, js passed through the
i nsi de of the % %@@ﬁ@oéﬂ@ﬂp’@ﬂ’f%‘ﬁm&ﬂ*Prgﬁlewgﬁrﬂ“&g‘?%%’?é%ﬁ“i?&mﬁ Slwagvithi n
the pipe is noni jgigeksPchiel HRSRD o@hwlﬁk Reviieemapfing 1] itkbthe 2Q0E 4.

The method of anyone of clainms 1 to erein the pipe is oriented in a
substanti al | y vepfthepive ppamiielpe- 5. The nethod of any one of clainms 1 to 4,
wherein the step of determning the wall thickness includes the step of

| owering the corrosion mapping tool into the inside of the pipe on a
wireline. 6. The nethod of any one of clai wher ei n. t he .corrosion

l.to 5,
mappi ng tool 6% Throsethedafanyae REdpnsHdo ey e‘ﬁﬂnéﬁ%%",m’é‘r‘?a 2RPPE P e ei n

the pipe is devojglhed bdivtbn tBXSRPHaREME B HP Rhe8RIthdpipé Rlevaid of\finidt hod of
i nspecting a pipe conprising the steps of
except between the seal plates.

7. A method of inspecting a pipe comprising the steps of:

a) visually inspecting the inside of the pipe with a camera suspended froma

wireline;
b) removing the camera from the wireline;

c) determining the wall thickness of the pipe with a corrosion mapping tool
from the inside of the pipe, the corrosion mapping tool suspended from the
wireline, wherein the corrosion mapping tool comprises a plurality of
transducers mounted on a hollow, truncated cylinder and coupled to the
inside éurface of the pipe, the corrosion mapping tool further having a pair
of spaced apart, compliant seal plates adapted to flex in a direction away
from the direction of movement of the corrosion mapping tool, the
corrosion mapping tool further having a coupling to receive a water hose
connection in order to flood an annular chamber around the transducers
defined by the hollow, truncated cylinder, the compliant seals, and the
inside of the pipe; '
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a) visually inspecting the inside of the pipe with a canera suspegZeM%’(%Qos
a wreline; b) renoving the canera fromthe wreline; c¢c) determning the
wal I thickness of the pipe with a corrosion mapping tool fromthe inside

of the pipe, the corrosion mappi ng tool suspended fromthe wreline,

wherein the corrosion mapping tool conprises a plurality of transducers
nmounted on a hollo truncated cylinder an upl -t i nsi de surface

of the pipe, the c\(l)gp r'E?Eioglr?gnaep%cir}ré’émfl(%alpplflﬁ?(Higrro&r{ggﬁfgh%bg%qr of spaced
apart, conpliant seal plates adapted to flex in a direction anay fromthe

di rection of novenehtingfectisgthe pipedei fawsvagps vige pHBight diffectioniopblseran mappi ng

tool further having a | i B cal . pQN i n order
to flood an annul ar cﬁ%ﬁ%glreplr6%%&@%@%%&%@%&“3@ ie%e rf@%“thﬁe hol | ow,
truncated cylinder, tweeloenpliant seals, and the inside of the pipe; 17 27
May 2005 d) renoving the corrosion mapping tool fromthe wireline; and e)
i nspecting the pipe for flaws with a tinme of flight diffraction tool from
inside the pipe, the tinme of flight diffraction tool suspended fromthe
wireline. 8. A nethod of inspecting a pipe conprising the steps of

det er mi ni ng t He Hangthodafiispacting agrive ¢eemsising th stops of dgpryang fheiglbi ng t ool
fromthe inside lrhlle oPir@pipe hiflPa GhidsRAPBpHBRR Minl @0 instRIPEHei 2
plurality of transducers nted on a hollFow truncated cylinder and

coupl ed to the ithsierosiamfianpingipokdeappisive a plunelity ebirensducsrs HeEISdRR & ool

further having aho‘iﬁ’siwrtﬂca?e?%%ﬂ%g%zﬁf%WEEQWEE%EHGSS%G&!@@@ eéq;gapt ed to

flex in a direction away ection of novenent o
corrosion mapping tool further having a pair of spaced apart, compliant seal plates

adapted to flex in a direction away from the direction of movement of the
corrosion mapping tool, the corrosion mapping tool further having a coupling to
receive a water hose connection in order to flood an annular chamber around the
transducers defined by the hollow, truncated cylinder, the compliant seals, and the

inside of the pipe.

9. A corrosion mapping tool for movably surveying a substantially vertically

oriented pipe having an inside surface, the tool comprising:
a) ahollow, truncated cylinder;

b) aplurality of transducers mounted on the cylinder adapted for coupling to
- the inside surface of the pipe;

©) apair of spaced apart, compliant seal plates on opposing ends of the
cylinder, said seal piatcs adapted to flex in a direction away from the

direction of movement of the corrosion mapping tool; and
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corrosion mapping tool, the corrosion mappi ng tool further havi ngzz May 2005
coupling to receive a water hose connection in order to flood an annul ar
chanber around the transducers defined by the hollow truncated cylinder,
the conpliant seals, and the inside of the pipe. 9. A corrosion mapping
tool for novably surveying a substantially vertically oriented pipe having
an inside surface, §hg LiQihg &PRBELSA Weker Bdse BodiRbAicin obded REAI0AGN Ginilarder ;  b)
a plurality of transducers nounted on the cylinder adapted for coupling to
the inside surface of chambepprgund ty transducars ¢ifingd iy the cxybader, thecomplirgint seal

pl ates on opposing engdg0f,{Hfeinstik bF idipe, Sai d seal plates adapted to flex
in a direction away fromthe direction of novenent of the corrosion
mappi ng tool; and 18 27 May 2005 d) a coupling to receive a water hose
connection in order to flood an annul ar chanber around the transducers
defined by the cylinder, the conpliant seals, and the inside of the pipe.
10. A system fm&@&g@%}m@&ﬁﬁ%mbmw@mﬁsh@ ng: a) a corrosion mappi ng
tool, the corrosion mapping tool conprising: i) a substantially cylindrical

body defining nutually opposed ends; , iti) a flange.on each of. the ends of
the body; iii) a sd‘h)s%/ %%?qgﬁﬂnltﬁapé?ﬂgéﬁ‘rla‘#“’é‘é‘é‘?s“’ﬁ’l"éﬁ’é’“ﬁ"‘g‘é’é’ﬁ‘l’ P%ge; iv) a
pul se echo transducer on the body, v) an end plate on the body; and vi) a
hub on the end pl at e,i}t he dumbstantztydylivgirisaldody Hefgnguaprbyoppysedandsi ve a
wat er hose connecti on; ,

ii) a flange on each of the ends of the body;

iii)  a substantially circular seal plate on each flange;
iv) a pulse echo transducer on the body;
V) an end plate on the body; and

vi) a hub on the end plate, the hub including a coupling adapted to

receive a water hose connection;
vii)  a water channel in the hub terminating at the coupling;
viii)  a flexible tube in fluid commmmication with the water channel; and

ix) a penetration through the body, wherein tile flexible tube is in fluid
communication with the penetration, and wherein the water
channel, the flexibie tube, and the penetration are adapted to carry
water to flood an annular chamber defined by the bbdy, the seal

plates, and the interior surface of the tubular; and

b) adrawing system removably coupled to the inspection tool with a wire
line, the drawing system adapted to pull the inspection tool through the

tubular,
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vii) a water channel in the hub termnating at the coupling; vili i?-/amay 2005
flexible tube in fluid communication with the water channel; and ix) a
penetration through the body, wherein the flexible tube is in fluid

conmuni cation with the penetration, and wherein the water channel, the
flexible tube, and the penetration are adapted to carry water to flood an
annul ar chanber defined by the body, the seal plates, and the interior
surface of the tubular; and b) a drawing system renovably coupled to the
inspection tool with a wire |ine, the drawing system adapted to pull the

i nspection tool through the tubular. 19 27 May 2005 11. The system of

cl ai m 10, furtiieMhe syspmi of dlgmald, Ambediemprzingae zherdehie lgmss the positoh dfhe .
i nspection tool wthin the tuhular. 12. The system of claim1l, wherein, in
use, the wire Ii#@‘ﬂﬁ?‘%@?%‘?}é?%ﬁ%‘e@#@ba&er, the encoder providing an

i ndi cation of the position of the inspection tool wthin the tubular as
the wire |line passes over it. 13. The system of any one of clains 10 to 13,
further conprising: a) a cable connector on one of the flanges to receive a

i gnal f1om the, rht ARadiElmA e, £ 803he GRDYR: HRSGINBAGE ciciBacal] ©

connector to a“conputer exteriof t ubul ar The system of any one of
claims 11 to 13, ewlodergiroviding apindsetiercdidhe pesitiaafdhe ineneation teelsvithinther al ity

of transducer el £re gstﬁ?%ir‘ﬁ"ﬁ%@ﬁés@esto&%{ﬁl urality of transducer elenents
rally ]

are arranged circunteren roun e body. 15.. The systemof claim
14, wherein the transducer elenents provide a 360 degree

13. The system of any one of claims 10 to 13, further comprising:

a) a cable connector on one of the flanges to receive a signal from the

transducer; and

b) asignal cable to connect the cable connector to a computer exterior the

tubular.

14. The system of any one of claims 11 to 13, wherein the pulse echo transducer
comprises a plurality of transducer elements and wherein the plurality of

transducer elements are arranged circumferentially around the body.

15. The system of claim 14, wherein the transducer elements provide a 360 degree

coverage of the inside of the tubular.
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coverage of the inside of the tubular. 20 ABSTRACT OF THE DI SCLOS%&EM% 2005
conprehensi.ve system for the cleaning, inspection, and testing of tubulars,
particularly riser pipes, is provided. In a first aspect, a nmethod of
i nspecting a tubular conprises cleaning, visually inspecting, corrosion
mappi ng, and TOMtesting the tubular. In another aspect, a specially
desi gned or adapted tool is provided for each of t'he steps of the nethod.

- ABSTRACT OF THE DISCLOSURE

A comprehensive system for the cleaning, inspection, and testing of tubulars, particularly
riser pipes, is provided. In a first aspect, a method of inspecting a tubular comprises cleaning,
visnally inspecting, corrosion mapping, and TOM testing the tubular. In another aspect, a specially
designed or adapted tool is provided for each of the steps of the method. | n
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