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TESTI NG SYSTEM 2 FI ELD OF THE | NVENTI ON 3 The present invention rel ates ;
gener al | ywmodagoof i el d of non-destructive testing 4 and, regrRusastisgul arl AV
to a method and apparatus for cleaning and inspecting 5 tubulars, includi

i nspecting for flaws in pipe sequentially using pulse echo and tine 6 of
flight diffraction (TOFD). 7 BACKGROUND OF THE | NVENTI ON 8 There has | ong
been a need for nethods of cleaning and inspecting tubulars, 9 particularly
of fshore riser pipe, on site. Typical nethods used today include 10

di sassenbling the riser pipe froma rig, transporting the riser pipe to a
yard, and there 11 conducti @LTR%B@NICOTE@‘IWGWSFEM of the tubular using
wel I known techni ques. Such 'S not only expensive and tine
consum ng, but also very disruptive of 13 nornmal operations on the rig. 14
Thus, there reppin fQr ystem and net hod of inspecting tubulars on
15 site 4 o nmitPh ﬂﬁﬁgﬁi&Y%T@ﬁt he rig, and to save the costs of

transporg i ng and A8 held eSS t he

t echni qu3tes used atlﬁ%etﬁéééﬁ%%uwﬁ&%%g nt%}fa?}é;'{ gﬁle%ls eg{ild('%%ﬂg%&%tegﬁﬁé;r s 18
have cer4 ai n afidanloae Ipamc\{arlyptts atraethod qué sappardts liBEﬂledtﬁM@@ﬂﬁdsﬁe@tlﬁ@t ect
flaws in 19 structures, particularly welds in such structures. The ability
to detect fl dylulas, @@uémg inspasting fos flaws alsplmﬁsgmmgﬂmmﬁmmeieﬁ@o anddime
production ri s especially 21 critical before any

cat astro6gh| cog &Q%lﬂggﬁ%l} ﬂ@ Utrasonic testing of netal structures has
proved to an effective and practical 23 tool for nondestructive testing
(NDT). Known ultrasonic techniques typically yield 24 reliable exam nation
resul ts.7 Howd3ACK GROENHORE] qB‘EVEM%k/'E)Nnom ul trasonic 25 techni ques

:j: iil_flr%lj}t or ezfp_:f‘jl%EeC)ﬁas longebeter? a % cf 1‘361L me{hoﬁs 8% c ealn?nagca% rn?stpeectgnegs uiaulars

9 particularly offshore riser pipe, on site. Typical methods used today include

10 disassembling the riser pipe from a rig, transporting the riser pipe to a yard, and there
11 conducting inspection and testing of the tubular using well known techniques. Such
12 a method is not only expensive and time consuming, but also very disruptive of
13 normal operations on the rig.

14 Thus, there remain a need for a system and method of inspecting tubulars on
15 site to minimize down time of the rig, and to save the costs of transporting and

16 returning the tubulars under inspection.
17 Even the techniques used at the yard for the testing and inspection of tubulars
18 have certain drawbacks. Various techniques have been developed to detect flaws in

19 structures, particularly welds in such structures. The ability to detect flaws in

20 structures such as tubulars in drilling and production rigs and pipelines is especially
21 critical before any catastrophic failure occurs.
22 Ultrasonic testing of metal structures has proved to an effective and practical

23 tool for nondestructive testing (NDT). Known ultrasonic techniques typically yield

24 reliable examination results. However, some geometries make known ultrasonic
25 techniques difficult or even impossible to apply, or yield inaccurate results.
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WO 021e709 PCT/ USQOL/5119.t 1 One techni que that has gai ned conmon,
acceptance in the NDT field is 2 referred to as the echodynam ¢ techni que.
Thi s t echwioqeeas4tmnsi st s of measuring the 3 duration of theeGiisaisi®eho in
axial or circunferential tube direction when the 4 ultrasonic probe (in
pul se-echo node) is noved over the defect. Such a defect may 5 involve
slag, porosity, stress cracking, or other anomalies fromthe anticipated
metal 6 grain structure. In the pul se-echo node, the depth of a defect is

calculated fromthe 7 probe displ ace t distance at which fect echo
was pi cﬁed up. To B%tt%‘@‘fucl“ﬁetﬂ%t %aé?r%%nfq{’émﬁlﬁﬁfs?etp{ﬂi’@e ot tﬁ%éﬁﬁgﬁgﬁflsecho
shoul d be abRys+dadb Q¥ i : : rticular
concer n oscamt oo ay e SRy Bimqlen Thisde ARl IE chplinBbe eRnlibe 1E)
relativé to tinatiap pf itied dgfettsechecincaxidi asratismaniféiestidl caobe difectionewha@sthen t he 11

reflectivity of the dgf Zigt. 1n fact, the pulse echo technique is used in
the prefent apQniePROPS mylsercshe Bode)is monpd avprithe defecty fneh adefent maywal |

hi ck _ . . . . ;
my i o8 cer TAPNe PR rodnG itk Pty SRR bRl B S EIRATREL 07
ot her t @sti ngrairesifioiuael B thd puldérechbl migde) theldep @ aldefdct R ChicaRtddgedaniigue

(TOFD) was devel oped by the 16 AEA's Harwel | Laboratory in Britain in the
m d sevént i eproke displasement distangecal vdiah 3 defectsche wgs airkedni {lordetrgt thee

h howal | hei i n- i.ce fl i n.th . i nd . F
wel 0 ndpect PERCy gkt e P yeiBeter B ould te RV vl VB atb 1y 10
effectige fopefelis tHRtREf uldr! @Weern IeképE RRECHYE iPThel YARE ofibnted gL at i on

of the flaw, 20 since TOFD does not rely on the reflectivity of the flaw
Rat her ,10TOFDpattitélat way telatize talihe Applisdenlse echogdbéaaiisa thisitenhnique mliehen theps  of

the flgw 22 In TOFD, transmtiin rqbe emtg a short purst of sound
ener gyaii1 nto Kiseivi ‘éﬁ'tﬁ‘ﬁldeg"‘ﬁﬁ ni’hkéc% g‘?ﬁﬁﬂ‘ﬁ%en@ﬁﬁ)}eé’ﬂ#@ﬁﬁ USRH 198 PR agat es
in an 3pgul aj, bEAM fore g i ind i Rkafeb O MybReve:] AW but
sonme of the enr‘ller gy ]?Os ﬁ%%ﬁ;tapélogtlﬁe&%lﬁwn%ﬁg{h&?s glﬁeﬁér)?g{)‘gd a\/\%y from
the fld® A preaivuslydesfribed;the pulké echottetinizoe nady niisyerair?favwgwad isfactecei vi ng
probe. The djffracted signals which are received by the receiving 27 probe

are tifé resbisiel todhs,devsiopment gbothertesfingdechpioles-ons and are graphical ly 28

di splayed in a gr f ngﬁ 170 / . ile the
TOFD téghni gue hagx%mégfgﬁg}c |v§c¢%g%ﬁ@zeg€%@i i%?g?ie?%ér%g Fh\ééhrrai ns a
need fage a MABACSHaReEISYAHoeHIdiyAh BHigdie i thefidéevbhtms b hitiod dffacdurately
cylindrical structure, such as a pipe or riser stanchion. The present

i nvent ildn i ssigingeandapenitarmghibe tthrough-wall beight) of in-sersied flawshindheo hudlesr usi ng.
TOFD fr
1

gm w H&'u&rya For weld inspection, it was quickly recognized that the method was equally
19 effective for the detection of flaws, irrespective of type or orientation of the flaw,
20 since TOFD does not rely on the reflectivity of the flaw. Rather, TOFD detects the
21 diffracted sound initiating from the tips of the flaw.

22 In TOFD, a transmitting probe emits a short burst of sound energy into a
23 material and the sound energy spreads out and propagates in an angular beam. Some
24 of the energy is reflected from the flaw but some of the energy is incident to the flaw

25 and is diffracted away from the flaw. A fraction of this diffracted sound travels
26 toward a receiving probe. The diffracted signals which are received by the receiving
27 probe are time resolved using simple geometry calculations and are graphically

28 displayed in a grey scale form.



5 tubular such as a riser pipe. 6 SUMWARY OF THE | NVENTI ON 7 The present

i nvention addresses these and other needs in the non-destructive 8 testing
art by prong érgamea conprehensive system for the cl eani ng, POTPysReAsIIOM, and 9
testing of tubulars, particularly riser pipes. In a first aspect of the
present invention, 10 a method of inspecting a tubular conprises cleaning,
visual ly inspecting, corrosion 11 mapping, and TOFD testing the tubul ar.
The present invention is also adapted for use 12 with new construction in

whi ch t | eani t t. b in. _ | th
opeet 8 Ehe o oHBhEhe T Benlanl RCRP By e il Shmded B0
. 14for earh ofrefnhfisd RO R of MBHEBMAGyAREN forSdedfRtieh of BRI HEm! WRhinngi de of

the tubular includes pre-wetting, if desired, 16to renove | oose debris and
to softeén dricytindri¢al Isimejufel, smakisasaa gipetdratsenstanchic. sThe\preagnt iZvantion isir i ven

wire brush with an al. t tool is then pul or, t hr ough
theisrutiol ar bepgreisert tisstgareand msthoR ar e ik TS A3 %2 i ng
into thed 9cyly i mitdk CUttinNng tool is also provided to precede the
Wre brgjsh. 'Irhsem\}ﬂ\n%g(%ﬁgg pr!gey al so be followed by a j et spray of water

to wash away cuttings, rust, and2ldust.22The step of visual inspection
conpri ses noving a canera throu&fiout the23tubular. A digital |inear

IpI acenerft tr atSHMARY QRABE INVENTKN G encoder, is provi ded24to precisely
; . . . : .
ocate Le camer a Wd hldut e R Ul @essel B ARIR REQK RS aBn i lBRUve

si gnal 25to0 a conputer and 10 a recorder Tor a permanent recor

of corrasi on teRMRl RObE PRV & comprebeivisysieat Pntlicocle@ing\dhdpedtidi, adess of
the tubular. A drive system|s provided to move the tool holdjing the28pul se
echo prdbes tthstingqgH tubvdars, peritcularly siser pipes. doaPist apeetnd thepgesent myRRtioNa record

3 WO [1-t709,P Usa [.s119~ f h. i .. Fi | | .a TOFD. i
S ovi dell t o dUPEPY P IRECRE 7 fibar oo SO vistal ikt otraidy L™ ' °

in-service defg6ise afd TOFD téidg tRihIA, ThéiebdddinventfoRis A5 MApte@ TotsON. el d
fabrication defeéects, lack of fusion (LOF), slag porosity, and 4 other

def ect s12 5 Theiienemcomstridonfiewhichdwe addaningestapmaymiot beneegdsarylmescppesent t o
those skilled in the art froma review of the follqw ng description along
wtoh D accﬁﬁﬁaﬁ FESPoct i iRgntion. fepaeiellsysemignadrareraied a el 9

Fi gure a i j j IR 1REhL section of a cleaning systemin

accor da%‘ce 1 Ogmeat%ﬁ%?rt\]?ésﬁ%%g\?gﬁti oﬁhﬁ%x cleaning a large ID pipe, such as a
21" 1D m@min riser Theweep df cleaking thednditle ofthatubealasinviudyy peé-weltings ifelasiredy syst em
of Figure la. 12 Fi glure 2 is a side viewin partial section of a cleaning

syst em For clteagmes legsedehris and tp poitgnslriedsinillingfinids ang other matgripdss An air

17 motor driven wire brush with an alignment tool is then pulled or pushed through the

18 tubular. For small lines, which may include weld material protruding into the

19 cylindrical space, a cutting tool is also provided to precede the wire brush. The wire
20 brush may also be followed by a jet spray of water to wash away cuttings, rust, and
21 dust.

22 The step of visual inspection comprises moving a camera throughout the
23 tubular. A digital linear placement transducer, referred to as an encoder, is provided
24 to precisely locate the camera within the tubular. The camera provides a video signal
25 to a computer and to a recorder for a permanent record.

26 The step of corrosion mapping employs a pulse echo system to map wall

27 thickness of the tubular. A drive system is provided to move the tool holding the

28 pulse echo probes through the tubular, and the computer once again makes a record



14 Figure 3 ais a side viewin partial section of a systemfor the visual
I nspection 15 of the |arger dianeter pipe. 16 Figure 3b is an end vi ew of
the visualyg gefRepti on system of Figure 3a. 17 Figure 4a i @E/6s0dB1MiewW in
partial section of a systemfor the visual inspection 18 of small 1D pipe,
such as for a 3" or 4" nomnal ID pipe. 19 Figure 4b is an end view of the
vi sual inspection systemof Figure 4a. 20 Figure 5a is a side viewin
partial section of a systemfor perform ng corrosion 21 mappi ng i nspection

of a large di ter pjpe..22 Fi 5b is. an end view of the st em of

i gure b, 2tmgmebul Fitlyes OFDSFentis Fralier A5t odrnin B SRR oo
sul tabl & FOr Jiaf hit gftul DRI SRECH! RilsohVisd oRRls, el i PigR0 &ratking? S

Fi gure 6a is a side |eW|rrpart|a section of a system or pertormng
corrosi oh 26 domopiongerbsiemandld fabricdtion defeets| lack effiakien (LOB)Elag porosidy, akd gur e 6b

is an end view of the systemof Figure 6a. 4 WO 02L1-t709 PCT/USOL/ 5119~
1 Fi gure‘k 6c ot dstecl e si de section views of corrosion mappi ng tools for

" 2 ands 4" nomi najy P kA rurck SPRE VKRN witf b Al othotd Sl i N

system of Fi gures
6 the art from a review of the following description along with the accompanying

7 drawings.

8 BRIEF DESCRIPTION OF THE DRAWINGS

9 Figure lais a side view in partial section of a cleaning system in accordance
10 with this invention for cleaning a large ID pipe, such as a 21" ID main riser pipe.
11 Figure 1b is an end view of the cleaning system of Figure 1a.

12 Figure 2 is a side view in partial section of a cleaning system for cleaning

13 smaller ID pipe, such as 3" and 4" pipes.

14 Figure 3a is a side view in partial section of a system for the visual inspection
15 of the larger diameter pipe.

16 Figure 3b is an end view of the visual inspection system of Figure 3a.

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

18 of small ID pipe, such as for a 3" or 4" nominal ID pipe.

19 Figure 4b is an end view of the visual inspection system of Figure 4a.

20 Figure 5ais a side view in partial section of a system for performing corrosion
21 mapping inspection of a large diameter pipe.

22 Figure 5b is an end view of the system of Figure 5a.

23 Figure 5c is a side section view of corrosion mapping tool suitable for use in
24 the inspection system of Figures 5a and 5b.

25 Figure 6ais a side view in partial section of a system for performing corrosion

26 mapping inspection of a small diameter tubular.

27 Figure 6b is an end view of the system of Figure 6a.



4 Figure 7 is a side viewin partial section of a preferred system for
performng 5 TOFD testing of a |arge dianeter pipe. 6 Figure 8a is a side
view in payé omdsreection of a preferred system for perform pgrdsoi@rdst esting
of a small dianeter tubular. 8 Figures 8b and 8c are side section views of
TOFD tools for performng testing 9 of 4" and 3" tubulars, respectively,
suitable for use with the systemof Figure 8a. 10 DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS 11 The present invention includes a systemfor the

i nspection of tubylars and 2 et hod, of ,conducting such an inspection

using t He system _ e%g“s@féﬁé%mtswé_swqw% ?&Pﬂ%&n&a@m%@ogﬁg’f%nﬁ f or
o ch e baRd®HELALD RHERESrAbed ORI AR oriBe iindRsterdSrribE 481 5,
met hod & thent®@senti on conprises primarily four steps: {1) cleaning; (2)

vi sual 16 inspection; ((53) corrosion mappi ng; and (4) TOFD inspection. The
fol l owi fy 17 descHiige dis 3 B¢ vigw ip hribakpsctionef pprafersedyystest for parformizgd, with

the str turerr gr'.bed 1Fardu J ng each step. 19 Cleaning 20 Figures 1 and 1

a show the arrant Of% & %Wbpltp_ﬁ‘e main, 21" IDriser 21 pipe .10. At

one end @f the pi ﬂ‘i‘gdk@Shi%a%ﬁ!éM@dm%ﬂaﬂﬁhti@m;ﬁﬂéﬂné@sﬁfdrﬁ/ﬁ)ﬂp&Yorﬁﬂﬂg nch 22
or

motor 14 and the winch assenbly 12 is adapted nmounting to a flange 16
of the 2B pi pkONID teshingof @smalhdian@tardubmdaznd on a wi nch spool 20, enough wire

e LS B A U
used hergin, jrhe aﬁ@ﬁ'“%dbﬁ{a?%{‘ﬁ%%acéﬁ@%%taﬁ@ ffne&s%(ryﬁﬂ{ e bGeMRE RAMSE. f O

drawi ng the cleaning too e pipe, and Includes 27 the w nch
assenbly 12, the winch notor 14, and the wire line i8. 5 WO 02/-t-t709

PCT/ USO1/ 5119~ 1 t he _oppasi end of the pipe 10 is nmounted. a drive
mechani U 26 RBTAID DRl MBHQN S PREFERBEDEMBARMIATR echan: sm 26
i ncl udes; a not or . - Whi i Ll T not or
nount 28 al so i nclniglgg)éeséﬁt @g%@%o%mga%ség. %mtlgg&gggfsﬁllogﬁtfs bluga?shg Jy}fextend
into aux | i anyethéd16 cfdulfif istich @l iskpedidhsusiigethe spsteer Thé ¥y W the 5 f eet

long. The air nmotor 30 is provided wth an air supply 36, 6 which nmay be
any avald abl déngntion inshides 8t sypisms fopearpying outthevasigus stagescofdnspoetioshas t 7 of

h i i dri 3 i ch | f. b. f 3
sect ond andvdies e Lol bt By ook it oo Bl Bkt Ao a1
made upysM t h RN EBSE HOinveMfonkofiifisey prirﬁ'a_ﬁ*ilg fddf%teﬁ&lr(lpéleéﬂi&% (BRigRposite

the drive notor 30 is coupled to the cl'eaning 10 tool 24. The cl eani ng t ool
24 incl Udes dngpectionpf(Ghicomosion shappint? andd(4d4 OB piasectian.byTlel fadlovang r al i zer

ring 46, which maintains the cleaning tool in alignqent within the pipe 12
10 to ehsure ‘gﬁ‘?’f’pﬂt@f‘ g‘)l&VYSc,t&rr?flé‘gﬁ??‘glgteE?%tlé%’ﬁrﬂﬁt%ﬁa’q’l"ﬂgtgf’ HEyue g?scflﬁ%‘f)pi pe.

Finallyyg 13 ?&gﬁge%ﬁ% ol for the air notor 30 is provided by an air

regul ator an ryer 48 for 14 conplete control of the cleaning operation.

15 To begin the procedure of cleaning the inside of the main pipe 10, the
inside 16 of the pipe is first flushed, preferably wth potable water, to
renove 1%bose d8BFI& and 17 to pre-wet any dried drilling nud for ease of

r ermvaljzd)y the cl ?S@h 91 aR@N a SHow h@%an%énéd@?or’lﬂéﬂngjﬁ%gﬁﬁ,ﬁ]ﬂ' ?Rirﬂéf al | ed

by sliding the gu ars 1nto the auxiTrary tubes. e gui de
bars fuly i npdpy10edit ohbendafthe pipa10is coypleda winthtassenmbiynl Dériveay by atveidcli o

22 motor 14 and the winch assembly 12 is adapted for mounting to a flange 16 of the

23 pipe 10. A wire line 18 is wound on a winch spool 20, enough wire line to reach the

24 entire length of the pipe 10. The end of the wire line 18 terminates in a swivel 22,

25 which couples to a cleaning tool 24. As used herein, the term "drawing system"
26 refers to the mechanism for drawing the cleaning tool through the pipe, and includes
27 the winch assembly 12, the winch motor 14, and the wire line 18.



20 center the axis of rotation of the notor output shaft to account for
variations in the 21 positioning of the auxiliary pipes. The nounting
assenbl y w® d2amopul | ed back out 22 (about 3.5 feet), and pdrausSoisso4section
of drive tube 38 is installed on the notor drive. 23 This provides
sufficient clearance for the cleaning tool 24 on the end of the first 24
section of drive tube 38. The cleaning tool is then placed inside the end
of the main 25 pipe 10. Next, the air line 36 is connected to the notor and

Sl onry inereaced unth ehBoRelli e Bof 13 wplfichd «RlepRtpRebp¢ 7

. that dug to hbeaeld dednigitoold. fThe ativOmechimisen 26 incRE&SHbROT ouht Zorbe
required to start turning the tool than is required to keep the tool

turning3 6 whirhozmamtel 2cir wswr 391 The motFhoount@Sralsegnelodes at dgast tvem be

~ manual ly, run intq t ' .or cleani,ng the.first portion.. Al ternatively,
Tho i r & |1 neuils bain 2. BhEh ol BhefierGigimomiN et i MAR0 PCBHIEbES AR o 1t he
swivel 22 pri { (& i s WY i set up,

the wi n%h rm? gf{feﬁaglyt%gg{?gl%alwlﬁ%i hee(e:1 relgl%ti%ﬂgo% 5?@%1%%%%{%5&%%3.& When

the 5 nit or ek m2Bbe amy axilable hir sepyly of atidue 120 pe, Cotydediior ths dripé yhedb i s

shut off, and _the.6 npunt 28 i |'1.ed back to provide enough cl earance to
att ached anoChthe armetapispdpvey ?ggr"i’h}gh’ls@ erghly madg ugpb sachiops;adithseat ed

tached anof! R . _ eat o
Lol | Tho pr ckans PLEL e S PAARickly RRELI AR, B ROROMEr 40 " 200

wat er at9 t he end bfthe drite & érivabe B8P positetheddivedhotd el is Souplél 1Bnled ddeamiget up i s
required for cleaning the smaller auxiliary pipes. Figure 2 | 1 depicts the

arrangelfent tes! 24| Eherlseningion! 24inriudes anaiafwire bauthesdZand dds seperatedly | D 12

pi pes, i ch_nmay. Qtherw referce her el n,.as.;t ubul ar.g.or | i.nes.
Those aite. 1 8roxizgeit 36 Wil SuBliriing Aefia ol A3ubiRa R Bsstfer 1 ne
52, respecti @iy enéhrs cOinpRte &ﬁuﬁﬁé@ﬁmm%mg%fuﬁ@msfdebf%@ﬁgb.ngirm,h l'i nes,
and the cleaning tool conprises a cutting 15 or grinding tool 54 ichis
used pri3mari Ispeadecontrablos theeditimotoni30lis praveded hycanraii regulatod anf drier 480650 and
52. Re 4vi ng the rotrugigt(i;l V\§| ds ensures that the inspection tools 17

whi ch afe | afemplel epntiel athe £leanipg BRETALON. r avel freely t hrough the pipes. 18

| mredi atsel y behi ndrgtfagiiHE bloBeirOof léﬁn'ﬂ'%ithé' i de®f el 19 (e §i%yd Ng rust
19 anda]15§ose debri so f?gﬁn%hg I nsi deco the b’ﬁ?fg. Irrrreclllgﬁ)gl y behind the
wire brissh 56f82 pige ia fice finsted) prefecabdy with potaBle wat@f terrerthdye loaskalebfis andar d

pl astic _or other appropriate 21 material, to align tge cutti ng tqol 54 and
the wirld brudtprsevetpny degd diillige nad for ggse af rmopal hyithe clagninginot 24-i Dedyg s eeve

are al oaxi . 0. ! BTVal! Y J 0 an air
not or for Iﬂﬂél éﬁt@%‘?%%i{r@tgﬁéﬂéﬂs ﬁ@ﬁ%gﬁ%&g&@mﬁﬁtﬂgaﬁ%% "The ait
motor 6@ i s [Wiakitlgeghide birs Hilbsinsertedptheqokitibh ofitie dit Mok cais bp pdjusttd pe 64

which 25 is provided with a val ve 66 which provides both positive shutoff
and spedd corenter the@xisyof sefationpf the roterroutpus shaft to aceounk foryariaignsgp the. n a

comon 4. ne w{. I o . Lne. I | i ne 68
whi ch pirlovi dgg 51\/\1/8{1@% OE lrtl eaﬁl&'%lraégg%g%%e I\k/\qlg{ﬁglrn %éée?nbg}' Y%%P@@QJ al i°’Ch washes
rust, dipst, gasbu@Bleeetiiahd it firsuse@iod dfidEiow fiibe BB 6s ipbtaked oh the Wotélrive. 1709
PCT/USQL/ Sl 19~ 1 Visual |nspection . . 2 Figures 3a and 3b depict a

struct 3 f orThig presides gutfisient elaarancet foe thenelearning @l 2dontbe epd of the fst n pi pe

10 An il ter nal v, EAnaLg. Yhe Waknih  RRPRAApIHES Tufa BEBLRotul R o0 o

25 pipe 10. Next, the air line 36 is connected to the motor and the air regulator 48 is

26 adjusted to zero. The air pressure is then slowly increased until the cleaning tool 24
27 just starts to turn. Note that due to the coefficient of friction, more air pressure will

28 be required to start turning the tool than is required to keep the tool turning.



5 The structure of Figure 3a includes a canmera carrier 72 on which is
nmounted 6 a canera 74 having a wide angle lens for conplete circunferenti al
view ng Qiobhgy7dei nterior of the pipe. The carrier 72 is PETARNWEN1Becurel y
centered wthin the pipe 10 8 with a plurality of spring | oaded wheels 76.
The carrier with canera nmounted 9 thereon is drawn through the pipe with a
harness 78 coupled to the carrier with swivel 10 nounts 80. The harness 78
is joined to the wire line 18 wound onto the winch 20 11 spool, as

previously described. 12 The camera 74 provides si.gnal .over ignal line

82 to altel evi si ohhewleanjngiop! cen thendeapanyal %W@%@g%ﬁﬂcﬁmb‘?ﬁ%ﬁﬁ 86 to

. provide,real ti.ne view . r | viide 18 angcord of
t he vi saal i %ri)lg%'t iﬁgﬁqm#ﬁ'éﬂéi%%%&ﬁgﬁeﬁ8 |leé #ggggg%ﬁ%lp?% 1gken up on a

t ake- upsr eel ($Retted k&R switel R2agior @linakihg i ehesioghtd the airendar. dWithribist he 16
inspection. As the wire line 18 is taken up by the wi nch, it \%ﬁss&% t hr ough
a digitél 17sdtumdar winchoeteris usadiapull thercleaningfeeldbrough thepipe \Wpen &ieny y an

idler of precisely 1 nown dianeter..s0. 1h il : f rrier 72
al ong tRe Ioﬁ‘ﬁﬂrdﬁ‘i’q{glﬁd’f’f‘@ﬁt{si@%ﬁ’ féﬁe P'Iﬁ’g’a%ﬁtl%&l%g?&?s?k I%gghv\ln%oﬁrﬁlgd {e}%coder 90
i's couplged tg hher £&8backGo ovadSérdigh cldfrahédte a%dchedhaothacy destionay
alternat6i vel i3310be rg:)%{ﬁ&gd t% tﬁ?y%arri ergﬂ72, and the signal 21 line 92 may

t hen be7i ncl ufidivetitbdi38. Ehesprgeraurd is repe@ed upil tBpentive lenath of thanips K4 as space,
a different structure i, alled for en viewing 23 i [1.Qr rface of
the smaldl er b?%@!e@a& “5‘3‘ tg%ﬁlieﬁ‘ll%%i%ohmﬁi‘eg‘lfp‘é?s !Pa"%gf'@;etﬁ‘g.gy gﬂéﬁn%ﬁ%ﬁip ar

arr angegent LesREAY HF dleliatbf (O RETHN O tIpiROIsIch opdbrid: | | nes.  The 25

system Fi gures 4a an uses e sane nounting for the w nch as
previougl y 26 desamiokRd sethplis requirddtforaeanieg the smatléruxiliaey pipess Figwre2ot at abl e

on its nount so that the 27 wire line 18 may he direct .onto a line 34. 28
The caridra 74epistsith avrangementforcdeaning ﬁ“ﬁléﬁm%li/eééweé‘?é %ﬁﬂdﬂé}l nomigalIPeq t o
the 29 wire line 18 wth | t ) ihe€ a8y Forrdapt s
the sarl? camisavicley siherYlsy B e i ueial oPlihes Theleafe o

auxi |'i a{ Y | i ResmplEhecivke aad killNEms0had 6 amdrbaostér like 32; espebtiselyy drsimtlar 2

signal Tine 82 to the television and recorder 84 and to the conputer 86 as
previ ousl y 3 artesgamdnbisusathfor cleaningbath lingsaand thewleaning opkeomprises aquiing ne 34

by the wire line, which.4 : . .
ongi t kA nal opSidTipeb s PRER e et a SRSl ol bAgha dh o,
line pagses %{ﬁﬁnegﬁowgi. g@&h&ﬁﬂg%pm&@mgm&mmgmamemp@ﬁanmder 90.

7 The purpose o e visual inspection of the interior surface is to show
up any B7 obviwhich aenstecte hensekbaverocnto taved fieelyrtbropgh fied®te for a nore

h i 9 ult i i n: tion to foll Ll j ith
S SN M ER P N £ S T
drilling,ri S Shdh i e%;fig £503he B8 o?fb'éfpﬁ%??lmrrﬂe@l_iétélz beMAdEeavirebrullosgh t he

system and s Invention may be applicable to 12 other tubulars.
13 To us@ t hdgs dicen@dlizings fleste 38) pssfatblynmidesf camed plastic pnether pEoRTAte he

appropriate 14 size adapter sleeve for e line t e nspected, and the
canera &hbl e maferiglgtoalienithe cjting tool ﬁgal“i{ﬁ’é,w‘& ﬁ?‘ﬁ\?ﬁg Sﬁ‘ﬂ‘?‘f*%?ot?&xw’é%d to
the pin end, [for ex - 1 Soda OPREFARA shaft 6O VhEATEr 8, and
the w n?: assb«ﬂﬁh’?}n?é%l}r%gﬁ%ggle?geb%ﬁghg%%ﬁ%plglﬁtgﬁri ser 17 spi pe. The wre
line isygoupl @elpled tb e aR66E£62 fardgh heed esttion offthe abdaaltyomneded toods. 18 are
made to the conputer and television with recorder. - The en Oﬁ%r%' s, .zeroed,

and 19 he i riblgeait motpr 6Risprovidediwith presepized aif Fam 2N YT 8§ 4 vebie

o fomict e T . ! UG
e aughas he. tptnared vl a 18 b8 o il B bt S 4hd fopd Baat ¥ 2
i nspect bgn 1 egoEshiroliMy AF pr8slivE & GBalmbibneD) OF aentepekdeedith dre rég hir

tubulars to be inspected. _ _
27 supply line 64 is a water supply line 68 which provides water under pressure to water

) 28 jet nozzle 70 which washes rust, dust, and other debris forward through the pipe.



23 Corrosion Mapping 24 Figures 5a, 5b, and 5c depict the structure for
corrosi on mappi ng of the 25 interior of the main pipe 10. Figure ba is a
si de vi ewwaf 0284001 r 0si on mappi ng tool 26 100, construct ed RaT/E8OESTIdANCE
with the invention, positioned within the main pipe 27 10. Figure 5b is an
end vi ew show ng the nounting hardware for noving the tool 28 100, and
Figure 5¢c is a detail view of the corrosion mapping tool 100 itself. 9 WO
02/ e709 PCT/USOL/5119.L 1 Referring first to Figure 5¢c and the corrosion
mappi ng { ool 30 the tool 2 conprises primarily a truncated cylinder 102
W th flaltnges %lé%lgﬁsé’eit%’ at the left and 3 right ends of the cyl i nder 102,
- respectiyely. The EiglheRd8and 3% ddpictd hlcyur®theiis@d iflsRbGEY) of theditedior 03,
which when in use is coaxial with the axis of the pipe 10. 5 Munted to the
fl ange 194 i rsunface ofithemaiopiped®. Ag altexetive peans for vialihfpehtiosusests cimera by 6
an end pJate 110, held e flange with a set of bolts 112, for exanple.
ne sucht7 bdPPusg O%ﬁ?b%ﬁ{&ebﬂa%ﬂ’e%yelawn fting eye 114 to assist in
transpording the tpglsrlice S Filite 3a irifide®R barkllfl chfict PHEMIRIcKY; mlindla aTBt €1
and quite heavy. At tshe oteher %nd gf the 9 cyﬁgﬁ%‘glf %gﬁl m)un%rgg to the
fl ange 106, iscamncrefid hpliage wid6éangle danalforpdonipdetd tRcumfetensiall Giebvingkofithe suppor t

ring 120, all held the flange. 106 with set of bolts 112, for 11
exanpl e.” 12 Nafeéwfﬁé&eﬂi@- r‘%ﬁﬁm’?@"%asrm%sseﬁekywen@%mmatt@smmeéoand 118

is not the I 3 éﬁ'l% e . gt e [ | ef t

of the sé(;al p %?%@B%ﬂfyl &a i 21% gc\lfxélady%bfgecl)sfnyghﬁ ?cggljgl;ég %ljiwlgh% Iﬁjﬁgﬁtggld pl ate
116 i s t® thehkrebh isdrawithraghkheipd witH d Barnéss 78 covlpbed to tilvairidrMGthGeiNedct Wi th
the flange 106. This arrangenent provides support for the 16 conpliant seal
pl at es Hhen tmeunef Fhelbarnessi78tis doinedyte the witedine 8 weundgmtelthersinei 20f 17

t he pi pgl 110 wheg t he Iocll 100. i‘i drawn through the pipe. 18 The end plate
116 als prO\ﬁp(?g aﬁp%Wnyde?cnge lub 122 held to the end plate 19 116 with a

pluralijy of bolt STHZAmet74 IR RignhlGvep B Bighf tigk 82H AckiRinlaRdviliés. 20
whi ch receives a water hose connection 128 (See Figure 5a). Water fromthe

wat er 203 hos ecassatin eedorden 84 28d p computes 8 tepropldameal fime vibwinguifike ewrasi gnal
used in,the 22 corrosion, mappi ng_.as descri bed bel.ow, The h 12 | so
'nol udeld a atisy SepinmaToRteren qf@zfdi%ﬁpﬁwlwﬁhwmah&e%sar w&BlY bl e

t ube 132 whi j € hQR: .

vl nder® 1 02, RES OFRLkeApIBls (et &6 RERIM SO TN e,
5a) forned byinkfeetioy | Antherwiildine 188 talealupblyahewinthSit padeslthboughndiigid 26

interior_dianeter of the main pipe 10. 27 The end plate 110 provides a
mount fbf a clifsaeplaseae tpsduser openoqdercihiwhich mesimply amidlecel precisglyl cabl e

cabl & 155 1 oronay e sc' et ASARE! PO el 28 o hE e ot ARG Lo 01
19 of the tubular is known. The encoder 90 is coupled to the computer 86 by a signal
20 line 92. The encoder may alternatively be mounted to the carrier 72, and the signal
21 line 92 may then be included with the signal line 82.
22 Because of constricted space, a different structure is called for when viewing

23 the interior surface of the smaller lines 34, as depicted in Figures 4a and 4b. A

24 similar arrangement is provided for the inspection of both 3" and 4" lines. The
25 system of Figures 4a and 4b uses the same mounting for the winch as previously
26 described, but now it can be seen that the winch is rotatable on its mount so that the
27 wire line 18 may be directed onto a line 34.

28 The camera 74 is mounted to a centralizer sleeve 94, which is coupled to the
29 wire line 18 with a swivel mount 96. The centralizer sleeve adapts the same camera



WO 02L1. 4709 PCT/US0115119.t 1 nounted in an insert 142 which in turnis

installed in the cylinder 102. It should be 2 understood that although only
one transfuserin® shown, a plurality of transducers are 3 psEUséisipader to
provide a full 3 60 coverage to map the entire pipe. The transducer 4 140
provi des a pul se echo signal to determ ne wall thickness of the cylinder

102 in 5 a manner well known in the art. The cylinder 102 may al so provided
with a nipple 6 144 to receive a lifting ring, if desired. 7 Figures 5a and

9 !
5b show_ the arr ement fgx the use of t topol 100. _As 8 pr.eyi ous
descri bdd wi tt%dffg%a# Dta&x’ﬂﬁéy Qmeéar}“ ﬁﬁlgGPpgﬂ@ﬂg‘?f?@el’@),” fwogad%ﬂvqéjg%nm y 9

.12 is unt ed: i ] é,s@%I Js unt ed
to the 10 flglr%lél %%ﬁtﬁghﬁelﬁgﬁ?qngaﬁa Q??%gdne?gg ag@% tﬁ%ﬁ(ﬁﬁ%‘?or 1 pg?l‘,ééllbﬁ"?gl udes a
wi nch spool A8sclibettpThe siiegdisidravwiDtirohgh thed dukillaryniénel3d, byethowirb link,fvghith ne to

reach the entire length of the 12 pipe 10. The end of the wire [ine 18
t er mi natfes i Passep averdhe encoder Ysodhat tha longisudinal pasitipr of the camerg inkndwm set of

e 136 (wiPbA A oany PR ket e Bl BT o3 O p RS ko 3hECT e

to the gonpulegéoddp990 provide a 16 record of the corrosion mapping
inspection. The signal line 82 is preferably taken up 17 on the take-up
reel 887t o keep t Hidhepugmse ofthe yisualhmspsetipnedf the intsrigpsutface isgo sl bpemect i on.
18 As the wire line is taken up by the winch, it passes thrqugh the
encoder %90 @DV EREREE o WniBtistOn AB] AGHOS 0% SRR COMBAGENA00
along the | ORgtdsiictflpetidiib tbiRfiv. 20 pRividafhd Beflwith BYishAindRergedar 90 1s
coupled to the conputer 86 by the signal line 21 92. The encoder nay

al t er naltli vel yhroeghthentendér@4t bfthe assembiedidllingriskr jdiet integmed Ipipei suefaddd, 92 nay
then be incluyded with the signal |ine 82 3 To.use the tpol 100, the wire
line 181and tf?iéﬁ%f‘aﬁlﬂll‘?%g th%ﬂastameanﬂ@aptbwf fithis IW&HElwyn%ﬁamplmbm pi pe
10. Thelzvvi nc%ﬂ?é%@g%g 12 is then nounted to the flange 16 25 and the tool
is hookéd up To the signal |ine 138 and the connecting hose 128. The 26
tool 108 is pl acedrdise @t Whiahinkpeetions)stem, thecamiepss iftalladth thbgppromemier i s

zeroed. Water 27 is then applied through the hose connection 128, filling

the annldl ar eclrasdentersbsyve fog thedinedg beinsnestedy andshe ¢pmera eabledgfished thygugh ng t he
tool 10Q the eni.ire. . length o he pipe.29.10 t he posidion,of the tool
100 i 5 Rnown 55 1t SiarfiE Bt toe bB Bl RE st dafdos bRl bbd &bt bOB U
I's 119-1 1 t I3RSsuab th L and tHEBRBLH 85¥BMblydk niihted it tielen8 BF tHRfrideh e
entire pipe 10, which is 2 recorder by the conputer 86 for |later review and

anal ysi¥. 3 aips. Mheawiralinaisgenpled td the gaender, and thegemainingsiable conpgsitiogs of t he
|1 4 t ubul h in Fi 6. 6b,. 6 d 6d. Ref i first
Lo Fi gbfes it e SRt e YRR iR rpries, PUSPORRALBTIG. B0 L he 3

and 4" fgubul gRSinfgR SHOWEH orfihé Q,%engfa{é%rbﬁsﬁﬁ@@éxﬁggpfaeéqda&eﬁi&t?r uafigmi nal 1D

tubul ars, and a tool 152 is adapted for use in 7 nom na D tubul ars.

The todl0s corlthennuding theawmcl,chp ovieenling iswhrawh troegntheltebyad Theuseawen i n
Figures_6c and c. Thus,. the. follow ng detail ed descriptipon jed to 9
both t o <. Rertahibefelosion il ek a3 nspagonaginst: Lakprodits HRpldHén
cyl i ndryscal , 56, and a right end cap 158. A
seal ré?gini?gqggﬁgﬁfggd!gﬁggﬁﬁ?ggq?%@?ﬁ% left 12 end cap 156 with a set of

bolts 2232, f @WorexstorpMeappiagd a seal retaining ring 164 is 13 nounted to the
right end cap 158 with a set of bolts 166. for exanple, The seal 14
retai niffy ring 16digerEsao@nd 35 depict thpstructiye dercorgasipns meppigg of thee seal

retaini ri : . ds. egl Q| c : i ni ng
rings 160 anglgtfégr éf?tgie ?‘%l"gf“é’? é?aﬁ%ﬁé gé:gsr%%ﬁ? gﬁ%‘}ﬁ%%&)}.ré;sg%gc??@én é {Zottogi ni ng
rings g a sqpootons@héted atcordance with the invention, positioned within the main pipe

27 10. Figure 5b is an end view showing the mounting hardware for moving the tool

28 100, and Figure 5¢ is a detail view of the corrosion mapping tool 100 itself.



17 The right end cap 158 provides a nount for a nipple 174 and a hose
connector 18 176, providing a connection for the water source or hose
connect i owol@dA70dhen 19 pressurized, water flows through tFer/v$qpie4174
into a set of flow channels 178 to 20 flood the chanber formed by the seal
rings, the cylindrical body, and the wail of the 21 tubular. This provides
a signal couplant for the pul se echo for the corrosi on mapping 22 tool. 23
The left end cap 156 provides a nount for a two ring 180 to provide a neans
24 for pulling the tool t ugh the tubhular. The left end c 156 incl udes
penet r atli ons 25 1 W%F‘SGG lé‘ﬁe&ﬁsaild§hi]ﬁ%‘ll'°%%fbp’égpn_184°qlol afheytophe
.ultrasonic t I nat e at

tr ansduchr S %@%’pﬁvﬁ rb?#%{lgmn%‘%%%g ym&%}o{ene &Rggﬂw oug ﬁ{é I%ﬁ&m
cylindridcal bigHyerdsdf thé cylidiet mheespaﬁiﬁzlé@t OQﬂetﬁﬁ!ﬁdeﬁmozl@”layaﬁl)t orddigetlicer s
are provided for a conplete 360 coverage around the circunference of 29
the tubdi ar. alopg anygxip 1931 whivhowlnrinUssenis s°pasial withmihg axiss obthepipe 40

illustrate t t . system.of Fi ses. 2 t sane

nount i ngst f or R&%@%ﬂ tﬁgﬁe@ gﬁ?@é%%&ﬁ)?gégg%? 1?)%%Fai @ﬁ@%ﬁ&%ﬁ%ﬁ%‘“{‘%ﬁ at abl e

3onitg WDU'aﬁeﬁ@BIali‘@llﬂ Reldvib il fldnge with 'Y oPSolEs 112CioRexARple. DAB shiétbul ar

34. The tool 4 100 is drawn througﬁ the tubul ar 34 b the wire line, which

passes dver bhk léﬁ@wdre@bwébya mgteMell‘l)wgpSsraﬁmrtmmsmmBngthortoczlflﬂﬂhe t ool
nown at re 6 i ne

Qﬁ?ci\spﬁesseémﬁa ettt 1O & rap@uah’ gtmet enB Guis sV ot B plir sdsthe, Y ool
100, the wirgy iﬂhdb?léﬁ Iﬁéﬁ"‘tédﬁtﬁ el@ﬂ%ﬁngn&? 1% 5?@‘31 Qlﬁt@'hkh h the
(0] ere t

t ubul ar 34t the end), 100 i's a ed 9 The tool is then
coupl edl o t backing supponerian 26, ghhéldaabheeﬂmdlﬁmmthmt obbolec11fol0 128
is attached. The tool is registered with the end of the tubular, and the
encoderllis 1¢x3mplsed. Wth water pressure supplied by the hose connection

128 o provide a A Shahol s MR LERIHE P pt 3ok ARk 118 i, 21 | the
iy e uipdhe R e ek plated 108 41

way thriough the t neas rovi

measur efgent s sifie E&i&a@ﬂ@ﬁlﬂ!pﬁ%e THe Sﬁdf’fﬁat@fllﬁhs @hthe Rff Mtastswplalt@m&etel on 15
The tool for perform n% Tinme of Flight Diffraction (TOFD) is not described

16 in dek ail aWBE&QBB@e QWLWWWI&%QMG@@WWQMWE 118.7.e4| p| ne

Sui t 17 L 5 h TOFED t ech t
aglaptee fr om1 O ﬁ? ﬁcgém%‘rtg%g%% i@%aﬁﬁﬁﬁ%ﬁggr&ﬁ % ﬁﬁ%ﬁe" ilggl ster ed
of fice jg at c&% ha-r& sba éﬂﬂbd whédl {6 8énd (AdePRIEbA tagalﬁ%nilﬁleme dihdnbReloKi ngdom

The techni que WI| described in sufficient detail for a conplete
under stEndi ngheopipe llﬂa() phes thettoplkf@ns drawn trouginthepipear y, t he TOFD scanner

oot 8 rar e oar THieRAGRERS Ll GHERPEvIda rphtTor f Bu abkhela it eod Bl
| ane e rare ear
i nteriofg surfjag %ﬂiapﬁﬁamy RE bdfls 384, toPExahipfe. CTROhGY re%éWesb§ c%ﬂiﬁgh%he

entire I'ength 24 of the pipe. The crawier is renptely steer by t he user,
and t he20wheeéichuekeistes Qﬁfa‘suhémnmhbmns Gge Elg;lp@i@l Ovaterfioem thcommhter | s

not or driven, and the not ref rab ter shiel ded,  hi gh-torque,
fare eatkh oheEs FORCRPLAZS grevi ﬁP HPh&%E@FFgC‘EHS’nW uspdy i e and

i nspect4ypn si

descr:)rl bie?el i ggigra%?%?%g?@lgg‘%?ft%?gg& g\nagﬁl n t g@ggg ?Jc‘)irgg %Wé@?gié%ﬁglsu tion

13 W22/ . 136 TedidgGhe UGl of hter 1o 4 fleritde tubeadR Wiiich carties diei voater tbhee TOFD

transducer s are double-ginbaled for a full ' 2 range_of notion.
2 penetration 134 through the cylinder 102. Thus, the water floods an annular chamber

25 135 (See Figure 5a) formed by the cylinder 102, the seal plates 108 and 118, and the
26 interior diameter of the main pipe 10.

27 The end plate 110 provides a mount for a cable connector 136 which receives
28 a transducer signal cable 138 (See also Figure 5a) to be described below. The

29 transducer signal cable 138 terminates in a pulse echo transducer 140, which is

10



3 Figure 7 shows a craw er 200 carrying the TOFD systemin operation. Two 4
such crawl ers 200 are shown in Figure 7, in order to show inspection of a 5
| ongi t udiwalo2weted 202 and a girth weld 204, while the sysPEmUsOEFEPubl y
includes a 6 single crawler. The crawl er preferably includes a single

unbi lical 206, which 7 includes a bi-directional signal cable 208 and a

wat er supply line 210. As previously 8 described, the water supply line 210
provi des the water couplant for the TOFD 9 transducers. The signal cable

208 is preferably taken up_on the take.up reel, 88 to. | e t sl ack out
of the di gnamo@a%ﬂén @O@S%iﬁ]@’hﬂhénF%Eé&%@lg%i.m%le%ﬁ‘é‘d?iq&ﬁaﬁp%'ﬁﬁﬁé’ei ncl udes
. a nunber, of |ines, incl udi ' ' i dub&s gye- board
canera o t nandaiant BRtBoREh GhutohERuBbEiaRls shilE aplerally oM
conput e 86 {&dih BMicHd prowde hifile 380 Rvivaiggefo mijethe antixe pipei. dike manisducerpr ovi de
- arecord 14 of the inspection. The signal cable 208 fuﬁaher,i cl ydes a

si gnal HKi ne 214Wprovisies aipulse echesigral ée determine wall dhicknsss o4 ﬁc}ﬁlﬁﬁg{lﬁ t and

i ndi cation, a signal line 216,faqr F Iy ' ; . the
conputeP, an@ Y2 k‘?‘?%"’c‘gﬁt&lﬁbl %?g‘h‘g“?& Wn%ggijggﬁ&ﬁdregm%gh %glr?k?e,
joysticlg contypel, 228ve 3 Bty heddsped. the crawl er 200 is driven down the
pi pe, and the operator views 19 the interior of the pipe at the television

noni t or 784, cont r BliguresgSa arel Hovkowe the artangementdfor: thevserofthe fpol HB0§ dysst i ck
control 220. Wien a girth weld 204 1§ encountered,. t 21 crawl er.i.s turned
and drien aPsRyiusk S@?@élﬂ?f%@&?fﬁ@ﬁ?%ﬁﬁ‘“ﬁioﬁg’.e ) ﬂﬁé‘%ﬁ‘z“’é ag’cfg%lpits t he
arrangengnt f.gr. JBY : i I BsséPbi B nhdihtddubthedr S i n
accordage mlgﬁs%ﬁlﬁ%telgr%{/@%tl oﬁﬁ%%%?gga‘%cgﬁfgrﬁﬁ%c dqepi ?tmt he tools 24 of
the i nvent i onlahge 16: oTiwinchgs dSfeR byaswindgmiotor44 aad theBides o wing spp@ 2Wibul ar s,

25 respectively. 'The tools are identical, with the exception gf an adapter
sl eeve P30 t apowmwhishyis wound a wise lingl§, ﬁ’éoqghﬁ’@@rlmﬁ't”eﬂ’liéﬁﬁg%?mﬁﬂ@et he

fol |l ow descrijtign w,l | . Fi . TOFD
tool 25 cortrell TSt 5B R RE 1h Scifelbs h A5 ERs R Ohichooupls &, 00
cover 2g8. Wihdighl idewiiRd et of stvivedd 14%r and sl ide assenbly 240, which

provi des a 14 WO 02/-t-1709 PCTIUSA |s119~ 1 camaction fqr a set of
yokes 2UR. The yoKae teonpheet 140 previdesa sigrabever she signahline 38 which mey bt ed t he

TOFD t d 246. T 244 h i i i th
depl oyelb posiihs gns Mzadine T pheousdeiPHh ong ciiblR: 86 GBHwER o L1, (1
4 surfage of 104 Rk boreut Apif BSR0R0A TRl 1id 2 i erilptakerine

carrier and e 5 assenb 0 Ts noved transversely by air pressure from
an air tylinderth@¥Be-whirech8%toleep theplackoutiof thesignal lins|82 durog Bisdnspeetion.

tion 252. Actuat.i tracti f | 7.254 f '
e oo ks heovigaing 08 S 1aER b Gy B wBivh s paSkeY pERe A8 ThidEr B0 bs
the y°kg§ Li d@efé{j& 2048 g%i&éa‘éoﬁ{iw&shetd@lmomdﬂg {iR16ngiRidiratditeagon he
e body al s

shoes. 0 retalns a connector 256 for a Water connection. The
wat er fpem 10fihemuintpige korfiecdnicoder 985 conpled b gorpwer86dwdhe ggaalbige as a
couplant for the TOFD ] 1 signal. The body s firn. nn ed to,.a drive
ar m 2582hhi ch9%ridwicaeadenmayg §mFBYe-[YL§e ‘F‘B\“ﬁ?‘# ‘i?d{’? ?Fén%(}gﬂ%’ ?@%ﬂ? ﬁg'éa? P%? ary

not i on r cogpl et . bl ad agp of the 13 TOFD test. The drive
arm 2585?5 pr l@%ﬁ?@%éﬁ%@ﬁ%%ﬁ@éﬁ%re tube drive neans 14 260 (Figure
8a) by penmpvabl e st gysthe odl 100, thdeirebino 18 tnd thedighl kel 38oaty fidsheoughgnal 15

cabl e connector 264 for connecting the tool to the conmputer, preferably by
way of 2416 pihelengfh ofithe piped®. (Thegrinch 4?&91?"11&12?*1&13 ngé?B?ﬁdo the fiqqge Egdy is

i gut o 85 shotl Bhisicheskod no % i eabind 1 4fithy LOIRUAL hOR RREPTRET, g

per formhag thﬁ,omﬁt?sbﬁs,édﬂlmlvﬂﬂﬁmb.en@éﬁh@;ﬁp@m,taﬁdtmimbocteegambedowm use of
other 20 tools, the wire line 18 is coupled to the eyebolt 268 an hen

back to27he wisrthén 2plizd Shnobply thethage comnectign 128,ifilling ths@ppulayichamber I35-wi nch

assenbly 12 is adapted for 22 nmounting.to th ; i.ne 18
is pull ﬁﬁ ove?rh%ﬂ‘(“’rciilné?tmb‘ﬁ FWWH\%’I @W%L‘Eﬁf’ﬁi g@]@lgte &@reel%%gﬁig}#ﬂfo
preci Segb | 0cgh and bie SRlonlX2h¥kddli 1008 Rndwib bl Al timb Frosh Gitedncaderc dlhlee 264
is wund“to a takeup reel 88 to keep slack out of the cable. At the other
25 end of the tubular are provided the drive neans 260, a water supply
connection 270 26 fox the water couplant,, and an air supply connection 272
for coupling to the 27 connection 252 (F}]gures 8b and 8c). 28 To use the
tool 232, the signal line 264 and the wire line 18 are fed through 29 the
tubul ar and connected to the tool. The air and water connections are nmade
up, IS




WO 02/.1709 PCT/US01/5119.1 1 and rotating drive means 260 is connected.
Then, the tool is registered with the end . 2 of the tubular, and the
encoder iwoaRMeRd. The tool is the pulled through the tubwcaruséi/andsrot ated
by the rotating drive neans 260, imaging the tubular for internal flaws. 4
The conputer captures the image for later review and analysis. 5 The
principles, preferred enbodi nent, and node of operation of the present 6

i nventi on have been described in the foregoing specification. This

inventiqn is not .7 to be construed as_.lijted to e partjcuylar,forns

G ST 050, | SitHREERLEEVIdFEA et 3 Hal FRers ofth e ROy e i

. restrictive. S the YAl S algNsi e made 9 by those
skilled in tﬁ%@grt%t%oﬁﬂﬂéﬂpartfﬁg&{%ﬁ‘?t ‘2 splsrlslbt of the invention. 16

WO 021 - B709 PCT/ USOkimsildl Sarraigertibriti isTused forlthd .cofkosioh hexgppiny ofithpemdalieg a pi pe

. conprising the steps of 2 a. visually inspecting the inside of a pipe with

a canerd 3 Bubyasasshewnip Kigures 03, 0bibseand 6dr Refrering st (piRigurgs ecanddeh on 4

mappi ng & ool i nsi ipe; in eL ine for ;flaws
W eh a0 e SPEPRRR RNDR R mlphebefie R EABRE A G0l 1 2

net hod & cl gismidadabtedfhiaise GE4Mionfihald Dithieules &Md@ftosll 18214 slpted Fordusk g de of
t he pipe prior to'uﬂigectlng the inside of the pipe wwth a canmera. 1 3. The
met hod of cl &"mominalfie fubulars. nedeap certtain theessameg gomheneantss Whichafe numebe2s pi pe

i ncl ude griq

ext enda %1 nt s 11 eEn e, e £ s SREHRIEY O4°6BH S st S

9 both tools.

10 The tool (either 150 or 152) comprises primarily a cylindrical body 154, a left
11 end cap 156, and a right end cap 158. A seal retaining ring 160 is mounted to the left
12 end cap 156 with a set of bolts 162, for example, and a seal retaining ring 164 is
13 mounted to the right end cap 158 with a set of bolts 166. for example. The seal
14 retaining ring 160 holds a seal plate 168 in place, and similarly the seal retaining ring

15 164 holds a seal plate 170 in place. The seal retaining rings 160 and 164 are

16 preferably secured to their respective retaining rings by a set of bolts 172.
17 The right end cap 158 provides a mount for a nipple 174 and a hose connector
18 176, providing a connection for the water source or hose connection 128. When

19 pressurized, water flows through the nipple 174 into a set of flow channels 178 to
20 flood the chamber formed by the seal rings, the cylindrical body, and the wall of the

21 tubular. This provides a signal couplant for the pulse echo for the corrosion mapping
22 tool.
23 The left end cap 156 provides a mount for a two ring 180 to provide a means

24 for pulling the tool through the tubular. The left end cap 156 includes penetrations
25 182 through which pass signal cables 184 to carry the ultrasonic test signal from the
26 tool. The signal cables 184 terminate at transducers 186, which are mounted in
27 penetrations through the cylindrical body 154. It should be understood that enough
28 transducers are provided for a complete 360° coverage around the circumference of

29 the tubular.
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1 4. The nethod of claim1, further conprising the steps of 2 a. prior to
the step of visually inspecting the inside of a pipe, 3 coupling the canera
to a dr awivensysleem 4 r b. prior to the step of determ nipgg/ushifsimwhi ckness
of the pipe with 5 the corrosion mapping tool frominside the pipe,
coupling the 6 corrosion mapping tool to the sane drawi ng systemas in step
7 a.; and 8 c. prior to the step of inspecting the pipe for flaws wth the
time 9 of flight diffraction tool frominside the pipe, coupling the 10
time of flight diffraction toql to the sane dr&yﬁ g systemas 11 in step a.

1 5. A system for §iguisees andpbdllusiaaty the usephete na?wﬁy m o FIgWeHeawsesn t ool ;
, d 17 WO A A . to th
'ainns pect2| on 3 %%falr\}é %ﬁ&gﬁ%% Ileﬁg%n?cr}lljea% p%%@og}ya%s%@e\gyés]@etrﬁnggl agltlée:@%fq%ﬁgul ? t hg

i nspectidn t @l itPmbluitddghattieewirsl liké 8 ma¥ He.dirkbied sxm! thentublilag Bal Thdtodiur t her
+ conprising a decoder to |locate the 2 position of the inspection tool within

the tubut ar. 1007s drewa thioueb thedubuarddrhysthe whkerlsie iwhigh passepsst theeneessir

[ ' ' J t 0ol i.ncl.udj . [ | .
Cnepect o o WifanptTas FEGidpetheePn gt SoLTUb 1 KSSGR i Get Bipire
wherei n ¢ he 4Rl aeQERYESRSIdRr PRIYYS @Hcﬂﬁ%éé@ggéi?glthe dncBderJoe syst em of

claim5, wherein the tool conpriSes a tine of ht 2 diffraction
i nspectibn tool. 1TdGse thitreormysmnenappingioal H05thefwird liveer 18camdpthé sigmed cable! eani ng

t ool adagat ed 1t3% a%e Pe% Joe\;]nnt\(l?o%lgx thceotlljl llxlgrd&{ '8) tLQ gn R rw%vgrent e %(Yoﬁ t1‘65”’15 attached.
9 The tool is then coupled to the wire line and signal cable, and the hose connection
10 128 is attached. The tool is registered with the end of the tubular, and the encoder is
11 zeroed. With water pressure supplied by the hose connection 128 to provide a
12 couplant for the transducers, the tool is drawn all the way through the tubular,
13 measuring wall thickness and providing measurements to the computer.
14 Time of Flight Diffraction Inspection
15 The tool for performing Time of Flight Diffraction (TOFD) is not described
16 in detail, because the tool may be acquired from ScanTech, 1212 Alpine Suite A,
17 Longview Texas 75606. Further, the TOFD technology itself was adapted from
18 techniques provided by AEA Technology plc, whose registered office is at 329
19 Harwell, Didcot, Oxfordshire OX11 ORA, United Kingdom. The technique will be

20 described in sufficient detail for a complete understanding of the present invention.
21 In summary, the TOFD scanner system includes a very maneuverable crawler
22 unit with four, large diameter rare earth magnetic wheels. The magnetic wheels grip

23 the interior surface of the pipe 10 so that the crawler can be guided the entire length
24 of the pipe. The crawler is remotely steered by the user, and the wheels include
25 surface conforming suspension. The crawler is motor driven, and the motor is
26 preferably a water shielded, high-torque, rare earth electric motor. All wiring,
27 including control signals and inspection signal cables are shielded. The encoder,

28 previously described, is preferably enclosed within the crawler for precise position

13



1 11. The systemof claim5, wherein the tool is selected fromthe group 2
consisting of a corrosion mapping tool and a tine of flight diffraction
tool, eackw@byirwhich is adapted to the coupled to the sanecrusmwsagssyst em
1 12. The system of claim 10, wherein the cleaning tool conprises: 2 a. a
wire brush; 3 b. a centralizes ring adjacent the wire brush; 4 c. a drive
notor for driving the-wire brush in a radial direction; 5 and 18 WO

02D. 1709 PCT/USO1h119.1 6 7 1 2 12341 212345612341234d a
drive armcoupled to the Wre brush, the centralizer ring, and the drive
not or. 1B. Theeasyement aid indigatierg TheiQE2 tranadneergiaredeublemimbaled fos aduly

. plurali ti’ of sect ifqlqostiO%Qapt ed to be coupl ed together.

range o
3 Figure 7 shows a crawler 200 carrying the TOFD system in operation. Two
4 such crawlers 200 are shown in Figure 7, in order to show inspection of a
5 longitudinal weld 202 and a girth weld 204, while the system preferably includes a
6 single crawler. The crawler preferably includes a single umbilical 206, which
7 includes a bi-directional signal cable 208 and a water supply line 210. As previously
8 described, the water supply line 210 provides the water couplant for the TOFD
9 transducers. The signal cable 208 is preferably taken up on the take-up reel 88 to
10 keep the slack out of the signal cabie 208 during the inspection.
11 The signal cable includes a number of lines, including a video signal line 212
12 from the on-board camera to the television and video cassette recorder 84 and the
13 computer 86 to provide real time viewing of the camera view and to provide a record

14 of the inspection. The signal cable 208 further includes a signal line 214 from the
15 encoder for precise position measurement and indication, a signal line 216 for
16 carrying the TOFD signal to the computer, and a maneuvering control signal line 218
17 from a remote, joystick control 220.

18 In operation, the crawler 200 is driven down the pipe, and the operator views
19 the interior of the pipe at the television monitor 84, controlling the movement of the

20 crawler with the joystick control 220. When a girth weld 204 is encountered, the

21 crawler is turned and driven around the circumference of the pipe.
22 Figure 8a depicts the arrangement for the performance of TOFD testing in
23 smaller tubulars in accordance with this invention. Figures 8b and 8c depict the tools

24 of the invention for conducting TOFD testing in 4" and 3" nominal ID tubulars,
25 respectively. The tools are identical, with the exception of an adapter sleeve 230 to
26 adapt the tool to the larger 4" ID tubular. Thus, the following description will apply
27 to both Figures 8b and 8c.

28 A TOFD tool 232 comprises a body 234, a left end cover 236, and aright end
29 cover 238. Within the body is a carrier and slide assembly 240, which provides a

14



14. The system of claim 12, wherein the cleaning tool further conprises: a.
a nount on which the drive notor is nounted; and b. at |east two guide bars
whi ch sl idigwlyrextend into auxiliary |ines adjacent the pgrasei/siivihe
system of claim 10, further conprising a rotary cutter adjacent the wire
brush. 16. The systemof claim 7, wherein the visual inspection tool
conprises: a. a canera carrier to hold the canera, the canera carrier
adapted to be coupled to the wireline; b. a plurality of spring | oaded
wheels to retain the carrier inside the tubular; and ¢. a signal line to

coupl e the canBrgtionfos aseiafyekes 242. Thayokey surpprtarsetotshors 244ihwhishare he
- visual InSPegldikd RO TOR RIS fes A, gpég:ﬁg{eé 24 gr%:shé\lvfﬁl\élﬁg%g%gﬁ Gudp coup! e

the_canerato ellne, ( _ I he OCO_U _ anera to a

noni tor .3 18. jnl (iR Gpié R Wsitiohdh Brder fHhBE Shbest (dEMEIQY ¢ cd RifBhBRiiR@ribO Ol

. conprises: a. a substantially cylindrical body defining nutually opposed
ends; 19 \Vwufae of thesmdinubgian inprageatipndoisthe TORD fesg Hheccagrier agd glide

5 assembly 240 is moved transversely by air pressure from an air cylinder 248 which
6 is supplied from a nipple 250 and air connection 252. Actuation or retraction of arod
7 254 from the air cylinder moves the cartrier and slide assembly 240 back and forth,
8 so that the yokes ride up and down on the slides, deploying and retracting the shoes.
9 The body also retains a connector 256 for a water connection. The water from

10 the water connection, as previously described, serves as a couplant for the TOFD
11 signal. The body is firmly connected to a drive arm 258 which provides a means for
12 rotating the tool 232 in a rotary motion for complete circumferential coverage of the
13 TOFD test. The drive arm 258 is preferably connected to a square tube drive means
14 260 (Figure 82a) by removable screws 262. At the opposite end of the body is a signal
15 cable connector 264 for connecting the tool to the computer, preferably by way of a
16 pre-amplifier 266 (Figure 8a). At the same end of the body is an eyebolt connection
17 268 for pulling the tool through the tubular.

18 Figure 8a shows the use of the tool 232 in a small diameter tubular in
19 performing the TOFD test. As previously described with regard to the use of other
20 tools, the wire line 18 is coupled to the eyebolt 268 and then back to the winch
21 assembly 12 driven by a winch motor 14 and the winch assembly 12 is adapted for
22 mounting to the flange 16. The wire line 18 is pulled over an idler pulley 98 which
23 contacts the encoder 90 to precisely locate the tool 232 within the tubular. The signal
24 cable 264 is wound to a takeup reel 88 to keep siack out of the cable. At the other
25 end of the tubular are provided the drive means 260, a water supply connection 270
26 for the water couplant, and an air supply connection 272 for coupling to the
27 connection 252 (Figures 8b and 8c).

28 To use the tool 232, the signal line 264 and the wire line 18 are fed through

29 the tubular and connected to the tool. The air and water connections are made up,

15



1234512345Db. aflange on each of the end's of the body; c. a
substantially circular seal plate on each flange; and d. a pul se echo
transducewomasifee body. 19. The system of claim 18, furthecTasopsiigsi ng a
hub on the end plate, the hub including a coupling adapted to receive a

wat er hose connection. 20. The systemof claim 19, further conprising: a. a
wat er channel in the hub termnating at the coupling; b. a flexible tube in
fluid conmunication with the water channel; and c. a penetration through

t he body; wherein the flexible tube is in |Uld co ni,cation.with the
penet r atli on, 2BHEPtEE EIVE meqas #6 iscoresishell) e?»h]ée tPngu igtered pith thg,end; he

. penetrati on u r the,

seal pl at es, 8?{ gxﬁf‘%@aﬁe%&eﬁegb&?érgr} 64 ?ﬁ%w%ﬁlﬁrfgg? (atgqu_ﬂgl? S sys'} m of
claim 18, fuaﬁdtﬁftate@ﬁpmesllowngalnvanmt&ﬁogimﬁge@gme tebulgfer iaferdi€lasanges to
. receive a signal fromthe transducer; b. a signal cable to connect the

cabl e cdnnectlbe C@mpatecgapmteeﬂxemgfrfoolatqrrt@wt:wmdan y$i®. The system of cI al m

9, wher 3‘ n the ti %S%wa&llﬁle%e?{ 688‘3/8?1, chﬁlenﬁ gr% mogggtr opera%mn of the preseXt’

| eft end cover;
6 invention have been described in the foregoing specification. This invention is not
7 to be construed as limited to the particular forms disclosed, since these are regarded
8 asillustrative rather than restrictive. Moreover, variations and changes may be made
9 by those skilled in the art without departing from the spirit of the invention.

16
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carrier and slide assenbly within the body between the left and right end
covers, theeagrier and slide assenbly including a cam surd@geso18i19a set of
yokes riding on and actuated by the cam surface; and f. a set of shoes,
each shoes having a transducer nounted therein. 23. The system of claim 22,
further conprising a pneunmatic actuator coupled to the carrier and slide
assenbly fox linear nmovenent of the cam surface. 24. The systemof claim
22, further conprising a penetation through the right end cover to receive
a wat er coupMelai@nnection. 25. Atine of flight diffraction tool

. conprising: a. a self powe ~cfemtely operable.craw er having a plurality
of nipmagnet i ¢ wheel 3 cap%bﬁng{]%a oﬁ&sa?chlagga%&cé;ognﬁnes}ngt © t%%%gt with the
interior surface of a faubul fsualy in8pdctii@ tHRfindilié 64 pide MWithadanpa;t r ansducer
an unbili

+and receiver on the crawer; and c. an bi I'i cal coupling the tinme of
fli3ght diffraction tratsducdeteemining wallvibicknessaof dreopipe mwith taoeqrrasion

4 mapping tool from inside the pipe; and

5 c. inspecting the pipe for flaws with a time of flight diffraction
6 tool from inside the pipe.

1 2. The method of claim 1, further comprising the step of cleaning the
2 inside of the pipe prior to inspecting the inside of the pipe with a camera.

1 3. The method of claim 2, wherein the step of cleaning the inside of the
2 pipe includes grinding the inside of the pipe to remove weld material that extends

into the pipe to a point inside the nominal ID of the pipe.

1 4, The method of claim 1, further comprising the steps of:

2 a. prior to the step of visually inspecting the inside of a pipe,

3 coupling the camera to a drawing system;

4 7 b. prior to the step of determining wall thickness of the pipe with

5 the corrosion mapping tool from inside the pipe, coupling the

6 corrosion mapping tool to the same drawing system as in step

7 a.; and

8 [ prior to the step of inspecting the pipe for flaws with the time

9 of flight diffraction tool from inside the pipe, coupling the
10 time of flight diffraction tool to the same drawing system as
11 in step a.

5. A system for inspecting a tubular comprising:
2 a. an inspection tool; and

17
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2 be removably coupled to the drawing system.

1 11.  The system of claim 5, wherein the tool is selected from the group
2 ' consisting of a corrosion mapping tool and a time of flight diffraction tool, each of
3 which is adapted to the coupled to the same drawing system.

1 12.  The system of claim 10, wherein the cleaning tool comprises:

2 a wire brush;

3 b a centralizer ring adjacent the wire brush;

4 c. a drive motor for driving the wire brush in a radial direction;
5 and
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1 15. The system of claim 10, further comprising a rotary cutter adjacent the
2 wire brush.
1 16.  The system of claim 7, wherein the visual inspection tool comprises:
2 a. a camera carrier to hold the camera, the camera carrier
3 adapted to be coupled to the wireline;
4 b. a plurality of spring loaded wheels to retain the carrier inside
5 the tubular; and
6 c. a signal line to couple the camera to a monitor.

1 17.  The system of claim 7, wherein the visual inspection tool comprises:
2 a. a centralizer sleeve adapted to couple the camera to the
3 wireline; and

4 b. a signal line to couple the camera to a monitor.

1 18.  Thesystem of claim 8, wherein the corrosion mapping tool comprises:
2 a. a substantially cylindrical body defining mutually opposed
3 ends;
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5 exterior the tubular.

1 22.  The system of claim 9, wherein the time of flight diffraction tool
2 comprises:

3 a. a body;

4 b. a left end cover;

5 c. aright end cover;
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6 d. carrier and slide assembly’ within the body between the left
7 and right end covers, the carrier and slide assembly including
8 a cam surface;

9 ‘ e. a set of yokes riding on and actuated by the cam surface; and
10 f. a set of shoes, each shoes having a transducer mounted
11 therein.

1 23.  The system of claim 22, further comprising a pneumatic actuator

2 coupled to the carrier and slide assembly for linear movement of the cam surface.

1 24,  The system of claim 22, further comprising a penetation through the

2 right end cover to receive a water couplant connection.

1 25. A time of flight diffraction tool comprising:

2 a. a self-powered, remotely operable crawler having a plurality

3 of magnetic wheels capable of holding the crawler in contact

4 with the interior surface of a tubular;

5 b. a time of flight diffraction transducer and receiver on the

6 crawler; and

7 c. an umbilical coupling the time of flight diffraction transducer

8 and receiver to a remote monitor.
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