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Applications [00011 This application is a
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101351,569 filed January 24, 2003, which clains
priority fromthe provisional application Serial No.
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The invention relates in general to non-destructive
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trapsgucers or probes can deternmine wall thickness,

which I's a measure of any corrosion that has occurred

One favorite technique is to propel a vehicle or

"pi Pel i nFichd Gf Thie dovemitiohhe pi peline to exam ne the

malls of the pipe using the uItrasonic probes For

fp tors have t.diffraction

( i b etk i sl i bort R LB A %, and in
ggirﬂ@rﬂark Wﬂﬂe@%nﬁuﬂhﬁtelse@ﬂ%}%ﬁ SiaifornA@y Qhifdash ?ﬁ%nfor ultrasonically
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ined with TOFD transducer neasurenents to inspect
por {spiséingfthe pige wellothickagss ané weldssand rn9th@¢$efomﬁoectmg associated
traﬁéggﬁﬁf. [ 00041 One type of pipe that requires
perirodi ¢ 1nspectionis adrilling riser. Drilling
risers, which are utilized for offshore drilling,
ext and fDeswripition of tlid RelatediAytt o a bl owout preventer
and Lower Marine Riser Package (LMRP), mhich connect

secﬁ] 8§]szb P%@%Wgtgae{jﬁé%%f lega]i‘qsstﬂar ﬁmﬂ HE‘P% years utilizing
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feet in length. Each drilling riser 'section has a

cenPPERloFs §8pE glupe ¢chatteshniqves veth yliakamnie tragsdpders mehpygbes can

' N determine wall thickness, which is a measure of any corrosion that has occurred. One

favorite technique is to propel a vehicle or "pipeline pig" through the pipeline fo
examine the walls of the pipe using the ultrasonic probes. For welds, operators have
used time of flight diffraction ("TOFD") techniques with ultrasonic transducers. Also,
a method known as purse echo shear wave has been combined with TOFD transducer

measurements to inspect portions of the weld that are missed by the TOFD transducer.

[0004] One type of pipe that requires periodic inspection is a drilling riser.
Drilling risers, which are utilized for offshore drilling, extend from the drilling rig to a
blowout preventer and Lower Marine Riser Package (LMRP), which connect to a

subsea wellhead. Drilling risers are made up of sections joined together with various



di aneter. Several auxiliary lines are nounted to the
exterior of the central riser pipe, the auxiliary

l'ines being used for a choke, kill and hydraulic boost
purposes. The auxiliary lines are smaller in dianeter

and nmounted parallel and offset to the axis of the

central riser pipe. Normally there will be at | east

one tygek dbfvgonheatore.aedehrsestéom beeg ttypocallyt fiérs 50 feptdn length. Each
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and other well tools are | owered thro;g? the riser.
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wel Isecticanbeguldintg WMarty rissrsrafsodmsabyoyiud jadeisatbuniedd|ty the exterior.
inspect the riser to nake sure that it has no
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pri @&rdelp?m faYwhiBelid Rged. UGing 36 dridt fipd'@ith drill bits on the end, casing,
dlsconnectlng each riser section from adj acent
t

secehdather wal tealaprsdovericd throvsh the sieer. Rwlting owd rerns up the riser.
facidhit er.far t he inspecti .
ser?%%é%xgﬁﬁlﬁggbggﬁ?e£ réﬁbggsaFﬁg m%ﬁéﬁnTég%%F)nnm The

and deilliigl risaf ¥s tehes aftéloéﬁcﬂ agdll. TRatdq@entlyiDes hdce@ary to periodically
sections are cleaned and inspected fromthe exterior

wi t FISDEtiths sasey fq makewire thag it &ﬁ%@we?lewsswr theheould esaylt Higlgakage or

gk%ﬁgmgf any type, it nmust be renoved at each
|nsg tron site. After inspection, the riser sections

are reassenbl ed and shipped back to the drilling
ves §H106] | t Insgectibmen themssirtian @efantibne)pp'mmsiﬂw’ey tmlling” the riser string,

t ho pPainptis FRBriset PR e reee oyl FEEpHRs e riser

dri kdckibsk fd Sefaciliyh oR Sab btk PRHormiN edinkpdelidld sérvEeVO Uﬂ'h@ facility
not be able to operate. Drilling rigs are very costl

on EreRyes yhe dypyancy omms and petdliase dimep riogyo sech tsection. The riser
' nsg&?gnﬁt ha?e d(ﬁéané:(!l :;]Ii%géc%aﬁ E‘rbeth tyxltelt‘rio? tﬁsésfrhous ultrasonic

I'Tng vesse ack

ri setnsdecds. OrIB tIthﬁlse?tOIiHsad. kyating dfheny2type st ahusttel RndQtd at each
in use. However, there are a nunber of problens in
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disassemble, inspect and reassemble the riser sections. During this time, unless a
spare drilling miser can be obtained, the drilling rig would not be able to operate.

Drilling rigs are very costly on a daily basis.

[0007] It has been proposed to inspect the drilling risers at the drilling vessel.

Many drilling vessels have the ability to stack the riser sections horizontally on the



drilling mud. The central riser pipe is often out of

round (not cylindrical) in portions. The wel ded areas

of the central pipe may be misaligned slightly. Also,

there is normally not nmuch access roomon the

drilling rig at the ends of each riser section for

stagi ng_the equj pment necessary to do the inspection.
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need for an_ internal riser inspection device that can
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oper ressure _and a de array of

t enﬁgﬁe’é{ag E%ﬁfag flagp apf duger %ﬁeﬁdﬁ CESSERYySHreps qwsed by the
SUMBARYS by T B d AVEMEL Y cEARRPbf th rikdr@kihus t he

f or egoi ng, enbodlnents of the present invention
advantaieously provi de an inspection system which

i ncllQ8E  anllussiseeanizsd ISaT@p acet fos an internaliriseniingpectioredevice that can
ggg:poye%l Er 1) t ngﬂl%ﬁfqgsé%n eﬁ‘leﬁl gfecte z%grp?fgllsso%%t cp oafeffl drlllmg Tiser.

enbodioresioghized hie the esentfoi @ﬂelﬁfelnﬁiﬁ,ns%ﬂ iBfpRect dsvit®lcapable of

i nspectin vertlcally supported pipe includes an

i nsfatsiapding high HW?W denth mersewsiag 2 Widg aranel temperatures and

adapfeg khﬁb@&.?@? lﬁﬁ aline for lowering into

and retrleV|n§ om t pi pe. The inspection unit can

i ncl ude a housi ng haV|ng a prOX|naI end, a distal end,

a housing body poshtUMMaRY O JINVEEN Nd an inner

hou5|ng chanber formed in the hou5|ng body [0010] A
E(# ?gggpgw %ftr)gﬁr?o t eﬁeﬁglp@sh lf%cr%le ngsn o?h ¥hemf3resent invention

dephd)mmgbo@lya;trbﬁﬂmaﬁ Ofispedtion sRgednehitloWRIudBgad hpection apparatus
|ns§pgt|on unit. A centralizer can be connected to an

ext EPhH wielimedlealogable Wathio beta gf 25iseRpiperstion of # deplorgd drilling
is r 0

Si 7 gig&gﬁ}%j fr’]csa}se%g[ﬁf)%u{ﬂe%n eﬁfgﬁﬁl{ %‘{%&g‘g y?#ﬁ%epréﬁéﬂf{ﬁqng‘}ﬁ%ﬂeﬁfﬁpparams for
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also can nmaintain the inspection unit substantially

i n hewsingerdyrpositiondiethengrstwatinagnst ax inodr housing chamber formed in the
housing body.

{0010] A wireline extending between the housing of a remote wircline spool is
remotely positioned on the deployment platform for raising and lowering the
inspection unit. A centralizer can be connected to an external surface of the housing
body. The centralizer is adapted to conform to varying pipe inner diameter sizes and
has an outer periphery for slidingly contacting the pipe as the inspection unit moves

through the pipe. This allows the inspection unit to have a much smaller outer



pi pe, and can maintain the |ongitudinal axis of the

i nspection unit substantially aligned with a

| ongi tudi nal axis of the pipe. An unbilical cord

including a data conductor can be positioned between

t he proximal end of the housing and a controller

renotely positioned on a deploynent platform An

unbididmetbr Spwthe inzen dianyetar of the e badusinspeotedd Tha cedielizer also can

depl oynment .pl.atform far storj. and depl oying .the ..
arbiTREAf (8 apertitipt atBpialR g e ey 0% {he gher diameter of the
di f foisd, Gid ( JARhinfRAl Uhe 16Miadinhll 86s B hB SnsgeBSRE Ghit Mibstantially
unit and is preferably positioned within the inner _

hou giligede Withire longithdinalpaxit b€ thenpiperden ambilice] efrd including a data
r ot - | u i nspecti on ansducer
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def eemstelyopuitivhed bn ra0deploymeditplatigm. NBPaGiHiBER] 3pod can, in turn, be
circunscribed dianmeter that is |ess than the dianmeter

of tPReitiopssan the dspleynagnt platomsa far steaing andrdeplowtest the ugdilical cord.

al so include a rotatable shaft positioned parallel to

the bengi t Ui R@king*difie Vr AR BRRRIAITAFPRIdodfle ¥elfed by the
vol une i nspection transduCer nounts can ‘be connect ed

t o titmpectommatmatodrel s paéferabPapositiopahwithigl the iwac howding thwenber. The
wel d_vpl une. inspectiop tr ducers, can be connected to

one P E R B, AE o R CEOR el SoEer P ransducers
The aaRded & iifspsddrfoP UAE 8Btalty dda fonUivEldCathith® de RG] bhPRAEkh rotate
within the inner housing chanber of the inspection

uni durimg énspeqtign.ad| ausiecuimsetiteedt digmeten thah ssdlgsse than rthe diameter of the

in i t it inner. dianeter of .t flud ..
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CouUphialigl fethvaaipitadiabl Hfis bhehepi@iusingf Avphil of WAl WBlume inspection

i nspectjon transducers and the housing. [0012] A wall
t hi ClRprdser et canshegapecias to; the raigtallp ghafh spazesperdingly, each of

uni th2REd WihEhER hcgoﬁa ﬂﬁlilstd%l%?%ga#%et wnﬂg{tﬁlgtoi JHRQIT the weld volume

housi ng chanber. ess no I ncl udes a

pl uimspedtipndfanpliefranalblty Toenmodwds isrsgrrawdied by adluyd carrier positioned
mount.ed ul trasonic L] ection transducers that . :
are “aﬁgb@s &b E%W appher ol dfe WRepactieh ek nfé@%w vabume inspection
POT raffiuSdrs rdth@ iRisBfing EOR @ h bidHEP BBfhele? DPEL SR carrier. An
transducers during inspection are |ocated at a

ci r ecansiae iflyed fugthanprozides aslyquich sounling tdivegenteach of thehpair of weld

centralizer at the periph -..A. housi ng surrounding

thekﬂg e1?%?%%W§¥?“ﬁ%ﬁﬁFggg%ﬁPgﬁﬁ% an acoustic fluid

to provide a I|iquid coupling between each of the wall

t hi ¢0012Es iASp4t tthiokness amsdhlec 69 Ssanchriidte by e SinBgectidn unit and
f0013]. Enbodi.nents of the present invention also. .

i ncPiskabiy pagiteneds withja Fg]gclgmﬁghoalsmg chamber. The wall thickness module

includes a plurality of preferably nonrotating and fixedly mounted ultrasonic wall
inspection transducers that are adapted to obtain data on wall thickness of a portion of
the pipe. The wall thickness inspection transducers during inspection are located at a
circumscribed diameter less than the diameter of the centralizer at the periphery. A
housing surrounding the wall thickness module contains an acoustic fluid to provide a
liquid coupling between each of the wall thickness inspection transducers and the

housing.



vertically supported drilling riser. For exanple,

according to an enbodi nent of the present invention,

the riser is lowered froma platforminto seawater and
seawater is allowed to enter the riser. The operator

then di sconnects a | ower marine riser package of the
drilling riser froma bl owout preventer and flushes an

i nndf0tA] angimbodaherthef the prdsérit mgrentieealsmirclnda nedtterls of igpecting a

fluid such as se er. . The_operator then depl oys an

| ns pELTE LN SURSEFLATLITE IS | R VRREI% 410885t P@odiment of the
dri lgrésagk inb&fionCABLRENNOwREE HREAR biatfoRf 3B sewatd ¥hd seawater is
i nspection apparatus includes at |east one but

pr efadlpwpdl {0 entes|thg msert Fhopperatoothen fdisednnestamdover erasine Tiser package

ar 15 g ARl R ¢ AL RE el 2P RE 4R ke e of the
a Walrillirf rideh vithi £ Elear¥ihgafMuia RO & sca®h@Ar RS Sperdide then deploys an
inspection unit can include a plurality of fixedly

mouRBsPECHAN: 3PR3G IS Antovile vertinalbedwpeited: dralingl serreontagting preferably
ari 17y e Aok LRGSR Bhor e ha il Pt g provatiy of
wel demslicaterahsimpast Theroptratn sehtetiv s, the mepeatiah bgpaddi@din the drilling

| ongj tudi.nal axis of the inspection apparatus, for

i nspBEt YHG el nsduser spacgdriaved, framea gyl af dke &iger by an annular
per icReimad. | Ynd fids& bR anibh iddhide I i
enif an acousticgl si gnal tﬁfbugEnﬁﬁéléégggggﬁﬁﬁﬁm@%%uhﬁmmnc
annu¥adlringfleetomaimasdenets fonteemtiving wedlll thiwkndshef dipbttionng the drilling
riser_and,detect.a return.acoustical_ sigpal fromthe

o Bt S DT o B P R PR st
t hi ¢&BE@BR.- abbliCa WRRiBERAL H3D of BRNNGICHST api@uabl inspecting weld
t hi ckness readi ngs on the way down or on the way back

up, VRbRedefects: glticgeratns compériodidally kanss sherveal tihinrgess ransducers to
t he V... d ' . t.hodol oqy. .

o AR, LB RS B, fgsnce and i
i ns peditofoie aipiflangatises afdmdeleet £aetain 2dstivhl Hghd)&rom the wall of the
hyerﬁIath pressure in an _inspection area throug

h
use IBHMEIEE 19 deferrgiie qvallTHidnessn bee opwalonprn Shrageibyr take wall

1 oadi . ; . ! _
| R B SA0ESERS0 AR SRR B Ao, g e
dri FHickmgssiiegdings ¢rhtheiwrypdeotn Brihappdratuscthadvlogye Periodically, the
retracted and cap.ipspect the welds of the drill.in ,
(i s e nusyre i e inRe o SpRREE prhe cbplzed Hil e hydrostatic
opeprksic ShoRs HPebhdiAlardlOHSHRAL ud QP%hcBudtRNULLHY PBis can be
axis of the drilling riser, then rotates the

pl upegomplishel bidlogding thertpspepspeappamatis houisgiwike adiqaidout

a radial axis of the inspection apparatus. The

PhOLRE ORI IeRhind B pbPGR BT MR APRRE Y FrshEbep gpppratus can
wel He vatdome ani napésspeanht hWanibioRe deringPResi UpokirdRsing a weld

of a weld, then sinultaneously rotates the first 5 ,
mspection site, the operator stops vertical movement along a longitudinal axis of the

drilling riser, then rotates the plurality of weld volume inspection transducers about a
radial axis of the inspection apparatus. The operator positions the inspection
apparatus in a location or position that places a first and a second weld volume

inspection transducer on opposite sides of a weld, then simultaneously rotates the first



and the second weld inspection transducers, causing

the first weld inspection transducer to emt an

acoustical signal into the weld and the second wel d

i nspection transducer to receive a return acoustica

signal. The operator collects data at each inspection

site while the plurality of weld vol une inspection

t r ansduiber sccomd wabd dngectian trdesdecers,neausingatheo firstrewell inspection
the weld has any defects., [00Q151 The operator can_then .
ext PR RgHTE PP FrESIGL SRR i FPEFEhe 5ecoRa el Rapection
det efafidduCerdclcbiive @ ro@fat hddst@hal bidRaldrTid dptdatér &flects data at each
requires additional inspection and repair based upon

t he spoediontsite yhils e plembiymif el ydeme inspgction franssigcers are rotated to
exi 0 or additiona

i ns EE%FP%E ?faan%%’?@% g_fl: trh ? %%irh @a%t%ﬂ%géfecg'gé ctions of the

drilling riser determned to have a severe defect and
need0®sl y i ncTHenpahloy caetlineexttabiodsa feac theotispdctomtagphratus to

above a ] owest. section of .those sections determned to .
oo Rt BnnE GRS 3. TR BRSBTS Tt TS i DA Nagstion and

10035:kirPRsdd@Hon e TBAGDF aﬁyﬂdé%ﬂlﬁllﬂedt d¥ect BBIGHE 65 exists, the operator
advant ages and objects”of the 1nvention, as well as
ot heams raghiverh foxi adiiitisealonspeappramhtepaiar alpthose wedioandf the drilling
can_be nderstood in nore detail, a r articul ar
oo BRI Brluny SR ) ol St i bty erpuer those
may s@ioRadoddyedr SR €N GBwdsO sbitRnesd abseBBitichd elc@@hined to require

which is illustrated in the appended draw ngs, which
dr af¢aydyYf orm a part of this specification. It is to
be noted, however, that the drawings illustrate only a

preferred enbodpigRi sifscRiFrigN Bt ‘Ilf.‘l“ pRIWINGS

therefore not t0 pe consraered frm g of TtS scope
as the invention may adnmit to other equally effective
enmb&filfent So fheOthz]mEingu e whichshe fgaéres edvintagey medvobjects of the

a prior.art floatin | at f or avin depl oyed , .

ar PEPRREH s arell poohed higf oy aobfBirmiiccattiinggy o can be
of andr&b&Mid ndroREL al MBrev Bikib A H¥scriplidP Of {18 invention briefly
drilling riser pipe of Figure 1, according to an o
enb&gnpanptedotbovh anay be dad by refesence dn.thg gabodineng thescog which is
| S . . .
vor PSERPTH 16 ol AL ARERlneB RPRLEMHS i b BRBEF i specifcaion.
t o #ris enbrobted; hbweberf thet the deigsiiwetel caly a prefddfed @nbodiment of

Figyre.4 is a pers&sctlve vi ew of the inspection,
app atyEntipn qugllﬁr exgfore not to be considered limiting of its scope as the

invention may admit to other equally effective embodiments.

[0017] Figure 1 is a perspective view of a prior art floating platfonn‘having
deployed drilling riser.

[0018] Figure 2 is a schematic diagram of a system to inspect the vertically
supported drilling riser pipe of Figure 1, according to an embodiment of the present

mvention.

[00619] Figure 3 is a schematic diagram of an apparatus to inspect vertically

supported drilling riser pipe, according to an embodiment of the present invention.



havi ng portions thereof broken away for clarity,

according to an enbodi nent of the present invention.

[0021] Figure 5 is a cross-sectional view of the

i nspection apparatus taken along the 5-5 |ine of

Figure 4, according to an enbodi nent of the present
invention. [0022] Figure 6 is a perspective view of

one [8020he Figuresdlue erpaspseting view of the Hespettispetaradws of Figure 3

apparatus of Figure..4 . according t.o an enbodi nent . of.

o v ot (R hS ST Biege aeesiae 1o 8% AohRgiment of the
il lﬁ@@ﬁﬁih@(ﬁlﬁ@ﬁ, t he vari ous conponents of the

i nspection system of Figure 2, according to an

enbadi ment of the present invention. [0024] Figure 8

i s d09%1dss- Bigwiei it crossesreiémal Riew; ¢fthe dtspesition ppparaips spken along

k I 8 ' Fi ' :
bt ook S o idy ROERHL ATy

is a schematic cross-sectional view of a weld of the
dri [[0022g riKigure tois Fpgspeetids viswaiong of GkDirinsdmrsd ussemblies of the

inspecting for defects in the vol.unme of th wel d,
accdﬁﬁ’?ﬁ{j}%t Bplﬁ‘ﬁg'ésht?gdg HEAt “ofCTORES rtgs@htem%ﬁg’é’i‘ﬂ“it d¥f. the present
[ 003pdenkibgure 10 is a schematic cross-sectional view

of the weld of Figure 8,  show ng pul se echo shear

wave transducers_inspecting for defects in the root of

t he [0@S] d, HewsrUiing schomatic fstitiaon el die vaeousr esseponents of the
i nv [ 7 ' 1s.a schenat | . .

cr od ey syt O AL Sedob a1 SR IR of e rgentinvenion.
Figure 1, showi ng an ultrasonic transducer neasuring

wal [0624] ck nNégwre B islal @ossgreatiqnal wiew «fahoinapdchion apparatus taken along
accqQrding. to.an enpodi ngent, of the prese i nvention, 7
DETAI D TBESE R cr%%ﬁo &Pﬁ@%ﬁl@%ﬁmp B areqion

now be described nore fully hereinafter with

ref goe2ste tHgiB® 8 GGeRMMIL oAdhs AERMMOS WM §Rveld of the drilling riser
illustrate enbodi nents of the invention. This

i nvehtisre hashoningEQEP, rsdwstsodsnsdting forelefectsi inftbe @plume of the
for I t [ as ljmted to the

11 e Ao R B Ao B PR bR MR R ey

t hese enbodi ments are provided so that this disclosure

wi | [[0026] t hdfigurghlOaisch schematie cass-astiond] | Hew Wil tiie aasdd/ ©f Figure 8,
the sco. the invention tq those skilled in the

e o |
ar t Sty %é’}l{?am sheppfaye transinges BeRsrEng Lo drfesiyiote root of the
and ot olokdiEs ROl ARRimdnt oPBEdroctitheaisy S1m ! ar

elenments in alternative enbodi

[0027]  Figure 11 is a schematic cross-sectional view of a portion of the riser in
Figure 1, showing an ultrasonic transducer measuring wall thickness utilizing a pulse

echo method, according to an embodiment of the present invention.



[0029] Referring to Figure 1, shown is a depl oyed
drilling riser pipe 15 extending between a floating
vessel having an operational platform 16 and the sea
bottom (not shown). A spider 17, l|located on the
operational platform 16, provides support to a

proxi mal end of the deployed drilling riser pipe 15.

The depl oyed drilling rther

connected at its d|st§p§%%g3@ é¥apfﬁ0&ylne riser

package 18 ("LMRP"). The LMRP 18 is releasably

comﬁ@Q?tSéd {loe aréskuwouention evidmoey b "dBERIbEd beore ,&ully hereinafter with
diver is |ocated at .the . u pﬁr e

i sEfterpRce fﬁa {ﬁlssaogﬂmﬁﬁ%% SEPYRES g oLy iate %aélegems of the
ar oymenfors extid aveRiorPnRe WwevBe be dnlbotiRRd ih F{ AifBRnt forms and
15. A side outlet of the diverter delivers t

dri Ishoudg npt be ¢onssruedjab pimted thdhe cllll@mﬁeda guibpdinginis $eit dgrth herein.
flui i,rqul at e ] best .,sho
' ERYAR e tSHhElCte proVe) oo R R R DR roueh and

| nCleofipRicRand REIPEdLy RAvAPRAKedpéDfLHe inké@itionIo \thdselskilled in the art.
depl gyable within a bore 23 of a riser pipe section

of e HepbHYysefer e (Like femendse throyigheuty snd the prime notation, if used,
depl t D& +d S preferably
accg#%%%%ﬁggﬁﬁgﬁeltSlﬁ%@%%?@%%ﬁg%?ﬁi |nspect|on

apparatus 21 through a diverter (not shown) or on the

dri {0028y r Refrmimy 1pd:“igzﬁevbhi;hoevﬂ’dﬂ ngleplofréd drildipg diser fiffe 15 extending

| s PERFBA ABHaR Y Bodhe e piebond Py oim e sea bottom (ot

havishevi®. t 2 @hidBO s | 1BEhROSY t1 opafidiond) plAfReh 10 Wedvides support to a
chanmber 29 that contains sevéral distinct functi ona

mod praxsmilomd| af dba depdoyad dlnﬂrngu rtsgpexp@ ilAg Therdeployedilpiding riser pipe
S eCtlF (?J]Pagtp? co%plgctéjf 1t%¥hsg k {]0%3{' :’[1121161{1% Pllsé% pac:!'kage "f'@% tLMRP

modu can ave
i ncMhe LIMRBMDS a@meahéawysqmaﬁmbdap arbuovwlmprdmhtemaBDP”) 19. A diverter
distal wall, and a preferabl cylindrical sidewal

pos B9t SRRt kﬂcgsféﬁwé@ HPPS& § %ﬂﬁe’ﬁ he Andpas anelastomagig clement that
the'& \Aés %bﬁ‘nd Theskn @%f@? H@Fﬁg'ﬂéeﬂu&p H‘é? A dA6Xet of the

a rotating usi on
( Tﬁﬁla‘tgcr daovatsethd Irillangnfimid rto teghipagnp filr sdeaeimp dhavaltilling fluid as it
thi ckness nodul e 35, a CPU nenory data convert nodul e
37,°%m§ r supply nodule 39, and a wire term na
nmodul e 41. Each of the nodules is positioned within

t he[0030pr ROWSIBEE b&h R ind9mre d, ihe iRpedtRhARYm of this invention
|ndependently seal ed fromthe others and can incl ude

pr oWicsidghan mspeq@p@@mr@tu%ah shat ZSaW11'@iﬁlee19(31¢§Pb1¢ i @¥malbpse 23 of a
or hhr-!r ﬂég@ (sé/c%tolﬁlci}% Ynd Iae g?%c ednxfﬂu"? ] %rg} ﬁe} 1!5I t ? (ae \ﬁﬁg}%ent further

apert izer?
thedés@ﬁb&d later, is preferably accomplished by elther deploymg the inspection

apparatus 21 through a diverter (not shown) or on the drilling riser pipe 15 while hung
off a spider 17.

[0031] Referring to Figures 2, 3, and 4, the inspection apparatus 21 includes a tool
housing having a tool housing body 27 and an inner housing chamber 29 that contains

several distinct functional modules for locating and/or inspecting a riser pipe section



of a plurality of bow springs, engages the inner

dianeter of the drilling riser pipe 15 in order to
mai ntai n the inspection apparatus 21 aligned within
the drilling riser pipe 15 during depl oynent and

extraction and to prevent the inspection apparatus 21

from rotating. The centralizer 47 allows the too

housifribe depdgyed driflingvasee pwe dialBach mpdtlerfurtitir ame have, itssown module
exanple, on.a.twenty-one inch riser. pj .he ouyter

i anbvspe St S il ot Wttt BRL B AL ARGt Hi g g preferably
t wel apfindritah esidevt 0 3RkitioRed NBeRbRH BT, eshe ROdhi®NIndafile chamber
the present invention, the inspection apparatus 21

can thereviein. Jdograseduléranteizebly intlpderp dideamodnlerddt arafating Time of

suc . s ki on ratus. 21 need.only be .
Ser Ut iliTon (OOPEED ARTETE. BB RIRPE B e St ks
r equhddete $9mn CPU/mRgiory dmbmu@ﬁﬁﬁcsiu(ec:u;s,h%wef @F@Qﬁéd@w, and a

application. The housinq; of each of the nodules 31, .
33, Vg5 tegpinabmodulg 41.c Baghnefrihe medylgs isqesitienedwithipitheinmer housing

and i ' i :
L M e e -
por tpronisiofis ﬁ'direpiesmgse (etldlajﬁZatichy gitl?m intefusaie Chri tmc_)ughl venting through
appar u can De Ssus nae rinmer wrellne .

o BRI T HEEeD GIBHeBAA P! PrETBbAs) 4 b eiprebty n th form
can J7g pheflit, O bew shiindNerRRES A OtnndaN A er Mliﬁg?&r pipe 15 in

preferably Surface-based controller 43. The prina
Wi r elrdando oraindaib|tiee MGpectionapporatusall dtimpedwithinsthevdtilling riser pipe 15

known .to thaose skilled in th rt and thus i 11 _not

o b8 anBFReR tad, et e Bl P e f5poption anpifius 21 from
per sefathg. OThé 8iARze: ATRILRE EORBEESBhglRdy 27d@have a smaller outer
converter 44 or an automatic on-board controller
posidiansiee Fpn exqmeple.cpup rwpmsy-pneldach Bsnwine theoetiptedigmeter can be
Reg ' er 43 can 9
con%§%§§?ﬂ%géiﬁgﬁé%@§§§%§a¥S@?giﬁﬁ%%'of the inspection
apparatus 21 down through a bore 23 of the depl oyed

dri I[0032§ r isehe pirgferrdd eimbodintkat df othe oprbeat inhaintion, the inspection

regarding the status of th rillipg riser pipe 15.

Dat épeaéﬂ%%éqceﬁﬁlpﬁrﬁﬁf SRt W@h@odw&ﬁm such that the
dat gnspechear dppaRelidl 21 Adedf &ﬂ% IRt &lecHOM 10REH RATP AR REnponents
transmtted directly to the surface controller 43 via

an diebls) feguiredfor an nBvidil useesl(duptomets) desirediapplicalion oFlge housings

spoql- .49, ~with h par at us. referably.

oot R Esaeato SR, 4h B Sanrt:Feaffin i BrbSbRapics nd oter
powefuipReNaty ffed ¥ perfdit theRktigd. | zer 47, described in
further detail later, maintains the inspection

apparatus 21 aligned within the drilling riser pipe . .
15 d3hg Bebranenintisarg £@nd oo tthe epemidgnal perionpy ﬁasrgaspecuon

Wi %ﬂtcﬁﬁ, iﬂngEﬁ'm &pparatus 21, can be suspended by a primary wireline or cable 40

positioned on a wireline spool 42 which can be controlled by an operator having
access to a preferably surface-based controller 43. The primary wireline or cable 40
and control thereof is well known to those skilled in the art and thus, will not be
described in detail. Controller 43 may be a personal or laptop computer connected to
a data converter 44 or an automatic on-board controller positioned in the

CPU/memory data convert module 37. Regardless of the location, coniroller 43 can



40 is also preferably collected and stored on the

wireline spool 42 simlar to that of the unbilical

cord spool 49, and thus, the follow ng discussion

regarding the unbilical cord spool 49 can apply

equally to the primary wireline spool 42. [0034] In an

enbodi ment of the present invention, the spool 49 can

be a&syRs: e exighsien andogistasion of giehinspeatideappantstPdt down through a
trag f ili.cal .cord.45 or wirelin 40 .
eptoed oh 7 4Bhofts AFts HERml L u G ol rearing e

i ndistats off thé driling/ eistd e ©8.StBAGEcant BalcoldpBled and stored in the
apparatus 21 is |located froma zero point

i nspection :

at tﬁi%U}ﬂ%ﬂ%h dlatgf coniert mpdplel 3% frrlptse dopnleeding oprcanthiegransmitted
sel ref poj T a : t ker 51

e kel A SI0R PR BE B Syl old 5Tl com
49 tumtpliovicdel $fvel Ag) with ewposi theapparafus tA1eprefRsdBE bR supplied

apparatus 21 wi.th respect to its location wthin the )
dri Ia% 'Oth Fe V}\gﬂytb‘fab%ora fg .VI%EO‘E%WPBV‘?“@F@? -hThg egafalizes 47, described
i S KpGWhet QethiN 084, Skintdifdnd ﬁlsl%&ﬁoﬁ‘ﬁ aAek fla?i@?d witin the drilling
exanpl e, a conventional odoneter-type unit at uses a

| i ghtsehpigenlf Mating delepnérit mod ghtraciionu Nage, taf praperytwitreie or cable
(not,,shown) f.orned .in disc (.not, shp , the dis

f ot a4t0i 15 glso Iéegeﬁ%ﬂge Fq}gecteg anI‘H go é&nM}{%ﬁgfspgﬁé& s1mﬁar to that of the
unbiuntiRdal erdckpdsl 9, i tRls, AR follBRird &cusdibE ?é@ﬂﬁfﬁjtﬁsgle umbilical
and thus is not subject to cable sli'ppage that” wo

er r GRELWEPLASHan apply eeally del tewrisrary wirolineesppalt2pr ovi ded

to the operator. [0035] In an alternate enbodi nent of

t he (pFR$ ey, | i LOREY. W eld cabl e :
10 RT o B0 i e B TR b BE Bl 49 B8 pSppsociata
be prithva chbik leogthatacken|5y thad epticythe ambaitrof @udilidaBeord 45 or wireline

app t us , but also to provide for the transm ssion _

of 3@ 2‘?55‘18?’62‘11 18i% ‘#J%F%I?mﬂﬁ‘s thepsrabar vh yuipdicatiogreiithe vegtiepl distance
t he thakt IS Hspetion rid MBS, - '

alternate gﬁn%oldi r?géﬁr&hfgg 1%2(%%:1?@' engtahgetp? gg grat g]f o8 end of the

assddllmeattenpips 1iior ethenselt@drraferemrce point. WEle eabhi kehgihliracker 51 is
cor the s rate unbil.ical.,cord .45 not bei ) ..
necggég?ggaﬁﬁﬂgsgﬁﬁoﬂg_ Fﬁ%@ngﬁgﬁﬁpﬂﬁﬁgt%anﬁgtE$§¥%ﬁFP°$ﬁon
| nvefthedmspettivn dppags LI WHhSY SO B ¢dddl8:S wthin the drilling riser pipe
emergency recovery systemthat can allow recovery of

t he lapJ&F &ebls longth Fadkee S bisdmovar to thossrskdledgn tlof art bed can be, for

pri r . 2 recovery, systemis
B SRR ETE 50y L S B A Gk o
cabk efrbet of hgettuyes@6i $iodm dormckinihm &8€ (nodERbWh ) @he disc rotating
cord 45. . 10036] Referring to Figures 2 and 7, the _
contsBIsEE 1p3 thepderloympgnt of the t wabifigal ngase 45 or wireline. The disc

sur frasmBRsAE GRNE Lo Au?_f efkﬁ?&gﬁ%?ﬁ%a%leXhﬁ Qi l}rr(gnrégusly affect the

i nspection apparatus 2
odometer information provided to the operator,

[0035]  In an alternate embodiment of the present invention, the primary wireline or
cable 40 has one or more electrical conductors, and thus can be provided to not only
deploy or retrieve the apparatus 21, but also to provide for the transmission of control
signals, the receipt of data signals, and the transmission of electrical power. In this

alternate embodiment, the cable length tracker 51 is associated with wireline 40 rather

10



unbi lical cord 45, which includes power/control I|ines,
therein. The controller 43 includes a power
suppl y/ converter (not shown) and standard conputer
conponents such as a nonitor, a keyboard, and a

joystick. The controller 43 accepts input from the

CPU/ nenory data convert nodul e 37, through conductors

i n tiea wmbilitilcard dpribe sqﬁleamdnﬁatcal cmdnﬂérrtoebeiamg regessary. In still

d d d f the d )
or 1 ereng Srpadient Bl M Dresle PEimtisf. s GebEat e includes an
i np 'éﬁnefgeﬁ@ fcb&vcEPBlsRn @BOdaR allé@ff&%ﬁfe@:bf tie ap?_ﬂﬁiu& ol it BR event of

depl oyment” of the i nspection apparatus 21.
contrtatdkege aithe primagnwireline 4helhrephegenshitrecaiery system is preferably

e L oRoh 3 gy SREARE or b R BRL Bhitinl Rad i Wit e

tra@MﬁﬁmﬁnugﬂQ937l Control signals are also sent by
the controller 43 through the CPU nenory data convert
nodul e 37 to _provide instructions and contro

h
noni9G0at alelring Weligwehd JRa I’} therﬁoeww&éé*?’nﬁr&tﬂr%?%%{ {he form of 2
the sﬁfﬂc@tﬂa% bR gl ¢ gxlngt%l «‘ﬁﬂgof e 1%89&811 %B]%ielli%itﬁs 2Bhrough the

The controller 43 can al om1t e operator to Ize
t he uwibdeal codude Bich mncheles cphwen‘/@:mtmb lidss, Sigran. erEm:mOuer 43

the.innger d ameter of the d ri er 15 fo
cor PRiEh a b S Jpiiie” tigh Pt e S REc Rt syponents
to @@H@Wﬁfohﬁoﬁgﬁ@yﬂ'ﬂaﬂl lagd 33ogsbck. PERE @61&%0‘11@19@_ Q‘?(ths input from

and/ or shear wave inspection on a |ocated weld

Adv &t eBEGugngry datsecopiere sodpliid e tBaughy esmgduetpiisdn T@:gnbﬂlcal cord
rod HE %ng’ ﬁata%gg\fegt%g%é[ {% 1%&%9 l d Bl%l c?a? a%%l'l?leggy of the deployed drilling

t hi ckness no can each’ Perc8rt 7ol

I ndepensipatby . CixeollcRblasenaztapteldipat GOMVIBE lcalfld daﬂg&; @dcker 51 to
can, in _real-tinme, provide the controller 43 wt
retG?Wﬂﬂé@%d%%%@%%ﬁéﬁﬂ%9m¥ﬁ€mﬁ6WP@6W%?bbﬂ@ﬂﬁﬁmgékﬁé%GM1““mnl

vval lthet(gibﬁﬁ'ﬂﬁ aé'fgggty c uﬁ?ate M’ql%e ids é@lﬁ)hﬁ%}gﬁ%@lmwgﬁ t|'16 spool 49

an store part or
of thieg fetlback ffom thatcelsle dmgthl tomkler 5SAdvant ageousl y, the
CPU menory data convert nodule 37 can 11 include or

i nt e wth . sound filters t sh th t 0

e TP T BobthiEat s 4166 S b9 Bl PRRERY 43 Uit e TPbmemory
ret Hﬁtﬁ%@nve[rtolggﬁile W'EB’px@frldE s trubiitis a0 §orﬁf01 ftd'@le non—rotatable pulse-
controller 43 can ng emented in the

dat &choovigle fhlckﬁiﬁ@un@d@er ribe rofaing TOED m@p@cﬁ éwl the video module
appg atl'ﬂé cé&trociﬁ%g al% 9«5]1].%1 ow hl\é ?g%a%?’% ﬁﬁillzegtﬁé Oﬁr%%dgfétﬁ to search

for ater € nhon- pul'se

nodfidrewsdls §2 oRe:@find thieanied ldfmese g t]iiﬁ)cﬂi‘uhﬁg ﬁmtpllﬁhtﬁl\ﬂ))‘ corrosion
preferably adjacent the video nodule 31 can be use
f or OHSPHEICHARS: 2Ad cah GHPWghe rwaetatos 40 jcormsnd tthe THELY §n°dule 331t

52. pgﬁﬁ(ﬁrp 9he TOFD and/or shear wave inspection on a located weld 52.
Advantageously, the video module 31, rotatable TOFD module 33, and non-rotatable
pulse-echo wall thickness module 35 can each be controlled independently. The
CPU/memory data convert module 37 can, in real-time, provide the controller 43 with
return data collected by the non-rotatable pulse-echo wall thickness module 35, the
rotating TOFD module 33, and the video module 31, or can store part or all of the data
for later download. Advantageously, the CPU/memory data convert module 37 can

11



| ocated the welds, the controller 43 can position the

vi deo canera nodul e 31 adjacent the weld 52 to

sel ectively record the appearance of the weld 52 to be

i nspected by the TOFD nodule 33, and can position the

TOFD nodul e 33 adj acent the weld to performthe weld

vol unme and/or weld root inspection. Alternatively, the
contindbdeeor derfane vGRUSomaddilierd Gich showwesd thao dnlyethd desired sound
can be prepro rannﬁd to allow for data acquisition at
prefﬁW§8P3 HyFhPseli®out the need for the

apparatus 21 to necessarily stop its vertical decent

or Iee3xyer Wareprendi Adctipebitie AREMIAT43 6aNhé IMpRhIcARd in the
of the apparatus 21. [0039] The controller 43 and/or

t he @bUmemeny gate sprvesionodile 3feud tas3the dagpeetionoapparatus 21 can run
noni ntrol .internal ,pressurne, . if.necessar.

dep i ABRea uh e i 3" BGTTEYGa, TERBEGRRMe puise coho
whethefuld Seordsiphat: il deh®iodeld (Mbttshow) eRedbly adjacent the video

pressurization equalization. This allows the .
app&nesdulss3 aanths usedhfos deteefins ang stpsing deglogationmidiowelde 2. Having
bel ing:.: ' e ' .

oy SRR EBls, {QLARIEPLEEIRAR o HE gl AU O e
chantbeweld$2ab stlottbiclygeddtd tlpr Pppedaseaf (el edt 52 ¢abe papated by the
and/ dat a tgggnec i on between the control]er 43 an

d
supgSED mriiied3aond gan pasition, g FOFD, moduley i pdiecest the weld to

33, pidorm@eQydd P8ute M%QHQO%%&W. ek R Sthe REntroller 43

by those skilled in the art. ] The power Supply

mod @k P38 mefmotshdata repet inodulaPyasaat s pprogsanahgbto allow for data
positioned within the inper. chanber, 29 of .housjng 27.

e e b P Praster el §binfie SPa i FoE BEr VR, wPgms 21 to
of tbeselerfdl iROEticHUBRehtedr tIREGUE) ddpendiiPiddodathe modular
cord 45 and provides conditioned power to the various

nod Peigusttioniod theppperetus 8k appar atus 12 21.
Al ternatively, the power supply nodule 39 can contain

eit EﬁBQg PThEREMroREr PRGKUR thPOPBImSRMY WqtalBnvert module 37 can also
pendent 1.

i nd y power the Inspection apparatus
[ 004nitdh end enbirall inteenal 4ptedssrepnf mevesdayy, pdepetdion egon whether the

external to the outer surface of the houysing. 27 and ..
s FaBles 8% TR HORIoHIS s TBNeR AT R0, G P pfurization
| NS REEAZAbn, APARLASWS the ipphrh@B el Wablbvt ddpehssidebp B9 10,000 feet
riser pipe 15. The centralizer 47 aids in stabilizing

t he belewpealevadn apparatus 21. In one enbodi nent of the
present invention, the centralizer 47 includes a

Fs)lulr‘lﬁgdéllgj y ﬁfefeﬁ'ﬂ{gi t%‘?ﬁE-ﬁ»Q gu,sth%o“r}&]ee{%hxel%af r%oElLlﬁg 4?,)( atﬂSGOr Ir)]ciaslitioned within
the inner chamber 29 of housing 27, provides an electrical power and/or data
connection between the controller 43 and support modules 37, 39, and operational
modules 31, 33, 35, according to a method as known and understood by those skilled

in the art.

[0041] The power supply module 39 of the inspection apparatus 21 is also
positioned within the inner chamber 29 of housing 27. The power supply module 39
performs power conversion of the extenal power supplied through the umbilical cord

45 and provides conditioned power to the various modules of the inspection apparatus

12



of the housing 27, as illustrated. In a second

enbodi nent of the present invention, the centralizer

47 is in the formof a plurality of wheels (not shown)
spring biased outwardly away from and perpendi cul ar

to the housing 27 and correspondi ngly perpendicul ar

to the inner diameter of the drilling riser pipe 15.

Ei t Rdr Adfernatizely, the pbweli suppity snquintevddchan chetainrestherct promary or backup
apparatus 21 the a bstantlall i.ntai n

onar ShioHe ARk p e Elrd R SAAER 20 s of

the drilling riser pipe 15 while passing over

| MPgOd42¢t | AME comrdlier 4NBEPriHAraTRosifioRdd éx@nslrtblthé B6ter surface of
riser ﬁ pe 15. The centralizer, 47 al so _can provide

suf thehaming 37 anad Bradapied te meaintpindhe gpatiqnel pestiop (pé the inspection
dril, IS € ed

caudEhiiyt oF igBhE i, 1R BURBKE Dhcr GRTSCOTBE L BIeREer 47 s in
r ot atabﬂnmgfthé I[tﬁpe@lbﬁtaﬁﬁdrﬁua' OF DIotuéreb@Bmerft @048 present invention,
Referring to Figures and 4, as noted above, the

ins Fglgcqep ﬁhngﬂ’é}ng{qglgs Qg_lurasl;ty %f SPENS Pangds |c9nnected to the external surface
sel or 8RMHokiNg 97, URlifustrdfd8. FrPPlecBRVShNIRARYF fi

preoerab ylsgrrouﬁJg an Fﬁné?gﬁ%uégﬂg %ﬁ?n%gPS§?ﬁ$¥ﬁnwnJhe
encloysdizéthd? sevmrtlaﬁ forodof @ ﬁlemiltyonﬁ whetle (hatoshdwonysiprigg biased

noubP AR G8 En caf sBeRtcder & GefolulE B Sgrarepondingly

houpkpendiénadi th-Ehlﬁn&r @%nBRE oNORES HAGNE aser PiRNS.d 'ﬁtth@ll of these
housing cap 61 are preferably threadingly” engaged

wi t gmiadimsats| ms@iwclfoﬂne h@ppﬁmrappamm 2 dhecahile t@ ‘p‘uttstﬂ@tlally maintain

A ¢ SRR g kR R R Brelnal 5’ 0 AR e ging 15 whie

ext ensidly PeE ﬁmp&‘rfdaﬁoﬁsh@l nmmndraixamﬁ& off tht ldeiIBRUSIeRipe 15. The
body 27 wel ded on either internal or externa

por P?‘BW%‘ZGTO‘?J &1sp aReRrorile cuffisientdE o wilknbgrnegnéiameter of the
d
houlTAn@OSP S0P fo BiSyed Sl 161af caukdf b HBle or inerta

t heresntiing ifioal a oxbatendd theaotatahlesTOFID atodﬁbrﬁ 3t h e wre

t er m nal nndule 39 and the external environnment. A

pri se udes, an, unbi | i rd co du t

P Ot Refefiing, 1D HiERGSs SR AR pplef Bhoves B Gnsp8A dppfidius 21 i
open |r@]ﬁt1ﬁ§¥1 sdlfGonkBneY UARI The 8601 HoRsing vBaLhe gﬂ@eﬁéb@f surrounds an

the type that can be threaded into opening 63

pr ofmgahousgshagba 2 thy epelpscs tie sseeralonedide wgtigng. dinégol housing
RSP el A8 BB By W B BP9 oot

of dlsfait afteby sdistaLhaisigrleap ber Thdpdxinas Bbusihdoagd)so aﬁ& distal housing

illustrated in Fi%ure 3, rOVIdI'% t he tool housing

bod§a29! 1 Preferablyrthseadingly sgdsqd Bo \enA $eglpdetocthe dgnep gircumference

t he s Sehd g n

dep th)}/lg g%)?ngglfang I%f‘slteﬂ %@cﬁ lllﬁlsm%%w 5. gltélﬂati\téﬁf, the caps 59, 61,
may be threaded to an external portion of the proximal end of the housing body 27,

welded on either internal or external portions, or attached by other means as known
and understood by those skilled in the art. The proximal housing cap 59 includes an
opening 63 which allows the umbilical cord 45 to transit between the wire terminal
module 39 and the external environment. A primary seal 65 includes an wmbilical

cord conduit 67 that sealingly surrounds the umbilical cord 45 at opening 63. The
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10044] The tool housing body 27 is preferably vented

Wth seawater 28 to renove air and all ow pressure

equal i zati on between the inner dianeter of the too

housi ng body 27 and outer dianeter of each of the

nodul es. Correspondi ngly, each of the nodules

positioned within the tool housing body 27 are further .

pr efprmadoy peal @itie [:irefemhlilh jofi titehtgpe thaecanhimuthraaded hmrbpermng 63 in the
to .al m1for t renoval of air and to

For el felsuisap i35 5o G (o e s R tapee skiled

eachy iRduhe e dlﬂﬂﬂ% %Q%l%ouﬁlflg'ﬁ@@f} 297caf B in MRAMR: of a frame

In an alternative enbodi nent resent invention,

i nstsa'actumfraﬂlenﬂlmmg solidebctdorozhs iHowsitadgn Ergﬂlr@b,anonﬂmghi@ tool housing

i,ncl ressur

[ ng’ ?H&F g heg?ligb sg&ﬁ trb%fiﬁ?s ﬁ{%gﬁinggsaﬁr er g é’ﬁg be re81dua1 debris

pr efremailing ih Ehetdaﬁloyéd)ﬁi& glpeaspressure tr ansducer 68
and preferably connected to the proxi mal housing cap

can transmt a signal back to the controller 43. A
pr esIQQfHé pUme 19N dousind hpdy, 27 xsmfeqahin@nteé vitht eawaten @8 to remove

cont e ti

t he N lirOélﬂrdo{illl1 §§ %?Se%gg?%é% | Ul d %En%?#d II?etr esfs%lgreool housing
i nebodyl 27 head unibir | disradtercall ehcl Df tiloe n:ﬁ)tlﬁ)lsi alﬁlon’aﬁlioyidmgly, each of the
equal i the. internal pressure of the tool housin
bod)fncéé‘?eérﬂfs} fopest pAthn B\ﬂe@glu Qs Resbi? b el Bisfessdly vented

Wi T Riithid B8 R hodOHS hEnhR 3y, &/allo% ﬁ'i'%fxeefeﬁ?}v)ﬂ SMBE aff to provide

t he hydrostatic pressure aSSOCIated wth
encdompressutt dapatizatopbetwsen thetouten sufiseof c@c& mahgaanﬂ inger module

of t on at i he ectronic, c ne

0 he DERRER A Mol . Gn ACRYHT LR RIRSEN e et Mvention,
Mo d hstead Bf vaitthg\Whe Rof RRinBahd cABRI IR Mddiaéeteedlteklal cord 45 can
with a seal ed neans known and under st ood by t hose

ski [incdgrle; mpregsiee Imet(n?foshswh dhrrewigino i RRsSUTeOTHSY, preferably in the
Sﬁ,]; g‘%ﬁﬂ gth?sEﬁrg Lgaﬁg’du%?ra&j and Bﬂeperfsﬂ?ﬁ cbx&‘]fgt% ?Elgeg]%rogimal housing

nspecti on ar at
vi deap f9diah eradinit asmgﬁztlahl:MQ) tREEdAtrotieitd 2 B@resﬁn‘e pump (not shown),
non-rotatin%$? ul se echo wall thickness nodu
a

a
cpuf??eﬂ%w ex tivantolis dd @ By CPQ“%%?V%W@ 37, can then
dub &i@O predsutizE® thitd ThBath ngha@suﬂ‘él Jir@N fhe ymbilical dcord 45 to

cen ralizer 47. The video 14 dule 31 'is positione
Wi t sibstankielly eqebize dx@snimglab heeshiee oRthe tpolelismlglbpdy 27 and internal

dj t ot d of the topl housi dy 27,
A Pr 55 o E1eB R oG ER i (Pt o MG R8RY 8 1 Diekribly that of
dri kid ]g@rédtaiﬁrpr@ds% abSocialdewiie Wit RecRREY LYy %@Jlﬁes%ﬁlte transducer

the vi module 31 is preferably substantla
tr aﬁgpar%ﬁ?ﬁaﬂﬁ%@uﬂﬂ the scamfigimations| theuelestremic ecqmpqmmvu within  the

for CPY.]VI%%I%%%/ o ua[%a c ef r of?éhl eélﬂ alglovéel? esup\)/pljczj FoodiR 335, ang Wire terminal

The video
module 41 are sealed w1th a sealed means known and understood by those skilled in

the art to prevent corrosion.

[0045]  Referring to Figures 3 and 4, in the illustrated embodiment, the inspection
apparatus 21 includes a video module 31, a rotating TOFD module 33, a non-rotating
pulse echo wall thickness module 35, a CPU/memory data convert module 37, a

power supply module 39, a wire terminal module 41, and a centralizer 47. The video

14



rotational armor plate 69 that is nounted to a video

nmodul e drive shaft 71 driven by a video nodul e

rotational notor 73 (Figure 7). A pair of video

caneras 75 are preferably nounted to the rotationa

armor plate 69 to provide i ndependent positioning of

the video caneras 75 in order to provide a visua

| ns peglilopl Esrmsitipecxbwﬂhingh@ﬁlnelﬂe)ubinl eharolben 281 prefeodbly mdacent the

O e RO S0 S0 Gl BrREB) S Bt o

can thd'aHUBE ARPHE® Issicl’rhaqmuyﬂa%i%@mb QudjRBREHe (Rb module 31 is
shown) and can be fixedly nounted to view the inner

di apstferablyofubstaatiadlyi transngemtu @euncb ntp)eenw ¢ireymferengentyl provide for
fix \f ay becaus
: ns%gsc Pglﬁ&a%p%?%%gngiﬁcgﬁg r(%a o a‘Hé video module ’}»I tacludes a
apprrovtiteil edny ot lateclte th&hsI ﬁbulﬁéd totaheddvohedudS dfive Giafig 1 Lriven by a
of the dr|II|ng riser pe 15. A video encoder 79

(Fi giftee mapdulp rgtatigeal mﬁ@r aPi Higwe i Mf ofAnBalf O Yideor pameras 75 are
b |
Co" PRk, AelcR, B8, SARAAL' S BY e PG RGHAE gapencen

pr epoagosinged the vné?aa)t cdiidtresd 7 5rinl erddr 00 4frpvike fae Krfsuﬂglntzp):ction and
gures_3 e rotating TOFD nodul e _33 of th

| ns 5@@(41% oﬂ%ﬁ fer eéﬂlea:\rllalgo%seba@ﬁlﬁ Srede Wt?qﬁ.aﬁml‘ﬂon of

t he i pagrs2 N QURHG vED M ided Lamerh R ch@E@L 75 Qanl ede lenses such as

nodul e 33 1 ncludes a TOFD housing 80 having an i nner

charvid¢-angle hmm{nmhbm) argren e dinkdly meontsd e micy. thd rmer diameter

TOFD r co one s i ncl ud carrier 81 . ]
oSt TBndare PR PRrs Eale Hogls et aogfiofnd i frafie is availabl
di ameéRke theiRpectichipb@afis R¢ 'chip B haBSdindd apphsiMOdB/ iiGhe center of
80. The fluid carrier 81 is referabug in the form of

o

a f tesxbasr @3Figmael) of theakiling mser pinedl% oAi vider encofiest 79 (Figure 7)
t he'i)?oﬁ& g t‘ﬂg a%hftutgaﬁﬁfor}%{&{] t&l\‘?ﬁg gon oldr 43 dff Sﬁeﬁ% IC(?IRTO%fed by an
t he“soun i ng apparatus kn

undepstitoe dr ttythe RS dats kdnivieﬁdmbdmlet Fieif a’uﬁc,tmﬁmghn arepradrammed or
exanpl e, pajr of annular snap rings 82 holds the

f | uiahiogis F% ®81 in the selected location. A pair of

o-rings 83 positioned adjacent proximl and distal

si degosef t R%feﬁﬁﬁ@ % %ﬁréser?, §Hd 549 ahe tBRtiAE UPOFIS AhbiAE 33 of the
81 into TOFD nodul e housi ng . The inner chanber of

t he iTBERMDohcppirAys 80 cewplsaibn $oatlomad| withgo dle mﬁeral@usmg chamber 29.

vontatgpti T JEB e 7 ilyorr TOFDTehr e PRPFURE afifer chamber

t he comainlrgsh@TOFPeRb&ar chafpohdiier TRITBOBB mdéfuldr R6mponents include
housi ng body 27 also contains a fluid such as

seawellvd cagier §1postienedy i Hne ehloafied porting of gl inngr Wisengter (inner
f
Whe'rsérf%’ Eg%ﬁ@b flks) aorf‘ ﬂ%&fbﬂ%g 807 T fuiti RaieF O pIMEALE I the form of

a flexible bladder ﬁlled with fluid to insure that there are no air gaps which would

cause disruption of the sound signal. A mounting apparatus known and understood by
those skilled in the art, such as, for example, a pair of annular snap rings 82 holds the
fluid carrier 81 in the selected location. A pair of o-rings 83 positioned adjacent
proximal and distal sides of the fluid carrier 81 seal the fluid carrier 81 into TOFD

module housing 80. The inner chamber of the TOFD housing 80 contains a fluid such

15



sealed. The fluid can forma liquid coupling which

provi des for the transm ssion of soundwaves

(described later) fromw thin the TOFD nodul e 33 and

tothe drilling riser pipe 15. [0047] Included wthin

the nodule also is a TOFD drive shaft 84 which extends
parallel to the longitudinal axis L of the housing 15,

and apﬁwaﬁmﬁfi amé canisguaition oy the npﬂdaiee gregB®nteg@®r an acoustic fluid in

p05|t| ara to ch_oth d nmou

ors APPSR FherE e oIy, R uliBh e fuhgfousing body
ext ezrzdud@ebmaﬁ atfli@d fuchoak Bekvacnds @h 5 b@figathoipA Wherdth@h@Bing body
85, 86, and are parallel to each other and parallel to

t he 24xis eied @ japeacepgicr Thed in acopBigmyaiier wherer e iougipg body 27 is
f h t
sha?éalég 4{{&'_&{3{ &@50 é lﬁﬁfdr%ﬁlgﬁﬁ%ﬁlgﬁhﬁ)o?%&s 8@9 hh%;ﬁa\glgnnssmn of

| i nkageinanet (delkweibed litbatfroat wathin the TOFD rmédulle33 had to the drilling
drive shaft_84 in an increnment that preferably is no

mor &5¢HEPF ohe revol ution, preferably either 90 or 180
degrees, then rotate back the other direction. [0048]

The [dd47P ”%‘Hld%d iR thPB6HAE HIs8Rs h NNES (P SO 84 which extends
flrst weld 52 by rotating the nodule 33 either

cl ookuflgletodhe bmgmdamai lagyis Kb S dse homsingh &5, s eredniabeyl &stsl support

oel 6845085 RHoRRT pREG % BBhebd BT oubfkadf B FOFHaffive sha

sel gat ed pllegiteF sgﬁpdﬂofoa& 8@ extef\d MRtvadeh qn@bmaﬁﬁﬂ%ﬂ dskal support
(Figure 7) provides an azinuth indication of th

pr e®lats &ngphcandfarg paralisl de cah adhgr\aad pareilel t94he axis pﬁ @rive shaft 84.
t 3

PSR TRLETR 0918 (ARSI Bt g

CPU/SIQE ffhe § OFEY modide weationad vloe 83 Had 0linkagel @pe nittent) that allows it to

856 ] BRoR Aot RGP R PEAEE df no. more han one

MOURLJoNFioR! REHBbAAeifhE} GMEEL80)deieEs, TRUPGER talk fhe other direction.
supporting structure such as stupport rods 87 or

alternatively directly to one of the support plates
85, [#938] Whghe d6HD snoduly 33 carpperformoars upspmﬂonrcmjg fsst weld 52 by

the trans ucer ocks. 93 i oned

t%téné tglg %Oélulr)eg'l?}ﬁ%lglegglgﬁ %8r fouﬁl etrc'%%c ér% e se ected degrees
r ode Boftatiod) 260 cﬁﬂig @b ay ifspeeivh & ﬁ@é@hldhﬁblﬁsﬂl\bj‘r hdthting in an
them The Iongltu inal 16 | ocations for positionin

t he OPRASHE Aiertion deikhe sectedflegrees e ratation &éﬂfé%%f‘vﬂ eiv1 (Figure
t he 7) ﬁm{d%( &ﬁmklﬁ%%%éﬂ%] t?iatlh #:ﬁe@gg gn otf pcﬁat | cg‘gdgﬁ% shaft 84 to

to be i nspecte ng to gure b,
t r afizdepeetomibrongh tigp OPUGkerS3y data dhsat nmdhﬂadié’ il beipginianipulated

| oc arteglg on L gg%glg g‘zt ]2[:? Hmﬁ,glglgmg{ye dgtg ego?nrzgﬂ? eroJulleX %9 ! I;c/)r independent

control if being deployed in a preprogrammed automatic run sequence.

[0049] A plurality of transducer mounting blocks 93 (Figure 6) are mounted to a
supporting structure such as support rods 87 or alternatively directly to one of the
support plates 85, 86. When configured to mount to support rods 87, the transducer
mounting blocks 93 can be positioned at preselected points along the lengths of

support rods 87, which preferably extend through holes within them. The longitudinal
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radi al position comensurate with the inner dianeter

of the TOFD nodul e housing 80 and thickness of fluid
carrier 81. The plurality of supporting rods 95,
alternatively, can be in the form of adjustable

ext ensi ons includi ng appropriate nmechanical |inkage

for prepositioning the supporting rods 95 radially

i nwdeetigntifos positiering dreweernting dlacks P2 dambel sdsateshdmgndent upon the
positions. A transducer .plate 97 | unted to the

ot epP @R b fEs S eaPo e o iRl i o

transducer shoe 99. The transducer shoe 99 can be a

har qogs0ast iReferahetd Furandeach ragdduestinaaintief blook 93 ban also include a
present invention, can be readily replaced for

di f PR Mt SUPHITERE dpdeny Bfchoire prsfesably dinediyhigeaieh gt gpredetermined
[ 0051).4The. : US| 80 &k ' .

sel Z%:%wélo&%g;sgggg on the tle%(ltei? h{égl ane#%llrla%{;@fttg%lpﬂcﬁ:&g}o%le housing
27, 8ftengd thiclarsbef fluid tdraer Sle| Betphdaligsd dupportidgeodndte mlternatively,

diameter . of the drilli ri ser pipe.,15. The. . .
0 o en Bt an T e b it cusrensnRaSeRS apporisie egheisal linkage
pl atggy %ﬁqg@ﬁti@rﬁﬁ? &H% fsﬁ%ikﬁiﬂi‘néﬁo&sh 0§ Gadikily li®#arti Naddh 6ut‘9Ja]I:d between

In an enbodi ne the present invention, a pair o
br aceizactad3nd gprtepdedpasitionThé tmsdussr o Yais neountsddo the outer ends

outwar,d from drj haft .84 and.are preferably angle

ol S 4hatopBO i 08 131 P P eF pRis o) % Rp @il Shoc 9 can
27. veQDBhaN dradtierhidiBighl tad Findd esb&dideek 6 thedkkent invention, can be
transducer shoe 99 has an outer face that can curve

i n acaddbiventaced fon dilderentanner dismetars of e K grogilehopsiag 80.

i nner dianeter of the fluid carrier 81, which is,

i nt fi I i 14l ' : i i :

U o] e PRI ERl GATERL s ket basca on the omer
f ur tdesnetdri of et hoyisd 27, erhédh can bb furthepsdecteddasalbdn the inner diameter

housi.ng b 27. The TOED,.rotational not 89 (Fiqure
7y St ne fiseroPpod SshaPe TR hec 088 agqiieded to the
tr angsdifes: ARe©79Y 4 Qedli@bRn bHRIsk (Rillb@in MRGr. NMn an embodiment
contact with, the” fluid carrier 81. The fluid carrier

81 iofisherigesenhinventivar epdisofyaces gk parblest weedn Thibrageegd3 can extend

housj and. t h nsducer shoe 99 alroatr . .
ot wibie? Rt Y SF AR UEBrorRaBF stited SRR uf e BB mal i
shoual & thehdqudinged. t hr ough venting, if so configured.
Whet her or not so configured, any trapped air shoul d
gravitate away .fromthe inner 17 Fortion of tq$ t 0o

r |f1as an outer face that

houd¥rg] 27 RetranseittFigres Tertp raciiransdaccs fipoi
thi %Klﬂ Enrve i PEvEX ﬁﬁmafﬂ{jrortﬁfﬁ'ﬁﬂgr ﬁlgtﬁlgp&g?(th@’gilérgf BfnRier of the fluid

t ool housing body 27 due to t vertic oynment .
The caeiat 8 lvider is, idfn(, Fixgdiy podi)ionmdew eoritaat mtithtinum surface peripheries

bet wee t ool . hoysi body .27 .and the riser . pipe
15, OF s TCF DL BPtsintg Erv iich &t SHiGE Srgtucnoaionat niBiiRte: to ool
'l S&busing body 27. The TOFD rotational motor 89 (Figure 7) can drive the drive shaft

84 which causes each transducer shoe 99 to rotate relative to, and in contact with, the

fluid carrier 81. The fluid carrier 81 insures that there is no airgap between the TOFD
housing 80 and the transducer shoe 99. Any air trapped between the TOFD housing
80 and tool body housing 27 should be purged through venting, if so configured.

Whether or not so configured, any trapped air should gravitate away from the inner
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pi pe 15 and the transducers 93. This relative rotation
allows for the TOFD i nspection, described |ater.

[ 00531 Referring to Figure 6, in an enbodi nent of the
present invention, a recess or cavity 105 can extend -
fromthe outer face of each transducer shoe 99 inward

t hrough transducer shoe 99 and transducer housi ng 107.

A t rpartsohuce thel08] heusinpu? edjacqnt ehe TARDY moduleh®d amdvaratl thickness

P R LSS 03 o e RS v
pi ez ioggFﬁﬂs iel"}fé%?éﬁt?ﬁii&x@aﬁ (Mghite BPriveRiRion HEEREN Be tool housing

acous gnal s. small Tlexible tube 110 can join
a f [boidd 2paed drerigen gipesifoinis, fesuliiegdha trelatiscetaion between the riser

h . 07 del i j fluid tg th 1 )
s St "thisretisge iduiot v bRE G T0pE nspection
and dekhigibed gy, di aneter of the fluid carrier 81, which

woul d cause a | oss of acoustic signal. Tube 110 and

can also serve provided fluid to aid in pressure
equdP933ht | &eferring to Eigpreity it an PBhodimenicot; the press insatips a recess

33 i ent ' e ' .
25 cFLRY A UL T BBl B bl e 9 v
hel phrough mamBduder shoed®0 aglé vahs|lucatioasing &07. oA tanhiducer 1096s mounted
nmodul e. i pnner chanber,. A fluid supply. line (not shown)

wi t BFHETERlY 1) gV Rtd) side ) 4pRss spagqr El.oal_ey/ﬂ‘eﬁea@h%has'ﬁ Pfiregegsd 05. The
the yaHbRicdlBo chihd BeoReRli Gl FidzMHRAM JBRE tha® 351 emit and/or receive
transducer shoe 99 has only one transducer 109.

Condowtsbea sigwalsh Aasmalh@epblertulsf 1 M sapgoiblaifluid passage (not shown) in
illustrate | ead.to. th t.ransducer 9to I

el o191 Rt PP Foe i REREHE o i B S By Pt ae
Or 1@ aif 8GRI BeBwenSEAREuRH 1 6% af® MEh&ddihReR] S€kHKd Adl carrier 81,
eneg&g. he type of transducer used for pul se echo

measy feld ceesaveeloss alcapayiticosgnat- efliee 1 Kbiandd eptafilsp serve provided
rec %Ycﬁt‘a taﬁ@eﬁn\?&)rgésﬁl%teﬁhﬁ?hﬁone. ML ﬁtfol?l \Jvﬁetré {h%':ﬁ"t‘:(%ﬂ[% #E)Qule 33is

t hr oug res or othér forms of conductors

CPUNamtad toy tha ailirébiend Ryevater D30 L@ sSpliddOBbhi siafl dlekibigtube 110 can
Figure 4, the rotating TOFD nodul e 33 preferably al so
has [t helpapiniizn Sa eefebpiscpatamingipr 718! t w@e ippgr chamber.

d A : )
and xoftidis eﬂ??lg‘:ﬁ Q'Ig)b %@ﬁi%ﬂhﬂ%@ deiftchBeor® %45 Eg}?}%r-ggﬁg such fluid to

nmet hod, on 09 of each palr of tranhsducers
act ithegtubs 130, tIn dhes prefdered amebdithent,o¢deh ransducedsioer9918 only one

of the eac ai r, of transducers acting.as 1

e P dRes Ty B T Eptoheloi SHL B o9 9 Fiien Dadilsgiiet 1esd o the

ar e RGeS 139118 shpplRBREicA enSiRl 26 bR Ul SLANFBs@PBemitted or to

the longitudinal ‘axis L of the housing 27, wth one

TOFBcetve arpotnd pilsc 69vbrtichig ahstréval erevgyt dlTof typhef wartsducer used for

Eac If)ulgg Ieéhoolfnea-llgigrfa%etn sac%%\qgrg gcro%st:ll'c%?reﬂected signals received into electrical
energy, which is transmitted through the wires or other forms of conductors to the

CPU/memory data convert module 37.

[0054]  Referring to Figure 4, the rotating TOFD module 33 preferably also has two
TOFD transducer pairs adapted to inspect for and obtain data on weld volume defects
by the TOFD method, one transducer 109 of each pair of transducers acting as a

transmitter and the other transducer 109 of the each pair of transducers acting as a
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Is 1SO degrees fromthe other pair of transducers. The
forward transducer 109 in each pair is located in the

same radi al plane as the forward transducer 109 in the

other pair. Simlarly, the rearward transducer 109 in

each pair is |located at the sane axial position along

the longitudinal axis L of the housing 27 of the

i nspectiveon HupdOEkDusaRduceas 10hevithira eavdr phit mnspéumbaxwlly apart a

109 h | 180 deg T
one SSlaie ftreplon h deREBEATg: Lof BhloNgaE Jgndih one TOFD

adj Qfaﬁﬁﬁucélnﬂ)@%'n?é rel BFRE A1 He Jite. FRESAir of TOFD transducers 109
i mpl enentation of two pairs | essens the requirenent of

r ot as il Shdegseas Hepm i otlkg paid efrawducerd. therfarward irgnsdficanl 09 in each

pair_of. TOED.transducers . 109 woul d red hi s . .
P e anbieees it BR3PHE Rl bl Folte ToRBRE GGt 109 i pe other par
nuMgemiledy, t hanssues? cRmdoseral(ONG cht pridididch@aantihe same axial
nunber_ of associ ated nounts can alternatively be

ut i [Pogigign ajong 4wy lopgitudinel ards Lot theonsing 27 e hgnnspsctidneapparatus 21
t
CF R B BaRl B Ao S BBy O o

| S q)autdfdf@mtttﬁﬁdlﬁeﬂ to9eis atdifited) Snedadj®eRi MaY axiwt fbrward of the

the receiver spaced axially fromthe transmtter.
TOFSH 2R dRrplepsnpgon aF BV Bary Leaﬁ%%thwewem%a@wtw to that of

‘use 18h cfegfees Cgﬂ{eﬁﬁltlkra&kﬁlg: %%1 kb%ﬁﬂéb]%\‘?%ﬁ%ﬁsdﬁf:eﬁﬁ@ﬁ"%uld reduce this

cl ose pr mty to a 52 I's a

t y pireqliremehidtofthatrd @0 blegreee Noteon idferheourea ©f dfnsducer pairs along
t ubu . s that .nmake u secti

o 1 Vit o, SR g of GRooet wdeiS 657 1iFRry Pensloed

triangul ar cross- section, with the apex or root of

wel qoés3] beiRrgrahg tol g eseghoelmagrﬂieelrom niefiRdS eGtstR Move, within
t he dr|II|n rlser]ﬁlpe 15 and the wel d ca}F at the
out SAc Paife etlhe ofOFIp dragsduceisnl @ onpeof the | TQFIA granpdpsers 109 is a

pi p‘%raégimtt-gp ﬁli%éﬁeal)thgf 3 Qr}g@enk%?t %ﬁ%@%e%?&a&d ax1a11y from the

transducers In each pair o ransducers I's
gr eataasmitthanThd @Ommamsdﬁcetmm%ap pofitivedddbybar. thidugh ThFixe of the

ot REPAEIEE 3o GG Ehand do R kO Veld 3y Gt weld 52 s a
t r angig eld @ mRA DR Rech O WG Reitd Enddals tu@JIaII B@mgéﬂs ldldt NMeake up a

riser section being inspected at a selected angl
suclyechion dfghe driflimgl mser atpeuls. Gmh@je»gt@é% tymichlly dfab ecttlsngular cross-

L ARy ] 05 S e ROt TRl e o s Bgergibe soction of
r ot geedtilivg tib& pipd B BRI Svdl@tA dtQRAbuteMBhRkteB 3f the section of the

(Fi %mre 7) the predeterm ned angul ar di st ance about
t he AR téer pl@eéﬁafﬁhemlasm(am@aﬁt@ean)thmﬂ‘m@ rpnsducers 109 in each

tra n
e P s
acotahdducdrl UDY areep@ferabiy anyelédtondBd each other so that the signal from the
transmitter TOFD transducer 109 passes through the wall of the drilling riser section
being inspected at a selected angle, such as, for example, about 60 degrees and reflects

ultrasontc energy (sound waves) to the receiver TOFD transducer 109.

[0056] The TOFD transducers 109 are rotated by the TOFD module rotational
motor 89 (Figure 7) the predetermined angular distance about the TOFD drive shaft
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bet ween transducer 109 and fluid carrier 81, through
fluid carrier 81, through the TOFD nodul e housi ng 80,
t hrough any acoustic fluid between the TOFD nodul e
housi ng 80 and the tool housing body 27, through the
tool housing body 27, through the anbient seawater

28, through the drilling riser Bipe 15, and through
t he &folfugtie & Whilsehggppsnstter TOFDHgmedycsr AP emigsqu pyises. The

t he ' [ oM o) ug.er

i araorad! pubsBE (RLEAE gl d UEGLa Ol o0 RN, cip, scavater 28,

; lecdimqrenﬁﬁ%@duqe?ﬂﬁﬂ oé rﬂuld)@arrﬂef |8ﬁjgﬂ}rc:ju@%hlf tui& Z:aig&e &, ;:]hrough the
a , S of .t signal] w e diffracted at the

ti pﬁf@%s e Hopsing So. ety SR thid heteen dhe TQFD module

ar e Hongilg 8b%Qd 'ﬁf‘ect%bb’ﬁ‘(glsg% Hoﬁ? 2 Ehfduh lthe{6b Hmus}ng btogz eZg, through

transducer 109, as illustrated.” The time that
f or thhrambignimgavaive2s, throngutbh drillingeiserepipd O 2ot tlansgiuthe volume of

109 js. djffer for the diff.racted pattern caused b

the b5 14 15 here Homd A han 6 s Felar Bl spiant R eRgsr he oute
di f faesredecofithe MRl SZaM fefirPbABRND e #DAWE THWD HARKRCcer 109. If the
skilled in the art to provide an indication of the

f | aweld 32 I dlape 5% isprag of Hormenmd wild de iffiscied ot thiedips of the flaw
| t k. . whi i b tially .
1 1% O PGl B sl ACA SR SUBTIAN ' eciver T0RD

adj acesducaf 10 as iihnektedi TRt the tHat ihekel for [thd gounti wBfes to reach
pi pe 15. The TOFD. i nspection nethodolﬁgg is very
capdfAcEebi OFL Eansiiusen i i dHfssend frdhe difigaciesi paffemarused by the flaw
52 by il e ; o
22 48 AL RRR il DRSSO g o
enb by thesetskdfedtih ehpare s@ provideveninideatiort btheiffasperd. i This described

app s 21 also has t shear, wa rapsducer_pairs .

(P iy opftiog R et 6F st 524 BCA e islsh apyiantilly ll
dat af gt Wl 92 eaQpt #RHIRCLS: R RHAERAUTIMSRBH JiNBME: of the drilling
techni ques. Each shear wave tranSducer 117 of a pair

can5& Ripadéd BhedOFEX supertpalmethiidolagyce veropapehle of determining

Cr ek SRR 5 ot sl o B RStp Ry BTl Prsging e roo

samefaxida2. di stance as the forward and rearward TOFD
transducers 109. The pairs of shear wave transducers

can'?% | sg #Pcated 180 degrees apart fromeach )

ot hé1957neRgreringetos Figare $awid ¥ smberdimenisoti thy Rygseph gnvention, the

eachhsPaitfon MBharhfu@NI GRS thd MO FhRNEHsdiRef g@%ﬁdfgm%% and 5)

acoustic signal to the other shear wave tra
117 addptadnie ipspieet fanend obtaie clefaven weld acauistects tyi poutsel echo slaear wave

different fr epcy fromthe er. shear ve )
Cr aHShtate Th SHEE vah SR hE b a TR 4G da Seteed ¢ clspied axial
t he d#@npafibmOhe SHRAraN@MErd | PNSLIHRE PhR, AdSQch Pe bF 83 ducers 117
accordingly. In an enbodi ment of the
can be positioned approximately the same axial distance as the forward and rearward
TOFD transducers 109. The pairs of shear wave transducers can be also located 180
degrees apart from each other. One of the shear wave transducers 117 of the each pair
of transducers is positioned to transmit an acoustic signal to the other shear wave

transducer 117 of the pair and to receive an acoustic signal on a different frequency

from the other shear wave transducer 117. The other shear wave transducer 117 of the
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present invention, the pair of TOFD transducers 109 is

| ocated at the zero degree position and another pair

at the 180 degree positions, while shear wave

transducers 117 are located at the 90 degree and 270

degree positions. [0058] The pul se echo shear wave

techni que can be enployed, as illustrated in Figure

10, paw dfsbepe otave drangduyers labadunationhecconimglpoit aroembddiment of the

wel d 52. FEach. shear wa ansdycer 7. ferab
of ESaHSEERND et PabPRD Boicer Ll BrRahal 4 2dfo degree
t r ansmibh ahd aﬁd’tﬂer QQhé“W(b @%r OP&YihrsN@hAé BR%ar Wave transducers
manner siml ar to transducers 109 (Figure 9).

The léﬁe@rlomdeattth%ﬂ%&mmgd 170rdegree mobidionsixi al | y spaced

apart along the longitudinal axis of housing 27 for

p03| in [ I pack .
0O KPUBT, D900 BuRORRRL 8 i L 8 o B0 et i
she@igwave, totinpesdior ey fAdws i thBirdot @aﬂibnp(ﬁi welé rsizt $aah shear wave
sound pul se, but at a sllghtl different tinme fro

t he Ugpsurer; } W isqpeéably Pfia pilfe cehihbpsatpviag bath ftorecewer and a

av Ol ndnter fBHEME LI hb1e8 a5 ardCifRCther! I 2SPRGALer VEMSlar to TOFD

transducer$ 117 are orfented so that the sounéamaves
ar e tragidueat é €9 (Exgmec?)t Héhe ctita rwade amal;dm:exefl 1t7 hwec slec m'dahy spaced

of the drilljing ris p 5 near thro .

e bt lons e ShobliEhn R RgrEe 22,10 eeltGiing R gopusite sides of
t he weUSE 304 Eﬁa@mgVMuHIarQQ MAGE tHTPOPY tRhsdicadR08r Fath shear wave
the drilling riser pipe 15 and refl ect back through

t he trapsslpeer dfl 7visithin Bach Faimemitoaapung, pulse, bhfeatrmdtghitls different time
fr e%roglf th%%eg ‘%Ifa.ﬁ&itu%er llt} rthef l ecet ea?r gl n aEP dIo i eﬁ%rence with each

the i nnér er-of the Sedth

ri Sethepi Piheldhelick e tasierss mme bﬂie’illﬂﬁidbtﬁﬁfas tHel doumBOwaves are
refl ects back outward., Because of the positioning

t he diregiechiowged, e oieh Sinmetsr of thpmectiqneofshe dnlling viser plpg 15 near but
trap r

L SRR B LIPS LAY B S s e
fl awﬂil sorgmc ctherrtusar echmetatiof fhealtifllirgrrisat pibe 08 and reflactbadnthrough the
or h of hear ransducers 117 each ir..
o1 oo B85S Furomthy ! Shike Toat Tehanang b FRTected signal
ot hesnihe e ﬂé@&%éﬁé&&ﬁ‘%ﬁ@ Eeckidd of thg%lﬁlﬁg‘hﬁé?lﬂﬁer 1$*Between shear

analyzes the return S|gna in a known nmahner
pr owade trampdugensil taeidrefleets thhek ogwaed. oBﬁcap&OEin]he posﬂmnmg of the

UItrasonlc 52 sduc als (acoust,ic s q l

sen §he]arr ﬁ’lve Hcetr%Zh aiée? ri}eglh wgye &ﬁrésdﬁ%ea% d not Teceive any
Sur fefletd RipnhiRaf it Aot ROFIEOoDIBRE] STVl t1h aUWlaveiid B®ountered,
transducer 109, 117, having to make contact with t he

bod¢ifEaction avilj joeeyr; ﬁ'gl qrieqs ot gfehe gimar wayestrangducers 117 in each pair

aC ¢ ﬁrﬁ? LdoSRE % IQ%UI L%?z% éﬂg fmﬁatls@ RS t%% JORE Sheal fwa{np transducer 117.

Ing riser
The controller 43 analyzes the return signal in a known manner to provide an

indication to the operator.

[0059] Ultrasonic transducer signals (acoustic signals) are sent from within the
portion of the housing 27 surrounding the rotating TOFD module 33 without either
transducer 109, 117, having to make contact with the body of the drilling riser pipe
15. This is accomplished by flooding the inner diameter of the drilling riser pipe 15
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with seawater 28 or sone other acoustic liquid fluid

in order to act as a nediumor liquid coupling for

carryi ng sound energy fromthe apparatus 21 to the

body of the drilling riser pipe 15. Additionally, the
venting of the tool housing body 27 and TOFD nodul e

33 with either seawater or supplying it with sone

ot herity $eqwiat¢r é&ty)pISt)mg otifer acalistt ligwd fuad irt ordnstmom apf medium or

th th ha 29
| e o] Bl Rl Uiy eI FERCS appiatug a9 The body of the
r esegling! AsdrNEpe FD AdBRGHAUGEHS vehifh oMiR! Rl hbﬁb@n% body 27 and

transducers 109, 117, are used for weld root or
vol (RRFD medpls@aivith eithier mgﬂteu glesua?plymg byl seme olﬁllemliland coupling
suc e t I C r
SR BRI o WISl B ROy S chmver 29 o

t hr @m@hcﬂdﬂ&p@mﬂﬁtz Ic As dbsérlbécbli‘tmvl Gvith tebispdt th e IDFI Gransducers
throu%h the fluid carrier 81, through the TOFD nodul e
houdPfg "hethex fheo tighsduerys 403ust? care U5 o PEldhEpohry Walg volume

bet e e u
S 5 B4t L 7S kb R, TEEOLTB s o
t hr dmaghilucerhsgitatsodanhyessfrog thotynsddcers hi%ough thivegha e aotstic fluid

ar 1 erge e bt S e, ASRhGErY, shoughi TOFD module
fi nabhsing Bo QHﬂﬂgh e avRkik ﬁaldtﬁ}}ﬁ%% ﬁ]}n?dﬁme@wéﬂnﬁﬁe Buter diameter of

l'i quid coupl |n? in contact wi e drilling

ri séire TFBenadsledmsing &0 sdd mmsdlmgter qmle tqothcaxsmg body 27, through
i mpor t ant, f eatur 19,8 s er

t he ! hodlu & g%% ? an(f/u | % es%eﬁ ya Yhe (f%rmmg a liquid
ac O@Sﬁplﬁlgﬁltgmaﬂgh tR)iriigng iR b}pe[lg Qﬁﬁheﬂ@lﬁeﬁ‘wélﬂf& 4@ finally through
Figures 3, 4 and 8, the non-rotating pul se echo wal

t hi dheTedd 52ndlate, sragsaipme eliuidropaling 18 worpgarith kesh the drilling riser
houlftsg ™ #id FRRAL R0 AT B i Eub AR bl HRR 1t ndhe proper

nodobera®dn of the| TOKS navdoznd . olfany Al ip presentetbbhacowstit signal may be
thlgkness nodul e housi ng 120 having an i nner chanber
cont@ning a liquid coupling fluid, e.g. seawater 28,

and preferably containing a 32 channel fixedly

NOURGEM)] t I RREAUEEH BEEBY3IHaAld SRAS HEL SNl puldi KN QSR thickness
utilizing gulse echo technlques Referring primarily

t o Miqgulee3 B of dercmspactiom enparetus L1 eesvialesr bpnositéoned voithin the nner

trangdyce r29T(ﬁfého§§1 gf27a TP On-?Jr ecé CHEYLEY W%ﬂqhﬁléness module 35

recel ves. ransmt ver pul se-e¢e

t r angtiuize b sod-2dtatdigepulesiche @A chidubsstiasdul@hduging€q0abviig an inner
spaced apart upon a preferably nonnetallic retainin

ring @2@ BIEHDIRL t i Vi coupligat®id.r as aeEegln@nd preferably
1254 t rﬁr&gﬁﬁ% fix ﬁﬂltouﬂ‘tgg’ G gﬁaﬁhﬁﬁﬁgﬁﬁm%%@e} thickness

exten I Ng fromV\/lt I'n the nount 1 Nto an ‘outer sur
posutilinngdpplsef etctabl tyctmiljuac.ent Referring primarily to Figure 8, each

transmitter/receiver pulse echo fransducer 121 is of a type that transmits and receives.
The 32 transmitter/receiver pulse-echo transducers 121 are positioned substantially
equally spaced apart upon a preferably nonmetallic retaining ring 123, each within a
separate {ransducer mount 125. Each transducer mount 125 includes a recess 127

extending from within the mount into an outer surface positioned preferably adjacent
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22 the inner dianeter of the housing 120. The
transmtter/recei ver pul se echo transducer 121 is

| ocat ed adj acent the base of the recess 127. A snal

flexible tube 129 can join a fluid passage (not

shown) in each transducer nmount 125 for delivering

fluid to the recess 127 to ensure there are no air
gapsheemgediameige pf the dausiog £20. The tansmitteeirepeinarpulse echo transducer

di a h | e housing 12 ich ul. us ..

o s 5 johicd AR the i o hE ot o & Sl Bl e 29 can join
I N prfd passa@el ot )R caditrahsGRRF @UAETI50Rr WBIRFink TRd to the
wal | thickness nodule 35 is vented to the ambi ent

seawgieey 1 Jto qnsyre dheye pysi noekir Bapstbsevasaeheh transdudep|l2] and the inner
t ubey; i Q.0 | f A ..
SR ML T Tl S S i st o
f | vicdn silsopdeyvel fongd (inQiressiveveualdatibui.n T hecoiifiputationlwhere the wall
cord 45 can $r§dee such fluid to the tube 129.

[ oodhigknestpofils 39 i eented g hy ambigntsgavses 38, Hpsuaplidcpy the small

t he AR abk et e FeaRe h@l{ﬁ: mﬁﬁ}azg Qﬁﬁ'og Qebrls S ,Qiﬂgtgt%{]g'ithin the
the non-rotating pulse echo wall thickness nodule .
The modatesimn¢rt cbrhberc ed Wiaid ppplydinecha shownsditbiartse d@hbilical cord 45

are positione uch that they point radially outward,
nor p?%“@ﬁgg1ﬁﬂéF°%??¥ﬁﬂagrence or di aneter of
housi ng 27, and thus normal to the section of the

dri l[0061y r EseH wisPecct ]dagi N5 ispepitich&lalohdtheNBner circumference of
exenpl ary enbodi nent, there are eight radial planes

wi t e Borsing, 3h srqunding rthe aprraptating puee echigovelt Hrckngssemedule 35.
121 , t : | :

T L L
t he rplidbenttwad uemial omn theAsnahammiferencki of Wlidneter of housing 27, and

transducers, 121 within eaﬁhﬂéiptiqal pl ane are

st agﬁ’érwlel‘”% & &ecfign 1of ghe wdrillipggrisesripe 43 boing jpspected. In the
Pl 2BRSnARYVEMIHAIhER] BWe ﬁ%eef@ﬁ abdiXy pl9hks Whn Hh& tlransmitter/receiver
transducefs 121 w1l be located to approxi mately

ev e pylsd ¢cipSrajedicerss! 24 roowmach plare, diowevarf @thertban 32 channels and other

housi ng 120. J.0062] U trasoni c trapsducer signal.s .
(ac BoATeet SopRares aro LRI ot 8 RPIoTH ot RgtERngs shown in
27 Fifufo N hiduéhe 120 Rvifdh 3hétNGerbISHaRCHe WRldered relative to the
t hi ckness nodul e 35 without either ‘transducer having

to Handuesshl Hcin thy planesiabovsoangd belovi. Ryeigrably, pagof the gransducers 121

i . i t I 3, th srotati
5013 o A S RS8O e o

pr ehdusidgek®Owi th a |iquid coupling fluid or can be
vented with seawater 28 fromw thin the drilling

ris ipe 15 in order to .ac s a nmediumor liquid .

couﬁhﬁg fUﬁras?fg? R C?rh%g%"jg%%ﬁo’éﬁﬁlér%@a% af gy Jepm gyithin the

t hensiisidgl A7 Qurbleidifg B R8ntRtatidy A& @RS Wall Rickness module 35 without
either transducer having to make contact with the body of the drilling riser pipe 15.
As with the TOFD module 33, the non-rotating pulse echo wall thickness module 35

can be either pre-filled with a liquid coupling fluid or can be vented with seawater 28
from within the drilling riser pipe 15 in order to act as a medium or liquid coupling for
carrying the sound energy to the body of the drilling riser pipe 15. Preferably the

housing 27 adjacent the non-rotating pulse echo wall thickness module 35 is,
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housi ng 27 adjacent the non-rotating pul se echo wal

t hi ckness nodule 35 is, 23 however, vented to the

seawater 28 in the flooded body of the drilling riser

pi pe 15 as this provides, not only the liquid

coupling, but also economcally provides interna

pressure equalization. [0063] Referring to Figures 8

and hbweveravint¢d tartberidatvetet 2& aeihe dloogd tody ef e drilling riser pipe 15 as

transducer.,121 transmt.s .an ultrasoni.c (acousti.c .

o1 QR Previd e ot PAE e it o Ete DR piEe, SRS rggdos interna
to theseechhMa@in. the drilling riser pipe 15 being

i nspected. The ultrasonic transducer signal is passed
fromthe transducers_ 121, throu%h fluid formng the

| i quPep3d oufefenang ttar Biggtest heandialll, ©hghc igagysittappasizer pulse echo
housj 0, et I gui i fd Ui

conuiitge 12t Hafithil Mo AoGBiP ol o, il e deawater 26,
di aniiel cofimuiiibsteadl the tdiick oEES dnbighy Bsehpipsi 15heiOingtbted. The
i nner di aneter, of the tool hausing bo%y 27, through . _

t he WERSPIIR Grausdygerisigngl B-passed fiopythe traasdunes A4t taonglh fluid forming
58 L e . _ bk

s or® buRipidg, JHichsf AP ol dhickhedt Balhic s 10, hough any
ri sémuipl @aplifg fllidee.gi gpawhter 88t flling mef papchetdednatbk oter diameter of

the j nner di aneter .of .the i1ling riser pi 15 and |,
o thioal B Boetlsoang 124 and el yaers of e o Housing body
r ef ereffSught thasdUsRking bdy 2REhARIGAGnE GnBIcHEEtaicr 28 (forming a
transducers 121 is converted into electrical signals,

whi diquir eouptingls throvgld theo dtiliog otsat pigiel By, #@ toRhgurger2diameter of

vi a ir of.w/res~131 onpect t he U/.dat a..
L e e S
enbdeilimgntiser iptpe B &6d t0 Rl dppara@B e clede i0istB&ived by the reference
controller 43 via conductors within the unbilical cord

45, trapguceioldly of heopound regeiyed Aystrangducsisglyd| is cppvegted into electrical
con ' - tNi - t :

o SN TR0 o KL AR 801 564 BB B i 131
det eomented tdother@PAFdath ngnviettenoduiendy whiah, in thetiHkgmtddambodiment, is

the signal to return to the ipner dianeter, of the
secf e&;ﬁm y fqu.ectgcf to the ﬁcamioﬁgre& il Bcgld?gtprs[\@@ga]the umbilical cord 45.
Ref gk icheirdiRr 3 Ql‘r%ﬁzleg thg%;'i@laﬁgﬂ acOhrhltifithl BahRE: QBB thickness of the

wal I thickness nodule 35 "utilizes a separate channe

f or secdioh of ta dnlling eistr pipeil dreinguhspecied ho deteramisetlibe measuring the
Wth 32 channel.s,.no.rotation is.requirgd for .
subé?’e?n&‘%f“a‘lt ?@‘ef {97 “’%ét%“&‘:agrr i 1 e 1 didugte? of the section of the
t r agsidingelsér digd 14.Fi gure 4) are |ocated approxi nately

every 11.25 degrees. Because the inspection apparatus

21 need not be_ stopped to nonitor_ wall thickness, in

t he (0064} usReferring tediigurga the nemrotainganisereehs wall thiskaessgnodule 35
SYSHLAMs QY seff R Wha iR S8 ICR M hhsmitter/receiver pulse echo transducer. With

32 channels, no rotation is required for a substantially full 360 degrees scan, because
transducers 121 (Figure 4) are located approximately every 11.25 degrees. Because
the inspection apparatus 21 need not be stopped to monitor wall thickness, in the
illustrated configuration, an entirely automated system for measuring such wall
thickness can be employed. Advantageously, the umbilical cord 45 would not be

necessary where the inspection apparatus 21 functions entirely automated. Note thata
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t hi ckness can be enpl oyed. Advant ageously, the

unbilical cord 45 would not be necessary where the

i nspection apparatus 21 functions entirely automated.

Note that a 24 different nunmber of transducers than 32

could be utilized to inprove or reduce coverage or
redundancy. Note also, this non-rotatable feature is

i npotiffemnt bevbesef trawsducrys shemuB? icoilkdnbe mtitibel tooimprove or reduce

transducers es t re ui ement th he . .

et or BaHRIERy Notd RE.hBcrolabls bafirg is important because
| NS pRGIngiPdurfidiit Ch'ﬁﬁﬁv%ﬁéictﬂ{n%@&bﬁrhegﬁeéjth% hbirefidhd M§K the inspection
decreases the length of tinme ing riser operations

ar e @pparefus Gﬂ;tbedtqppecbmdudertt@ mSpeqtfw&lrthJamqswgmqm and thus, further

[ 006 LN ure..2, advant ageous
b eae S B 46 g e, O5 PR ARERE Bl isremigydn order 10
of qmﬁmﬁﬁhnngpammﬁrtlcally supported drilling riser

pi pe 15. In operation, the operator can inspect the
wal | éhlckness and the status _of the welds 52 of the

dri [IPYGY | iRedsmips je Figvgrirs: n@d"éﬁf@g‘i‘)ﬂiﬁﬂﬁd GEWOB‘TIEF&%% ofoths present
and jpagmkol %&ﬁe%&ﬁo&sr@ in %& e tEdd dy IXI Scﬁ‘fllhgééﬂger pipe 15.
15. The inspection appara us does 448

ext fMaopedtidn, thm dpemteroan inspept thieseall fhigieest Endb eh“evmms of the welds 52

i nsp for, corro n with pulse ech tra ducers

157 R 0e SHUBE Riper o Silisgipod abiiehSo etonerA back o Through the
tr aQi‘égl 9&T 8rilliaP risdh gfp@rlﬁ hensh h&?éctiﬁ’ﬁvﬁ)pﬁfaﬁﬁsﬂuﬁgéssnot need to be
117. The operator can take drilling riser pipe

r eadichigpsedatiomi the ﬁlallitngfr@r:r pioe rléshebfheen rnsphelingr fop cefowsiont with pulse

be. P EatsaBOaL AT ol st ok of R SRSl M baucers 109

up. afdos thec shiasl wah@\ihﬁﬁﬁ;fucerbel 17 Vel 8fbratht 8 tdkk drilling riser pipe
desired, the operator could inspect the drilling
ri sé?adﬁ}géeaﬂﬂlSmFR‘}Ft &5 GOHIFIOR AnEhci Wepdawn fhhapdovepst portion of the

as ‘dﬁﬁ}h . FBE 25 lﬁgjecteé\da%w&g@éb& yeag&ggoﬁ B S/tbtaapup This

appar at rogramre erato
aut eneltl] hmzlfévytr [berrémseﬂt I'Pdso nS@aﬁ*édl (lhe mpetrhtot.lt'ould 1nspect the drilling

addi t i onal ator contr [ 0066] errln

Fi gti*8s PPea H o opRosoR, R é%‘%’FFteg‘et Efgﬁ*ﬁ %?ués e are encountered.
opergditionbfly, She nﬁfn&ﬁgﬁ‘ @?}%&ﬁu@ﬂ QNP be PR ﬁrﬂﬁafnhrceﬁrby the operator to
package 26 (Figure 1 t he [1ing riser from

bl owsigmagieadlyastiorm ﬂ@ inspheticopetmubadditmeal Cﬁpemmn‘aml
inner dianeter of the drilling riser pipe 15 with a

cl eWGEQ illeféh% sar g{f}gs Ifagd 4 ! Fefeted }Na l!u?lc:l%z%'&e operator first

Tho neces requited r-an e

ins ﬁﬂedmrﬁéts a%%ﬁnﬁhdé@sdep’d@@ 29 EFifnfe 1§ ofseddrillinpQiser from a
cleg@t prOV|des for an i nproved i mage of the inner
di a BRCV%IH"J 1§y iTheopgrator ﬂ?@ luplgsan jiner diamgter of the drilling riser

OPehLH:O1 5 vﬁ&dhtdléﬁﬂ%é Yiuid MGetf L8 RImBE! sQRE8E! Shough not

hel p“preve
necessarlly requu'ed for an electronic inspection, where video devices are to be used,

the cleansing provides for an improved image of the inner diameter of the drilling
riser pipe 15 to the operator. Additionally, the cleansing action can also help prevent
erroneous readings due to contaminants remaining along the inner diameter of a
section of the drilling riser pipe 15 to be inspected. The operator connects the

inspection apparatus 21 to wireline deployment spool 42 for deployment via wireline
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erroneous readings due to contam nants renai ni ng al ong

the inner dianmeter of a section of the drilling riser

pi pe 15 to be inspected. The operator connects the

i nspection apparatus 21 to wireline depl oynent spoo

42 for deploynent via wireline 25 and functionally

connects unbilical cord 45, generally housed on an

unrbiani danctiosally caspeds unbilicebeartidSc getterablyl homsaBon an umbsilical cord

can Bt o Pt S TR oo moaute

bat t3gr yaIpB&\ﬂéa&Iéd Swith Rptratdd EnsthdEHEC O Be aﬁﬂé‘ﬂy MPerdd so that the
can be depl oyed without the need for control rough

t he MpREHian; waparates 3l gan baeploprs: witheutithe meetk ﬁ)rocg@trolr through the

|ns ngpe n
Tl Eold O PG SR AERER o oy 8 AL iRy BfParatus 21

us e mxb ad L@p&tﬁﬂhﬁe)lf the(vepticalih pr))rtémdlﬁlﬂlﬁg eikérl 15 thepuph 964 of a diverter

pi pe 15 or hung off a spider [0067] Referring to

Fi glpgdshown g driling WSW%@CH %wa% pHRsplder b% |

provi ded by the operator can include a plurality of

t he [bogegd! RerDY EQS&H&I'APtH@Eé §@ak )

transducerselzlﬁ]% term ni Ag vvélﬁ) Ct hi eaglgs 2o1 provided by the

por topematosf canhmckide Ial lolngtlltyl slthepfiypdly mbunted &hrqsommwtéljmspectlon

can be I of .t.he ratat abl unt ed d, .. . i
vl ditge il defifen e st ol e o R ieg, o} The asiting rserpipe
r ot galier Fevided dan W OpIrAL W thepbtatably ﬁ%uﬁt@&w@ﬂ%h&ﬁe mspectlon
27 of the inspection ag paratus 21 for inspectin

vol GisBsdyesrad L. whinle atefeisiable Bbaut & jpaitedivg azip Ieaﬁt%mf@usmg 27 of
i ncl r te d

ins p}éégtﬁlls eJﬁlOH %hh%uggirlswl}ll?,g&mﬁj% % EJ%dener all gef%%% atfh% &Specuon
Wi t lappdrausnel chm/aiédjﬁduﬂmsplamlﬂtyodsf the sutstable efofinted @&:1d root inspection
[ 0068] The MA el i.ne depl oynent spool 42 controlled b

an oF ﬂ{lfr%la}@% sepecally ot ik dapaweld sfuang Rigpoction transducers
I nspgeti on apparatus 21 down the bore 23 of the

drilling riser pipe 15 at a preselected rate and for

a presel ected distance. The operator then may nake
wal [0G68] ckﬁb@,sweélgc sﬂewobfmemth@om)aﬂll qohirelledeby an operator through a

i ns ansd cers t he .d gsce

oor PR 1 ERFAE Shberoh applth 2h I ARTRREES of ho viing rive
pr epfpeogr amnnpregslecidierafPaidafopb pr&salses dishmcyalThe 0perat0r then may
|nspect|on transducers 121 to emt an acousti cal

si gike patl ghickressests voth the pall dhickneshigpspecten trpasdacers 121, During
and tﬁodéggén? I%erﬂ)dfcgﬁ)u Rhe?crgéist&'%é: ?Il tl%&l?gﬂ?ﬂrﬁe @%rhgﬁlgm@llxé operator

riser
t h| cknesthe @Ellgmpectihh)trau[;diﬁ&@]lZThﬁemen atoostionl kilgnal into the wall of
nor ﬁ%ﬁ ven jnstructions as to what | ongi tudi na

i ncq;g fiag pﬂR‘Fs etid; 19 fleterba seturpiigoustice] sighak pdthe wall of the

| NSRRML ons pa{,eeﬁ @ R niRESvalthi®Paess (Figure 11).

{0069] The operator will normally be given instructions as to what longitudinal
increments, or inspection areas, the wall thickness inspections are to be made. Also,
the operator will be informed as to how many inspection sites are to be made around
the inner circumference or diameter of the drilling riser pipe 15 at each inspection area

or zone. In the preferred configuration, a sufficient numbers of wall inspection
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the operator will be inforned as to how many
i nspection sites are to be nade around the inner

circunference or dianeter of the drilling riser pipe
15 at each inspection area or zone. In the preferred
configuration, a sufficient nunbers of wall inspection

26 transducers 121 can be positioned within the
i nspeansdusarsalaeant bﬁ;pQSlthmdoviﬁén tlneh espestivn rapp88s 21 to cover the

degr e i nper . di a .drilling riser _
o oeHiEe g degfeet BERR iftich Matshen O plo i gy Pl 41 ahjicp depending
St ONo8 af apROALA, avﬂlaﬁfe%k(ﬁbéeyca&b@@ L fetBly éﬁbﬁtﬁl@tla?@tthé ﬁltlre length

length of the drilling riser pipe 15 can be exaim ned
t h usof;%dnléma gisersping ¢ carsba gompeeds éms preddiag ageuch as 100 percent

<] Xy el SHABLGTCAR, B o wat v

i nspéattifprn shughitys ofllvany idspectidh i dighitn glon SBE Rillg Hberl ipe 15 for
colleﬁtln mall t hi ckness data with the plurality of

wal [°1lFEB8t3lohitkngsssdutn with the plurality, b sigH inspsciggn transducers 121.
sanpg

ot oo P o S e SO Bi b ARG Be 13T oBF Bpyagcally cover o
dri Iskiffegent lpsmentpgqaef e tiollmkl eer Ipqssli hanlld@0lepe (@ant00 percent
covera det ect. nps al

di s&%%%?y §f°‘ Fé@&&? Begs & oyt aﬁlh élsergﬂﬁcwﬁg Regandirse of Ggysampling
ut i Inhetsliol RSBENLRD 8@Halaed RS Mkl HHEGKRESS: SalR cSﬁ&ted without
be col |l ected w t hout |nterrupt|ng vertical novenent

of tiferrppiingastticehmaygueant o{the Pspection Apgardduy 2Ing t he

descent of the inspection apparatus 21, the too

hou bo

eacﬁbm(ljul g%lggl%t egc{}:gce g]tpg gnsé@c%o s;garziftlu,] 2b léﬁ ol housmg body 27
pr e sadieacksoibtit anddudd housags af Ieicﬁhdmb@ulé lRak hefe thbke res_pectwe internal

hy drostat|%§§{essure within the drllllqg ri ser
15 FESHEP SERAnfipthoqusEzqsoei thato thy hydrest 1&@?3&9@5‘%@ the drilling

SU Chis %Qf?'@!a | 122 Oate P WERSHE Sobifiol? rog\fgéj SPpdrfudHEY eSﬂ{ch equalization

damage 10 the 1 nspection apparatu otenti al
assouisatreds \prqvlrdedeuoyprhvc@h dpmegs tr ¢s mhpexchomlapparatus 21 potentially

espeC|aI ofou in the |la port | t he

ar | ErtoRgpBlepy i bttt bt feetecisMi outlous (i shoggwer porton
appbt ene \ﬂrﬂﬂiﬂgn ntsé’ireﬁ ipk "B e uaRzABR A BdsHR Edh bE inphed within the
exanpl e, the tool housing body 27 and each of

nod ifseectioarerpaaiys éds uFoz @dmtwe ath¢ ltagil chogsipp bpdy |2ﬁ em@rﬂath of the

sho j r ef.err.ed

config uiregtcélgﬁe Bﬂ%‘{‘,}%&é‘? i’y g% é% S%ﬁpﬂ%, 111}6 gﬂg? STF r{?&61) 1 e umbilical cord
nmoddbesin eguppReedd Wohligurhiidrd SRRieter] leaitsAUS atSardifaGhose modules
nodul e, along with _the housing body 27, can be

ent FHEPRE vwn BHrappie frapsdugess, @mlbwoé'éa,vvdmwz@ thephousing body 27,
equaly lgeeen% P&k 1Hro?der kPAGH sel@zgteyﬁée tooé‘qﬁalp% %ﬂeﬁg}

seawat er can advantageo ecau
such use negate the need for a fluid supply line in
t he[W0T] | | The uorfdhel smbipnt seakstor 28 can be advaniageous because not only

does such use negate the need for a fluid supply line in the umbilical cord 45, but also
because the seawater 28 can act as the liquid coupling for the various transducers and
can help to purge any trapped gas which may tend to disrupt proper operation of such
transducers. Alternatively, rather than venting the inner chambers of the electronic

support modules such as the CPU/memory data convert module 37, power supply
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because the seawater 28 can act as the liquid coupling

for the various transducers and can help to purge any
trapped gas which may tend to di srupt proper operation

of such transducers. Alternatively, rather than

venting the inner chanbers of the electronic support
nmodul es such as the CPU nenory data convert nodul e 37,
powanodup B9 yorvirertaiminal 8®dulerd lwesch dfethodcnadduiedeanebedfilled with a

each,.qf those,nodqul es.c be filled with di el ectrjc

P a6 TR TAREI o s o g ot SHOWRY 4 Gefigih dpinpressure
the AuASSHEES AreMR! NoR! ielgH e GLiveler ML She aﬁraﬁ%g akdMRtic fluid to
seawater 28 is the preferred acoustic fluid to e

posibei pasdioned in ithe drilling irisgr pipselrS forr pespe@idnpother fluids such as, for

i nspection, other fl.yids such as, for _.exanpl.e .
or oRtatPBnProRhHs i Pl SGRT 36 2 lrprh LR St where seavater i
s ubsdithértiod avilabe of BaM¥aishle toSuseei t her not avai |l abl e or

not feasible to use. [0072] As stated above, if the

thi ckness is determned during the transit of the

[
| ns FREA] on AsstseEaioge 21 thagiall thikensgis defreminss duging e transit of the
tmf;(i ehqg\;\)'g{:tignc%ipﬁfaﬁﬁblpﬂ&@n Eltri‘ou htﬁ bgfée%fggéqe&ﬂ\ﬁ/g?%ﬁéer pipe 15, the

ume 1 nspectiontests w
i ns ppetatop ithent may swhite evedd ¥@tmepnsphetionbiests chtithi weld tvddume inspection

retyrn transjt. h t.han bringing the inspection . .
appiﬁﬂﬁﬁ?g?@ 11_3&aé1£RgtIF’a§{Yh duringy hen P Fisitar Riaftiendhen deipeing the
Pi Pnshectidnt apprafR’A bk fth WLRh dn@ SAREE altiﬁin% Ner pipe 15, it is more
I nspection apparatus 21 and perform i nspections gurlng

ext efeiingrioofpardie the dpwetticon apppduwsalisand1perfradii ngpewsiods during
i ns i-ons -heqgi nning fromt far distal end of .the

top COGIHORPY A8 apb R amaiie SR Be s Bragirite from he
St afdr Aigalp@Idndf the Bdpl®fed ldBiIiNdSRRE hipBd 51 MR gRAMEALT th¥ s@fting point,
welds 52 with the weld volune inspection transducers .
109 PHAY thengpceiing ties phuglityienfeyeldn e stthothet Walds Helo@e sinspection
117, [ N i i f the fir 21 d .

s e PP B roo(Rel PR il Ron PIBAUET LT gt
75 the lpcatenfodrthe fifst weldingleteat sicnshsalder detdtiméed. If video cameras

insg Il ed, tﬁe 0 Fra or, can either manually or i
t hr ggq{ SOM<o g ¥y éﬁ;gct@gt _@Efor%\ﬁl:f wsiatled,t the operator can either
| oC &{ahQA11y0br Hﬂ&l@l’@élﬁomhteé @?ﬁ%ﬂlétj Betedt! fnd! fHoreNhe ‘@@éaﬂo% eof the weld

! dl
i nspecti on area either on ransit down or on 't
t r amspectioh stk iuthe Widhd mspertiac ewapithghadhoirtisit dweviusreorothe transit

cable.l ength tracker. 51 assqciate it ither the i
1 B o< B,  Gin  OF cpbl e gl g Rspoiated with
Af t efthdr e WinEIRRGHb 22 P RAbAIcHIS ofdspodpaglet erm ned a

wel d i nspection site of a weld inspection area, the

operator can, through the controller 43, position the
i ns P81 onAdlpptle dspection apparaiundkhasi dsiprmined pavalbingpection site of 2

| NSpRR E&Bec?ﬂoﬁeargga{he p&@e?zﬁgr %aﬂ,i t'i'l?(}ugﬂnt%e controller 43, position the
inspection apparatus 21 in a position at the weld inspeétion site that places a first and
a second weld volume inspection transducer 109 on opposite sides of a weld 52. The
operator then temporarily stops vertical or longitudinal movement and then
simultaneously rotates the first and the second weld inspection transducers 109 along
the circumference of the inner diameter of the drilling riser pipe 15 at the inspection

site. As stated above, this rotation is preferably within a fluid carrier 81. The fluid
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a second weld vol une inspection transducer 109 on

opposite sides of a weld 52. The operator then

tenporarily stops vertical or |ongitudinal novenent

and then . sinultaneously rotates the first and the

second wel d inspection transducers 109 along the
circunference of the inner dianmeter of the drilling

ri sedarférpsd, Mhiett ist fieo igbisap#lBt inOgbntdst tréth Widhsaicatsechoes 99, ensures a
above, this rotatign |s preferably within a fluid

car rRTBPergirousigecoppling betgreem e \a_fﬁlds‘?lu% isReqtign graggducers 109 and
genegalilyol sl finsthddd HARROMES n%ﬁlule housing 80. The
ensures a proper acoustic coupling et wieen i §

vol uexterion Spfaxei afrth¢ tomih & ousingy lsodyOH andrromeled bygedwater 28 to further

I nspect.i,on transducers 117 and the |nn r TOF ul e )
houdiRYdg e Aqaustis, soupling 1’§Y)’Fe|eﬁc e’fsogﬁg ngl:}si”\‘?ﬂ the inner
bodygighetkSofiHE HOABAL BierPipesSBavat er 28 to further

provi de the acoustic coupllng bet ween the transducers

109, 117, and the inner dianmeter of the drlllln%1

ri sdf0Plpe &@emawﬂgm @rnd g, the @b@tﬂre@um dhel figed weld volume
t he 0 | LSt meld V.0 i_0

tr arDHRAN S RYRE Tod oenit BEArpllfdL Bl e AT S48 tho secona

wel dvéid asené hﬁspﬁamn&ans\d@d:dﬂ Mol wmecbﬂr%p@@éﬂlﬂﬂ acoustical signal, to
transducer 109 to receive a return acoustical signal,

to deisrming ifa vehme Ridheirsldol2 hasenydricts?2 A@gglogﬁgy, the dperator can
def %anaé@g]g%ﬁ Qﬁt‘%d Y firds t}nﬁgl QAREEAOL 16300t mﬁ)é:ctloq ‘gansdu%er 117 on

sinu y position a first and a sec
i nspppbsiensitiesans thecerwldl 17 atomg wjipdbe tf‘ﬁstsa;tﬂeﬂleos‘eccbmbweld volume

wel d 52 al o wi.th the first and the second we

Vol UFBSAEPR 20 LF SeBr g e GFE Lot HaeduEd 17 o omitan
i r seowdticsl QRN ahd 255 SHBES thd kledr@ WAl ro@NrarRGRES I T receive an
signal and can enable the second wel d root transducer

117 acousticdlsignel fipm agooiudtthewtld SR dmdetetoniperifahe wot ofthe weld 52 has
t he ng 2 to determne if the root of the weld 52

has " efects [0075] After determ ning the

p03|t|on of a first weld 52, the operator wll have a

gengneds]i ndifeatdeteimding the pﬁﬁiﬁbﬁ boh it Wdl@ 5petht opedatbr 3411 have a
based on the locatjon of the prior _weld 52 |nsPected
0

bec 58k lﬁé‘c%)&rq{i]ilerﬁtsé@ﬁé@}eﬁ@xb‘?’efﬂ Ré biggsd 9g thploggtion of the prior
gengrdd Isy inkRews RELRE hdx é‘rﬁ@ﬂﬂﬁ{é ac ugeof' t?é Q’vee‘f(is' ﬁ]are generally

The operator can naneuver e appara
I ocdcmnwn pwiot o cm‘rpimttlrig thmindpectivmb The opergtoh caur makmwaﬁﬁxe apparatus
OVIde a visu

for Binle et lagaten ST BNeroy BE bR R drdk iy o AlSD, the video

109, camhbrbs 79Mkak Bﬁ'ﬁ/@det a? vizghdl ea§1 £ thd'6perfidt to B[Siar@f%)osmon transducers
Al ternatively, or flaw detector (not Wn)

can 1;9901/1|7d en avp%it% etﬂ¢scnf the ¥t ekt 520 rAlfepativbly, a)weldalr @law detector
to r%nc(nltps w}{) ga%sﬂrgxlnge an electronic indication for the operator to propetly position

the transducers. For example, transducers such as the ultrasonic wall inspection
transducers 121 can be used to detect the location of the welds 52 because the density
of the weld material is different than the density of the material forming the drifling
riser pipe 15.
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the transducers. For exanple, transducers such as the
ultrasonic wall inspection transducers 121 can be

used to detect the location of the welds 52 because

the density of the weld material is different than

the density of the material formng the drilling

riser pipe 15. 29 [00761 The operator vertically

r epol®0¥élonsThehepciatapectidatin regopitions the iBdpettion dpparmeust21 to the next

wel d i.nspectj.on site in the next. weld inspection area

to p‘@?@o&ﬁ?eﬁ Bt iy ‘%e'h“ﬁ n‘?"ﬁé’ﬁi‘&tlﬁ?ﬁ?“% aAigastor pgsiym another weld
aboVi@spedtiéh, I &t 8édcABed! G0 d-BHcCrodling VEORDY RlddIR 33, weld volume
i nspection transducers 109 and wel d root inspection

t r angengeldons transduceny 0D amt wekllopt inspactive dransiupws d 17 ham preferably

one evol ution, 1.e, 80 degrees, in.one .. .

i 7 BRI PTBieh? Pechn ovolhn, {E D it B irction at th firt
r ot ahgcliaciictdnathepadRtcdvacitthat Sintd@nRARPRSthE 8pposite direction at the
direction at  the next inspection site. Wiere the TOFD

nodJiest Zspediopudies Wisrptier E0BP menlpletIainstndes two 1395 of TOFD

eac i f r 3§

*aenuPhlg 8 UL PFTERD dRTllad B 0 g g 150
of wiegntes, rlhtp.ec?deﬁlng al1t360 ﬁiﬁgﬂem-:goﬂ\?ﬁd ﬁ&@aﬁﬁgrsﬁe during the 180 degree
rotatjagn. Simlarly, each pair of shear wave . . .

t r afS@HERr §nﬂn]ffﬁ, » qaEh B3RPY Bpgrgvave HaBidestre 417, 1gimilarly implemented,

cor r@gReRdifdidoRl A SRS plfé 3@@%@9 I ehce fIST Fﬁ gl@ed. o fothte more than

need to rotate nore than gr ees

i ns &6 tdegreesip freeriasnestiGlappasius\id hpatwspafs oFAMOFD transducers 109. If
transducers 109. |If e,inspecti.on ap us 21 had .
oni A TSPHPR AP Fed PR A atale nE OF Q6] FaRpgers 109, then i
WO U lwebulEbORESaBR 1Y réttet BOEDIMIIM SR Sevd3RutRRE Rotation more

fall revolution. Rotation nore than one revolution is
not thasleenedrevaiutionoisingt peeded ersl wekldttend todwist diadi legding to the TOFD

thel&&ﬁﬁ@ﬂ?ﬂ#kﬁﬁgﬁkggéf than desired. [00771 Once the

i nspection 0 wel d i nspection site is

conpl eted, the operator optionally may | eave the TOMV
nmodyb@y 783 Omet hiee 1iBPediogr efethe ofirat edldpaspddtion sitkhidtcompleted, the
exi sted at the concl usian inspecting the first weld

i ns SBERIAPLTTAEY MY 1eae teelFD fradyle 35 dhe | rflegrepaotated position
t he 4oRp ek RicAlat BRNohATREE bf fnBSecihd ﬁleq}fstr@élégi_llésggcéfoﬂ%itz%t the next

module 33 in the opposite direction for egr ees.
Onc&veldhasprstiemsits; theapetabs ciminsppptheisite by ndatingahd TOFD module 33

the.wegl ds 52 I e ection of drjllin )

1ot Fisbbaode AR oY A0 UBReL DnE B Bl i d Sbposite end
dat aileaRrwiads $1) neihd1B thie e@RdIAS RirlRR det pgﬁq_@' ®ilBHave been
or a nenobry storage unit Wi thin or associated with

t hei@g@ﬁt@cbwig} tlwgdz(tzp:irgqg)r@dﬁp: ei[h@o'ﬂg:] CPW{data penvert module 37 or a
| NS R 6)'}'}9&01%%6 hﬁ?wﬂfﬂnl olr a8 iiled WithHhe goanr%llgro eFlegtu?é 7)t. he

opera

[0078]  With the inspection of the drilling riser pipe 15 complete, the operator
extracts any data not extracted real-time from the inspection apparatus 21 that is saved
in the CPU/memory data convert module 37. The operator analyzes the data to
determine whether a specific section of the drilling riser pipe 15 requires additional
inspection and repair based upon the severity of any determined defects, if one so

exists. If such defect is determined that is severe enough to warrant additional
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extracts any data not extracted real-tinme fromthe

i nspection apparatus 21 that is saved in the

CPU/ nmenory data convert nodul e 37. The operat or

anal yzes the data to determ ne whether a specific

section of the drilling riser pipe 15 requires

additional inspection and repair based upon the

s ev anspreptiaf anslngpale tadvantagechistiethe op&ator ficednalysweovex thobssections of

efect is deternm ned th IS severe enough t
war PR Fresne 5o SelREBEE 10 o iiep apiere deredt ahd need only
adv antiagrausieyovel ehdRP 8EcAbA 108R64 alive Yhd E)%E’tesrecﬁcfip%hose sections
sections of the drilling riser pipe 15 determ ned
hav edetamained Qetpavice eeebeary., Bl inelbd mhtwdnhlmglrwentlélnepd not be

Cectiahelt” PRCESLL AR SEER AN B PTG gain sccess to e

r eciffetted sddiahs.i S, the entire drilling riser 15 need
not be recovered, only those affected sections and

thoss necessary tqQ gain_access to the _affected
sectlP® [%‘G?@‘Tn%h‘isrﬂ@hﬁ%‘fﬁ@ afagesy Heﬂo&@ﬁlﬁf of the apparatus in a

adv I
SO aghRges (iR R R op S AR pirior P LUEH tho risr
‘contwitmmbite reed icspact thehiser.i This avoids t‘ranspoﬂnlng tieedisbr bipe sections
recgvir thF rjs E Thi s avobds t ansgortlng the riser

pi pd® JE¢ PERBINE RS PUgYADt WEMPHRiand) AT JRgS fien fRipseling the pipes
and frg kel ddtetiok. ﬁf&%e&tﬁl@ ntbAa e %dld’@prbﬂ%mg'eﬁ&ﬁmteﬁ‘é@&ﬁe to external
the exterior. Inegectl i nt er nal avoi ds probl ens

enc ¢otings.e Beepyee eiohe geupling liquidothe urﬁgs)rs Sktbe tisw softionkdo not have

CoORLY Dt Sl A A SEL e HIF B8 e w0

t o Rerrudbn tbsts Rt e ﬁarﬁ@uﬂim&d\/}&is dhd &t aNeguifiBent required and also
corrosion tests with the sane unit reduces the anount

of SRS HRsHn thad éf fap be daparlusig one tipthrough the rispr seplen. j Rotating the
can &?e&ﬁﬂelmgpﬁd PQrLhen 'bflé Ruif Hﬁ'{?gﬂ&vg ng v[rﬁ“e%ecfy b%%%ﬁe%%d directly
Rotatrng the 1inspection unit no nore than on

t ur petwden e tiieand thesextebiob evithontneet edistitg thetnl yl"here is no need for

bet uni t d.the exteriaor t hout

Wf%‘"fﬁ& fﬁl@rﬁngfrﬁ% § A PeRaf <g¥“ B i enaseckn pf the riser is
r| n@'@u:@nﬁi) ﬁﬁeadéf%salthé Yrﬁ@m'i%%hfﬁbﬂﬁed by 1§ I%Y% cﬁl be used to
section of the riser found to have defects
i nf deteaming if the @wh@eds St;ll fihbor apgamcatahssecanf bewllshede toobe retrieved
deter S. sti it for, oper
ise 0 opfectd. {u e SR R\ Bkt nposi 5 R fhniggal conditions
I'n titele @¢pIBYed, HRtapbAiBuk caEbe G48 tehbkSa GUBIOISH-cb& cFMation of the
abnor.mal conditions while deployed, the apparatus can
be GEtenl feathigk ofathgleployed diserc Bstemey AThgainfespation previded by the
cri |
i nf % 1%%%1:}1% ﬁrﬂ% ?1(5303? aﬁ) Ep%‘gt%{ ﬁle QAII?T%&QI’ {ot %egern\}]w‘l?’x%/el Tfﬁﬁ ns-gp g%stem should
opebatavvatd Oﬂﬁ’tdi'ﬂlﬁtg&ﬁpetaﬂlodﬁbz&f cﬂ‘lnﬁﬁud f Intthe evdn® ﬁﬁs determined that

syst.em shoul d
the riser should be recovered, the apparatus can pinpoint which sections should

receive a full topside evaluation. Drilling operations can resume with less down time,
as only affected sections and those above those sections need be recovered, and only

affected sections need be removed from service.

31



be recovered or if drilling operations can continue.

In the event it is determined that the riser should

be recovered, the apparatus can pinpoint which

sections should receive a full topside evaluation.

Drilling operations can resune with | ess down tine,

as only affected sections and those above those

sectliPe¥ nekbdthsedmawigy emddspecifidatiom) yhertafhﬁ% besh disclosed a typical

e FIPAF e B s i Rbeifip e ard employed, the

di s le@&eﬁe s/ Bl & Aescripfi®d Sdnk& SngR@diorEat plﬁ{)OStep @f limitation. The
i nvention, and although specific terns are enpl oyed,

t he Inyeafipg hay beqpséascribedanoneiderphlp \detasle\mgle smtritip wiidence to these

not r ntion

oo el AR, L IYLBL bikBronl thoe ol BRL oy Bogications and

r ef ehempes cidbé hage within e spigit el eivpe df ARNhGentibh aWidbderibed in the
parent, however, that various nodifications and

cha?ﬁparégmeérﬁpﬁféﬁ?ﬁé@e wFehEremme i qeniraliger VeSoPO WSS 1o Remprise a
i nv

S0 SRS AP B, g, e o
t o dongng ses aghoyh ws al solid cqzﬂm&tdaamusm?bet Wtaehr&tsad Wedof another

al so be instead utiliz d Addj.t i.onal the to
houﬁe?fae%§£§1?axﬁ‘%n% 5ol P&O@ FRdr lé%forr?éﬁi%‘?]ﬁgthﬁ eall thickness

coulnthdultSdaBad WB&1 @l pl AR RS vidISABBRIE h§ar§£l%ﬂ%t@ﬁleﬁ\$§&ogy of both
not be of a solid form Also for exanple

t hi dkevelézing asbiddtestig theplecaliwe dfiarwgM at theakengityeofithaweld material is
nod a Iterna

Vi sd%a i zﬁﬁganaﬁlg &t e.“?ig gﬁseo *%%f'l%lﬁ g? 3PpPyafug 48 be deployed
t he vd@o6i thy TOFD AR dUR| & BRbE deFbyddSwithbut ey RAl tHilaRss module in
the riser material. Also for exanple, the apparatus

can 26f9Tdhept Bifh the nepdsrfikc ¥s6e TOFD nodul e or can be

depl oyed wi thout the wall thickness nodule in

accordance with the needs of the user. 32 THAT CLAI MED

I'S: 1. An apparatus for inspecting vertically

supported fluid filled pipe, conprising, an inspection

unit having a |longitudinal axis and adapted to be

connected to a line for lowering into and retrieving
fromthe pipe; a centralizer nounted to the inspection

unit, having an outer periphery for slidingly

contacting the pipe as the inspection unit noves

through the pipe; a rotating tinme of flight diffusion

(TOFD) nodule carried by the inspection unit and

including a pair of rotatably nounted wel d vol une

i nspection transducers
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adapted to inspect for and obtain data on weld vol une
defects, the weld volune inspection transducers
rotating during inspection at a circunscribed di aneter
that is Iless than the dianeter of the centralizer at
t he periphery; and a wall thickness nodul e carried by

the inspection unit and including a plurality of wall
thidEﬂéEEQLéiﬁﬂﬂlﬁﬁn transducers adapted to obtain

data on wall thickness of a portion of the pipe, the

wal | thickness inspection transducers during

I nspection being |ocated at a circunscribed di aneter

| essl-t RarPpHatug Foiiispestingfvertivallc eppergd fhed fidled pipe, comprising:
periphery. 2. The apparatus of claim 1, wherein the

TOM nodulag 1nspeetiner unitnvivingeslongituwlingd akik end sdepted to be connected to
poshﬁkqﬁ%gwgara%#el to the longitudinal axis of the :

i nSpEct P on unit - %%m¥%?%?Pﬁ§ﬁ SPWE d vol une

i nspection_transducers, and a pair of weld volune ,

i nspect i 3n°eln¥r3 Hd’&%’rn%ednﬁ?uﬁfiéng’&ﬁt}@cl“% hayingpag outer periphery for
rot atighb’ cdh@bding BE pHahak Hehspbhfonel ipe;
inspéct?%h tréﬁiduggfg, gndpwhepgﬁﬂqgﬁghﬁg§w¥ﬂ%eQEFU

vol une | 'ﬁ%ﬁt@iﬁ% Qt d Bf"ﬂ%gyggﬁéio}'li(merﬁ&ﬁ% c:}rﬂf:ci?gx the inspection

separ {:lt e qne 0 e palrr or we vol une | nspec
t r angdundrinchoding 9. padr ofTheatatip araintes wéld oloinmd fhspection transducers

wher ej he. TOM npdul urther conprises: an _annul ar
FI urgead B P dnt o ehi A SHAMHY Yhemaeetpets, the weld volume

| NSpRGERA rinkdRSAUCRERg diifs WRDE YR TRILNRRSHES Qhmeter that is
transducers rotating in sliding contact wwth an inner

di ahest &randhe dipmeter of the ecntralizar at B8 pdriplithe amppar at us of
claim3, wherein the TOFD nodul e further conprises: a

ri gi d noamadldhickpsT @eiulroeuied b theshspgetban undiimdiinguding a plurality
the. £l ui,d carrier .he I d i nspectiop transducers.. '
oref Hfah?‘ilfgﬁf% e frapsdniirt A4 OO SPUa AR pialdhickness of a
di agBitioh oFfthd e, HeE RaMstbkR s RYSIcASn WahddGePel i ion bei
rotg?%d. 5 T geappa?apus o? cﬁ%?n14, mhe?einﬂ?ﬁgn%ﬁf%?lbmng
nodéfcated A ¢ sipnmsenbed riamefenltesugan ghe fllagictkr tod the ositadizer at the

a I'gﬁ%%agoupling_betmeen the fluid carrier and the
TOF I'e housing. 6. The apparatus of claim1,

further conprising a pipe weld |ocation detector
nmodul e carried by the inspection unit and including a
pi pé. Waledhppargius iof ulagie tle sthorciratha RGRD toduldefiihdr iacludes a rotatable

posi.t i-on of t%e Ig ol.ume, i.n the piLpe. 7. The )

b pp ik hettispe parplfst o thelanigionibelkin PHBS fpspietion it forrotating the

det @eldoFol sl sBedtivh tRfdducers, and a pair of weld volume inspection transducer
mounts connected to the rotatable shaft for carrying the weld volume inspection
transducers, and wherein each of the weld volume inspection transducers is connected

to a separate one of the pair of weld volume inspection transducer mounts.

3. The apparatus of claim 1, wherein the TOFD module further comprises:

an annular fluid carrier positioned surrounding the weld inspection
transducers, the weld volume inspection transducers rotating in sliding contact with an

inner diameter of the fluid carrier.
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conprises a housing surroundi ng the pipe weld | ocation
detector nodule, and wherein a portion of the housing
is substantially transparent around a circunference to
provide for visual viewing fromwthin the pipe weld
| ocation detector nodule. 8. The apparatus of claiml,
wherein the TOFD nodul e further conprises a rotatable
dri vé Jhgeppargns ofrcdain 3, mdercirethp FQFDhinodwlk durthet coreprises:
i nspection transducers; wherein the pair of weld
vol ume i n& paist iamotatingn§@EDemsdila dbusteg surfc@iling the fluid carrier, the
traqg&htter graqg%gfer C nnectﬁd o,a first TOFD mount ,
and PoSi FrRTed t UGHS niofeng, the, Lyl cpigier jigfRafontast ot an inner
a wedigmviet binBe TARD Bodi@FFusBESIMR betnoRbRRHC er
connected to a second TOFD nount an§ posi ti oned
adj acent to and spaced apart fromthe first TOFD

ter transducer along the |ongitudinal axis of

transmi

the f%&i@&?ﬁ%ﬁ%ﬂwﬁ A WhitsEt the JIP tedyle bepsjag gpntains an acoustic
por tf1.08 ©fpréhg 2RURE édupfhdBaky V}%ﬁ{. i

the trans acer nnﬁhts ale %o%ﬁgg?g%:ﬁédt ee%g@gﬁggﬁgﬁ&)nmdub
dri vwusiggaft to provide a rotational platformfor the

TOFD transnmitter transducer and TOFD receiver

transducer for rotating in a clockw se and a

coury e Lsedirecti.on. 9. The appar at of. cl ai m

1 e e BTSSR sffher ComPRRF Fokiiofsioh Rloflor mocute
a haeuidiy thenspectian wieid tihdudihgl b igehesliaipasition BE@Yof 8dapted to
a liguid coupli bet ween each of the wall thickness

i nseEet %Hosﬂti%é} weld vahmenn hamipsi ng. 10, The

apparatus of claim11, wherein the wall thickness

transducers are fixedly nounted within the wal

t hi cknehes appathihseof clalm 6] RheRRP eipSwoIll 16daBibMddtector module further

further conprising: an unbilical cord including a data
cond@EpPHsespdeusing Regrurdingdempips welsk losdtion detegtor moflule hand wherein

houscli ﬂbgncﬁﬁ& the ﬁcﬂgg{%% ]s@o taﬁgfﬁg}ltga&s[%ﬁenk? Grol Hgtgler{a%feﬁnggf:o provide

I
posi tioned on a onnén rm an
cor dospenl viedaps fedn twathhrethp pipk tiebhiddation deteetod aRldaeMENt
platform for storing and deploying the unbilica
cord. 12. The apparatus of claim1l, wherein the TO-D

nodyl urth C rises: a pair of rotatably nounted
shegfeagvgkﬁﬁéﬁgggggﬁ transducers adapted to inspect

for and ghtain da we roqgt defects.
wherein the tI%)F‘Bq moc}uije furt%er comprises a rotatable drive shaft for
rotating the pair of weld volume inspection transducers;

wherein the pair of weld volume inspection transducers include a TOFD
transmitter transducer connected to a first TOFD mount and positioned to transmit an
acoustic signal through a weld volume, and a TOFD receiver transducer connected to
a second TOFD mount and positioned adjacent to and spaced apart from the first
TOFD transmitter transducer along the longitudinal axis of the inspection unit and

positioned to receive a portion of the acoustic signal; and
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13. A systemfor inspecting vertically supported fluid
filled drilling riser, conprising- a body adapted to

be filled with an acoustic liquid, and the body

adapted to be connected to a wireline for depl oynment

in the drilling riser; a video nodule carried by the

body, the video nodule including a video canera

posi t i onetheren\Gaghyohth ArrsAuGe Apangs arg fconkrstedy fo| the mgtatable drive
ris t Joit. ] f in . the drillin

| SauhGa BRI RERNIRRA! or BB R bltPana T
positecavnedransdubérfot foeating dy a cloblewisd QD doneistodkRGdeUiictBon.

a rotatable shaft positioned parallel to a

| ongi tudi nal axis of the body, a TOFD transmitter

transd [ d t fi.r T .mount_a )
posi 11 aReaPTBIrSt Ohirt Pafdndis Vol CHgRAR pAROE s comprises o
vel chowsing ieving af Qbddsti€ AidUBEreinttb PRESUECLEEPBAGHHE BetRen each of
a second TOFD nount and positioned adjacent to and

spadBeWal Huskness igsaecien transducersErb therhonsingt t er

transducer along the longitudinal axis of the body

and positioned to receive a portion of the acoustic

si gnal  deffheippsratis Welcthin ol i t ghad

the transdugg? nnuntsg%%gﬁggﬁgﬁg?%a¥ﬁé rotg?ggﬁgmg%ﬁfgeﬁxmﬂy
shafreounged witlan theevall thivkatss owdilepl at f orm for the TOED

transm tter transducer and TOFD receiver transducer;

a wal | thickness nodul e positioned non-rotatably

Wit Ripn t 11 g rodul e i ncl udi ng

a ppaial??§Q§%¥¥Fi£§?%ﬁh%untegs ﬁ%gpection

t ransduc i 11 Qr A I i ul.se h .

Si gnal - oAl LR § GRS dusfor B e s the proximat
echené bfjthahodeifg aidgcontrsRdrladhtedlonRyEmeRyosHBAG én Adeployment
dat a dule within the body electrically connected to
thep¥%§ﬁpﬁﬁﬁule, the wall thickness nodule, and the

vi deo nodul e, and adapted to gather signal fromthe

TOFD modat &mbilisal ¢earl spechjadimiedts brophsitionediom thehdepldydwot platform

nod y I: - to an external surface
of ?ﬁéugﬁﬁéﬁgﬁéﬁg%ggnggﬁgﬁﬁé%%?brn1to varyi ng

drilling riser inner dianmeter sizes to maintain the

body substantially in the center of the inner

di addtEr apparetus ofielnint 1.rgherdis the; TR mevdele fonthr kemprises:

el ectrically connected to the data nodul e and renotely

posi ti onedairt of redaehlyencattal shegnatase fingpirtidnetdisditers adapted to

gg umlsgéjct %OQ%ng\%gamt c[gtitacgnnv?rgla I'C?(:.)pt %g}egt’s and the video

13. A system for inspecting vertically supported fluid filled drilling riser, comprising:

a body adapted to be filled with an acoustic liquid, and the body adapted to be

connected to a wireline for deployment in the drilling riser;

a video module carried by the body, the video module including a video
camera positioned to view an inner diameter of the drilling riser to detect a position of

a weld in the drilling riser;
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14. The system of claim 13, wherein the TCED nodul e
further conprises: an annular fluid carrier positioned
surrounding the TOFD transmitter and TOFD receiver
transducers, the TOFD transmtter and TOFD recei ver
transducers rotating in sliding contact with an inner
di aneter of the fluid carrier. 36 15. The system of

cl ai m 13,2 {imere fishhdiffrern (FORMempdirle h’@ﬁltlemﬁpmthmsthe bOdy, the
an r r r.oyndin
oD O SRS o i

TOFDhe rtadg,nma tT@FD arsmiteD traedicse torineadd dblGEfisst TOFD mount and
rotatln (g slldln contact with an inner di ameter of

t he qus’ﬂﬁ B i Ffr“érm FhacoystiG gigaal fhrough atwﬁ@ VPl o BAFR recciver
hou

o ShBGE CRHE & Mord HOPD SR Bl Aior SRR Ahnd spaced
f 1 uiaghat frank éire Grst TOF® nTERDXterodanséuceo ubhp ghe Idﬁgtﬂ’cﬁlfdl) ax1s of the
traQ§ tt$r and gCFD receiver trgﬁsducers farci.ng

f1 uit @9 APS PEYHUGUAE & TCEAYSE POPR AL e 2pgHls Slarl?éﬁ%ﬁ@rrgaweld volume
the dE@:@%T[ﬂP QACE of QiSRG dudp 'rﬁdﬁnﬂedoﬂﬂec&éﬁt t?rg ro%@BIeAinve shaft to

nmet hod inspecting a drilling riser,
comdiay rqtﬁ@nglt Ielptgorgf for (he) T(Dmmanmgrttemteamdmr afid DOFR receiver
plaggg%ﬁg&nto seawater and allowi ng the seawater to

nter the fiser; (b) deploying an inspection apparatus

on aline i the drillin riser, the inspectiaon
appar at u¢ ‘i"fﬂi aﬁﬂ?’ﬁ@f ’a‘f’d'iﬂﬁé’gfm%@ BesTp&ially within the body, the wall

t r anisieleed mol@k nfc@rﬂﬁﬂ%l bty bk ARARL R BwhID ufsprgztz n transducers
drilling riser wwth the transducer spaced | hwa ?
a V\/@PFm@ﬁedtqQéfaFlFIQérd iseashe signileand okesaveartdesst ampdrt{ca) of the pulse

perkgmg éﬂé ﬁﬁ%§ %thqﬁégaﬁgduce to enmt an
r ou

acousti c srg & ter in the annular
clearance o the I the drilling riser
det ecting dﬁ d:'llﬁenwﬁl&lﬂlﬁl%v\al?o@ﬁle eSirisAlY C%HS‘HF‘?T%‘ MQFDO‘POdUIC the

t he watli thicldi@s iodfle; add’the MdoRSAAS] 2886 %Qﬂﬂéd"& éa%e‘f 5@ from the
rising the step of drsconnectrng a

rrar |T%Epm§@rle phe walthidknesstreodild, pid thg videg modmeo m a
bl owout preventer and flushing an inner dianeter of
the dri | hiosgtralizer comiettad do fanuexderpali orrfato ofieid bydyngnd adapted to

Ins Lon apparat.us. : . . . o
egn%rm to vgrg)rmg drlﬁmg riser inner diamefer sizes to maintain the body

substantially in the center of the inner diameter of the drilling riser; and

a controller electrically connected to the data module and remotely positioned
to receive data signals from the TOFD module, the wall thickness module, and the

video module.

14. The system of claim 13, wherein the TOFD module further comprises:

an annular fluid carrier positioned surrounding the TOFD transmitter and
TOFD receiver transducers, the TOFD transmitter and TOFD receiver transducers

rofating in sliding contact with an inner diameter of the fluid carrier.
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18. The nmethod according to claim 16, wherein step (b)
further conprises placing the transducer within a

housi ng, and wherein step (d) further conprises

emtting the acoustical signal through the housing.

37 19. The nmethod according to clain118i furgherd

co ising fill] the housing with a i quid and,

cqual IR/ LLEm L piereia 18 TR mAgulg ftper comprises:
hydrostatic pressure of seawater in the riser. 20. .

The met hott &EeEF diHg cagies| posiviondd swihemding thheT@FD| wasmitter and
one - riher .conpri Loa pair

of @?@%ﬁﬁ% tlpir?g%}é:g 1 éﬁr%) ?(r)gﬁs{(rjucsrenrl &40, ﬁ@ﬁ% gre%quSducm
t r anrstating ar slidingeooatioceith admpeadaheet sfaRs Mt chidRr; and
acoustical signal through a weld volune, and a TOFD
receiver & figid S@ueRitingOBOFD ANQHIAHb@HRurlo8nd@RE (18P AGR L arrier and
apart fromthe first TOFD transmtter transducer _

al orff§REIHY) taqystisaiiuid i Bro&fdetaﬂauidqc?:pebng bwtwa@pamdrcasler and the
and t ecej rti 0 acoustica .
o1 g ARy iy RORRRE R ¢ PORDARRERE ifkducers foring
r ot ahé figiddemiierginionsqeat iwith & irdef dia6iedss OFithe COIARRUER housing

that ,i.s.less than the inner diameter of the drilling
risé@?égﬁﬂgéoﬁFgrality of fixedly nounted non-rotating
wal | inspection transducers adapted to transmt a

secqnd, acoustical signal and to receive at |east a

por 320‘% mthqdof 1aspeing a didbugiises dhe wrigad Fomprisies e wiengof:

wal I thickness while deploying the inspection _
appar at ué?) 21loweragnite mser Aenoe dilaprmointd spawa@, and allowing the

wher.gj Lisoperforned while not rotating the
malF&#%g%gggﬁéﬂ%?bgﬁbducers relative to the housing

and the ﬂ:;)l H HQ}ﬁoy[LflgS & insggction apparatus on a line into the drilling riser, the

inspection apparatus including at least one acoustical transducer;

(c)  centralizing the apparatus in the drilling riser with the transducer

spaced inward from a wall of the riser by an annular clearance; and

(d)  periodically causing the transducer to emit an acoustical signal through
the scawater in the annular clearance and into the wall of the drilling riser and

detecting a return acoustical signal from the wall of the drilling riser.

17. The method according to claim 16, comprising the step of disconnecting a
lower marine riser package of the drilling riser from a blowout preventer and flushing
an inner diameter of the drilling riser with a fluid prior to deploying the inspection

apparatus.

18. The method according to claim 16, wherein step (b) further comprises placing the
transducer within a housing, and wherein step (d) further comprises emitting the

acoustical signal through the housing.
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19. The method according to claim 18, further comprising filling the housing with a
liquid and equalizing pressurc within the housing with hydrostatic pressure of

seawater in the riser.

20. The method according to claim 17, wherein the at least one transducer of step (b)

further comprises:

a pair of weld volume inspection transducers including a TOFD transmitter
transducer adapted to transmit the acoustical signal through a weld volume, and a
TOFD receiver transducer positioned adjacent to and spaced apart from the first
TOFD transmitter transducer along a longitudinal axis of the inspection apparatus and
adapted to receive a portion of the acoustical signal, the weld volume inspection
transducers rotating during inspection at a circumscribed diameter that is less than the

inner diameter of the drilling riser; and

a plurality of fixedly mounted non-rotating wall inspection transducers adapted
to transmit a second acoustical signal and to receive at least a portion of the second
acoustical signal to determine wall thickness while deploying the inspection

apparatus.

21.  The method according to claim 20, wherein step (d) is performed while not

rotating the wall inspection transducers relative to the housing and the drilling riser.
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