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SYSTEM AND METHOD FOR SUBSEA INSPECTHON

BACKGROLUIND

Fietd Of The Invention

The present mvention relates generally o sabsea inspection svstems, and more
parficularly o subsea ulirasomic inspection systems emploving clectrommagnetic acoustic
transducers (EMATs) to inspect subsea objects, such as subsea twbular ftems, condus,
piping, pipelines, risers, vessels, struchues, and so forth.

Description OF The Related Ant

This section is intended to intraduce the reader to aspects of art that may be related
to aspects of the present invention, which are deseribed andior claimed below.  This
discussion 18 believed {0 be helpfid in providing the reader with background information to
facilitate a better understanding of the various aspects of the present invention, Accordingly,
it should be understood that these statements are to be read i this Hght, snd not as
adnvssions of prior art,

Subsea piping and vessels, and other subsea structures, may be involved in the
recovery and transpussion of energy resources, such as oif and gas. In a more general and
broader sense, such subsea piping and structures may be found in a range of commergial and
industrial applications, including utility distribution, manufacturing processes, chemical and
petrochemical transport, encrgy transmission, plumbing, heating and cooling, as well as in
the recovery of spent chepuicalsfcompounds, and so forth, I operation, subsea piping,
vessels, and stroctures may serve to collect, distribute, and transpovt waler, steam,
chemicals, petrochemicals, crude oil, natural gas, and other Hquids, gases, and components.
Subsea piping and vessels, and other subsea structures, have plaved a bengticial rale in
mmproving produchivity i delivery of resources, imcluding apphications in the recovery of
offshore oil and gas. Indeed, world economies depend on the capability of subsea pipelines
and structures to transport feedstocks and producis to a diverse range of customers and end-
users.  Construction of subsea pipelines and structures has cccwrred over the last several
decades, including many such relatively old subsea pipelines and stractures sl in use and in
service.

Subsea piping, pipeline, vessel, and structural fatlures may be caused by mechanical

harms, corrosion, srosion, damaged coatings, adverse operating condition, sea currenis, and

gencrally the relatively harsh subsea covironment,  In regard to corrosion, the extemal

swrface of the subsea object iz generally exposed to potentially corrosive seawater, and the

mternal surface of the object (e.g., subsea piping and vessels) may be exposed to corrosive
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comtents. Moreover, internad erosion may cccwr due 10 the flow of the contents through the
subsea piping, pipeline, or vessels. Such erosion may be exacerbated by centrifugal forces
assoctated with changes in the divection of the How path. Significantly, crosion, corrosion,
and other damage may csuse gouges, cracks, stress corvosion cracking, and reduce the wall
thickness of the subsea pipe or vessel, and thus reduce the pressure rating or pressure-
holding capacity of the subsea pipe, pipeline, or vessel, as well as make subsea objects wmore
susceptible to fatlure, Accordingly, operations and maintenance personnel of subses objects
(¢.g., subsca piping, pipelines, vessels, risers, structures, ete,) may provide for inspection of
the subsea olyjects, including in-place or in ity inypection and at & regular frequency. Such
nspections of mechanical integrilty may be related 1o or governed by applicable government
or fndustry standards,

The inspection of subsca objects may involve visual inspection by a diver or
inspection via hand-held devices by a diver, for example. However, the nse of divers for
subsca inspection may be problematic where the subsca objects are relatively deep andior
where and when strong sea currenis exist. With regard o subsea pipelines, various
technigaes have been employed to detect defects, corrosion, and cracks in the pipelines. For
example, pipeline inspection gauges or “pigs”™ may be pumped or pressured through the
sabsea pipeline to detect corrosion or cracks in the pipeline, and to measure thickness of the
pipe walll  An intelligent or smart “pig” may mclede slectronics and sensors that collest
vartous forms of data during the wip through the pipeline. Modern intelligent pigs may be
highly sophisticated instruments that vary in technology and complexity by the miended ase
and by manufacturer. However, valves and other components along the pipeline may give
fnternal obstractions 1o the pipeline making ase of a pig problematic,

SUMMARY

An embodiment provides an electromnagngtic acoustic transducer for nspecting a
subsea object. The electromagostic acoustic transducer may comprise: a magnet o generate
a magnetic field ina subsea object; & coil o indece eddy corrents on a surface of the subsea
ohject; sea water Bow-through holes to funnel sea water adjacent the cotl; and a substantially
non~conductive wear plate disposed on a bottom portion of the clectromagnetic acoustic
transducer,

Another embodiment provides an eleciromagnetic acoustic transducer scanner
assembly for inspecting a subsea objecl. The electromagnetic acoustic travsducer scanner
assernbly may compriser & carriage; a fisst transducer cart comprising an ¢lectromagnetic

acoustic transducer transmitter; and a second transducer cart comprising an electromagnetic

i
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gcoustic transducer recetver, wherein the first and second transducer carts are sach disposed
in the carrlage and configured for use subsea inspection.

Another embodiment provides 8 method of operating a subsea clectromagnetic
acoustic transducer scanner assembly to inspect 2 subsed obyject, the method may comprise:
deploying the electromagnetic acoustic fransducer scanner assombly subsea; driving the
clectromagnetic acoustic transducer seamner assembly along the subsea object to be
mspected; instructing remoiely the electromagnetic acoustic transducer scanner assernbly 1o
inspect the subsea object: and collecting subsea inspection data of the subsea object via the
electromagnetic acoustic transducer scanner assembly.

BRIEE DESCRIPTION OF THE DRAWINGS

These drawings iHastrate certatn aspects of some of the embodiments of the present
invention, and shopld not be used to Hmit or define the invention.

FIG. 1 illustrates an altrasonic inspection system which implements an EMAT in
accordance with embodiments of the present echniques,

FIG, 2 dlustraies an exemplary subsea EMAT scanner assembly in accordance with
embodiments of the present technigues.

FIG. 3 tHustrates an EMAT transducer cart in accordance with embodiments of the
present technigues.

FIGS. da and 4b Hlustrate exploded views of exemplary EMAT transducer carts in
aceordance with embodiments of the present techniques.

FIG. 5 iHustrates an exemplary method for employing an EMAT scanner assembly to
mspect a subsea objection in accordance with embodiments of the present technigues.

FIGS. 6 and 7 iHustrate an exemplary subsea scanner assembly deployed from a
remote operated vehicle for inspection of a subsea object in accordance with embodiments
of the present techniques.

FIG. B tHustrates an exemiplary EMAT scanner asserably inspecting a subsea objeet
i accordance with embodiments of the present technques.

FIG. 9 illustrates an exemplary conputer system that may be used in accordance
with embodiments of the present techmques.

DETAILED DESCRIPTION OF SPECIFIC EMBOBIMENTS

One or more specific embodiments of the present invention will be described below.
{n ap effort to provide a concise deseription of these embodiments, not all features of an
actual implementation are deseribed in the specification. 1t should be appreciated that in the

development of any such actual muplementation, as i any engineering or design project,

L)
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sumerous  implementation-specific decisions must be made to achisve the developers’
specific goals, such as comphiance with system-related and business—related  consirainis,
which may vary from one implementation to another. Moreover, it should be appreciated
that sech a development effort might be complex and time consuming, bat would
nevertheless be a routine undertaking of design, fabrication, and manufacturs for those of
ordinary skill in the art and having the benefit of this discloswre.  Although individual
smbodiments are discussed, the invention covers all combinations of all those embodiments,

XN

While compositions and methods are deseribed in terms of “comprising,” “containing,” or
“imclading” varlous components or steps, the compositions and methods can also “consist
exsentialby of " or “consist of 7 the various componenis and steps.

The present technigoes are divected to detecting detfects, such as corrosion or eracks,
1 subsea objects (e.g., subsea tubular Hems, piping, pipelines, vessels, risers, structares,
ete.} while the subsea objeets remain In situ subsea. More partionlarly, the technigues relate
to an EMAT system and method for detecting defects andfor wall thickness in subsea pipe
work and risers coramonly used in subsea drilling and production operations, as well a8 in
more general suhsey objects and applications.  As discussed in more detai] lader in this
disclosure, foatures that may be used in certain ewmbodiment to advance subsea applicability
may include one ar more off (1) sea water flow through holes: (2) protective slide plates; (3)
metal backing on the EMAT coil; and (4} non-conductive wear plate, or other features,

With regard to pipelines, a self-propelied EMAT scanner may be emploved to travel
along the axial fength of the exterior surface of the subsea pipehine 1o inspect the pipeline for

corroston, oracks, stress corrosion oracking, pitting, pipe wall thickness, and defects

meluding risers, structures, and tubular metals components including metal piping and
pipelines.  In this non-destructive inspection system and approach, the sensors may be
enclosed in a protective casing attached to & magnel wheel scanner, which may be controlled
by either a wireline andfor via remote operated vehicle (ROVY from the sorface, for
example. The casing or housing may protect the internal sensor components and reduce
damage to the iuspection systent caused by the challenging environment on the subsea.

Such ulirasonic inspection may be employed as a non-destractive (NDE) technique
for detecting corvosion and eracking in different objects such as motallic components, pipes,
pipclines, risers, vessels, and so forth.  Electromagnetic avoustic transducers {(EMATs) we

ultrasonic  tansducers  that couple  acoustic energy  inte and oul of an  objuct
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electromagnetically rather than necessarily through the ase of an acoustic coupling mediam,
such as water or grease. Thas, electromagaetic acoustic transducers to be used in a variety
of applications where the use of & particular coupling mediam between the transducer and
the specimen is cither impractical or undesimable,  Of cowrse, in the instant subsea
applications, sea water may provide a coupling medium.

A EMAT generates altrasonic euergy in an object by applying a magnetic field to
the object using a magoet, and inducing electrontagoetic eddy-currents (e.g., radio frequeney
RE eddy-currents) into the object using an clectromagnetic coif {e.g.. RF coil). The
electromagnetic (g2, RE) pulses interact with the magnetic field to produce a Loventz foree,
for example, which in turn prodeces ultrasonic waves at the given frequency in the object
The strength of the generated force may depend on the proxamity of the probe o the object,
The EMAT may include the trapsducers and a carriage device, as well as be driven by a
remete operated vehicle (ROV) and associated controls, A wear plate may be attached to
the electromagnetic tranadocer o protect the magnets and the coil from wear due to the
motion of the EMAT and confact with other components, such as the object being inspected.

Lastly, the deseribed embodiments are generally directed toward an EMAT, which
as mentioned may be used fir non-destructive inspection applivations.  Such applications
may include pipe inspoction systoms, pressure vessel inspection, riser or siructural
tnspection, and so on, and generally provide for osefu] two-dimensional and three-
dimensional data and context. To facilitate explanation, however, pipe {pipeline} inspection
implementations will be generally discussed herein, though it is to be undersiood that other
inspection implomentations are also with the scope of the present technigques

Turning now o the drawings, FHG 1 depicts an ulivasonic imapection system 18
which tmplements an BEMAT 12 in conjunction with an uvltrasound recetver system in
accordance with embodiments of the present techniques. For the purpose of the description,
the object is a pipe 14, The BMAT 12 may generate ultrasonic waves directly in the
eleetrically conductive material vig clectromagnetic fields.  Further, the EMAT 12 may
receive acoustic signals representative of an area heing inspected on the pipe 4. As
discussed with regard to subsequent Hgures, the EMAT 12 may rest in a holder or cariage,
tied o and moved via a remote operating vehicle (ROV), and beneficlally includes, for
example, sea water flow through holes, protective slide plates, a metal backing on the
EMAT coil, a non-conductive wear plate, andfor the fike.

Continuing with FIG. 1, the ultrasonic inspection system 10 further inclades an

altrasound receiver 16 coupled to the EMAT 120 The ultrasound receiver 16 may be

L4
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configured to veceive the acoustic signals that are representative of the ares of the object
being inspected.  The ulirasound receiver 16 may converl acoustic signals 1o elecirical
signals for further processing by the processor 18, The ultrasound receiver 16 may be
further configured to excite electromagnetic components i the EMAT 12 by supplying

frequency pulses.  Exemplary pulses include spike pulses and square wave palses. The
frequency of the pulses roay be set by control circpitry 20, The processor 18 may recetve the
electrical signals genersted by the ultrasound receiver 16,0 The control cireaitry 20 may
further provide control signals indicative of the wave form characteristics {1.¢., frequeney,
amplitude, and so forth) of the applied pulses to the processor 18, The processor 15 may
apply vartous signal processing algorithms on the recelved data to geverate required
information, such as data indicative of the presence of defects, cracks, and so-on, in the pipe
being inspected. Various computing devices and unigue software may be included for the
contrel and management of the ultrasonic mspection system [0 and EMAT 12,

FIG. 2 ix 3 view of an exemplary subsea EMAT scanner assombly 30 for subsca
mspection of metallic ohjects {e.g., piping, pipelines) in accordance with embodiments of
the present techniques. In the iHustrated embodiment, the EMAT scanner assembly 30 has
two EMAT transducer carts 32 which may be a respective EMAT transmiitter and EMAT
receiver.  The EMAT scanner assembly 30 further inclodes a carrtage 34 holding the two
EMAT transducer carts 320 The EMAT transducer cart 32 i depicted in more detail in
FIGS. 3 and 4. The EMAT scanner assembly 30 may include electronivs and controls, be
coupled to and driven by a ROV {o.g., a robotic device, a soall submarine, g, e, be
ROV deplovable, and be coupled to a control and display computing device ahove water,
such as on a ship. In certain embodiments, a hydraudic or dlectric motor provides motive
force for the ROV and EMAT scanner asserably 300 o other embodiments, a diver may
push the EMAT assembly along the object being inspected, in addition to or in heu of the
ROV, Further, the EMAT scanner assembly 3 andfor cart 32 may be partially or fully
covered with a pmiectiw goating.

FIGS. 3, 4a, and 4b depicl vavious views of the EMAT transducer cant 32
accordance with embodiments of the present techniques. FIG. 4 s an exploded view of an
embodiment of the transducer cart 32, As iustrated, the tansducer cart 32 may include: a
mictal (e, copper) shielding 36 behind the EMAT coif 50 sea water flow through beles 38
that facilitate electrical conductivity and electrical ground scheme; and protector slide plate
40 which protect the EMAT coil 30 from tregularitices on the object {e.g., pipe or pipeling)

surface including welds and sea growth. The cart 32 may wchude a non-conductive wear

£
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plate 41 disposed on the bottom of the cart 32, The EMAT transducer cart 32 may include
front and rear wheels 42 to factlitate movement of the cart 32 (and EMAT scanner assembly
30 shown on FIG. 2, for example) along the object being inspected. The EMAT transducer
cart 32 may includes comnectors 44 (e.g.. attachment bolis and fittings} to help secure the
cart 32 to the carriage 34 {e.g.. shown on FIG. 2} Further, the cart 32 may include or be
coupled 1o a control cable or wiring 46 to provide commuancation with contrel point or
computing device above water, In one example, the control cable 40 is fiber optic and may
be one to two miles i length. In alternative embodiments, the control cable or wiring 46
may provide communication with EMAT electronies coupled to an ROV, The cart 32 may
further inchide a body portion 39, As iHustrated, the body portion 39 may form an upper

-

surface and upper stdewalls of the cart 32, Tn some embodiments, the body portion 39 may
be steel and form a backing for attachment of the other componenis of the cart 32,

With specific reference to FIGS. da and 4b, an exploded view of the EMAT
transdocer cart 32 is shown having a magnetic component, which may be a magnet 48a
{F1G. 4a4) or a periodic permanent magnetic array 48b (FIG. 4b) for shear wave (SH)
transdocers. The transducer cart also includes an EMAT coil 30 in accordance with
embodiments of the present techmiques, I the embodiment Hlusirated m FIG. da, the
magnet 48 may be about 2 inchexs long, 2 inches wide, and 0.3 inches in beight. The magnet
482 {or period permanent magnetic array 48by may be disposed in a middle portion of the
cart 31, The EMAT transducer cart 32 may be an EMAT transmitter or an EMAT recetver
in the assembly 30, in certaln configurations, the transducers with the cart 32 mayv be
disposed toward the front of the assenably 30, and a hydraulic motive forve disposed toward
the rear of the assembly, for instance. Further, clectronics disposed on the carviage or ROV
may be conpled to the cart 320 Moreover, the assembly 30 or ROV may optionally have a
cantera 1o capture images of the ohject being inspected.

The sea water How-through holes 38 may function to facibitate sea water to surround
the EMAT coil 30 to promote electrical grounding of the EMAT coll via the condactive sea
water and, therefore, facilitate use of the substantially nov-conductive (non-metallic) wear
plate 41 on the front surface of the EMAT coil 300 In other words, nstead of relving on
conductivity of a metal {e.g., ttaniun) wear plate to shicld the EMAT coil from ¢lectronic
background interfersnee, the sea water via the sea water How-through holes 38 provides the
eleetronic conductivity to shield the EMAT coil 300 To further explain, the EMAT coit 80 is
sensitive o changes in the electronie field and may be affected by external nterference such

as radar and other background noise including radio noise. In the iHlustrated erabodiment, the
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sea water How-through boles are formed in the body portion 39 and the slide protective
gover 44,
The non~metallic wear plate 41 may be used to protect the EMAT coils 50 which are

generally fragite.  Exemplary materials for the plate 41 may include aluminum oxide,

polvethylene terepithalate (PET), and other non-metallic materials.  The negligible
conductivity of the non-metallic wear plate 41 should not reduce the amplitude of the signat
generated in the object {pipe) being spected, and therefore advantageously may increass
the signal-to-noise ratio of the EMAT coil 30, Indeed, as a result, more signal may be
ntroduced inte the object (pipe) being mspected. As illustrated, a wear plate cover 43 may
be disposed on a lower side of the wear plate 41, In some embodiments, the wear plate cover
43 may be analogous m shape 1o & window or picture frame or other geometer.,

In the illustrated embodiment, the shide protector cover 40 {e.g., protective slide
plates) run along substantiadly the full lenuth of the EMAT transducer cart 32, and alony the
front and back edge of the EMAT codl 30 OF course, a slide protector cover 40 covering or
running along less of the cart 32 may be emploved. The slide protector cover 40 generally
may fanction to scrape off and or 1Rt the EMAT cart 32 {(gnd assembly 30, shown on FIG. 2,
for example) over marine growth on the pipe and also may facilitate the EMAT transducer
cart 32 to slide over circumizrential welds on the pipe. The slide protecior cover 40 may be
analogous in shape to a window or picture frame or other geomatry.

Further, the metal (e.g.. copper) backing (retlective plate) 36 adjacent the EMAT
coil (.., between the magnetic component and EMAT coil 503 may advamtageously reflect
the eddy currents produced by the EMAT coil 30 and reduce ultrasound from being
generated 0 the backing roagnet or backing material, Beneficially, this may increase the
signal-to-noise ration of the EMAT sensor,

FIG. 5 iy a bloek diagram of an exemplary method 60 for employing the subsea
EMAT scanner assembly 30 to inspect a subsea object in accordance with embodiments of
the present fechniques.  Initially, the EMAT scanner assemobly 30 is deploved (block 62)
subsea and then driven {(block 64) along the subsea object being mspected in-sitn. The
EMAT scanner 60 may be instructed (block 66) and conumunicated with {and controtied) via
an above-water operator and computing device.  The instructions given o the EMAT
scanner assembly 30 (and ROV) may be with regard to the data to be collected and with
respect o movement of the EMAT scamner assembly 3 including control of the ROV, and

so forth, Special software may be enploved on the above-water computing device and with

respect to the subsea electrontos associated with the EMAT scanner assembly 30 and ROV,
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The EMAT scanner assembly 30 inspecis (block 68) the subsea object or a portion of
the subsea object. Duoring the ingpection, sea water may How through sea water flow-

through holes of the scanner assembly 30 to promote a better signal<to~noise ratio in the

subses object.  The above-ground computing deviee andfor electronics coupled to the
scanner assembly 30 in the subssa may colleat (block 7 and store movement amd
inspection data.  Lastly, upow completion of the subsea object or a portion of the subsea
object, the EMAT scamer assembly 30 may be removed {(block 72) from the subsea
environment to above-water such as to a ship, platform, ground, ete.

FIGS, 6 and 7 tHustrate use of an exemplary subsea EMAT scanner i jnspection ol a
subsea object 72 in accordance with emabodiments of the present technigue. As ilustrated, an
ROV 74 may be used to place the EMAT scanner assembly 30 onto the subsea objection 72,
The EMAT scanner assembly 30 may be coupled o0 the ROV 74 by a control cable 46, for
example. An EMAT clectronies enclosure 76 may be coupled o the ROV 74, The
clectronics enclosure 76 may contain electronics Tor contradling the scanner assembly 30,
sach as the processor 18 and the control cireuitry 20 shown on FIG. 1, for example. The
contrel cable 46 may provide commanication between the scanner assembly 30 and the
electronies enclosure 76 andfor the ROV 74, The ROV 74 may provide control signals,
electrical power, andfor hydraglic power to the electronics enclosure 76 and the scanner
assembly 30, Additionally, the ROV 74 may provide motive force for pushing the scanner
assernbly 30 along the axial length of the subsea ohject 720 Tn sccordance with present
embodiments, the scanner assembly 30 may perform an inspection of the subsea object 72 as
i iy moved along the axial length of the subsea object 72, As illustrated, a second control
cable 78 may extend between the ROV 74 and a vessel 80 at the water’s surface, for
example, The second control cable 78 may be fber optic and may be one to two miles in
fength, for example. The second control cable 78 may provide communication between the
scanngr assembly 30 and a computing device on the vessel 80, for example. In some
embodiments, an operator on the vessel 80 may control the real-time inspection of the
subsen object 72

FIG. 8 iHustrates an EMAT scanner assembly 30 disposed on a pipe 14 disposed in
water 82, As lusirated, the scanner assembly 30 may include a carriage 34 and EMAT
transducer carts, shown ag first EMAT transducer cart 32a and second EMAT transducer
cart 32b. As previously desenbed, the EMAT scanner assembly 30 may be used to generate
ultrasonic waves in the pipe 14, In particular ernbodiments, the Orst EMAT transducer cant

32a may imclede an EMAT pansducer transmitter (not shown) and the second EMAT

9
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transdacer cart may inclode an EMAT transducer recetver {not shown). By way of example,
the EMAT transducer transmitier may indoce ultrasonic waves in the pipe 14 which may be
detected by the EMAT tansducer receiver. A signal pattern may be detected i which two
signals appear, namely a first signal that that waveled coumerclockwise around the pipe 14
and a second signal that traveled clockwise around the pipe {4, However, because the
scanner assembly 30 1s disposed m the water 82, ylirasonic waves are also junduced m the
water 82, The ultrasonic waves induced 1o the water 82 travel divectly between the EMAT
transducer transmitter and the EMAT transdocer receiver, resulting in g standing wave in the
detected signals that negatively Impacts the inspection,

A namber of different technigues may be used {o reduce andior eliminate the
deleterious effects of the standing wave on the subsea ingpection. An example of such a
technigue utilizes shear horizontal waves. For example, shear horvizontal wave transducers
may be incorporated into the scamner assembly 30 such that the scanner assembly induces
shear horfrontal waves 1y the pipe 14 or other subsca object. Because the shear hovizontal
waves are polarized in the horirontal plane they should not transmit through the water 82,
for example, between the EMAT transducer carts 32, Another example of a techmique for
reducing or eliminating the standing wave may utilize optimized Lamb waves. For example,
the scanner assembly 30 may be configured to induce optimized Lamb waves in the pipe 14
or other subsea object. In particudar, the Lamb waves may be optimized with large tangential
displacements and small normal displacements o decrease the percentage of ultrsonic
waves induced in the water 82 while increasing the percentage of ultrasonic waves induced
i the pipe 14 or other subsea objset. In some embodimants, optimized Lamb waves may be
used in which 70% or wore of the ultrasonic waves are tangential, In further cmbodiments,
optimaized Lamb waves may be used in which 90% or more of the oltrasonic waves are
tangential,

FIG. 10 15 a block diagram of an exemplary computer system HE that that may be
used above-water o instruet and control 8 subsea EMAT scanner asserably,  Special or
unigue software for operating the EMAT scanner assembly may be stored 1w the computer
system andfor on external computer readable media. Those of ordinary slall in the ant will
appreciate that the compuier system (00 may comprise hardware elements including
circuitry, software elements including computer code stored on a machine-readable mudium
or a eombination of both hardware and software elements. Additionally, the blocks shown
are but one exanyple of blocks that may be implemented. A processor 102, such as a contrad

processing unit or CPLL controls the overall operation of the computer system 100, The
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processor 102 18 conpected to & memory controller 104, which reads data to and writes datg
from a systemy mermory 106, The memory controtler 104 may bave memory that includes a4
non~volatile memory region and a volatile memory region. The systern memory 106 may be
composed of a plurality of memory modules, as will be appreciated by one of ordinary skili
in the art.  In addition, the system: memory 18 may include non-volatile and volatile
portions. A system basic inpat-output system (BIOS) may be stored 1 a non-volatile portion
of the system memory 106, The system BIOS is adapted o control a start-up or boot process
and to control the low-level operation of the computer system 100,

The processor 102 iz comnnected to at least one systom bus 108 fo allow
communication between the processor 102 and other systeny devices, The system bas may
operate under a standard protocol such as a variation of the Peripheral Component
Intereommnect (PCH bas or the tike, in the exemplary embodiment shown in Fig. 10, the
systemt bas 108 connegts the processor 102 to a hard disk drive P, a graphios controller
2 and at least one input deviee 114, The hard disk drive 110 provides non-volatile storage
to data that is used by the computer systent. The graphucs controller 112 s 1o turn connected
oy a display device 116, which provides an image to 4 user based on getivities performed by
the computer system 100, The computer system {00 may be programmed to perfinm
operation and control of a subsea EMAT scanner assembly, including with regard to
movement and data collection, and the ke, The memory devices of the compater system
OO, including the system memory 106 and the hard disk 110 may be tangible, machine-
readable media that store computer-readable instructions (0 cause the processor 102 to
verform a method according (o an embodiment of the present techiniques,

The foregoing figures and discussion are not fntended to include all features of the
present techniques to acconmodate a hoyer ov seller, or to deseribe the system, vor i such

figures and discussion lmiting but exemplary snd in the spirit of the present technigues
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CLAIMS
What 18 clatmed is:
1. An clectromagnetic acoustic transdacer for inspecting a subsea object,

comprising:
a magnetic component 1o geperate a roagnetic field 1o a subsea object;
a coil 1o induce eddy currents on a surface of the subsea object;
sea water flow-through holes to funnel sea water adjacent the coil; and
a substantially non-vonductive wear plate disposed on a bottom portion of the

electromagnetic acoustic fransducer.

2. The electromagnetic acoustic transducer of claim 1, comprising protective

slidde plates disposed on a bottom portion of the electromagnetic acoustic transducer.

3 The electromagnetic acoustic transducer of claim 1, comprising a metal
hacking on the coil.

4. The electrontagoetic acoustic transducer of claim 3, wherein the retal
backing comprises a copper backing.

S The clectromagnetic scounstic transducer of claim 1. wherein the none
condactive wear plate comprises a non-etallic wear plate.

6. The electromagnetic scoustic transducer of clgim 1, comprising 8 cart
housing the electromagnetic acoustic transducer.

7. The clectromagastic  acoustic  transducer of claim 1, wherein  the

electromagnetic avoustic ransducer is disposed 1o a carriags.

8. The electromagnetic acoustic  transducer of claim 1, wherein  the
clectromagnetic gooustic transducer is @ shear horizontal wave transducer,

9, The ecloctromagnetic acoustic  transducer of claim 1, wherein the
electromagnetic acoustic fransducer s configured to induce Lamb waves in the subses
object, the Lameb waves being oplimized such that 70% ol more of the Lamb waves are
tangential,

10. The clectromagnetic acoustic transducer of claim 9, wherein 90% or more of
the Lamb waves are tangential.

11. An electromagnetic acoustic transducer scamer assembly for inspecting s
subsen objeet, comprising:

& carriage;
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a first transdycer cart comprising an electromagnetic acoustic fransducer transmitier;
and

& second transducer cart comprising an electromagnetic acoustic transducer recelver,
wherein the first and second transduger carts are each disposed in the carriage and
configured for use in subsea inspection.

12 The electromagnetic acoustic transducer scamner assembly of clam 1L
whergin the first and second transducer carts cach comprise & magnet, electromagnetic
acoustic transducer cotl, sea water How-through holes to funnel sea water adjacent the coil;
and 8 non-metallic wear plate.

13 The clectromagnetic acoustic transducer scanper assembly of elaim 11,
comprisiog protective shide plates on the first and second transducer carts

14, The clectromagnetic scoustic transducer scanner assembly of claime 11,
comprising @ metal backing on sach coil.

15, The clectromagnetic acoustic transducer scamner assembly of clam 14,
whergin the metal backing comprises a copper hacking.

te.  The electromagnetic acoustic transducer scanner assembly of clum 1L
wherein the electromagnetic acoustic transdocer transmitter I8 a shear horizontal wave
transducer,

17. The electromagnetic acoustic  transducer of claim 11, wherein  the

electromagnetic avoustic transducer transmitter s configured fo induce Lamb waves in the
subsea object, the Lamb waves being optimized such that 70% of more of the Lamb waves
are tangentisl,

I8, A method of operating a subsea electromagnetic acoustic transdacer scanner
assembly to inspect a subses object, the method comprising:

deplaying the electromagnetic acoustic transducer scanner assembly subsea;

driving the electromagnelic acoustic transducer scanner assembly along the subsea
object 1o be fnapected;

instructing remvotely the electromagnetic acoustic transducer scanner asserbly to
inspect the subsea object; and

collecting subsca inspection data of the subsea object via the clectromagnetic
acoustic ransducer scauner assembly.

19, The method of clabm 18, comprising routing seawater adjacent a sensor of

the electromagnetic acoustic transducer scanner assembly.
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20, The method of clabmy 18, wherein the deploving the electromagnetic acoustic

transducer scanner assembly comprises using & remote operated vehicle,
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