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(57) Abstract: An underwater acoustic sensor assembly includes a housing having an open end and an internal chamber. An acoustic
sensor is positioned within the housing. The acoustic sensor includes a sensing end positioned adjacent to the open end of the hous -
ing. In addition, the underwater acoustic sensor includes an acoustic absorption layer coupled to the housing. The acoustic absorp -
tion layer extends between the housing and the acoustic sensor such that the acoustic sensor is substantially isolated from vibrations
transmitted through the housing. The acoustic absorption layer includes an aperture formed adjacent to the housing open end. The

sensing end of the acoustic sensor is positioned within the aperture.
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SUBSEA MULTIFUNCTIONAL SENSOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent
Application No. 62/152,524 filed April 24, 2015, which is hereby incorporated by

reference in its entirety.
BACKGROUND

[0002] Some subsea exploration and production operations, for example,
oil and gas field operations, involve drilling, and operating, wells to locate and retrieve
hydrocarbons. For many years, some drilling activities have increasingly expanded to
subsea locations where drilling rigs are increasingly positioned at well sites in relatively
deep water. Various types of equipment, e.g., drills, tubing, and pipes, are used at some
well sites to explore the submerged reservoirs. The seafloor, however, is a harsh and
remote environment, and, as such, many activities, such as, drilling operations, for

example, may involve considerable risk of environmental contamination.

[0003] Accordingly, it is common to monitor the safety and efficiency of
the drilling operations. However, it may be difficult to efficiently monitor such activities.
In some operations, the exploration and production equipment is monitored by at least one
sensor. However, because of the transmission of pressure waves in the water, such sensors
may sense changes that are not associated with an area of interest or with the equipment to
which they are intended to monitor. Furthermore, vibrations may be transmitted through
the equipment such that a sensor placed remotely from the source of the vibration may

sense a local vibration, thereby giving an extraneous reading.
BRIEF DESCRIPTION

[0004] In one aspect, an underwater acoustic sensor assembly is provided.
The underwater acoustic sensor assembly includes a housing defining an internal chamber
and having an open end. The underwater acoustic sensor assembly also includes an
acoustic sensor positioned within the housing. The acoustic sensor includes a sensing end
positioned adjacent to the housing open end. In addition, the underwater acoustic sensor

assembly includes an acoustic absorption layer coupled to the housing. The acoustic
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absorption layer extends between the housing and the acoustic sensor. The acoustic sensor
is substantially isolated from vibrations transmitted through the housing. The acoustic
absorption layer includes an aperture formed adjacent to the housing open end. The sensing

end of the acoustic sensor is positioned within the aperture.

[0005] In another aspect, a system for monitoring subsea equipment is
provided. The system includes a directional acoustic sensor assembly coupled to an outer
surface of the subsea equipment. The directional acoustic sensor assembly includes a
housing defining an internal chamber and having an open end and a first longitudinal axis.
The directional acoustic sensor assembly also includes an acoustic sensor comprising a
second longitudinal axis and a sensing end. The acoustic sensor is positioned within the
housing internal chamber such that the second longitudinal axis is substantially parallel to
the first longitudinal axis. In addition, the directional acoustic sensor assembly includes an
acoustic absorption layer that extends between the housing and the acoustic sensor. The
acoustic absorption layer is configured to substantially isolate the acoustic sensor from
acoustic waves. The acoustic absorption layer includes an aperture formed adjacent to the
housing open end and extending about the sensing end of the acoustic sensor. The aperture
is configured to enable acoustic waves to be transmitted to the sensing end of the acoustic
sensor. The system also includes a data processor coupled in electrical communication to
the acoustic sensor assembly by a tether. The data processor is configured to receive and

process data from the acoustic sensor assembly.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects, and advantages of the present
disclosure will become better understood when the following detailed description is read
with reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0007] FIG. 1 is a schematic of an exemplary subsea drilling system for

use in extracting natural gas and/or oil from an underground reservoir;

[0008] FIG. 2 is an enlarged view of an exemplary oil well blowout

preventer (BOP) shown in FIG. 1, illustrating individual acoustic sensors coupled thereto;
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[0009] FIG. 3 is an enlarged schematic section illustrating an exemplary

individual acoustic sensor of FIG. 1 coupled to the BOP;

[0010] FIG. 4 is another embodiment of an exemplary individual acoustic
sensor of FIG. 1, including an acoustically sensitive aperture that is spaced a predefined

distance from the BOP such that a water layer is formed therebetween;

[0011] FIG. 5 is a schematic sectional view of another alternative
individual acoustic sensor that may be used with the subsea drilling system shown in FIG.

1; and

[0012] FIG. 6 is a schematic sectional view of the individual acoustic
sensor shown in FIG. 5, and including a cover having sound/vibration absorptive material

extending over at least a portion of the BOP.

[0013] Unless otherwise indicated, the drawings provided herein are
meant to illustrate features of embodiments of the disclosure. These features are believed to
be applicable in a wide variety of systems comprising at least one embodiments of the
disclosure. As such, the drawings are not meant to include all conventional features known
by those of ordinary skill in the art to be required for the practice of the embodiments

disclosed herein.
DETAILED DESCRIPTION

[0014] The subject matter disclosed herein relates generally to subsea
industrial activities and, in particular, to a subsea multifunctional sensor for monitoring

subsea exploration and production equipment.

[0015] In the following specification and the claims, reference will be

made to a number of terms, which shall be defined to have the following meanings.

[0016] The singular forms “a”, “an”, and “the” include plural references

unless the context clearly dictates otherwise.

[0017] “Optional” or “optionally” means that the subsequently described
event or circumstance may or may not occur, and that the description includes instances

where the event occurs and instances where it does not.
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[0018] Approximating language, as used herein throughout the
specification and claims, may be applied to modify any quantitative representation that
could permissibly vary without resulting in a change in the basic function to which it is
related. Accordingly, a value modified by a term or terms, such as “about”,
“approximately”, and “substantially”, are not to be limited to the precise value specified. In
at least some instances, the approximating language may correspond to the precision of an
instrument for measuring the value. Here and throughout the specification and claims,
range limitations may be combined and/or interchanged; such ranges are identified and

include all the sub-ranges contained therein unless context or language indicates otherwise.

[0019] Generally, the present disclosure provides techniques for
monitoring subsea exploration and production operations. Many types of subsea
exploration and production equipment are used during these exploration and production
operations. To monitor the equipment during these subsea operations, various
measurements may be obtained from the equipment using at least one sensor. Some of
these sensors are acoustic sensors used to monitor the behavior, condition, and operations
of the equipment located on the seafloor. As described more fully below, the disclosed
subject matter relates to a subsea multifunctional sensor that senses acoustic pressure waves
originating from a particular portion of the structure. The sensor converts the pressure
waves into a corresponding electrical output signal. In one embodiment, the sensor is a
directional sensor that is mounted such that its axis of maximum acoustic sensitivity is
directed towards the sound source of interest. To facilitate discriminating the sound sources
of interest, the sensor is encased in a sound/vibration absorptive material, except for an
aperture that is open and is oriented towards the sound source of interest. Thus, the aperture
enables the acoustic waves to pass to the sensor unobstructed, while the sound/vibration
absorptive material around the other portions of the sensor prevents the transmission of the
acoustic waves. In other embodiments, the sound/vibration absorptive material extends over
the structure to facilitate providing a second degree of discrimination against sound sources

originating from the same direction as the sound source of interest.

[0020] Although generally described herein with respect to a subsea
multifunctional sensor or a hydrophone including a piezoelectric sensor element, the
apparatus and systems described herein are applicable to any type or form of subsea

multifunctional sensor. For example, and without limitation, subsea sensors may include
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any sensor having any type of acoustic sensor element, such as, but not limited to,
Langevin & mass loaded elements, piezoelectric composites, low frequency transducers,
echosounder transducers, ultrasonic NDT transducers, and/or other acoustic sensor

elements.

[0021] FIG. 1 is a schematic of an exemplary subsea drilling system 10 for
use in extracting natural gas and/or oil from an underground reservoir 12. In the exemplary
embodiment, a drill 14 is driven through a wellhead 16 on the seafloor 18 from a floating
rig 20 floating at the sea surface 22. Drill 14 extends from floating rig 20 to wellhead 16
through a riser tube 24 that is used to capture the underground oil and/or gas (not shown).
In the exemplary embodiment, an oil well blowout preventer (BOP) 26 is coupled to
wellhead 16. The phrase “oil well blowout preventer” or “BOP”, as used herein, includes
(but is not limited to) a piece of safety equipment used in subsea oil and/or gas drilling to
prevent uncontrolled flow from a well (i.e., a blowout). In the exemplary embodiment,
BOP 26 includes a vertical “stack” that sits atop wellhead 16 on seafloor 18. BOP 26 also
includes a series of hydraulically-actuated shears (not shown) used to seal off wellhead 16
by force in the event of a blowout. It should be noted that BOP 26 is an exemplary
underwater structure. However, the apparatus and systems described herein may be used

with other underwater structures used in subsea exploration and production operations.

[0022] In the exemplary embodiment, subsea drilling system 10 includes a
first acoustic sensor array 28 coupled to BOP 26. Also, as exemplary in FIG. 1, subsea
drilling system 10 includes a second acoustic sensor array 30 positioned remotely from
BOP 26 and a data processor 32 coupled in electrical communication with acoustic sensor
arrays 28 and 30. Each acoustic sensor array 28 and 30 includes at least one individual
acoustic sensor 40 coupled, for example, without limitation, together with arrays 28 and 30.
As exemplary in FIG. 1, each acoustic sensor array 28 and 30 includes three individual

acoustic sensors 40.

[0023] Data collected by arrays 28 and 30 is transmitted to data processor
32 through tethers 34 and 36 for signal processing and analysis. Data processor 32 provides
operators with at least one monitoring capabilities, including, for example, without
limitation: beam-forming, i.e., selective focusing on a desired portion of BOP 26 (even if

no individual sensor is located at the desired portion); source localization, i.e., the

2
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identification of an origin point of a detected sound;, event identification, i.e., the

2

association of a particular acoustic signal with a physical event; and trend identification,

i.e., the identification of acoustic signal changes over time.

[0024] FIG. 2 is an enlarged view of BOP 26 including at least one
individual acoustic sensors 40 coupled to an external surface 42 of BOP 26. More
specifically, in the exemplary embodiment, BOP 26 includes first acoustic sensor array 28
coupled to external surface 42 and second acoustic sensor array 30 positioned remotely
from BOP 26. Moreover, a data processor 44 is positioned anywhere along tethers 34 and
36, including at the site of the equipment being monitored (e.g., proximate to BOP 26)
rather than on floating rig 20, as is shown in FIG. 1. In one embodiment, data processor 44
is coupled to BOP external surface 42. Alternatively, data processor 44 may be coupled
against seafloor 18 (shown in FIG. 1) or to another piece of equipment (not shown) located
proximate to BOP 26. In addition, in the embodiment shown in FIG. 2, a third acoustic
sensor array 46 is coupled to data processor 44. Third acoustic sensor array 46, as well as
any other acoustic sensor arrays that may be included, increase the data collected by first
and second acoustic sensor arrays 28 and 30. In the exemplary embodiment, second
acoustic sensor array 30 is suspended from BOP 26 and is coupled to data processor 44 via

tether 36.

[0025] Moreover, in the exemplary embodiment, subsea drilling system 10
includes at least one individual acoustic sensor 40 (i.e., a sensor that is not part of an array)
coupled to BOP external surface 42 at various locations of interest. In the exemplary
embodiment, each individual acoustic sensor 40 is identical to the acoustic sensors used in
each of acoustic sensor arrays 28, 30, and 46. Each individual acoustic sensor 40, and
acoustic sensor arrays 28, 30, and 46 are coupled to BOP 26 in a variety of ways well
known in the art. For example, and without limitation, in one suitable embodiment,
individual acoustic sensor 40 is coupled to BOP external surface 42 using mechanical
fasteners, such as bolts or magnets, and in such an embodiment, acoustic sensor 40 may
function as a vibration sensor in addition to an acoustic sensor given its rigid attachment to

BOP 26.
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[0026] In the exemplary embodiment, individual sensors 40 are positioned
adjacent to individual components or features (not shown) of BOP 26, such as, for
example, adjacent to a valve, a bearing, and/or a seal, to provide localized detection of
sound and/or vibration originating from the component and to facilitate better localization
of sound origination (e.g., enabling discrimination between two seals that are located close
to one another). In alternative embodiments, at least one individual acoustic sensor 40 may

be positioned remotely from BOP 26 to provide additional input to data processor 44.

[0027] FIG. 3 is an enlarged schematic section illustrating acoustic sensor
assembly 40 coupled to BOP 26. In the exemplary embodiment, acoustic sensor 40 has a
longitudinal axis 48 extending the length of the sensor. Acoustic sensor 40 includes a
sensor unit 50 having a sensing end or an acoustic sensor element 52 that is adjacent to an
open end or a first end 70 of sensor 40. In the exemplary embodiment, sensor element 52 is
a piezoelectric element. Alternatively, sensor element 52 may be any sensor element that
enables acoustic sensor 40 to function as described herein. For example, and without
limitation, sensor element 52 may be a Langevin & mass loaded element, a piezoelectric
composite, a low frequency transducer, an echosounder transducer, an ultrasonic (NDT)
transducer, and/or other acoustic sensor element. In the exemplary embodiment, acoustic
sensor element 52 is electrically coupled to signal conditioning/digitizing electronics, or to
signal processing component 54. Signal processing component 54 processes the raw signal
(not shown) sensed by acoustic sensor element 52 before transmitting it to data processor
32 and/or 44. 1t is contemplated that, in some embodiments, signal processing component
54 may be omitted from individual acoustic sensor 40, and therefore, the signal sensed by

acoustic sensor element 52 may be transmitted directly to data processor 32 and/or 44.

[0028] In the exemplary embodiment, sensor unit 50 includes a cable
entry or electrical penetrator 56 and a cable 58, which in combination enable sensor unit 50
to be electrically coupled to data processor 32 and/or 44. Cable 58 may include, for
example, and without limitation, traditional copper (or other conductive metal) wiring or
fiber-optic cabling. Alternatively, cable 58 may be of any construction that enables the

sensed signal to be transmitted to data processor 32 and/or 44.
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[0029] In the exemplary embodiment, sensor unit 50 is encased in a
sound/vibration absorptive material 60 that facilitates isolating sensor unit 50 from
acoustical waves and vibrations emanating from sound sources that are not of interest. To
facilitate discriminating sound sources of interest, sound/vibration absorptive material 60
includes an acoustically-sensitive aperture 62 located near first end 70 of individual
acoustic sensor 40, such that acoustic sensor element 52 is uncovered by sound/vibration
absorptive material 60 at aperture 62. For example, in one embodiment, aperture 62 is
substantially aligned with sensor first end 70. In an alternative embodiment,
sound/vibration absorptive material 60 may extend from first end 70 of acoustic sensor 40 a
predetermined distance. For example, in one embodiment, material extends between about
5 millimeters (mm) to about 20 mm from end 70, such that aperture 62 is spaced from

acoustic sensor first end 70.

[0030] In the exemplary embodiment, sound/vibration absorptive material
60 is an acoustic absorber material, such as, for example, and without limitation, a syntactic
foam material. Known syntactic foam materials include a micro-sphere or micro-balloon
filled material, such as a cast polyurethane and/or a rubber compound mixture including
small, heavy particles. Alternatively, sound/vibration absorptive material 60 may be any
other acoustic absorber material that enables individual acoustic sensor 40 to function as

described herein.

[0031] Moreover, in the exemplary embodiment, acoustic sensor 40
includes a rigid outer housing 64 that defines an internal chamber sized and oriented to
receive sensor unit 50 and sound/vibration absorptive material 60 therein. As illustrated in
FIG. 3, sensor unit 50 is substantially centered in outer housing 64, sharing the longitudinal
axis 48, such that sound/vibration absorptive material 60 is generally evenly distributed
therein. Also as shown, sensor unit 50 is located adjacent to first end 70 such that acoustic
sensor element 52 is substantially aligned with aperture 62. In an alternative embodiment,
sensor unit 50 may extend from aperture 62 a distance of between about 1 mm to about 10

mm.

[0032] During operation, sound/vibration absorptive material 60 facilitates
isolating sensor unit 50 from sounds and vibrations emanating from locations that are not

generally axially aligned with sensor unit 50 and aperture 62. Without sound/vibration
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absorptive material 60, acoustic pressure waves originating from other sound sources
would couple to sensor unit 50, and propagate as acoustical and/or mechanical waves in
sensor unit 50, thereby causing a motion or acoustic signal output of sensor unit 50.
However, sound/vibration absorptive material 60 and acoustically sensitive aperture 62
cooperate to dampen or discriminate those signals not axially aligned with aperture 62 and
sensor unit 50. This enables acoustic sensor 40 to be precisely positioned to sense sounds

and or vibrations from a specific area of interest on BOP 26.

[0033] As shown in FIG. 3, individual acoustic sensor 40 is coupled to
BOP 26. Outer housing 64 includes at least one flanges 66 used to fasten individual
acoustic sensor 40 to various structures, such as BOP 26. For example, in one embodiment,
acoustic sensor 40 is coupled to BOP 26 using at least one strap 68 extending from outer
housing 64, for example, at flanges 66. In the exemplary embodiment, acoustic sensor 40 is
coupled against BOP 26 such that sensor unit 50 is positioned adjacent to BOP 26. This
enables acoustic sensor 40 to dampen or discriminate sounds and vibrations emanating
from portions of BOP 26 other than those portions directly across from and/or axially

aligned with aperture 62.

[0034] FIG. 4 is an exemplary embodiment of an alternate individual
acoustic sensor 72, including an acoustically-sensitive aperture 62 and an end portion of
sound/vibration absorptive material 60 that is spaced from BOP 26 such that a cavity 74 is
defined. Water extends within cavity 74, between BOP 26 and sensor unit
50/sound/vibration absorptive material 60. In the exemplary embodiment, components of
acoustic sensor 74 that are identical to components of acoustic sensor 40 (shown in FIG. 3)
are referenced using the same reference numerals used in FIG. 3. By extending outer
housing 64 outward beyond a plane of aperture 62, only outer housing 64 is rigidly coupled
to BOP 26 and sensor unit 50 is spaced from BOP 26. Moreover, unit 50 is only coupled to
BOP 26 via the water extending within the cavity 74 and sound/vibration absorptive
material 60. As such, water filled cavity 74 facilitates reducing acoustic sensor 72 from
being influenced by, i.e., responding to and/or coupling to, shear waves propagating along

BOP 26, as water cannot couple to shear waves.
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[0035] FIG. 5is a schematic sectional view of another alternative acoustic
sensor 80 that may be used with subsea drilling system 10 shown in FIG. 1. Corresponding
reference characters indicate corresponding parts throughout the several views of FIGS. 3—
5. In the exemplary embodiment, acoustic sensor 80 includes longitudinal axis 48
extending the length of the sensor. Acoustic sensor 80 includes sensor unit 50 having an
acoustic sensor element 52 that is adjacent to first end 70 of acoustic sensor 80. In the
exemplary embodiment, sensor element 52 is electrically coupled to signal processing
component 54. In addition, acoustic sensor 80 includes a motion sensor 82 that senses
motion of acoustic sensor 80. Motion sensor 82 includes, for example, and without

limitation, an accelerometer, a velocity sensor, a geophone, and/or other motion sensors.

[0036] In the exemplary embodiment, motion sensor 82 is rigidly coupled
to outer housing 64. As illustrated in FIG. 5, motion sensor 82 is encased in
sound/vibration absorptive material 60, other than at the connection location between outer
housing 64 and motion sensor 82. Because outer housing 64 is rigidly coupled to BOP 26,
any motion of BOP 26 is sensed by motion sensor 82. Thus, mechanical motion of BOP 26
is registered by acoustic sensor 80. While motion sensor 82 is capable of registering lateral
motion and/or resolving motion in three perpendicular directions, the bandwidth of motion
sensor 82 is limited in comparison to the bandwidth of sensor unit 50. Thus, the
combination of sensor unit 50 and motion sensor 82 in acoustic sensor 80 facilitates

providing increased overall registration of movements of BOP 26.

[0037] In the exemplary embodiment, due to prolonged underwater
submergence, acoustic sensor 80 includes a hermetically sealed electrical penetrator 56.
Electrical penetrator 56 is a glass to metal seal and is coupled to a pressure balanced, oil-
filled (PBOF) coupling 84 configured to couple to PBOF cable 58. The PBOF cable
arrangement facilitates increasing cable life due to individual strands of the cable being
soaked in oil to reduce pressure against adjacent strands. It is noted that PBOF cable 58
may couple a plurality of acoustic sensors together into acoustic sensor arrays 28 and 30,
and may operate as tethers 34 and 36. In the exemplary embodiment, motion sensor 82
includes a hermetically sealed electrical penetrator (not shown) and is coupled to PBOF
coupling 84 via a PBOF cable 86. PBOF cable 86 facilitates flexibly coupling sensor unit

50 to motion sensor 82.
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[0038] The sensor embodiments illustrated in FIGS. 3-5 facilitate
reducing the sensing of acoustic pressure waves to those pressure waves originating from
locations that are generally axially aligned with the sensor unit and the aperture. The
alternative embodiment illustrate din FIG. 6, however, further reduces the sensing of

acoustic pressure waves.

[0039] FIG. 6 is a schematic sectional view of acoustic sensor 80 for use
with subsea drilling system 10 shown in FIG. 1. Acoustic sensor 80 includes a cover 88
having sound/vibration absorptive material 60 extending over at least a portion of BOP 26.
While exemplary with individual acoustic sensor 80, it is understood that cover 88 may be

used with each of the embodiments of the individual acoustic sensor described herein.

[0040] In the exemplary embodiment, cover 88 is coupled to, and extends
about, at least a portion of BOP 26 to facilitate isolating sensor unit 50 from acoustic waves
and vibration emanating away from the area of interest on BOP 26. Housing 88 includes
sound/vibration absorptive material 60 therein and is configured to couple rigidly against
BOP 26 and individual acoustic sensor 80. This facilitates providing an additional level of
damping or discrimination of acoustic pressure waves originating in the same axial
direction as the sound source of interest. In particular, providing housing 88 with
sound/vibration absorptive material 60 extending over BOP 26 facilitates enclosing sensor
unit 50 and an area of interest of BOP 26 in a sound absorbing sheath, thereby reducing
acoustic pressure waves and/or vibrations from being sensed by sensor unit 50 other than
those acoustic pressure waves emanating from area of interest of BOP 26 and axially

aligned with the aperture 62.

[0041] The apparatus and systems described herein enable acoustic
pressure waves originating from localized mechanical structures to be sensed and
converted into corresponding electrical output signals. Sources of sound emanating from
areas not of interest are damped or discriminated by isolating the acoustic sensor and
focusing its sensing area via an acoustically sensitive aperture. To facilitate discriminating
the sound sources of interest, the acoustically sensitive portion of the sensor is encased in a
sound/vibration absorptive material, except for an aperture oriented towards the sound
source of interest. Moreover, extending the sound/vibration absorptive material over the

structure containing the sound source of interest and the sensor facilitates providing a
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second degree of discrimination against sound sources originating from the same direction
as the sound source of interest. This facilitates focusing the sensing of acoustic waves to a
particular area of interest while minimizing sensed acoustic waves emanating from other

portion of the structure.

[0042] The apparatus and systems described herein are not limited to the
specific embodiments described herein. For example, components of each system may be
utilized independently and separately from other components described herein. For
example, the systems may also be used in combination with other acoustic sensing systems,
and are not limited to practice only with the oil and gas industry as described herein.
Rather, the exemplary embodiment may be implemented and utilized in connection with

many other applications and industries.

[0043] Although specific features of wvarious embodiments of the
disclosure may be shown in some drawings and not in others, this is for convenience only.
In accordance with the principles of the disclosure, any feature of a drawing may be

referenced and/or claimed in combination with any feature of any other drawing.

[0044] This written description uses examples to disclose the systems
described herein, including the best mode, and also to enable any person skilled in the art to
practice the disclosure, including making and using any devices or systems and performing
any incorporated methods. The patentable scope of the disclosure is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal language of the claims.

[0045] While the disclosure has been described in terms of various
specific embodiments, those skilled in the art will recognize that the disclosure may be

practiced with modification within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:
1. An underwater acoustic sensor assembly comprising:

a housing defining an internal chamber and comprising an open end and

an internal surface;

an acoustic sensor positioned in said housing internal chamber and

comprising a sensing end adjacent to said housing open end; and

an acoustic absorption layer coupled to said internal surface and to said
acoustic sensor, said acoustic absorption layer extends between said housing and said
acoustic sensor such that said acoustic sensor is substantially isolated from vibrations
transmitted through said housing, said acoustic absorption layer comprising an aperture
formed adjacent to said housing open end, said sensing end of said acoustic sensor is

within said aperture.

2. The underwater acoustic sensor assembly in accordance with
Claim 1, wherein said acoustic sensor comprises one of a piezoelectric element, a mass
loaded element, a low frequency transducer, an echosounder transducer, and an

ultrasonic transducer.

3. The underwater acoustic sensor assembly in accordance with
Claim 1 further comprising a signal processing component positioned in said housing

and electrically coupled to said acoustic sensor.

4, The underwater acoustic sensor assembly in accordance with
Claim 1, wherein said housing further comprises a flange configured to couple said

underwater acoustic sensor assembly to a second component.

5. The underwater acoustic sensor assembly in accordance with
Claim 1, wherein said acoustic absorption layer aperture is substantially aligned with

said housing open end.

6. The underwater acoustic sensor assembly in accordance with
Claim 1, wherein said acoustic absorption layer extends outward from said internal

chamber a predetermined distance beyond said housing open end.
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7. The underwater acoustic sensor assembly in accordance with
Claim 1, wherein said acoustic absorption layer is spaced inwardly from said housing
open end a predetermined distance in said internal chamber defining a cavity between

said housing open end and said acoustic absorption layer.

8. The underwater acoustic sensor assembly in accordance with
Claim 1 further comprising a motion sensor configured to sense motion of said

underwater acoustic sensor assembly.

9. The underwater acoustic sensor assembly in accordance with
Claim 8, wherein said motion sensor is positioned within said internal chamber and is

rigidly coupled to said housing.
10. A system for monitoring subsea equipment, said system comprising:

a directional acoustic sensor assembly coupled to an outer surface of the

subsea equipment, said directional acoustic sensor assembly comprising:

a housing defining an internal chamber and comprising an open

end and a first longitudinal axis;

an acoustic sensor positioned in said housing internal chamber and
comprising a second longitudinal axis and a sensing end, wherein said second

longitudinal axis is substantially parallel to said first longitudinal axis; and

an acoustic absorption layer that extends between said housing and
said acoustic sensor, said acoustic absorption layer configured to substantially
isolate said acoustic sensor from acoustic waves, said acoustic absorption layer
comprising an aperture formed adjacent to said housing open end and extending
about said acoustic sensor sensing end, said aperture configured to enable

acoustic waves to be transmitted to said sensing end of said acoustic sensor; and

a data processor coupled in electrical communication to said acoustic
sensor assembly by a tether, said data processor configured to receive and process data

received from said directional acoustic sensor assembly.
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1. The system for monitoring subsea equipment in accordance with
Claim 10, wherein said directional acoustic sensor assembly is coupled to the outer
surface of the subsea equipment using at least one of the following: mechanical

fasteners, magnetic coupling, and straps.

12. The system for monitoring subsea equipment in accordance with
Claim 10, wherein said directional acoustic sensor assembly further comprises a signal
processing component positioned within said housing and electrically coupled to said

acoustic sensor.

13. The system for monitoring subsea equipment in accordance with
Claim 10, wherein said directional acoustic sensor assembly further comprises a

pressure balanced, oil-filled coupling.

14. The system for monitoring subsea equipment in accordance with
Claim 13, wherein said acoustic sensor further comprises a hermetically sealed electrical

penetrator coupled to said pressure balanced, oil-filled coupling.

15. The system for monitoring subsea equipment in accordance with
Claim 13, wherein said tether is a pressure balanced, oil-filled cable coupled to said data

processor and said pressure balanced, oil-filled coupling.

16. The system for monitoring subsea equipment in accordance with
Claim 10, wherein said directional acoustic sensor assembly further comprises a motion

sensor configured to sense motion of said directional acoustic sensor assembly.

17. The system for monitoring subsea equipment in accordance with
Claim 16, wherein said motion sensor is positioned within said housing internal chamber

and is rigidly coupled to said housing.

18. The system for monitoring subsea equipment in accordance with
Claim 16, wherein said motion sensor is coupled in electrical communication to a

pressure balanced, oil-filled coupling of said directional acoustic sensor assembly.
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19. The system for monitoring subsea equipment in accordance with
Claim 10, wherein said acoustic sensor comprises one of a piezoelectric element, a mass
loaded element, a low frequency transducer, an echosounder transducer, and an

ultrasonic transducer.

20. The system for monitoring subsea equipment in accordance with
Claim 10, wherein said housing further comprises a flange configured to couple said

directional acoustic sensor assembly to the subsea equipment.
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