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57 ABSTRACT

A distributed acoustic wave detection system and method is
provided. The system may include a fiber optic cable
deployed in a well and configured to react to pressure changes
resulting from a propagating acoustic wave and an optical
source configured to launch interrogating pulses into the fiber
optic cable. In addition, the system may include a receiver
configured to detect coherent Rayleigh noise produced in
response to the interrogating pulses. The CRN signal may be

(21) Appl. No.: 12/611,952 use to track the propagation of the acoustic wave in the well.
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DISTRIBUTED ACOUSTIC WAVE
DETECTION

[0001] This application claims the benefit of co-pending
U.S. Provisional Application Ser. No. 61/111,916, entitled,
“DISTRIBUTED ACOUSTIC WAVE DETECTION;” filed
on Nov. 6, 2008, which is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

[0002] The present invention relates generally to the detec-
tion of acoustic waves in downhole applications, and more
particularly to fiber optic detection of acoustic waves.

BACKGROUND

[0003] The propagation of guided acoustic waves, such as
Stoneley waves and pressure waves in structures, such as
pipes or other conduits, is known. In the field of hydrocarbon
production, guided acoustic waves have been used for acous-
tic logging. In accordance with one implementation of acous-
tic logging, an acoustic tool having an acoustic source and one
ormore acoustic receivers (e.g., hydrophones) is lowered into
the borehole. At each depth, the source emits acoustic waves,
usually over a range of carrier frequencies. The time of arrival
of'these waves at the receivers is interpreted to provide infor-
mation about the formation surrounding the borehole. This
may be accomplished, for example, by examining the propa-
gation velocity of the acoustic waves and the manner in which
that velocity varies with the carrier frequency. The attenua-
tion of the acoustic waves may also be considered, again as a
function of frequency. While this technique may provide a
host of information regarding the formation, it is an intrusive
and extremely time consuming technique.

[0004] Another type of measurement that has been con-
ducted with guided acoustic waves in the field of hydrocarbon
production involves launching pressure pulses from the sur-
face into the wellbore and observing the time-dependence of
the returned acoustic energy. While this technique can pro-
vide information about average acoustic velocity or the loca-
tion of obstructions in the well (e.g., the position of a cement
plug or the state of a valve), it requires prior knowledge
regarding the properties of the fluid in the well and/or cali-
bration of the wave velocity for the conversion of reflection
time to distance along the wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Certain embodiments of the invention will hereafter
be described with reference to the accompanying drawings,
wherein like reference numerals denote like elements. It
should be understood, however, that the accompanying draw-
ings illustrate only the various implementations described
herein and are not meant to limit the scope of various tech-
nologies described herein. The drawings are as follows:
[0006] FIG. 1 is a schematic illustration of an exemplary
distributed acoustic wave detection system employed in a
cased wellbore, where the sensing cable is placed within the
borehole, according to an embodiment of the present inven-
tion;

[0007] FIG. 2 is a schematic illustration of an exemplary
distributed acoustic wave detection system employed in a
cased wellbore with a sensing cable cemented behind the
casing, according to an embodiment of the present invention;
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[0008] FIG. 3 is a schematic illustration of an exemplary
distributed acoustic wave detection system employed in a
cased wellbore, where the sensing cable has been attached to
the production tubing, according to an embodiment of the
present invention;

[0009] FIG. 4 is a schematic illustration of an exemplary
distributed acoustic wave detection system employed in a
well in which a sensing cable has been placed within the
production tubing, according to an embodiment of the present
invention; and

[0010] FIG. 5 is a schematic illustration of an exemplary
distributed acoustic detection system according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0011] In the following description, numerous details are
set forth to provide an understanding of the present invention.
However, it will be understood by those skilled in the art that
the present invention may be practiced without these details
and that numerous variations or modifications from the
described embodiments may be possible.

[0012] In the specification and appended claims: the terms
“connect”, “connection”, “connected”, ““in connection with”,
and “connecting” are used to mean “in direct connection
with” or “in connection with via another element”; and the
term “set” is used to mean “one element” or “more than one
element”. As used herein, the terms “up” and “down”,
“upper” and “lower”, “upwardly” and downwardly”,
“upstream” and “downstream”; “above” and “below”; and
other like terms indicating relative positions above or below a
given point or element are used in this description to more
clearly describe some embodiments of the invention.

[0013] In an embodiment of the invention, acoustic events
along an elongate structure may be directly tracked through
the use of a distributed sensor that detects a guided acoustic
wave propagating along the structure. By using a distributed
sensor, the velocity of the acoustic waves can be directly
measured as a function of position along the elongate struc-
ture and elapsed time. This type of detection allows charac-
teristics of the fluid in the structure and characteristics of the
medium surrounding the structure to be determined. When
the structure is a conduit (such as a pipe) that contains a fluid,
the speed of an acoustic wave propagating along the structure
is dependent on both the acoustic velocity of the fluid con-
tained in the structure and the flow velocity of the fluid itself.
Thus, by understanding the speed of propagation of acoustic
events, information regarding the properties and the flow rate
of the fluid may be derived, as well as information about the
conduit itself. Yet further, in hydrocarbon well applications,
the attenuation of the acoustic wave as a function of fre-
quency, and the dispersion of the waves, is known to be
affected by the properties of the formation surrounding the
wellbore. Thus, information about the formation itself may
also be derived from acoustic waves.

[0014] For example, for a guided acoustic wave propagat-
ing along an elongate structure, the time of arrival of the wave
at each position along the structure can provide a direct mea-
sure of the group velocity of the wave. In addition, where the
acoustic wave is narrow-band, the acoustic wavelength is a
direct measure of phase velocity. Yet further, the group veloc-
ity dispersion may be measured, for example, by launching
successive narrow-band acoustic pulses of varying central
(carrier) frequency and observing the variation of transit time
as a function of carrier frequency. At those frequencies where
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the acoustic wave is influenced by the properties of the for-
mation outside the borehole, the attenuation of the wave is
related to the viscosity of the fluid permeating the rock.
[0015] Accordingly, embodiments of the invention may
comprise a method for monitoring properties of an elongate
structure, properties of the fluid in that structure, the velocity
of the fluid in the structure, and/or the properties of the
medium surrounding the structure by placing at least a dis-
tributed acoustic sensor along a length of the structure, cre-
ating one or more guided acoustic wave events (e.g. pressure
pulses), tracking the progress of these waves along the struc-
ture using at least the distributed acoustic sensor information,
and determining from the latter, information on the fluid (such
as its composition and/or velocity) and the structure itself
(such as changes in diameter, roughness etc.) and/or informa-
tion on the acoustic properties of the medium surrounding the
structure. In some embodiments of the invention, the distrib-
uted acoustic sensor is a fiber optic cable and may be either a
single-mode fiber or a multi-mode fiber depending on the
particular application in which the distributed acoustic sensor
is employed.

[0016] As previously noted, embodiments of the invention
may be directed to elongate structures containing a fluid that
one is interested in monitoring. Examples of such structures
include, but are not limited to, wells for production of hydro-
carbons, injection wells for improving hydrocarbon recovery,
geothermal wells for energy extraction or storage, CO2
sequestration, pipelines and flowlines, sewers, water/gas
mains and also more complex structures, such as umbilicals
containing fluid-filled pipes or oil-insulated or gas-insulated
electrical power transmission lines, and superconducting
cables containing cryogenic coolant fluids. Embodiments of
the invention may also be applicable to the monitoring of
acoustic waves in solid structures.

[0017] Inembodiments of the invention that are employed
in the hydrocarbon production environment, the elongate
structure may be a wellbore, which may be viewed as an
acoustic waveguide along which acoustic waves propagate,
and the distributed acoustic sensor may be placed in the
wellbore. The wellbore may be cased and, if the well is
completed, may include production tubing. In such embodi-
ments, the distributed sensor may be placed inside the well-
bore or the production tubing, for example using an interven-
tion conveyance (e.g. slickline, wireline, coil tubing, among
others) or a more permanent means, such as stinger tube
lowered into the wellbore or tubing. In completed wells, the
distributed sensor may be positioned proximate the produc-
tion tubing, either in the interior of the tubing or proximate or
coupled to the exterior surface of the tubing. Depending on
the application, the contents of the wellbore (or production
tubing) could be a fluid, but could also be (or become) solid
(e.g. a cement curing or a wax soliditying in the wellbore).

[0018] Inone illustrative embodiment, a distributed acous-
tic sensor may be coupled acoustically to an elongate struc-
ture, either inside the structure or attached to the outside of the
structure, or in some cases, disposed some distance away
from the structure. In hydrocarbon production applications,
the elongate structure may be a wellbore, a cased wellbore
and/or a production tubing in a completed well. For example,
FIG. 1 illustrates a well 100 in which a distributed sensor 102
is deployed within a wellbore 106, which, in this instance,
includes a casing 104. The wellbore 106 extends from a
surface 112 into a surrounding formation 110. In this
example, the sensor 102 may be deployed within the wellbore
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106 using known methods for conveying cables into well-
bores, such as slickline containing an optical fiber, or coil
tubing containing an optical fiber, or a wireline cable with
integrated optical fibers, or coil tubing in which an optical
fiber is pumped into location within the coil tubing, among
other methods. Alternatively, in FIG. 2, the distributed sensor
102 is deployed behind the casing 104 of the wellbore 106.
The distributed sensor 102 in this example may be deployed
with (and possibly attached to) the casing 104 as it is lowered
into the wellbore 106. The casing 104 may be cemented in
place when the gap between the borehole 106 and the casing
104 is filled with cement 108.

[0019] Another method for acoustically coupling the dis-
tributed sensor 102 to an elongate structure may comprise
attaching the sensor 102 to the outside of a production tubing
114, such as illustrated in FIG. 3. Alternatively, a hydraulic
control line (e.g., typically ¥4" OD stainless steel or other
corrosion-resistant alloy, among others) may be coupled to
the outside of the production tubing 114 and the distributed
sensor 102 may be deployed within the control line.

[0020] In embodiments in which the wellbore 106 is cased
with casing 104 and completed with a production tubing 114,
and as illustrated in FIG. 4, intervention-type deployment
methods may be employed to deploy the distributed sensor
102 within the production tubing 114.

[0021] In any of these embodiments, an acoustic source
system 116 may generate the guided acoustic waves by, for
instance, lowering a device 118 on a conveyance (e.g. slick-
line, coil tubing, or wireline, among others) into the wellbore
104 or production tubing 114. The acoustic source system
116 and device 118 may be configured to generate acoustic
waves of a predetermined kind. For instance, the acoustic
wave may be a broad band pulse, such as may be produced by
abruptly opening an empty cavity to the wellbore (possibly by
an implosion, or an evacuated cavity). Alternatively, the
acoustic wave may be a specific acoustic waveform emitted
by a sonic transducer. As another example, in a hydrocarbon
production application, the acoustic source may be a down-
hole measurement while drilling (MWD) tool that is incor-
porated into a drill string and which causes pressure changes
in the drilling mud used during drilling operations. Any
acoustic source that provides a suitable acoustic signal for the
particular application may be used and embodiments of the
invention should not be limited to the illustrative examples
described herein.

[0022] As previously discussed, the distributed acoustic
sensor element 102 may be an optical fiber, generally encased
in a protective layer. In some embodiments, the optical fiber
may be loosely disposed within a control line strapped to the
outside of the production tubing 114 to detect the acoustic
wave propagating along the production tubing 114. In other
embodiments, a stronger detection signal may be obtained by
tightly coupling the optical fiber 102 to the tubing 114, for
example by placing it within a tight jacket and within a solid
(i.e. with negligible gaps) cable. In such embodiments, the
cable may be filled with an acoustic-matching medium, e.g.,
a gel, and strapped at sufficiently frequent intervals to the
production tubing 114. Alternatively, the cable may be
attached to the production tubing 114 with some form of
adhesive or adhesive tape to ensure a reliable contact between
the cable and tubing 114. In some embodiments, the cable
may have a compliant coating to enhance the transmission of
pressure waves to the optical fiber.
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[0023] Incertain well completions, it may be advantageous
to place the optical cable 102 behind the well casing 104,
where the optical cable 102 can be cemented in place to
ensure a good acoustic contact with both the casing 106 and
the formation 110.

[0024] Inexemplary embodiments, the distributed acoustic
sensor 102 may be an optical fiber. In such embodiments,
monitoring of the guided acoustic waves may be based on
coherent Rayleigh backscatter in which a pulse of coherent
light is launched into a fiber and returned light is analyzed.
For incoherent illumination, the returned light as a function of
elapsed time since the launching of the probe pulse takes the
form of a generally decaying waveform, the rate of decay
being indicative of the loss in the optical fiber, with occasion-
ally small features due to imperfections of the fiber, such as
diameter variations or axial changes in the refractive index.
However, with coherent illumination, the backscatter wave-
form is additionally modulated by a multi-path interference
that occurs between the light re-radiated by each scattering
element. This modulation of the normally slow backscatter
signal is random (i.e., it depends on the relationship between
the optical source frequency and the spatial distribution of the
scatterers in each elemental section of fiber), but stable. If the
fiber is disturbed by an acoustic wave, for example, the modu-
lation of the backscattered signal is varied in the vicinity of
the disturbance. Such variations of the backscattered signal
may be analyzed to detect events of a specified level and
classified to determine the nature of the disturbance. The
coherent Rayleigh backscatter is sometimes referred to as
“coherent Rayleigh noise” (CRN).

[0025] In some embodiments, rather than employ a fully
distributed sensing fiber, an array of discrete reflectors instead
may be inserted into the fiber 102. For instance, in one
embodiment, the reflectors may be fiber Bragg reflectors
inscribed by side-illumination with a UV interference pat-
tern. The fiber section between each reflector then becomes a
low reflectivity Fabry-Perot étalon and the fiber then com-
prises an array of such étalons, forming an interferometric
sensor array that can be interrogated with a variety of methods
known in the field of optical fiber sensing. While the array
approach is more costly than the fully distributed one, the
stronger reflectivity of the discrete reflectors, as compared for
the Rayleigh backscatter, improves the signal-to-noise ratio
and thus allows weaker acoustic signals to be detected. There-
fore, which of these techniques is employed will depend on
the particular application in which it is implemented and
specifically on the anticipated acoustic signal strength as
measured at the sensing optical fiber 102. Although, the ter-
minology “distributed acoustic sensor” is used throughout
this description, it is understood to also include arrays of
fiber-optic acoustic sensors.

[0026] Theuseofadistributed acoustic sensor 102 to moni-
tor guided acoustic waves may be particularly advantageous
in hydrocarbon production. Specifically, by acoustically cou-
pling a distributed acoustic sensor 102 to the wellbore, well-
bore casing, and/or production tubing and causing guided
acoustic waves to be propagated along that structure, the
velocity ofthese waves can be directly measured as a function
of'location along the structure and elapsed time. This allows
a number of properties of the fluid in the well 100 and the
surrounding formation 110 to be better determined. In addi-
tion, a distributed sensor 102 may be relatively well-suited for
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time-lapse monitoring of change in impedance profile due to
movement of an entrained object or a change in fluid proper-
ties.

[0027] For example, the time of arrival at each location
along the structure 124 (see F1G. 5) provides a direct measure
of'the group velocity of the acoustic wave. In addition, where
the wave is narrow-band, the acoustic wavelength is a direct
measure of the phase velocity. Furthermore, the group veloc-
ity dispersion may be measured, for example, by launching
successive narrow-band pulses of varying central (carrier)
frequency and observing the variation of transit time as a
function of carrier frequency. At those frequencies where the
wave is influenced by the properties of the formation outside
the wellbore, the attenuation of the wave is related to the
viscosity of the fluid permeating the rock.

[0028] In some embodiments, the interrogation of the
acoustic sensing fiber 102 may be conducted from a conve-
nient location, such as at the surface 112, for terrestrial appli-
cations, in a control room using an interrogation system 120
(see FIGS. 1-4). FIG. 5 illustrates an exemplary embodiment
of an interrogation system 120 that may be used with the
optical fiber 102 for the CRN measurement. System 120
includes an optical source 122 that generates an optical sig-
nal, such as an optical pulse, for interrogating the fiber optic
sensor 102, which is acoustically coupled to an elongate
structure 124. In some embodiments, the optical source 122
may comprise a narrowband laser (e.g., a fiber distributed
feedback laser) followed by a modulator 126 that selects short
pulses from the output of the laser. Optionally, an optical
amplifier may be used to boost the peak power of the pulses.
In some embodiments, this amplifier may be placed after the
modulator 126. The amplifier may also be followed by a filter
for filtering in the frequency domain (by means of'a band-pass
filter) and/or in the time domain (by means of a further modu-
lator).

[0029] The pulses emitted from the optical source 122 may
be launched into the optical fiber 102 through a directional
coupler 128, which separates outgoing and returning signals
and directs the latter to an optical receiver 130. The direc-
tional coupler 128 may be in bulk optic form (as illustrated)
using a beamsplitter, or it may comprise a fiber-optic coupler,
a circulator, or a fast switch (e.g. an electro-optic or acousto-
optic switch).

[0030] The backscattered optical signal returned from the
sensing fiber 102 in response to the interrogating pulses may
be detected and converted to an electrical signal at the receiver
130. This electrical signal may be acquired by a signal acqui-
sition module 132 (e.g., an analog to digital converter) and
then transferred to a signal processing module 134 (e.g., a
microprocessor, microcontroller, digital signal processor,
computer, etc.). In some embodiments, the signal processing
module 134 analyzes the waveforms received to determine, at
each location along the fiber 102, where the signal is chang-
ing. In addition, the signal processing module 134 may inter-
pret this change in terms of acoustic waves modulating the
backscatter return of the fiber 102.

[0031] More specifically, the backscatter signal (including
the CRN) produced in response to the interrogating pulses is
directed to the optical receiver 130. At any given time T (i.e.,
corresponding to a particular distance along the fiber 102) the
electric field arriving at the receiver 130 is the vector sum of
all the electric fields generated by all the scatterers within the
length of fiber 102 that was occupied by the launched pulse at
time T/2. The relative phase of these scatterers, dependent on
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the laser wavelength and distribution of the scatterers, deter-
mines whether the signals from these scatterers sum to a large
absolute value (constructive interference) or essentially can-
cel each other out (destructive interference).

[0032] In an exemplary embodiment, the receiver 130
includes a detector that responds to optical power (as opposed
to an electric field) and thus has a square-law response in
terms of electric field. Thus, as the fiber 102 is disturbed by
the passing acoustic waves, the optical fiber 102 is strained by
these waves if they couple to the fiber 102. A strain on the fiber
102 changes the relative position between the scattering cen-
ters by simple elongation of the fiber 102. The strain also
changes the refractive index of the glass of the fiber 102. Both
of these effects alter the relative phase of the light scattered
from each scattering center. As a result, the interference sig-
nal in the disturbed region is varied by modulation of the
length of the optical fiber 102, since an interference signal
that may have been constructive (i.e., the scattering from each
center was roughly in-phase, their electric fields sum to a
large value) is now destructive (i.e., the relative phase of the
scattered signals from each reflector sum to a small electric
field amplitude).

[0033] The foregoing description of the detection of the
CRN signals illustrates one embodiment in which the light
from a single pulse undergoes direct detection. Other embodi-
ments may launch optical pulses at two frequencies, the scat-
ter from which mix at the square-law detector in receiver 130
to yield a signal at a beat frequency. In yet other implemen-
tations, the backscatter may be passed through a compensat-
ing interferometer, which causes backscattered light to inter-
fere with the backscatter from another section of fiber
separated from the original backscattered light by a distance
equal to half the path imbalance of the compensating inter-
ferometer. A further variant is the use of coherent detection
where the backscatter signal is mixed with a sample of the
narrowband optical source, usually referred to as the “local
oscillator.” This coherent detection technique provides a low-
noise method of detecting the signal since the signal reaching
the detector is the product of the electric fields of the local
oscillator and backscatter signals and the former may be
selected to be sufficiently strong so that the resulting mixed
signal dominates the noise at the receiver input.

[0034] Regardless of the particular technique imple-
mented, the electrical signals emerging from the receiver 130
may be processed to detect the passage of the acoustic wave
and possibly to determine the relative time of the acoustic
wave’s passage at different locations along the structure 124,
and possibly the acoustic wave’s spectral content. One way to
achieve these results is to pass the signal to an analog-to-
digital converter in the signal acquisition unit 132 and thereby
digitize the receiver output for each probe pulse and with
sufficient time resolution to be able to track the acoustic wave.
Signals from a set of probe pulses, but all corresponding to a
single location along the structure 124, may be combined into
a single waveform that can be analyzed for spectral content,
for example by means of a Fourier transform. The time of
arrival of the acoustic signal may be determined by a number
of'estimation techniques, for example by determining the first
moment of a signal corresponding to the deviation of the
signal from its quasi-static mean value. The phase velocity
may be determined by comparing the time of pre-determined
parts (for example the zero-crossing time) of the acoustic
waveform at successive locations along the structure 124, or
by extracting a phase estimate from the Fourier transform and
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determining the partial derivative of phase versus the position
along the structure. The attenuation of various frequency
components may be determined, for example, by comparing
acoustic spectra obtained at varying distances from the source
of'the acoustic signal.

[0035] The propagation velocity of acoustic tube waves in
awellbore is determined primarily by the acoustic velocity in
the wellbore, especially at a frequency sufficiently low that
the ratio of acoustic wavelength to conduit diameter (e.g.,
tubing diameter, casing diameter, wellbore diameter, as the
case may be) is substantially greater than one. The measure-
ment of the velocity of the acoustic tube waves at low fre-
quency thus provides a measure of sound velocity in the fluid
within the conduit and therefore, with certain constraints, of
the fluid composition. For example, if a hydrocarbon well is
known (e.g., such as from surface measurements) to be pro-
ducing a mixture of water and oil, the measurement of acous-
tic wave velocity as a function of location along the well will
allow the water/oil ratio to be determined as a function of well
depth (knowing the acoustic velocity in oil and water). In turn,
this provides the production engineer with the knowledge of
where the water is entering the well, which can be used to
optimize the well performance.

[0036] With this knowledge, remedial actions, such as pre-
venting production from water-producing zones, or reducing
the flow rate to avoid coning, or controlling the injection
profile that supports the production, may be employed to
produce oil preferentially to water. Relationships between
“NMD” (i.e., the ratio of the acoustic wavelength to the conduit
inner diameter) and “v/c” (i.e., the ratio of the phase velocity
of the acoustic wave to that of sound in the bulk fluid within
the wellbore) may be known and tend to a constant value
(dependent on the densities of the fluid and the conduit wall
and the acoustic velocity in the fluid, and the shear wave
velocity in the conduit wall) at low frequency.

[0037] However, other waves, relating to the propagation of
shear waves and compressional waves in the wall of the
structure 124 and in the medium surrounding the structure
124 are also propagated as higher order modes of the acoustic
waveguide. In certain types of completions, these waves may
be detected using a distributed acoustic sensor. These waves
can provide information on the formation properties.

[0038] Another application of the techniques described
here is to monitor a variety of chemical reactions in the
wellbore 106. For example, a sensor straddling the region
where cement is setting may determine a change in the acous-
tic transmission caused by the setting of the cement. In addi-
tion, where the acoustic pulses are transmitted from the sur-
face, the nature of the reflection from the cement/well fluid
interface will change as the cement cures.

[0039] The same approach can be used to detect the solidi-
fication of the fluid in a pipe, such as waxing or hydrate
formation in subsea pipelines, or the solidification of fluids
transported in surface pipelines, such as sulfur or plastics.
[0040] Thetechniques described herein may also beused to
detect mud pulse telemetry signals from a remote downhole
drilling and MWD/LWD (“measurement-while-drilling/log-
ging-while-drilling”) tool. In general, the mud pulse signals
are degraded by transmission through the wellbore and suffer
from reflections at interfaces in pipe size, as well as from the
effects of surface noise (mud pumps and other machinery on
the rig floor). Thus, in such embodiments, the fiber sensing
cable 102 may be cemented behind the upper section of the
casing 104, or attached to a drilling riser in a subsea well
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application and used to detect the acoustic waves traveling
towards the surface, or lowered into the wellbore during drill-
ing operations and used to detect mud-pulse signals from a
remote tool which acts as the acoustic source. In such mud-
pulse telemetry applications, the techniques described herein
may improve the mud pulse signals not only by detecting the
signals closer to their source, but also by enabling the entire
data set obtained from the measurement to be processed
coherently. As a result, signals traveling in each direction may
be separated and summed, thus providing a signal processing
gain of signal strength, while also allowing for rejection of
waves traveling in the opposite direction. For instance, the
deployment of a distributed acoustic sensor in such applica-
tions will allow for discrimination of noise from surface
machinery, pumps, etc.

[0041] The techniques described herein also may be par-
ticularly useful in monitoring acoustic waves in zones that are
hydraulically isolated from the shallow parts of the well, e.g.
in zones beneath a packer or bridge-plug.

[0042] While the invention has been disclosed with respect
to a limited number of embodiments, those skilled in the art,
having the benefit of this disclosure, will appreciate numer-
ous modifications and variations there from. It is intended that
the appended claims cover such modifications and variations
as fall within the true spirit and scope of the invention.

What is claimed is:

1. An acoustic wave detection apparatus comprising:

afiber optic cable disposed along an elongate structure and

configured to react to pressure changes resulting from a
guided acoustic wave propagating along the elongate
structure;

an optical source to launch an optical pulse into the fiber

optic cable; and

adata acquisition system coupled to the fiber optic cable to

detect coherent Rayleigh noise (CRN) produced in
response to the optical pulse and to track propagation of
the guided acoustic wave along the elongate structure
based on the detected CRN.

2. The apparatus of claim 1, wherein the data acquisition
system is further configured to determine a location of the
guided acoustic wave along the elongate structure based on
the detected CRN.

3. The apparatus of claim 2, wherein the data acquisition
system is further configured to determine a velocity of the
guided acoustic wave as it propagates along the structure
based on the detected CRN.

4. The apparatus of claim 1, wherein the data acquisition
system is further configured to determine an attenuation of
the guided acoustic wave based on the detected CRN, wherein
the attenuation is indicate of characteristics of a medium
surrounding the elongate structure.

5. The apparatus of claim 1, wherein the fiber optic cable
comprises an array of discrete optical sensors.

6. The apparatus of claim 1, wherein the optical source is
configured to launch a plurality of optical pulses at a plurality
of optical frequencies.

7. The apparatus of claim 1, further comprising an acoustic
source to generate the guided acoustic wave.

8. The apparatus of claim 7, wherein the acoustic source
comprises a measurement while drilling (MWD) tool
deployed in a wellbore.

May 6, 2010

9. The apparatus of claim 7, wherein the acoustic source is
configured to generate a plurality of narrowband acoustic
pulses at different carrier frequencies.

10. The apparatus of claim 1, wherein the elongate struc-
ture comprises a wellbore.

11. The apparatus of claim 1, wherein the elongate struc-
ture comprises a production tubing disposed in a wellbore.

12. A method for detecting acoustic wave propagation
comprising:

launching an optical signal into a fiber optic cable disposed

along an elongate structure;

generating a guided acoustic wave that propagates along

the elongate structure; and

analyzing a coherent Rayleigh noise (CRN) signal pro-

duced in response to the optical signal to track propaga-
tion of the guided acoustic wave along the elongate
structure.

13. The method of claim 12, wherein analyzing the CRN
signal further comprises determining a velocity of the guided
acoustic wave along the elongate structure.

14. The method of claim 12, wherein analyzing the CRN
signal further comprises determining a location of the guided
acoustic wave along the elongate structure.

15. The method of claim 12, wherein analyzing the CRN
signal further comprises determining an attenuation of the
guided acoustic wave, wherein the attenuation is indicate of a
characteristic of a medium surrounding the elongate struc-
ture.

16. The method of claim 12, wherein generating the guided
acoustic wave comprises generating a plurality of acoustic
pulses at different carrier frequencies.

17. The method of claim 12, wherein generating the guided
acoustic wave comprises deploying a measurement while
drilling (MWD) tool into a wellbore.

18. The method of claim 12, wherein the elongate structure
comprises a wellbore.

19. A system comprising:

an optical fiber for deployment in a wellbore;

an acoustic source to generate a guided acoustic wave to

propagate along the wellbore;

an optical source to launch an optical signal into the optical

fiber to produce a backscattered signal while the guided
acoustic wave is propagating along the wellbore;

a receiver to detect coherent Rayleigh noise (CRN) in the

backscattered signal

a processing circuit to process the CRN to monitor propa-

gation of the acoustic wave along the wellbore.

20. The system of claim 19, wherein the optical fiber is
disposed outside a well casing disposed in the wellbore.

21. The system of claim 20, wherein the optical fiber is
coupled to an outer surface of the well casing.

22. The system of claim 19, wherein the processing circuit
is configured to process the CRN to determine a location of
the guided acoustic wave.

23. The system of claim 19, wherein the processing circuit
is configured to process the CRN to determine a velocity of
the guided acoustic wave.

24. The system of claim 19, wherein the processing circuit
is configured to process the CRN to determine an attenuation
of the guided acoustic wave, wherein the attenuation is
indicative of a characteristic of a medium surrounding the
wellbore.
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