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ACOUSTI C SI GNAL FROM A VEELLBORE BACKGROUND [ 0001] Modern oil field

oper at i orsOdenemeBsa great quantity of information rel atiPag/useominss731
paranmeters and conditions encountered downhol e. Such information includes
characteristics of the earth formations throughout the wellbore, and data
relating to the size, direction and configuration of the wellbore. In sone
cases after the drilling has been conpleted, the collection of information
relating to conditions downhole is perfornmed and the information sent to
the surface by acoustic telenetry. In particular, in acoustic telenetry
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continuous tubing or joint tubing), stic telemetry techni ques are
used to transmt the information to surface. However, the acoustic signals
weaken when propagating over a | oggoKGROUND naking difficult recovery of
the various parameters of the borehole and/or earth's formations. BRI EF
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size, direction and configuration of the wellbore. In some cases after the drilling has been
completed, the collection of information relating to conditions downhole is performed and
the information sent to the surface by acoustic telemetry. In particular, in acoustic
telemetry various parameters of the borehole and/or earth’s formations are measured
using a Bottom-Hole Assembly (BHA) connected at the end of a tubing (e.g., continuous
tubing or joint tubing), and acoustic telemetry techniques are used to transmit the
information to surface. However, the acoustic signals weaken when propagating over a
long distances making difficult recovery of the various parameters of the borehole and/or
earth’s formations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] For a detailed description of the various embodiments, reference will now be made
to the accompanying drawings in which:
[0003] Figure 1 shows a tubing system in accordance with at least some of the
embodiments;
[0004] Figure 2 shows a repeater system in accordance with at least some of the
embodiments;
[0005] Figure 3 shows a tubing system in accordance with at least some of the
embodiments;
[0006] Figure 4 shows a tubing system in accordance with at least some of the
embodiments; and

[0007] Figure 5 shows a method in accordance with at least some of the embodiments.



[ 0005] Figure 3 shows a tubing systemin accordance wth at | east sone of
t he enbodi nents; [0006] Figure 4 shows a tubing systemin accordance with
at | east wormiiafioishe enbodi nents; and [0007] Figure 5 siromaisaooawsiTed i n
accordance with at |east sone of the enbodinents. WO

2011/ 019351PCT/ US2009/ 053731 2 NOTATI O AND NOVENCLATURE [0008] Certain
ternms are used throughout the follow ng description and clains to refer to
particul ar system conponents. This docunent does not intend to distinguish

bet ween conponents that diNGEATIONTENB NOMENCLAYORE on. [0009] In the
follow ng discussion and in the clains, the term"conprising” is used in an
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t he corbmgonenls thaedifferin e but hosfuhttigt. devi ce couples to a second
devi ce, that connection may be through a direct connection, or through an
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to...”. Also, the terms “couple” or “couples” are intended to mean either an indirect or
direct electrical or mechanical connection, as the context may require. Thus, if a first
device couples to a second device, that connection may be through a direct connection,
or through an indirect connection via other devices and connections.
[0010] “Electromagnetic signal” shall mean a signal propagating along a conductor (e.g.,
a tubing or a wire).
[0011] “Electromagnetic wave” shall mean a wave propagating through air.
DETAILED DESCRIPTION
[0012] The following discussion is directed to various embodiments of the invention.
Although one or more of these embodiments may be preferred, the embodiments
disclosed should not be interpreted, or otherwise used, as limiting the scope of the
disclosure, including the claims. In addition, one skilled in the art will understand that the
following description has broad application, and the discussion of any embodiment is
meant only to be exemplary of that embodiment, and not intended to intimate that the
scope of the disclosure, including the claims, is limited to that embodiment.
[0013] The various embodiments were developed in the context of downhole tools
operating in a production environment (i.e., after the wellbore has been drilled and
cased), and thus the description that follows is based on the production environment;
however, the various systems and methods find application not only in downhole tools in
production environment, but may also find application in measuring-while-drilling (MWD),
logging-while-drilling tools (LWD), and slickline (memory) logging. Thus, the production
environment shall not be construed as a limitation as to the applicability of the various
embodiments.
[0014] Figure 1 shows a perspective, cross-sectional view of a tubing system 100
operating in a production environment. In the production environment the drilling

operation has completed, and the casing 102 is cemented in place by disposing



[ 0011] "El ectromagneti c wave" shall nean a wave propagating through air.
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such as coiled tubing 110, any other production environment tubing (e.g., individual pipe
section with joints between them) may be used.
[0015] Still referring to Figure 1, the coiled tubing 110 couples on a distal end to one or
more downhole tools 112 to obtain information related to wellbore 104 conditions and/or
information related to the formation surrounding the wellbore 104 (e.g., logging tools,
such as a gamma tool or a density tool). In the particular embodiments, the coiled tubing
110 and the downhole tool 112 extend beyond the lower portion 108 of the casing 102. In
other embodiments, the coiled tubing 110 and the downhole tool 112 are fully within the
casing 102. The downhole tool 112 obtains downhole data related to welloore 104
conditions (e.g., temperature or pressure) and/or downhole data related to formation
surrounding the wellbore 104 (e.g., water saturation), and the downhole tool 112
transmits the downhole data toward the surface.
[0016] In particular, the downhole data is transmitted by modulating the downhole data in
a telemetry signal. In some embodiments, the downhole tool 112 is configured to
modulate the downhole data in the telemetry signal by any of various modulating
techniques, such as Frequency Shift Keying (FSK), Quadrature Amplitude Modulation
(QAM) or Discrete Multi-Tone (DMT). In the particular embodiments, the telemetry signal
comprising the downhole data is an acoustic signal, and the downhole tool 112 is
configured to transmit the downhole data by inducing (e.g., by way of an acoustic
transreceiver) the acoustic signal along the coiled tubing 110. In other embodiments, the
telemetry signal comprising the downhole data is an acoustic signal that is induced in
drilling fluid (e.g., a pressure pulse signal) within the wellbore by the downhole tool 112



cenment 106 between the outer dianeter of the casing 102 and the well bore
104. A coiled tubing 110 is disposed within the casing 102. In sone
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[0020] Figure 2 shows the repeater system 200, simlar to the repeater
system 120 of the enbodinents of Figure 1. In particular, the repeater
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battery 208. The battery 208 is electrically coupled to the receiver 202
and the transducer 204, and the battery 208 provi des operating voltage and
current to the receiver 202 and the transducer 204. The receiver 202
detects the acoustic signal transmtted by the downhol e tool propagating
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electromagnetic wave. In the particular embodiments, the antenna 304 is any antenna
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coupled to“the receiver 306 to further process the el ectronagnetic signals
det ect aelibpra he4.r Eoeiakeitirgnot teadying 111 Oaat tha ératdocatoned4dddinteiite, se¢rnd
recei ver 406 of the enbodiments of Figure 4 is a magnetoneter of the
enbodi ments of Figure 3. In such a case, the nagnetoneter is placed
proximte (e.g., within 4 feet) to the tubing 110, and the magnetoneter
detects magnetic fields associated with the el ectromagnetic signal induced
in the tubing 110 by the toroid transmtter 404. WO

2011/ 019351PCT/ US2009/ 053731



8 [0028] Referring back to Figure 3, in an alternative enbodi nent, the
receiver 306 is a toroid receiver of the enbodinents of Figure 4. In such a
case, thewbapaid9ssecei ver encircles the tubing 110 and ®eTaiste9nbiy31

el ectromagneti c signal induced in the tubing 110 by the el ectromagnetic
waves produced by the antenna 304. [0029] Figure 5 shows a nethod in
accordance with at | east sone of the enbodinents. In particular, nethod
starts (bl ock 510) and proceeds to transmtting an acoustic signal

conpri sodifiofl o elcitékab acid P elecki@) lodpcdA iﬁ@bﬁé“cﬁ@ﬂ?swé, hReaGoingt1 ©
signal propagates along tubing. In other enpodinents, the acoustic Signal
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nodi f i @adi ibhestoroithdee@itdr 806 FFTCRAES UB20@iL9538BBRY 110. In other embodiments, the
toroid receiver 406 may be placed at any location above the surface 122 and along coiled
tubing 110. When the toroid receiver 406 detects the electromagnetic signal, the toroid
receiver 406 detects a current consequent of the electromagnetic signal induced in the in
coiled tubing 110. In some embodiments, a computer system may be coupled to the
receiver 306 to further process the electromagnetic signals detected by the receiver 306.
[0027] In an alternative embodiment, the receiver 406 of the embodiments of Figure 4 is a
magnetometer of the embodiments of Figure 3. In such a case, the magnetometer is
placed proximate (e.g., within 4 feet) to the tubing 110, and the magnetometer detects
magnetic fields associated with the electromagnetic signal induced in the tubing 110 by

the toroid transmitter 404.



10 CLAIMS What is clained is: 1. A systemconprising: a repeater system
coupled to a tubing in a wellbore, the repeater systemconprising: a

recei ver wbhaniidapaset s an acoustic signal; a transducer ecuiSeanssBhe

recei ver that converts the acoustic signal to a first el ectronmagnetic
signal ; and an antenna coupled to the t&ansducer, the antenna induces a
second el ectromagnetic signal in the tubing. 2. The systemas defined in
claiml1 wherein the receiver detects vibrations in the tubing caused by the

acoust i[go28]%ring back to Figure 3, in an alternative embodiment, the receiver 306 is a
toroid receiver of the embodiments of Figure 4. In such a case, the toroid receiver
encircles the tubing 110 and detects the electromagnetic signal induced in the tubing 110
by the electromagnetic waves produced by the antenna 304.

[0029] Figure 5 shows a method in accordance with at least some of the embodiments.
In particular, method starts (block 510) and proceeds to transmitting an acoustic signal
comprising downhole data (block 520). In some embodiments, the acoustic signal
propagates along tubing. In other embodiments, the acoustic signal propagates along
drilling fluid in a wellbore. Next, the acoustic signal is received by a receiver within the
internal diameter of the casing (block 530). Thereafter, the acoustic signal is converted to
a corresponding first electromagnetic signal (block 540). In some embodiments, the first
electromagnetic signal is an electromagnetic antenna feed signal. Finally, a second
electromagnetic signal is induced in the tubing, the second electromagnetic signal
responsive to the first electromagnetic signal (block 550), and the method then ends
(block 560).

[0030] The above discussion is meant to be illustrative of the principles and various
embodiments of the present invention. Numerous variations and modifications will
become apparent to those skilled in the art once the above disclosure is fully appreciated.
For example, the some embodiments the repeater system detects, by way of a pressure
sensor, acoustic signals induced in the driling fluid (e.g., pressure pulse signals)
transmitted from the downhole tool. In some cases, instead of detecting at the surface
electromagnetic signal or magnetic fields associated with the electromagnetic signal, the
electromagnetic waves produced by the antenna in the repeater system are directly
detected by an electromagnetic wave receiver (e.g., a dipole antenna or a toroid receiver)
proximate to the surface. Moreover, the various systems and methods find application not
only in downhole tools in production environment, but may also find application in
measuring-while-drilling (MWD), logging-while-drilling tools (LWD), and slickline (memory)
logging. In some embodiments, the receiver is configured to convert the acoustic signal to
the electromagnetic antenna feed signal. Stated otherwise, the receiver converts the
acoustic signal to the electromagnetic antenna feed signal and directly feeds the
electromagnetic antenna feed signal to the antenna. Additionally, the tubing in the various
embodiments is not limited to continuous tubing (e.g., coiled tubing), but joint tubing (e.g.,



3. The systemas defined in claim1l wherein the receiver is an

accel eroneter. 4. The systemas defined in claiml1l wherein the antenna is
a toroi d woansmilpiser, and the toroid transmtter i nduce®Crhms2e00637d1

el ectromagnetic signal into the tubing. 5. The systemas defined in claim
1 wherein the antenna is a gap sub anténna, and the gap sub antenna
transmts an el ectronmagnetic wave within the well bore, the el ectronmagnetic
wave induces the second el ectromagnetic signal in the tubing. 6. The

syst emigdivil@al pIgE skBtich Wltmjémt@‘@étﬁ)e@ntthém‘) lfhli%‘ky"'gqu|§aI@ht Béﬁlse@”ﬂ |§ ﬁit@r?dé%fi
fromthe group consistin > joint tubing; and coil t ubi ng.

syst emtiaa! thefollgaing nlaunagmlrltevmgte@i ta amierage @llsuich vgrlgmns anrd modlf@agonsbne
selected fromthe group consisting of: an acoustic signal propagating al ong
t he tubing; and an acoustic signal propagating along drilling fluid in the
wel | bore. 8. A method conprising: transmtting an acoustic signal
conpri si ng downhol e data; WO 2011/ 019351PCT/ US2009/ 053731 11 receiving the
acoustic signal, the receiving by a receiver disposed within the internal

di aneter of a casing in the well bore;



converting the acoustic signal to a corresponding first el ectromgnetic
signal; and inducing a second el ectronmagnetic signal in a tubing responsive
to the fiwetodlmeisnomagnetic signal. 9. The nethod as a@efriusea9ioss7él ai m 8
wherein the transmtting the acoustic signal further conprising
transmtting by a downhole tool. 10. TBe nethod as defined in claim8
wherein the transmtting the acoustic signal further conprises transmtting
an acoustic signal that at |east one selected fromthe group consisting of:
propagates al ong the tubing; and progpgafiies al ong drilling fluid in the
wel | bore 11. The nmethod as defined in claim8 wherein the receiving
further conpWhaliinglaieedds:i ng vi brations in the tubing caused by the

acousti,c Si [ . . The thod as defined in claim8 wherein the
recei vi1ng f%{]%&méwr’l& g receiving by an accel erometer disposed
proximate t@ tr@@eétélbls?@tem 1c3’oupTé't$ t@Ebhmbi@g? idefi (weflbdra, chai m&awe@%t@m he

i nduci ng the second el ectromagnetic signal further conprising inducing the
second el ectroma@REIANGIMi:gnal in the tubing by a toroid transmtter. 14.

The net hod as defi ”eda@@cgfvgi fﬂa@d@{b%rfseéﬁa[:{)lﬁ’stic r#ﬁfmg t he second

el ectromagneti c signal” further conprising trans ing an el ectromagnetic
wave W thin the casi n@ tignsalugepcsudlecid then@ceivbethalt eohvertaiheeddotisti@gignal

i nduci ng the second el ect romagtneti c signal jn.t hei_ tubing. 15. The net hod
as defined in claim8 wher & & WHLIRGHIBAITGI FehA R conpri si ng converting

by a transducer. WO 2Q144:04938d 54 PHOPAMRRERL the antenna induces a second

electromagnetic signal in the tubing.

2. The system as defined in claim 1 wherein the receiver detects vibrations in the

tubing caused by the acoustic signal.
3. The system as defined in claim 1 wherein the receiver is an accelerometer.

4. The system as defined in claim 1 wherein the antenna is a toroid transmitter, and
the toroid transmitter induces the second electromagnetic signal into the tubing.

5. The system as defined in claim 1 wherein the antenna is a gap sub antenna, and
the gap sub antenna transmits an electromagnetic wave within the wellbore, the
electromagnetic wave induces the second electromagnetic signal in the tubing.

6. The system as defined in claim 1 wherein the tubing is at least one selected from
the group consisting of: joint tubing; and coiled tubing.

7. The system as defined in claim 1 wherein the acoustic signal is at least one
selected from the group consisting of: an acoustic signal propagating along the tubing;

and an acoustic signal propagating along drilling fluid in the wellbore.

8. A method comprising:
transmitting an acoustic signal comprising downhole data;



12 16. The nethod as defined in claim8 further conprising detecting at
surface the second el ectromagnetic signal by way of at |east one selected
from t he woaop/messsi sting of: a nagnetoneter; and a tor@cu/useawioszsslr 17. A
system conprising: a downhole tool within a wellbore that induces an
acoustic signal; a repeater systemcoupled to a tubing within a casing in
the well bore, the repeater systemconprising: a receiver that detects the
acoustic signal; a transducer coupled to the receiver that converts the

acoustic si %‘é’élwhg fhef héé&stl%' SighhORENRIERiIR] Byak; re%@@eﬁ%@dﬁs‘éﬂ”ﬁntﬁmum@d
to the transducer that Induces a second el ectromagnetic signal. 18

system as def i nedntemat digirpeterof acasieg it trepwelesean el ect romagneti c recel ver
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el ect r omagn
inducing a second electromagnetic signal in a tubing responsive to the first

electromagnetic signal.

9. The method as defined in claim 8 wherein the transmitting the acoustic signal

further comprising transmitting by a downhole tool.

10. The method as defined in claim 8 wherein the transmitting the acoustic signal
further comprises transmitting an acoustic signal that at least one selected from the group
consisting of: propagates along the tubing; and propagates along drilling fluid in the

wellbore

11.  The method as defined in claim 8 wherein the receiving further comprising

detecting vibrations in the tubing caused by the acoustic signal.

12. The method as defined in claim 8 wherein the receiving further comprising
receiving by an accelerometer disposed proximate to the tubing.

13. The method as defined in claim 8 wherein the inducing the second
electromagnetic signal further comprising inducing the second electromagnetic signal in
the tubing by a toroid transmitter.

14. The method as defined in claim 8 wherein the inducing the second
electromagnetic signal further comprising transmitting an electromagnetic wave within the
casing by a gap sub antenna, the electromagnetic wave inducing the second
electromagnetic signal in the tubing.

15.  The method as defined in claim 8 wherein the converting further comprising
converting by a transducer.



19. The system as defined in claim17 wherein the receiver detects
vibrations in the tubing caused by the acoustic signal. 20. The system as
defi ned iwochavare3sT wherein the receiver is an accel er omerars200923373The
system as defined in claim 17 wherein the antenna is a toroid transmtter,
and the toroid transmitter induces thel8econd el ectromagnetic signal into
the tubing. 22. The systemas defined in claim17 wherein the antenna is a
gap sub antenna, and the gap sub antenna transnmits an el ectromagnetic wave

Wi thin {ighe cgl Hibthéd‘%tsebéﬁﬁécp"fﬁm' 8 M@ﬂﬁ@r 'd&ﬂ#b?%mgt H@te%ﬁﬁ?r@l surface the
el ectromagnetic signal in the tubing. . The systemas defined in claim

17 wherserand ielectrepiaggetie signall bagvamteatsléaétc@r@,ej seleeieck fremdhe @ioww Aensistingy

24, The by b BEr@RF AR 4 FbtBhMor wncr ci n the downhol e tool i nduces the

acoustic signal in at |east one selected fromthe group consisting of: the

tubing; and drilling fluid in the well bore.
17. A system comprising:

a downhole tool within a wellbore that induces an acoustic signal;
a repeater system coupled to a tubing within a casing in the wellbore, the repeater
system comprising:
a receiver that detects the acoustic signal;
a transducer coupled to the receiver that converts the acoustic signal
to a first electromagnetic signal; and
an antenna coupled to the transducer that induces a second
electromagnetic signal.

18.  The system as defined in claim 17 further comprises an electromagnetic receiver
proximate to surface, the electromagnetic receiver detects the second electromagnetic

signal.

19.  The system as defined in claim 17 wherein the receiver detects vibrations in the

tubing caused by the acoustic signal.
20. The system as defined in claim 17 wherein the receiver is an accelerometer.

21.  The system as defined in claim 17 wherein the antenna is a toroid transmitter, and

the toroid transmitter induces the second electromagnetic signal into the tubing.

22. The system as defined in claim 17 wherein the antenna is a gap sub antenna, and
the gap sub antenna transmits an electromagnetic wave within the casing, the

electromagnetic wave induces the second electromagnetic signal in the tubing.

23.  The system as defined in claim 17 wherein the tubing is at least one selected from

the group consisting of: joint tubing; and coiled tubing.
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24.  The system as defined in claim 17 wherein the downhole tool induces the acoustic
signal in at least one selected from the group consisting of: the tubing; and drilling fluid in

the wellbore.



