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(57) Abstract: A repeater for use downhole in an oil or other well for detecting a sound or other signal that originates turther down-
hole and generating a signal or indication perceptible uphole or at or above the rig floor. The signal may be a change in the weight of
the rig measured at the rig floor caused by driving a counterweight against a stop at the repeater.
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DOWNHOLE SIGNAL REPEATER

TECHNICAL FIELD
[0001] This disclosure relates to deep water and other oil wells and the

communication of information from the wells to the surface.

BACKGROUND

[0002] Drilling, preparing for extraction and extraction of hydrocarbons from wells
require awareness of location, condition or other information from the bottom and other
intermediate points in the well. Some of such data may be provided by listening to sound
traveling to the surface, but sounds from deep wells often do not reach the surface or are so
attenuated as to be inaudible at the surface. Other signals or forms of data transfer likewise
may not reach the surface.

[0003] Signals can be transmitted from a point in a well to the surface or another
location on electrical or optical fiber cable, but in some situations such alternatives are

prohibitively expensive or otherwise impractical or impossible.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Illustrative embodiments of the present disclosure are described in detail
below with reference to the following drawing figures:
[0005] Figure 1 is a schematized diagram of a repeater for use in a well.
[0006] Figure 2 is a schematized diagram of a repeater for use in a well that includes
an array of transmission units.

[0007] Figure 3 is a side view of a signal receiving apparatus above a rig floor.
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[0008] Figure 4 is an enlarged, schematized view of the signal receiving apparatus
shown in Figure 3.
DETAILED DESCRIPTION
[0009] The subject matter of embodiments of this disclosure is described here with

specificity to meet statutory requirements, but this description is not necessarily intended to
limit the scope of the claims. The claimed subject matter may be embodied in other ways,
may include different elements or steps, and may be used in conjunction with other existing
or future technologies. This description should not be interpreted as implying any particular
order or arrangement among or between various steps or elements except when the order of
individual steps or arrangement of elements is explicitly described.

[0010] A relatively inexpensive repeater may be positioned in a well to detect events
or conditions deeper in the well such as sounds, vibrations, pressure conditions, or changes or
other events or conditions perceptible with a sensor. The repeater then transmits a signal or
signals to the rig floor or another desired uphole location.

[0011] Figure 1 depicts a repeater 10 having a sensor 12 that generates a signal that
actuates a pushing device such as an actuator, solenoid or piston 14 that pushes a mass such
as a shuttle or counterweight 16. The counterweight 16 is driven into a stop 22 coupled to a
mandrel 24 or other well structure with sufficient force to cause a discernible event at the
well surface, such as a “bobble” of a weight indicator gauge 28.

[0012] Actuation of the piston 14 may involve, in addition to the sensor 12, a power
source such as a battery 18 and optional computational circuitry 20 for outputting a signal
that will actuate the piston 14 or another driver to cause the counterweight 16 to impact stop

22 with sufficient force to be detected uphole. A second device for moving the
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counterweight 16 such as a solenoid or reset piston 26 may be utilized to automatically return
the counterweight 16 to its rest position to prepare it for repetition of another signal.

[0013] The sensor 12 may be a microphone or other sound sensor if the signal to be
repeated is a sound. Other sensors such as strain gauges, pressure gauges, temperature
gauges, hydrophones, accelerometers or other sensors that detect events or conditions may
also be usable with the other components described here, depending on the signal desired to
be communicated through the well.

[0014] The repeater 10 may be controlled by an operator on the rig floor. The sensor
12 may detect a control signal from the surface to turn the repeater 10 on, turn the repeater 10
off, change the strength of the return signal or otherwise control the repeater 10. For
instance, the operator may send a control signal down the tubing to the sensor 12. The
operator may also or alternatively send a control signal down the annulus to the sensor 12.
Among other alternatives, the control signal may be an acoustic signal, a pressure signal (a
pulse or series of sustained pressure holds), a series of tension and compression read by stain
gauges in the mandrel, up and down motion read by accelerometers, or a dropped ball from
surface with an RFID tag or magnet.

[0015] The simplest operation of the repeater 10 of Figure 1 involves receipt of a
sound or other signal that is treated as a single event or pulse and actuation once of the piston
14 to drive the counterweight 16 against the stop 22.

[0016] Rather than a single large counterweight 16, multiple weights in tracks can be
used to create a distinctive pattern of signals that may be more easily recognized at the
surface because of the pattern. Figure 2 depicts such an embodiment in schematized form.
[0017] Such multi-track repeater 40 uses a sensor or sensors 42 coupled to power and
control circuitry 44 that triggers pistons 46 that strike or drive counterweights 48 that travel

in tracks 50 to strike a stop 52 or multiple stops (not shown).
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[0018] In this embodiment 40, a downhole sound or other event or condition detected
by sensor 42 is received by the powered control circuit 44 that actuates multiple pistons 46 to
drive counterweights 48 in tracks 50 simultaneously or in a pattern. Such a pattern may be,
for example, two strikes closely spaced in time followed by a third strike after a time interval
greater than the interval between the first two impacts. Numerous other “firing patterns” of
pistons 44 driving counterweights 48 can be used, for instance, (1) in order to communicate
more about the received sound (or other detected event or condition) than just its receipt, or
(2) in order to send a signal uphole that can be more easily differentiated from “noise.”

[0019] The signal transmitted to the surface or other area above the rig floor (not
shown in Figures 1 and 2) may be heard by workers or may be received on existing
equipment such by causing a “bobble” on a weight indicator 28 (Figure 1). Alternatively,
such a signal may be received by a dedicated receiver, an exemplary one of which is depicted
in Figures 3 and 4.

[0020] Such a receiver 60 may be located at the top of a work string 62. As shown in
Figure 3, the receiver 60 may include a power source such as a battery 64, a sensor 66 and a
light, flag or sound production device 68 that is perceptible by a rig operator or detectable by
another means at or near the rig floor 29. Alternatively, or additionally, receiver 60 may
include a power source such as a battery 64, a sensor 65 and computational circuitry 67,
including a data link port or Wi-Fi capability 69 so that data can be monitored
contemporaneously or stored for later analysis or both.

[0021] In situations where the depth of the sound or other signal source means that
one repeater 10 or 40 cannot or may not produce a sufficiently strong repeated signal for the
repeated signal to be reliably detected at or near the rig floor 29, one or more additional
repeaters may be utilized at intervals within the well over which repeated signals can be

reliably transmitted.
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[0022] Different arrangements of the components depicted in the drawings or
described here, as well as components and steps not shown or described are possible.
Similarly, some features and subcombinations are useful and may be employed without
reference to other features and subcombinations. Embodiments of the disclosure have been
described for illustrative and not restrictive purposes, and alternative embodiments will
become apparent to readers of this patent. Accordingly, the present disclosure is not limited
to the embodiments described here or depicted in the drawings, and various embodiments and
modifications can be made without departing from the scope of the claims below.

[0023] For instance, if a repeater 10 (Figure 1) or 40 (Figure 2) is positioned
generally vertically with the sensor 12 at the bottom (the downhole end of the repeater 10 or
40), gravity alone may return the counterweight 16 or counterweights 48 to their rest
positions. However, the repeater 10 or 40 may be oriented relatively horizontally, or there
may be other structures or conditions, so that gravity may not return the counterweights 16 or
48 to their rest positions. Moreover, while the repeater 10 or 40 may be oriented so that the
counterweights 16 or 48 travel uphole when actuated, in some instances it may be desirable
for the counterweights 16 or 48 to move downhole when actuated because, for instance, it is
desired that the weight indicator 28 (Figure 1) register a greater weight when the repeater 10
is actuated and the counterweight 16 strikes the stop 22.

[0024] Other means for “resetting” the positions of counterweights 16 or 48 are also
possible, including one or more springs such as a helical spring (not shown) that permits
counterweight 16 or counterweights 48 travel until impact with the stop 22 or stop 52 but that
then pulls the counterweights back to their rest positions.

[0025] Other configurations of the piston 14 and counterweight 16 are also possible.
For instance, it may be possible in some circumstances to use a piston 14 (Figure 1) or

pistons 46 (Figure 2) with sufficient mass and stroke that separate counterweights are not
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needed. In such a configuration, actuation of piston 14 or 46 travel alone or actuation of the
piston and direct impact of piston 14 with stop 22 or of pistons 46 with stop 52 may cause an
adequate “bobble” or other event at the rig floor 29 or at an uphole repeater to achieve the
desired repetition of a downhole signal or event.

[0026] Similarly, different means may be used to cause counterweights 16 and 48 to
impact their respective stops 22 and 52, such as, but not limited to, compressed or pressurized
fluid, electromagnetic field propulsion, and gravitational attraction.

[0027] In some aspects, a downhole repeater, method or system receives, amplifies,
repeats or transmits according to one or more of the following examples.

[0028] Example #1: A repeater or downhole system for use in a well to detect a
sound, condition or signal in the well and communicate that detection uphole can include a
sensor, actuator and control circuitry. The sensor can detect an in-well sound, condition or
signal. The actuator can generate a perceptible signal or physical change. The control
circuitry for detecting the in-well sound, condition or signal can be coupled to the sensor and
can actuate the actuator in response to the in-well sound, condition or signal.

[0029] Example #2: The repeater or system of Example #1 may feature a stop and a
counterweight to be driven by the actuator against the stop from a rest position.

[0030] Example #3: The repeater or system of Examples #1-2 may feature an
actuator that includes a drive piston.

[0031] Example #4: The repeater or system of Examples #1-2 may feature a reset
piston for returning the counterweight to the rest position after it has been driven by the drive
piston.

[0032] Example #5: The repeater or system of Examples #1-4 may feature control
circuitry that turns the repeater or system on and off, or that otherwise controls the repeater or

system, in response to control signals.
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[0033] Example #6: The repeaters or systems of Examples #1-5 may feature a sensor
that is a microphone.

[0034] Example #7: The repeaters or systems of Examples #1-6 may feature sensor
that is capable of sensing pressure.

[0035] Example #8: The repeaters or systems of Examples #1-7 may feature a sensor
that is or includes an accelerometer.

[0036] Example #9: The repeaters or systems of Examples #1-8 may feature a sensor
that is or includes a strain gauge.

[0037] Example #10: The repeaters or systems of Examples #1-9 may feature a
sensor that is or includes a hydrophone.

[0038] Example #11: A repeater for use in a well to detect a sound, condition or
signal in the well and communicate that detection uphole may include a sensor, multiple
actuators and control circuitry. The sensor may detect the in-well sound, condition or signal.
The actuators can generate a perceptible signal or physical change. The control circuitry can
be coupled to the sensor and the actuators and can actuate the actuators when the in-well
sound, condition or signal is received by the sensor.

[0039] Example #12: The repeater of Example #11 can actuate the actuators so that
cach of the actuators drives one counterweight against one stop. The control circuitry can
control the time intervals between the activation of the actuators according to a
predetermined pattern.

[0040] Example #13. The repeater of Examples #11 and 12 may feature one or more
actuators that are drive pistons.

[0041] Example #14: The repeater of Examples #11-13 may feature for each
counterweight a reset piston for returning the counterweight to a rest position after it has been

driven by a drive piston.



WO 2015/099641 PCT/US2013/077382

8
[0042] Example #15: The repeater of Examples #1-14 may feature a power source
for the sensor, circuitry and actuators.
[0043] Example #16: The repeaters of Examples #1-4 and 11-14 may also feature

control circuitry for controlling operation of the repeater in response to control signals
received by the sensor.

[0044] Example #17: The repeaters of Examples #1-16 may feature a sensor that is
one or more of a microphone, pressure sensor, accelerometer, strain gauge or hydrophone.
[0045] Example #18: The repeaters or systems of Examples #1-17 may feature a
receiver for use proximate a rig floor, and the receiver may include a receiver sensor, a power
source, and on output device.

[0046] Example #19: The repeater or systems of Example #18 may feature a receiver
sensor that is one or more of a microphone, pressure sensor, accelerometer, strain gauge or
hydrophone.

[0047] Example # 20: The repeaters or systems of Example #18 may feature an
output device generates a signal that is visible or audible. Such a visible signal may be
produced, without limitation, by a meter, a light-emitting component such as a laser, a LED,
or an incandescent, florescent or other lamp. Such an audible signal may be produced by a
bell, a buzzer, a speaker or any other device capable of generating sound.

[0048] Example #21: A method of receiving at a rig floor information from deep
within a well may utilize a repeater and well equipment. The repeater may be positioned in
the well intermediate the rig floor and a location deeper in the well about which information
is desired. The well equipment may be manipulated in the well to cause a first signal to
emanate from the location deeper in the well about which information is desired. The

repeater then may receive the first signal and transmit a second signal to the rig floor.
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CLAIMS
That which is claimed is:
1. A repeater for use in a well to detect a sound, condition or signal in the well and

communicate that detection uphole, the repeater comprising:

a. a sensor for detecting the in-well sound, condition or signal,
b. an actuator for generating a perceptible signal or physical change, and
c. control circuitry coupled to the sensor and the actuator to actuate the actuator

when the in-well sound, condition or signal is received by the sensor.

2. The repeater of claim 1, further comprising a stop and a counterweight to be driven by

the actuator against the stop from a rest position.

3. The repeater of claim 2, wherein the actuator comprises a drive piston.

4. The repeater of claim 2, further comprising a reset piston for returning the

counterweight to the rest position after it has been driven by the drive piston.

5. The repeater of claim 1, wherein the control circuitry turns the repeater on and off in

response to control signals.

6. The repeater of claim 1, wherein the sensor comprises a microphone or other sound

S€Nsor.

7. The repeater of claim 1, wherein the sensor comprises a pressure sensor.
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8. The repeater of claim 1, wherein the sensor comprises an accelerometer.
9. The repeater of claim 1, wherein the sensor comprises a strain gauge.
10.  The repeater of claim 1, wherein the sensor comprises a hydrophone.
11. A repeater for use in a well to detect a sound, condition or signal in the well

and communicate that detection uphole, the repeater comprising:

a. a sensor for detecting the in-well sound, condition or signal,

b. a plurality of actuators for generating a perceptible signal or physical change,
and

c. control circuitry coupled to the sensor and the actuators to actuate the

actuators when an in-well sound, condition or signal is received by the sensor.

12.  The repeater of claim 11, wherein each of the plurality of actuators drives one

counterweight against one stop and the control circuitry controls the time intervals between

the activation of the actuators according to a predetermined pattern.

13.  The repeater of claim 12, wherein each actuator comprises a drive piston.

14.  The repeater of claim 13, further comprising a reset piston for returning the each of

the counterweights to the rest position after it has been driven by each drive piston.
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15.  The repeater of claim 11, further comprising a power source for the sensor, circuitry
and actuators and wherein the control circuitry controls operation of the repeater in response

to control signals received by the sensor.

16.  The repeater of claim 11, wherein the sensor comprises one of a microphone, pressure

sensor, accelerometer, strain gauge or hydrophone.

17.  The repeater of claim 1, further comprising a receiver for use proximate a rig floor,

the receiver comprising a receiver sensor, a power source, and on output device.

18.  The repeater of claim 17, wherein the receiver sensor comprises one of a microphone,

pressure sensor, accelerometer, strain gauge or hydrophone.

19.  The repeater of claim 17, wherein the output device generates a signal that is visible
or audible.

20. A method of receiving at a rig floor information from deep within a well, comprising:
a. providing a repeater in the well intermediate the rig floor and a location deeper in the

well about which information is desired,

b. manipulating a portion of well equipment in the well to cause a first signal to emanate
from the location deeper in the well about which information is desired, and

C. receiving the first signal with the repeater and transmitting a second signal to the rig

floor.
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