
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

94
6 

06
6

B
1

TEPZZ 946Z66B_T
(11) EP 2 946 066 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
14.08.2019 Bulletin 2019/33

(21) Application number: 14703211.4

(22) Date of filing: 16.01.2014

(51) Int Cl.:
E21B 34/06 (2006.01) E21B 47/04 (2012.01)

E21B 47/18 (2012.01)

(86) International application number: 
PCT/US2014/011817

(87) International publication number: 
WO 2014/113549 (24.07.2014 Gazette 2014/30)

(54) METHOD AND APPARATUS FOR IN-WELL WIRELESS CONTROL USING INFRASOUND 
SOURCES

VERFAHREN UND VORRICHTUNG ZUR BOHRLOCHINTERNEN DRAHTLOSEN STEUERUNG 
MITTELS INFRASCHALLQUELLEN

PROCÉDÉ ET APPAREIL POUR UNE COMMANDE SANS FIL DANS UN PUITS À L’AIDE DE 
SOURCES À INFRASONS

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 16.01.2013 US 201361753335 P

(43) Date of publication of application: 
25.11.2015 Bulletin 2015/48

(60) Divisional application: 
18198738.9 / 3 450 678

(73) Proprietor: Saudi Arabian Oil Company
Dhahran 31311 (SA)

(72) Inventors:  
• NOUI-MEHIDI, Mohamed N.

Dhahran 31311 (SA)
• BLACK, Michael J.

Dhahran 31311 (SA)

(74) Representative: Dauncey, Mark Peter
Marks & Clerk LLP 
1 New York Street
Manchester M1 4HD (GB)

(56) References cited:  
US-A- 3 507 341 US-A- 5 995 449
US-A1- 2003 196 816 US-A1- 2005 168 349



EP 2 946 066 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present technology relates to oil and gas
wells. In particular, the present technology relates to con-
trol of downhole valves and equipment using infrasonic
waves in oil and gas wells.

2. Description of the Related Art

[0002] The production of oil and gas wells typically re-
quires the use of various valves and other downhole
equipment. For example, an inflow control valve (ICV)
assembly can be inserted into the well bore, and can
include an inflow valve 23 that regulates the flow of fluid
through the bore. The communication of commands from
an operator at the surface to such valves and other down-
hole equipment is important to production control of the
well.
[0003] One way to communicate with downhole valves
and other equipment is through a physical connection,
such as wires. Such wires can be inserted into the hole
along with, for example, an ICV assembly, and can be
connected to the inflow valve 23. When the ICV assembly
is in place in the well, an operator on the surface can
then send opening and closing commands to the inflow
valve 23 to regulate production. One problem with the
use of wires, however, is the difficulty of running them
into the well without tangling or breaking the wires. This
can be especially problematic in multilateral wells, where
lateral bores can be diverging from the motherbore in
different directions, and each lateral bore can have its
own ICV assembly.
[0004] In an attempt to avoid the problems of running
wires into the well, some operators have employed wire-
less communication systems to communicate with down-
hole valves and other equipment. Many of these wireless
communication systems use time pulsed waves at com-
mon communication frequencies to communicate com-
mands to the valves. One problem with such systems,
however, is that such common communication frequency
bands have a very limited range, and are ineffective at
communicating over long distances downhole. This
range problem can be exacerbated by the nature of the
fluids in a wellbore, many of which have high salinity and
can be dense. A method and apparatus for communica-
tion a control signal in a wellbore between a transmission
node and a reception node through an acoustic trans-
mission pathway which extends between the transmis-
sion node and the reception node is described in US
5,995,449. A system, usable with a subterranean well,
including an assembly and a telemetry tool is described
in US 2005/0168349. The system includes an assembly
that performs a downhole measurement. The system al-
so includes a downhole telemetry tool to modulate a car-

rier stimulus that is communicated through a downhole
fluid to communicate the downhole measurement up-
hole.

SUMMARY OF THE INVENTION

[0005] One embodiment of the present technology pro-
vides a system for controlling equipment in a wellbore
using infrasonic waves. The system includes an infra-
sound generator positioned near the opening of the well-
bore, the infrasound generator including a resonator and
an actuator for producing infrasound waves, the infra-
sound generator capable of directing the infrasound
waves down the wellbore. The system further includes a
receiver attached to downhole equipment in the wellbore,
and capable of receiving the infrasound waves and,
based on the frequency of the infrasound waves, com-
municating commands to the downhole equipment.
[0006] The equipment in the wellbore can be an inflow
valve configured to regulate production flow. In certain
embodiments, the wellbore can be a multilateral wellbore
having a motherbore and a lateral bore, and the equip-
ment can be a plurality of inflow valves located in the
motherbore and the lateral bore and configured to regu-
late production flow. In such embodiments, separate re-
ceivers can communicate with each of the plurality of
inflow valves, and each receiver can communicate com-
mands to the inflow valves responsive to infrasound
waves having a different frequency. The frequency of the
infrasound waves can be between 0.1 Hz and 20 Hz, and
optionally between 0.1 Hz and 10 Hz.
[0007] In one embodiment, machinery can be located
above the infrasound generator, which infrasound gen-
erator has a resonator and an actuator. In such an em-
bodiment, the actuator channels white noise from the ma-
chinery, and the resonator filters out substantially all
noise other than the frequency required to control the
downhole equipment.
[0008] The resonator and actuator of the infrasound
generator can be configured in any appropriate way. For
example, the resonator of the infrasound generator can
be a resonator array which substantially spans the infra-
sound frequency spectrum, and each resonator in the
array can be coupled with a low-power actuator. Further-
more, the infrasound generator can include a sound mul-
tiplexer valve with a single broadband actuator capable
of addressing multiple resonators. In some embodi-
ments, the receiver can be capable of generating infra-
sound waves, thereby enabling two-way communication
between the infrasound generator and the receiver.
[0009] Also disclosed herein is a method of controlling
equipment in a wellbore. The method includes the steps
of generating infrasound waves, directing the infrasound
waves into the wellbore, fine-tuning the frequency of the
infrasound waves until the infrasound waves reach a pre-
determined frequency, receiving the infrasound waves
by a receiver positioned downhole, and sending a control
command from the receiver to the equipment when the
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infrasound waves received by the receiver reach the pre-
determined frequency. In some embodiments, the step
of generating the infrasound waves can further include
filtering white noise from equipment at the top of the well-
bore to isolate the frequency required to control the equip-
ment.
[0010] In certain embodiments, the equipment is an
inflow valve configured to regulate production flow, and
the method further includes the step of opening or closing
the inflow valve responsive to the control command from
the receiver. Optionally, the wellbore can be a multilateral
wellbore having a motherbore and a lateral bore. The
equipment can be a plurality of inflow valves located in
the motherbore and the lateral bore, and configured to
regulate production flow. Separate receivers can com-
municate with each of the plurality of inflow valves, with
each receiver communicating commands to the inflow
valves responsive to infrasound waves having a different
frequency.
[0011] In alternate embodiments, the method can also
include the step of generating infrasound waves with the
receiver, thereby enabling two-way communication be-
tween the infrasound generator and the receiver. The
frequency of the infrasound waves can be between 0.1
Hz and 20 Hz, and optionally between 0.1 Hz and 10 Hz.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present technology will be better under-
stood on reading the following detailed description of
nonlimiting embodiments thereof, and on examining the
accompanying drawings, in which:

Fig. 1 is a side view of a multilateral well including
an infrasonic wave system according to an embod-
iment of the present technology; and

Fig. 2A is a side cross-sectional view of an infrasound
generator according to the present technology;

Fig. 2B is a side cross-sectional view of the infra-
sound generator of Fig. 2A, and including a flange;
and

Fig. 2C is a side cross-sectional view of the infra-
sound generator of Fig. 2A, and including a second-
ary membrane.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0013] The foregoing aspects, features, and advantag-
es of the present technology will be further appreciated
when considered with reference to the following descrip-
tion of preferred embodiments and accompanying draw-
ings, wherein like reference numerals represent like el-
ements. In describing the preferred embodiments of the
technology illustrated in the appended drawings, specific

terminology will be used for the sake of clarity. However,
the embodiments are not intended to be limited to the
specific terms used, and it is to be understood that each
specific term includes equivalents that operate in a sim-
ilar manner to accomplish a similar purpose.
[0014] Fig. 1 shows a side view of a well 10 having a
wellhead 12 at the opening thereof, and tubing 14 ex-
tending partially therein. The well 10 is a multilateral well,
having a plurality of bores, including a motherbore 16,
and a lateral bore 18. In the embodiment shown, the tub-
ing 14 is not cemented and does not extend to the bottom
of the well. In fact, the tubing 14 does not extend to the
first lateral bore 18. Included in at least one of the moth-
erbore 16 and the lateral bore 18 is an inflow control valve
(ICV) assembly 20 with an ICV body 22. The ICV assem-
bly 20 is installed in the open hole, rather than a cased
portion of the hole.
[0015] In the embodiment shown in Fig. 1, the ICV as-
sembly 20 is a device that regulates the flow of fluid up
through the well toward the wellhead 12. To accomplish
this, the ICV assembly 20 has one or more open hole
packers 24 that substantially seal the hole around the
ICV assembly 20, thereby forcing fluid to pass through
the ICV body 22 in order to move to the top of the well 10.
[0016] The flow of fluid through the ICV body 22 can
be regulated by an inflow valve 23 within the ICV body
22. When the inflow valve 23 is open, fluid can freely
pass through the ICV body 22. Conversely, when the
inflow valve 23 is closed, fluid is restricted from passing
through the ICV body 22. In the embodiment of Fig. 1,
the position of the inflow valve 23 (open, closed, or par-
tially open) can be controlled by an operator on the sur-
face. By manipulating the position of the inflow valve 23,
the operator can control how much fluid passes through
the ICV body 22 towards the top of the well 10. Compo-
nents of the ICV assembly 20, such as, for example, the
inflow valve 23, can be powered by a battery (not shown).
In addition, the inflow valves 23 can be indexed to specific
frequency values.
[0017] Also shown in Fig. 1 is an infrasound generator
26 and a receiver 28. The infrasound generator 26 gen-
erates infrasound waves 30 of low frequency. Infrasound
waves are sound waves having a frequency of from 0.01
Hz to 20 Hz. The frequency of infrasound waves is gen-
erally below the range of human hearing. In addition to
having low frequency, these infrasound waves 30 can
have a high amplitude. These infrasound waves are di-
rected downhole, and travel through fluid within the well
10 from the infrasound generator 26 to the receiver 28.
The configuration of the well causes the well to act like
a fluid-filled pipe, which behaves acoustically as a
waveguide, guiding the infrasound waves down the well.
In some embodiments, the well can be between 610 and
3048 meters (2,000 and 10,000 feet) deep, although well
depths outside this range are possible also.
[0018] The receiver 28 receives the infrasound waves
30, and is operatively connected to the inflow valve 23.
The receiver 28 can be configured to open or close the
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inflow valve 23 if the received infrasound waves 30 are
of a predetermined frequency. In practice, there can be
more than one receiver 28 attached to more than one
ICV assembly 20 downhole, as shown in Fig. 1. In such
an embodiment, the receiver 28 of each ICV assembly
20 can be set to open or close a corresponding inflow
valve 23 at different frequencies. Thus, by varying the
frequency of the infrasound waves 30, an operator can
target and control individual inflow valves 23, thereby al-
lowing frequency-based control of the valves.
[0019] Referring now to Fig. 2A, there is shown an in-
frasound generator 26 according to one embodiment of
the present technology. The infrasound generator 26 can
consist of an elongated tube 31 that acts as a resonator,
as well as a diaphragm 34 and an actuator 36. The dia-
phragm 34 is typically in contact with, or immersed in,
fluid contained within the elongated tube 31. The elon-
gated tube 31 can have an approximate diameter equal
to g to ¨ the diameter of the wellbore in the vicinity of
the elongated tube 31. The overall length of the elongated
tube 31 can be ̈  the total wavelength of the transmitted
signal. For example, in the case where the resonant fluid
is water, having an approximate speed of sound equal
to 1500 m/s, and assuming that in this example the trans-
mitted signal has a frequency of 20Hz, the wavelength
of the transmitted signal would be 75 meters. Thus, the
length of the elongated tube 31 would need to be 18.75
meters. A more compact design can be achieved, how-
ever, by changing the fluid within the elongated tube 31.
For example, if the elongated tube 31 contains flourosil-
icone oil FS-1265 (produced by Dow Corning®), which
has a speed of sound of 760 m/s, and assuming that the
transmitted signal again has a frequency of 20Hz, the
wavelength of the transmitted signal would be 38 meters.
Thus, the length of the elongated tube 31 would need to
be only 9.5 meters. Where multiple frequencies are need-
ed to control multiple valves in a well, different pipes of
different lengths can be used, where each pipe is tuned
to a particular transmission frequency. In addition, an im-
pedance matching flange 37 (shown in Fig. 2B) can be
attached at or near the end of the elongated tube 31 to
help direct the waves from the elongated tube 31 into the
wellbore.
[0020] As shown in Figs. 2A-2C, the diaphragm 34 and
actuator 36 can be controlled by an electronic mecha-
nism 38, such as an electronic driving circuit. The elec-
tronic mechanism 38 can consist of, for example, a low
frequency sinusoidal oscillator or a low frequency pulse
generator, and can be connected by wires 40 or other
means to a control room (not shown). The electronic
mechanism 38 sends electrical signals either in the form
of voltage or current pulses to the actuator 36. The output
of the actuator 36 is then linked to the diaphragm 34,
which could be made of any appropriate material, such
as, for example, a thin sheet of metal, a plastic such as
polytetraflouroethylene (PTFE), or other suitable mate-
rial. The diaphragm 34 communicated with a liquid me-
dium on the side opposite the actuator 36. The liquid

medium could be well fluid or another liquid. If a fluid that
is not the well fluid is used, such fluid may be separated
from the well fluid by a secondary membrane 41 (shown
in Fig. 2C) at or near the end of the elongated tube 31.
It is contemplated that the actuator 36 can be an infrared
laser. Alternately, the actuator can be an electromechan-
ical actuator, such as a solenoid, a piezoelectric actuator,
or a magnetostrictive actuator.
[0021] In some embodiments, the actuator can func-
tion by acting as a pilot valve to channel white noise from
machinery, such as pumps or other machinery. In such
embodiments, the electronic mechanism 38 and the ac-
tuator 36 can be replaced by a pilot valve which opens
and closes to communicate the white noise from the sur-
rounding fluid. By switching the valve on and off, the por-
tion of the white noise that is resonant with the elongated
tube 31 will be modulated. The white noise signals can
be filtered according to known methods. For example,
the white noise signal can be filtered with a low pass filter
which can be implemented physically through a second
resonant cavity, or through digital signal processing. Al-
ternatively, the signal can be filtered using a lock-in am-
plifier style of measurement where the notch filter of the
lock-in amplifier is matched to the transmission frequency
of the infrasound. In this way, the resonance character-
istics of the elongated tube 31 can filter out substantially
all noise other than the required frequency to control a
valve downstream.
[0022] As discussed above, the infrasound generator
26 generates infrasound waves 30 of low frequency. In
some embodiments, the infrasound generator 26 gener-
ates infrasound waves 30 of sufficient bandwidth to index
substantially the entire full infrasound frequency spec-
trum of 0.1 to 20 Hz. In other embodiments, the infra-
sound generator 26 can generate waves 30 of a narrower
bandwidth, such as from 0.1 to 10 Hz. This can either be
achieved by using a resonator of low Q value (where the
Q value is the relative bandwidth of the resonator cavity)
with a high-power actuator, or by implementing a highly
tuned resonator array which spans the frequency spec-
trum, and wherein each resonator is coupled with a low-
power actuator. Alternately, a sound multiplexer valve
with a single broadband actuator could be used to ad-
dress multiple resonators in turn.
[0023] In certain embodiments, the actuator 36 can be
used as a receiver. This may be desirable where, for
example, the receivers 28 generate infrasound waves,
as discussed below. In such a case, incoming waves can
enter the elongate tube 30 through the impedance match-
ing flange 37 and contact the actuator 36 either directly
or through the diaphragm 34. Because of the length of
the elongated tube 30 and the properties of the fluid there-
in, the elongated tube 30 and the fluid therein act as an
analog filter for only the infrasound produced. Vibrations
cause the actuator 36 to move up and down and this
signal can be amplified by the electronic mechanism 38
which can be powered in any suitable way, such as
through wires 40 or by at least one battery. In addition,
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the actuator 36 could be replaced with a low frequency
microphone.
[0024] The receiver 28 could consist of any appropriate
receiver device, and can be removably installed in the
wellbore on a permanent basis. For example, the receiver
28 could be an infrasound microphone device, or a high
Q value resonant cavity. Such a resonant cavity can be
similar in construction to an organ pipe, is set for a dif-
ferent frequency, and acts as a band pass filter for the
particular frequency to be received. In use, each receiver
is immersed in well fluid. In some embodiments, the re-
ceiver 28 can be configured to itself generate infrasound
waves, similar to the infrasound generator 26, thereby
enabling two-way communication between the infra-
sound generator 26 and the receiver 28. It is not neces-
sary that the receivers 28 have full broadband capability,
although such a feature is within the scope of the present
technology. In addition, digital data can be communicat-
ed between the infrasound generator 26 and the receiver
28 by time domain pulse code modulation of the infra-
sound waves 30. Such time domain pulse code modula-
tion can occur nominally at frequencies 10% of that of
the infrasound waves 30.
[0025] As discussed above, each receiver 28 can be
in communication with, and set to open or close, a cor-
responding inflow valve 23 at different frequencies. For
example, the receiver 28 attached to the ICV assembly
20 in the motherbore 16 can be configured to open or
close its corresponding inflow valve 23 when it receives
infrasound waves 30 having frequency A. Similarly, the
receiver 28 attached to the ICV assembly 20 in the lateral
bore 18 can be configured to open or close its corre-
sponding inflow valve 23 when it receives infrasound
waves 30 having frequency B. Thus, an operator can
target the inflow valve 23 in the motherbore 16 or the
lateral bore 18 by adjusting the frequency of the infra-
sound waves 30 to frequency A or B, respectively. Sim-
ilarly, receivers 28 could be attached to other inflow
valves 23 in other lateral bores (not shown), or even to
other pieces of equipment, with each receiver 28 being
set to respond to a different frequency. Accordingly, an
operator can control multiple valves or other equipment
by sending infrasound waves of differing frequency down
the well 10.
[0026] The ability to control valves and other equip-
ment using infrasound waves is beneficial in multilateral
wells because it eliminates the need for a physical con-
nection, or wires, between the top of the well and the
valves or other equipment to be controlled. Such a phys-
ical connection can be difficult to maintain in multilateral
wells because the well bores diverge, thereby requiring
wires to be run into the bores individually.
[0027] In addition, control of valves using infrasound
equipment has advantages over other known technolo-
gies, such as med pulse technology, and radio telemetry.
Mud pulse technology relies on the generation of pulses,
which cover a broad range of frequencies. With mud
pulse technology, a significant amount of energy is lost

in transmission because of frequency spread and disper-
sion of the high frequencies. This means that mud pulses
can only reliably control valves over short distances. The
technology described here, on the other hand, involves
generation of a single low frequency that can travel long
distances through a well. This means that the infrasound
technology described herein is more effective at control-
ling valves at long range compared to mud pulse tech-
nology. Similarly, radio frequency (RF) telemetry has a
very short range. Moreover, the fluids in the wellbore of-
ten have high salinity, which adds to the conductivity of
the water and makes it more opaque to RF transmission.
Infrasound is not so limited, and is a better candidate for
long range transmission through open hole wells.
[0028] In addition, control of valves and other equip-
ment according to the present technology provides ad-
vantages over other known acoustic telemetry systems,
because known telemetry systems primarily rely on the
time domain pulsing of waves. One problem with time
domain pulsing is that the waves experience pulse broad-
ening as they travel downhole through the fluid medium,
and are thus range limited. In contrast, the infrasound
waves of the present technology rely on the frequency
of the waves to communicate with downhole valves and
equipment, and not the pulsing of waves. Accordingly,
the problem of pulse broadening is avoided, and the
range is greatly extended. In addition, the range can be
further extended in wells where optical fiber based dis-
tributed sensing is taking place. In such wells, the infra-
sonic waves 30 can be detected by a distributed acoustic
sensing (DAS) system, which can serve to push the
waves further into the well. A DAS system is a fiber optical
sensing system that can be used to detect acoustic sig-
nals at any point along the fiber through Rayleigh scat-
tering of a laser pulse sent down the fiber.
[0029] The system of the present technology can also
be used to determine well geometry by scanning the fre-
quency of the infrasound waves 30. For example, when
an infrasound wave 30 reaches the bottom of the well
10, it will reflect off the bottom of the well 10, and begin
moving back toward the top. As it does so, it will interact
with the waves 30 traveling toward the bottom, and create
resonance. Thus, an operator can send an infrasound
wave 30 into the hole, and can determine when the wave
30 has reached the bottom of the hole by observing the
resonance of the wave 30. If the operator knows the
number of wavelengths that have entered the well 10 at
the time resonance is observed, the operator can calcu-
late the distance to the bottom of the well 10.
[0030] For example, assuming a water filled well with
a speed of sound of 1500 m/s, the wavelength of the
infrasound waves will range from 15 km at 0.1 Hz down
to 75 m at 20 Hz. Thus, if an operator introduces an in-
frasound wave with a frequency of 20 Hz into a well, and
observes resonance after three (3) wavelengths have
entered the well, then the hole is 225 meters deep.
[0031] This can be useful particularly in the case of
multilateral wells, because the operator can calculate the
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depths of the different lateral bores by observing the res-
onance in the infrasound waves 30 as they reach the
bottom of each of the lateral bores. This practice can be
enhanced by adding reflectors at the end of the bores,
to better reflect the infrasound waves 30 when they reach
the ends of the bores. In the case of multilateral bores in
particular, when the receivers 28 are positioned in the
lateral bores they can be placed at known positions within
the bores so that it is known which lateral contains each
receiver. When the infrasound waves 30 pass through
the receivers, and also when they are reflected back up
through the receivers, this information can be relayed to
the operator to indicate which lateral is being measured.
In this way, the depths of different laterals can be distin-
guished one from another.
[0032] Furthermore, in wells where the well geometry
is known, the present technology can be used to deter-
mine changes in the composition of the fluid within the
well. For example, as well fluid becomes denser, the
speed of sound through the fluid slows. This change in
the speed of sound will generally lead to a downward
shift in the frequency of the infrasound waves 30. Thus,
by monitoring this shift in the infrasound waves 30, an
operator can estimate the density of the fluid in the well.
[0033] Although the technology herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
trative of the principles and applications of the present
technology. It is therefore to be understood that numer-
ous modifications can be made to the illustrative embod-
iments.

Claims

1. A system for controlling equipment in a wellbore (10)
using infrasonic waves (30), the system character-
ized by:

an infrasound generator (26) positioned near the
opening of the wellbore (10), the infrasound gen-
erator (26) including a resonator (31) and an ac-
tuator (36) for producing infrasound waves (30),
the infrasound generator (26) capable of direct-
ing the infrasound waves (30) down the wellbore
(10); and
a receiver (28) attached to downhole equipment
in the wellbore (10), and capable of receiving
the infrasound waves (30) and, based on the
frequency of the infrasound waves (30), com-
municating commands to the downhole equip-
ment.

2. The system of claim 1, wherein the equipment in the
wellbore (10) comprises an inflow valve (23) config-
ured to regulate production flow.

3. The system of claim 1 or claim 2, wherein the well-

bore (10) is a multilateral wellbore (10) having a
motherbore (16) and a lateral bore (18), and the
equipment is a plurality of inflow valves (23) located
in the motherbore (16) and the lateral bore (18) and
configured to regulate production flow.

4. The system of claim 3 wherein separate receivers
(28) communicate with each of the plurality of inflow
valves (23), and each receiver (28) communicates
commands to the inflow valves (23) responsive to
infrasound waves (30) having a different frequency.

5. The system of any of claims 1-4, further character-
ized by machinery above the infrasound generator
(26), wherein the infrasound generator (26) has a
resonator (31) and an actuator (36), and wherein the
actuator (36) channels white noise from the machin-
ery, and the resonator (31) filters out substantially
all noise other than the frequency required to control
the downhole equipment.

6. The system of any of claims 1-5, wherein the reso-
nator (31) of the infrasound generator (26) is a res-
onator (31) array which substantially spans the in-
frasound frequency spectrum, and wherein each
resonator (31) in the array is coupled with a low-
power actuator (36).

7. The system of any of claims 1-6, wherein the infra-
sound generator (26) includes a sound multiplexer
valve with a single broadband actuator (36) capable
of addressing multiple resonators (31).

8. The system of any of claims 1-7 wherein the receiver
(28) is capable of generating infrasound waves (30),
thereby enabling two-way communication between
the infrasound generator (26) and the receiver (28).

9. A method of controlling equipment in a wellbore (10),
the method characterized by the steps of:

generating infrasound waves (30);
directing the infrasound waves (30) into the well-
bore (10);
fine-tuning the frequency of the infrasound
waves (30) until the infrasound waves (30) reach
a predetermined frequency;
receiving the infrasound waves (30) by a receiv-
er (28) positioned downhole; and
sending a control command from the receiver
(28) to the equipment when the infrasound
waves (30) received by the receiver (28) reach
the predetermined frequency.

10. The method of claim 9, wherein the step of generat-
ing the infrasound waves (30) includes filtering white
noise from equipment at the top of the wellbore (10)
to isolate the frequency required to control the equip-
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ment.

11. The method of claim 9 or claim 10, wherein the equip-
ment is an inflow valve (23) configured to regulate
production flow, and further characterized by the
step of opening or closing the inflow valve (23) re-
sponsive to the control command from the receiver
(28).

12. The method of any of claims 9-11, wherein the well-
bore (10) is a multilateral wellbore (10) having a
motherbore (16) and a lateral bore (18), and the
equipment is a plurality of inflow valves (23) located
in the motherbore (16) and the lateral bore (18) and
configured to regulate production flow, and wherein
separate receivers (28) communicate with each of
the plurality of inflow valves (23), and each receiver
(28) communicates commands to the inflow valves
(23) responsive to infrasound waves (30) having a
different frequency.

13. The method of any of claims 9-12, further charac-
terized by the step of generating infrasound waves
(30) with the receiver (28), thereby enabling two-way
communication between the infrasound generator
(26) and the receiver (28).

Patentansprüche

1. System zum Steuern von Ausrüstung in einem Bohr-
loch (10) unter Verwendung von Infraschallwellen
(30), wobei das System gekennzeichnet ist durch:

einen Infraschallerzeuger (26), der nahe der Öff-
nung des Bohrlochs (10) positioniert ist, wobei
der Infraschallerzeuger (26) einen Resonator
(31) und ein Antriebselement (36) zum Erzeu-
gen von Infraschallwellen (30) einschließt, wo-
bei der Infraschallerzeuger (26) zum Hinunter-
leiten der Infraschallwellen (30) in das Bohrloch
(10) imstande ist; und
einen Empfänger (28), der an Untertageausrüs-
tung im Bohrloch (10) angebracht und zum Emp-
fangen der Infraschallwellen (30) und zum Über-
mitteln von Befehlen an die Untertageausrüs-
tung auf der Grundlage der Frequenz der Infra-
schallwellen (30) imstande ist.

2. System nach Anspruch 1, worin die Ausrüstung im
Bohrloch (10) ein Einlassventil (23) umfasst, das da-
für konfiguriert ist, den Produktionsfluss zu regeln.

3. System nach Anspruch 1 oder Anspruch 2, worin
das Bohrloch (10) ein mehrseitiges Bohrloch (10) mit
einer Mutterbohrung (16) und einer Seitenbohrung
(18) ist und die Ausrüstung eine Vielzahl von Ein-
lassventilen (23) ist, die in der Mutterbohrung (16)

und der Seitenbohrung (18) angeordnet und dafür
konfiguriert sind, den Produktionsfluss zu regeln.

4. System nach Anspruch 3, worin getrennte Empfän-
ger (28) mit jedem aus der Vielzahl von Einlassven-
tilen (23) kommunizieren und jeder Empfänger (28)
als Antwort auf Infraschallwellen (30) unterschiedli-
cher Frequenz Befehle an die Einlassventile (23)
übermittelt.

5. System nach einem der Ansprüche 1 bis 4, ferner
gekennzeichnet durch Maschinerie oberhalb des
Infraschallerzeugers (26), worin der Infraschaller-
zeuger (26) einen Resonator (31) und ein Antrieb-
selement (36) aufweist und worin das Antriebsele-
ment (36) weißes Rauschen von der Maschine ka-
nalisiert und der Resonator (31) im Wesentlichen alle
Geräusche außer der Frequenz, die erforderlich ist,
um die Untertageausrüstung zu steuern, herausfil-
tert.

6. System nach einem der Ansprüche 1 bis 5, worin
der Resonator (31) des Infraschallerzeugers (26) ei-
ne Anordnung von Resonatoren (31) ist, die im We-
sentlichen das Infraschallfrequenzspektrum über-
spannt, und worin jeder Resonator (31) in der An-
ordnung mit einem Antriebselement (36) niedriger
Leistung gekoppelt ist.

7. System nach einem der Ansprüche 1 bis 6, worin
der Infraschallerzeuger (26) ein Schallmultiplexer-
ventil mit einem einzigen Breitbandantriebselement
(36) einschließt, das zum Ansprechen mehrerer Re-
sonatoren (31) imstande ist.

8. System nach einem der Ansprüche 1 bis 7, worin
der Empfänger (28) zum Erzeugen von Infraschall-
wellen (30) imstande ist, wodurch Zweiwegekommu-
nikation zwischen dem Infraschallerzeuger (26) und
dem Empfänger (28) ermöglicht wird.

9. Verfahren zum Steuern von Ausrüstung in einem
Bohrloch (10), wobei das Verfahren durch die fol-
genden Schritte gekennzeichnet ist:

Erzeugen von Infraschallwellen (30);
Leiten der Infraschallwellen (30) in das Bohrloch
(10);
Feinabstimmen der Frequenz der Infraschall-
wellen (30), bis die Infraschallwellen (30) eine
vorbestimmte Frequenz erreichen;
Empfangen der Infraschallwellen (30) durch ei-
nen unter Tage positionierten Empfänger (28);
und
Senden eines Steuerbefehls vom Empfänger
(28) an die Ausrüstung, wenn die durch den
Empfänger (28) empfangenen Infraschallwellen
(30) die vorbestimmte Frequenz erreichen.
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10. Verfahren nach Anspruch 9, worin der Schritt des
Erzeugens der Infraschallwellen (30) einschließt: Fil-
tern von weißem Rauschen von Ausrüstung an der
Oberseite des Bohrlochs (10), um die Frequenz zu
isolieren, die erforderlich ist, um die Ausrüstung zu
steuern.

11. Verfahren nach Anspruch 9 oder Anspruch 10, worin
die Vorrichtung ein Einlassventil (23) ist, das dafür
konfiguriert ist, den Produktionsfluss zu regeln, und
ferner gekennzeichnet durch den Schritt: Öffnen
oder Schließen des Einlassventils (23) als Antwort
auf den Steuerbefehl vom Empfänger (28).

12. Verfahren nach einem der Ansprüche 9 bis 11, worin
das Bohrloch (10) ein mehrseitiges Bohrloch (10) mit
einer Mutterbohrung (16) und einer Seitenbohrung
(18) ist und die Ausrüstung eine Vielzahl von Ein-
lassventilen (23) ist, die in der Mutterbohrung (16)
und der Seitenbohrung (18) angeordnet und dafür
konfiguriert sind, den Produktionsfluss zu regeln,
und worin getrennte Empfänger (28) mit jedem aus
der Vielzahl von Einlassventilen (23) kommunizieren
und jeder Empfänger (28) als Antwort auf Infraschall-
wellen (30) unterschiedlicher Frequenz Befehle an
die Einlassventile (23) übermittelt.

13. Verfahren nach einem der Ansprüche 9 bis 12, ferner
gekennzeichnet durch den Schritt: Erzeugen von
Infraschallwellen (30) mit dem Empfänger (28), wo-
durch Zweiwegekommunikation zwischen dem In-
fraschallerzeuger (26) und dem Empfänger (28) er-
möglicht wird.

Revendications

1. Système pour la commande d’un équipement dans
un puits de forage (10) en utilisant des ondes à in-
frasons (30), le système étant caractérisé par :

un générateur d’infrasons (26) positionné près
de l’ouverture du puits de forage (10), le géné-
rateur d’infrasons (26) incluant un résonateur
(31) et un actionneur (36) permettant de produi-
re des ondes à infrasons (30), le générateur d’in-
frasons (26) étant capable de diriger les ondes
d’infrasons (30) vers le bas du puits (10) ; et
un récepteur (28) fixé à l’équipement de fond de
puits dans le puits de forage (10) et capable de
recevoir les ondes à infrasons (30) et, sur la base
de la fréquence des ondes à infrasons (30), de
communiquer des commandes à l’équipement
de fond de puits.

2. Système selon la revendication 1, dans lequel l’équi-
pement dans le puits de forage (10) comprend une
vanne d’admission (23) configurée afin de réguler le

flux de production.

3. Système selon la revendication 1 ou 2, dans lequel
le puits de forage (10) est un puits de forage multi-
latéral (10) présentant un sondage principal (16) et
un sondage latéral (18) et l’équipement est une plu-
ralité de vannes d’admission (23) situées dans le
sondage principal (16) et le sondage latéral (18) et
configurées afin de réguler le flux de production.

4. Système selon la revendication 3, dans lequel des
récepteurs séparés (28) communiquent avec cha-
cune de la pluralité de vannes d’admission (23) et
chaque récepteur (28) communique des comman-
des aux vannes d’admission (23) en réponse à des
ondes à infrasons (30) présentant une fréquence dif-
férente.

5. Système selon l’une quelconque des revendications
1 à 4, caractérisé en outre par des machines au-
dessus du générateur à infrasons (26), dans lequel
le générateur à infrasons (26) dispose d’un résona-
teur (31) et d’un actionneur (31), et dans lequel l’ac-
tionneur (36) canalise le bruit blanc de la machine
et le résonateur (31) filtre sensiblement tout le bruit
autre que la fréquence requise permettant de com-
mander l’équipement de fonds de puits.

6. Système selon l’une quelconque des revendications
1 à 5, dans lequel le résonateur (31) du générateur
d’infrasons (26) est un réseau de résonateur (31) qui
étend sensiblement le spectre de fréquence d’infra-
sons et dans lequel chaque résonateur (31) dans le
réseau est raccordé à un actionneur basse puissan-
ce (36).

7. Système selon l’une quelconque des revendications
1 à 6, dans lequel le générateur d’infrasons (26) in-
clut une vanne de multiplexage de son avec un ac-
tionneur à bande large unique (36) capable de traiter
de multiples résonateurs (31).

8. Système selon l’une quelconque des revendications
1 à 7, dans lequel le récepteur (28) est capable de
générer des ondes à infrasons (30), en permettant
ainsi une communication bilatérale entre le généra-
teur d’infrasons (26) et le récepteur (28).

9. Procédé de commande d’un équipement dans un
puits de forage (10), le procédé étant caractérisé
par les étapes consistant à :

générer des ondes à infrasons (30) ;
diriger les ondes à infrasons (30) dans le puits
de forage (10) ;
affiner la fréquence des ondes à infrasons (30)
jusqu’à ce que les ondes à infrasons (30) attei-
gnent une fréquence prédéterminée ;
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recevoir les ondes à infrasons (30) par un ré-
cepteur (28) en fond de puits ; et
envoyer une commande de contrôle du récep-
teur (28) à l’équipement, lorsque les ondes à
infrasons (30) reçues par le récepteur (28) at-
teignent la fréquence prédéterminée.

10. Procédé selon la revendication 9, dans lequel l’étape
de génération des ondes à infrasons (30) comprend
la filtration du bruit blanc de l’équipement en haut du
puits de forage (10) afin d’isoler la fréquence requise
permettant de commander l’équipement.

11. Procédé selon la revendication 9 ou la revendication
10, dans lequel l’équipement est une vanne d’ad-
mission (23) configurée afin de réguler le flux de pro-
duction, et caractérisée en outre par l’étape con-
sistant à ouvrir ou fermer la vanne d’admission (23)
en réponse à la commande de contrôle provenant
du récepteur (28).

12. Procédé selon l’une quelconque des revendications
9 à 11, dans lequel le puits de forage (10) est un
puits de forage multilatéral (10) présentant un son-
dage principal (16) et un sondage latéral (18) et
l’équipement est une pluralité de vannes d’admissi-
on (23) situées dans le sondage principal (16) et le
sondage latéral (18) et configurées afin de réguler
le flux de production, et dans lequel des récepteurs
séparés (28) communiquent avec chacune de la plu-
ralité de vannes d’admission (23), et chaque récep-
teur (28) communique des commandes aux vannes
d’admission (23) en réponse à des ondes à infrasons
(30) présentant une fréquence différente.

13. Procédé selon l’une quelconque des revendications
9 à 12, caractérisé en outre par l’étape de géné-
ration d’ondes à infrasons (30) avec le récepteur
(28), en permettant ainsi une communication bilaté-
rale entre le générateur d’infrasons (26) et le récep-
teur (28).
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