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Systems and methods for controlling operation of a well, of
which the method includes receiving an operation setting for
operation of a system that provides lift gas into and produces
gas from the well, monitoring operation of the system using
a first controller, determining, using the first controller, that
the system is not operating at the operation setting, and in
response to determining that the system is not operating at
the operation setting, sending, using a two-way communi-
cation link from the first controller to a second controller, a
control signal to the second controller. The control signal is
configured to cause the second controller to modify an
operation of a compressor of the system.
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GAS-LIFT SYSTEM WITH PAIRED
CONTROLLERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/522,362, filed on Jun. 20, 2017,
the entirety of which is hereby incorporated by reference.

BACKGROUND

[0002] Gas lift plungers are employed to facilitate the
removal of gas from wells, addressing challenges incurred
by “liquid loading.” In general, a well may produce both
liquid and gaseous elements. When gas flow rates are high,
the gas carries the liquid out of the well as the gas rises.
However, as the pressure in the well decreases, the flowrate
of the gas decreases to a point below which the gas fails to
carry the heavier liquids to the surface. The liquids thus fall
back to the bottom of the well, exerting back pressure on the
formation, and thereby loading the well.

[0003] Plungers alleviate such loading by assisting in
removing liquid and gas from the well, e.g., in situations
where the ratio of liquid to gas is high. For example, the
plunger is introduced into the top of the well. One type of
plunger includes a bypass valve that is initially in an open
position. When the bypass valve is in the open position, the
plunger descends through a tubing string in the well toward
the bottom of the well. Once the plunger reaches the bottom
of the well, the bypass valve is closed. A compressed gas is
then introduced into the well, below the plunger. The com-
pressed gas lifts the plunger within the tubing string, causing
any liquids above the plunger to be raised to the surface.
[0004] A compressor at the surface pressurizes the gas that
is introduced into the well. As will be appreciated, the
operation of the plunger is more efficient when the com-
pressed gas is not introduced into the well as the plunger is
descending. However, releasing the compressed gas into the
atmosphere as the plunger descends generates a loud noise
that may be harmful to the ears of those around. In addition,
releasing the compressed gas into the atmosphere may also
raise environmental concerns. Another option would be to
turn the compressor off every time the plunger is descend-
ing; however, frequent switching of the compressor on and
off may be inefficient and may reduce the lifespan of the
compressor.

[0005] Furthermore, in some cases, the operation of the
compressor may need to be adjusted to maintain efficient
production. For example, the flowrate of the compressed gas
may eventually become too low for the well conditions. In
such case, the cycle time for the plunger may become too
long, and thus a higher gas flowrate may be called for.
Typically, this involves manual reconfiguration of the com-
pressor.

SUMMARY

[0006] Embodiments of the disclosure may provide a
method for controlling operation of a well, of which the
method includes receiving an operation setting for operation
of a system that provides lift gas into and produces gas from
the well, monitoring operation of the system using a first
controller, determining, using the first controller, that the
system is not operating at the operation setting, and in
response to determining that the system is not operating at
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the operation setting, sending, using a two-way communi-
cation link from the first controller to a second controller, a
control signal to the second controller. The control signal is
configured to cause the second controller to modify an
operation of a compressor of the system.

[0007] Embodiments of the disclosure may also provide a
system including a compressor configured to compress gas,
a compressor controller configured to control an operation of
the compressor, a wellhead configured to receive com-
pressed gas from the compressor, a wellhead controller
coupled to the wellhead and configured to measure one or
more operation settings, and a two-way communication link
between the wellhead controller and the compressor con-
troller. The wellhead controller is configured to send one or
more control signals to the compressor controller via the
two-way communication link, and the compressor controller
is configured to adjust the operation of the compressor in
response to the one or more control signals.

[0008] Embodiments of the disclosure may also provide a
method for controlling operation of a well. The method
includes introducing a gas into a separator. The method also
includes removing particles from the gas using the separator
to produce a clean gas. The method also includes introduc-
ing the clean gas into a compressor. The method also
includes determining when a plunger is at a predetermined
position in the well. The method also includes transmitting
a first signal to a controller when the plunger is at the
predetermined position in the well. The method also
includes causing the compressor to not compress the clean
gas flowing therethrough in response to the first signal. The
method also includes actuating a valve into a first position in
response to the first signal, thereby allowing the plunger to
descend in the well. The method also includes transmitting
a second signal to the controller a predetermined amount of
time after the plunger is determined to be at the predeter-
mined position in the well. The method also includes com-
pressing the clean gas using the compressor in response to
the second signal. The method also includes actuating the
valve into a second position in response to the second signal,
thereby causing the plunger to ascend in the well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the present teachings and together with the
description, serve to explain the principles of the present
teachings. In the figures:

[0010] FIG. 1 illustrates a schematic view of a system for
operating a gas-lift plunger in a well, according to an
embodiment.
[0011] FIG. 2 illustrates a flowchart of a method for
operating the gas-lift plunger in the well, according to an
embodiment.

[0012] FIG. 3 illustrates a flowchart of another method for
operating the gas-lift plunger in the well, according to an
embodiment.

[0013] FIG. 4 illustrates a flowchart of a method for
controlling a gas-lift system, according to an embodiment.
[0014] It should be noted that some details of the figure
have been simplified and are drawn to facilitate understand-
ing of the embodiments rather than to maintain strict struc-
tural accuracy, detail, and scale.
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DETAILED DESCRIPTION

[0015] In general, embodiments of the present disclosure
may provide a gas-lift well production system, and method
for operating such system, which may include paired con-
trollers, optionally with remote configuration access. The
system may generally include a compressor, with a com-
pressor controller, and a wellhead (i.e., equipment posi-
tioned at the top of a well), with a wellhead controller. The
wellhead controller and the compressor controller may be in
two-way communication with one another such that they are
able send control and/or status signals therebetween. The
wellhead controller may determine when one or more sys-
tem operating characteristics are suboptimal (e.g., plunger
cycle time is too long). In response, the wellhead controller
may communicate a signal indicative of this determination
to the compressor controller.

[0016] The compressor controller may, in response, modu-
late the compressor’s operating parameters (e.g., speed
and/or suction pressure) and/or any other system parameters
(e.g., diverter valve position) to adjust the flowrate of
injection gas to the well. The compressor controller and/or
the wellhead controller may be configured to provide
acknowledgment signals in response to receiving a signal
from the other controller, and/or may provide status update
signals (e.g., a “heartbeat”), such that both controllers are
“aware” that the other controller is online and can ascertain
and take mitigating steps (e.g., initiate alarms, shutdown,
etc.) when the other controller goes offline. This and other
various aspects of the present disclosure may be accom-
plished in a variety of different ways, a few examples of
which are provided below.

[0017] In some embodiments, such systems with paired
controllers may be able to change the state of the compressor
(e.g., speed and/or suction pressure). This may reduce wear
on the machine, save fuel, and eliminate or at least reduce
consumption of purchase gas (gas sent to and then bought
back from the well owner). Further, such systems may be
implemented in gas-lift wells and in plunger-lift wells.

[0018] Reference will now be made in detail to embodi-
ments of the present teachings, examples of which are
illustrated in the accompanying drawing. In the drawings,
like reference numerals have been used throughout to des-
ignate identical elements, where convenient. In the follow-
ing description, reference is made to the accompanying
drawing that forms a part thereof, and in which is shown by
way of illustration one or more specific example embodi-
ments in which the present teachings may be practiced.

[0019] Further, notwithstanding that the numerical ranges
and parameters setting forth the broad scope of the disclo-
sure are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any
numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in
their respective testing measurements. Moreover, all ranges
disclosed herein are to be understood to encompass any and
all sub-ranges subsumed therein.

[0020] FIG. 1 illustrates a schematic view of a system 100
for operating a gas-lift plunger 170 in a well 160, according
to an embodiment. Although illustrated as a plunger-lift
system, it will be appreciated that the present system 100
may be employed in a gas-lift application. The system 100
may include a driver 110, such as an internal combustion
engine or electric motor, a pressure vessel 120, and a

Dec. 20, 2018

compressor 130. When active, the driver 110 drives the
compressor 130, such that the compressor 130 is capable of
compressing gas.

[0021] The pressure vessel 120 may be a separator (e.g., a
scrubber). The pressure vessel 120 may have one or more
inlets (two are shown: 122, 124) and one or more outlets
(one is shown: 126). The pressure vessel 120 may be
configured to receive a gas through the first inlet 122, the
second inlet 124, or both inlets 122, 124. Although not
shown, in at least one embodiment, the pressure vessel 120
may include a single inlet, and the two inlet flows may both
enter the pressure vessel 120 through the single inlet (e.g.,
via a T-coupling coupled to the single inlet). The pressure
vessel 120 may then separate (i.e., remove) particles from
the gas to clean the gas. In at least one embodiment, the
pressure vessel 120 may be a gravity-based separator, such
that the separation may be passive, allowing the denser solid
particles to fall to the bottom of the pressure vessel 120. The
clean gas may then exit the pressure vessel 120 through the
outlet 126. The pressure vessel 120 may have an internal
volume ranging from about 0.04 m> to about 0.56 m>, or
more.

[0022] The compressor 130 may include an inlet 132 that
is coupled to and in fluid communication with the outlet 126
of the pressure vessel 120. The gas that flows out of the
outlet 126 of the pressure vessel 120 may be introduced into
the inlet 132 of the compressor 130, as shown by arrows
128. The compressor 130 may be configured to compress the
gas received through the inlet 132. The gas may exit the
compressor 130 through an outlet 134 of the compressor
130. The compressor 130 may be a reciprocating compres-
sor. In other embodiments, the compressor 130 may be a
centrifugal compressor, a diagonal or mixed-flow compres-
sor, an axial-flow compressor, a rotary screw compressor, a
rotary vane compressor, a scroll compressor, or the like.

[0023] A first valve (also referred to as an “unloader
valve”) 140 may be coupled to and in fluid communication
with the outlet 134 of the compressor 130. When the first
valve 140 is in a first position, the gas may flow through the
first valve 140 and be introduced back into the pressure
vessel 120, as shown by arrows 136. For example, the gas
may be introduced into the pressure vessel 120 through the
second inlet 124. When the first valve 140 is in a second
position, the gas exiting the compressor 130 may flow
through the first valve 140 and be introduced into a well 160
(as shown by arrows 138) and/or a sales line 146 (as shown
by arrows 148). As used herein, a “sales line” refers to a
pipeline where the gas is metered and sold.

[0024] A second valve (also referred to as a “diverter
valve”) 142 may be coupled to and in fluid communication
with the outlet 134 of the compressor 130 and/or the first
valve 140. As shown, the second valve 142 may be posi-
tioned downstream from the first valve 140. When the
second valve 142 is in a first position (e.g., “open”), the gas
from the compressor 130 may flow through the second valve
142 and be introduced into the sales line 146, as shown by
arrows 148. The gas may not flow into the well 160 when the
second valve 142 is in the first position. When the second
valve 142 is in a second position (e.g., “closed” or “shut”),
the gas from the compressor 130 may flow through the
second valve 142 and be introduced into the well 160, as
shown by arrows 138. The gas may not flow into the sales
line 146 when the second valve 142 is in the second position.
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[0025] A third valve 144 may be coupled to and in fluid
communication with the second valve 142. The third valve
144 may be positioned between the second valve 142 and the
well 160 (i.e., downstream from the second valve 142). The
third valve 144 may be a check valve or a diverter valve that
allows the gas to flow through in one direction but not in the
opposing direction. For example, the third valve 144 may
allow the gas to flow from the compressor 130 into the well
160, but not from the well 160 into the sales line 146.
Optionally, another check (or diverter) valve may be posi-
tioned between the first valve 140 and the second valve 142,
so as to prevent backflow of gas into the first valve 140.
[0026] A compressor controller 150 may be coupled to the
compressor 130, the first valve 140, the second valve 142, or
a combination thereof. The compressor controller 150 may
be configured, among other things, to control one or more
operating parameters of the compressor 130. For example,
the compressor controller 150 may be configured to adjust
the speed (or RPM—revolutions per minute) of the com-
pressor 130. Control of the speed of the compressor 130 may
be accomplished in a variety of ways, e.g., by communica-
tion with the driver 110, power source, and/or driveline
components between the driver 110 and the compressor 130.
[0027] Additionally or alternatively, the compressor con-
troller 150 may be configured to adjust the suction pressure
of the compressor 150. For example, adjustment of the
suction pressure may be achieved by selectively opening and
closing two or more pilot valves at the inlet 132. For
example, if two pilot valves are provided, one may operate
at (e.g., “correspond t0”) a relatively high suction pressure,
while the other may operate at (e.g., “correspond to”) a
relatively low suction pressure. Thus, the suction pressure of
the compressor 130 may be determined by which of the pilot
valve is open and which is closed. In some embodiments,
more than two such inlet valves may be provided, thereby
allowing for more than two choices of suction pressures. In
other embodiments, one or more such inlet valves may be
provided with a variable position, which may allow for
many different setpoints (sometimes referred to as “infinite”
control) for the suction pressure.

[0028] Further, as also discussed in greater detail below,
the compressor controller 150 may be configured to actuate
the first (unloader) valve 140 between its first and second
positions. The compressor controller 150 may also be con-
figured to actuate the second (diverter) valve 142 between its
first and second positions. In addition, the compressor
controller 150 may be configured to cause the compressor
130 to not compress the gas during predetermined intervals.
In other words, the gas flowing out through the outlet 134 of
the compressor 130 may have substantially the same pres-
sure as the gas flowing in through the inlet 132 of the
compressor 130 during such intervals. In one embodiment,
the compressor 130 may not compress the gas when the first
valve 140 is in the first position, and the compressor 130
may compress the gas when the first valve 140 is in the
second position.

[0029] Referring back to the well 160, a casing 162 may
be coupled to the wall of the well 160 by a layer of cement.
A tubing string (e.g., a production string) 164 may be
positioned radially-inward from the casing 162. An annulus
166 may be defined between the casing 162 and the tubing
string 164. A plunger 170 may be moveable within the
tubing string 164. In some embodiments, a substantially
fluid-tight seal may be formed between the outer surface of
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the plunger 170 and the inner surface of the tubing string
164. Optionally, a bore may be formed axially-through the
plunger 170, and a valve 172 may be positioned within the
bore. The valve 172 may be opened when the plunger 170
contacts a first actuator (e.g., “bumper spring”) 174 proxi-
mate to the upper end of the tubing string 164. The valve 172
may be closed when the plunger 170 contacts a second
actuator (e.g., “bumper spring™) 176 proximate to the lower
end of the tubing string 164. In another embodiment, the
plunger 170 may be a pad-type plunger.

[0030] The plunger 170 may cycle from the bottom of the
well 160, to the top of the well 160, back to the bottom of
the well 160, and so on. More particularly, when the valve
172 in the plunger 170 is in the closed position and the well
160 is producing enough gas to lift the liquid, the gas may
lift the plunger 170, and the liquid that is above the plunger
170 in the tubing string 164, to the surface (e.g., when an
outlet valve is opened at the surface). As discussed in more
detail below, when the well 160 is not producing enough gas
to lift the liquid to the surface, or the well 160 is not
producing enough gas to lift the liquid to the surface within
a predetermined amount of time, additional compressed gas
(e.g., from the compressor 130) may be introduced into the
well 160 to lift the plunger 170 and the liquid. When the
plunger 170 reaches the surface and contacts the first actua-
tor 174, the valve 172 in the plunger 170 may open, which
may allow the plunger 170 to descend toward the bottom of
the well 160.

[0031] When the plunger 170 reaches the bottom of the
well 160 and contacts the second actuator 176, the valve 172
in the plunger 170 may close. Then, the gas produced in the
well 160, the compressed gas introduced into the well 160,
or a combination thereof may lift the plunger 170, and the
liquid that is above the plunger 170 in the tubing string 164,
back to the surface. The plunger 170 may continue to cycle
up and down, lifting liquid to the surface with each trip.

[0032] The system 100 may also include wellhead equip-
ment 177 positioned at the topside surface of the well 170.
The wellhead equipment 177 may include a sensor 178
positioned proximate to the top of the well 160 (e.g., at or
near the surface). The sensor 178 may be coupled to the
tubing string 164, the first actuator 174, a lubricator 186
(introduced below), or other equipment at the surface. The
sensor 178 may detect or sense each time the plunger 170
reaches the surface. In one embodiment, the sensor 178 may
detect or sense when the plunger 170 is within a predeter-
mined distance from the sensor 178. In another embodiment,
the sensor 178 may detect or sense when the plunger 170
contacts the first actuator 174 and/or the lubricator 186.

[0033] In yet another embodiment, the sensor 178 may be
a pressure transducer that is coupled to and/or in fluid
communication with the tubing string 164, the first actuator
174, the lubricator 186, the inlet 132 of the compressor 130,
the outlet 134 of the compressor 130, or the like. It may be
determined that the plunger 170 is at a predetermined
position in the well 160 when the pressure measured by the
pressure transducer is greater than or less than a predeter-
mined amount. For example, a user may open or close a
valve (e.g., valve 182, 184) to cause the plunger 170 to
ascend or descend within the well 160. The opening or
closing of the valve (e.g., 182, 184) may cause the pressure
to increase or decrease beyond the predetermined amount,
which may be detected by the sensor 178.
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[0034] In some embodiments, the system 100 may also
include a wellhead controller 180. The wellhead controller
180 may receive the data from the sensor 178 and commu-
nicate with the compressor controller 150 in response to the
data from the sensor 178, as discussed in greater detail
below. In some embodiments, the wellhead controller 180
may track the cycle time, i.e., the time the plunger 170 takes
to complete a lifting cycle in the well 160, e.g., the time the
plunger 170 takes to descend from and rise back to a position
proximal to the first actuator 174 and/or the lubricator 186.
[0035] The system 100 may also include a control valve
182 and a master valve 184. The wellhead controller 180
may close and open the control valve 182 depending on the
point in the cycle to shut-in the well 160 or allow the well
160 to produce. The lubricator 186 may be positioned above
the master valve 184. The lubricator 186 houses a shift rod
and shock absorber to actuate the plunger 170 at the surface.
Although shown as different components, in another
embodiment, the first actuator 174 and the lubricator 186
may be the same component.

[0036] In some embodiments, the system 100 may also
include a separator 190. The separator 190 may be config-
ured to receive gas from the well 160. The separator 190
may separate (i.e., remove) particles from the gas to clean
the gas. In at least one embodiment, the separator 190 may
be a gravity-based separator, such that the separation may be
passive, allowing the denser solid particles to fall to the
bottom of the separator 190. The outlet of the separator 190
may be in fluid communication with the inlet 122 of the
pressure vessel 120 and/or the inlet 132 of the compressor
130.

[0037] As mentioned above, the compressor controller
150 and the wellhead controller 180 may be in communi-
cation with one another. In some embodiments, the control-
lers 150, 180 may communicate generally continuously, in
order to provide a status update to the other, e.g., indicating
to the other that the controller 150, 180 is online and able to
function. The controllers 150, 180 may also be able to pass
control signals therebetween. As such, a two-way commu-
nication link 199 may be provided between the controllers
150, 180. In some situations, this two-way link 199 may be
representative of a wired or wireless communication link.
For example, the link may employ a wireless standard such
as BLUETOOTH®. The link may be via radiofrequency,
infrared, acoustic, optical, or any other transmission (e.g.,
telemetry) medium. The signals transmitted between the
controllers 150, 180 may range from relatively simple (e.g.,
a binary off/on signal) to more complex (numbers, status,
values for operating parameters, etc.), and the transmission
link therebetween may be selected to provide efficient trans-
mission of the given complexity of signals within a suitable
amount of time. The link 199 may include one or more
devices, such as repeaters, amplifiers, conditioners, anten-
nae, etc.

[0038] The provision of the link 199 may also enable or at
least facilitate remote access to either or both of the con-
trollers 150, 180. For example, a modem 198 that is capable
of communicating with an external device (e.g., computer at
a remote terminal) may be provided on the compressor 130
and in communication with the compressor controller 150,
or vice versa. Thus, a user may remotely access the com-
pressor controller 150 and then communicate with the
wellhead controller 180 via the two-way link 199. This may
avoid a requirement for a powered modem to be placed at
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the wellhead controller 180, since power consumption may
be at a premium at this position. In other embodiments,
however, a modem may be provided at the wellhead con-
troller 180 and not at the compressor 130, so as to allow for
communication from an external device to the compressor
controller 150 via the wellhead controller 180 and the
two-way link 199. In still other embodiments, a modem may
be provided at both the compressor 130 and the wellhead
controller 180, so as to, along with the two-way link 199,
provide for redundancy in communication.

[0039] FIG. 2 illustrates a flowchart of a method 200 for
operating the gas-lift plunger 170 in the well 160, according
to an embodiment. The method 200 is described herein with
reference to the system 100 in FIG. 1 as a matter of
convenience, but may be employed with other systems. The
method 200 may begin by introducing a gas into the pressure
vessel 120, as at 202. The gas may be any mixture of natural
gases. As described above, the gas may be introduced into
the pressure vessel 120 through the first inlet 122 of the
pressure vessel 120. The method 200 may then include
removing particles from the gas using the pressure vessel
120 to produce a clean gas, as at 204. The method 200 may
then include introducing the clean gas into the compressor
130, as at 206.

[0040] The method 200 may also include determining,
using the sensor 178, when the plunger 170 is at a prede-
termined position in the well 160, as at 208. In one embodi-
ment, the predetermined position may be proximate to the
top of the well 160. In another embodiment, the predeter-
mined position may be when the plunger 170 contacts the
first actuator 174 and/or the lubricator 186.

[0041] The sensor 178 may transmit a signal to the well-
head controller 180 each time the sensor 178 detects the
plunger 170. The method 200 may include transmitting a
first signal from the wellhead controller 180 to the compres-
sor controller 150 when the plunger 170 is at the predeter-
mined position, as at 210. The first signal may be transmitted
through a cable or wire, or the first signal may be transmitted
wirelessly. In the embodiment where the sensor 178 is a
pressure transducer, the wellhead controller 180 may be
omitted, and the sensor 178 may send a signal directly to the
compressor controller 150 when the measured pressure is
greater than or less than the predetermined amount.

[0042] In response to receiving the first signal from the
wellhead controller 180 (or the signal from the sensor 178),
the compressor controller 150 may cause the compressor
130 to not compress the gas flowing therethrough (i.e.,
“unload” the compressor 130 to provide an uncompressed
gas), as at 212. In some embodiments, the uncompressed gas
may still have a pressure greater than atmospheric pressure.
The uncompressed gas may, however, have a lower pressure
than the compressed gas (e.g., at 218 below). In response to
receiving the first signal, the compressor controller 150 may
also actuate the first valve 140 at the outlet 134 of the
compressor 130 into the first position, as at 214, such that the
uncompressed gas that exits the compressor 130 flows back
into the pressure vessel 120.

[0043] When the first valve 140 at the outlet 134 of the
compressor 130 is in the first position, and the valve 172 in
the plunger 170 is open (e.g., after contacting the first
actuator 174), the plunger 170 may begin descending back
to the bottom of the well 160. The uncompressed gas may
continue to flow into the pressure vessel 120 as the plunger
170 descends. The uncompressed gas may only flow into the
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pressure vessel 120 up to the set suction pressure. The set
suction pressure may be from about 15 psi to about 100 psi
or more. The pressure vessel 120 may be certified for
pressures ranging from about 100 psi to about 400 psi, about
400 psi to about 800 psi, about 800 psi to about 1200 psi, or
more. The volume of the pressure vessel 120 (provided
above) may be large enough to store the gas introduced from
the compressor 130 while the plunger 170 descends in the
well 160.

[0044] The method 200 may also include transmitting a
second signal from the wellhead controller 180 to the
compressor controller 150 a predetermined amount of time
after the plunger 170 is determined to be at the predeter-
mined position in the well 160, as at 216. The second signal
may be transmitted through a cable or wire, or the second
signal may be transmitted wirelessly. In another embodi-
ment, the compressor controller 150 may have a timer set to
the predetermined amount of time so that the second signal
from the wellhead controller 180 may be omitted. The
predetermined amount of time may be the time (or slightly
more than the amount of time) that it takes for the plunger
170 to descend back to the bottom of the well 160 (e.g., to
contact the second actuator 176), which may be known or
estimated. For example, the density of the plunger 170, the
density of the fluids in the well 160, and the distance
between the first and second actuators 174, 176 may all be
known or estimated. This may enable a user to calculate or
estimate the time for the plunger 170 to descend to the
bottom of the well 160.

[0045] In response to receiving the second signal, the
compressor controller 150 may cause the compressor 130 to
compress the clean gas from the pressure vessel 120 to
provide a compressed gas, as at 218. In response to receiving
the second signal, the compressor controller 150 may also
actuate the first valve 140 at the outlet 134 of the compressor
130 into the second position, as at 220, such that the
compressed gas that exits the compressor 130 flows into the
well 160, as shown by arrows 138 in FIG. 1. In another
embodiment, the compressor controller 150 may automati-
cally perform steps 218 and 220 after the predetermined
amount of time, and the second signal may be omitted.
[0046] When the first valve 140 is in the second position,
the compressed gas may flow from the compressor 130,
through the first valve 140, and into the annulus 166 in the
well 160. The compressed gas may then flow down through
the annulus 166 and into the tubing string 164 at a position
below the plunger 170 and/or the second actuator 176. The
compressed gas may then flow up through the tubing string
164, which may lift the plunger 170 back toward the surface.
The method 200 may then loop back around to step 208. In
another embodiment, an injection valve may be attached to
the tubing string 164 at a location below the plunger 170
and/or the second actuator 176. The compressed gas may be
injected through the injection valve and into the tubing
string 164.

[0047] In yet another embodiment, the compressor 130
may pull (e.g., suck) on the tubing string 164. More par-
ticularly, gas at the upper end of the tubing string 164 may
be introduced into the inlet 132 of the compressor 130. This
may exert a force inside the tubing string 164 that pulls the
plunger 170 upward. The outlet 134 of the compressor 130
may introduce the compressed gas into the annulus 166, as
described above, or a portion of the compressed gas may be
introduced into a sales line.
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[0048] As will be appreciated, the system 100 and method
200 may control the injection of gas from the compressor
130 on demand by “unloading” the compressor 130 (e.g., as
at 212 and/or 214) and “loading” the compressor 130 (e.g.,
as at 218 and/or 220) in response to the detection by the
sensor 178, the predetermined amount of time, or a combi-
nation thereof. The system 100 and method 200 may also
stop the compressor 130 before the compressor 130 runs out
of sufficient gas to restart. By redirecting the gas to the
pressure vessel 120 (i.e., unloading the compressor 130), the
compressor 130 may avoid blowing down and/or emitting
gas to the atmosphere. This is accomplished by unloading
the compressor 130 back into the pressure vessel 120 and
unloading the compressor 130 so that it may restart without
any emission of gas to the atmosphere. In addition, by
introducing the gas from the compressor 130 back into the
pressure vessel 120, rather than releasing the gas into the
atmosphere, the loud noise generated by the release of the
compressed gas may be avoided. The environmental con-
cerns caused by releasing the compressed gas into the
atmosphere may also be alleviated.

[0049] FIG. 3 illustrates a flowchart of another method
300 for operating the gas-lift plunger 170 in the well 160,
according to an embodiment. The method 300 is described
herein with reference to the system 100 in FIG. 1 as a matter
of convenience, but may be employed with other systems.
The method 300 may begin by introducing a gas into the
compressor 130, as at 302. The gas may come from the
pressure vessel 120 or the separator 190 (see FIG. 1).

[0050] The method 300 may also include determining,
using the sensor 178, when the plunger 170 is at a prede-
termined position in the well 160, as at 304. In one embodi-
ment, the predetermined position may be proximate to the
top of the well 160. In another embodiment, the predeter-
mined position may be when the plunger 170 contacts the
first actuator 174 and/or the lubricator 186, after which time,
the valve 172 is open, and the plunger 170 begins descend-
ing.

[0051] The sensor 178 may transmit a signal to the well-
head controller 180 each time the sensor 178 detects the
plunger 170. The method 300 may include transmitting a
first signal from the wellhead controller 180 to the compres-
sor controller 150, e.g., via the link 199, when the plunger
170 is at the predetermined position, as at 306. The first
signal may be transmitted through a cable or wire, or the first
signal may be transmitted wirelessly. In the embodiment
where the sensor 178 is a pressure transducer, the wellhead
controller 180 may be omitted, and the sensor 178 may send
a signal directly to the compressor controller 150 when the
measured pressure is greater than or less than the predeter-
mined amount.

[0052] In response to receiving the first signal from the
wellhead controller 180 (or the signal from the sensor 178),
the compressor controller 150 may actuate the second valve
142 into (or maintain the second valve 142 in) the first
position, as at 308. When in the first position, the gas from
the compressor is directed into the sales line 146. The third
valve 144 prevents the gas in the well 160 from flowing into
the sales line 146.

[0053] When the second valve 142 is in the first position
and the valve 172 in the plunger 170 is open (e.g., after
contacting the first actuator 174 and/or the lubricator 186),
the plunger 170 may begin descending back to the bottom of
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the well 160. The compressed gas may continue to flow into
the sales line 146 as the plunger 170 descends.

[0054] The method 300 may also include transmitting a
second signal from the wellhead controller 180 to the
compressor controller 150 a predetermined amount of time
after the plunger 170 is determined to be at the predeter-
mined position in the well 160, as at 310. The second signal
may be transmitted through a cable or wire, or the second
signal may be transmitted wirelessly. In another embodi-
ment, the compressor controller 150 may have a timer set to
the predetermined amount of time so that the second signal
from the wellhead controller 180 may be omitted. The
predetermined amount of time may be the time (or slightly
more than the amount of time) that it takes for the plunger
170 to descend back to the bottom of the well 160 (e.g., to
contact the second actuator 176), which may be known or
estimated. For example, the density of the plunger 170, the
density of the fluids in the well 160, and the distance
between the first and second actuators 174, 176 may all be
known or estimated. This may enable a user to calculate or
estimate the time for the plunger 170 to descend to the
bottom of the well 160.

[0055] In response to receiving the second signal, the
compressor controller 150 may actuate the second valve 140
into the second position, as at 312. In another embodiment,
the compressor controller 150 may automatically perform
the actuation at 312 after the predetermined amount of time,
and the second signal may be omitted.

[0056] When the second valve 142 is in the second posi-
tion, the compressed gas may flow from the compressor 130,
through the second valve 142, and into the annulus 166 in
the well 160. A pressure of the gas flowing into the well 160
may be substantially equal to a pressure of the gas intro-
duced into the sales line 146. The compressed gas may then
flow down through the annulus 166 and into the tubing string
164 at a position below the plunger 170 and/or the second
actuator 176. The compressed gas may then flow up through
the tubing string 164, which may lift the plunger 170 back
toward the surface. In another embodiment, an injection
valve may be attached to the tubing string 164 at a location
below the plunger 170 and/or the second actuator 176. The
compressed gas may be injected through the injection valve
and into the tubing string 164.

[0057] The compressed gas and/or the gas lifted by the
plunger 170 may then flow through the valves 182, 184 and
into the separator 190, as at 314. The gas may then exit the
separator and flow back into the inlet 132 of the compressor
130, as at 316, to complete the loop. When the gas flowing
out of the well 160 is introduced back into the compressor
(via the separator 190), this allows the compressor to pull
(e.g., suck) on the tubing string 164. This may exert a force
inside the tubing string 164 that pulls the plunger 170
upward.

[0058] The plunger 170 may continue to ascend in the well
160 during 314, 316, or both. The method 300 may then
cycle back to determining when the plunger 170 is at a
predetermined position in the well 160, as at 304.

[0059] FIG. 4 illustrates a flowchart of a method 400 for
controlling operation of the system 100, according to an
embodiment. The method 400 may be conducted by opera-
tion of the wellhead controller 180 and the compressor
controller 150 coupled together (i.e., paired) via the link
199. In some embodiments, however, a single controller
may operate to perform both sides of the link 199, e.g., by
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communication with sensors positioned where the wellhead
controller 180 and/or the compressor controller 150 are
described. In some embodiments, the wellhead controller
180 and the compressor controller 150 may operate in a
peer-to-peer configuration, but in others, one may be a
master and may direct operation of the other controller,
which acts as the slave. Various other configurations may be
employed.

[0060] In the illustrated embodiment, the method 400 may
begin on the wellhead controller 180 side with the wellhead
controller 180 receiving an operation setting (e.g., cycle
time), as at 402. Receiving at 402 may occur at initialization
of the system 100, or may represent a change in the system
100 operation enforced by a user, e.g., after the system 100
has already been operating. Various operation settings may
be employed instead of or in addition to cycle time, such as
pressure settings in the case that pressure transducers are
provided. In the illustrated embodiment, the wellhead con-
troller 180 may thus be configured to track and record the
duration of the cycle of plunger travel, and may compare the
recorded duration (or other operation setting) with that
received at 402. In some embodiments, this may be a direct
comparison, e.g., of the most recent cycle or reading, or an
average or other metric of the past several or more record-
ings.

[0061] Based on this comparison, the wellhead controller
180 may determine that the system 100 is not meeting the
operation setting, as at 404. For example, the wellhead
controller 180 may determine that the cycle time is too long
(i.e., not enough lift gas). In response to such determination,
the wellhead controller 180 may send a control signal to the
compressor controller 150 via the two-way link 199, as at
406. The control signal may be a simple binary signal, e.g.,
a signal at a certain, predetermined frequency. In other
embodiments, the control signal may be more complex, and
may include data representing the present operating charac-
teristics of the system (e.g., the present cycle time), the
amount of change of injection gas flowrate, etc.

[0062] In some embodiments, the control signal may
represent a command to the compressor controller 150. For
example, the command may be to load and speed up the
compressor 130, e.g., to preset RPM and suction settings.
Another command may be to unload and slow down the
compressor 130 to preset RPM and suction settings. Another
command may be to increase the rate of compressor 130,
which may be achieved by increasing the suction pressure,
if available, and otherwise increasing the compressor speed.
Another command may be to decrease the rate of compres-
sor 130 by decreasing speed and/or suction pressure.
Another command may be to divert some or all compressed
gas to the casing and/or to the sales line, which may result
in modulation of the diverter and/or unloader valves 140,
142, and/or modulation of the speed and/or suction settings.
[0063] In the meantime, the compressor controller 150
may be controlling the operation of the compressor 130,
thereby driving the system 100. For example, the compres-
sor controller 150 may select a first setpoint for compressor
130 operation, as at 450. In some embodiments, the selection
of'the first setpoint may be received from a remote user, e.g.,
communicating with the compressor controller 150 via a
model and/or the two-way link 199, as discussed above. The
first setpoint may be established based on the conditions in
which the system 100 operates, e.g., including the suction
pressure, compressor speed (e.g., depending on the size and
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type of compressor), lift-gas requirements of the well, etc.
The setpoint may include operating values for one or more
characteristics. For example, the setpoint may include a
speed of the compressor 130, a suction pressure, a diverter
and/or unloader valve position and/or timing scheme, as
discussed above. The setpoint may also include anything
else relevant to the operation of the compressor 130 in the
system 100. The compressor controller 150 may thus operate
the compressor 130 (and any associated valves, e.g., at the
inlet 132, the diverter valve 142, the unloader valve 140), as
at 452.

[0064] As mentioned above, at some point, the wellhead
controller 180 may send a control signal at 406, which the
compressor controller 150 may receive, as at 454. The
compressor controller 150 may send an acknowledgment of
the receipt of the signal, as at 456, which may be received
by the wellhead controller 180, as at 408. This may indicate
to the wellhead controller 180 that the compressor controller
150 is online and operational.

[0065] In response to receiving the signal at 456, the
compressor controller 150 may select a second setpoint for
compressor operation, as at 458. In some embodiments, the
compressor controller 150 may be loaded with one or more
setpoints to select from, and may thus choose another
setpoint (e.g., higher suction pressure, higher RPM, less
diversion, etc.). In other embodiments, the control signal
sent by the wellhead controller 180 to the compressor
controller 150 at 406 may specify the new operating param-
eters for the compressor 130, and thus the compressor
controller 150 may simply give effect to these commands
(e.g., acting as a slave). In still other embodiments, the
wellhead controller 180 may specify an amount of additional
gas flowrate needed, and the compressor controller 150 may
select one among several (potentially infinite) options for the
operating the compressor 130 in order to achieve the desired
flowrate.

[0066] The compressor controller 150 may then cause the
compressor 130 to operate at the second setpoint, as at 460.
This may be achieved by increasing compressor speed,
opening a different pilot valve at the inlet 132 (as explained
above), modulating the position of a variable-position inlet
pilot valve (also mentioned above), modulating the position
of the diverter and/or unloader valves 140, 142, or in any
other suitable manner.

[0067] The operation at the second setpoint may be tran-
sitory, e.g., to temporarily increase the injection rate of gas
into the well, and after a predetermined duration or another
trigger, the compressor controller 150 may be configured to
resume operation of the compressor 130 according to the
first setpoint. In other situations, the operation at the second
setpoint may be open-ended in time, and may continue until
the wellhead controller 180 again indicates that the system
is not meeting the operation setting.

[0068] The compressor controller 150 may, at some time,
e.g., after adjusting the operation of the compressor 130 to
operate at the second setpoint, send a signal to the wellhead
controller 180 via the two-way link, as at 462. This signal,
when received by the wellhead controller 180, as at 410,
may indicate to the wellhead controller 180 that the com-
pressor controller 150 is online and adjusted operation of the
compressor 130, as requested. The wellhead controller 180
may respond with an acknowledgment signal, as at 412,
which may be received by the compressor controller 150, as
at 464. The wellhead controller 180 may then loop back to
404, and may continue determining whether the system is
meeting the operation setting and perform the above-de-
scribed sequence in the case that the system 100 is not
operating at the operation setting. Similarly, the compressor
controller 150 may loop back to 452, and may operate the
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compressor 130 at the selected setpoint (whether the first or
second setpoint, or the first setpoint for a duration and then
the second setpoint, etc.).

[0069] Accordingly, it will be seen that the system 100 is
able to control the operation of the compressor 130, includ-
ing load and unloading, in response to plunger 170 opera-
tion, via communication with the wellhead controller 180.
Thus, the system 100 may be able to more quickly react to
operating conditions changing, thereby reducing or elimi-
nating the need to purchase gas to introduce to the com-
pressor via suction makeup valves.

[0070] In a specific example of operation, the wellhead
controller 180 may receive an operational setting (cycle
time) of 15 minutes. The wellhead controller 180 may record
a cycle time of 16 minutes. In response, the wellhead
controller 180 may signal to the compressor controller 150
via the two-way link 199 that the well 160 should operate at
a higher injection flowrate. The compressor controller 150,
in response, may change the rate of injection by increasing
the compressor RPM and/or suction pressure to the com-
pressor 130, or, for machines that inject and sell, by reducing
the amount of gas that is being sent to the sales line and
diverting it to the casing for injection. The compressor then
sends the wellhead controller 180 a confirmation (acknowl-
edgment) signal using the two-way link 199.

[0071] While the present teachings have been illustrated
with respect to one or more implementations, alterations
and/or modifications may be made to the illustrated
examples without departing from the spirit and scope of the
appended claims. In addition, while a particular feature of
the present teachings may have been disclosed with respect
to only one of several implementations, such feature may be
combined with one or more other features of the other
implementations as may be desired and advantageous for
any given or particular function. Furthermore, to the extent
that the terms “including,” “includes,” “having,” “has,”
“with,” or variants thereof are used in either the detailed
description and the claims, such terms are intended to be
inclusive in a manner similar to the term “comprising.”
Further, in the discussion and claims herein, the term
“about” indicates that the value listed may be somewhat
altered, as long as the alteration does not result in noncon-
formance of the process or structure to the illustrated
embodiment. Finally, “exemplary” indicates the description
is used as an example, rather than implying that it is an ideal.
[0072] Other embodiments of the present teachings will be
apparent to those skilled in the art from consideration of the
specification and practice of the present teachings disclosed
herein. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of
the present teachings being indicated by the following
claims.

What is claimed is:
1. A method for controlling operation of a well, compris-
ing:

receiving an operation setting for operation of a system
that provides lift gas into and produces gas from the
well;

monitoring operation of the system using a first controller;

determining, using the first controller, that the system is
not operating at the operation setting; and

in response to determining that the system is not operating
at the operation setting, sending, using a two-way
communication link from the first controller to a second
controller, a control signal to the second controller,
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wherein the control signal is configured to cause the
second controller to modify an operation of a compres-
sor of the system.

2. The method of claim 1, wherein receiving the operation
setting comprises receiving the operation setting from a
remote device via a modem connected to the second con-
troller, and wherein the operation setting is transmitted from
the second controller to the first controller via the two-way
communication link.

3. The method of claim 1, wherein the operation setting
comprises a cycle time for travel of a plunger in the well, and
wherein the monitoring operation comprises timing the
travel of the plunger in the well.

4. The method of claim 1, further comprising, using the
second controller:

selecting a first setpoint for the compressor;

operating the compressor at the first setpoint;

receiving the control signal;

selecting a second setpoint in response to receiving the

control signal; and
operating the compressor at the second setpoint.
5. The method of claim 4, wherein selecting the first
operating setpoint comprises receiving the first operating
setpoint from a user.
6. The method of claim 4 further comprising:
sending an acknowledgment signal to the first controller
using the second controller in response to receiving the
control signal, via the two-way communication link;

sending a second control signal from the second controller
to the first controller in response to selecting the second
operating setpoint, via the two-way communication
link; and

sending an acknowledgment signal from the first control-

ler to the second controller in response to receiving the
second control signal, via the two-way communication
link.

7. The method of claim 1, wherein the control signal
comprises a binary on/off signal.

8. The method of claim 1, wherein the control signal
comprises data representing a command selected from the
group consisting of:

load the compressor;

unload the compressor;

increase a flowrate of the lift gas;

decrease a flowrate of the lift gas;

divert some or all lift gas to a casing in the well; and

divert some or all lift gas to a sales line.

9. A system, comprising:

a compressor configured to compress gas;

a compressor controller configured to control an operation

of the compressor;

a wellhead configured to receive compressed gas from the

compressor;

a wellhead controller coupled to the wellhead and con-

figured to measure one or more operation settings; and

a communication two-way link between the wellhead

controller and the compressor controller, wherein the
wellhead controller is configured to send one or more
control signals to the compressor controller via the
two-way communication link, and wherein the com-
pressor controller is configured to adjust the operation
of the compressor in response to the one or more
control signals.
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10. The system of claim 9, wherein the compressor
controller is configured to transmit one or more acknowl-
edgment signals to the wellhead controller via the two-way
communication link, in response to receiving the one or
more control signals.

11. The system of claim 9, further comprising a modem in
communication with a remote device that is operable by a
user, and the compressor controller, wherein the wellhead
controller is in communication with the modem via the
two-way communication link and the compressor controller.

12. The system of claim 9, wherein the compressor
controller is configured to operate the compressor at a first
setpoint and at a second setpoint, wherein the compressor
operating at the second setpoint increases a gas flowrate to
the wellhead, and wherein the compressor controller is
configured to operate the compressor at the first setpoint
until the compressor controller receives the one or more
control signals, and is configured to operate the compressor
at the second setpoint in response to receiving the one or
more control signals.

13. The system of claim 12, wherein:

the compressor comprises a first inlet valve and a second

inlet valve;

the first inlet valve corresponds to a first suction pressure,

and the second inlet valve corresponds to a second
suction pressure, the second suction pressure being
greater than the first suction pressure; and

the first inlet valve is open when the compressor is

operating at the first setpoint, and the second inlet valve
is open when the compressor is operating at the second
setpoint.

14. A method for controlling operation of a well, com-
prising:

introducing a gas into a separator;

removing particles from the gas using the separator to

produce a clean gas;

introducing the clean gas into a compressor;

determining when a plunger is at a predetermined position

in the well;

transmitting a first signal to a controller when the plunger

is at the predetermined position in the well;
causing the compressor to not compress the clean gas
flowing therethrough in response to the first signal;

actuating a valve into a first position in response to the
first signal, thereby allowing the plunger to descend in
the well;
transmitting a second signal to the controller a predeter-
mined amount of time after the plunger is determined
to be at the predetermined position in the well;

compressing the clean gas using the compressor in
response to the second signal; and

actuating the valve into a second position in response to

the second signal, thereby causing the plunger to
ascend in the well.

15. The method of claim 14, wherein the predetermined
position is proximate to a top of the well.

16. The method of claim 14, wherein the predetermined
position is when the plunger contacts an actuator, a lubri-
cator, or both in the well.

17. The method of claim 14, wherein the clean gas that is
not compressed has a pressure greater than atmospheric
pressure and less than the compressed clean gas.

18. The method of claim 14, wherein the predetermined
amount of time corresponds to an amount of time for the
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plunger to descend in the well and contact an actuator
proximate to a bottom of the well.

19. The method of claim 14, wherein actuating the valve
into the first position causes the uncompressed clean gas to
recirculate back into a pressure vessel.

20. The method of claim 14, wherein actuating the valve
into the second position causes the compressed clean gas to
flow into the well.
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