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(57) Abrege/Abstract:
An artificial lift system for use with a subterranean well can include a cylinder having a piston reciprocably disposed therein, the
piston having opposing sides, each of the opposing sides being selectively communicable with a hydraulic pressure source and a
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hydraulic reservoir, and the piston having another side in communication with a gas pressure source, and the gas pressure source
Including a gas compressor connected between gas containers. A method of controling an artificial lift system can include
connecting a cylinder to a hydraulic pressure source and to a gas pressure source, operating a gas compressor of the gas
pressure source, thereby increasing gas pressure applied to the cylinder from the gas pressure source, and displacing a piston,
thereby operating a downhole pump.
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(57) Abstract: An artificial lift system for use with a subterrancan well can include a cylinder having a piston reciprocably disposed
therein, the piston having opposing sides, each of the opposing sides being selectively communicable with a hydraulic pressure
source and a hydraulic reservoir, and the piston having another side in communication with a gas pressure source, and the gas pres -
sure source Including a gas compressor connected between gas containers. A method of controlling an artificial lift system can in-
clude connecting a cylinder to a hydraulic pressure source and to a gas pressure source, operating a gas compressor of the gas pres-
sure source, thereby increasing gas pressure applied to the cylinder from the gas pressure source, and displacing a piston, thereby op -
erating a downhole pump.
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PNEUMATIC-ON-TOP COUNTERBALANCED THREE-CHAMBER CYLINDER
FOR ARTIFICIAL LIFT OPERATIONS

TECHNICAL FIELD
This disclosure relates generally to equipment utilized and operations performed in
conjunction with a subterranean well and, in one example described below, more particularly
provides a pneumatic-on-top counterbalanced three-chamber cylinder for artificial Lift

operations.

BACKGROUND
Artificial lift systems are used to lift fluids from wells in situations in which fluid
rescrvoir pressure is insufficient to flow the fluids to surtace. It 1s important that artificial lift
systems operate e¢fficiently and are economical to construct, so that they are cost-effective In
use. Therefore, it will be appreciated that improvements are continually needed 1n the art of

constructing and operating artificial lift systems for wells.

SUMMARY

[n accordance with a general aspect, there 1s provided an artificial lift system for use
wilh a subterrancan well, the system comprising: a cylinder having a piston reciprocably
disposed therein, the piston having first and second opposing sides, the first opposing sides
being an upper side and the second opposing side being a lower side opposing the upper first
side, each of the first and second opposing sides being selectively communicable with a
hydraulic pressure source and a hydraulic reservoir. and the piston having a third side in
communication with a gas pressure source and disposed in the cylinder above the first and
sccond opposing sides; and the gas pressure source including a gas compressor connecled
between at least one first gas container and at least one second gas container.

In accordance with another aspect, there 1s provided a method of controlling an
artificial lift system, the method comprising: connecting a cylinder to a hydraulic pressure
source and to a gas pressure source, the gas pressure source being connected between at least
one first gas container and at least one second gas container; operating a gas compressor of
the gas pressure source, thereby increasing gas pressure applied to the cylinder from the gas
pressure source; and displacing a piston, thereby operating a downhole pump; thc piston
having first and second opposing sides, the first opposing side being an upper side and the

second opposing side being a lower side opposing the upper first side, each of the first and

CA 2947844 2017-12-06
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second opposing sides being sclectively communicable with a hydraulic pressure source and
a hydraulic reservoir, and the piston having a third side in communication with the gas
pressurc source and disposed in the cylinder above the first and second opposing sides.

In accordance with a further aspect, there is provided a well system, comprising: a
downhole pump actuated by reciprocation of a rod; a cylinder that reciprocates the rod in
response to pressure applied to the cylinder, the cylinder having a piston reciprocably
disposed thercin, the piston having first and second opposing sides, the first opposing side
being an upper side and the second opposing side being a lower side opposing the upper first
side, each of the first and second opposing sides being selectively communicable with a
hvdraulic pressure source and a hydraulic reservoir. and the piston having a third side n
communication with a gas pressure source and disposed 1n the cylinder above the tirst and
sccond opposing sides; and the gas pressure source including a gas compressor connected

between at least one first gas container and at least one second gas container.

CA 2947844 2017-12-06
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a representative partially cross-sectional
view of an artificial 1lift system and assocliated method

which can embody principles of this disclosure.

FIG. 2 1s a representative hydraulic schematic for a

lifting stage of operation.

FIG. 3 1s a representative hydraulic schematic for a

retracting stage of operation.

FIG. 4 1s a representative hydraulic schematic for a

remedial stage of operation.

DETAILED DESCRIPTION

Representatively 1llustrated in FIG. 1 1s a system 10
for use with a well, and an associliated method, which can
embody principles of this disclosure. However, 1t should be
clearly understood that the system 10 and method are merely
one example of an application of the principles of this
disclosure 1n practice, and a wide variety of other examples
are possible. Therefore, the scope of this disclosure 1s not
limited at all to the details of the system 10 and method

described herein and/or depicted 1in the drawings.

In the FIG. 1 example, an artificial 1lift system 12 1s
used to pump fluid (such as hydrocarbons, water, etc.) from
a wellbore 14. For this purpose, the artificial 1ift system
12 1ncludes a downhole pump 16 that 1s actuated by

reciprocation of a rod 18 (such as, a sucker rod).

In this example, the rod 18 1s reciprocated by means of
a cylinder 20, sheave 22 and cable 24 at or near the earth’s
surface. The cylinder 20 1s used to displace the sheave 22

repeatedly up and down, thereby causing an end of the cable
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24 attached to a polished rod 26 to reciprocate upward and

downward. Only a single sheave 22 1s used 1n this example,

but multiple sheaves may be used 1n other examples.

The polished rod 26 is received 1in a stuffing box 28 on
a wellhead 30. The polished rod 26 1s connected to the rod
18, so that the rod 18 1s reciprocated, thereby causing the

pump 16 to produce fluids upward to the wellhead 30.

A pressure supply 32 1is used to actuate the cylinder

20, 1n order to cause the sheave 22 to displace upward and
downward. A control system 34 1s used to control operation

of the cylinder 20 and pressure supply 32.

Referring additionally now to FIG. 2, a schematic
diagram of the artificial 1ift system 12 i1s representatively

1llustrated. Only the cylinder 20, pressure supply 32 and

control system 34 are depicted 1n FIG. 2, so that the manner
1n which operation of the cylinder 1s controlled can be more

clearly seen.

The pressure supply 32 1ncludes a hydraulic pump 36 for
delivering pressurized fluid 38 to a lower side 40a of a
plston 40 1n the cylinder 20. The pump 36 1s a varilable
displacement pump with electronic proportional control 1n
this example, but the scope of this disclosure 1s not

limited to use of any particular type of pump.

The pump 36 and assoclated equlipment can be considered
a hydraulic pressure source 80 for deliverling pressurilzed
fluid 38 to the cylinder 20. However, other types of
hydraullic pressure sources may be used 1n keeping with the

principles of this disclosure.

The fluid 38 1s directed alternately to two separate
areas on the piston 40, depending on a position of a control

valve 42 connected between the pump 36 and the cylinder 20.
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In the configuration of FIG. 1, the fluid 38 1s directed to

the lower piston side 40a.

The control valve 42 also directs a reduced pressure
fluid 44 from the cylinder 20 to a fluid reservolr 46, from
which the pump 36 draws. The reduced pressure fluid 44 1is
displaced from the cylinder 20 due to upward displacement of

the piston 40. The fluid 44 i1s exposed to an annular area of

upper pliston side 40b.

The piston 40 displaces upward in the FIG. 2
configuration due to pneumatic pressure applied from a gas
pressure source 78 to a lower side 40c of the piston 40, 1n
combination with the hydraulic pressure applied to the
plston side 40a by the fluid 38. Sufficient pressure 1s
exerted by gas 52 on the lower side 40c and by the fluid 38
on the lower side 40a to overcome the pressure exerted by
the fluid 44 on the upper side 40b of the piston, 1in
addition to force required to 1lift the rods 18, 26, so that
the piston 40 1is displaced upward, thereby displacing the
sheave 22 (see FIG. 1) upward.

The gas pressure source 78 1ncludes a pressurized gas
container 56 as a source of the gas 52. However, other types
of gas pressure sources may be used, 1n keepling with the

principles of this disclosure.

The gas container 56 could be, for example, a
pressurized nitrogen bottle (or another pressurized 1inert
gas contalner). Multiple gas contalners 56 may be used 1f
desired to provide sufficient pressurized gas volume. Thus,
the scope of this disclosure 1s not limited to use of any

particular type or number of gas contailner.

In the event that pressure 1n the gas contailner 56 1s
less than a desired level (such as, due to leakage, a

requlirement for more force output from the cylinder 20,
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etc.), a gas compressor 58 can be used to increase the
pressure. The gas compressor 58 1n the FIG. 2 example 1s
supplied with gas from another gas container 60. Thus, one
or more gas contalner(s) 56 are on a discharge side of the
gas compressor 58, and one or more gas contalner(s) 60 are

on a supply side of the gas compressor.

Having multiple gas containers 56, 60 would allow for
use of readily avallable standard-sized pressurized bottles,
thereby eliminating any need for customized gas contalners
to be made. However, customlzed gas contalners may be used

1n keeping with the scope of this disclosure.

As depicted 1n FIG. 2, the cylinder 20 1s extended by

displacing the piston 40 upward. The piliston 40 1s displaced
upward by operating the control valve 42 to direct

pressurized fluid 38 from the pump 36 to the lower side 40a

of the piston 40. The pressurized gas 52 continuously exerts

pressure on the lower side 40c of the piston 40.

The pressures on the lower sides 40a,c of the piston 40
are sufficiently great to displace the piston upward. As the
piston 40 displaces upward, the fluid 44 1s discharged from
the cylinder 20 and flows via the control valve 42 to the

reservolr 46.

The control system 34 controls operation of the control
valve 42. For example, the control system 34 will operate
the control valve 42 to 1ts FIG. 2 configuration when 1t 1is

desired to upwardly displace the piston 40.

The control valve 34 recelves 1nput from a variety of
sensors 62 (such as, pressure sensors, poslition sensors,
limit switches, proximity sensors, level sensors, etc., not
all of which are shown 1n the drawings) 1n the system 12, so
that the control system can determine when and how to

operate the control valve 42 and other equipment 1n the
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system. For example, the control system 34 can recelve an

indication from a sensor 62 on the cylinder 20 that the
piston 40 has reached a bottom of i1its stroke, and in
response the control system can operate the control valve 42
to 1ts FIG. 2 configuration to thereby cause the piston 40

to displace upward.

Referring additionally now to FIG. 3, the system 12 1is
representatively 1llustrated i1n a configuration in which the
plston 40 1s beilng displaced downward. In order to
downwardly displace the piston 40, the control system 34
operates the control valve 42 so that pressurized fluid 38
from the pump 36 1s directed to the upper side 40b of the
plston 40. Reduced pressure fluid 44 1s directed from the
lower side 40a of the piston 40 to the reservoir 46 by the

control valve 42.

Gas 52 1s flowed back to the gas container 56. The
pressurized fluid 38 acting on the upper side 40b of the
piston 40, combined with a weight of the rods 18, 26, etc.,

1s great enough to overcome the pressurized gas 52 acting on
the lower side 40c of the piston 40 and the fluid 44 acting
on the lower side 40a of the piston, so that the piston 40

displaces downwardly.

The control system 34 will operate the control valve 42
to 1ts FIG. 3 configuration when 1t 1s desired to downwardly
displace the piston 40. For example, the control system 34
can recelve an 1ndication from a sensor 62 on the cylinder
20 that the piston 40 has reached a top of i1ts stroke, and
1n response the control system can operate the control valve
42 to 1ts FIG. 3 configuration to thereby cause the piston

40 to displace downward.

Referring additionally now to FIG. 4, a configuration

of the system 12 1s representatively i1llustrated, 1n which
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the piston 40 can be displaced without use of fluid
pressure. Such a configuration could be useful, for example,
1f the pump 36 has failed or 1s otherwise not operated, and
1t 1s desired to lower the piston 40, 1n order to perform

malntenance, upgrade or repalr operations on the system 12.

In this configuration, gas pressure 1s bled off from
the cylinder 20 by closing a valve 48 and opening a bleed
valve 50. The control system 34 operates the control wvalve
42 to a position 1n which the sides 40a,b of the piston 40
are prevented from communicating with the pump 36 and the

reservolr 46.

The control system 34 also operates another valve 74 to
thereby place the sides 40a,b of the piston 40 1in
communication with each other. The piston 40 will then
displace downward, for example, due to the weight of the
rods 18, 26, etc., applied to the sheave 22 above the
cylinder 20.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
constructing and operating artificial 1lift systems for
wells. The system 12 described above 1s efficient,
effective, responsive, and convenlient and economical to

construct and operate.

An artificial 1ift system 12 for use with a
subterranean well 1s provided to the art by the above
disclosure. In one example, the system 12 can comprise a
cylinder 20 having a plston 40 reciprocably disposed
therein, the piston 40 having first and second opposing
sldes 40a,b, each of the first and second opposing sides
40a,b being selectively communicable with a hydraulic
pressure source 80 and a hydraulic reservolir 46, and the

piston 40 having a third side 40c 1n communication with a
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gas pressure source 78, and the gas pressure source 78
including a gas compressor 58 connected between at least one

first gas container 56 and at least one second gas contailner

60.

The first gas container 56 may be connected to a
discharge side of the gas compressor 58. The second gas
container 60 may be connected to an 1nput side of the gas

compressor 58.

The system 12 can also i1nclude a control valve 42. A
first position of the control valve 42 may place the first
slide 40a 1n communication with the hydraulic pressure source
80 and place the second side 40b 1n communication with the
hydraulic reservoilr 46. A second position of the control
valve 42 may place the second side 40b 1n communication with
the hydraulic pressure source 80 and place the first side

40a 1n communication with the hydraulic reservoir 46.

The third side 40c¢c can remalnh 1nh communication with the
gas pressure source 78 when the control valve 42 1s 1n each

of 1ts first and second positions.

The system 12 can 1nclude a valve 74 which selectively
places the first and second sides 40a,b 1n communication

with each other.

Displacement of the piston 40 may displace only one

sheave 22.

A method of controlling an artificial 1lift system 12 1is
also provided to the art by the above disclosure. In one
example, the method can comprise: connecting a cylinder 20
to a hydraulic pressure source 80 and to a gas pressure
source 78; operating a gas compressor 58 of the gas pressure

source 78, thereby i1ncreasing gas pressure applied to the
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cylinder 20 from the gas pressure source 78; and displacing

a plston 40, thereby operating a downhole pump 16.

The method can include connecting a gas contalner 56 to
a discharge side of the gas compressor 58. The method can
also 1nclude connecting a second gas container 60 to an

input side of the gas compressor 58.

A well system 10 1is also described above. In one
example, the well system 10 includes a downhole pump 16
actuated by reciprocation of a rod 18, 26, a cylinder 20
that reciprocates the rod 18, 26 1in response to pressure
applied to the cylinder 20, the cylinder 20 having a pilston
40 reciprocably disposed therein, the piston 40 having first
and second opposing sides 40a,b, each of the first and
second opposing sides 40a,b beling selectively communicable
with a hydraulic pressure source 80 and a hydraulic
reservolr 46, and the piston 40 having a third side 40c 1n
communication with a gas pressure source 78. The gas
pressure source 78 1ncludes a gas compressor 58 connected

between gas contailiners 56, 60.

Although each example described above includes a
certaln combination of features, 1t should be understood
that 1t 1s not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

belng used.

It should be understood that the various embodiments
described herein may be utilized 1n various orientations,
such as 1nclined, i1nverted, horizontal, vertical, etc., and
1n various configurations, without departing from the
principles of this disclosure. The embodiments are described

merely as examples of useful applications of the principles



10

15

20

25

30

CA 02947844 2016-11-02

WO 2016/007134 PCT/US2014/045681

- 10 -

of the disclosure, which 1s not limited to any specific

detalls of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” “lower,” etc.) are used for convenience 1n
referring to the accompanying drawings. However, 1t should
be clearly understood that the scope of this disclosure 1is

not limited to any particular directions described hereiln.

The terms “including,” *“includes,” “comprising,”
“comprises,” and simlilar terms are used 1n a non-limiting
sense 1n this specification. For example, 1f a system,
method, apparatus, device, etc., 1s described as “i1ncluding”
a certaln feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also 1nclude other features or elements. Similarly, the term
“comprilises” 1s consldered to mean “comprilises, but 1s not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, 1n
other examples, be 1ntegrally formed and vice versa.
Accordingly, the foregoing detailed description 1s to be
clearly understood as being given by way of 1llustration and
example only, the spirit and scope of the i1invention beiling

limited solely by the appended claims and thelir equivalents.
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CILLAIMS:

l. An artificial lift system tor use with a subtcrranean well, the system comprising:

a cylinder having a piston reciprocably disposed therein, the piston having first and
second opposing sides, the first opposing sides being an upper side and the second opposing
side being a lower side opposing the upper first side, each of the first and second opposing
sides being selectively communicable with a hydraulic pressure source and a hydraulic
reservolr, and the piston having a third side in communication with a gas pressure source and
disposed 1n the cylindcr above the first and second opposing sides; and

the gas pressure source including a gas compressor connected between at least one

first gas container and at [east one second gas container.

2. The system of claim 1, wherein the first gas container is connected to a discharge side
of the gas compressor.
3. The system of claim 2, wherein the second gas container is connected to an input side

of the gas compressor.

4. The system of claim 1, further comprising a control valve, wherein a first position of
the control valve places the first side in communication with the hydraulic pressure source
and places the second sidc in communication with the hydraulic reservoir, and wherein a
sccond position of the control valve places the second side in communication with the
hydraulic pressure source and places the first side in communication with the hydraulic
FeServolr.

5. The system of claim 4, wherein the third side remains in communication with the gas

pressure source when the control valve is in each of'its first and sccond positions.

6. The system of ¢laim 1, further comprising a valve which selectively places the first

and second sides in communication with each other.

7. T'he system of claim [, wherein the artificial lift system further comprises only one

sheave; whercin displacement of the piston displaces only one sheave.

CA 2947844 2017-12-06
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8. A method of controlling an artificial lift system, the method comprising:

connecting a cylinder to a hydraulic pressure source and to a gas pressure source, the
gas pressure source being connected between at least one first gas container and at least one
sccond gas container;

operating a gas compressor of the gas pressure source, thereby increasing gas pressure
applied to the cylinder trom the gas pressure source; and

displacing a piston, thereby operating a downhole pump; the piston having first and
second opposing sides, the first opposing side being an upper side and the second opposing
side being a lower side opposing the upper first side, each of the first and second opposing
sides being selectively communicable with a hydraulic pressure source and a hydraulic
reservoir, and the piston having a third side in communication with the gas pressure source

and disposed in the cylinder above the first and second opposing sides.

9. The method of claim 8, further comprising connecting at least one first gas container

10 a discharge side of the gas compressor.

10.  The method of claim 9, further comprising connecting at least one second gas

container to an input side of the gas compressor.

| ] The method of claim 8, further comprising operating a control valve, wherein a first
position of the control valve places the f[irst side in communication with the hydraulic
pressurc source and places the second side in communication with the hydraulic reservoir,
and wherein a second position of the control valve places the second side in communication
with the hydraulic pressure source and places the first side in communication with the

hydraulic reservoir.

2. The method of claim 11, wherein the third side remains in communication with the

gas pressurce source when the control valve is in each of its first and second positions.

13. T'he method of claim 8, wherein the artificial lift system further comprises only one

sheave; wherein the displacing comprises displacing only one sheave with the piston.

4. A well system. comprising:

a downhole pump actuated by reciprocation of’a rod;

CA 2947844 2017-12-06
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a cylinder that reciprocates the rod in response to pressure applied to the cylinder, the
cviinder having a piston reciprocably disposed therein, the piston having first and second
opposing sides, the first opposing side being an upper side and the second opposing side
being a lower side opposing the upper first side, each of the first and second opposing sides
being selectively communicable with a hydraulic pressure source and a hydraulic reservorr.
and the piston having a third side in communication with a gas pressure source and disposcd
in the cylinder above the first and second opposing sides; and

the gas pressure source including a gas compressor connected between at least one

first gas container and at least one second gas container.

5. The system of claim 14, wherein the first gas container is connected to a discharge

side of the gas compressor.

16, The system of claim 15, wherein the second gas container is connected to an input

side of the gas compressor.

7. 'The system of claim 14, further comprising a valve which selectively places the first

and sccond sides in communication with each other.

[8. The system of claim 14, wherein the artificial lift system further comprises only one

sheave; wherein displacement of the cylinder displaces only one sheave.
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