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PIPE IN PIPE PISTON THRUST SYSTEM
BACKGROUND
[0001] The present application relates to pipe in pipe piston thrust assemblies. Pipe in pipe
piston thrust assemblies can be used to provide thrust for a drill bit in a wellbore when, for
example, the weight of the tubular string is insufficient to advance the tubular string through a
wellbore. However, when a pipe in pipe piston thrust system crosses a horizontal section such as a
lateral leak path or a lateral that breaks the piston seal, weight applied to the drill bit may be lost.
In these cases, the drill bit can no longer effectively bore further through the subterranean
formation.
SUMMARY
[0002] In an embodiment, a pipe in pipe piston thrust system comprises a plurality of piston
assemblies configured to sealingly engage a wellbore, a pump configured to transfer a fluid into the
wellbore, and a by-pass disposed between a plurality of annuli formed by the plurality of piston
assemblies. The by-pass allows for selective communication of the fluid between the plurality of
annuli.
[0003] In an embodiment, a method for traversing a leak path comprises closing a first by-pass
through a first piston assembly, opening a second by-pass through a second piston assembly to
provide fluid communication to the first piston assembly, axially displacing the first piston
assembly and the second piston assembly in a first direction in a wellbore based on the fluid
communication with the first piston assembly, closing the second by-pass through the second
piston assembly, providing a pressure differential across the second piston assembly, and axially
displacing the first piston assembly in the first direction past a lateral path based on the pressure
differential across the second piston assembly. The first piston assembly and the second piston
assembly are disposed in a wellbore.
[0004] In an embodiment, a method for traversing a lateral break comprises sealingly engaging
a first piston assembly with a wellbore, increasing pressure across the first piston assembly,
displacing the first piston assembly axially within the wellbore in a first direction, sealingly
engaging a second piston assembly with the wellbore to create a first annulus between the first
piston assembly and the second piston assembly, opening a by-pass across the second piston
assembly to allow fluid communication to the first annulus, displacing the first piston assembly

and the second piston assembly axially within the wellbore in the first direction while maintaining
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the first annulus, opening a by-pass across the first piston assembly when pressure decreases across
the first piston assembly, and closing the by-pass across the second piston assembly to increase
pressure across the second piston assembly.
[0005] These and other features will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] For a more complete understanding of the present disclosure and the advantages
thereof, reference is now made to the following brief description, taken in connection with the
accompanying drawings and detailed description:
[0007] Figure 1A is a cut-away view of an embodiment of a wellbore servicing system

according to an embodiment.

[0008] Figure 1B is a schematic cut-away view of an embodiment of a pipe in pipe piston
thrust system.

[0009] Figure 1C is a schematic cut-away view of an embodiment of a tubular string.

[0010] Figure 1D is a schematic cut-away view of an embodiment of a pipe in pipe piston
thrust system.

[0011] Figures 2A-2D are schematic cut-away views of an embodiment of a pipe in pipe

piston thrust system.

[0012] Figures 3A-3D are schematic cut-away views of an embodiment of a pipe in pipe
piston thrust system.

[0013] Figures 4 and 5 are schematic cut-away views of an embodiment of a pipe in pipe
piston thrust system.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0014] In the drawings and description that follow, like parts are typically marked throughout
the specification and drawings with the same reference numerals, respectively. The drawing
figures are not necessarily to scale. Certain features of the invention may be shown exaggerated in
scale or in somewhat schematic form and some details of conventional elements may not be shown
in the interest of clarity and conciseness.

2% ¢

[0015] Unless otherwise specified, any use of any form of the terms “connect,” “engage,”
“couple,” “attach,” or any other term describing an interaction between elements is not meant to

limit the interaction to direct interaction between the elements and may also include indirect
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interaction between the elements described. In the following discussion and in the claims, the
terms “including” and “comprising” are used in an open-ended fashion, and thus should be

2

interpreted to mean “including, but not limited to ...”. Reference to up or down will be made for

purposes of description with “up,” “upper,” “upward,” or “upstream’ meaning toward the surface
of the wellbore and with “down,” “lower,” “downward,” or “downstream” meaning toward the
terminal end of the well, regardless of the wellbore orientation. Reference to in or out will be

EE TS

made for purposes of description with “in,” “inner,” or “inward” meaning toward the center or

2% ¢

central axis of the wellbore, and with “out,” “outer,” or “outward” meaning toward the wellbore
tubular and/or wall of the wellbore. Reference to “longitudinal,” “longitudinally,” or “axially”
means a direction substantially aligned with the main axis of the wellbore and/or wellbore tubular.
Reference to “radial” or “radially” means a direction substantially aligned with a line between the
main axis of the wellbore and/or wellbore tubular and the wellbore wall that is substantially normal
to the main axis of the wellbore and/or wellbore tubular, though the radial direction does not have
to pass through the central axis of the wellbore and/or wellbore tubular. The various characteristics
mentioned above, as well as other features and characteristics described in more detail below, will
be readily apparent to those skilled in the art with the aid of this disclosure upon reading the
following detailed description of the embodiments, and by referring to the accompanying
drawings.

[0016] Traditional drilling systems utilize a drill bit disposed on the end of a drill string to
form a wellbore in a subterranean formation. Force can be applied to the drill bit to engage the
drill bit with the subterranean formation, which may be referred to as applying weight to the drill
bit. The force is usually applied by lowering the drill string to allow a portion of the weight of the
drill string to be applied to the drill bit. However, for deep wellbores and/or deviated or horizontal
sections, the drill string may experience drag forces due to contact with the wellbore walls. This
make applying weight to the drill bit by simply lowering the drill string difficult and unreliable.
One solution involves the use of a piston tractor system comprising two pistons to apply a force to
the drill bit based on hydraulic pressure. However, even this system may become unreliable in the
absence of a surface to provide a seal with the pistons. For example, leak paths such as lateral bore
holes and/or porous formations may result in a loss of pressure across the pistons, and therefore, a

loss of weight on the drill bit.
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[0017] Disclosed herein is a pipe in pipe piston thrust system having pull and push through
coupling designs for use with a wellbore tubular that may be used to bypass various leak paths
and/or maintain force on a drill bit or tool within the wellbore. The pipe in pipe piston thrust
system described herein may be coupled to a wellbore tubular through the use of tubular string,
thereby coupling the pipe in pipe piston thrust system to the wellbore tubular. Drilling with reel-
well like systems requires the weight applied to the bit to be primarily controlled by pressure
behind a piston in a casing or liner section behind the interval being drilled. If this back up
pressure is lost due to the piston traversing a lateral branch or path in the wellbore, a perforated
zone, a screen lined zone or a slotted liner/casing zone, pressure fluid can be lost into the formation
and the pumps on the surface may not be able to pump hard enough to maintain the desired weight
on a bit as the fluid drains into a formation from the bore hole where the piston is located. These
types of fluid loss pathways may be referred to as leak paths, and in some contents, lateral leak
paths. In some cases, a lateral path may be sealed to fluid flow, but the presence of the lateral path
may be sufficient to disrupt the seal formed between a piston and the wellbore. Once the piston is
past the sealed lateral path, the seal may be reformed and any fluid in communication with the
sealed pathway may be used to apply pressure to the piston. These types of lateral paths may be
referred to as lateral breaks.

[0018] A pipe in pipe piston thrust system may be implemented to overcome these obstacles.
The pipe in pipe piston thrust system comprises a plurality of piston assemblies which selectively
sealingly engage a wellbore. A plurality of annuli can be formed between a wellbore tubular, the
wellbore wall and/or a casing inner surface, and the plurality of piston assemblies. As a result, the
plurality of annuli can be disposed longitudinally above, below, and/or between the plurality of
piston assemblies, though in some embodiments described herein, a plurality of radial annuli may
also be present. A by-pass may be disposed between the plurality of annuli, where the by-pass
allows for the selective communication of a fluid between the plurality of annuli. This system
allows the user to effortlessly drive a drill bit through subterrancan formations avoiding
unnecessary hassle and steps when the wellbore has a lateral leak path or a lateral break. The pipe
in pipe piston thrust system further comprises a pump which transfers fluid into the wellbore.
Additionally, the pipe in pipe piston thrust system may comprise a selectively fixed attachment of

the plurality of piston assemblies to a tubular string.



WO 2014/011193 PCT/US2012/046812

[0019] In order to drive a drill bit through a wellbore when there is a leak path, a first piston
assembly may be disposed within and sealingly engaged with the wellbore. A by-pass in the first
piston assembly may be disposed in the closed position. To operate the pipe in pipe piston thrust
system, pressure may be increased across the first piston assembly. This may be carried out by
pumping fluid on top of the first piston assembly. Once pressure is increased across the first piston
assembly, the first piston assembly may be axially displaced in the downstream direction through
the wellbore. After the first piston assembly is axially displaced through the wellbore, a second
piston assembly may be selectively sealingly engaged with the wellbore. Similar to the first piston
assembly, pressure may be increased across the second piston assembly by pumping fluid on top of
the second piston assembly. The by-pass of the second piston assembly may then by placed in the
open position so that fluid may communicate with the annulus between the first and second piston
assemblies applying pressure on the first piston assembly in order to apply weight as close as
possible to the drill bit. The annulus comprises the distance, for example, between the top of the
first piston assembly and the bottom of the second piston assembly. The annulus also comprises
the distance between the outer wall of the tubular string and the wall of the wellbore or the
wellbore casing. The first and the second piston assemblies then may be axially displaced in the
downstream direction through the wellbore so that the first piston assembly reaches a leak path.
The leak path allows fluid to leak through the wellbore wall and into the subterranean and thus
pressure is lost across the first piston assembly. At this point, the piston assemblies may not be
pressured to drive the drill bit through the wellbore. In order to apply pressure again, the by-pass
on the first piston assembly may be disposed into the open position. Furthermore, the second
piston assembly may be disposed to the closed position. This creates a differential pressure across
the second piston assembly allowing for the weight to be applied again to drive the drill bit.

[0020] In order to drive a drill bit through a wellbore when there is a lateral break, a first piston
assembly may be disposed within and selectively sealingly engaged with the wellbore. A by-pass
in the first piston assembly, may be disposed in the closed position. To operate the pipe in pipe
piston thrust system pressure may be increased across the first piston assembly. This may be
carried out by pumping fluid on top of the first piston assembly. Once pressure is increased across
the first piston assembly, the first piston assembly may be axially displaced in the downstream
direction through the wellbore. After the first piston assembly is axially displaced through the

wellbore, a second piston assembly may be seclectively sealingly engaged with the wellbore.
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Similar to the first piston assembly, pressure may be increased across the second piston assembly
by pumping fluid on top of the second piston assembly. The by-pass of the second piston
assembly may then by placed in the open position so that fluid may communicate with the annulus
between the first and second piston assemblies applying pressure on the first piston assembly in
order to apply weight as close as possible to the drill bit. The first and the second piston
assemblies then may be axially displaced in the downstream direction through the wellbore so that
the first piston assembly reaches a lateral break. The lateral break breaks the seal between the first
piston assembly and the wellbore so that pressure is lost across the first piston assembly. With the
lateral break, fluid does not leak through the walls of the wellbore and into the subterranean
formations. At this point the piston assemblies are not pressured to drive the drill bit through the
wellbore. In order for the piston to cross the lateral break, the by-pass of the first piston assembly
may be placed in the open position. The by-pass of the second piston assembly may be placed in
the closed position to create a differential pressure across the second piston assembly allowing for
the weight to be applied again to drive the drill bit. The first and the second piston assemblies may
then be axially displaced in the downstream direction through the wellbore so that first piston
assembly passes the lateral break and reseals with the wellbore. At this point, the by-pass of the
first piston assembly may be place back in the closed position and the by-pass of the second piston
assembly may be placed in the open position so that fluid may again communicate to the first
piston assembly applying pressure on the first piston assembly to drive the drill bit.

[0021] Upon encountering a reduced diameter within the wellbore, the selectively fixed
attachment of the plurality of piston assemblies may be selectively released from the tubular string.
The piston assemblies may then stack within the wellbore (e.g., on a shoulder formed by the
reduced diameter). In order to maintain at least two piston assemblies in the wellbore, multiple
piston assemblies may be added to the tubular string as it is lowered in the wellbore. Any extra
piston assemblies may serve as back-ups or redundant systems for use in the event that a piston
assembly fails and/or when a piston assembly is selectively released from the tubular string within
the wellbore. When the tubular string is removed from the wellbore, the piston assemblies that
have been released may be selectively reengaged as the tubular string is withdrawn from the
wellbore, thus providing redundant piston assemblies that can be attached within the wellbore

when the tubular string is conveyed out of the wellbore.
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[0022] The pipe in pipe piston thrust system provides the opportunity for several advantages.
The pipe in pipe piston thrust system allows pressure on a drill bit even in the presence of leak
paths and lateral breaks. Previous drilling assemblies may have lost pressure on the drill bit when
encountering leak paths or lateral breaks. Additionally, the pipe in pipe piston thrust system allows
for continued drilling beyond the leak path or lateral break by traversing the leak path or lateral
break. Previous drilling assemblies may not have been able to traverse leak paths or lateral breaks
because they were not able to retain pressure on the drill bit beyond the leak path or lateral break.
Finally, the pipe in pipe piston thrust system can be easily automated for fast reactions to drops in
pressure on drill bits.

[0023] Referring to Figure 1A, an example of a wellbore operating environment is shown.
As depicted, the operating environment comprises a drilling rig 106 that is positioned on the
carth’s surface 104 and extends over and around a wellbore 114 that penetrates a subterranean
formation 102 for the purpose of recovering hydrocarbons. The wellbore 114 may be drilled into
the subterranean formation 102 using any suitable drilling technique. The wellbore 114 extends
substantially vertically away from the earth’s surface 104 over a vertical wellbore portion 116,
deviates from vertical relative to the earth’s surface 104 over a deviated wellbore portion 136,
and transitions to a horizontal wellbore portion 118. In alternative operating environments, all or
portions of a wellbore may be vertical, deviated at any suitable angle, horizontal, and/or curved.
The wellbore may be a new wellbore, an existing wellbore, a straight wellbore, an extended
reach wellbore, a sidetracked wellbore, a multi-lateral wellbore, and other types of wellbores for
drilling and completing one or more production zones. Further the wellbore may be used for
both producing wells and injection wells. In an embodiment, the wellbore may be used for
purposes other than or in addition to hydrocarbon production, such as uses related to geothermal
energy.

[0024] A wellbore tubular string 120 comprising a pipe in pipe piston thrust system 10 may
be lowered into the subterrancan formation 102 for a variety of workover or treatment
procedures throughout the life of the wellbore. The embodiment shown in Figure 1A illustrates
the wellbore tubular 120 in the form of a casing string being lowered into the subterranean
formation 102. It should be understood that the wellbore tubular 120 comprising a pipe in pipe
piston thrust system 10 is equally applicable to any type of wellbore tubular being inserted into a

wellbore, including as non-limiting examples drill pipe, production tubing, rod strings, and
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coiled tubing. The pipe in pipe piston thrust system 10 may also be used to centralize various
subs and workover tools. In the embodiment shown in Figure. 1A, the wellbore tubular 120
comprising the pipe in pipe piston thrust system 10 is conveyed into the subterranean formation
102 in a conventional manner and may subsequently be secured within the wellbore 114 by
filling an annulus 112 between the wellbore tubular 120 and the wellbore 114 with cement.
[0025] The drilling rig 106 comprises a derrick 108 with a rig floor 110 through which the
wellbore tubular 120 extends downward from the drilling rig 106 into the wellbore 114. The
drilling rig 106 comprises a motor driven winch and other associated equipment for extending
the wellbore tubular 120 into the wellbore 114 to position the wellbore tubular 120 at a selected
depth. While the operating environment depicted in Figure 1A refers to a stationary drilling rig 106
for lowering and setting the wellbore tubular 120 comprising the pipe in pipe piston thrust system
10 within a land-based wellbore 114, in alternative embodiments, mobile workover rigs, wellbore
servicing units (such as coiled tubing units), and the like may be used to lower the wellbore tubular
120 comprising the pipe in pipe piston thrust system 10 into a wellbore. It should be understood
that a wellbore tubular 120 comprising the pipe in pipe piston thrust system 10 may alternatively
be used in other operational environments, such as within an offshore wellbore operational
environment.

[0026] In alternative operating environments, a vertical, deviated, or horizontal wellbore
portion may be cased and cemented and/or portions of the wellbore may be uncased. For
example, uncased section 140 may comprise a section of the wellbore 114 ready for being cased
with wellbore tubular 120. In an embodiment, a pipe in pipe piston thrust system 10 may be
used on production tubing in a cased or uncased wellbore. In an embodiment, a portion of the
wellbore 114 may comprise an underreamed section. As used herein, underreaming refers to the
enlargement of an existing wellbore below an existing section, which may be cased in some
embodiments. An underreamed section may have a larger diameter than a section above the
underreamed section. Thus, a wellbore tubular passing down through the wellbore may pass
through a smaller diameter passage followed by a larger diameter passage.

[0027] The term “casing” is used herein to indicate a protective lining for a wellbore. Casing
can serve to prevent collapse of a wellbore, to provide pressure isolation, etc.. Casing can include

tubulars known to those skilled in the art as casing, liner or tubing. Casing can be segmented or
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continuous, metal or nonmetal, and can be preformed or formed in situ. Any type of tubular may
be used, in keeping with the principles of this disclosure.

[0028] Turning to Figure 1B, an embodiment of the pipe in pipe piston thrust system 10
depicts a first piston assembly 12 and a second piston assembly 14 selectively sealingly engaging a
wellbore 16. The first piston assembly 12 and the second piston assembly 14 may also slidingly
sealingly engage the wellbore 16. In this embodiment, the pipe in pipe piston thrust system 10
could be positioned in an uncased, open hole section of the wellbore 16 (e.g., the section of the
wellbore being drilled in FIG. 1B). In an embodiment, the pipe in pipe piston thrust system 10 can
be positioned in a cased section of the wellbore 16 lined with a casing and cement so that the first
piston assembly 12 and the second piston assembly 14 may selectively sealingly engage the cased
section of the wellbore 16. A first by-pass 18A disposed on the first piston assembly 12 allows for
the selective communication of a fluid 20 between the first annulus 22 disposed downstream of the
first piston assembly 12 and a second annulus 24 disposed between the second piston assembly 14
and the first piston assembly 12. Each by-pass, such as by-passes 18A and 18B, comprise one or
more selectively actuatable flow paths to permit fluid communication between annuli. The first
annulus 22 and the second annulus 24 may be formed between the tubular string 32 and the
wellbore/casing wall. A pump 26 disposed on the surface 28 transfers the fluid 20 into the
wellbore 16 and into a third annulus 30 disposed between the surface 28 and the second piston
assembly 14. The third annulus 30 may be formed between the tubular string 32 and the
wellbore/casing wall. In an embodiment the pump 26 may be disposed on another surface location
such as, a rig at the earth’s surface, a subsea facility, or a floating rig. In Figure 1B, the pump 26
previously pumped fluid 20 into the first annulus 22 and the second annulus 24 before the second
piston assembly 14 was selectively sealingly engaged in the wellbore 16 so that fluid 20 filled the
first annulus 22 and the second annulus 24. A second by-pass 18B may be disposed on the second
piston assembly 14 allowing for selective communication of the fluid 20 between the third annulus
30 and the second annulus 24. A tubular string 32 may be disposed axially in the wellbore 16. A
drill bit 34 may be located at the distal end of the tubular string 32 in the wellbore 16. In an
embodiment, the first piston assembly 12 and the second piston assembly 14 fixedly sealingly
engage the tubular string 32.

[0029] In an embodiment, the first piston assembly 12 and the second piston assembly 14

selectively sealingly engage the tubular string 32 and axially reciprocate along the tubular string
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32. A coupling mechanism may be used to selectively sealingly engage the first piston assembly
12 and the second piston assembly 14 with the tubular string 32. The coupling mechanism may be
operated in response to a sensed drilling operation. The coupling mechanism may comprise a
latching and de-latching system. In an embodiment, the de-latching system would be activated by
a shear force across the piston such that if the shear force across the piston from the diameter
change in the hole exceeds a desired threshold the piston unlatches or shears a shear pin which was
holding the piston to the outer pipe in its relative position. This embodiment works well if there is
no further anticipated use for the piston. In an embodiment the coupling mechanism may have
fixed latch points where re-coupling may occur. In an embodiment, it may also be desirable to
have a permanent decoupling of the piston from the outer pipe. The coupling mechanism may
allow the first piston assembly 12 and the second piston assembly 14 to selectively sealingly
engage anywhere axially along the tubular string 32, and/or the coupling mechanism may allow the
first piston assembly 12 and the second piston assembly 14 to selectively sealingly engage at pre-
determined points along the axis of the tubular string 32. In an embodiment, the coupling system
may receive a signal from a control system 56 depicted in Figure 1D to selectively sealingly
engage the first piston assembly 12 and/or the second piston assembly 14 with the tubular string
32.

[0030] When the first piston assembly 12 and the second piston assembly 14 sealingly engage
the tubular string 32 and the second by-pass 18B is closed, fluid 20 pumped from pump 26 creates
a pressure differential across the second piston assembly 14 and, for example, drives drill bit 34
and the tubular string 32 through the subterrancan formation 36. The pipe in pipe piston thrust
system 10 may be used to advance the tubular string 32 for a variety of other reasons. In an
embodiment, it may be advantageous to open the second by-pass 18B to allow for fluid
communication between the second annulus 24 and the third annulus 30 so that pump 26 can apply
a pressure differential to the first piston assembly 12 to drive the drill bit 34 and the tubular string
32 with a force applied closer to the drill bit 34.

[0031] In an embodiment, the tubular string 32 may be advanced through the wellbore 16 in
order to continue to drill the wellbore 16. In other examples, the tubular string 32 may be
displaced in order to expand the casing or another casing, to install casing, to convey completion

equipment or other types of equipment through the wellbore 16, etc. The tubular string 32 may be

10
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displaced through the wellbore 16 for any purpose, in keeping with the principles of this
disclosure.

[0032] In an embodiment, the tubular string 32 may comprise various components. As
depicted in Figure 1C, the tubular string 32 may include outer and inner tubular elements 50, 52
that form walls for a tubular string annulus 51. In an embodiment, various lines 54 may extend
within the tubular string annulus 51 to transmit signals. The line may comprise electrical and/or
hydraulic lines for transmitting power and/or control signals. For example, the lines 54 may be
used to transmit power to various components within the tubular string 32 and the piston
assemblies, through a tubular string annulus 51, such as by-pass 18A and by-pass 18B depicted in
Figure 1D. In an embodiment, power and/or control signals may be transmitted using an annular
tubular configuration. For example, power and/or control signals may be transmitted through outer
tubular element 50 and/or inner tubular element 52 utilizing outer tubular element 50 and/or inner
tubular element 52 as conductors. In an embodiment, an electrical insulator (not shown) may be
disposed between the outer tubular element 50 and inner tubular element 52 to electrically insulate
the outer tubular element 50 from the inner tubular eclement 52 along its length. In this
embodiment, physical electrical lines 54 may not be necessary to transmit control signals between
various sensors within the pipe in pipe piston thrust system 10 and the control system 56 depicted
in Figure 1D. An example of the inner and outer pipe system for transferring signals through a
drill pipe system can be found in U.S. Application Publication No. 2012/0125686 Al, titled
“Method and System for Transferring Signals Through a Drill Pipe System” and published on May
24, 2012 to Hogseth et al., which is incorporated herein by reference in its entirety. In an
embodiment, power and/or control signals may be transmitted using any combination of lines and
the annular tubular elements. For clarity of illustration and description, additional equipment
which may be used in the tubular string 32 is not depicted in Figure 1B. For example, the tubular
string 32 could include a drilling motor (also known as a mud motor, ¢.g., a Moineau-type motor or
a turbine) for rotating the drill bit 34 depicted in Figure 1A, rotary steerable tools, jars, centralizers,
reamers, stabilizers, measurement-while-drilling (MWD), pressure-while-drilling (PWD) or
logging-while-drilling (LWD).

[0033] In an embodiment, a control system 56 may be used to control the operation of the pipe
in pipe piston thrust system 10. As illustrated in Figure 1D, the lines 54 may extend from the

surface 28 where a control system 56 is coupled to the pipe in pipe piston thrust system 10. In an
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embodiment, the control system 56 or one or more portions of the control system 56, may be
disposed beneath the surface 28. In an embodiment, the control system may not require lines 54.
The control system 56 (e.g., with the wellbore 16) comprises a plurality of sensors 58. The
plurality of sensors 58 may be disposed within the wellbore 16 to measure, in an embodiment, the
differential pressure across the first piston assembly 12 and/or the second piston assembly 14. In
an embodiment, the sensors 58 may detected when the first piston assembly 12 and/or the second
piston assembly 14 sealingly engage the wellbore 16. In an embodiment, the sensors 58 may
detect how much weight is being applied to the drill bit 34 depicted in Figure 1B and/or the flow of
fluid 20 from the pump 26.

[0034] The control system 56 may also control the selective sealing engagement of the first
piston assembly 12 and the second piston assembly 14 to the tubular string 32 and/or the wellbore
16. The control system 56 may include a processor 60 which responds to signals sent from the
sensors 58 by selectively opening and closing at least one by-pass. The processor 60 may also
provide data to an operator illustrating the conditions such as pressure, temperature, depth, etc. in
the wellbore 16 so that the operator may selectively open and close a by-pass manually.
Additionally, the processor 60 may send a signal to the pump 26 to increase or decrease the fluid
flow through the wellbore 16. By opening and/or closing by-passes 18A and 18B and varying the
fluid flow through the pump 26 the desired weight may be maintained on the drill bit 34. Other
drilling operating parameters that may be read and may be controlled by the control system 56 may
comprise thrust, tension, torque, bend, vibration, rate of penetration, and/or stick-slip. In an
embodiment, the pump 26 may be operated manually and the by-passes 18A and 18B may be
operated by a mechanical means such as, in an embodiment, dropping balls or darts of different
sizes from the surface 28 into the wellbore 16 to selectively open or close by-passes 18A and 18B.
[0035] The pipe in pipe piston thrust system 10 described herein may be used to cross a leak
path. As shown in Figures 2A, 2B, 2C, and 2D, a method for traversing a leak path comprises a
pipe in pipe piston thrust system 10 operating when there is a lateral leak path 80. After the pump
26 pumps fluid 20 into the first annulus 22 of the wellbore 16 where the tubular string 32 and drill
bit 34 are disposed. A first piston assembly 12 disposed in the wellbore 16 selectively sealingly
engages with the wellbore 16 creating a second annulus 24 between the first piston assembly 12
and the surface 28. In an embodiment, the first piston assembly 12 comprises a by-pass 18A which

allows for selective communication of the fluid 20 between the first annulus 22 and the second
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annulus 24. In an embodiment, the by-pass 18A may not be integrated with the first piston
assembly 12 and may be located in a fixed position along the wellbore 16. In an embodiment
illustrated in Figure 2A, the by-pass 18A is closed so that pump 26 may provide fluid pressure on
the first piston assembly 12, thereby applying weight to drive the drill bit 34 through the
subterranean formation 36. In an embodiment, the by-pass 18A may be open when additional
weight is not needed to drive the drill bit 34 through the subterrancan formation 36. In an
embodiment, the first piston assembly 12 is fixedly attached to the tubular string 32. In an
embodiment, the first piston assembly 12 may selectively sealingly engaged with the tubular string
32 so that the first piston assembly 12 may move axially along the tubular string and then sealingly
engage the tubular string 32 preventing fluid communication between the first annulus 22 and the
second annulus 24. The selectively sealingly engagement of the first piston assembly 12 to the
tubular string 32 may be accomplished by the coupling system previously described. The pump 26
may then pump fluid into the second annulus 24 creating pressure on the first piston assembly 12
and applying weight on the drill bit 34.

[0036] Turning to Figure 2B, as the drill bit 34 drives deeper through the subterrancan
formation 36, a second piston assembly 14 is disposed in the wellbore 16, which may selectively
sealingly engage with the wellbore 16 to create a third annulus 30 between the second piston
assembly 14 and the surface 28. In this embodiment, the second piston assembly 14 may be
fixedly attached to the tubular string 32 so that as the drill bit 34 and the first piston assembly 12
move axially through the wellbore 16, so does the second piston assembly 14, and the first piston
assembly 12 and the second piston assembly 14 may slidingly sealingly engage the wellbore 16.
This also allows for the second annulus 24 to maintain an axial distance X along the wellbore 16.
In this embodiment the second piston assembly 14 comprises a by-pass 18B which allows for
selective communication of the fluid 20 between the second annulus 24 and the third annulus 30.
In an embodiment, the by-pass 18B may not be integrated with the second piston assembly 14 and
may be located in a fixed position along the wellbore 16. The by-pass 18B may remain open so
that fluid 20 can communicate between the third annulus 30 and the second annulus 24, thereby
applying pressure to the first piston assembly 12 to drive the drill bit 34. In an embodiment, the
by-pass 18B may remain closed preventing fluid from communicating between the third annulus
30 and the second annulus 24 and thus applying pressure to the second piston assembly 14 to drive

the drill bit 34.
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[0037] Turning to Figure 2C, the first piston assembly 12 and the second piston assembly 14
may move axially downstream through the wellbore 16 where the first piston assembly 12
encounters a lateral leak path 80. The distance X between the upstream side of the first piston
assembly 12 and the downstream side of the second piston assembly 14 may be maintained. In this
scenario, as the fluid 20 permeates through the walls of the wellbore 16, fluid pressure created by
the pump 26 can no longer be maintained on the first piston assembly 12 to drive the drill bit 34. A
sensor 58 may detect the drop in pressure across the first piston assembly 12 due to the lateral leak
path 80 and sends a signal to a processor 60 of a control system 56 or sends a signal to an operator
located on the surface 28. In an embodiment, the rate of axial movement, which may slow due to
the loss of fluid pressure across the first piston assembly 12 may be used to indicate the presence of
a leak path 80. To continue applying weight to the drill bit 34 while pressure is lost across the first
piston assembly 12, the by-pass 18A on the first piston assembly 12 is open and the by-pass 18B
on the second piston assembly 14 is closed preventing fluid communication between the second
annulus 24 and the third annulus 30. The output of the pump 26 may also be adjusted. This
configuration allows for pressure to be applied on the second piston assembly 14 so that weight
may continue to be applied driving the drill bit 34 through the subterranean formation 36.

[0038] As illustrated in Figure 2D, one or more subsequent piston assemblies may continue to
drive the drill bit 34 through the subterranean formation 36 as each piston assembly 116 moves
axially along the wellbore 16 and enters the leak path 80. The steps described with respect to
Figures 2A-2D may be repeated for each of the one or more subsequent piston assemblies 114.
[0039] As shown in Figures 3A, 3B, 3C and 3D a method for traversing a lateral break may
include using a pipe in pipe piston thrust system 10 operating when there is a lateral break 82. The
pump 26 pumps fluid 20 into the first annulus 22 of the wellbore 16 where the tubular string 32
and drill bit 34 are disposed. A first piston assembly 12 is disposed in the wellbore 16 selectively
sealingly engages with the wellbore 16 creating a second annulus 24 between the first piston
assembly 12 and the surface 28. In an embodiment, the first piston assembly 12 comprises a by-
pass 18A that allows for selective communication of the fluid between the first annulus 22 and the
second annulus 24. In an embodiment, the by-pass 18A is closed so that pump 26 may provide
fluid pressure on the first piston assembly 12, thereby applying weight to drive the drill bit 34

through the subterrancan formation 36. In this embodiment, the first piston assembly 12 is fixedly
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attached to the tubular string 32. A pump 26 then pumps fluid 20 into the second annulus 24
creating pressure on the first piston assembly 12 allowing weight to drive the drill bit 34.

[0040] Turning to Figure 3B, as the drill bit 34 drives deeper through the subterranean
formation 36, a second piston assembly 14 may be disposed in the wellbore 16 and selectively
sealingly engage with the wellbore 16 creating a third annulus 30 between the second piston
assembly 14 and the surface 28. In this embodiment, the second piston assembly 14 is fixedly
attached to the tubular string 32 so that as the drill bit 34 and the first piston assembly 12 move
axially through the wellbore 16, so does the second piston assembly 14, and the first piston
assembly 12 and the second piston assembly 14 may slidingly sealingly engage the wellbore 16.
This also allows for the second annulus 24 to maintain an axial distance X along the wellbore 16.
In an embodiment, the second piston assembly 14 comprises a by-pass 18B which allows for
selective communication of the fluid 20 between the second annulus 24 and the third annulus 30.
In an embodiment, the by-pass 18B may not be integrated with the second piston assembly 14 and
may be located in a fixed position along the wellbore 16. In this embodiment the by-pass 18B may
remain open so that fluid 20 can communicate between the third annulus 30 and the second
annulus 24 applying pressure to the first piston assembly 12 to drive the drill bit 34. In other
embodiment, the by-pass 18B may remain closed preventing fluid from communicating between
the third annulus 30 and the second annulus 24 and thus applying pressure to the second piston
assembly 14 to drive the drill bit 34.

[0041] Turning to Figure 3C, the first piston assembly 12 moving axially down the wellbore
16 may encounter a lateral break 82. The lateral break 82 breaks the sealing engagement between
the first piston assembly 12 and wellbore 16, but fluid 20 is not permitted to leak into the
subterranean formation 36. However, because the first piston assembly 12 loses its sealing
engagement with the wellbore 16, the differential pressure across the first piston assembly 12 may
be at least partially lost. The fluid pressure created by the pump 26 may no longer be maintained
on the first piston assembly 12 to drive the drill bit 34. A sensor 58 may detect the drop in pressure
across the first piston assembly 12 due to the lateral break 82 and sends a signal to a processor 60
of a control system 56 or sends a signal to an operator located on the surface 28. In an
embodiment, the rate of axial movement, which may slow due to the loss of fluid pressure across
the first piston assembly 12 may be used to indicate the presence of a leak path 80. To continue

applying weight to the drill bit 34 while pressure is lost across the first piston assembly 12, the by-
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pass 18A on the first piston assembly 12 may be opened and the by-pass 18B on the second piston
assembly 14 may close, thereby preventing fluid communication between the second annulus 24
and the third annulus 30. The control system 56 may also command the pump to adjust the flow of
fluid 20. This configuration allows for pressure to be applied on the second piston assembly 14 so
that weight may continue to be applied driving the drill bit 34 through the subterranean formation
36.

[0042] Turning to Figure 3D, once the first piston assembly 116A moves past the lateral break
82, the first piston assembly 116A sealing engages with the wellbore 16 again. A sensor 58 on the
first piston assembly 116A, may detect the sealing engagement with first piston assembly 12 and
the wellbore 16 and send a signal to the processor 60 of the control system 56. The processor 60
then commands the by-pass 18A of the first piston assembly 116A to close. The control system 56
may also command the pump 26 to adjust the flow of fluid 20. The control system 56 or an
operator at the surface 28 may then command the by-pass 18B of the second pistons assembly 14
to open to apply weight to the first piston assembly 12 which is closest to the drill bit 34.

[0043] Figure 3D depicts additional piston 114. Additional piston 114, may be axially
disposed in the wellbore after pistons 116A and 116B have traversed through the wellbore 16.
Additional piston 114, may be used to drive the piston if, for example, there is leak path further
downstream of pistons 116A and 116B so that additional piston 114 may continue to apply weight
to the drill bit 34 when pistons 116A and 116B enter the leak path zone.

[0044] Turning to Figure 4, an embodiment depicts stack 150 comprising the first piston
assembly 12 engaged with the second piston assembly 14 wherein the second annulus 24 is closed
so that the stack 150 creates a bridge over the lateral break 82 so that a seal is maintained between
the stack 150 and the wellbore 16 as the stack 150 crosses the lateral break 82. In an embodiment,
the first piston assembly 12 and the second piston assembly 14 comprising the stack 150 is fixedly
attached to the tubular string 32. In an embodiment, the first piston assembly 12 and second piston
assembly 14 may move axially and independently along the tubular string 32 and engage to form
the stack 150 to maintain a sealing engagement with the wellbore 16 across the lateral break 82.
The stack 150 may selectively grippingly engage with the tubular string 32. The first piston
assembly 12 and the second piston assembly 14 may engage each other using a coupling system
(not shown) or in an embodiment with the pressure exerted from the second piston assembly 14 on

to the first piston assembly 12. The stack 150 may selectively grippingly engage with the tubular
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string 32 by a coupling system (not shown) such as latching and de-latching mechanisms where the
coupling systems receives a signal to couple or decouple a piston assembly with the tubular string
32. The latching system may allow the piston assembly to couple or decouple anywhere along the
axis of the tubular string 32 or there may be pre-selected points along the axis of the tubular string
32 where a piston assembly my couple or decouple with the tubular spring 32.

[0045] Turning to Figure 5, an uncased section of the wellbore 16 can have a larger diameter
as compared to the cased section of the wellbore 16. In order for a first piston assembly 12 and a
second piston assembly 14 to sealingly engage with the wellbore 16, the diameters of the first
piston assembly 12 and the second piston assembly 14 can be actuated to increase or reduce in
order to accommodate the larger diameter of the wellbore 16. As depicted in Figure 5, actuators
202 and 204 can be operated to inwardly retract the respective gripping devices 206 and sealing
devices 208 so that the diameters of the first piston assembly 12 are less than the diameter of the
second piston assembly 14. Actuators 202 and 204 can also be operated expand the respective
gripping devices 206 and sealing devices 208 so that the diameters of the piston assemblies may
increase. This may be useful when piston assembly moves between cased and uncased wellbores
16. The diameters of the first piston assembly 12 and the second piston assembly 14 may be
controlled by the control system 56 of Figure 1D. Alternatively, the first piston assembly 12 and
the second piston assembly 14 may be decoupled from the tubular and left to float at the edge.
[0046] At least one embodiment is disclosed and variations, combinations, and/or
modifications of the embodiment(s) and/or features of the embodiment(s) made by a person having
ordinary skill in the art are within the scope of the disclosure. Alternative embodiments that result
from combining, integrating, and/or omitting features of the embodiment(s) are also within the
scope of the disclosure. Where numerical ranges or limitations are expressly stated, such express
ranges or limitations should be understood to include iterative ranges or limitations of like
magnitude falling within the expressly stated ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever a
numerical range with a lower limit, Rl, and an upper limit, Ru, is disclosed, any number falling
within the range is specifically disclosed. In particular, the following numbers within the range are
specifically disclosed: R=RI+k*(Ru-Rl), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent,

..., 50 percent, 51 percent, 52 percent, ..., 95 percent, 96 percent, 97 percent, 98 percent, 99
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percent, or 100 percent. Moreover, any numerical range defined by two R numbers as defined in
the above is also specifically disclosed. Use of the term "optionally” with respect to any element
of a claim means that the element is required, or alternatively, the element is not required, both
alternatives being within the scope of the claim. Use of broader terms such as comprises, includes,
and having should be understood to provide support for narrower terms such as consisting of,
consisting essentially of, and comprised substantially of. Accordingly, the scope of protection is
not limited by the description set out above but is defined by the claims that follow, that scope
including all equivalents of the subject matter of the claims. Each and every claim is incorporated
as further disclosure into the specification and the claims are embodiment(s) of the present

invention.
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CLAIMS

What is claimed is:

1. A pipe in pipe piston thrust system comprising:

a plurality of piston assemblies configured to sealingly engage a wellbore;

a pump configured to transfer a fluid into the wellbore; and

a by-pass disposed between a plurality of annuli formed by the plurality of piston

assemblies, wherein the by-pass allows for selective communication of the fluid
between the plurality of annuli.

2. The system of claim 1, further comprising a tubular string.
3. The system of claim 1, further comprising a control system, wherein the control system
comprises a plurality of sensors and a processor, wherein the plurality of sensors send at least one
signal to the processor, wherein the processor receives at least one signal and sends at least one
signal.
4. The system of claim 2, further comprising a coupling mechanism configured to selectively
grippingly engage the plurality of piston assemblies to the tubular string.
5. The system of claim 1, wherein the plurality of piston assemblies has a plurality of
diameters configured to accommodate the inside diameter of the wellbore.
6. The system of claim 2, wherein the tubular string comprises a tubular string annulus.
7. The system of claim 2, wherein the tubular string comprising an electrical pathway
configured to conduct electricity and configured to supply electrical power to at least one of the
plurality of piston assemblies and at least one by-pass.
8. The system of claim 2, wherein the plurality of sensors is configured to supply at least one
signal through the tubular string and the processor is configured to supply at least one signal through
the tubular string.
9. The system of claim 8, wherein at least one signal is transferred wirelessly, whereby at least
one signal is supplied from the plurality of sensors and at least one signal is supplied from the
processor.
10. The system of claim 3, wherein the control system is configured to automatically operate the

pump in response to the sensed drilling operation parameter.
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11. A method for traversing a leak path comprising:
closing a first by-pass through a first piston assembly, wherein the first piston assembly is
disposed in a wellbore;
opening a second by-pass through a second piston assembly to provide fluid communication
to the first piston assembly, wherein the second piston assembly is disposed in the
wellbore;
axially displacing the first piston assembly and the second piston assembly in a first
direction in a wellbore based on the fluid communication with the first piston
assembly;
closing the second by-pass through the second piston assembly;
providing a pressure differential across the second piston assembly; and
axially displacing the first piston assembly in the first direction past a lateral path based on
the pressure differential across the second piston assembly.
12.  The method of claim 11, wherein the first piston assembly is downstream from the second
piston assembly.
13. The method of claim 11, further comprising;:
closing the second by-pass through the second piston assembly;
opening a third by-pass through a third piston assembly to provide fluid communication to
the first and second piston assemblies;
axially displacing the first piston assembly, the second piston assembly, and the third piston
assembly in the first direction in the wellbore based on the fluid communication with
the second piston assembly;
closing the third by-pass through the third piston assembly;
providing a pressure differential across the third piston assembly; and
axially displacing the first piston assembly and the second piston assembly in the first
direction past a lateral path based on the pressure differential across the third piston
assembly.
14. The method of claim 13, wherein the second piston assembly is downstream from the third
piston assembly.
15. The method of claim 11, further comprising;:

closing a by-pass through at least one previous piston assembly;
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opening a by-pass through a subsequent piston assembly to provide fluid communication to
at least one of the previous piston assemblies;

axially displacing the subsequent piston assembly and the at least one previous assembly in
a first direction in a wellbore based on the fluid communication with the subsequent
piston assembly;

closing a by-pass through the subsequent piston assembly;

providing a pressure differential across the subsequent piston assembly; and

axially displacing the previous piston assemblies and the subsequent piston assembly in the
first direction traversing a lateral path based on the pressure differential across the
subsequent piston assembly.

The method of claim 15, wherein each the subsequent piston assembly is upstream from the

previous piston assemblies.

17.

18.

A method for traversing a lateral break comprising:

sealingly engaging a first piston assembly with a wellbore;

increasing pressure across the first piston assembly;

displacing the first piston assembly axially within the wellbore in a first direction;

sealingly engaging a second piston assembly with the wellbore to create a first annulus
between the first piston assembly and the second piston assembly;

opening a by-pass across the second piston assembly to allow fluid communication to the
first annulus;

displacing the first piston assembly and the second piston assembly axially within the
wellbore in the first direction while maintaining the first annulus;

opening a by-pass across the first piston assembly when pressure decreases across the first
piston assembly; and

closing the by-pass across the second piston assembly to increase pressure across the second
piston assembly.

The method of claim 17, wherein the first piston assembly is downstream from the second

piston assembly.

19.

The method of claim 17, wherein decreasing pressure across the first piston assembly

comprises displacing the first piston assembly across a lateral break.
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20. The method of claim 17, further comprising;:
displacing the first piston assembly and the second piston assembly axially down the
wellbore in the first direction maintaining the first annulus; and
increasing pressure across the first piston assembly, wherein increasing pressure across the
first piston assembly comprises:
sealingly engaging the first piston assembly with the wellbore;
opening the by-pass across the second piston assembly; and

closing the by-pass across the first piston assembly.

22



PCT/US2012/046812

1/14

WO 2014/011193

\.\ X/

A%

q R

V\ N

SN

+ X X
Q N >N
A y/\ X
// ) ﬂ\\w/M

N ¥ -
X N2 AN A
'R
= 1R
N ' N
> o <+ % >
S 8 = < A
: - © K
< VAN
S . . Y \\/\ \\\
S N O U T SN AN

1 | W&

\ VAWV i A\ VAV i

7

///\\// NN //\/.//\/ /\ /\///\///M///\//////\//\///\///\//\///\//\/ \///\///\.///.\///

) ) R S )
(=] - /// - - A
— -~ A
LS
N

FIG.1A

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193

/10

PCT/US2012/046812

2/14

| \\L\\V 5 SSIE] SN

20

26—~

A

X

RO

N

FIG.1B

RN OVANARAVAVANS

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193 PCT/US2012/046812

3/14

32
S
|54

50

/

54
51—\

FIG.1C

SUBSTITUTE SHEET (RULE 26)




WO 2014/011193

/10

PCT/US2012/046812

4/14

S o N

| \\L\\'\/ N SN SN

FIG.1D

o } \Q// AR \L/f/\\//\,\// S VAV
o) 0
0 0

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193 PCT/US2012/046812

5/14
Z
N
(=]
< —
4 \ <o|
M
Q
«l
“ N A S
| | \
AN I RN AN\ SANVNENSNS -
o \ \ “ \ ~
(=]
2 i /\ \‘ S
- m
o ( %I NN)I 99 M
) /
N \\\\\T\/\\\ I | I A R
< | | | |
L o S |
° - A [
[
/ !
© N /l | | |
N S
N S |
/
e

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193 PCT/US2012/046812

6/14
o
/\\
3
4 ©
~
Q
o < O N N
> = = & - ~N
ST N
A WAV SNV -
\/ \ / * %
? o
N
- Q
IBE N S L D s
(=}
N
(=
g)@ ) )('
\\\,\\\ \\\\(ﬁ\/ \ : | : | A KA
%<
’ @ S |
3 i) |
° A |
|
/ !
& X B /Illl
N © S |
EQ|/\\\ S| 8 L
/
(aa)
N
e

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193

26—~

FIG.2C

PCT/US2012/046812

7/14

14
\

22
34

N
/ \\\/\ /\\\// \\\/\\\//\\ /\

"]
et

NN BNV

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193

PCT/US2012/046812

8/14
10
26~ /
28 28
R e > L%
Q2 |5l K& 36
6| |7
_—
114
36 —
,
% X
1 2 F
\ 188 \Z
e
- - = 116
____________ /
20 . 24
2 KL L
184 ~__|
> —
[ T~116
20
=% |22
A
71T B
X 34
36
F1G.2D

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193 PCT/US2012/046812
9/14
e
/\\
<
4 ©
~
©
N
“ S o S
4 e
AN AN SAANENORS -
~
o | o
? S S
N N < O
NEE N
N
L NGRS : | : 155156
%
o
% 3 | c\f||
° |
© e
d |
© N / .
Y gh § L
v O
f%l/\\\ M ©
/
<C
M
o
Iy

SUBSTITUTE SHEET (RULE 26)




WO 2014/011193

PCT/US2012/046812

10/14
e
/\\
<
4 ©
»
Q
N
L R I 3 N N
K
AN WA DA s -
\ / \ >
? o
N
- m
E N S LD s
Q (=]
N )(0 N
KL NRIRL T RRA R
¢ (Aa) | OI
4\- < § I(\fll
° |
| ||
/ > |
© N f||
T ek 3 8 U
RIK = ®
/

FIG.3B

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193

FIG.3C

©O

11/14

PCT/US2012/046812

34

ANNAN

I/

"

i

Q

X

RRIR

N

SUBSTITUTE SHEET (RULE 26)

AV




WO 2014/011193

12/14
56 10
26~ 60 /
28 28
R Aol T B L%
Q25| K& 36
6| T
= | T
114
36 —
,
% X
1 2 F
\ 14313\;;/<
__ _________\_
R ——8
______ ] 1168
______ /—\
< 20 . — 24
A7 2|l B Lx
2 L L
184 ~__|
N R N —
—— ~—— 58
[ T1164
20
=% 1l 22
A
A ' %
X 34
36
F1G.3D

PCT/US2012/046812

SUBSTITUTE SHEET (RULE 26)




WO 2014/011193 PCT/US2012/046812

13/14

10

\\/\\”o

%1 50
34

4 PRENUNN 4\\\/\\\/ A
\ \

>
-”
"]

— |

ANV

oo } AR
Q

FIG.4

SUBSTITUTE SHEET (RULE 26)



WO 2014/011193

14/14

28
ENNYN NYINVINY
2 /<\>
36

16— "

204

FIG.5

s
=
T TR T /

PCT/US2012/046812
28
\//> n N
36

RO

SUBSTITUTE SHEET (RULE 26)

\/\\/\\ ¢




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/046812

A. CLASSIFICATION OF SUBJECT MATTER

E21B 19/24(2000.01)i, E21B 17/10(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 19/24; E21B 23/08; E21B 23/10; E21B 23/06; E21B 33/124; E21B 47/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: piston assemblies, pump, bypass, control system and similar terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 5209304 A (NICE, SIDNEY B.) 11 May 1993 1-20
See abstract, column 6, lines 16-25 and figures 1,2.

A US 4756364 A (CHRISTENSEN, JON B. et al.) 12 July 1988 1-20
See abstract, column 4, lines 19-29 and figures 1A, 1B.

A US 4962815 A (SCHULTZ, ROGER L. et al.) 16 October 1990 1-20
See abstract, column 4, lines 57-61 and figure 2.

A US 2012-0125686 A1l (HOGSETH, TORE et al.) 24 May 2012 1-20
See abstract, paragraph 0065 and figure 7.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
15 MARCH 2013 (15.03.2013) 19 MARCH 2013 (19.03.2013)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan LEE, Jong Kyung
1 . City, 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-3360

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2012/046812

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 05209304 A 11.05. 1993 None

US 04756364 A 12.07.1988 EP 0271297 A2 15.06. 1988
EP 0271297 A3 12.07.1989
EP 0271297 B1 19.11.1992

US 04962815 A 16.10. 1990 EP 0409547 A2 23.01.1991
EP 0409547 A3 24.04. 1991
EP 0409547 B1 21.09.1994

US 2012-0125686 A1 24.05.2012 AU 2010-253529 A1 02.12.2010
CA 2759316 A1l 02.12.2010
CN 102549231 A 04.07.2012
EP 2435655 A2 04.04.2012
WO 2010-137986 A2 02.12.2010
WO 2010-137986 A3 03.02.2011

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

