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ing operations. The technique utilizes a running string having a hydraulically
actuated setting tool. A liner is suspended from the running string via a releas-
able mechanism. A liner hanger assembly is coupled with the liner and mech-
anically linked with the hydraulically actuated setting tool. Hydraulic actu-
ation of the setting tool causes mechanical actuation of the liner hanger as-
sembly. The structure enables use of a liner hanger assembly which does not
have a hydraulic actuation piston.
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LINER HANGER SYSTEM

BACKGROUND

[0001] A liner hanger is used to hang a liner within host casing. A liner
comprises a tubular, e.g. a casing, which joins the host casing at a downhole location.
The host casing may extend upwardly to a surface location. Generally, liner hangers are
either mechanically or hydraulically actuated. Mechanical liner hangers often are used
for shallow or less deviated applications and hydraulic liner hangers tend to be used for
deep or more deviated applications. Hydraulic liner hangers generally have a cylinder
and piston which tend to present a weak point in terms of resisting burst and collapse

Ppressurcs.

SUMMARY

[0002] In general, a methodology and system employ a running string having a
hydraulically actuated setting tool. A liner is suspended from the running string via a
releasable mechanism. A liner hanger assembly is coupled with the liner and
mechanically linked with the hydraulically actuated setting tool. Hydraulic actuation of
the setting tool causes mechanical actuation of the liner hanger assembly. The structure

enables use of a liner hanger assembly which does not use a hydraulic actuation piston.
[0003] However, many modifications are possible without materially departing
from the teachings of this disclosure. Accordingly, such modifications are intended to be

included within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Certain embodiments of the disclosure will hereafter be described with

reference to the accompanying drawings, wherein like reference numerals denote like
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elements. It should be understood, however, that the accompanying figures illustrate the
various implementations described herein and are not meant to limit the scope of various

technologies described herein, and:

[0005] Figure 1 is a schematic illustration of an example of a liner and liner
hanger deployed downhole into a wellbore by a running string, according to an

embodiment of the disclosure;

[0006] Figure 2 is a schematic cross-sectional view of an example of a portion of

the running string, liner, and liner hanger, according to an embodiment of the disclosure;

[0007] Figure 3 is a schematic cross-sectional view of an example of a portion of
the running string which comprises a setting tool and extends down to the liner hanger

illustrated in Figure 2, according to an embodiment of the disclosure; and
[0008] Figure 4 is a schematic cross-sectional view of an example of a cement

wiper plug seated in a landing collar to enable pressuring up of the system for setting the

liner hanger, according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0009] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be
understood by those of ordinary skill in the art that the system and/or methodology may
be practiced without these details and that numerous variations or modifications from the

described embodiments may be possible.

[0010] The present disclosure generally relates to a methodology and system
comprising a liner hanger assembly formed with a liner hanger and a liner hanger packer

element. In this embodiment, a hydraulic actuation piston is located on the running string
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rather than in the liner hanger. During a cementing operation, the running string is
coupled to a liner hanger assembly and run downhole into a wellbore. Cement is then
pumped into a surrounding annulus. After pumping the cement downhole, the liner
hanger assembly is actuated via a hydraulic actuation system contained in the running

string rather than in the liner hanger assembly.

[0011] The present system and methodology provide a liner hanger system with
robust mechanical properties, ¢.g. high-strength with respect to burst and collapse
pressures. The construction thus mitigates the tendency to move toward heavier wall
casing to resist such pressures. In various well applications, the construction enables use
of a hydraulic liner hanger without an actuator cylinder or piston which could otherwise
provide a weak point with respect to resisting burst and collapse pressures. The
hydraulics may be placed in the running/setting tool, thus allowing the mechanical
properties of the hydraulic liner hanger to match the mechanical properties of the casing

below.

[0012] Referring generally to Figure 1, an embodiment of a well system 20 is
illustrated as comprising a liner 22 having a liner hanger assembly 24 forming a liner
hanger bottom hole assembly. The liner 22 is releasably coupled with a running string 26
which delivers the liner 22 and liner hanger assembly 24 downhole into a wellbore 28. In
this example, the liner 22, liner hanger assembly 24, and running string 26 are deployed
down into wellbore 28 through a casing 30, e.g. a host casing. The running string 26
extends into the liner 22 and is engaged with the liner 22 via a running/setting tool
assembly 32 having a coupling mechanism 34 by which the running/setting tool assembly
32 is engaged with liner 22. The coupling mechanism 34 may be part of a running tool
and designed to mechanically engage, frictionally engage, or otherwise engage an interior
of the liner 22. The running string 26 may further comprise a tubing 36, such as a drill
pipe, coupled with the running/setting tool assembly 32 for deploying the liner 22

downhole.



WO 2015/163902 PCT/US2014/035401

[0013] The running string 26 also may comprise a tail pipe 38 extending from
running tool 22 on an opposite side of running/setting tool 32 relative to tubing 36. In the
example illustrated, the tailpipe 38 comprises a seat 40 designed and oriented to sealingly
receive a dropped object. For example, the seat 40 may comprise a ball seat against
which a dropped ball may seal when dropped down through an interior 42 of running

string 26.

[0014] The liner 22 may have a variety of sizes, lengths, constructions, and/or
components depending on the specifics of a given application. Additionally, the liner 22
may be used in cooperation with many types of components suited for a given
application. For example, the liner hanger assembly 24 may comprise a liner top packer
44 which is set via, for example, a setting sleeve upon application of pressure along
interior 42. The liner hanger assembly 24 also may comprise a hydraulically actuated
hanger mechanism 46 which may include slips constructed to engage an interior of casing

30 and to suspend liner 22 from casing 30.

[0015] Examples of other components comprise a landing collar 48 and float
equipment 50. The landing collar 48 and float equipment 50 may be positioned along an
interior of a downhole end of liner tubing 52 which forms the liner 22. Landing collar 48
provides a landing for a cement wiper plug, as described in greater detail below, to
facilitate setting of liner hanger assembly 24. Other components may be added and/or

substituted to accommodate specific applications.

[0016] Referring generally to Figure 2, a partial cross-sectional view of an
embodiment of liner hanger assembly 24 is illustrated as coupled with liner tubing 52 of
liner 22. In this example, liner hanger assembly 24 comprises hanger mechanism 46
which may be in the form of a slip or a plurality of slips 54. The slips 54 are selectively
actuated outwardly to engage in inner surface of casing 30. Each slip 54 may be actuated
outwardly by forcing the slip to move longitudinally against an inclined surface. For
example, each slip 54 may comprise an inclined surface 56 positioned against a

corresponding inclined surface 58 of a ramp 60 mounted along liner tubing 52. In the



WO 2015/163902 PCT/US2014/035401

embodiment illustrated, the lower slip 54 is positioned between the lower ramp 60 and an
abutment 62 affixed to liner tubing 52. Similarly, the upper slip 54 is positioned between
the upper ramp 60 and an abutment end 64 of a ticback receptacle 66. In some
applications, the ramps 60 and abutment 62 may be mounted along a mandrel 67, e.g. a

packer mandrel, which is an extension of liner tubing 52 or coupled with liner tubing 52.

[0017] As the liner hanger assembly 24 is longitudinally contracted along a
longitudinal axis A, the slips 54 are moved toward each other in a longitudinal direction.
The longitudinal contraction moves inclined surfaces 56 along corresponding inclined
surfaces 58, thus forcing the slips 54 in a radially outward direction until they are
securely engaged with the surrounding casing 30 so as to suspend liner 22. In other
words, the slips 54 are forced in a radially outward direction as abutment 62 and

abutment end 64 are shifted toward each other by setting/running tool assembly 32.

[0018] The liner hanger assembly 24 also may comprise a packer/packing
element 68 which may be actuated into sealing engagement with the inner surface of the
surrounding casing 30. Depending on the application, the packing element 68 may be the
sealing element of liner top packer 44 or it may form an additional sealing element
separate from liner top packer 44. In the example illustrated, packing element 68 is
positioned between ramps 60 so that longitudinal contraction of liner hanger assembly 24
also serves to move ramps 60 toward each other, thus squeezing the packing element 68
in a longitudinal direction. The longitudinal squeezing of packing element 68 forces the
packing element to expand in a radially outward direction into engagement with the
surrounding casing 38. The packing element 68 may be sufficiently radially expanded to

form a secure seal with the inner surface of the surrounding casing 30.

[0019] During movement downhole and while setting liner hanger assembly 24,
the liner 22 is securely attached to running string 26 by setting/running tool assembly 32
via a running tool 70 comprising coupling mechanism 34. Running tool 70 may be
constructed as a sliding sleeve or other suitable structure. In this example,

setting/running tool assembly 32 further comprises a setting tool 72 coupled to running
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tool 70, as illustrated in Figure 3. As illustrated in both Figures 2 and 3, the tieback
receptacle 66 is constructed for relative movement with respect to running tool 70 to

enable setting of liner hanger assembly 24.

[0020] The running tool 70 comprises a connector 74 which couples a piston 76
with tieback receptacle 66. In the illustrated embodiment, the liner hanger assembly 24
does not have an actuation piston. Instead, setting tool 72 of running string 26 comprises
actuation piston 76 coupled with a cylinder 78 which is slidably mounted along a
pressure stop 80 and along running tool 70. Movement of piston 76 and cylinder 78 is
used to selectively transition the liner hanger assembly 24 from an un-actuated position
(see Figure 2) to an actuated position in which slips 54 and packing element 68 engage

casing 30.

[0021] The interior of cylinder 78 is in fluid communication with interior 42 of
running string 26 via a port 82. By applying sufficient pressure to the fluid in interior 42,
the actuation piston 76 is hydraulically actuated to shift liner hanger assembly 24 into
engagement with casing 30. As pressure is increased on fluid within running string 26,
the fluid flows through port 82 and into cylinder 78 between piston 76 and pressure stop
80 to drive piston 76 and cylinder 78 in a direction represented by arrow 83. The
movement of piston 76 under hydraulic pressure causes corresponding movement of
tieback receptacle 66 along liner tubing 52 of liner 22. This relative movement
longitudinally squeezes slips 54 between abutment 62 and abutment end 64, thus forcing
both slips 54 and packing element 68 in a radially outward direction until fully engaged
with the surrounding surface of casing 30. In this manner, the hydraulic actuation is
achieved via setting tool 72 mounted on running string 26 rather than incorporating an

actuation piston and cylinder/chamber into liner hanger assembly 24.

[0022] In some applications, ¢.g. cementing applications, a cement plug 84 may
be used both for application of pressure to move the cement into the surrounding annulus
and to create a seal for pressuring up interior 42 to actuate liner hanger assembly 24. As

illustrated in Figure 4, the cement plug 84 may be designed to sealingly engage landing
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collar 48 when the cement plug 84 is pumped downhole to push cement into the annulus.
In this example, the cement plug 84 comprises a landing feature 86 constructed to land in
an form a seal with landing collar 48 or with another suitable landing receptacle.
Depending on the application, cement plug 84 may comprise a variety of other features,

such as a liner wiper plug 88 and a drill pipe plug 90.

[0023] However, other objects, ¢.g. balls or darts, also may be dropped downhole
to form the seal which enables pressure to be applied along interior 42 of running string
26 when actuating liner hanger assembly 24. Such objects may be designed to sealingly
engage landing collar 48, seat 40 of tailpipe 38, or another suitable sealing surface which
allows pressure to be increased along interior 42. Pressure relief may be provided to
avoid excess pressure buildup along interior 42. For example, a burst disc or other

suitable pressure relief feature may be located along running string 26.

[0024] In some applications, the liner hanger assembly 24, including packing
element 68, and liner 22 are constructed as a bottom hole assembly. The running string
26 comprises setting tool 72 and running tool 70, however the running string 26 may
comprise a variety of other components and features. Examples of such components
include upper and lower pack offs, sliding sleeves, integral ball seats, and/or other

components provided for a specific application.

[0025] The embodiment illustrated in Figures 2-4 places hydraulics in the running
string 26 and provides the liner hanger assembly 24 with simple slips 54 and packing

element 68. The slips 54 are constructed to withstand axial loads in both directions along
axis A when set, and the packing element 68 securely seals the interface between liner 22
and host casing 30. The construction and arrangement of components facilitates a variety

of operations, including cementing operations.

[0026] In an operational example, the liner 22 is run to a target depth via running
string 26 and then preparations for a cementing operation are initiated. A predetermined

volume of cement is then pumped downhole through the running string 26, through the
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liner 22, and into a surrounding annulus with the aid of cement plug 84. Proper
placement of the cement may be confirmed by pressuring up against, i.e. bumping, the
cement plug 84. If the cement plug 84 (or other suitable sealing element) is sufficiently
sealed, pressure is then increased along interior 42 of running string 26 and within liner
22 to set the liner hanger assembly 24. The pressure is increased sufficiently to drive
piston 76 and tieback receptacle 66 along running tool 70 so as to move slips 54 along
corresponding ramps 60 and to squeeze packing element 68 until the slips 54 and packing
clement 68 securely engaged the surrounding casing 30. If the ability to build pressure is
not achieved by bumping the cement plug 84, then contingent balls, plugs, or other
sealing elements may be dropped downhole for engagement with a suitable landing collar

or other seat.

[0027] Proper setting of the liner hanger assembly 24 may be confirmed when
slips 54 and packing element 68 become securely engaged with casing 30. After
confirmation that the liner hanger assembly 24 has been properly set, the running tool 70
may be released from liner 22. Once released, the running string 26 may be retrieved
back to the surface. The setting/running tool 32 may be constructed with contingent
release mechanisms to ensure the running string 26 can be retrieved to the surface even if

primary release techniques do not function as planned.

[0028] By moving the hydraulic components away from the liner hanger 46 and
overall liner hanger assembly 24, there are no weak points in the liner hanger in terms of
burst and collapse pressures. The liner hanger assembly 24 is thus able to match the
mechanical properties of the liner 22 suspended below. Additionally, the potential for
hydraulic leaks in the packing element 68 of liner hanger assembly 24 is removed
because there are no holes or seals in the system. The construction also avoids reductions
in the outside diameter of mandrel 67 (or other similar structure) that would otherwise be
employed to enable operation of a cylinder and piston in the liner hanger assembly. The
liner hanger assembly 24 may be mounted on a mandrel, ¢.g. mandrel 67, having the

same outside diameter as the liner tubing 52 extending below.
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[0029] In cementing applications, the structure of liner hanger assembly 24 and
running string 26 enable the packing element 68 to be set after the cementing operation.
Setting packing element 68 after cementing facilitates improved equivalent circulating
density (ECD) because the cement does not have to flow past set slips. Instead, the
cement flows past a smooth outside diameter around the slips 54 and packing element 68,

thus improving cementing pressures.

[0030] The structure also enables reduction in the number of external components
on the liner hanger assembly 24, including the top packer 44. The reduction in
components increases the reliability and durability of the overall system. In fact, the liner
hanger and liner top packer can basically be reduced to a liner hanger packer, e.g.
packing element 68, which removes one connection between the conventional liner
hanger and liner top packer. This simplification further reduces the potential for

hydraulic leaks in the system.

[0031] By utilizing cement plug 84 to establish setting pressure, the structure also
removes the technique of blowing ball seats prior to cementing operations. Because
pressures associated with blowing the ball seat are avoided, the potential for fracturing
weak formations due to surge pressures is reduced. In some applications, fractured
formations are to be avoided because they can lead to loss of circulation and can

compromise cement placement.

[0032] The structure of the overall well system 20 facilitates operations in a
variety of deep water environments. The structure provides higher burst and collapse
protection along with greater durability and dependability. However the system is also
particularly useful with unstable formations and to ensure proper cement placement in a

wide variety of deep water environments and other well related environments.

[0033] It should be further noted that liner 22, liner hanger assembly 24, and/or
running string 26 may be constructed in a variety of configurations with many types of

components depending on a given downhole application. The system and methodology
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may be employed in vertical and/or deviated, e.g. horizontal, wellbores. Additionally, the
configuration of the liner hanger slips, packing element, liner top packer, landing collars,
seats, pack offs, cement plugs and/or other components of the overall system may be

adjusted to accommodate structural, environmental, and/or operational parameters.

[0034] Although a few embodiments of the disclosure have been described in
detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to be included within the scope

of this disclosure as defined in the claims.

10
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CLAIMS

What is claimed is:

1. A system for use in a wellbore, comprising;:
a liner hanger assembly without an actuation piston, the liner hanger
assembly having a liner hanger mechanism and a liner hanger packing element;
a liner coupled with the liner hanger assembly; and
a running string extending into and releasably coupled with the liner, the
running string having a setting tool which is hydraulically actuatable to set the

liner hanger mechanism and the liner hanger packing element.

2. The system as recited in claim 1, wherein the liner hanger mechanism comprises a
plurality of slips.
3. The system as recited in claim 2, wherein the liner hanger packing element is

disposed between longitudinally movable slips of the plurality of slips.

4. The system as recited in claim 1, wherein the running string comprises a hydraulic
actuation piston operable via pressurized fluid supplied along an interior of the

running string.

5. The system as recited in claim 1, wherein the running string comprises a liner

running tool releasably coupled with the liner.

6. The system as recited in claim 1, wherein the running string comprises a tail pipe

having a seat.

7. The system as recited in claim 4, were the hydraulic actuation piston is coupled
with a tieback receptacle which is moved to actuate the liner hanger mechanism

and the liner hanger packing element.

11
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10.

11.

12.

The system as recited in claim 7, wherein movement of the tieback receptacle via
the hydraulic actuation piston mechanically forces a plurality of slips to move in a

radially outward direction and into engagement with a surrounding casing.

The system as recited in claim 1, wherein the liner comprises a landing collar for
receiving a cement plug, the cement plug creating a sealed interior which may be

pressurized to actuate the setting tool.

A method, comprising:

providing a liner hanger assembly with a hanger mechanism and a packing
clement;

coupling the liner hanger assembly, a liner, and a running string;

running the liner hanger assembly and liner downhole into a wellbore via
the running string;

pumping cement through the running string and into a surrounding
annulus; and

after pumping the cement, hydraulically actuating a setting tool on the
running string to mechanically set the hanger mechanism and the packing element

against a surrounding casing.

The method as recited in claim 10, wherein providing comprises providing the
liner hanger assembly with the hanger mechanism in the form of a plurality of

mechanically actuatable slips.

The method as recited in claim 11, further comprising locating the packing
element between slips of the plurality of mechanically actuatable slips such that
longitudinal movement of the mechanically actuatable slips causes radial

expansion of the packing element.

12
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13.

14.

15.

16.

17.

18.

19.

The method as recited in claim 10, wherein hydraulically actuating comprises

moving an actuator piston.

The method as recited in claim 13, wherein moving the actuator piston comprises
moving a tieback receptacle which is operatively coupled with the hanger

mechanism to mechanically actuate the hanger mechanism.

The method as recited in claim 10, wherein pumping cement comprises pumping

a cement plug downhole through the running string.

The method as recited in claim 15, further comprising using the cement plug to
create a seal which enables an interior of the running string to be sufficiently

pressurized for actuation of the setting tool.

The method as recited in claim 10, further comprising utilizing a mandrel within
the hanger mechanism and the packing element and providing the mandrel with

an outside diameter substantially equal to an outside diameter of the liner.

A system for use in a wellbore, comprising;:

a running string having a hydraulically actuated setting tool;

a liner suspended from the running string via a releasable running tool;
and

a liner hanger assembly coupled with the liner and mechanically linked
with the hydraulically actuated setting tool such that hydraulic actuation of the
hydraulically actuated setting tool on the running string causes mechanical
actuation of a liner hanger mechanism and a liner hanger packing element of the

liner hanger assembly.

The system as recited in claim 18, wherein the liner hanger mechanism comprises
a pair of slips and the liner hanger packing element is disposed longitudinally

between the pair of slips.

13
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20.

The system as recited in claim 19, wherein actuation of the hydraulically actuated
setting tool moves the pair of slips longitudinally closer to each other which
forces the pair of slips and the liner hanger packing element to transition in a

radially outward direction and into engagement with a surrounding casing.

14
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