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METHOD AND APPARATUS FOR IMPROVING CEMENT BOND OF CASING IN
CYCLIC LOAD APPLICATIONS

TECHNICAL FIELD
The present disclosure relates generally to downhole cementing applications, and, more
particularly, to an improved method and apparatus for bonding casing to a subterranean

formation in cyclic load applications.

BACKGROUND

Hydrocarbons, such as oil and gas, are commonly obtained from subterranean formations
that may be located onshore or offshore. The development of subterranean operations and the
processes involved in removing hydrocarbons from a subterranean formation typically include a
number of different steps such as, for example, drilling a wellbore at a desired well site, treating
the wellbore to optimize production of hydrocarbons, and performing the necessary steps to
produce and process the hydrocarbons from the subterranean formation.

Certain subterranean reservoirs contain hydrocarbons, which are difficult to produce
because they are highly viscous. Tar sand formations are one example of such a reservoir. One
common technique for recovering oil and gas from such subterranean reservoirs is to inject them
with steam. The steam makes the hydrocarbons less viscous thereby making them easier to
produce through conventional production casing or tubing. There are several different methods
for injecting steam into the formation. One such manner is simple injection of steam into a
wellbore and producing from a nearby or adjacent wellbore. The other is by use of a Huff &
Puff well. A Huff & Puff well has the advantage of simply requiring a single well and thereby
avoids the cost and expense of drilling multiple wells.

A drawback, however, of Huff & Puff wells, and other steam injection wells is that the
wide temperature and pressure variations that are generated through the steam injection process
and subsequent cooling of the well to allow production to flow puts stress on the cement bonds
that are formed between the casing string and the wellbore. This is because the casing string
itself expands and contracts in response to the temperature and pressure variations. Over time,
this expansion and contraction of the casing string can result in a failure of the bond formed
between the casing string and the wellbore, which can be detrimental to the structural integrity of
the well and to the hydraulic seal formed by the cement.

Studies have found that if the casing string is pre-stressed, for example, by being put

under tension prior to cementing to the wellbore, it can better withstand the wide temperature
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and pressure swings that occur with the steam injection process. This is because the pre-
stressing of the casing string limits the expansion and contraction that occurs with the
temperature and pressure swings.

One technique that has been developed to pre-tension the casing string involves
employing two different types of cement slurries, each having different set times. The first step
in this process is to pump the slurry having the longer set time, known as the lead slurry, down
the casing string after it has been installed in the wellbore and back up the annulus formed
between the casing string and the wellbore. The next step is to pump the slurry with the shorter
set time, known as the tail slurry, behind the lead slurry. The tail slurry is pumped down the
casing string and back up the annulus. It is placed along the bottom portion of the annulus, for
example, along the bottom 500 feet in a 2,000-foot well. Once the tail slurry sets, rigidly
securing the bottom portion of casing string to the formation, then the rig pulls up on the top of
the casing string, the casing string is thereby put into tension. Slips are then set at the surface to .
hold the casing string in tension as the lead slurry sets. Once both slurries have set, the casing
string remains bonded in place under tension.

While this technique puts the casing string in & pre-stressed condition and thereby
minimizes the cement bond failures that would otherwise occur without pre-loading, it has the
drawback of requiring the rig to remain idle while the tail slurry sets. This results in lost rig time
of approximately 5 hours or more for each cement job performed. In fields having hundreds or
thousands of wells, this can be quite costly for the well operator.

The present disclosure is directed to a method and apparatus that seeks to pre-stress the
casing string while minimizing the costly rig time required with current pre-tensioning

techniques.
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BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present disclosure and its features and
advantages, reference is now made to the following description, taken in conjunction with the

accompanying drawings, in which:

FIG. 1 is a partial cut-away view of a section of parent casing and a casing anchor collar
disposed therein with a tension set casing anchor disposed within the casing anchor collar in
accordance with the present disclosure;

FIG. 2 is a partial cut-away view along the longitudinal direction of the tension set casing
anchor of FIG. 1 being run in the parent casing;

FIG. 3 is a partial cut-away view along the longitudinal direction of the tension set casing
anchor of FIG. 1 shown engaged with a casing anchor collar;

FIG. 4 is a partial cut-away view along the longitudinal direction of the tension set casing
anchor of FIG. 1 shown in the anchored position within the casing anchor collar whereby the
parent casing can be placed under tension; and

FIG. 5 is a cross-sectional view of the casing liner installed within the wellbore

illustrating the setting of the casing anchor.
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DETAILED DESCRIPTION

Ilustrative embodiments of the present disclosure are described in detail herein. In the
interest of clarity, not all features of an actual implementation are described in this specification.
It will of course be appreciated that in the development of any such actual embodiment,
numerous implementation specific decisions must be made to achieve developers” specific goals,
such as compliance with system related and business related constraints, which will vary from
one implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of the present disclosure. Furthermore, in no
way should the following examples be read to limit, or define, the scope of the disclosure.

Turning to FIG. 1, a bottom-hole section of the parent and inner casing string to be
cemented to the wellbore formed in a subterranean formation is shown generally by reference
numeral 10. The surface casing or pipe, which is the outer casing typically run into the upper
section of the well bore, has a casing collar 12 secured to a section of parent casing 14 at the
bottom-hole section of the surface casing or pipe. The casing collar 12 is designed to match the
casing size, weight, grade and thread of the parent casing 14. The casing collar 12 has a profile
formed on its inner surface which is adapted to receive and engage with a casing anchor 16 for
use in putting the inner casing, also known as the production casing or pipe, in tension. The
production casing or pipe is smaller in diameter and runs from the surface at the rig to the very
bottom of the well bore. It connects above and below to the casing anchor 16 via threaded
connections. The production casing is nested within the surface casing or pipe 14 through the
upper section of the wellbore. It is the casing that is to be placed in tension in connection with
the present disclosure. It is ultimately cemented to the surface or parent casing 14 in the upper
section of the well bore and to the well bore itself in the lower regions of the well. On its outer
surface, the casing collar 12 has a plurality of ribs 15. The ribs 15 enable the casing collar 12 to
function in much the same way that rebar functions in steel-reinforced concrete. It enhances the
bonding and anchoring of the surface casing to the cement formed in the annulus (not shown)
between the surface casing and wellbore.

The casing anchor 16 is formed of a number of different components, including a main
body 18, which is a generally tubular-shaped member formed of a steel alloy having the same
general size, weight, grade and thread as the casing string. As those or ordinary skill in the art
will appreciate, the outer diameter of the main body 18 is smaller than the inner diameter of the
casing collar 12 and parent casing 14 to allow the casing anchor 16 to travel down the interior of

the surface casing. The casing anchor 16 also includes a lock sleeve 20, which is slidably
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installed on the main body 18. The casing anchor 16 further includes a lock sleeve wedge 22,
which is slidably installed on the main body 18 adjacent to the lock sleeve 20. The wedge 22
supports the lock sleeve 20 as it engages the casing anchor collar 14. The lock sleeve 20 and
wedge 22 are also formed of a steel alloy having the same general size, weight, and grade as the
production casing.

In one embodiment, the lock sleeve 20 has a generally spider-like shape. It is defined by
a generally circular ring 24 having a plurality of arms 26 projecting therefrom. In one exemplary
embodiment, there are eight arms 26 projecting from, and equally-spaced around, the generally
circular ring 24. The plurality of arms 26 are generally flexible at least in the radial direction,
such that they may be placed in compression when the casing anchor 16 is deployed downhole
into the surface casing. Each of the arms 26 has an end or tip 28 which has opposing tapered
surfaces, as better illustrated in FIGs. 2-4. The tapered surfaces of the tips 28 enable the tips to
engage within one or more recesses 30 formed within the inner surface of the casing collar 12
during the step of securing the casing anchor 18 to the casing collar 12. The tips 28 of the arms
26 of the lock sleeve 20 also have a flange 32 formed on the surface of the tip opposite the
opposing tapered surfaces. The flanges 32 rest within one or more recesses 34 formed on the
outer circumferential surface of the main body 18 of the casing anchor 16 when the casing
anchor is being deployed down the surface casing just prior to being secured within the casing
collar 12.

The wedge 22 is a generally ring-shaped member and functions to wedge the tapered tips
28 of the lock sleeve arms 26 into the recesses 30 formed in the inner surface of the casing collar
12 when the work string pulls up on the casing anchor 16 once it has been set in the casing collar
12, as shown in FIG. 4. The wedge 22 forces one of the opposing tapered surfaces of the tips 28
of the lock sleeve into a complementary tapered surface in the recess 30. In one embodiment,
the tapered surfaces of the tips 28 and complementary surface in the recess 30 are formed at a 45
degree angle. The lodging of the wedge 22 into the tips 28 of the lock sleeve arms 26 locks the
casing anchor 16 into the casing collar 12, thereby enabling the rig to pull on the production
casing string and thereby place the production casing string in tension.

The present disclosure is also directed to a method for cementing a production casing
string to the surface casing and well bore. The method includes landing the production casing
string 40 in the surface casing 14, as shown in FIGs. 3-5. The method also includes deploying
the casing anchor 16 into the bottom-hole section of the surface casing string, and more
specifically, into the casing collar 12. The casing anchor 16 is delivered proximate the recesses

30 formed in the inner surface of the casing collar 12 such that the arms 26 of the locking sleeve

5



10

15

20

WO 2016/186655 PCT/US2015/031545

20 spring into the recesses 30. The production casing string 40 is then pulled upwards forcing
the wedge 22 into the locking sleeve 20 thereby locking the arms 26 into the recesses 30.

With the casing anchor 16 set, the rig is able to put the casing string in tension. Slips can
be set at the surface to maintain the production casiﬁg string 40 in tension while the production
casing string is being cemented to the surface casing 14 and wellbore. The production casing
string 40 above the slips can be detached from the rest of the casing once the slips have been set,
thereby enabling the rig to be deployed to another well, which can save valuable rig time and
money for the well operator. Once the production casing string has been placed in tension,
cement slurry can be pumped down the bore of the production casing string and up into the
annulus formed between the production casing string 40 and the surface casing 14 and wellbore
below the surface casing 14. The cement slurry then can be allowed to set while the production
casing string 40 is under tension. This acts to preload the casing string and thereby minimize its
expansion and contraction during large swings in downhole temperature and pressure, which are
common in a number of well types, including, for example, Huff & Puff wells.

Once the cement bond has formed between the production casing string 40 and the
surface casing 14 and wellbore below the surface casing, further well operations, such as
perforation, gravel packing, zonal isolation, etc., may be performed on the well.

Although the present disclosure and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the disclosure as defined by the following claims.
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WHAT IS CLAIMED IS:
1. An apparatus, comprising:
a generally tubular-shaped member;
a lock sleeve formed over the generally-tubular shaped member; and

a wedge formed over the generally tubular-shaped member and adjacent to the lock

sleeve.

2. The apparatus according to claim 1, wherein the lock sleeve is formed of one or
more locking arms having generally tapered ends, the one or more locking arms capable of being

placed under compression.

3. The apparatus according to claim 2, wherein the wedge is a generally
cylindrically shaped member having a tapered surface capable of engaging the tapered ends of

the plurality of locking arms of the lock sleeve.

4. The apparatus according to claim 3, wherein the generally tubular-shaped member
is capable of being detachably fixed to an inside surface of a bottom-hole section of a parent

casing string.

5. The apparatus according to claim 4, wherein the tapered ends of the one or more
locking arms are capable of fitting within recesses formed on the inner surface of the section of

parent casing string.

6. The apparatus according to claim 4, wherein the bottom-hole section of parent

casing string has a plurality of ribs formed on an outer circumferential surface.

7. An anchor for use in tensioning a production casing string, comprising:

an anchor body, which is generally tubular-shaped and capable of being installed within a
bottom-hole section of parent casing string into which the production casing is capable of being
placed;

a lock sleeve disposed around the anchor body; and

a wedge disposed around the anchor body and adjacent to the lock sleeve.
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8. The anchor according to claim 7, wherein the lock sleeve is formed of one or
more locking arms having generally tapered ends, the one or more locking arms capable of being

placed under compression.

9. The apparatus according to claim 8, wherein the wedge is a generally
cylindrically shaped member having a tapered surface capable of engaging the tapered ends of

the one or more locking arms of the lock sleeve.

10.  The apparatus according to claim 9, wherein the anchor body is capable of being

detachably fixed to an inside surface of a section of the parent casing string.

11.  The apparatus according to claim 10, wherein the tapered ends of the one or more
locking arms are capable of fitting within recesses formed on the inner surface of the bottom-

hole section of the parent casing string.

12.  The apparatus according to claim 10, wherein the bottom-hole section of the

parent casing string has a plurality of ribs formed on an outer circumferential surface.

13. A method for cementing a production casing string disposed within a parent
casing to the parent casing and a well bore disposed below the parent casing, comprising:

(a) attaching the production casing string to an anchor;

(b) attaching the anchor to a bottom-hole section of the parent casing;

(c) pulling on the production casing string so as to place the production casing
string in tension;

(d) pumping a cement slurry down the production casing string and up into an
annulus formed between the production casing string and the parent casing and the
annulus between the well bore and production casing below the parent casing; and

(e) allowing the cement slurry to set while the production casing string is in

tension.

14.  The method according to claim 13, further comprising setting slips at the surface

so as to hold the production casing string in tension.
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15.  The method according to claim 14, further comprising detaching the production

casing string above the slips once the slips have been set.

16.  The method according to claim 13, wherein the anchor is attached to the bottom-
hole section of the parent casing string by setting the anchor in the bottom-hole section of the

parent casing string with the production casing string.

17.  The method according to claim 16, wherein the anchor comprises a body, a lock
sleeve disposed around the anchor body, and a wedge disposed around the anchor body adjacent
to the lock sleeve and the anchor is set in the bottom-hole section of the parent casing string by
activating the lock sleeve to engage with an inner surface of the parent casing string and pulling
on the anchor with the production casing string so as to drive the wedge into the lock sleeve

thereby fixing the anchor body to the bottom-hole section of the parent casing string.

18.  The method according to claim 13, wherein the production casing string is

attached to the anchor prior to the anchor being attached to the parent casing string.

19.  The method according to claim 18, wherein the anchor is run in a section of

parent casing prior to attaching the anchor to the bottom-hole section of the parent casing string.

20.  The method according to claim 13, wherein the bottom-hole section of the parent
casing string is formed with a plurality of ribs, which aid in binding the bottom-hole section of
the parent casing string to the well bore prior to cementing the production casing string to the

parent casing string and well bore.
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