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(57) Abrégée/Abstract:
A downhole tool 24 provided within a casing string for use in cement staging operations. The tool includes a sleeve 54 In the tool
that selectively slides downward under pressure to expose ports 46 formed In a side wall of the tool 24. Also, an annulus through
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(57) Abrege(suite)/Abstract(continued):

the tool 24 Is selectively blocked so that cement in the casing string flows radially outward through the ports 46 and into an annulus
between the tool 24 and a wellbore. An Inflatable packer 66 Is included that is integral to the body 25 of the tool 24 and Is Inflated
with a fluid that Is pushed into the packer 66 as the sleeve 54 slides downward. An optional expanding agent can be included in the
packer 66 that iIs a metal oxide and Is activated with the addition of water.
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cement staging operations. The tool includes a sleeve 54 in the tool that se-
lectively slides downward under pressure to expose ports 46 formed in a side
wall of the tool 24. Also, an annulus through the tool 24 1s selectively
blocked so that cement 1n the casing string flows radially outward through
the ports 46 and into an annulus between the tool 24 and a wellbore. An 1n-
flatable packer 66 is included that is integral to the body 25 of the tool 24
and 1s inflated with a fluid that is pushed into the packer 66 as the sleeve 54
slides downward. An optional expanding agent can be included in the packer
66 that 1s a metal oxide and is activated with the addition of water.
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SLIDING SLEEVE VALVE STAGE CEMENTING TOOL AND METHO

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an apparatus for use while completing a subterranean

hydrocarbon producing well. More specifically, the invention relates to an apparatus for the

staging of cement between casing and a wellbore.

2. Description of the Related Art

[0002] When completing a subterranean well, casing is typically inserted into the wellbore
and secured in place by injecting cement within the casing. The cement is then forced
through a lower end of the casing and into an annulus between the casing and wellbore wall.
A wiper plug is typically used for pushing the cement from the casing. A displacement fluid,
such as water, or an aﬁpropriately weighted mud 1s pumped into the casing above the plug,
the pressurized fluid serves as a motive force to urge the plug downward through the casing
to extrude the cement from the casing outlet and back up into the annulus. However, as wells
are increasingly being drilled deeper, the hydraulics for ce'menting the casing wellbore '
annulus in a substantially deep well makes the singlé stage cement Injection process
impracticable. Also, m some instances it is impossible to cement the entire well. For
example, cement is not provided in portions of the well, where the well formation pressure is
less than well hydrostatic pressure, or where the formation is too porous so high cement
sharry pressure in the case induces formation breakdown, which leads to losses in the
formation, as a resuit, no cement is present.

[0003] To overcome the problems of a single stage cement process, the casing string is
cemented in sections, which is known as a staging process. Staging involves placing cement

staging tools integral within the casing string; the staging tools allow cement to flow

downward therethrough to a lower section of the casing string during primary or first stage
cementing operations. When the portion of the casing string below the particular staging tool

s cemented to the well, the staging tool selectively closes its bore and opens a side port 46 to
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divert cement into the surrounding annulus where the cement can flow upwards in the
annulus. The cement staging tools also are equipped with packers for sealing the annular area
between the tool and wellbore. However, presently known tools experience failures such as

failure to inflate the packer 66 element, failure to Open‘ ports, failure to close ports, and

disconnection of the tool from the casing string.

SUMMARY OF THE INVENTION

[0”004] The present disclosure discloses a downhole tool 24 and method of use in completing
a wellbore. In an example embodiment, the downhole tool 24 1s made up of a tubular body
25 1ntegrally formed within a casing string where a port 46 is formed through a wall of the
tubular body 25. An inflatable packer 66 1s included that circumscribes a portion of the
tubular body 25 and an annular cylinder 56 1s providﬁ:d in the tubular body 25 that is in fiuid
communication with the packer 66. A sleeve 54 is set coaxially Within the tubular body 235
and selectively changeable between a pass through and by-pass configuration. When in the
‘pass through configuration the sleeve 54 defines a flow barrier between an annulus of the
tubular body 25 and the port. When in the sleeve 54 is in the by-pass configuration, the
annulus of the tubular body 25 1s 1 fluid communication with the port 46 and having a
portion of the sleeve 54 inserted into the cylinder 56. Also included is a fluid disposed in the
c‘ylindér 56 and remains in the cylinder 56 when the sleeve 54 is set in the pass through
configuration and is pushed into the packer 66 when the sleeve 54 is 'in the by-pass
configuration for inflating the packer 66. Optionally, a reactive compound is provided in the
packer. 66 for SelectiVely expanding the packer 66. In an embodiment, the reactive 'compound
comprises a metal oxide. In an embodiment, the metal oxide comprises calcium oxide,
Alternatively, included is a ball seat disposed i the sleeve 54, in this example embodiment
the ball seat has a profiled shoulder configured for receiving a ball therein. A sealing
interface may be formed along where the ball contacts the shoulder, so that when a force is
applied to the ball to urge the ball against the shoulder, the sleeve 54 i1s moved into the by-
pass configuration. In yet another alternative embodiment, a spring may be engaged with the
sleeve 54, where the spring becomes compressed as the sleeve 54 1s moved into the by-pass
configuration, so that when the fqrce applied to the ball 1s removed, the spring returns to an
uncompressed state and moves the sleeve 34 to the pass through configuration. In an

alternative, the fluid is selectively pressurized on an upper surtace of the ball to generate the

force applied to the ball.
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[0005] Also disclosed herein is a method of cementing & portion of a downhole tubular in a
wellbore. In an example embodiment, a stage cementing tool is included with the tubular,
where the stage cementing tool 1s made up of a tubular body 25 having a passage formed
through a sidewall of the tubular body 25. Included with the stage cementing tool is an
inflatable packer 66 that circumscribes a portion of the tubular body 25. Also included is a
sleeve 54 that can slide within the tubular body 25 and fluid that is in communication with
the sleeve 54 and the packer 66. The method further includes simultaneously inflating the
packer 66 and ﬂowing cement from within the tubular into an annulus between the tubular
and the wellbore. Cement is diverted from the side of the tool by urging the sleeve 54 axially
within the tubular body 25 from a position that blocks flow through the passage to a position
allowing flow through the passage and along a path that forces the fluid into the packer 66.
Optionally, the stage cementing tool further comprises an expanding agent in the packer 66,
the method further comprising selectively activating the expanding agent for intlating the
packer 66. In an alternative embodiment, the expanding agent includes a metal oxide.
Optionally, selectively activating the expanding agént can involve introducing moisture to the
expanding agent. In an example embodiment, the packer 66 expands radially outward from
the stage cementing tool and forms a sealing interface with 'a wall of the wellbore. In one
example embodiment, the stage cementing tool is a first stage cementing tool and the method
further involves repeating the above steps of inflating the- packer 66 and flowing cement from
within the tubular into an annulus between the tubular and the wellbore and at a depth above
the first stage cement tool. Optionally, cement introduced into the annulus at each stage
cementing tool flows in the annulus downward where is supportéd on a lower end by a packer

to wellbore interface formed at a lower adjacent stage cementing tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] So that the manner in which the above-recited features, aspects and advantages of the
invention, as.well as others that will become apparent, are attained and can be understood in
detail, a more particular description of the mvention brietly summarized above may be had
by reference to the embodiments thereof that are illustrated in the drawings that form a part of
this specification. It is to be noted, however, that the appended drawings illustrate only
preferred embodiments of the invention and are, therefore, not to be considered limiting of

the invention's scope, for the invention may admit to other equally effective embodiments.
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[0007] FIG. 1 s a side sectional view of an example of a stage cementing tool in a casing
string in accordance with the present invention. ' . .

[0008] FIG. 2 is a side sectional view of an example of the stage cementing tool of FIG. 1 in
a pass through configuration in accordance with the present invention.

{0009] FIG. 3 1s a side sectional view of an example of the stage cementing tool of FIG. 2
having a sealing member landing within in accordance with the present invention. ,
[0010] FIG. 4 is a side sectional view of an example of the stage cementing tool of FIG. 3
witH an applied annulus pressure packers bemng inflated in accordance with the present
invention. .

[0011] FIG. 5 is a side sectional view of an example of the stage cementing tool of FIG. 4 '
with a reduction in annuius pressure and with packers remaining inflated 1 accordance with
the present invention, '

[0012] FIG. 6 is a side sectional view of an example of the stage cementing tool of FIG. 5
being positioned into a by-pass configuration and d.ivertin’g cement into an annulus in
accordance with the present invention.

(0013} FIG. 7 1s a side sectional view of an cxample of the stage cementing tool of FIG. 6
with a cement wiping plug landed on the ball in accordance with the present invention.

[0014] FIG. 8 is a side sectional view of an example of the stage cementing tool of FIG. 7

with the plug, ball, and portion of the stage cementing tool drilled away in accordance with

the present mvention.

' DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0015] Shown in side sectional view in Figure 1 is an example of a string of casing 10 setina
wellbore 12. The casing 10 is shown supported on its upper end by a wellhead assembly 14
disposed at the entrance to the wellbore 12 on the surface. In the embodiment of Figure 1,
cement 16 is shown being inserted into an annulus 18 formed between the casing 10 and
walls of the wellbore 12. The cement 16 secures the casing 10 to the formation 20 that
circumscribes the wellbore 12. The cement 16 may be injected into the casing 10 via the
wellhead assembly 14, a plug 22 can be inserted into the casing 10 above the cement 16.
Pressure applied to the upper end of the plug 22 urges the plug and cement 16 through and
out of the bottom of the casing 10. After exiting the casing 10, the cement 16 flows into the
lower end of the annulus 18 and upwards within !the annulus 18. How far up the annulus 18

the cement 16 flows is dictated by the pressure at the bottom end of the casing 10. To
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overcome the high static pressures faced ﬂhen cementing deep wellbores, cementiing may
require multiple stages at various depths along the casing to limit the amount of pressure
applied into the casing 10 from the surface. To accomplish a staging process, an example
embodiments of staging tools 24 are shown included at locations within the string of casing
10. In the embodiment of Figure 1, the upper level of the cement 16, 1n the initial cementing
step, is generally maintained at a depth below the staging tool 24.
[0016] Referring now to Figufe 2, a side sectional view of an example embodiment of the
staging tool 24 of Figure 1 is shown in more detail. In the example of Figure 2, the staging
tool 24 is itlustrated as a generally annular device having an annular body 25 with a tubular
piston assembly 26 inserted within the body 25. On an upper end of the body 25 1s a lip 27
that extends radially inward towards an axis Ay of the staging tool 24. The piston assembly
26 has a piston body 28 shown generally coaxial with the body 25 also having a lip 30 on its
upper end. Unlike the inwardly extending lip 27, the lip 30 of the piston body 28 extends
radially outward lfrom the upper end of the body 28. In the configuration of Figure 2, the lip
30 is shown axially urged against'a lower surface of the lip 27 on the staging tool body 25.
As the piston body 28 extends axiaily in a direction away {rom the lip 30 and in line with the
inner circumference with the lip 30, an annular space 32 is shown defined by the region
bounded on its lateral sides by the outer circumference of the body 28 and the inner
‘ circumference of the tool body 25. The ﬁpper end of the annular space 32 is de'fmed'by a
portion of the lower surface of the lip 30. A coiled spring 34 is shown set within the annular
space 32 and, as will be described i.n more detail below, the spring 32 is selectively
compressed and provides a restoring force for maintaining the pisfon body 28 in the
configuration of Figure 2. Optional O-ring .seals' 36 are shown on an outer circumference of
the lip 30 that form a seéiing interface between the piston assembly 26 and inner
circumference of the tool body 25.
[0017] An annular ball seat 38 is shown coupled to the inner citfcumference of the piston
body 28 and depending radially inward towards the axis Ax. A threaded connection 39 may
be used for coupling the ball seat 38 with the piston body 28. An upwardly facing lateral
surface of the ball seat 38 is shown having a profile that defines an upper face 40, wherein the
upper face slopes downward and away from the lip 27 with distance away from the piston
body 28 and approaching the axis Ax. Also optionally, an axial vent 42 is shown formed
through the body of the ball seat 38 thereby providing pressure communication from the
upper face 40 and lower surface 43 of the ball seat 38. Shown Qn an axial end of the piston

assembly 26 opposite the lip 30 is a ring-like piston head 44 having optional O-ring seals on

-5.
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its inner and outer circumference. Radial ports 46 are further illustrated that are formed
through a side wall of the body 25 and a location adjacent the annular space 32. As such,
when the staging tool 24 is in the pass-through configuration of Figure 2, the piston assembly
26, through its piston body 28, O-ring seals 36, and o-ring seals around the piston head 44,
defines a flow barrier between the annulus 18 and inner confines of the staging tool 24.
Accordingly, in the example configuration of Figure 2, cement can flow through the string of
casing 10 and.the staging tool 24 to a lower depth as illustrated in Figure 1.

[0018] Optional screen filters 48 may be provided as shown within the circulating ports 46.
The presence of the screen filters 48 may shield debris and other desired matter frdm entering
the ports 46. An optional radial vent 50 1s further illustrated through the side wall of the body

| 25 and between the outer circumference of the body 25 and into the annular space 32. As
indicated above, the force of the spring 34 may exert a force on the piston assembly 26 that
urges the lip 36 up against a lower surface of the lip 27 of the body 25. Shear pins 52 are
shown Inserted into a passage in the body 25 and a passage (shown registered with the
passage in the body 25) depending radially inward from an outer surface on the piston body
28, ' . '

[0019] A sleeve 54 54 1s further illustrated that depends coaxially from a lower end of the
piston body 28 and downward within a lower portion of the staging tool 24. The radial
inward position of the sleeve 54 54 as well as an annular channel formed on an inner surface
of the body 25 define an annular cylinder 56 56 that is disposed between the sleeve 54 54 and
body 25. The-upper end of the cylinder 56 56 is defined by lower surface of the piston head
44. In the embodiment of Figure 2, a fluid 58 is shown provided within the annular cylinder

- 56 56. A fluid circuit 60, shown exteﬁding through the body 23, 1s made up of a flow line 62
with an integral check valve 64. In one example embodiment, the check valve 64 allows flow
away from the cylinder 56 56 but prevents flow from returning the cylinder 56 56 across the
check valve 64. The end of the fluid circuit 60 opposite where it communicates with the
cylinder 56 56 1s shown communicating with an mner circumierence of an inflatable packer

66 66.  The inflatable packer 66 66 circumscribes a portion of the outer surface of the body
25, o

[0020] Referring now to Figure 3, an example embodiment of the staging tool 24 1s shown

wherein a ball 68 has been dropped within the wellbore 12 and landed on the upper shoulder
40. The ball 68 defines a pressure seal along the interface of contact between the ball 68 and
upper surface 40 of the ball seat 48. It should be pointed out however, that ihe dimensions of

the ball 68 are such that the vent 42 remains in communication with the portions of the

-6-
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wellbore 12 abdve the ball 68. As shown in Figure 4, the annufus 70 may be pressurized in to
generate a downward force, as represented by the arrow, on the upper surface of the ball 68
that is transferred to the ball seat 38. The transferred force on the ball seat 38 in turn
downwardly urges the piston body 28 and compresses the spring 34. Continued application
of downward force moves the upper end of the piston body 28 below the ports 46, thereby
allowing fluid communication between the annulus 70 and annulus 18.

[0021] Also illustrated in Figure 4, the piston head 44 has been pushed downward by the
downward movement of the piston body 28 and through the cylinder 56 56 to urge the fluid
58 m the space between the packer 66 66A and body 25 to inflate the packer 66 66A so that it
forms a seal between the staging tool 24 and wall of the wellbore 12. In an optional
embodiment, an expandable agent 71 may be included in the space between the packer. 66 66
and body 25 that can be activated and expand in a non-explosive manner. Example
embodiments of the expandable agent include metal oxides or metalloid oxides, wherein
examples are silicone dioxide, aluminum oxide, farek oxide, calcium oxide, and
combinations thereof. The agent may be obtained from KMK Regulatory Services Inc., -
888-447-7769. Further examples have the tradename Crack-a-Might@, Dexpan® and Split-
AG®,  As such, the packer 66 66 may be eﬁpanded and set by application of a downward

force resulting from pressure applied in the wellbore 12.

[0022] In the example of Figure 5, the pressure within the annulus 70 has been reduced from

that of Figure 4. This in turn reduces the force on the ball 68 to a level allowing the spring 34

to return to its unconipressed state and urge the piston bt)dy 28 so that the ports 46 arc sealed

from the confines of the casing string 10. Because the check valve 64 retains the fluid within

the packer 66 66A, the éealing interface between the staging tool 24 and wall of the wellbore

12 is maintained, even with reduction or removal of the downward force applied to the ball
68. '

[0023] Reterring now to Figu-re 6, the annulus 70 1s again pressurized to apply a downward
force onto the ball 68 thereby opening ports 46. Cement 16 may then be pumped into the
annulus 70 where it flows through the staging tool 24 and is bypassed outward throﬁgh the

- ports 46 and into the annulus 18 for securing the casing string 10 to the wall of the wellbore r
12. As such, any cement tlowing down the wellbore 12 and into the annulus 70 may exit the
staging tool 24 via the ports 46 for application of cement into the space between the casing
string 10 (Figure 1} and wellbore wall for securing the casing string within the wellbore 12.

" The flow of cement 16 also fills the space below the ports 46 and downward to the packer 66
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60A. As such, the cement 16 fills the space from the packer 66 66A and upwards either to
surtace or to the next adjacently positioned staging tool 24.
[0024] Once the annulus 18 is cemented by use of the staging tool 24, the pressure may be
reduced within the annulus 70, so that the spring 34 may return the piston assembly 26 in the
conﬁguration of Figure 7 and so thaf the body of the piston 28 blocks flow between the
annulus 70 and to the ports 46. In this embodiinent.of Figure 7, a plug 72 is shown landed on
top of the ball 68. Thus, the cement in the annulus 70 above the ball 68 may be removed and
. urged lower and out through the ports 46. ' | | .
[0025] Referring now to Figure 8, an example embodiment of the portion of the casing string
10 having the staging tool 24 is shown after the plug 72 and ball 68 have been removed with

a drill bit, or other subterranean excavating device. Thus, in this example, cement 16 is
filling the annulus 18 thereby securing the por.tion' of the casing as shown. One of the
advantages of the present embodiment is that pressure integrity in the casing below the tool is
not required 1n order for the above-described steps to take place. Moreover, a single spring-
loaded piston may be employed to not only provide fluid communication from within the
casing string into the annulus between the string and the formation, but may also be used for
the step of inflating the packer 66s and sealing in the space between the staging tool and
wellbore. Also, the implementation of the spring 34 means that the plug 72 may be used for
wiping cement from the casing and is not required to close ports within the staging tool as is |
required in prior art references.

[0026] Having described the invention above, various meodifications of the techniques,
- procedures, materials, and equipment will be apparent td those skilled in the art. While
various embodiments have been shown and describéd, various modifications and
substitutions may be made thercto. Accordingly, it 1s to be understood that the present
invention has been described by way of illustration(s) and not limitation. It is intended that
all such variations within the scope and spirit of the invention be included within the scope of

the appended claims,
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CLAIMS

What is claimed 1s:
1. A downhole tool 24 for use in completing a wellbore comprising:
-a tubular body 25 insertable in a casing string;
a port 46 formed through a wall of the tubular body 23;
an inflatable packer 66 circumscribing a portion of the tubular body 25;
an annular cylinder 56 formed within the tubular body 25 and in fluid communication
with the packer 66:
. characterized by,
‘a sleeve 54 coaxially within the tubular body 23 selectively set in a pass through

configuration and defining a {low barrier between an annulus of the tubular body 25 and the

port 46 and selectively slideable into a by-pass configuration with the annulus of the tubular
body 23 in fluid communication with the port 46 and having a portion of the sleeve 54
inserted into the cylinder 56; and |

fluid that is in the cylinder 56 when the sleeve 54 is set in the pass through

-contiguration and in the packer 66 when the sleeve 54 is in the by-pass configuration.

2. The downhole tool 24 of claim 1, further characterized by a reactive compound in the

packer 66 for selectively expanding the packér 66.

3. “The downhole tool 24 of claim 2, characterized in that the reactive compound

comprises a metal oxide.

4. The downhole tool 24 of claim 3, characterized in that the metal oxide comprises

calcium oxide.

5. The downhole tool 24 of any of claims -4, further characterized by a ball seat

disposed in the sleeve 54, the ball seat having a profiled shoulder configured for receiving a

ball 68 therein that defines a sealing interface along where the ball 68 contacts the shoulder,
so that when a force is applied to the ball 68 to urge the ball 68 against the shoulder, the

sleeve 54 1s moved into the by-pass configuration.
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6. The downhole ool 24 of claim 5, further characterized by a spring 34 engaged with

the sleeve 54 that is compressed as the sleeve 54 is moved into the by-pass configuration, so

that when the force applied to the ball 68 is removed, the spring returns to an uncompressed

state and moves the sleeve 54 to the pass through configuration.

7. The downhole tool 24 of claim 5, characterized in that fluid is selectively pressurized

“on an upper surface of the ball 68 to generate the force applied to the ball 68.
8. A method of cementing a portion of a downhole tubular in a wellbore comprising;

(a)  providing a stage cementing tool 24 with the tubular, the stage. cementing tool
comprising: a tubular body 25 having a passage 46 formed through a sidewall of the tubular
body 235, an inflatable packer 66 circumscribing a portion of the tubular body 25, a sleeve 54

slideably within the tubular body 25, and fluid in communication with the sleeve 54 and the
packer 66; and

(b)  simultaneously inflating the packer 66 and flowmg cement from within the
tubular into an annulus between the tubular and the wellbore by urging the sleeve 54 axially
within the tubular body 25 from a position that blocks flow through the passage 46 to a

position allowing flow through the passage 46 and along a path that forces the fluid into the
packer 66.

9. The method of claim 8, wherein the stage cementing tool 24 is further characterized

by an expanding agent in the packer 66, the method further comprising selectively activating

the expanding agent for ihﬂating the packer 66.

10.  The method of claim 9, characterized in that the expanding agent comprises a metal

oxide.

11.  The method of claim 9, characterized in that the step of selectively activating the

expanding agent comprises introducing moisture to the expanding agent.

- -10-
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12. The method of any of claims 8-11, charaéterized in that the packer 66 expands

radially outward from the stage cementing tool 24 and forms a sealing interface with a wall of

the wellbore.

13. - The method of any of claims 8-12, characterized in that the stage cementing tool
comprises a first stage.cement tool, the method further comprising repeating steps (a) and (b)

at a depth above the first stage cement tool.

14.  The method of claim 13, characterized in that cement introduced into the annulus at
each stage cementing tool flows in the annulus downward where is supported on a lower end

by a packer to wellbore interface formed at a lower adjacent stage cementing tool.

-11-
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