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in cement staging operations. The tool 10 includes an inflatable packer that is

integral to the body 20 of the tool 10 and port 27s in sides of the tool 10. The

port 27s are selectively opened and closed for circulating cement from within

20 the tool 10 so that cement can flow between the casing string 14 and a well-
bore. The port 27s are actuated by sliding the casing string 14 upward or
downward within the wellbore. The packer can be pressure tested after being
set to ensure its efficacy.
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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 appropriately weighted mud is 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 cementing the casing wellbore
annulus in a substantially deep well makes the single stage cement injection process .
impracticable. Also, in 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
slurry vpressure in the case induces formation breakdown, which leads to losses in the
formation, as a result, 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
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is cemented to the well, the staging tool selectively closes its bore and opens a side port to
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 packér element, failure to open ports, failure to close ports, and

disconnection of the tool from the casing string.

SUMMARY OF THE INVENTION

[0004] The present disclosure discloses an apparatus and method of cementing a wellbore. In
one example method of cementing a downhole tool is provided that has an annular casing box
. section that can be connected to a casing string. The tool further inclhdes an annular mandrel
section attached to an end of the casing box section and a tubular body. An end of the
mandrel slides into the body. The mandrel has an aperture formed in a side wall and the body
has a port formed through its side wall. The method further includes integrating the tool with
a casing string and inserting the string with tool in the wellbore. Cement is pushed through
the casing string and tool, then the bore in the tool is sealed. The aperture and port are
registered by lowering the casing string and cement is flowed through'the registered port and
aperture. Optionally, the port and aperture can be unregistered by further lowering the casing
string. The tool can also include a bladder that circumscribes the body, the bladder can be
inflated to form a pressure seal between the tool and casing. The pressure seal can be
pressure tested without removing the tool. In an alternative embodiment, the tool includes a
flow path between the bore and bladder and through the body. An optional sleeve can be
inéluded that slides along an inner wall of the body and selectively blocks flow from the tool
bore to the flow pafh. Thus the bladder can be inflated by selectively sliding the sleeve and
flowing fluid through the flow path The sleeve can be provided with ‘a shoulder that projects
radially inward, a plug can be landed onto the shoulder and pushed downward by
pressurizing the bore above the plug to slide the sleeve to the position away from the flow
path. In an alternative example, the casing string can be lowered to move the mandrel
adjacent the flow path and seal the bore from the bladder.

[0005] An alternative method of cementing a wellbore is provided herein that includes
integrating a tool within a casing string in a wellbore. The tool of this example has an axial
bore through its length. The tool further includes an annular casing box section adapted for

connection to the casing string with an annular mandrel section connected to an end opposite ‘
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the casing string. The mandrei slides within a tubular body that is circumscribed by a
bladder. A flow line passes through the body between the bladder and the bore. The method
of this example embodiment includes cementing a portion of the casing string below the tool
by flowing cement through the bore, and'forcing the cement out a lower end of the casing
string. .The cement then flows back upward into an annulus between the casing string and
wellbore. The bladder is inflated by directing pressurized fluid from the bore through the
flow line and to an inner surface of the bladder. When inflated, the bladder forms a pressure
seal between the tool and an outer casing string. The pressure seal is pressure tested with the
tool in place. Optionally, inflating the bladder includes sealing the bore below where the
flow line intersects the bore. In another alternative example, the tool can have a sleeve
coaxially set in the bore that is a flow barrier between the bore and the flow line, the method
can further include forming a seal in the bore by pushing the sleeve downward. One example
step of pushing the sleeve includes landing a plug in the sleeve that has pressurized fluid on
its upper surface and pushes the sleeve downward. This removes the flow barrier to the flow
line, and allows fluid to flow into the flow line and inflate the bladder. Optionally, the
mandrel can be moved farther downward to block flow between the bore and the flow line.
'In another alternative, the tool can be optionally equipped with an aperture in a side wall of
the mandrel section and a port formed radially through a side wall of the tubular body. The
method can optionally include lowering the mandrel within the body to register the port and
aperture and flowing cement from the bore, through the aperture and the port.

[0006] Further disclosed is a downhole tool for use in a wellbore cementing staging
operation. In an example embodiment the tool includes an annular casing box section
adapted for connection to a casing string. Connected to a lower end of the casing box section
is an annular mandrel section that is inserted into an end of a tubular body. Apertures are
formed radially through a side wall of the mandrel section and ports are included that pass
radially through a side wall of the tubular body. Thus moving the mandrel section with
respect to the body can selectively register and unregistered the apertures with the ports. In
an altérnative embodiment, the tool can have an annular sliding sleeve coaxially within a bore
axially formed through the tool and selectively slidable from a first position in the body to a
second position in the body. Opﬁoﬁally included with the tool is a packer that circumscribes
a portion of the body and a flow line extending through a side wall of the body between a
location adjacent the sliding sleeve. When the sliding sleeve is moved from between the flow
line and the bore, the flow line is exposed to the bore thereby providing fluid communication

between the bore and an inner surface of the packer. Check valves may be included in.the
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flow line. Alternatively, the tool can be equipped with anchors. In one optional embodiment
a flange is provided on the end of the mandrel inserted within the body that reciprocates
within an annular space in the body that is coaxial with the flange. Yet further optionally, a

casing pin can be included on the end of the tool distal from the casing box section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] 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 invention briefly 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.
[0008] FIG. 1A is a side sectional view of an example of a stage cementing tool in
accord'ance with the present disclosure. ' N
[0009] FIGS. 1B and 1C are axial sectional views of the embodiment of the tool in FIG. 1A.
[0010] FIG. 2 is a side sectional view of the tool of FIG. 1 with a wiper plug being pushed
through the tool bore. »
[0011] FIG. 3 is a side sectional view of the tool of FIG. 1 shown having an actuation plug
landing therein. ‘

[0012] FIG. 4 is a side sectional view of the configuration of FIG. 3 with the plug being
pushed downward to actuate a portion of the tool.

[0013] FIG. 5A is a side sectional view of the tool of FIG. 4 and having open side ports.
[0014] FIG. 5B is an axial sectional view of the tool of FIG. 5A taken along lines 5B-5E.
[0015] FIG. 6 is a side sectional view of the tool of FIG. 5A with a wiper plug landed on the
actuation plug. ‘,

[0016] FIG. 7 is a side sectional view of the tool of FIG. 6 and having the plugs being
removed by a drill. '
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0017] An example embodiment of a sliding stage cementing tool 10 is shown in a side
sectional view in FIG. 1A inserted within a string of outer casing 12. The cementing tool 10
is deployed integral within an inner casing string 14 shown connected to the cementing tool
10 with a threaded connection. An axial bore 15 extends through the tool 10 so that anything
flowing through the casing string 14 thereby flows through the cementing tool 10. An
annular casing box 16 is provided on an upper end of the cementing tool 10 and is where the
casing string 14 attaches to the cementing tool 10. An optional flange is provided on an
upper end of the casing box 16 that circumscribes the threaded connection between the
cementing tool 10 and casing string 14. The lower end of the casing box 16 is provided with
a shoulder that slopes radially outward from a reduced diameter portion of the casing box 16
and transitions to a constant diameter that is substantially the same width as the flange. An
annular mandrel 18 is shown coaxially projecting from the end of the casing box 16 distal
from the casing string 14. The mandrel 18 slidingly inserts within an annular body 20 on an
end opposite the casing box 16. A flange 22 is shown projecting radially outward from the
mandrel 18 and coaxially set within an annular groove 24 formed in an inner surface of the
body 20. The width of the groove 24 is greater than the thickness of the flange 22 thereby
allowing axial movement of the flange 22 within the groove 24.

[0018] An aperture 26 is formed through the side wall of the mandrel 18 at an axial location
between the flange 22 and lower terminal end of the mandrel 18. Optionally, as shown in the
embodiment of FIG. 1A, the mandrel 18 can include multiple apertures 26. Adjacent the
aperture 26 is a radially extending port 27 projecting through the wall of the body 20. The
port 27 may shape like an elongated‘ narrow window coaxially set within the body 20 with its
axial length substantially longer than the diameter of the aperture 26. The aperture 26
provides fluid communication through the side wall of the mandrel 18 and the port 27
correspondingly provides fluid communication through the side wall of the body 20. ‘Further
optionally, the body 20 may include multiple ports 27 that in one example correspond to each
of the multiple apertures 26. An optional guide 28 is shown on an inner surface of the
mandrel 18 located adjacent the mandrel 18 lower end. The guide 28 is made up of a raised
portion from the mandrel 18 that projects radially inwards towards an axis Ax of the

cementing tool 10.
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- [0019] Still referring to FIG. 1A, a sleeve 30 is shown coaxially set within the cementing tool
10, and more specifically within the body 20 proximate the lower terminal end of the mandrel
18. Sleeve 30 is a generally annular member with its inner radius gradually decreasing from
a transition point away from the upper end of the sleeve 30. The decreasing radius within the
sleeve 30 defines a shoulder 32 having a frusto-conical configuration. Past the shoulder 32
the radius of the sleeve 30 remains substantially constant along the remaining portion of the
sleeve 30. In the configuration of FIG. 1A, the sleeve 30 is held in place by a shear pin 34
shown projecting within the body 20 and outer surface of the sleeve 30.

[0020] Further illustrated in FIG. 1A is a flow line 36 that is formed through the wall of the
body 20. One end of the flow line 36 intersects with an annularly shaped channel 38 formed
into the inner surface of the tool 20 and adjacent the upper portion of the sleeve 30. An
optioﬁal check valve 40 is provided within the flow line 36 for preventing flow back towards
the channel 38. A packer element 42 circumscribes the body 20 in the region having the
sleeve 30 and flow line 36. The packer 42 in one example can be an inflatable bladder and
made from an elastomer or elastomer-type material. On the outer surface of the tool 20 are
anchoring members 44 that can project radially outward from the body 20 for anchoring the
cementing tool 10 within a wellbore. | ;
[0021] Referring now to FIG. 1B, an axial sectional view of the cementing tool 10 of FIG.
1A is shown along lines 1B-1B. As shown in FIG. 1B, the mandrel 18 is provided with
splines 48 that run axially along the outer surface of the mandrel 18 and are received within
~ grooves 49 on the inner surface of the body 20. The optional splines 48 and grooves 49
provide an anti-rotation feature so that when in use the cementing tool 10 can traﬁsmit torque
values that would otherwise be unobtainable.

[0022] In FIG. 1C, which is an axial sectional view of the cementing tool 10 of FIG. 1A and
taken along lines 1C-1C, a series of keys 50 are shown provided in recesses 51 respectively
formed in the outer and inner radial surfaces of the mandrel 18 and body 20. As will be
described in more detail below, use of the keys 50 enables strategic axial positioning of the
mandrel 18 within the body 20 for alignment of the apertures 26 and ports 27.

[0023] Shown in FIG. 2 is an example of the tool 10 of FIG. 1A during a portion of a
cementing operation. In this example, cement 51 for cementing a casing within the wellbore
has been injected into the bore 15; a wiper plug 52 forced in the bore 15 above the cement 51
is shown pushing the cement 51 downward through the bore 15. Fluid 53 on the upper
surface of the wiper plug 52 is pressurized or pumped into the Bore 15 that motivates the

wiper plug 52 and cement 51 further downward within the cementing tool 10 and casing
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string 14 for pushing it into the annulus (not shown) on the outer surface of the casing string
14. |

[0024] Referring now tb FIG. 3, a subsequent stage of cementing is illustrated wherein the
pressurized fluid 53 fills the entire bore 15 after the wiper plug 52 (FIG. 2) has been pushed
to its terminal location. An actuating plug 54 has been inserted into the bore 15 and is shown
landing within the sleeve 30 by free-fall without pumping through the fluid 53. In the
embodiment of FIG. 3, the actuating plug 54 is a generally cylindrically shaped member and
having a radius that increases at a location proximate the upper portion of the actuating plug
54 to define aridge 56 that projects radially outward from the upper portion of the actuating
plug 54. The lower portion of the plug 54 is shown inserted within the decreased radius
portion of the sleeve 30. The respective dimensions of the shoulder 32 and the ridge 56
produce an interference so that the ridge 56 is landed on the shoulder 32. The relative
configurations of the ridge 56 and shoulder 32 further form a sealing interface between the
actuating plug 54 and sleeve 30; so that by pumping fluid into the bore above the actuating
plug 54 the pressure increases on the upper surface of the actuating plug 54. Ultimately, as
the pressure differential increases across the actuating plug 54, the resulting increase in
downward force on the sleeve 30 eventually exceeds the yield strength of the shear pins 34
and fractures the shear pins 34, to release the sleeve 30 from its anchoring position. The
force applied from the actuating plug 54 slides the sleeve 30 downward within the cementing
tool 10 and relative to the body 20. The' inner radius of the body 20 decreases at a position to
define a ledge 58 that forms a lower stop for the sleeve 30. The presence of the ledge 58
thereby prevents uncontrolled downward sliding of the sleeve 30.

[0025] In FIG. 4, the downward position of the plug 54 and sleeve 30 shows the channel 38,
that had previously been isolated from the bore 15, now in fluid communication with the bore
15. Accordingly, the pressurized fluid 53 and the bore 15 is in fluid communication with thé
flow line 36 and is shown flowing through the flow line 36 and forming an inflated packer
elément 42A. The presence of the check valves 40, while permitting flow from the bore 15
into the packer 42A, prevent back flow into the bore 15 thereby preventing deflation of the
packer 42A and maintaining a pressure barrier between the tool 10 and casing 12. Also
shown in FIG. 4 are the anchors 44 that have been deployed radially outward from the body
20 and into anchoring contact with the casing 12. The anchors 44 may be activated at the
same time the packer 42A is inflated.

[0026]. Cement 61 is shown being directed into an annulus 62 between the cementing tool 10

and casing 12 in the side sectional view of FIG. 5A. In this embodiment, the casing string 14
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has been lowered from the surface, while the cementing tool 10 is anchored in place, thereby
pushing the mandrel 18 lower within the body 20. The downward movement of the casing
string 14 is shown registering the aperture 26 with the port 27 to define a flow path between
the bore 15 and annulus 62. As such, flowing cement in this configuration can provide
cement within the annulus of the wellbore above the inflated packer 42A. The flange 22 is
shown moved axially downward within the groove 24 from its initial position at the upper
portion of the groove 24. FIG. 5B, which is an axial sectional view of the tool 10 of FIG. 5A
and taken along lines 5B-5B further illustrates the registration of the aperture 26 and port 27.
As noted above, the presence of the keys 50 ensure the angular orientation of the mandrel 18
and body 20 are maintained so that axially displacing the mandrel 18 within the body 20
selectively registers the aperture 26 and port 27. ‘

[0027] Subsequent to the step in FIGS. SA and 5B, a wiper plug 64 is shown landed on the
upper surface of the actuating plug 54 in the sectional view of FIG. 6. The wiper plug 64,
similar to the wiper plug 52 of FIG. 2, is used to urge the cement 61 from within the bore 15
and into the annulus 62. Further illustrated in the embodiment of FIG. 6, the casing string 14
is moved downward further so that the aperture 26 is below the port 27 and in an unregistered
conﬁgurétion, thereby sealing the bore 15 from the annulus 62. A pressurized fluid 66 is
shown within the bore 15 and above the wiper plug 64 to provide a motive force for moving
the plug 64 within the bore 15. In one example embodiment, the casing string 14 may
include multiple cementing tools 10 within the string.and cement may be deployed in the
stages between each subsequent cementing tool 10. In an embodiment, the cementing tool 10
located deeper in a:well has a smaller actuating plug 54 with a corresponding smaller sleeve
30 and shoulder 32.

[0028] Referring now to FIG. 7, a side sectional view of the cementing tool 10 is shown after
completion of cementing the various stages. In this embodiment a drill string 68 with drill bit
70 is shown inserted thfough the bore 15 for drilling through the wiper plug 64 and shifting
(actuating) plug 54 that may remain within the bore of the casing string 14 and tools. Also
illustrated in the example of FIG. 7, the inwardly projecting portion of the sleeve has been
removed to leave a sleeve 30A with an inner circumference substantially the same as the
remaining portions of the bore 15. In this example, the further downward movement of the |
mandrel 18 within the body 20 positions a lower end of the mandrel 18 in a space between
the channel 38 and flow line 36, thereby sealing the packer 42A from the bore 15.

[0029] Having described the invention above, various modifications of the techniques,

procedures, materials, and equipment will be apparent to those skilled in the art. While
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various embodiments have been shown and described, various modifications and
substitutions may be made thereto. Accordingly, it is 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 is: ,
1. A method of cementing a stage of a wellbore comprising:

(a) providing a downhole tool 10 having an annular casing box section 16
with an end adapted for connection to a casing string 14, an annular mandrel
section 18 having an end coaxially coupled to an end of the casing box section
16 distal from the end adapted for connection to a casing string 14, a tubular
body 20 slidingly coupled with an end of the mandrel section 18 distal from the
eﬁd coupled to the casing box section 16, an aperture 26 formed radially
through a side wall of the mandrel section 18, and a port 27 formed radially .
through a side wall of the tubular body 20;
(b) placing the tool 10 integral with a casing string 14;

(c) inserting the casing string 14 in the wellbore;
(d) flowing cement within a bore that extends through the casing string 14
and tool 10;

(e) obstructing the bore within the tool 10;

) registering the aperture 26 and port 27 by lowering the casing string
14; and |

(g directing cement through the registered port 27 and aperture 26.

2. The method of claim 1, further characterized by unregistering the port 27 and
. aperture 26 by further lowering the casing string 14. -

3. The method of claims 1 or 2, characterized in that step (e) occurs after step (d).

4. The method of any of claims 1-3, characterized in that the tool 10 further
~comprises a bladder 42 that circumscribes the body 20, the method further comprising
forming a pressure seal between the tool 10 and casing by inflating the bladder 42 so
that the bladder 42 fills a portion of an annular space between the tool 10 and casing

and pressure testing the pressure seal.
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5. The method of claim 4, characterized in‘ that the tool 10 includes a flow path
between the bore and bladder 42 and through the body 20, a sleeve 30 slidable along
an inner wall of the body 20, and wherein the step of inflating the bladder 42
comprises sliding the sleeve 30 from a position adjacent the flow path and blocking
fluid communication between the bore and the bladder 42 to a position away from the
flow path so that the bore is in fluid communication with the bladder 42 and fluid

flows from the bore, through the flow path, and into the bladder 42.

6. The method of claim 5, characterized in that the sleeve 30 includes a shoulder 32
that depends radially inward and is actuated by landing a plug 54 onto the shoulder 32
and pressurizing the bore above the plug 54 to slide the sleeve 30 to the position away

- from the flow path.

7. The method of claim 6, further characterized by lowering the casing string 14 to
move the mandrel 18 adjacent the flow path and to seal the bore from the bladder 42.

8. A method of cementing a stage of a wellbore comprising:

(a) providing in a casing string 14 in the wellbore a downhole tool 10 having an
axial bore, an annular casing box section 16 with an end adapted for
‘connection to a casing string 14, an annular mandrel section 18 having an
end coaxially coupled to an end of the casing box section 16 distal from the
end adapted for connection to a casing string 14, a tubular body 20 slidingly
coupled with an end of the mandrel section 18 distal from the end coupled to
the casing box section 16, a bladder 42 circumscribing the body 20, and a
flow line through the body 20 between the bladder 42 and the bore;

(b) cementing a portion of the casing string 14 below the tool 10 by flowing
cement through the bore and forcing the cement out a lower end of the
casing string 14 and into an annulus between the casing string 14 and
wellbore;

(c) inflating the bladder 42 by directing pressurized fluid from the bore through
the flow line and to an inner surface of the bladder 42 thereby forming a

pressure seal between the tool 10 and an outer casing string 14; and
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(d) pressure testing the pressure seal.

9. The method of claim 8, characterized in that step (c) includes sealing the bore

below where the flow line intersects the bore.

10. The method of claims 8 or 9, characterized in that the tool 10 further comprises a
sleeve 30 coaxially set in the bore and providing a flow barrier between the bore and
the flow line, the method further comprising forming a seal in the bore by landing a
plug 34 in the sleeve 30, urging the sleeve 30 downward by pressurizing the bore
above the plug 34 to remove the flow barrier between the bore and the flow line so
that fluid in the bore flows into the flow line where the fluid is directed into the
-bladder 42 to inflate the bladder 42.

I1. The method of claim 10, further characterized by sliding the mandrel 18
downward to a position between the bore and the flow line to form a flow barrier

between the bore and the ‘ﬂow line,

12. The method of any of claims 8-11, characterized in that the tool 10 further
includes an aperture 26 formed radially through a side wall of the mandrel section 18
and a port 27 formed radially through a side wall of the tubular body 20, the method
further comprising lowering the mandrel 18 within the body 20 to régister the port 27
and aperture 26, flowing cement from the bore, through the aperture 26 and the port
27.

13. A downhole tool 10 for use in a wellbore cementing staging operation, the tool 10

comprising:

an annular casing box section 16 having an end adapted for connection to a
“casing string 14;
an annular mandrel section 18 having an end coaxially coupled to an end of
the casing box section 16 distal from the end adapted for connection to a casing string
14,
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a tubular body 20 slidingly coupled with an end of the mandrel section 18
distal from the end coupled to the casing box section 16;

apertures 26 formed radially through a side wall of the mandrel section 18;
and ' . 4

ports 27 formed radially through a side wéll of the tubular body 20, so that
when the casing box is connected to a casing string 14 inserted in a wellbore and the
_casing string 14 is lowered within the wellbore, the mandrel section 18 is inserted
within the body 20 from a first position with the aperture 26s unregistered with the
ports 27, to a second position with the apertures 26 registered with the ports 27, and to
a third position with the apertures 26 unregistered with the ports 27, where the second

position is between the first and third positions.

-14. The downhole tool 10 of claim 13, further characterized by an annular sliding
sleeve 30 coaxially within a bore axially formed through the tool 10 and selectively

slidable from a first position in the body 20 to a second position in the body 20.

15. The downhole tool 10 of claim 14, further characterized by a packer 42
circumscribing a portion of the body 20 and a flow line extending through a side wall
“of the body 20 between a location adjacent the sliding sleeve 30 when the sliding
sleeve 30 is in the first position and an inner surface of the packer 42, so that when the
sleeve 30 slides into the second position, the flow line is exposed to the bore thereby

providing fluid communication between the bore an inner surface of the packer 42.

~16. The downhole tool 10 of claim 15, further characterized by check valves 40 in the

flow line.
17. The downhole tool 10 of claim 13, further characterized by anchors 44.

18. The downhole tool 10 of any of claims 13-17, further characterized by a flange 22
on the end of the mandrel 18 inserted within the body 20 that reciprocates within an

annular space 24 in the body 20 that is coaxial with the flange 22.
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19. The downhole tool 10 of any of claims 13-17, further characterized by a casing

pin on the end of the tool 10 distal from the casing box section 16.
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