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APPARATUS AND METHODS FOR CREATION OF DOWN HOLE ANNULAR
BARRIER

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of co-pending U.S. Provisional Patent
Application Serial No. 60/701,720, filed on July 22, 2005, which application is

incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] - Embodiments of the invention generally relate to methods and apparatus
for creating an annular barrier in a well bore. More particularly, the invention relates
to methods and apparatus for isolating at least a portion of a well bore from at least

another portion of the well bore.

Description of the Related Art

[0003] As part of the well bore construction process, a hole or well bore is typically
drilled into the earth and then lined with a casing or liner. Sections of casing or liner
are threaded together or otherwise connected as they are run into the well bore to
form what is referred to as a “string.” Such casing typically comprises a steel tubular
good or “pipe” having an outer diameter that is smaller than the inner diameter of the
well bore. Because of the differences in those diameters, an annular area occurs
between the inner diameter of the well bore and the outer diameter of the casing and
absent anything else, well bore fluids and earth formation fluids are free to migrate

lengthwise along the well bore in that annular area.

[0004] Wells are typically constructed in stages. Initially a hole is drilled in the
earth to a depth at which earth cave-in or well bore fluid control become potential
issues. At that point drilling is stopped and casing is placed in the well bore. While the
casing may structurally prevent cave-in, it will not prevent fluid migration along a
length of the well in the annulus between the casing and the well bore. For that
reason the casing is typically cemented in place. To accomplish that, a cement slurry
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is pumped down through the casing and out the bottom of the casing string. Drilling
fluid, water, or other suitable fluid is then used to displace the cement slurry into the
annulus. Typically, drillable wiper plugs are used to separate the cement from the well
fluid in advance of the cement volume and behind it. The cement is left to cure in the
annulus thereby forming a barrier to fluid migration within the annulus. After the
cement has cured, the cured cement remaining in the interior of the casing string is
drilled out and the cement seal or barrier between the casing and the formation is
pressure tested. A drill bit is then run through the cemented casing ‘and drilling is
commenced from the bottom of that casing. A new length of hole is then drilled, cased
and cemented. Depending on the total length of well several stages may be drilled

and cased as described.

[0005] As previously mentioned, the cement barrier is tested between each
construction stage to ensure that.a fluid tight annular seal has been achieved.
Typically the barrier test is performed by applying pressure to the casing internally.
That is achieved by pumping fluid into the casing string from the surface. The
pressure exits the bottom of the casing and bears on the annular cement barrier. The
pressure is then monitored at the surface for leakage. Such testing is often referred to
as a “shoe test” where the word “shoe” indicates the lowermost portion or bottom of a
given casing string. When another well section is needed below a previously cased
section, it is important that a successful shoe test be completed before progressing
with the drilling operation.

[0006] Unfortunately cementing operations require cessation of drilling operations
for considerable periods of time. It takes time to mix and pump the cement. It takes
more time to allow the cement to cure once it is in place. During the cementing
operations drilling rig costs and other fixed costs still accrue yet no drilling progress is
made. Well construction is typically measured in feet per day and because fixed costs
such as the drilling rig are charged on a per day basis that translates to dollars per
foot. Because cementing takes time with zero feet drilled during the cementing
operations those operations merely increases the dollar per foot metric. It is beneficial
to minimize or eliminate such steps in order to decrease the average dollar per foot

calculation associated with well construction costs.



WO 2007/014010 PCT/US2006/028325

[0007] Expandable well bore pipe has been used for a variety of well construction
purposes. Such expandable pipe is typically expanded mechanically by means of
some type of swage or roller device. An example of expandable casing is shown in
US Patent No. 5,348,095 and that patent is incorporated by reference herein in its
entirety. Such expandable casing has been described in some embodiments as

providing an annular fluid barrier when incorporated as part of a casing string.

[0008] Expandable pipe has also been shown having non-circular (“folded”) pre-
expanded cross-sections. Such initially non-circular pipe is shown to assume a
substantially circular cross-section upon expansion. Such pipe having substantially
the same cross-sectional perimeter before and after expansion has been shown (i.e.
where the expansion comprises a mere “unfolding” of the cross-section). Other such
pipe has been shown wherein the cross-section is “unfolded” and its perimeter
increased during the expansion process. Such non-circular pipes can be expanded
mechanically or by application of internal pressure or by a combination of the two. An
example of “folded” expandable pipe is shown in US Patent No. 5,083,608 and that

patent is incorporated by reference herein in its entirety.

[0009] As mentioned above, mechanical pipe expansion mechanisms include
swage devices and roller devices. An example of a swage type expander device is
shown in US Patent No. 5,348,095 and that patent is incorporated by reference herein
in its entirety. An example of a roller type expander device is shown in US Patent No.
6,457,532 and that patent is incorporated by reference herein in its entirety. US
Patent No. 6,457,532 also shows a roller type expander having compliant
characteristics that allow it to “form fit” an expandable pipe to an irregular surrounding
surface such as that formed by a well bore. Such form fitting ensures better sealing
characteristics between the outer surface of the pipe and the surrounding surface.

[0010] Expandable pipe has been shown and described having various exterior
coatings or elements thereon to augment any annular fluid barrier created by the pipe.
Elastomeric elements have been described for performing such function. Coated
expandable pipe is shown in US Patent No. 6,789,622 and that patent is incorporated
by reference herein in its entirety.
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[0011] Regardless of whether oi’ not the cross-section is initially circular or is
folded, expandable pipe has limitations of expandability based on the expansion
mechanism chosen. When expandable pipe is deployed for the purpose of creating
an annular fluid barrier the initial configuration of the pipe and the expansion
mechanism used must be carefully tailored to a given application to ensure that the
expansion is sufficient to create a barrier. If the chosen expansion mechanism is
miscalculated in a given circumstance the result can be extremely disadvantageous.
In that situation the expanded pipe is not useful as a barrier and further, because the
pipe has been expanded retrieval may be impractical. Remedying such‘a situation
consumes valuable rig time and accrues other costs associated with remediation

equipment and replacement of the failed expandable pipe.

[0012] Therefore, a need exists for improved methods and apparatus for creating
an annular barrier proximate a casing shoe that eliminates the necessity for
cementing. There further exists a need for improved methods and apparatus for
creating an annular fluid barrier using expandable pipe that provides for a successful

recovery from a failed expansion attempt.

SUMMARY OF THE INVENTION

[0013] The invention generally relates to methods and apparatus for performing an
expedited shoe test using an expandable casing portion as an annular fluid barrier.
Such an expandable annular fluid barrier may be used in conjunction with cement if
so desired but cement is not required. Further provided are methods and apparatus
for successfully recovering from a failed expansion so that a shoe test can be
completed without replacement of the expandable casing portion.

[0014] In one embodiment a casing or liner string is lowered into a well bore,
wherein the casing or liner string includes a non-circular or “folded” expandable
portion proximate a lower end of the string. The expandable portion includes at least a
section having a coating of elastomeric material about a perimeter thereof. The
lowermost portion of the string includes a ball seat. While the string is being lowered
fluid can freely enter the string through the ball seat to fill the string. When the string
reaches the desired location in the well bore, a ball is dropped from the surface of the

earth into the interior of the string. The ball subsequently locates in the ball seat.
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When located in the ball seat, the ball seals the interior of the string so that fluid
cannot exit therefrom. Pressure is applied, using fluid pumps at the surface, to the
interior of the string thereby exerting internal pressure on the folded expandable
portion. At a predetermined pressure the folded expandable portion unfolds into a
substantially circular cross-section having a diameter larger than the major cross-
sectional axis of the previously folded configuration. Such “inflation” of the folded
section presses the elastomeric coating into circumferential contact with the well bore
there around thereby creating an annular seal between the string and the well bore.
The ball is now retrieved from the ball seat and withdrawn from the interior of the
string by suitable means such as a wireline conveyed retrieval tool. Alternatively,
pressure may be increased inside the string until the ball plastically deforms the ball
seat and is expelled from the lower end of the string. Pressure is then applied to the
interior of the string and held for a period of time while monitoring annular fluid returns
at the surface. If such pressure holds then the cementless shoe test has been

successful.

[0015] If the above described shoe test pressure doesn’t hold and fluid returns
are evident from the annulus then a recovery phase is required. A rotary expansion
tool is lowered on a work pipe string through the interior of the casing string until the
rotary expansion tool is located proximate the unfolded section of expandable casing.
The rotary expansion tool is activated by fluid pressure applied to the interior of the
work string. The work string is then rotated and translated axially along the unfolded
section of expandable casing thereby expanding that- unfolded section into more
intimate contact with the well bore there around. Following that secondary expansion
the work string and expansion tool ére withdrawn from the casing. A second shoe test
may now be performed as previously described.

[0016] Optionally, cement may be used in conjunction with the expandable casing
portion to add redundancy to the fluid barrier seal mechanism. In such an
embodiment a casing or liner string is lowered into a well bore, wherein the casing or
liner string includes a non-circular or “folded” expandable portion proximate a lower
end of the string. The expandable portion includes at least a section having a coating
of elastomeric material about a perimeter thereof. The lowermost portion of the string

includes a ball seat. While the string is being lowered fluid can freely enter the string

5



WO 2007/014010 PCT/US2006/028325

through the ball seat to fill the string. When the string reaches the desired location in
the well bore a volume of cement sufficient to fill at least a portion of the annulus
between the casing and the well bore, is pumped through the interior of the casing,
out the lower end and into the annulus adjacent the lower end including the
expandable portion. A ball is then dropped from the surface of the earth into the
interior of the string. The ball subsequently locates in the ball seat. When located in
the ball seét, the ball seals the interior of the string so that fluid cannot exit there from.
Pressure is applied, using fluid pumps at the surface, to the interior of the string
thereby exerting internal pressure on the folded expandable portion. At a
predetermined pressure the folded expandable unfolds into a substantially circular
cross-section having a diameter larger than the major cross-sectional axis of the
previously folded configuration. Such “inflation” of the folded section presses the
elastomeric coating into circumferential contact with the cement and well bore there
around thereby creating an annular seal between the string and the well bore. The
ball is now retrieved from the ball seat and withdrawn from the interior of the string by
suitable means such as a wireline conveyed retrieval tool. Alternatively, pressure may
be increased inside the string until the ball plastically deforms the ball seat and is
expelled from the lower end of the string. Pressure can now be applied to the interior
of the string and held for a period of time while monitoring annular fluid returns at the
surface. If such pressure holds then the cement enhanced shoe test has been

successful.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of the invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0018] Figure 1 shows a casing string in a sectioned well bore where the casing
string includes an unexpanded folded expandable portion and a cross-section thereof
and having two elastomeric coated regions about a perimeter of the folded portion.

6
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[0019] Figure 2 shows a casing string in a sectioned well bore where the casing
string includes an expanded expandable portion having two elastomeric coating

regions in contact with the well bore.

[0020] Figure 3 shows a casing string in a sectioned well bore where the casing
string includes an expanded expandable portion having two elastomeric coating

regions in contact with cement and the well bore.

[0021] Figure 4 shows a casing string in half section including an expanded
expandable portion having a rotary expansion tool disposed therein.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0022] The invention generally relates to methods and apparatus for creating an

annular barrier about a casing shoe.

[0023] The embodiments of Figures 1, 2 and 3 are shown deployed beneath a
previously and conventionally installed casing 6 in a previously drilled well bore 9. The
annular barrier between the conventional shoe portion 7 of the previously installed

casing 6 and the previously drilled well bore 9 is only cement 8.

[0024] Figure 1 shows a casing string 1 deployed in a sectioned well bore 2 where
the casing string 1 includes an unexpanded folded expandable portion 3 and a cross-
section thereof 4 and having two elastomeric coated regions 5 about a perimeter of
the folded portion 3. The well bore 2 is drilled following the drilling of the well bore 9,
running of the casing 6, placing of the cement 8 and shoe testing the barrier formed
by the cement 8. The casing string 1 is lowered from the surface into the well bore 2
and a ball 10 is placed in the interior of the casing 1 and allowed to seat in a ball seat
11 thereby plugging the lower end of the casing string 1.

[0025] A predetermined pressure is applied to the interior of the casing 1 thereby
unfolding the expandable portion 3. As shown in Figure 2 the unexpanded folded
expandable portion 3 becomes an expanded portion and an annular barrier 12 in
response to the predetermined pressure. The expanded portion 12 thereby pushes
radially outward toward a well bore wall 13 and correspondingly presses the

elastomeric coated regions 5 into sealing engagement with the well bore wall 13.

7
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Optionally, the coated regions 5 may comprise any suitable compressible coating
such as soft metal, Teflon, elastomer, or combinations thereof. Alternatively, the
expanded portion 12 may be used without the coated regions 5. The ball 10 is now
removed from the ball seat 11 so that fluid path 14 is unobstructed. Pressure is
applied to the interior of the casing string 1 and well bore annulus 15 is monitored for
pressure change. If no pressure change is observed in the well bore annulus 15 then
the annular barrier 12 has been successfully deployed. Upon determination of such
successful deployment, the shoe portion 16 is drilled through and drilling of a

subsequent stage of the well may progress.

[0026] Figure 3 shows a deployed annular barrier 12 surrounded by cement 17. In
the embodiment of Figure 3 deployment of the annular barrier 12 progresses as
described above in reference to Figures 1 and 2 with a couple of notable exceptions.
Before seating of the ball 10 in the ball seat 11 and before the application of the
predetermined pressure (for expanding the unexpanded folded expandable portion) a
volume of cement slurry is pumped as a slug down through the interior of the casing
1, out through the fluid path 14 and up into the well bore annulus 15. The cement
slurry slug may be preceded and / or followed by wiper plugs (not shown) having
suitable internal diameters (for passing the ball 10) initially obstructed by properly
calibrated rupture disks. The ball 10 is then located in the ball seat 11 and the
predetermined expanding pressure is applied to the interior of the casing 1. The ball
10 is now removed from the ball seat 11 so that fluid path 14 is unobstructed.
Pressure is applied to the interior of the casing string 1 and the well bore annulus 15
is monitored for pressure change. If no pressure change is observed in the well bore
annulus 15 then the annular barrier 12 has been successfully deployed. If a pressure
increase is observed in the well bore annulus 15 then the cement is given a proper
time to cure and the pressure is reapplied to the interior of the casing 1. Upon
determination that there is no corresponding pressure change in the well bore
annulus 15, the shoe portion 16 is drilled through and drilling of a subsequeht stage of
the well may progress.

[0027] Figure 4 shows a rotary expansion tool 19 suspended on a work string 18
and having at least one radially extendable expansion member 20. The work string 18

with the rotary expansion tool 19 connected thereto are lowered through the casing 1

8
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until the expansion member 20 is adjacent an expanded portion 12 of the casing
string 1. The embodiment shown in Figure 4 may be optionally used in the processes
described above regarding Figures 1, 2 and 3.

[0028] Referring to Figures 2 and 3, a predetermined pressure is applied to the
interior of the casing 1 thereby unfolding the expandable portion 3. As shown in
Figure 2 the unexpanded folded expandable portion 3 becomes an expanded portion
and an annular barrier 12 in response to the predetermined pressure. The expanded
portion 12 thereby pushes radially outward toward a well bore wall 13 and
correspondingly presses the elastomeric coated regions 5 into sealing engagement
with the well bore wall 13. Optionally, the coated regions 5 may comprise any suitable
compressible coating such as soft metal, Teflon, elastomer, or combinations thereof.
Alternatively, the expanded portion 12 may be used without the coated regions 5. The
ball 10 is now removed from the ball seat 11 so that fluid path 14 is unobstructed.
Pressure is applied to the interior of the casing string 1 and well bore annulus 15 is
monitored for pressure change. If no pressure change is observed in the well bore
annulus 15 then the annular barrier 12 has been successfully deployed. If a pressure
increase is observed in the well bore annulus 15 then referring to Figure 4, the rotary
expansion tool 19 is lowered on the work string 18 through the casing 1 until the
expansion member 20 is adjacent an interior of the expanded portion 12. An
expansion tool activation pressure is applied to the interior of the work string 18
thereby radially extending the at least one expansion member 20 into compressive
contact with the interior of the expanded portion 12. The work string 18 is
simultanéously rotated and axially translated along at least a portion of the interior of
the expanded portion 12 thereby further expanding the portion of the expanded
portion into more intimate contact with the well bore wall 13. Following the rotary
expansion of the expanded portion 12 the work string 18 and expansion tool 19 are
withdrawn from the well. Pressure is now reapplied to the interior of casing 1 and
pressure is monitored in annulus 15. If no pressure change is observed in annulus 15
then the shoe portion 16 is drilled through and drilling of a subsequent stage of the
well may progress. Optionally, the previously described step of placing cement in
annulus 15 may be used in combination with the step of pressurized unfolding and the

step of rotary expansion as described herein.
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[0029] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing

from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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We claim:

1. A method for creating and testing an annular barrier, comprising:

drilling a well bore;

lowering a tubular into the well bore, the tubular including an expandable
portion proximate a lower end thereof;

expanding the expandable portion into a substantially sealing engagement with
the well bore;

applying a pressure to a first side of the sealing engagement between

{

expandable portion and the well bore; and

monitoring a second side of the sealing engagement for a change in pressure.

2. The method of claim 1, further comprising providing at least one sealing
member on the expandable portion of the tubular.

3. The method of claim 1, wherein expanding the expandable portion comprises
applying a fluid pressure to expand the expandable portion.

4. The method of claim 3, further comprising closing off fluid communication

through the tubular, thereby increasing the fluid pressure in the tubular.

5. The method of claim 4, further comprising dropping a ball to close off fluid

communication.

6. The method of claim 5, further comprising retrieving the ball prior to applying
the pressure to the first side of the sealing engagement.

7. The method of claim 1, wherein the expandable portion comprises a folded

portion.
8. The method of claim 1, further comprising mechanically expanding the

expandable portion.

11
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9. The method of claim 8, further comprising using a rotary expander to
mechanically expand the expandable portion.

10. The method of claim 9, further comprising applying a second pressure to the
first side of the sealing engagement between expandable portion and the well bore

and monitoring the second side of the sealing engagement for a change in pressure.

11.  The method of claim 1, wherein the tubular comprises casing.

12
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