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(57) Abrégée/Abstract:
A downhole drilling apparatus for interconnection in a casing or liner string having a drill bit disposed thereon for enabling the

drilling of intersecting wellbores without removal of the drill bit Is disclosed. In a disclosed embodiment, the apparatus comprises a
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(57) Abrege(suite)/Abstract(continued):
housing having a window. A whipstock Is disposed within the housing. Between the window and the whipstock Is a filler. The

whipstock and the filler define a central bore providing a fluid path through the apparatus. A back pressure valve may be disposed
within the central bore to prevent back flow of fluids through the apparatus. Once the total depth of an initial wellbore Is reached,
the casing or liner string, including the apparatus, may be cemented In place. Thereafter, an intersecting wellbore may be drilled by

laterally deflecting a second drill bit with the whipstock through the window of the housing.
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ABSTRACT OF THE DISCLOSURE

A downhole drilling apparatus for interconnection in a casing or liner
string having a drill bit disposed thereon for enabling the drilling of
intersecting wellbores without removal of the drill bit 1s disclosed. In a
disclosed embodiment, the apparatus comprises a housing having a window.
A whipstock 1s disposed within the housing. Between the window and the
whipstock 1s a filler. Thé whipstock and the filler define a central bore
providing a fluid path through the apparatus. A back pressure valve may be
disposed within the central bore to prevent back flow of fluids through the
apparatus. Once the total depth of an initial wellbore is reached, the casing or
liner string, including the apparatus, may be cemented in place. Thereafter,
an intersecting wellbore may be drilled by laterally deflecting a second drill

bit with the whipstock through the window of the housing.
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DOWNHOLE DRILLING APPARATUS
AND METHOD FOR USE OF SAME

BACKGROUND OF THE INVENTION

This invention relates in general to drilling a wellbore and, in
particular, to drilling an intersecting wellbore through a drill string including

well casing or liner and a downhole drilling apparatus interconnected therein.

Without limiting the scope of the invention, its background is described
in connection with drilling a wellbore for hydrocarbon production, as an

example.

Heretofore, in this field, a typical drilling operation has involved
attaching a drill bit on the lower end of a drill string and rotating the drill bit
along with the drill string to create a wellbore through which subsurface
formation fluids may be produced. As the drill bit penetrates the various
earth strata to form the wellbore, additional joints of drill pipe are coupled to
the drill string. During drilling, drilling fluid 1s circulated through the drill
string and the drill bit to force cuttings out of the wellbore to the surface, and

to cool the drill bat.

Periodically as the drilling of the wellbore progresses, the drill bit and
drill string are removed from the wellbore and tubular steel casing is inserted
into the wellbore to prevent the wall of the wellbore from caving in during
subsequent drilling. Typically, after casing is inserted into the wellbore, the
annulus between the casing and wellbore is filled with a cement slurry that

hardens to support the casing in the wellbore. Thereafter, deeper sections of
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wellbore with progressively smaller diameters than the previously installed

casing may be drilled.

Once a predetermined depth is reached for each subsequent section of
wellbore, the drill bit and drill string are again removed from the wellbore and
that section of the wellbore may be cased. Alternatively, however, a liner may
be used to case an open section of wellbore instead of a full casing string. The
liner, which 1s a string of connected lengths of tubular steel pipe joints, is
lowered through the casing and into the open wellbore. At its upper end, the
liner 1s attached to a setting tool and liner hanger. The liner hanger attaches
the liner to the previous casing such that the casing will support the Weight of

the liner.

The length of the liner is predetermined such that its lower end will be
proximate the bottom of the open wellbore, with its upper end, including the
liner hanger, overlapping the lower end of the casing above. As with the
casing, after the liner 1s 1nserted into the wellbore, the annulus between the
liner and the wellbore may be filled with a cement slurry that hardens to

support the liner in the wellbore.

It has been found, however, that in many well drilling operations it is
desirable to minimize rig time by utilizing the casing or liner string as the
drill string for rotating a drill bit, which may be left in the wellbore upon the
completion of drilling a section of the wellbore. As such, this procedure does

not require the use of a separate liner or casing upon the withdrawal of the
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drill bit and drill string as 1n conventional drilling operations, and thereby

reduces the time needed to drill, case and cement a section of wellbore.

For example, attempts have been made to utilize the casing or liner
string as the drill string along with a drill bit that is rotatable relative to the
casing or liner string. The drill bit is rotated by a downhole drill motor that is
driven by drilling fluid. Upon completion of drilling operations, the motor and
the retrievable portions of the drill bit may be removed from the wellbore so
that further wellbore operations, such as cementing, may be carried out and
further wellbore extending or drilling operations may be conducted. This
system, however, requires the use of expensive and sometimes unreliable

downhole drill motors and a specially designed drill bit.

Alternatively, other attempts have been made to utilize the casing or
liner string as the drill string using conventional rotary techniques wherein
the drill bit is rotated by rotating the entire casing or liner string. This
approach, however, requires the use of a drill bit with minimal cutting
structure, since a drill out could not be performed through a typical drill bit

having a full cutting structure, such as a tricone bit.

Therefore, a need has arisen for a drill string which may be used as a
well casing or liner, which includes a drill bit on its lower end, and which,
upon completion of drilling operations, may be retained within the wellbore
without the need to retrieve the drill bit or the drill string. A need has also
arisen for such a well casing or liner string that may be left in the wellbore

along with a drill bit, and which does not require the use of expensive,
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unreliable or specialty equipment. Further, a need has arisen for such a well

casing or liner string which may be cemented 1n place along with a drill bit

having a full cutting structure.

SUMMARY OF THE INVENTION

The present invention, as exemplified by an embodiment disclosed
herein, comprises a downhole drilling apparatus that is interconnectable in a
casing or liner drill string and includes a drill bit connected thereto which,
upon completion of drilling operations, may be retained within the wellbore
without the need to retrieve the drill bit or the drill string. The apparatus
allows the well casing or liner to be left in the wellbore along with the drill bit
and does not require the use of expensive, unreliable or specialty equipment.
The apparatus also allows for the well casing or liner to be cemented in place

along with a drill bit having a full cutting structure.

The downhole drilling apparatus includes a housing that is
interconnectable in a casing string. The housing has a window cut therein to
allow a subsequent drill bit and pipe string to pass therethrough during a drill
out operation. To facilitate the deflection of the drill bit and pipe string
through the window, a whipstock is disposed within the housing. A filler
material 1s also disposed within the housing between the whipstock and the
window to prevent the flow of drilling fluids or cement through the window
prior to the drill out. The filler and the whipstock have a central bore that
permits the passage of fluids through the center of tﬁe downhole drilling

apparatus. One or more valves may be disposed within the central bore to
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control the flow of fluids therethrough. The valves may be, for example, back

pressure or float valves that allow one-way flow of fluids downwardly through

the apparatus.

A drill bit having a full cutting structure, such as a tricone bit, may be
operably coupled to the downhole drilling apparatus. The casing or liner
string may be used to rotate the drill bit. Alternatively, a downhole motor
may be coupled between the downhole drilling apparatus and the drill bit to
facihtate rotation of the drill bit, without the need for rotating the casing

string.

In another embodiment, a downhole drilling apparatus includes a
housing having a window, an alignment member disposed within the housing
and a back pressure valve assembly. The back pressure valve a.ssembly
includes a central bore that permits the passage of fluids therethrough. Once
downhole, a whipstock may be run into the apparatus such that the whipstock
operably engages the alignment member. The alignment member orients the
whipstock within the housing relative to the window, so that the drill bit may

subsequently be deflected through the window.

In operation, either embodiment of the downhole drilling apparatus
may be interconnected in a casing or liner string having a drill bit disposed on
its lower end. A first wellbore is drilled. Following the drilling of the first
wellbore, the casing or liner string may be cemented within the wellbore. A
pipe string having another drill bit on its lower end is passed fhrough the

casing or liner string, such that a drill out through the downhole drilling



CA 02595029 2007-07-16

-6 -
apparatus 1s performed to drill a second wellbore. The pipe string and drill bit
that are used to create the second wellbore are deflected through the window
in the housing of the downhole drilling apparatus by the whipstock disposed

within the apparatus.

Thus, with the use of the downhole drilling apparatus, a casing or liner
string including a drill bit having a full cutting structure may be used as a
drill string to create a wellbore. The drill string may be cemented in place
within the wellbore, and thereafter have a drill out performed therethrough to

create an intersecting wellbore.

These and other features, advantages, benefits and objects of the
present invention will become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of representative

embodiments of the invention hereinbelow and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, including
its features and advantages, reference is now made to the detailed description
of the invention, taken in conjunction with the accompanying drawings of
which:

Fig. 1 1s a schematic illustration of an offshore oil and gas platform
during a drilling operating wherein a downhole drilling apparatus embodying
principles of the present invention is utilized:

Fig. 2 is a schematic illustration of a first downhole drilling apparatus

embodying principles of the present invention:;
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Fig. 3 is a cross sectional view of the downhole drilling apparatus of Fig.
2, taken along line 3-3;

Fig. 4 1s a cross sectional view of the downhole drilling apparatus of Fig.
2, taken along line 4-4;

Fig. 5 18 a schematic illustration of an offshore oil and gas platform
during a drilling operating wherein a downhole drilling apparatus embodying
principles of the present invention i1s being utilized in conjunction with a
downhole motor;

F1g. 6 1s a cross sectional view of a second downhole drilling apparatus
embodying principles of the present invention before insertion of a whipstock
therein; and

Fig. 7 is a cross sectional view of the second downhole drilling
apparatus after insertion of a whipstock therein.

DETAILED DESCRIPTION

While the making and using of various embodiments of the present
invention are discussed in detail below, it should be appreciated that the
present 1nvention provides many applicable inventive concepts which can be
embodied in a wide variety of specific contexts. The specific embodiments
discussed herein are merely illustrative of specific ways to make and use the

invention, and do not limit the scope of the invention.

Referring to Fig. 1, an offshore oil and gas platform is schematically
1llustrated and generally designated 10. A semi-submersible platform 12 is

centered over a subterranean oil and gas formation 14 located below sea floor
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16. A well 18 extends through the sea 20, penetrating sea floor 16 to form
wellbore 22, which traverses various earth strata. A wellbore extension 1s
formed by wellbore 24, which extends from wellbore 22 through additional

earth strata, including formation 14.

Platform 12 has a hoisting apparatus 26 and a derrick 28 for raising
and lowering pipe strings, such as drill string 30, including drill bit 32 located
in wellbore 24, and casing string 34, including drill bit 36, crossover
subassembly 38 and downhole drilling apparatus 40 located in wellbore 22.
As used herein, the term "casing string" is used to refer to a tubular string

which includes sections of casing or liner.

As 1n a typical drilling operation, wellbore 22 1s formed by rotating drill
bit 36 while adding additional sections of pipe to casing string 34. When driil
bit 36 reaches total depth, however, casing string 34 and drill bit 36 are not
retrieved from wellbore 22. Rather, casing string 34 and drill bit 36 are

cemented 1n place by cement 42 which fills the annular area between casing

string 34 and wellbore 22.

Cementing casing string 34 and drill bit 36 in place within wellbore 22
1S a cost etfective alternative to conventional drilling, in that Signiﬁcant rig
time 1s saved by minimizing the number of trips into and out of wellbore 22.
At least one trip out of wellbore 22 and one trip into wellbore 22 are saved by
using downhole drilling apparatus 40. Additionally, the use of downhole
drilling apparatus 40 avoids the possibility of collapse of wellbore 22,

particularly in unconsolidated or weakly consolidated formations.
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Alternatively, downhole drilling apparatus 40 may be wused 1n
conjunction with conventional drilling operations once a conventional drill
string and bit have been tripped out of wellbore 22. For example, if wellbore
22 has traversed an unconsolidated or weakly consolidated formation and it is
likely that a collapse has occurred within wellbore 22, it may be necessary to
reopen that portion of wellbore 22. In this case, wellbore 22 may be reopened

using casing string 34 with downhole drilling apparatus 40 and drill bit 36.

Once cementing of wellbore 22 has been completed, wellbore 24 may be
~drilled. Drill bit 32 creates wellbore 24 by traveling through window 44 of
downhole drilling apparatus 40, as will be more fully discussed with reference
to Figs. 2-4 below. As drill bit 32 and drill string 30 continue to form wellbore
24, formation 14 1s traversed. Note that the drill string 30 may include

another apparatus 40, if desired.

“Even though Fig. 1 depicts wellbore 22 as a vertical wellbore, it should
be understood by those skilled in the art that wellbore 22 may be vertical,
substantially vertical, inclined or even horizontal. It should also be
understood by those skilled ‘In the art that wellbore 22 may include
multilateral completions wherein wellbore 22 may be the primary wellbore
having one or fnore branch wellbore extending laterally therefrom, or wellbore
22 may be a branch wellbore. Additionally, while Fig. 1 depicts an offshore
environment, 1t should be understood by one skilled in the art that the use of

downhole drilling apparatus 40 is equally well suited for operation in an

onshore environment.
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Schematically illustrated in Fig. 2 1s a downhole drilling apparatus 50
embodying principles of the present invention. Apparatus 50 has a pin end
52, so that the apparatus 50 1s interconnectable in a drill string, such as
casing string 34 of Fig. 1. Downhole drilling apparatus 50 also has a box end
54 that majr be threadedly connected to crossover subassembly 38 as depicted

i Fig. 1.

Apparatus 50 has a generally tubular housing 56 with a window 58 cut
through a sidewall thereof. Window 58 is generally elliptically shaped and is

sized such that a drill bit, such as drill bit 32 of Fig. 1, may pass therethrough

during a drill out operation.

Now referring to Fig. 3, a cross sectional view of downhole. drilling
apparatus 50 taken along line 3-3 of Fig. 2 is depicted. Disposed within
housing 56 of apparatus 50 i1s a whipstock 60. A central bore 62 extends
through whipstock 60 to provide fluid passage for drilling mud and cement
through apparatus 50 during drilling and cementing operations. Valves 64,
66 are disposed within central bore 62 of the downhole drilling apparatus 50.
Valves 64, 66 may be back pressure or float valves that allow one-way flow of
drilling mud or cement through the apparatus 50. As an example, valves 64,
66 may be SuperSeal II back pressure valves, available from Halliburton

Energy Services, Inc. of Duncan, Oklahoma.

Whipstock 60 has an inclined upper surface, so that it directs a drill bit,

such as drill bit 32 of Fig. 1, through window 58 of downhole drilling

apparatus 50. Whipstock 60 may be constructed of any material, such as
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steel, having sufficient strength to deflect a drill bit through window 58.
Whipstock 60 may also provide additional torsional strength to the downhole

drilling apparatus 50.

A filler 68 occupies the volume between whipstock 60 and window 58 of
downhole drilling apparatus 50. Filler 68 prevents the flow of drilling mud or
cement through window 58 of apparatus 50. Filler 68 may be, for example,
concrete that has been poured into downhole drilling apparatus 50. Window
58 may also be filled with filler 68 to provide protection to window 58. Other
suitable solid materials, such as resins, may be used for filler 68, so long as
they set sufficiently and permit the directional passage of a drill bit through

window 58 of apparatus 50.

In operation, when a drill bit, such as drill bit 32 of Fig. 1, encounters
whipstock 60, the drill bit cuts through filler 68 and is deflected laterally by
whipstock 60 toward window 58 in housing 56. Window 58 is wider that the

outer diameter of the drill bit, permitting the drill bit to laterally exit the

apparatus 50.

Referring now to Fig. 4, a cross sectional view of downhole drilling
apparatus 50 1s depicted that is taken along line 4-4 of Fig. 2. Apparatus 50
includes housing 56, whipstock 60, filler 68 and window 58. As with typical
drill down shoes, downhole drilling apparatus 50 may have sufficient torsional
strength to rotate a drill bit, such as drill bit 36 of Fig. 1. The wall thickness

of housing 56 and the size of window 58 will affect the torsional strength of
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downhole drilling apparatus 50. Of course, the window 58 should be

dimensioned to permit a drill bit to pass therethrough.

The shape of whipstock 60 can be varied to maximize its deflecting
capability. For example, whipstock 60 may be made concave or convex to
direct a drill bit, such as drill bit 32, through window 58 of downhole drilling
apparatus 50. If whipstock 60 is made concave, drill bit 32 will encounter
window 58 at a position slightly below that where a straight whipstock 60
would direct the bit. Conversely, a convex whipstock 60 will force the
encounter of drill bit 32 with window 58 at a position above that of the flat-

surfaced whipstock 60.

Referring now to Fig. 5, an offshore o0il and gas platform is
schematically illustrated and generally designated 70. A semi-submersible
platform 72 is centered over a subterranean oil and gas formation 74 located
below sea floor 76. A well 78 extends through the sea 80, penetrating sea floor
76 to form wellbore 82, which traverses various earth strata. Wellbore 82 has
a wellbore extension that is formed by wellbore 84, which extends from

wellbore 82 through additional earth strata, including formation 74.

Platform 72 has a hoisting apparatus 86 and a derrick 88 for raising
and lowering pipe strings, such as drill string 90, including drill bit 92 located
in wellbore 84, and casing string 94, including drill bit 96, downhole motor 98,
crossover subassembly 100 and downhole drilling apparatus 102 located in

wellbore 82. Using downhole motor 98, it is not necessary to rotate casing
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string 94, including downhole drilling apparatus 102, in order to rotate drill

bit 96.

Drilling mud, used to cobl drill bit 96 and carry cuttings to the surface,
also provides the power to operate downhole motor 98. As the drilling mud
travels through downhole motor 98, downhole motor 98 imparts rotation to
drill bit 96, so that wellbore 82 is drilled. Using downhole motor 98 in
conjunction with downhole drilling apparatus 102 reduces the torsional stress
typically encountered by downhole drilling apparatus 102 when casing string
94 1s used to rotate drill bit 96. This reduction in torsional stress allows for

the use of a maximum width window 106 in downhole drilling apparatus 102.

When dnll bit 96 reaches total depth, casing string 94, including drill
bit 96, downhole motor 98, crossover subassembly 100 and downhole drilling
apparatus 102, 1s not retrieved from wellbore 82. Rather, casing string 94 is
cemented in place by cement 104, which fills the annular area between casing

string 94 and wellbore 82.

Once cementing of wellbore 82 has been completed, wellbore 84 may be
drilled using downhole drilling apparatus 102. Drill bit 92 creates wellbore 84
by traveling through window 106 of downhole drilling apparatus 102 in the

manner discussed above with reference to Figs. 2-4.

Referring next to Fig. 6, a cross sectional view of another downhole
drilling apparatus 120 embodying principles of the present invention is

depicted. Downhole drilling apparatus 120 has a pin end 122, so that
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downhole drilling apparatus 12 is interconnectable in a drill string, such as
casing string 94 of Fig. 5, or to other downhole tools. Downhole drilling
apparatus 120 also has a box end 123 which may be threadedly connected to

crossover subassembly 100 as depicted 1in Fig. 5.

Apparatus 120 has a generally tubular housing 124 with a window 126
cut through a sidewall thereof. Window 126 is generally elliptically shaped
and is sized such that a drill bit, such as drill bit 92 of Fig. 5, may pass
therethrough during a drill out operation. Surrounding window 126 1s a cover
or shield 128 that prevents the flow of drilling mud or cement through window
126. Apparatus 120 also has at least one alignment member 130, such as a

track, within housing 124.

Disposed within housing 124 is a back pressure valve assembly 132. A

central bore 134 extends through back pressure valve assembly 132 to provide

. fluid passage for drilling mud and cement used during drilling and cementing

operations. Valves 136, 138 are disposed within central bore 134 of back
pressure valve assembly 132. Valves 136, 138 may be back pressure valves or

float valves that allow one-way flow of drilling mud or cement therethrough.

As best seen in Fig. 7, a whipstock 140 may be run into downhole
drilling apparatus 120 to direct a drill bit, such as drill bit 92 of Fig. 5,
through window 126 of apparatus 120. Whipstock 140 may be installed
within downhole drilling apparatus 120 following a cementing operation and
subsequent use of a conventional cementing plug 142. Whipstock 140 includes

one or more alignment lugs 144 that cooperate with track 130 of downhole
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drilling apparatus 120 to radially orient whipstock 140 with respect to window

126.

After cementing the casing string 94 within wellbore 82, including
installing the plug 142 in the drilling apnaratus 120, the whipstock 140 1is
conveyed into the drilling apparatus. The alignment track 130 and lugs 144
cooperatively engage and thereby radially orient the whipstock 140 to face
toward the window 126. A drill bit may then be deflected off of the whipstock
140 to cut through the shield 128, or the shield may be previously displaced to

open the window 126, for example, by using a conventional shifting tool.

In the embodiments described above, the present invention provides the
ability to drill a wellbore using a well casing or liner string as the drill string,
and using a drill bit having a full cutting structure. The use of a downhole
drilling apparatus embodying principles of the present invention as part of the
drill string allows a well extension to be drilled from the existing wellbore,
without having to bore through a drill bit on the end of the casing or liner
string. Thus, trips into and out of the wellbore may be eliminated and a drill

bit having a full cutting structure may be used.

While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting
sense. Various modifications and combinations of the illustrative
embodiments, as well as other embodiments of the invention, will be apparent

to persons skilled in the art upon reference to the description. It is, therefore,
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intended that the appended claims encompass any such modifications or

embodiments.

[ S—
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CLAIMS:

1. A method of dnlling intersecting first and second wellbores, the
method comprising the steps of:

coupling a downhole drilling apparatus within a first pipe string, the
first pipe string having a first drill bit disposed on a lower end thereof:

drilling the first wellbore;

disposing a second drill bit on a lower end of a second pipe string;

running the second drill bit into the first pipe string; and

drilling laterally through the downhole drilling apparatus to drill the

second wellbore.

2. The method according to Claim 1, further comprising the step of

cementing the first pipe string within the first wellbore.

3. The method according to Claim 1, further comprising the step of

disposing a downhole motor between the downhole drilling apparatus and the first
dnill bat.

4. The method according to Claim 1, wherein in the coupling step the
downhole drilling apparatus includes a housing having a wi\ndow, a whipstock
disposed within the housing, a filler disposed within the housing between the
window and the whipstock, and a bore extending through the housing and permitting

passage of tluids therethrough.

5. The method according to Claim 4, wherein the step of drilling through
the downhole dnlling apparatus further includes drilling through the window in the
housing of the downhole drilling apparatus.
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6. The method according to Claim 4, wherein the step of drilling through

the downhole dnlling apparatus further includes deflecting the second drnll bit
through the window with the whipstock.

7. The method according to Claim 1, wherein in the coupling step the
downhole drilling apparatus includes a housing having a window, an alignment
member disposed within the housing, and a back pressure valve assembly operably
associated with the housing, the back pressure valve assembly having a central bore

that permits the passage of fluids therethrough.

8. The method according to Claim 7, further comprising the step of
running a whipstock through the first pipe string and operably engaging the
whipstock with the alignment member to orient the whipstock within the housing

relative to the window.

9. - A method of dnlling intersecting first and second wellbores, the
method comprising the steps of:

drilling at least a portion of the first wellbore utilizing a casing string
which includes a generally tubular housing positioned above a first drill bit, the
housing having a window formed through a sidewall thereof;

cementing the casing string in the first wellbore; and

drilling at least a portion of the second wellbore by detlecting a
second drill bit from within the casing string laterally outward through the housing

window.

10. The method according to Claim 9, wherein the cementing step 1s
performed after the first wellbore drilling step and without removing the casing

string from the first wellbore.

11, The method according to Claim 9, wherein in the first wellbore

drilling step, a whipstock is positioned within the housing.
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12. The method according to Claim 11, wherein the first wellbore drilling

step, a filler 1s disposed between the whipstock and the window.

13. The method according to Claim 11, wherein the first wellbore drilling

step further comprises flowing drilling fluid through the whipstock.

14, The method according to Claim 11, wherein the cementing step

further comprises tlowing cement through the whipstock.

15. The method according to Claim 9, wherein in the first wellbore

drilling step, a downhole motor i1s interconnected between the housing and the first
drill bit.

16. The method according to Claim 9, wherein in the first wellbore

drilling step, a shield prevents fluid flow through the housing window.

17. The method according to Claim 9, further comprising the step of

conveying a whipstock into the housing after the cementing step.

18. The method according to Claim 17, further comprising the step of
aligning the whipstock with the window by engaging the whipstock with an

alignment structure of the housing.

19. The method according to Claim 9, wherein 1n the first wellbore

drilling step, a valve 1s disposed within the housing to control fluid flow

therethrough.

20. The method according to Claim 19, wherein in the first wellbore

drilling step, the valve permits fluid flow through the housing in only one direction.
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21. The method according to Claim 19, wherein in the first wellbore

drilling step, the valve 1s a back pressure valve,



10

28

CA 02595029 2007-07-16

Fig.1

AR AR AR ANAYY EEE A
Y
.2
___}_____ _________:____ __} ____________ . L
I L
L e

bbb

-

t™N
|

LU
LR R
WA o -
Iyt |

kbl :__:____:____________. N u R~ .

TRARNR Y R L G P
Jnnnan e AU R W A W

+

LT S AR Y RS R O

26

I

PRI " - ol & e g et R o Syt S ehs® a 4°

-’ e

’
- 0“.‘- v

R L R e e BV ——an > = o2 R
11

FRRRANAY - < NN
=k LEPPEEPETIR - L < =N
f k|
| I
b N
i = B > i)
R LU R PR
__:____“__,_______________::__F_:______:F___. e e .,....-.... ..
th :______ L __:______:_______}____________ L e
AR by e
TS MY - T S
S | D Sy R
T R s L
R S5
L A B
______:____:{__________:_ ____________:____ . - Shumod

L RS s <R

il ____ _:::__________:_.__ _______ ____:. . IR .
1___ﬁ____:__________________:_____,___m__________ > : Seisl o .




<

N IO
To! )A % m

ASSRALSEAASE AN TATERE SR R RN
&

_‘“&‘“\.&u'u'_u..ﬂl“ V//TT IR s ot Do
Il [ | Il
LN -t ,..'l_-v.\mu\\ u".—.l.ﬂ_l
|
ﬁ |
|

<
L

3 X
_

|

a0
o0 O
LY

Fig.3

CA 02595029 2007-07-16

19.2



CA 02595029 2007-07-16

70

88

86

an
QOO0

o000 D

72

i i
| __ _r___ ¢

i

v
L
-
——
i
—
————y
b
ity

——
————
Sty

bl i __ '
i
L

-y

HERRARARNARY
! ﬁ:_._“ “_"__;_"_“_“_.
___ __ __ 4:_3 i
_—~ _q__ _— ﬁ___-_—4—_7_ __.4
HRRAN
]
A

AR AR

A

A

N

i

.
-
*
.
-
-
b |
. -
-
.
-
.
[
a
.

. A . -
* « ®. »_"' ‘
‘“« &0 . -0¢ . '
RU ’ ‘a Yoavt. 0
. - v
. ] - - c'l-so. p B - .
e = ¢“,
" - - e L J
* Q.clvc aac i
L ] -yt a -o-. Y *
- 5 t ‘e - * .
= ' ‘l.'l 4 L4
> . et .0 "
- - Y -
. , * N v .
' - . - - - .
- ¢ a @ .
] -I- . o 0
v ‘ [ ww . .1
h.* >
4 » . » .
vc-o - - a 7
. ‘., B T - "
* ' ' . r=
* - . -' . r »
- » .
R . N ...0- & .
. -
. . - vt -, . .
.
‘
. - o.O- - . ...». S
.- . . - F]
. . . 950. . [ 2 -
. .
‘ b-ov * " YD . - a
: (LI " ’
-
. . . . ‘e b o . ‘
.- F . N
D Lt e :
s, » *
Do .FO- ', cc-- » .
N - -
- » ., ’ I!-r
» L s " L -
- i -.anlv » .
hd -
] LIPER T " . !
‘ L] \.- a “r
- LI B T N Y
- -.- - " .00‘ .
L I . s 1 . . -
1 L il.o- Y
LR

102
100
i

- ’ + . .
Ul -
’
> et !
. . o ‘e a
4 - a
4 v 1 L] 4 'Y - .
'
-.- -’F, Oll‘
- * ' o LI | IR
Qﬁa W . v ¢
v L . M T -
- - -
vt » "4 & . "
. 4 . M RN
. .
e e b .
1 . * . * -
a L] C.- lon .
v * LI ., ’
L] » . - . L4
a0 v > o" L]
- »
- N -, .0.4. )
. e vé PR -r
s ve®" s & . ' -
. .
. a . - s a " - . * .
'
o . A »
. i, . . . .8 R N — { - ™ . *
D . 4 LR} +* . - L T ., 0. .. - % . '}.l.ll'- - gy . . P
- - - et

- " o pm o iy » . . - .- — -
. . - - LS oy coQt -w.li......il.‘-o«l.-.ro”o.\ ) ’t.l ”-..v
’
v LI R ' i .
- - - as a s
.
' . . .9 >
) ) ' e ! "
. 4 * B ' .
- d ) [
. O-. .
s B " *
. -
1 ’ L]
r
- . ' 4* - .
- A -~ v
1 -.9
] ¢ -, -IOO ‘
cto.‘o ¢ pal,
. .n ' .
. lb.q‘ 0‘0-.. '0
v
| ] ]
. vt oa s ! . LA
. . o, !
. » &= u Semt v 4%, =
™ v 4 N .. .
. - . aa t - .0- ',
L] 0.0.1 R ] .!.s \ » -.0 .
* ‘ L] » A * L . - " (L . "
) a "' v a.?* Q-.!-.c.
¢ » - L
.. . "y ? , " ®a - 5
[ a A 4 » [}
L L » . .
o o R B ? *
- " . a " a s LT .
1 - laad v "ea a et
. L ... " s -.. T ertg - -
. - . s - P ~V.
+ ' -
..'oo Q.IOC" -.'lolhov -'
. * "o . L T L '
s r "
- . [ » 000. .lxt .l. e o « ',
. "“ ‘., - | W a,*
' . . . .
t Slenr om0
t B I LT o'y, ! .
. L B L4 4 . 1
L ] * 4 ar
L - *
» . a "% o. OOD-- l".o.l .
e, ‘s " a :
L] ™ o v -
L] L L] 1
. ¢ 2 et L e . ’ 8 b
) 4,7 . [ I g
* oy ¢ * teas ', .oo...
.
- -0 I‘.O a . -.b. '
> . b . [} .
4 ‘
. 1 & e At .
r - N * ¢
* . - vt G’b * Y v
1 L
L] L] | ] 4 = FY ..0 tc ’ L} .
v - ? . ®
. ‘ * ¢ -o "o -an ? v. »
- »
1 l-IOO .-.. .
. . " ¢ a s ' .
] 4 D090¢ * S,
Ve s TR
. 4
I o .
& . 1 ) «® “ \ s 9 * .
. ¢ . .
. ’ - a ““ o-g - * 1
L] - . #0.'0 4 ot &
. v " N . 'L
' - P N a . F] l-.l ..0
‘ e ¥ o ' . . - v
. .9 I r .
a v a 2 =", -. . .
M . *
. - > i
v 4 0

[ ] .
- « 0 o'-otvo .
. -
. - « 1 ¢ »
* *
r VA g ey ..‘H *
q .
- . ' q *e . LY
-, P LI vo
+ QQ.'. L] .-.0. .
' . -, o ’ - C
. PSR QUO.II
e ]
. a 4, -. * .
. v 1 -9- 4 -
a - : ¢ L, - = v ", wy
< « " . ¢
, - * bs 0;0 0.1 .
L e, v .
oA R ‘
[ ] c.lvn . . ’
1 . ) -.s LY . LI
‘
" [ Y R « " .
. .Il. ‘ "- . . '
' ey ! ! 2 ? .
e a o b oyert_
.t . 4 .
TR S ¥ .
. > -a LI ' ‘e w
- L
’ v e cn.- ioo L]  ?
. e V. . a Y- o 5
* e’ * v s 8 .
. -a . s e ' . »
u’ o ! " .
. . lvc 0‘..0.00 ' &
. R MR v ®
: Y P . . »
, et mt . g ¢ - " . '
-, . N, " . ’
L 4 .
. ¢ a .--. - iy '

“ . Lo, .
. ocl . ‘.
- - . . ey r
- " + ' -
* . ..--. " s -
. o'o.. ' '.-4
- . » - -
., e ..o.a
' .
L . oa "
. - .
I'. we' . n..‘.- .
«' - P . s
- a- v = e -.r
uc -r‘n- ] --
. M ’ v
- - .
’ 0..0.. -'l.-
« 4, e, ’ r
.« 4 L s
v ®m% s ' at ’
+ ™ Ca-r > Wt
4 L s a4 &
et ’ - s
v "‘ - * ..- -
- o a * ’
e co. . o-- a
s b . Tyaov ‘u
. L | . d
« %, m* « Y, ws' a -
N
D -.- .- -o..
LI N LIPRLIN ’
. fig s . o-.
- - . *
. 9!'- . 0.-. y
- . . r * . ’ .
v . . .
4044... l-. w' . P
- %", .. "
. a4 ® s -0.0
., B, .
+* . .
a " .- ™ .
tc!- QOI-Q. ]
. - ' N
P g d v
. 1 Qv. v . ™
», + -
"1 .I.-.-oao ca-ao
4 +
v, vy,
ae . v
L] - |
...o. 0'9’...
' e . ¢
" L2
o_.-"... g« »
. L * . e
. LRI ] « .
vooc v -0-.
- »
L] . ooo..
. . 6 .,
AP
' - ’
 ta
, . -
.
Ca g et e
‘ , .
> ... ¢ & 7.
. . vy, ¢
r .
+ .-.I\-I
-, 4
o ' I
» ] . »vlo
.. A "
- * I-o
. '« N -
- ' S ¢
= =, m. .
P L 4
“u c....-o. V3
- .
v® ., aoQ.v
. ® ! !s e
mytt ¥ T ’
L ' T, o . .
.
L ] »
v
.’1. l.s-n\o n‘
' e . '
" «n P . »
. ‘e
l.o- LI
- . v -
’ ’ ™ ’
‘l!!q. « ™ ® > .
* * .
+ .
thbo e @
. -
MR il
- . ¢
“t v, .
-
4 I . .
Y +
oi-..~ UL S .
.
1 a \0.‘.- OI
.
'
r H L .c..o\c L]
1 LI B LI
-l-‘-.v o»clnl
w® "o, N anotl -
. ” -y s * -
I.o‘vv .’Q-l- ’
’
1 . o-..o. \o-.wv
L ‘
A R T R A,
PR 5 S Y RPN
0...! - am ¢
«r ', . vo-vt L]
.. ' -t P
P BN SUE
. .
- s « b, + &
L
L ’ »
. -Q + B N l#.
- P et L]
] ve !
..-l [
' .
. + B
]
.
- .
1
LR
.-0 r
-Dc v‘..
* L
> . o
L & P, ™ ¢ @
e, " - *
v ot.cr-aa.'.'
0... ‘ ....'
* ar ) Py
0‘.-..
[ 4 . B
S "t e
[} a
- L . r
N
.P.. - s
0-0‘ L c.oo
L4
--’. of '.n'
-
-| "- ® 4
* aa
a \....c.
4
U ..q.!w-.
' L
.-.-0. - e
. -C. -Oﬁll
L v Y .
-... nltvlo
-..-- -
L
o ® .--Os\-. *
= . i -o ave"
400!..! oal'.
+
-o.o. L o.. "
v - -
. soa.. .'0-0.4 .
»
L4 “ + b, .
v
-~ . tao.l‘. ac
Lt ..t
] . » |}
‘a -AI- *. -..-
- 4 4
p 4 » ! " L]
. P - .
4..-.. PO PO I o W
'
0 ...... . oe
. -
T LAY el .t
- ., vl P e - %a .
+ « n d - s n B
v ® » v r
. ‘o, «* Y., '
. > . -
r e ¥ .Po.q -l.
. .
- . . e, ", e .
- . d
Ila . .v d»t- -c ®
v
' | " 1. .
4 . * - « e ! -
p.-.- S B L
.- . -
' v
-v'. afnob -'.l
P “av
LI » >
.
Sa . .v. ' . + T e
. » Y ', « T .
-.l‘a. N [P N
o..- At t. LY
4 . .’ .
- b .loq. 0'1'
. v
. 5 a b, L |
u LR
.
L T I R
] ’ :
’ 4 . LI ‘
] .o.v. v YT .
-i-' ' tf.'- y .t
, . '-al ’ .
t e ' . ! 1
N
* ‘ " e - Tan
' . -
- ™ s ! .Ol. ' P



CA 02595029 2007-07-16

-
N
o

R e B AR i e 2 s

TOORN

?/a?g»ér/fzr%gﬂ/%/%%/////%///%////////%////////%///////A//ﬂ/ﬂ%%ﬁgA,//////

oY SRR 077/ CRR— Y _ _ _
- - e — - s 11314
s S———= 72220 o
T SR
e s | @ i ] s @ w3 NN 1t o
X N i s
SO /\ /I.III Xz ——— 77" s e, A 'A ‘A §§\\§ (|14}
W S \\’%\ T T rCEOEOO,OEOOOOrrRRTETTS s ////////////..///, /..%h_ \
\ O
- \D O
mﬂ/uh m m N M P cH
2 —~ O A N ~ —
v en ' b~y
L — ™
-
N
)
/ e T
& o
™

e 2

1&\\\ S/
%4

y
YL b

- | \ /

Nw\§\\§\\\§ (L dzzzz i, §\w\~\\‘

AR

128
1
130
130

A PP OO OOOOOOOOOOOOOOOOOOEE;E:EEEEEOEROHRHT EH DR

._.\\.\“\\ \\v\.\\ y -
.!- _.ls
\\\S ] e ™ Dl XY \“\ - —
\v.\.v

T /////,//////,////////////////////////////////////A////// __,OOOOSOrOOOEOOE .,,,7//////////.

M

i)

B

M-

_
_
i
_
_

K777 7

130
136
138



128

120

130

144

140
130

144

142

136

138

120
124
g 7
t
i
NS
%
132
134

123



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

