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ABSTRACT

A method and apparatus for holding and turning a tubular and string of tubulars, such
as casing (18), for make-up and drilling with the tubulars are disclosed. The apparatus
generally includes a spear (14) and a clamping head (16), both of which are mounted to
a top drive (12). The spear and the clamping head can be engaged to transmit torque
therebetween from the top drive. In addition, an aspect of the invention provides
variable height wickers (154, 158) positioned on slips (48) to enable use of the slips
with variable inner diameter (ID) and weight casing without deformation or rupture of
the casing. Still further, a casing collar is also provided to provide reinforcement to the

casing in the area of slip contact with the casing ID.
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CASING RUNNING AND DRILLING SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

Embodiments of the present invention generally relate to methods and
apparatus useful in the exploration for hydrocarbons located in subsurface formations.

More particularly, the invention relates to the use of tubulars, such as casing, and

drilling with such casing using a top drive.

Description of the Related Art

In the construction of oll and gas wells, it is usually neceésary to line 'the
borehole with a string of tubulars, known as casing, which are sequentially thyeaded
together and lowered down a previously drilled borehole. Because of the length of the
casing required, sections or stands of two or more individual lengths of casing are
progressively added to the string as it is lowered into the well from a drilling platform.
To add additional lengths of casing to that already in the borehole, the casing already .
lowered into the borehole is typically restrained from falling into the well by using a
spider located in the floor of the drilling platform. The casing to be added is then
moved from a rack to a position above the exposed top of the casing situated in the
spider. The threaded pin (male threaded section) of this section or stand of casing to
be connected is then lowered over the threaded box (female threaded section) of the
end of the casing extending from the well, and the casing to be added is connected to
the existing casing in the borehole by rotation therebetween. An elevator is then
connected to the top of the new section or stand and the whole casing string is lifted
slightly to enable the slips of the spider to be released. The whole casing string,
including the added length(s) of casing, is lowered into the borehole until the top of the
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uppermost section of casing is adjacent to the spider whereupon the slips of the spider
are reapplied, the elevator is disconnected and the process repeated.

It is common practice to use a power tong to torque the connection up to a
predetermined torque in order to make the connection. The power tong is located on

the platform, either on rails, or hung from a derrick on a chain. However, it has recently

been proposed to use a top drive for making such connection. A tfop drive is a top
driven rotational system used to rotate the drill string for drilling purposes.

It is. also known to use the casing, which is typically only lowered into the
borehole after a drill string and drill bit(s) have been used to create the borehole, to
actually drive the drill bit to create the borehole, thereby eliminating the need to remove
the drill string and then lower the casing into the borehole. This process results in a
substantial increase in productivity since the drill string is never removed from the
borehole during drilling. . To enable this efficiency, the casing is cemented in place once
each drill bit or drill shoe reaches its desired or capable depth, and a new drill bit and
casing string are lowered through the existing casing to continue drilling into the earth
formation. The borehole can be drilled to the desired depth by repeating this pattern.

The use of casing as the rotational drive element to rotate the drill shoe or drill
bit in situ has revealed several limitations inherent in the structure of the casing as well
as the methodologies used to load and drive the casing. For example, the thread form
used in casing connections is more fragile than the connection used in drill pipe, and
the casing connections have to remain fluid and pressure tight once the drilling process
has been completed. Additionally, casing typically has a thinner wall and is less robust
than drill pipe. This is especially true in the thread area at both ends of the casing
where there is a corresponding reduction in section area. Furthermore, casing is not
manufactured or supplied to the same tolerances as drill string, and thus the actual
diameters and the wall thicknesses of the casing may vary from lot to lot of casing.

Despite these limitations, casing is being used to drill boreholes effectively.

It is known in the industry to use top drive systems to rotate. a casing string to
form a borehole. However, in order to drill with casing, most existing top drives require
a crossover adapter to connect to the casing. This is because the quill of the top drive

is not sized to connect with the threads of the casing. The quill of the top drive is
2
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typically designed to connect to a drill pipe, which has a smaller outer diameter than a
casing. The crossover adapter is design to alleviate this pfoblem. Typically, one end of
the crossover. adapter is designed to connect with the quill, while the other end is
designed to connect with the casing.

Howe\)er, the process of connecting and disconnecting a casing is time
consuming. For example, each time a new casing is added, the casing string must be -
disconnected from the crossover adapter. Thereafter, the crossover adapter must be
threaded into the new casing before the casing string may be run. Furthermore, this

process also increases the likelihood of damage to the threads, thereby increasing the

potential for downtime.

More recently, top drive adapters have been developed to facilitate the casing
handling operatiohs and to impart torque from the top drive to the casing. Generally,
top drive adapters are equipped with gripping members to grippingly engage the casing
string to transmit torque applied from the top drive to the casing. Top drive adapters
may include an external gripping device such as a torque head or an internal gripping
device such as a spear.

The spear typically includes a series of parallel circumferential wickers that grip

- the césing to help impart rotational or torsional loading thereto. Torque is transferred

from the top drive {o the spear. Typically, the speér is inserted into the interior of the
uppermost length of the string of casing, engaged against the inner circumference of
the casing, and turned to rotate the string of casing and drill shoe in the borehole.

When a spear Is used for drilling with casing (DwC), the spear is known to
damage the interior surfaces of the casing, thereby resuilting in raised sharp edges as
well as plastic deformation of the casing caused by excessive radial loading of the
spear. Scarring or other sources of sharp raised edges interfere with the complétion of,
and production from, the well formed by the borehole, because rubber, plastic and
other readily torn or cut materials are often positioned down the casing to affect the
completion and production phases of well life. Further, the ultimate strength of the
individual casing joint deformed is reduced if the casing undergoes plastic deformation,
and the casing joint may later fail by rupture as it is being used downhole during or after



10

15

20

25

. . . . “s 0 0%eS S . . . . 3 . T T T T L L R . o . o R 3 3 MY O YO 1 - el e o’ T2 R O P, g PR S S . v e =t
A SR CHENEIPPEY S MR Y SOy VORES *”T’ﬁ'ﬁ?w‘?lmmv\w""h VA E T SR '?‘.'"."-‘:7,.1""“\!"'_W’*’.“J‘*’*‘G&9’)‘.“5‘8“«'-".#":~d&,“,‘."}”‘-‘?'m"”ﬁ{’"\”/".’“*\‘°' B P LTI . T L DLttt rARE] “5:.._{'0.‘-‘6 1;.“.%,.&‘&.,%4:,.,\,.:,)\'\»:{;’. Yoz :‘:&’:-;’_%ﬂ'nm?‘}r‘-,.ﬁ;-:-?hgm;fﬁx LR A e B vy e Toan anmo WIS L . . .

CA 02677247 2009-09-04

WO 2004/0791353 PCT/US2004/006751

drilling operations. Finally, it is known that the load necessary to grip a string of casing

in a well may result in rupture of the casing.

Therefore, there exiéts a need for a drilling system which enables make. up of
casing and drilling with casing following make up. Preferably, the drilling system can
accommodate variable sizes and weights of casing without causing deformation or
rupture of the casing.

SUMMARY OF THE INVENTION

The present invention generally provides method and apparatus for the
improved performance of drilling with casing systems, in which the casing is assembled
into the drill string and driven by the top drive. Improved loading performance is
provided to reduce the incidence of casing deformation and internal damage.

In one aspect, the invention includes a spear having at least one slip element
that is selectively engageable against the interior of a casing string with selectable
loading. A clamping head is also provided for retrieving and moving a piece of casing
into a make up position and then facilitating make up using the rotation from the top

drive.

In a further aspect, the slip may include varying wickers, whereby the wickers
may be used to change the frictional resistance to slippage of the casing on the spear
in response to the approach of a slippage condition. In a still further aspéct, the

invention may provide a compensation element that is positionable to enable gripping
of different diameter casing without deformation. In still another aspect, apparatus are

provided for reinforcing the casing to prevent deformation of the casing during
engagement of the casing by a spear and drilling with casing operations which follow
such engagement.

BRIEF DESCRIPTION OF THE DRAWINGS

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

4
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illustrated in the appended drawings. It Is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to

be considered limiting of its scope, for the invention may admit to other equally effective

embodiments.

Figure 1 is a perspective view of one embodiment of a casing running and

drilling system.
Figure 2A is a perspective view of one embodiment of a spear.
Figure 2B is a partial sectional view of the spear of Figure 2A.
Figure 3 is a partial sectional view of one er’nbbdiment of a clamping héad.
Figure 4 is a partial sectional view of another embodiment of a spear;.
Figure 5 is a partial sectional view of another efnbpdiment of a spear.

Figure 6 is a perspective view showing the alignment of a casing under a spear
supported by a clamping head.

Figure 6A is a partial view of one embodiment of a spline for an engagement

member of a spear.

Figure 7 is a partial sectional view showing the operation of the casing running
and drilling system.

Figure 7A shows another embodiment of a casing running and drilling system.

Figure 8A is a perspective view of a slip having a plurality of wickers disposed
thereon.

Figure 8B is a partial cross-sectional view of vertical wickers disposed on a slip'.

Figure 9 is a cross-sectional view of a slip having wickers disposed thereon and
positioned in casing of variable inner diameter.
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Figure 10A and 10B are perspective and cross-sectional views, respectively, of a
~slip having variable height wickers disposed thereon, with higher wickers disposed on

the outer edges of the slip.

Figure 10C and 10D are perspective and cross-sectional views, respectively, of
5 -aslip having variable height wickers disposed thereon, with higher wickers disposed on
the center of the slip.

Figure 11 is a graph comparing the load required to penetrate various grades of
casing and load to shear out the casing versus the actual penetration depth resuiting

from applied load.

10 Figure 12 is a sectional view of a collar disposed ona piece of casing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention generally comprises a casing running and drilling system
including a spear or grapple tool and a clamping head integral {o a top drive. In at least
one embodiment, the axial load of tubular lengths being added to a tubular string is

15 held by the épear at least during drilling, and the torsional load is supplied by the
clamping head at least during make up and thereafter by the spear, and alternatively by
the spear and/or the clamping head. The clamping head assembly may also be used
to position a tubular below the spear in order to enable 000perétive engagement of the
clamping tool and spear such that the spear inserted into the tubular and the clamping

20 head are mechanically engaged with one another so that torque from the top drive can
be imparted to the tubular through the clamping head. Additionally, a casing collar and
the clamping head have external support functions to minimize the risk of deforming the
tubular when the spear engages the inner diameter (ID) of the tubular.

In a further embodiment, the spear imparts rotary motion to tubulars forming a

25 drilling string, in particular where the tubulars are casing. In a still further aspect, a

thickness compensation element is provided to enable the spear to load against the
interior of the tubular without risk of deforming the tubular.
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Figure 1 is a perspective view illustrating one embodiment of a casing running
and drilling system 10 of the invention. The casing running and drilling system 10
includes a top drive 12 suspended on a drilling rig (not shown) above a borehole (not
shown), a grapple tool or spear 14 for engagement with the interior of a tubular such as
casing 18, and a clamping head 16 engageable. with the exterior of the casing 18. In
general, the top drive 12 provides rotation to drilling elements connectable therewith.

The clamping head 16 mounts on a pair of mechanical bails 20 suspénded from
a pair of swiveis 22 disposéd on the top drive 12. The bails 20 are generally linear
segments having axial, longitudinally disposed slots 24 therein. A pair of guides 26
extends from the clamping head 16 into the slots 24 and provides support for the
clamping head 16. As shown in Figure 1, the pair of guides 26 rest against the base 28
of the slots 24 when the clamping head 16 is in a relaxed position. In one
embodiment, the guides 26 are adapted to allow the clamping head 16 to pivot relative
to the bails 20. Bails 20 further include a pair of bail swivel cylinders 30 connected
between the bails 20 and the top drive 12 to swing the bails 20 about the pivot point
located at the swivels 22. The bail swivel cylinders 30 may be hydraulic cylinders or
any suitable type of fluid operated extendable and retractable cylinders. Upon such
swinging motion, the clamping head 16 likewise swings to the side of the connection
location and into alignment for accepting or retrieving the casing 18 that is to be added
to the string of casing in the borehole. '

The spear 14 couples to a drive shaft 32 of the top drive 12 and istpositioned
between the bails 20 and above the clamping head 16 when the clamping head 16 is in -
the relaxed position. During-make up and drilling operations, the clamping head 16
moves from the position shown in Figure 1 to the position shown in Figure 6 such that
the spear 14 is in alignment with the casing 18. The spear 14 then enters into the open
end of the casing 18 located within the clamping head 16, as shown in detail in Figures
2B and 7.

Figures 2A and 2B show perspective and partial cross-sectional views,
respectively, of one embodiment of the spear 14. The spear 14 generally includes: a
housing 34 defining a piston cavity 36 and a cup shaped engagement member 38 for
engagement with the cla‘mping head 16; a piston 40 disposed within the piston cavity

7
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36 and actuatable therein in response to a pressure differential existing between

- opposed sides thereof; a slip engagement extension 42 extending from the piston 40

and outwardly of the piston cavity 36 in the direction of the clamping head 16 (shown in
Figure 1) a mandrel 44 extending through the piston cavity 36 and piston 40 disposed
therein; and a plurality of slips 48 disposed circumferentially about the mandrel 44 and

.supported in place by the slip engagement extension 42 and connector 68. The spear

14 enables controlled movement of the slips 48 in a radial direction from and toward the
mandrel 44 in order to provide controllable loading of the slips 48 against the interior of

the casing 18, as further described herein.

Referring principally to Figure 2B, the mandrel 44 defines a generally cylindrical
member having an integral mud flow passage 50 therethrough and a plurality of conical
sections 52, 54, 56 (in this embodiment three conical sections are shown) around which
the slips 48 are disposed. A tapered portion 58 at the lower end of the mandrel 44
guides the spear 14 during insertion into the casing 18. An aperture end 60 forms the
end of the mud flow passage 50 such that mud or other drilling fluids may be flowed
into the hollow interior or bore of the casing 18 for cooling the drill shoe and carrying
the cuttings from the drilling face back to the surface through the annulus existing
between the casing 18 and borehole during drilling. The spear 14 includes an annular
sealing member 62 such as a cap seal disposed on the outer surface of the mandrel 44
between the lowermost conical section 56 and the tapered portion 58. The annular
sealing member 62 enables fluid to be pumped into the bore of the casing 18 without
coming out of the top of the casing 18.

The mandrel 44 interfaces with the slips 48 to provide the motion and loading of
the slips 48 with respect to the casing 18 or other tubular being positioned or driven by
the top drive 12. Referring still to Figure 2B, each of the slips 48 include a generally
curved face forming a discrete arc of a cylinder such that the collection of slips 48
disposed about the mandrel 44 forms a cylinder as shown in Figure 2A. Each slip 48
also includes on its outer arcuate face a plurality of engaging members, which in |
combination serve to engage against and hold the casing 18 or other tubular when the
top drive 12 is engaged to drill with the casing 18. In one embodiment, the engaging
members define a generally parallel striations or wickers 64. At the upper end of each

slip 48 is an outwardly projecting lip 66, which engages with the slip engagement
8
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extension 42 by way of a connector 68. In this embodiment, the connector 68 is a c-

~ shaped flange that couples the slip engagement extension 42 to the slips 48 by

receiving the lip 66 of the slips 48 and a generally circumferential lip 70 on the piston
extension 42. Thus, the position of the slips 48 relative to the conical sections 52, 54,
56 on the mandrel 44 is directly positioned by the location of the piston 40 in the piston
cavity 36. The slips 48 further include a plurality of inwardly sloping ramps 72 on their

~ interior surfaces that are discretely spaced along the inner face of the slips 48 at the

same spacing existing between the conical sections 52, 54, 56 on the mandrel 44.
Each ramp 72 has a complementary profile to that of the conical sections 52, 54, 56. in

a fully retracted position of the slips 48, the greatest diameters of the conical sections

52. 54, 56 are received at the minimum extensions of the ramps 72 from the inner face
of the slips 48, and the minimum extensions of the conical sections 52, 54, 56 from the
surface of the mandrel 44 are positioned adjacent to the greatest inward extensions of

the ramps 72.

To actuate the slips 48 outwardly and engage the inner face of a section of the
casing 18, the piston 40 moves downwardly in the piston cavity 36, thereby causing the
ramps 72 of the slips 48 to slide along the conical sections 52, 54, 56 of the mandrel
44, thereby pushing the slips 48 radially outwardly in the direction of the casing wall to
grip the casing 18 as shown in Figures 2B and 7. To actuate the piston 40 within the
piston cavity 36, air is supplied thereto through a rotary union 74, which enables the
placement of a stationary hose (not shown) to supply the air through the mandrel 44
and into the piston- cavity 36 on either side of the piston 40, selectively. By releasing

the air from the upper side of the piston 40, and introducing air on the lower side of the '
piston 40, the slips 48 swing inwardly to the position shown in Figure 2A. The load

placed on the casing 18 by the slips 48 may be controlled to sufficiently grip the casing
18 but not exceed the strehgth of the casing 18 against plastic deformation or rupture
by selectively positioning the piston 40 in the piston cavity 36 based upon known
conditions and qualities of the casing 18. Radial force between the slips 48 and the
casing 18 may increase when the casing 18 is pulled or its weight applied to the spear
14 since the slips 48 are pulled downwards and subséquently outwards due to the

ramps 72 and the conical sections 52, 54, 56.
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Figure 4 illustrates an alternative embodiment of a spear 14 that replaces the

- piston 40 and piston cavity 36 used as an actuator in the embodiment shown in Figure

2B with a spindle drive in order to provide an actuator that irhparts relative movement
between slips 48 and mandrel 44, A plurality of threads 76 on a spindle 77 thread into

a threaded nut 75 grounded against rotation at a location remote from the conical

sections (not shown). By rotating the spindle 77, the threaded nut 75 and the slips 48
coupled thereto may move upwardly or downwardly with respect to the mandrel 4:4,
thereby causing extension or retraction of the slips 48 due to the interactions between
ramps 72 and conical sections 52, 54, 56 as described above and illustrated in Figure
28. The spindle 77 rotates by activating and controlling spindle drive motors 78. The
motors 78 rotate pinions 79 that mesh with a gear 80 of the spindle 77 and provide
rotation thereto in order to control the grip that the slips 48 have on the casing (not
shown). Springs 81 and relative axial movement between the gear 80 and pinions 79
permit downward movement of the slips 48 when the éasing 18 is pulled or its weight
applied to the spear 14. In this manner, radial force between the slips 48 and the
casing 18 may increase since the slips 48 are pulled downwards and subsequently
outwards due to the ramps 72 and the conical sections 52, 54, 56.

Figure 5 shows another embodiment of a spear 14 that includes a housing 82
held in a fork lever 84 coupled to a base 83 to provide a swivel. A sliding ring 86
couples the housing 82 to the fork lever 84. The base 83 attaches to a portion of the
top drive (not shown) such that movement of the fork lever 84 provides relative
movement between a mandrel 44 of the spear 14 connected to the top drive and slips
48 coupled to the fork lever 84. A bushing 91 connected to the slips 48 using a
connector 93 is provided to couple the slips 48 and the housing 82. A spring 87 held in
a retainer 89 formed above the housing 82 acts on an annular flange 88 of the shaft 32
to bias the slips 48 downward relative to the mandrel 44. A swivel drive 85 positions
the fork lever 84 in the swivel position shown in Figure 5 such that the spring 87 urges
the slips 48 downward with respect to the mandrel 44, thereby causing loading of the
slips 48 against the interior of the casing 18 as ramps 72 on the inside of the slips 48
engage against conical sections 52, 54, 56 of the mandrel 44 as described above and
illustrated in Figure 2B. If the swivel drive 85 actuates in the direction opposite of the

arrow, then the spring 87 compresses against the annular flange 88 due to the fork

10
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lever 84 and housing 82 being raised relative to the mandrel 44. Raising the housing

82 also raises the slips 48 coupled thereto relative to the mandrel 44 in order to allow
the slips 48 to slide inwardly. Therefore, the swivel drive 85 operates as another
example of an actuator used to engage and disengage the slips 48.

Figure 3 illustrates a partial sectional view of the clamping head 16 shown in

 Figures 1 and 7. The clamping head 16 generally includes a clamping head carrier 90 -
upon which a housing 92 of the clamping head 16 is positioned for rotation therewith. A

bearing face 100 and a bearing 110 enable rotation of the housing 92 on the carrier 90.

The clamping head carrier 90 includes the two guides 26 which extend into the slots 24

in the opposed bails 20. Within the siots 24 in the bails 20 are positioned lifting
cylinders 112, one end of which are connected to the guides 26 and the second end of
which are grounded within the bails 20, to axially move the clamping head assembly 16

~ along the bails 20.

The clamping head housing 92 includes a plurality of hydraulic cylinders 94, 96,
preferably three (two are shown), disposed about and radially actuatable toward the
centerline of a tubular receipt bore 98 into which pipe, casing 18 and the like may be
selectively positioned. Hydraulic pistons 102, 104 disposed within the hydraulic

cylinder cavities 94, 96 move inward in a radial direction toward the axis of the casing

- 18 and clamp the casing 18 therein. In this manner, the hydraulic pistons 102, 104 are

hydraulically or pneumatically actuatable within the cylinders 94, 96 to engage or
release the casing 18 positioned in the receipt bore 98. Hydraulic or pneumatic
pressure may be transmitted to the cylinders 94, 96 using a rotary union (not shown) -
similar to the rotary union 74 of the spear 14. The upper end of the housing 92 of the
clamping head 16 includes a female splined portion 106 which mates with a male
splined portion of the cup shaped engagement member 38 (shown in Figure 1). The
engagement between the female splined portion 106 of the clémping head 16 and the
cup shaped engagement member 38 of the spear 14 allows torque transfer from the
spear 14 to the clamping housing 92 such that the clamping housing 92 that grips the
casing 18 rotates on top of the clamping head carrier 90 during rotation of the spear 14.

To begin a make up operation, the bails 20 are positioned as shown in Figure 1
by the bail swivel cylinders 30. The clamping head 16 is open, i.e.; the hydraulic
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pistons 102, 104 are retracted and the clamping head 16 is generally near its lowest

~position within the bails 20. With the clamping head 16 in the open position, the casing

18 can be fed from the rig’s v-door (not shown). Once the casing 18 is inserted into the-
clamping head 16, the pistons 102, 104 of the clamping head 16 are extended to

engage the casing 18. While not shown, the positioning o_f the casing 18 into the

clamping head 16 can be performed by positioners and the positioning thereof can be
monitored by means of sensors (mechanical, electrical or pneumatic sensors) NeXt |
the bail swivel cylinders 30 actuate to position the bails 20 and the casing 18 in vertical
ahgnment with the top drive 12 and the spear 14 as shown in Figure 6. Actuatlng the
lifting cylinders 112 raises the clamping head 16 and the casmg 18 until the splined
portion 106 of the clamping head 16 engages with the matlng splines of the
engagement member 38 as shown in Figure 7. To aid in the insertion, the Ieadlng ends
of the splines may be cut in a generally helical manner to affect the rotational allgnment
of the mating splines without the need for rotation of the spear 14, as shown in Figure
6A. The entire top drive 12 is then lowered downwardly until the pin end of the casing
18 is close to the box of the casing string fixed in the spider on the rig floor (not shown).
As the pin end of the casing 18 approaches the box of the casing string below, the top
drive 12 stops its downward travel and the clamping head 16 and the casing 18 is
lowered downward by actuating the lifting cylinders 112 while the drive shaft 32 of the
top drive‘12 rotates the spear 14, the clamping head 16 engaged with the spear 14,
and the casing 18 gripped by the clamping head 16. In this manner, the pin end of the

~casing 18 stabs into the box of the casing string. After stabbing, the top drive 12 makes

up the threaded connection to the necessary torque. To facilitate torque transmission,
the tubular contact surface of the pistons 102, 104 may include wickers, teeth, or
gripping members. During the make up operatiori, the lifting cylinders 112 move the-
clamping head 16 downwardly to compensate for the axial movement of the.casing 18
caused by the make-up of the threaded connection. - Thus, a preset force (pressure)
applied by the lifting cylinders 112 to the clamping head 16 protects the threads of the
connection from overloading. The pistons 102, 104 of the clamping head 16 release
the casing 18 after the connection is made up.

Thereatter, the spear 14 is actuated to push the slips 48 down and cause the
slips 48 to clamp the casing 18 from the inside. Once the spear 14 clamps the inside of .
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the casing 18, the top drive 12 carries the weight of the newly extended casing string
and lifts the casing string up relative to the spider (not shown), thereby releasing the
casing string from the spider. After the casing string is released from the spider, the top
drive 12 moves down and'drilling with the casing commences. During drilling, the slips
48 of the spear 14 continue to grip the inside of the casing 18 to support the load and
any torsional force from drilling as necessary.

In some drilling operations, it may be necessary to set the casing string under
pressure while drilling. To this end, the present invention provides one or more ways to
transfer pressure‘ from the top drive 12 to the casing 18. In one aspect,'the clamping
head 16 may be used to clamp the casing 18 and transfer a thrust/rotational load to the
casing drill string. Rotation Ibad is provided by the top drive 12 to the casing string due
to the spline engagement between the clamping head 16 and the cup shaped
engagement member 38 of the spear 14. From this configuration, the thrust load may
be supplied to the casing 18 either from the top drive 12 or the lifting cylinders 112. In
one embodiment, the top drive 12 supplies the thrust load, which is transferred to the
engagement member 38, to the clamping head 16, and then to the casing 18 clamped
therein. Alternatively, the thrust load may be supplied by the lifting cylindefs 112
pushing the clamping head 16 downward along the slots 24 in the bails 20.

In another embodiment still, the thrust load may be applied by placing a
separating force between male and female splined cups, as shown In figure 7A. In
Figure 7A, the upper cup includes a shoulder 201 and the bottom cup includes a
shoulder 205 with a plurality of pistons 206 attached thereto. The pistons 206 contract
or extend based on applied pressure in the cavity 204. As the pistons 206 are
extended, the thrust bearing 202 attached to the piston 206 comes into contact with a
lower surface of the shoulder 201. With increased pressure in cavity 204 the applied
force on the lower surface is increased. This load is transmitted through to the mandrel
44 and the casing 18 thereby holding the spear 14 in position.

. Although embodiments of the present invention disclose a hydraulic or fluid
operated spear, aspects of the present invention are equally applicable to a
mechanically operated spear. In this respect, the mechanical spear may be adapted
for use in compression without releasing the casing.
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In another embodiment, the spear may optionally include a valve for filling up
and circulating fluid in the casing. An exemplary valve is disclosed in U.S. Patent

Application Publication No.-2004/0000405, filed on June 26, 2002, which -application is
assigned to the same assignee of the present application. In one example, the valve

may include a valve body and a valve member disposed in the valve body. The valve

member is movable between an open and closed position and includes an aperture
therethrough. The valve further includes a pressure relief member disposed in the
aperture, whereby at a predetermined pressure, the pressure relief member will permit

fluid communication.

The spear of the present invention may be configured for specific utility to enable
the capture of casing of variable geometry and size, from large casing: used at the
beginning of drilling down to relatively small diameter casing, with a single set of slips,
which was not practical in the prior art. In particular, where the casing is used for
drilling, substantial weight must be suspended from the slips, such weight comprising
the accumulated effective weighi of several thousand feet of casing suspended in the:
borehole, less any buoyancy offset caused by the presence of drilling fluids in the
borehole. Where a single set of slips is used for casing of different specified diameters,
the slips have only a set area over which they may engage the casing, such that as the
casing becomes larger in diameter, and thus correspondingly heavier, the unit of mass
per unit area of slip increases significantly. In the prior art, this was compensated for
by mcreasmg the load of the slips on the casing, resulting in scarring of the casing
surface and/or plastic deformation or rupture of the casing. |

Figures 8A, 10A and 10C are perspective views of slips 48 having wickers 150
disposed thereon. The axial load is distributed among a plurality of wickers 150, each
of which includes a crest portion which is engageable -against the casing surface. The
crest portion includes a relatively sharp edge which is engageable through the scale or . .
rust typically found on the inner surface of the casing 18. In one aspect, the wickers
150 are configured, as shown in profile in Figures 8B, 9, 10B and 10D, to include crest |
portions located various heights. In this respect, where the load is less, fewer wicker
crest portions are engaged to carry the load. As the outward load.increases, more
wicker crest portions are recruited to support the load. Figure 9 shows a dashed arc

190 representing the potential variation in height of wickers 150 across the face of the
14
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slip 48. By having wickers 150 with crest portions at multiple heights from the face of
the slips 48, a spear 14 may be equipped with a single set of slips 48 to load and drill
with casing 18 of a variety of sizes without overloading or tearing into the

circumferential inner face of the casing 18.

Figure 8A optionally includes vertical wickers 152 of variable lengths and

~ heights. Generally, the wickers 152 are configured to include a crest portion positioned

exteriorly of, and spaced from, the outer surface of the slips 48. In the embodiment
shown in Figure 8A, the slip 48 includes two outer full length wickers 154 surrounding

three shorter Iength wickers 156, 158, 160 disposed therebetween. The wickers 156,

168, 160 in the center may have a height slightly greater than that of’the outer wickers
154. Depending on the applied load, the number of wickers 152 recruited for duty may
be varied. For example, only the center wickers 156, 158, 160 may be engaged for
smaller loads, while all the wickers 152 may be recruited for heavier loads. |

Referring now to Figures 10A-10D, there is shown a plurality of wickers 150
having variable height. As shown in Figures 10A and 10B, the height -of the outer
column of wickers 170 is slightly greater than the inner columns of wickers 180. In
Figures 10C and 10D, the inner columns of wickers 180 have a height slightly greater
than the outer columns of wickers 170. The arrangement of slips 48 within a single tool
may include the same wicker configuration for each slip 48 or may include slips 48
varying between two or more different wicker configurations. As an example, the tool
may include slips 48 having the configuration of either Figure 8A, 10A or 10C.
Alternatively, the tool may include slips 48 of Figure 10A and 10C. Still further, the tool
may include slips 48 of Figures 8A 10A and 10C, or any combination of these or other

designs.

Referring back to Figures 10A and 10C, while only two varying heights are
shown, more wickers 150 of variable heights are contemplated herein. As an example,
the first wicker may be of a height H, extending between the base of the wicker plate or
the base of the slip loading face, and terminating in a generally sharp edge. The
second wicker may be have a height on the order of 80% of H, the third wicker may
have a height on the order of 75% of H, etc. Thus, when the slips are biased against
the casing inner surface, the wicker of the first height H will engage the casing and
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penetrate the surface to secure the casing in place. If the casing begins to move

relative to the slips 48; the relative movement will cause the first wicker to penetrate |

deeper into the casing until the wickers of the second height engage against the inner
face of the casing t0 provide additional support. In this respect, capacity to retain the
casing may be increased without increasing the pressure on the casing. The wickers

will rapidly establish a stable engagement depth, after which further wicker engagement

is unlikely. Preferably, the wickers are distributed in height throughout the slip, both in
the individual striations, as well as the wickers on the wicker plate, to enable relatively
fast equilibrium of wicker application. As the nurhber of wickers increases, the
bollective wicker shear load is designed to stay below the load required to shear any
number of wickers that has penetrated the highest yield strength caéing. This is

“graphically represented in Figure 11.

- Referring again to Figure 8, the wickers 150,'152 on the wicker plates are
located intermediate individual sets of striations and generally perpendicular thereto,
and are generally evenly spaced circumferentially across the face of the slip 48 in the
gaps between adjacent sets of striations. The wickers 150, 152 may vary in height in
multiple positions as described above in reference to Figures 10A-10D. Preferably, the
tallest wickers are located toward, but not at the edge of the slip 48 as shown in figure
9, with correspondingly shorter wickers located circumferentially inwardly and outwardly
therefrom. As a result, whether the casing is smaller in diameter or larger in diameter
from the nominal design size, the same tallest wickers will engage the casing. '

In this manner, aspects of the present invention provide a spear with .increased
capacity to carry more casing weight with minimal or no damage to the casing or slips.
In one embodiment, the capacity may be increased without the use of hydraulics.
Because the wickers vary in height and quantity, they penetrate a variety of casing IDs
with the same applied load from the casing to the same debth. The wickers may
function with or without the presence of scale. In one aspect, the load required to
penetrate various grades of casing is designed to remain below the load to shear out
the casing by accounting for the actual penetration depth resulting from any épplied
load. It must be noted that aspects of the present invention may apply to any gripping
tool, mechanical or hydraulic, such as a spear, torque head, overshot, slip, tongs, or
other tool having wickers or teeth as is known to a person of ordinary skill in the art.
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In another aspect, Figure 12 illustrates a casing‘collar 120 that may be used with
embodiments described herein to provide a rigid exterior surface to the casing 18
op'posite the loading position of the slips 48 therein, thereby enabling higher loading of
the slips 48 against the interior of the casing 18 without the risk of deformation or
rupture of the.casing 18. In the embodiment shown, the casing collar 120 is positioned

~ about, and spaced from, the outer circumference of the envelope formed by the slips

48. In this position, the casing collar 120 extends along the outside of the casing 18 to
ah area that largely overlaps a contact area 122 of the slips 48 of the spear (not
shown). The collar 120 includes a first end 124, a second end 126 that preferably
extends to a position below the lowest terminus of the slips 48, a generally
circumferential inner surface having threaded portion 128 adjacent the first end 124,
and a recessed portion 138 adjacent the second end 126. Immediate to the second
end 126 of the casing collar 120 is an inwardly projecting flange 134 having a seal 136
disposed therein. A fill aperture 130 and a vent aperture 132 located on opposed sides
of the casing collar 120 provide communication with the recessed portion 138. The
apertures 130, 132 may be plugged with plugs (not shown).

To use the casing collar 120, the casing collar 120 is first slipped over a length of
casing 18 and a filler material is injected through the fill aperture 130 into the recess
138 that is bounded by the casing collar 120 and the casing 18 while the recess 138 is
vented out the vent aperture 132. The filler material is a fast setting, low viscosity fluid
such as an Alumilite urethane resin made by Alumilite Corp. in Kalamazoo, Michigan
that sets up In three minutes after mixing, pours like water, and withstands drilling
temperatures and pressures once cured. The filler material conforms to all casing -
abnormalities and transfers the load from the casing 18 to the bollar 120 to increase the
effective burst strength of the casing 18 when slips 48 are loaded against the inside of
the casing 18. The recess 138 may be undercut as shown or may be tapered, grooved,
knurled, etc. to aid in retaining the filler material. The filler material creates a
continuous bearing surface between the outer diameter (OD) of the casing 18 and the
collar 120 where there would otherwise be gaps caused by irregularities in the casing
OD and circularity. Further, the filler material does not pose a disposal hazard and
adds no components to the wellbore. The use of the collar 120 and filler material
allows for greater loading of the slips 48 within the casing 18, such as where thousands
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of feet of casing are suspended by the slips 48, by substantially reducing the risk of

_ rupture or plastic deformation of the casing 18. Thus, the collar 120 and filler material

enables drilling deeper into the earth with casing 18.

 As an alternative to the filler material, a mechanical wedge (not shown) may be
positioned intermediate of the collar 120 and the casing 18. In another embodiment, a

stabilizer (not shown) may be incorporated with the collar 120.

In another aspect, the present invention provides a method for drilling with
casing comprising positioning a collar about an exterior of the casing, the collar having
an inner circumferential recess formed therein; filling at least a portion of the recess
with a filler material; clamping a top drive adapter to the inside of the casing opposite
the recess of the collar; and rotating the top drive adépter and casing, thereby drilling

with the casing. ’

In another aspect, the present invention provides a gripping apparatus of use in
servicing a wellbore comprising a body having a contact surface for gripping a tubular;
a first engagement member having a first height disposed on the contact surface; and a
second engagement member having a second height disposed on the contact surface.
In one embodiment, a change in load supported by the first engaging member causes
the second engaging member to engage the tubular.,

The scope of the claims should not be limited by the preferred embodiments
set forth in the examples, but should be given the broadest interpretation consistent

with the description as a whole.
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CLAIMS

1. A tubular gripping member for use with a top drive to handle a,tubular,
comprising:

a body connectable to the top drive;

one or more slips coupled to the body, the one or more slips actuatable to
engage the tubular; and

a first engaging member disposed on the one or more slips, the first engaging
member having a first height extending from a face of the one or more slips; and

a second engaging member disposed on the one or more slips, the second
engaging member having a second height extending from the face,

wherein the body is rotatable by the top drive.

2. The tubular gripping member of claim 1, wherein a change in a Ioad-supported by

the first engaging member causes the second engaging member to engage the tubular.

3. The tubular gripping member of claims 1 or 2, wherein the tubular gripping
member is adapted to maintain engagement with the tubular while a compression force

is transmitted to the tubular.

4. The tubular gripping member of any one of claims 1 to 3, wherein thé body and
the one or more slips have mating surfaces such that relative axial movement between
the body and the one or more slips causes the one or more slips to move radially relative
to the body.

5. The tubular gripping member of any one of claims 1 to 4, wherein the first
engaging member is capable of supporting a first load, and the second engaging
member is adapted to engage the tubular when a second load acts on the tubular

gripping member, wherein the second load is greater than the first load.

6. The tubular gripping member of any one of claims 1 to 5, wherein the first

engaging member comprises a wicker.

7. A tubular gripping member for use with a top drive to handle a tubular,
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comprising:

a body connectable to the top drive;

one or more slips coupled to the body, the one or more slips actuatable to
engage the tubular; and

a first engaging member disposed on the one or more slips, the first engaging
member having a first height extending from a face of the one or more slips; and

a second engaging member disposed on the one or more slips, the second
engaging member having a second height extending from the face,

wherein the tubular gripping member is adapted to maintain engag:emen't with fhe
tubular while a compression force is transmitted to the tubular.

8. A tubular gripping member for use with a top drive to handle a tubular,
comprising: '

a body connectable to the top drive;

one or more slips coupled to the body, the one or more slips actuatable to
engage the tubular; and

a first engaging member disposed on the one or more slips, the first engaging
member having a first height extending from a face of the one or more slips; and

a second engaging member disposed on the one or more slips, the second
engaging member having a second height extending from the face,

wherein the first engaging member is capable of supporting a first load, and the
second engaging member is adapted to engage the tubular when a second load acts on
the tubular gripping member, wherein the second load is greater than the first load.

20
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