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An apparatus for supporting a rotatable tubing string in a well and for tensioning the tubing string includes a tubing head (12) and
Inner mandrel (34) positioned at least partially within the tubing head and supporting the tubing string. A bushing (32) Is supported
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(57) Abrege(suite)/Abstract(continued):

on the tubing head and engages the inner mandrel, such that the bushing and the inner mandrel rotate together. A tubing rotator
(16) Is provided for rotating the bushing, with a tubing rotator having a rotator mandrel connected to the bushing. A plurality of

circumferentially spaced J-lock mechanisms (56) between the bushing and the inner mandrel are provided for tensioning the
tubing string.
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ABSTRACT

An apparatus for supporting a rotatable tubing string in a well and for
tensioning the tubing string includes a tubing head (12) and inner mandrel (34)
positioned at least partially within the tubing head and supporting the tubing .
string. A bushing (32) is supported on the tubing head and engages the inner
mandrel, such that the bushing and the inner mandrel rotate together. A tubing
rotator (16) is provided for rotating the bushing, with a tubing rotator having a
rotator mandrel connected to the bushing. A plurality of circumferentially spaced

J-lock mechanisms (56) between the bushing and the inner mandrel are

provided for tensioning the tubing string.
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TUBING STRING HANGER AND TENSIONER ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to devices for rotatably hanging a tubing
string in a well, and more particularly relates to a tubing hanger with a
mechanism for reliably tensioning the tubing string. The tubing hanger tensions

the tubing string, and the rotator which rotates the tubing string may be removed

while the hanger remains in place.

BACKGROUND OF THE INVENTION

Various types of tubing hangers have been devised for hanging a tubing
string in a well. Some tubing hangers are also intended to tension a tubing
string, although such tubing hanger designs are frequently limited for use with a
specific type of tubing anchori If the tubing rotator must be pulled from the well

for replacement or repair, a majority of devices also require the tubing string to

be pulled from the well.

U.S. Patent 5,139,090 discloses a tubing rotator with a downhole tubing

swivel and a J-lock mechanism for locking and unlocking the swivel. U.S. Patent
6,543,533 discloses a casing hanger supported on a casing head. U.S. Patent
6,834,717 discloses various designs for a tubing rotator, including designs
wherein the tubing hanger is supported from the tubing head.

The disadvantages of the prior art are overcome by the present invention,

and an improved apparatus for supporting a rotatable tubing string in a well and

for tensioning the tubing string are hereinafter disclosed.

_1 -
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SUMMARY OF THE INVENTION

In one embodiment, an assembly for supporting a rotatable tubing string

In a well and for tensioning the tubing string includes a tubing head having at

O least one side port therein, an inner mandrel positioned at least partially within

the tubing head and supporting the tubing string, and a bushing supported on the

tubing head and engaging the inner mandrel, with the bushing and inner mandrel

being rotatable together relative to the tubing head. The assembly includes a

tubing rotator for rotating the bushing, with the tubing rotator having a rotatable

10 mandrel rotatably connected to the bushing. The tubing rotator is removable

from the bushing and the tubing head while the bushing supports the tubing

string. Circumferentially spaced J-lock mechanisms are provided between the
bushing and the inner mandrel for tensioning the tubing string.

These and further features and advantages of the present invention will

15 become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side view, partially a cross-section, of an assembly for
rotatably supporting a tubular string in the well for both rotating and tensioning
the tubing string.

Figure 2 is a cross-sectional view of the components supported on the
tubing head.

Figure 3 is a top view on the apparatus showing Figure 2.

Figure 4 is a side view of the inner mandrel, showing the J-lock slots.

Figure 5 is a top view of a suitable locking fitting.

Figure 6 is an isometric view of a hanger with a locking fitting.

Figure 7 is an isometric view of a J-mechanism latching tool.

Figure 8 is an isometric view of a clamping device for holding the tubing in

tension.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 depicts one embodiment of assembly 10 according to the present

invention for tensioning a tubing string and for rotating the tensioned tubing
O string. Assembly 10 includes a tubing head 12 for receiving a mandrel 34 which
Is threadably connected to the tubing string. Wellhead 12 includes at least one,
and more commonly two, side ports 14 for discharging fluid from the annulus
between mandrel 34 and an outer tubular (not shown) fluidly sealed to the tubing
head 12. Tubing head 12 supports an outer head mandrel 30 resting on the
10 tapered shoulder 31 of the tubing head 12, and also a middle mandrel or bushing
32 discussed subsequently. Threads 38 provided at the upper end of the
mandrel 34 may be used for tensioning the tubing string, as explained
subsequently. One or more lockdown screws 26 of a conventional design may
be used to secure the outer mandrel 30 within the tubing head 12 and prevent

15 upward movement of the mandrel 30 in response to high fluid pressure.

Figure 1 also generally depicts a tubing rotator 16 positioned on lower
flange 18, which in turn is connected by bolts to the tubing head. A top flange
member 20 includes a lower flange 22 for engagement with the top of the rotator
16, and upper flange 24 for connection to selected components above the tubing

20 rotator, such as tubing tensioning equipment. The tubing rotator 16 may be
functionally similar to the rotator shown in Figure 13 of U.S. Patent 6,834.717.

As explained further below, the assembly as shown in Figure 1 allows the

tubing string to be tensioned before being rotated, with the tubing rotator then
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rotating the tensioned tubing string. The reverse operation can be used to
release tension from the tubing string and thereby disengage the downhole
anchor. -

There are many applications where it is highly desirable to tension a
tubing string, while still being able to rotate the tubing string in the well. In an
exemplary application, the tubing string may be subject to a maximum load of
40,000 pounds, with 35,000 pounds remaining as the hanging load once the
hanger is set in the tubing head. In some applications, the hanging load may be
less than 35,000 pounds, and in other applications the hanging load may be
greater than 35,000 pounds.

Referring more particularly to Figure 2, the assembly includes a non-

rotatable outer head mandrel 30 supported on the tubing head, and a bushing 32

‘and an inner mandrel 34 each indirectly supported on a tubing head. The

bushing and the inner mandrel are rotatable together relative to the tubing head
due to the J-lock mechanism discussed subsequently. Thrust bearing 36 is
provided to facilitate rotation of the bushing. The inner mandrel 34 travels axially
iInside the bushing, allowing the setup of the tubing anchor and the subsequent
stretching of the tubing string and final connection to the bushing, thereby
transmitting the hanging load. The bushing is axially fixed relative to the tubing
head 12 and transmits rotation to the tubing string, while the inner mandre! 34 is
threaded directly to the tubing string and can travel axially a limited distance, as

explained subsequently, relative to the bushing.
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Figures 1, 2 and 3 illustrate the connection between the lower end of
rotator sleeve 82 and the upper end of bushing 32, which is rotatably connected
to the inner mandrel 34. More particularly, the upper end 42 of the bushing 32
as shown in Figures 2 and 3 has a hexagonal inner surface, and a mating
hexagonal outer surface on the tubing rotator sleeve fits within the upper end of
the bushing. Those skilled in the art appreciate that other configurations of non-
cylindrical surfaces may be used for rotatably connecting these components,
while allowing the rotator 16 including the rotator sleeve 82 to be lifted vertically
to disengage from the tubing head 12. Figure 3 shows the hexagonal surface 43
on the bushing 32 which transmits torque from the rotator 16 to the bushing 32
and then to the inner mandrel 34.

The bushing and the inner mandrel are rotationally and axially connectead
by six circumferentially spaced J-lock connections 45. The pins 44 for the J-
connections 45 are secured to the bushing 32 which is temporarily hela
stationary, while the six corresponding J-slots 56 as shown in Figure 4 are
machined on the outside of the inner mandrel. The pins 44 may be threaded to
the bushing 32, or may otherwise be secured to the bushing. Set screws 46 lock
each of the pins 44 in place. One or more set screws 57 rotate within an annular
slot within the bushing and thus axially connect the bushing to the outer mandrel,

and thus retain the bushing within the outer mandrel 32 if an upward force Is

applied to the bushing.

The J-lock mechanisms 45 as disclosed herein have significant

advantages over other mechanisms commonly used for connecting components.
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Threads may be used to stretch a tubing string, but the tubing anchoring and
landing operations may require rotating the string to the left or right for anchor
release, which is difficult to ensure downhole due to the long stretch of tubing
from the surface to the anchor. The present invention may use the J-lock
mechanism at the surface, and a controlled amount of rotation may be used to
reliably move the pins through the J-slots.

As disclosed herein, the J-lock pins 44 extend radially inward from and
are fixed to the bushing 32, and the corresponding J-slots 56 are provided in the
inner mandrel 34. By providing J-slots in the inner mandrel, a larger inner
mandrel OD may be utilized compared to the alternative of securing the pins to
the inner mandrel and providing J-slots in the bushing. If the pins are provided
on the inner mandrel, the resultant thickness of the inner mandrel may not be
sufficient to hold the pins stable when loaded. Also, the J-slot mechanism may
be provided above the annulus sealed area, in which case the pin could extend
through the radial thickness of the bushing.

With respect to the J-lock mechanism, the term “pin” as used herein
iIntended to cover not only elongate generally cylindrical pins which commonly fit
within slots, but other structurally similar devices which do not have a generally
cylindrical configuration and may be termed “fins.” Also, the pins or fins may be
spring biased so that they move radially to extend into a slot when properly
aligned. To release the tubing anchor, the tool may be inserted to retract the

pins out of the slots. In other embodiments, the configuration of a slot may be
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other than a J, and similar pin-slot mechanisms may be termed E-slots, F-slots,
G-slots, M-slots, or W-slots.

In yet another embodiment, as shown in Figure 8, a clamping device 90
may be closed over the inner mandrel 34 after tensioning the tubing. The two-
piece clamping device 90 is seated on the bearing 32 transferring the hanging
load to the outer mandrel 30. More particularly, the clamping device may be in
the form of a bushing with two similar semi-sleeve shaped members closing over
the inner mandrel and secured in the closed position by conventional bolts. Pins
may be oriented to allow for a reliable clamping action. Seals may be added,
and locking features utilized to keep the bearing inside the outer mandrel.

Figure 5 is a top view of a suitable locking fitting 62 to temporarily prohibit
rotation of bushing 32 during manipulation of the J-lock mechanism. Referring to
Figures 5 and 6, the rotator 16 and flange 18 may be removed, and the locking
fitting 62 with a pair of radially inward projecting tabs 64 each fitted within a
respective recess 66 in the bushing upper sleeve section 42. Central aperture
68 Is provided for receiving a suitable bolt 70 for connecting the locking fitting to
the outer head mandrel 30. A particular feature of the invention is that a locking
fitting is positioned from above the hanger to serve its locking purpose. Access
to the upper surfaces of the hanger will be available when the rotator is removed.
A pup joint may then be threaded to threads 38 at the top of mandrel 34 to rotate

and axially move the inner mandrel relates to the bushing during manipulation of

the J-lock mechanism.
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Figure 7 depicts a suitable tool 80 to aid in component manipulation when
latching the J-lock mechanisms 45 particularly when rotating the inner mandrel
34 and the tubing string is not desired. Again, the rotator 16 and flange 18 have
been rémoved. C-ring member 82 includes a plurality of pins 84 each welded or

otherwise affixed to the interior of the C-ring. These pins each fit within a

respective gravity 66 as shown in Figure 6, thereby rotatably connecting the C-
ring to the bushing. A pair of bolts 86 extend axially through the C-ring 82 and
replace the bolts 70 to secure the C-ring to the bushing. A pair of handles 88
extends from the C-ring and are used to rotate the bushing relative to the tubing
string. Manipulation of the J-lock mechanism 45 may thus be achieved without
rotating the tubing string.

Using the surface equipment disclosed herein, the tubing string may be
manipulated by rotation, axial pull, or set-down weight, to set an anchor at the
lower end of the tubing string. With the tubing rotator 16 and flange 18 rerhoved,
a conventional pup joint may be threaded to engage the threads 38 on the inner
mandrel '34, and the tubing string then tensioned using conventional surface
equipment until a desired over-tension is reached in the string, so that the partial
release of tension during the process of rotating the bushing 32 relative to the
mandrel 34 and then set down weight may be used to engage the pins in the
respective “short stroke” portion of the J-lock 56, as shown in Figure 6. A
substantial amount of tension may thus be obtained, and the J-lock mechanism
locks that tension in the tubing string. Once tensioned at the desired level, the

flange 18 and rotator 16 may be installed, and the rotator 16 activated to rotate
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the tensioned tubing string. When locking and unlocking the J-lock mechanisms,
the locking fitting 62 fixes rotation of the bushing, allowing the inner mandrel 34
to slide to its final locked position. In another embodiment, the rotator 16 and
flange 20 may remain in place on the tubing head, and the bore of the rotator
may be sufficiently large to receive the pup joint that threads for engagement
with thread 38. A pup joint may not be passed though the rotator to thread with
mandrel 34 and thereby tension the tubing string.

It should be apparent that the present invention allows for tubing
tensioning after the tubing string is anchored, and the tensioned tubing then
rotated by a tubing rotator. In a reverse operation, tension may be released to
remove the anchor. By supporting the hanger on the tubing head rather than the
rotator, the rotator may be replaced without pulling the tubing string. The present
iInvention also allows full access to the tubing string, and allows the tubing string
to be set with various types of anchors which requires push/pull or rotational
operations of the tubing string.

Although specific embodiments of the invention have been described
herein In some detail, this has been done solely for the purposes of explaining
the various aspects of the invention, and is not intended to limit the scope of the
iInvention as defined in the claims which follow. Those skilled in the art will
understand that the embodiment shown and described is exemplary, and various

other substitutions, alterations and modifications, including but not limited to

those design alternatives specifically discussed herein, may be made in the

practice of the invention without departing from its scope.

- 10 -
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WHAT IS CLAIMED IS:

1. An apparatus for supporting a rotatable tubing string in a well and
tensioning the tubing string, comprising:
5 a tubing head positioned at the surface of the well, the tubing head having

at least one side port therein;

iInner mandrel positioned at least partially with the tubing head and
supporting the tubing string;
a bushing supported on the tubing head and engaging the mandrel, the
10 bushing and the inner mandrel being rotatable together relative to the tubing
head;
a tubing rotator for rotating the bushing, the tubing rotator having a rotator
mandrel rotatably connected to the bushing, and the tubing rotator being
removable from the bushing and the tubing head while the bushing supports the

15 tubing string; and

plurality of circumferentially spaced pin-slot mechanisms acting between

the bushing and the inner mandrel for maintaining tension in the tubing string.

2. An apparatus as defined in Claim 1, further comprising:
20 a plurality of set screws each locking a pin of a pin-slot mechanism to the
bushing.
3. An apparatus as defined in Claim 1, further comprising:

- 11 -
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a non-rotatable outer head mandrel supported on the tubing head,
the bushing supported on the outer head mandrel; and

a thrust bearing acting between the outer head mandrel and the bushing.

5 4 An apparatus as defined in Claim 3, wherein the pin-siot
mechanisms comprise:
a plurality of J-shaped slots within the inner mandrel; and

a plurality of J-pins secured to the outer head mandrel.

10 S. An apparatus as defined in Claim 3, further comprising;
a first seal acting between the tubing string and the bushing;
a second seal acting between the bushing and the outer head mandrel;

and

a third seal acting between the outer head mandrel and the inner mandrel.
15
6. An apparatus as defined in Claim 1, wherein the bushing is
rotatably connected to the tubing rotator mandrel by a non-cylindrical outer
surface on the rotator mandrel engaging an inner non-cylindrical surface on the
bushing.
20
7. An apparatus as defined in Claim 1, wherein the inner mandrel

iIncludes radially inner threads at its upper end for engaging with a tubular to

tension the tubing string.

- 192
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8. An apparatus as defined in Claim 1, wherein the plurality of
circumferentially spaced pin-slot mechanisms includes at least six

circumferentially spaced slots and corresponding pins.

5
9. An apparatus for supporting a rotatable tubing string in a well and
tensioning the tubing string, comprising:
a tubing head positioned at the surface of the well, the tubing head having
at least one side port therein;
10 Inner mandrel positioned at least partially with the tubing head and

supporting the tubing string;

a non-rotatable outer head mandrel supported on the tubing head;

a bushing supported on the outer head mandrel and engaging the
mandrei, the bushing and the inner mandrel being rotatable together relative to

15 the tubing head:;

a tubing rotator for rotating the bushing, the tubing rotator having a rotator
mandrel rotatably connected to the bushing, and the tubing rotator being
removable from the bushing and the tubing head while the bushing supports the
tubing string;

20 one or more tensioning mechanisms acting between the bushing and the

iInner mandrel for maintaining tension in the tubing string.

10.  An apparatus as defined in Claim 9, further comprising:

- 13 -
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a first seal acting between the tubing string and the bushing;
a second seal acting between the bushing and the outer head mandrel:
and

a third seal acting between the outer head mandrel and the inner mandrel.

1. An apparatus as defined in Claim 9, wherein the bushing is
rotatably connected to the tubing rotator mandrel by a non-cylindrical outer

surface on the rotator mandrel engaging an inner non-cylindrical surface on the

bushing.

12.  An apparatus as defined in Claim 9, wherein the inner mandrel

Includes radially inner threads at its upper end for engaging with a tubular to

tension the tubing string.

13. An apparatus as defined in Claim 9, wherein the one or more

tensioning mechanisms includes at least six circumferentially spaced slots and

corresponding pins.

14.  An apparatus as defined in Claim 9, wherein the one or more
tensioning mechanisms includes a clamp secured to the inner mandrel and

supported on the bushing.

15.  An apparatus as defined in Claim 9. further comprising:

- 14 -



10

15

20

CA 02707265 2010-06-10

a removable locking member for rotatably connecting to the bushing and

the outer head mandrel.

16.  An apparatus as defined in Claim 9, further comprising:

a thrust bearing acting between the outer head mandrel and the bushing.

17. A method of supporting a rotatable tubing string in a well and
tensioning the tubing string, comprising:

positioning a tubing head at the surface of the well, the tubing head
having at least one side port therein:

positioning an inner mandrel at least partially with the tubing head and
supporting the tubing string;

supporting a bushing supported on the tubing head while engaging the
Inner mandrel, the bushing and the inner mandrel being rotatable together

relative to the tubing head;

rotating the bushing with a tubing rotator having a rotator mandrel
rotatably connected to the bushing, and the tubing rotator being removable from

the bushing and the tubing head while the bushing supports the tubing string:

and

providing one or more tensioning mechanisms acting between the

bushing and the inner mandrel for maintaining tension in the tubing string.

18. A method as defined in Claim 17, further comprising:

- 15 -
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supporting a non-rotatable outer head mandrel on the tubing head;
supporting the bushing on the outer head mandrel; and
providing a plurality of thrust bearings acting between the outer heaa

mandrel and the bushing.

19. A method as defined in Claim 18, wherein providing the one or
more tensioning mechanisms comprise:
providing a plurality of J-shaped slots within the inner mandrel; and

providing a plurality of J-pins secured to the outer head mandrel.

20. A method as defined in Claim 17, further comprising;
providing a first seal acting between the tubing string and the bushing;
providing a second seal acting between the bushing and the outer head

mandrel: and

providing a third seal acting between the outer head mandrel and the

inher mandrel.

21. A method ad defined in Claim 17, wherein the bushing is rotatably
connected to the tubing rotator mandrel by a non-cylindrical outer surface on the

rotator mandrel engaging an inner non-cylindrical surface on the bushing.

_16 -
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