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(57) Abrégée/Abstract:
A coll tubing hanger includes a hanger body having a hanger base with a lower end for connection to a well tree, an upper end for
connection of a hanger cap and an internal cylindrical cavity for receliving an annular, externally actuated, pack-off element for
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(57) Abrege(suite)/Abstract(continued):

selectively providing a high-pressure fluid seal against the coll tubing. The hanger cap seals the cylindrical cavity and provides a slip
bowl. Slips recelved In the slip bowl suspend the coll tubing. An Injection nipple mounted to the slip bowl includes an injection
nipple port through which the coll tubing extends, and a surface pack-off provides a high pressure fluid seal around the coll tubing

above the slips, so that the pack-off element may be released from the coll tubing after the coll tubing Is landed and the surface
pack-off Is secured.
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ABSTRACT OF THE DISCLOSURE

A coil tubing hanger includes a hanger body having
a hanger base with a lower end for connection to a well
tree, an upper ead for connection of a hanger cap and an
internal c¢ylindrical cavity for recelving an annular,
externally actuated, pack-off element for selectively
providing a higa-pressure fluid seal against the coil
tubing. The hanger cap seals the cylindrical cavity and
provides a slip bowl. Slips received 1n the slip bowl
suspend the coil tubing. An injection nipple mounted to the
slip bowl includes an 1injection nipple port through which
the col1l tubing extends, and a surface pack-off provides a
high pressure fluid seal around the coil tubing above the
slips, s0O that the pack-off element may be released from
the coil tubing after the coil tubing is landed and the

surface pack-off 1s secured.
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COIL TUBING HANGER

AND METHOD OF USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This is the first application filed for the present

invention.

MICROFICHE APPENDIX

Not Applicable.

TECHNICAL F1ELD

The present invention relates generally to well
servicing equipment and methods, and 1n particular relates
to an arrangement for supporting and packing off a coil

tubing string within a well.

BACKGROUND OF THE INVENTION

The demand for well servicing equipment has 1ncreased

with the development of new techniques for stimulating

P

production of oil and gas from well bores, and for treating

production zones to 1improve extraction of hydrocarbons.
Methods of treating production zones are well known 1in the
art and typically involve continuously 1njecting small
amounts of additives (e.g. surfactants, solvents, corrosion
inhibitors, fluid system foamers, etc.) using specilal
tubing strings. Additives may be used to efface paraffin
build-up, to remove salt accumulations, to free gas from
water in the production 2zone, etc. Advantageously, coil
tubing of relatively small diameter, Kknown as “capillary
coil tubing” or ‘“spaghetti sting”, can be used for
injecting additives into live wells. The use of capillary

coil tubing permits downhole treatment fluids to Dbe
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delivered while the well 1s 1in production without impeding

flow within the casing or production coil tubing.

Various coil tubing hanger structures have Dbeen
designed to permit the insertion of a coil tubing string
into a live well. some prior art c¢oil tubing hangers
incorporate externally actuated pack-off elements.
Externally actuated pack-off elements seal against a coil
tubing when actuated. For example, an annular pack-off
element that i1s both hydraulically actuated by controlling
pressure 1n a pressure retaining pocket, and actuated by
mechanical force 1nduced by compression 1in the axial
direction, 1s taught 1in United States Patent 5,092,400 to
Jagert. The pack-off element 1s located below the slip
bowl permitting a coil tubing string to be run in under

live well conditions.

In most of the coil tubiling hangers that incorporate
externally actuated pack-off elements, the pack-off
elements are above the casing bowl. This arrangement
limits 1nsertion operations, and 1t 1s 1mpossible to land,
or remove the coil tubing without killing or plugging the

well.

It has been discovered that externally actuated pack-
off elements, when subjected to forces required to seal
around coil tubings for an extended period of time, tend to
bond to the tubing. This bonding destroys the pack-off
element, and frequently makes i1t very difficult to withdraw

the coil tubing from the well.

Consequently there remains a need for a coil tubing
hanger that can be used to suspend coill tubing in a well

with a natural pressure greater than one atmosphere, while
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permitting safe, long term use and easy withdrawal of the

tubing string even after an extended service life.

SUMMARY OF THE INVENTION

It is therefore an object of the 1nvention to provide

a method and apparatus for using an externally actuated

pack-off element to expedite 1insertion and removal of co1il

tunings 1n a live well.

In accordance with an aspect of the invention a coil

tubing hanger and pack-off assembly 1s provided that

includes both an externally actuated pack-off element below
a slip bowl, and a surface pack-off selectively mounted
above the slips, both of which providing a high pressure

fluid seal around the coll tubing. The surface pack-off

above the slip bowl permits the release of the externally
actuated pack-off element after the coil tubing 1s landed
and an injectior. nipple 1s mounted to the hanger. The
externally actuated pack-off element 1s used to seal off an
annular space around the coil tubing only after the coil
tubing has been inserted into the well, and landing of the
coil tubing into the coill tubing hanger 1s desired, or when

the coil tubing 1s being unseated from the coil tubing

hanger.

More specifically, there 1s provided a coil tubing
hanger for running a coil tubing 1nto or out of a 1live
well, comprising: a hanger body that houses an externally
actuated annular pack-off element used to selectively
provide a high pressure fluid seal 1n sealing engagement
with the coil tubing, and supports tubing slips above and
independently o©f the annular sealing element; and an
injection nipple mounted to the hanger body and enclosing

the slips, the injection nipple having an 1injection nipple
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port through which the coi1l tubing 1s run and a surface
pack-off receivec in the injection nipple port, the surface
pack-off providing a high pressure fluid seal around the
coil tubing to permit the annular pack-off element to be

released from sealing engagement with the coil tubing.

In accordance with another aspect of the 1invention,
there is providec. a method for running a coil tubing into a
live well, the method comprising: mounting a coil tubing
hanger body to a control stack of the well above a closed
valve 1in the control stack, the coi1il tubing hanger body

P

having an externally actuated annular pack-off element for

selectively providing a high pressure fluld seal around the
colil tubing below a slip bowl supported 1ndependently of
the sealing element; mounting a coll tubing lubricator to a
top end of the coil tubing hanger body; equalizing well
pressure between the coil tubing lubricator and the control
stack; opening the wvalve and 1njecting the coil tubing

through the coil tubing hanger and into the live well to a

desired depth; actuating the annular pack-off element to
seal around the c¢oil tubing within the coil tubing hanger;
releasing pressure 1n the lubricator and removing the
lubricator from the coill tubling hanger body; placing tubing
slips in the slip bowl and securing the tubing slips to the
coil tubing; mounting an 1njection nipple to the coil

tubing hanger bkody, the 1njection nipple providing a

surface pack-off around the coil tubing; and releasing the

pack-off element seal around the coil tubing.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present
invention will become apparent from the following detailed

description, taken 1n combination with the appended

drawings, 1n which:
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FIG. 1 1s a schematic cross-sectional diagram of an

embodiment of a coil tubing hanger 1n accordance with the

invention;

FIG. 2 1s an exploded view of an embodiment of a

surface pack-off for the coil tubing hanger shown in FIG.

1;

FIG. 3 18 a schematic diagram of a lubricator
connected to the coil tubing hanger body shown in FIG. 1,
the lubricator being used to run coilil tubing into a live

well or withdraw the coil tubling from the well.

It should be noted that throughout the appended

drawings, 1like features are 1dentified by 1like reference

numerals.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention provides a coll tubing hanger and pack-
off assembly that 1ncludes both an externally actuated
pack-off element located below an 1ndependently supported
slip bowl of the coil tubling hanger, and a surface pack-off

above the slips, both of which provide a high pressure

1)

fluid seal around the coil tubing. The surface pack-off
above the slip bowl permits the rele‘ase of the externally
actuated pack-off element after the coil tubing is landed
and an 1injection nipple 1s mounted to the hanger. The
externally actuated annular pack-off element may be used to
seal off an annular space around the coil tubing after the
coil tubing has been 1nserted 1nto the well to a
predetermined depth, and landing of the coil tubing 1into

the coil tubing hanger is desired, or when the coil tubing

is being removed from the well. Advantageously, the system

permits coil tubing of different diameters to be 1inserted
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into a live well, 1including capillary coil tubing. Since
the annular pack-off element can be released after the coil
tubing 1is landed, bonding between the annular pack-off

element and the coil tubing 1s avoided. Furthermore, the

surface seal 1s maintained by the surface pack-off using O-
ring seals, so there 1s no reliance on a hydraulically
pressurized seal. Safety and reliability are thereby

1mproved.

FIG. 1 schematically 1llustrates an embodiment of a
coll tubing hanger 10 1n accordance with the invention. The
coll tubing hanger 10 i1ncludes a hanger body 12, a set of

slips 14, and an 1njection nipple 16.

The hanger body 12 1includes a hanger base 13 with a
pin threaded bottom end 13 for connecting to a casing head,
or to a control stack above a casing head, for example.
Typically, the bottom end 20 of the coil tubing hanger 12
1s mounted to a control stack above at least one valve for
shutting off fluild communication between the well and the

coll tubing hanger 12.

While the 1llustrated bottom end 20 of the hanger base
13 includes a pin-threaded connector, 1t will be

appreciated by those skilled i1n the art that a box-threaded

connector, hammer union, stud pad, flange, or other
connector type c¢can also be used. The hanger body 12
further includes a hanger cap 22. The hanger cap 22 has an

axial passage 23 that 1s 1in fluid communication with an
internal passage 24 that extends downwardly from the axial

passage 23 through the hanger base 12.

An externally actuated annular pack-off element 26 1is
housed 1n a cylindrical cavity 25 1in the hanger base 13.

The annular pack-off element 26 can be hydraulically or
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pneumatically actuated to seal off around a coil tubing to
permit certailn operations during the coll tubing
installation, as will be explalned below 1n more detail

with reference to FIG. 3. The embodiment of the annular

pack-off element 26 1s externally actuated by contreclling a

fluid pressure via hydraulic port 28 1n the cylindrical

wall of the hanger base 13.

In order to prevent pressurized fluid from escaping

from the internal passage 24, an O-ring seal 30 1s provided

between threaded mating walls of the hanger body cap 22 and

hanger base 13. It will be appreciated by those gskilled
in the art that other arrangements for securely connecting
the hanger cap 22 and hanger base 13, while providing a
fluid-tight seal have been contemplated. A retailner
ring 32 that threadedly engages a box thread cut 1in a top
end of interior walls of the cylindrical cavity 25 retains
the pack-off element 26 1n the cylindrical cavity 25. O-
rings 31 and 33 at the top and bottom of the annular pack-
off element 26 provide a high pressure fluid seal to

prevent well pressure from escaping through the hydraulic

port 28.

The coil tubing hanger 12 uses a set of three tubing
slips 14, only two 1l4a, 1l4b of which are shown, to suspend
the coil tubing 1n a well. Slips 14 typilically have
contoured outer surfaces that mate with an i1nner surface of
the slip bowl 25 formed in a top of the hanger cap 22, such
that a wedging action 1induced by a weight borne by the
slips 14 tighten a grip of the slips 14 on the coil tubing.
The slips 1l4a,b have internal surfaces for bi-directionally

gripping the coil tubing. In the i1llustrated embodiment,

the slips 14 are connected to the coil tubing by set screws
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34, which are manually tightened using an appropriate Allen

key, or the like.

The hanger cap 22 1ncludes a pin thread 36 disposed
circumferentially around the slip bowl 25 for secure,
sealed, threaded coupling of an injector nipple 40. As
shown, the i1njector nipple 40 1s a hollow cylindrical piece
having an 1njection nipple port 42 1in a top end, and a
cylindrical wall defining an axial passage communicating
with the 1njector port 42. The bottom end of the

cylindrical wall includes a box thread that 1S

complementary with the pin thread 36 of the hanger cap 22.

The 1injector nipple port 42 1includes a box thread 44
for receiving a surface pack-off shown 1i1n FIG. 2. The
injector nipple 40 provides a sealed annular space around
the coil tubing when the coil tubing passes through the

injector nipple port 42 and the surface pack-off 1is

installed. A Dbleed port 46 1s ©provided to permit
equalization of pressure within the i1njector nipple 40 when

desired.

FIG. 2 schematically 1llustrates a surface pack-off 50
in accordance an embodiment of the i1nvention. The surface
pack-off 50 includes a first fitting 52 and a second
fitting 54, which cooperate to define a sealed axial
passage 55 through which the coi1l tubing passes. The
second fitting 54 secures high pressure fluid seals 56a-56c
in within a seal chamber 57 to provide a high pressure
fluid seal around the coil tubing. While there are various

options available for providing such a high pressure fluid

seal, seals 56a, 56b, 56c are O-rings. In this embodiment,
seals 56a and 56c are backup Teflon O-rings and seal 56Db
is a highly saturated nitrile (HSN) O-ring. The first

fitting 52 has a bottom pin thread 58 for connection to the
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box thread 44 of the 1injection nipple port 42 of the
injection nipple 40. It will be appreciated by those
skilled in the art that the first fitting 52 and the second
fitting 54 may be provided with axial passages 55 and a
seal chamber 57 of any diameter required for a
corresponding diameter of coil tubing, thus permitting the

coil tubing hanger 10 to be used with a range of different

diameters of coil tubing.

It should be understood that i1n other embodiments the
seal chamber may be provided directly within the 1njection
nipple port 42, 1n order to reduce a part count. However,
doing so restricts the injection nipple 40 to use wilith a

colil tubing of a given diameter.

As shown in FIG. 3, the coil tubing hanger 10 can be
used to 1insert a coil tubing 66 1nto a live well 80. The

hanger body 12 ies connected to any suitable port or adapter

on a control stack 90 of the live well 80 above a closed
flow control wvalve 92. A lubricator 65 1s connected
directly, or with an adapter, to the pin thread 36 of the
hanger body 12. After the lubricator 65 1s connected to the
hanger body 12, the coil tublng 66 1s 1nserted 1into the
lubricator 65 and the down through the hanger body 12 to

the closed valve 92. The lubricator 65 provides a requilred

seal to permit 1insertion of the coi1l tubing 66 under well

pressure conditicns.

A high pressure line 94 1s then connected to a port on
the control stack below the closed valve 92 and a port on
the lubricator 65 and well pressure 1s balanced across the
closed wvalve 92 1in a manner well known 1n the art. The
valve 92 1s then opened and a coil tubing 1njector (not
shown) 1s operated to injected a desired length of coil

tubing into the well. After the coil tubing 66 1s 1njected
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to a desired depth 1n the 1live well, the pack-off
element 26 is actuated by i1ntroducing pneumatilic or

hydraulic fluid through port 28, as described above, to

seal off around the coil tubing 66. Pressure 1s then bled

from the lubricator 65 and the lubricator 65 1s removed.
The slips 14 are seated within the slip bowl 25 and secured
about the coil tubing 66 as described above. The coil
tubing is then threaded through the 1njection nipple port
42 of the injection nipple 40, and the i1injection nipple 40
is connected to hanger body 12. The first fitting 53 and
the second fitting 54 of the surface pack-off are then
installed in the injection nipple port 42 to provide a high
pressure fluid seal to prevent well fluids from escaping to
atmosphere. Pressure 1s then ©preferably balanced by
connecting the high pressure line 94 between the bleed port
46 (FIG.1l) and the port on the control stack, as explained
above. After the pressure 1s balanced, hydraulic pressure

on the pack-off element 26 1s released.

The coil tubing hanger 10 can be used to suspend any
colil tubing, including a capillary coil tubing frequently

referred to as a "spaghetti string" within a live well.

Since the annular pack-off element 26 1s always released
prior to long term service in the well, removal of the coil
tubing from the well does not pose a problem because there

is no possibility of developing a bond between the coil

tubing and the annular pack-off element 26. Furthermore,
because the surface pack-off 1is provided by the O-ring
seals 56a-56c, there i1s no reliance on a seal that could
de-pressurize over time and faill. Safety and reliabilility

are therefore significantly enhanced.

The embodiments of the invention described above are

intended to be exemplary only. The scope of the 1nvention
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is therefore intended to be limited solely by the scope of

the appended claims.
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I/WE CLAIM:
1. A coil tubing hanger for running a coil tubing into

or out of a live well, comprising:

a hanger body that houses an externally actuated
annular pack-off element used to selectively
provide a high pressure fluid seal 1in sealing
engagement with the coil tubing, and supports
tubing slips above and 1ndependently of the

annular sealing element; and

an 1njection nipple mounted to the hanger body and
enclosing the slips, the 1njection nipple having
an injection nipple port through which the coil
tubing 1s run and a surface pack-off received in
the 1n-ection nipple port, the surface pack-off
providing a high pressure flulid seal around the
coil tubing to permit the annular pack-off
element to be released from sealing engagement

with the coil tubing.

2. The coil tubing hanger as claimed 1n claim 1 wherein
the hanger body comprises a hanger base having a
bottom end that connects to a well tree of the live
well and a sidewall that extends upwardly from the
bottom end and defines a cylindrical cavity for

housing the annular pack-off element.

3. The coil tubing hanger as claimed 1n claim 2 wherein
the hanger body further comprises a hanger cap having
a depending bottom sidewall that threadedly connects

to the sidewall cof the hanger base, a slip bowl in a

top end thereof and an axial fluid passage that
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communicates with the slip bowl and the cylindrical

cavity 1n the hanger base.

4, The coi1l tubling hanger as claimed in claim 3 wherein
the 1injection nipple threadedly connects to a pin

thread on an outer wall of a top end of the hanger

cap.

5. The coi1l tubing hanger as claimed in claim 4 wherein
the 1injection nipple further comprises a bleed port
for releas:ng or equalizing well pressure above the

tubing sliprs in the injection nipple.

6 . The coil tubing hanger as claimed in claim 1 wherein

the surface pack-off comprises first and second

fittings.

7. The coil tubing hanger as claimed in claim 6 wherein
the first fitting 1is threadedly connected to the
injection nipple and has an axial passage through
which the «c¢oill tubing passes, the axial passage
including a seal chamber for receiving at least one

high pressure fluid seal that seals around the coil

tubing to permit the annular pack-off element to be

released from sealing engagement with the coil

tubing.

8 . The coil tubing hanger as claimed in claim 7 wherein
the second fitting 1s threadedly connected to the
first fitting, and the second fitting has an axial
passage through which the coil tubing passes and a
bottom end that closes a top of the seal chamber to

retain the at least one fluid seal 1in the seal

chamber.
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9. The coi1l tubing hanger as claimed in claim 7 wherein
the at least one high pressure fiuid seal comprises

at least one O-ring.

10. A coil tubing hanger, comprising:

a hanger body base having a bottom end for connection
to a well tree of a well, an upper end for
connectlion of a hanger body cap, and an internal
cavity for receiving an annular, exXternally
actuated, annular pack-off element for
selectively providing a high-pressure fluid seal

around the coil tubing;

tubing slips for suspending the coil tubing received
in a slip bowl formed in a top end of the hanger

body cap;

an injection nipple mounted to the hanger body cap

and 1including an 1injection nipple port through

which the coil tubing passes; and

a surface pack-off providing a high pressure fluid
seal around the coil tubing above the tubing
slips, so that the pack-o0off element may be
released after the coil tubing is landed and the
surface pack-off 1is secured to provide the high

pressure fluid seal above the tubing slips.

11. The coil tubing hanger as claimed 1n claim 10 further
comprising a retainer ring received 1in the internal
cavity above the annular pack-off element for
securing the annular pack-off element i1n a bottom of

the internal passage.
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12. The coi1il tubing hanger as claimed in claim 10 wherein

the surface pack-off 1s threadedly connected to the

injection nipple port.

13. The coi1il tubing hanger as claimed in claim 10 wherein
the hanger body cap supports the connection of a

lubricator used to run the coil tubing into or out of

the well.

14 . A coill tubing hanger and pack-off assembly as claimed
in c¢laim 10 further comprising a bleed port for
selectively depressurizing an annular space around
the coil tubing, the bleed port being located above

the annular pack-off element and below the surface

pack-off.

15. A coll tubing hanger and pack-off assembly as claimed

in c¢laim 14 wherein the 1injection nipple further

comprises:

a 'cylindrical wall defining an axial passage
communicating with the surface pack-off at a top
end thereof, and threadedly connected at the
bottom end to the hanger body cap; and

the bleed port that extends radially through the

cylindrical wall.

16. A coil tubing hanger and pack-off assembly as claimed

in claim 10 wherein the surface pack-off comprises:

one of a plurality of first fittings respectively
adapted to pack-off a predetermined diameter of
the coil tubing, each of the first fittings
including an axial passage for receiving a

predetermined diameter of the coil tubing and a
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seal chamber for receiving and supporting a high
pressure fluid seal for providing the surface

pack-off; and

one of a plurality of second fittings respectively
paired with the plurality of first fittings and
having a central passage dimensioned to receive
the predetermined diameter of c¢oil tubing, the
second fittings comprising a pin thread for
engagilng a box thread 1in a top of the axial
passage through the first fittings and a bottom
end below the pin thread for closing a top of the

seal chamber to retain the high pressure fluid

seal 1n the seal chamber.

17. A method for running a coil tubing into a live well,

the method comprising:

mounting a coil tubing hanger body to a control stack
of the well above a closed valve 1n the control

stack, the coi1il tubing hanger body having an

externally actuated annular pack-off element for
selectively providing a high pressure fluid seal
around the coil tubing below a slip Dbowl

supported independently of the sealing element;

mounting a coil tubing lubricator to a top end of the

coll tubing hanger body;

equalizing well pressure between the coil tubing

lubricator and the control stack;

opening the wvalve and 1njecting the coil tubing
through the c¢oi1il tubing hanger and into the live

well to a desired depth;

actuating the annular pack-off element to seal around

the coil tubing within the coill tubing hanger;
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releasing pressure in the lubricator and removing the

lubricator from the coil tubing hanger body;

placing tubing slips 1n the slip bowl and securing

the tubing slips to the coil tubing;

mounting an 1injection nipple to the coil tubing
hanger body, the 1njection nipple providing a

surface pack-off around the coil tubing; and

releasing the pack-off element seal around the coil

tubing.

18. The method as claimed in claim 17 further comprising
balancing well pressure between the control stack and
the injection nipple by connecting a high pressure
line between a port on the control stack and a bleed

port on the injection nipple prior to releasing the

pack-off element seal around the coil tubing.

19. The method as claimed in claim 17 wherein actuating
the annular pack-off element comprises connecting an
hydraulic line to an hydraulic port on a side of the
hanger body and pumping hydraulic fluid 1nto the
hanger body until a predetermined fluid pressure 1s

achieved.

20. The method as claimed in claim 17 whereln securing
the tubing slips comprises manually tensloning set

screws to secure the tubing slips to the coil tubing.
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