
WO 2009/0857801PCT/US2008/087046 SYSTEM AND METHOD FOR SNUBBING UNDER
PRESSURE CROSS REFERENCE TO RELATED APPLICATION [0001]This application claims
priority to U.S. Provisional Patent Application No. 61/015,574, entitled "System and Method for
Snubbing Under Pressure", filed on December 20, 2007, which is herein incorporated by reference in
its entirety. BACKGROUND [0002] This section is intended to introduce the reader to various aspects
of art that may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are to be read in this light, and not as
admissions of prior art. [0003] Natural resources, such as oil and gas, are used as fuel to power
vehicles, heat homes, and generate electricity, in addition to myriad other uses. Once a desired
resource is discovered below the surface of the earth, drilling and production systems are often
employed to access and extract the resource. These systems may be located onshore or offshore
depending on the location of a desired resource. Further, such systems generally include a wellhead
assembly through which the resource is extracted. These wellhead assemblies may include a wide
variety of components and/or conduits, such as casings, trees, manifolds, and the like, that facilitate
drilling and/or extraction operations. [0004] In some instances, well intervention, or any work involving
maintenance, modification, repair, or completion of the well, may be performed by first killing the well
and then removing pressure control equipment to enable pipes and/or tools to be lowered into the well.
Well kill involves adding heavy fluid to a wellbore, thereby preventing the flow of reservoir fluids from
the well. The heavy fluid provides enough pressure to overcome the pressure of the reservoir fluids
such that pressure control equipment may be removed from the wellhead assembly to enable
completion of the desired intervention. The heavy fluid introduced into the wellbore may impair the
resumption of fluid flow after the well intervention is completed. That is, to resume production after
killing the well, the heavy fluids must be removed from the wellbore. 



WO 2009/0857802PCT/US2008/087046 [0005] As an alternative to killing the well to enable
intervention work, a technique known as snubbing may be employed while the well is under pressure.
In snubbing, a plug is inserted into the well, for example, in the tubing spool. Pressure is thereby
isolated below the plug, and repairs or modifications may be made to well components above the plug.
When the well intervention is complete, the snubbing plug may be removed and well operations may
proceed as usual. BRIEF DESCRIPTION OF THE DRAWINGS [0006] Various features, aspects, and
advantages of the present invention will become better understood when the following detailed
description is read with reference to the accompanying figure, wherein: [0007] FIG. 1 is a block
diagram of a mineral extraction system in accordance with embodiments of the present invention;
[0008] FIG. 2 is a partial cross-section of well components that may be used in the mineral extraction
system illustrated in FIG. 1; [0009]FIGS. 3 and 4 are partial cross-sections of a snubbing plug that may
be used in the mineral extraction system illustrated in FIG. 1; and 



[0010] FIG. 5 is a partial cross-section of a component of the snubbing plug illustrated in FIGS. 3 and
4. DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS [0011] One or more specific
embodiments of the present invention will be described below. These described embodiments are only
exemplary of the present invention. Additionally, in an effort to provide a concise description of these
exemplary embodiments, all features of an actual implementation may not be described in the
specification. It should be appreciated that in the development of any such actual implementation, as
in any engineering or design project, numerous implementation-specific decisions must be made to
achieve the developers' specific goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, it should be appreciated
that such a development effort might be complex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture for those of ordinary skill having the benefit
of this disclosure.  WO 2009/0857803PCT/US2008/087046 [0012] When introducing elements of
various embodiments of the present invention, the articles "a," "an," "the," and "said" are intended to
mean that there are one or more of the elements. The terms "comprising," "including," and "having"
are intended to be inclusive and mean that there may be additional elements other than the listed
elements. Moreover, the use of "top," "bottom," "above," "below," and variations of these terms is
made for convenience, but does not require any particular orientation of the components. [0013] As
discussed further below, snubbing operations may be conducted while the well is under pressure.
There is generally a securing device which holds the snubbing plug in place during the course of well
intervention. After the well intervention is complete, the snubbing plug may be removed. However, due
to the difference in pressure above and below the plug, the plug and its associated tool and rod may
be rapidly ejected upon releasing the snubbing plug. Accordingly, in certain embodiment discussed
below, a pressure equilibration mechanism may be incorporated into the snubbing plug to equalize
pressure above and below the plug. By providing a fluid path through the snubbing plug, the pressure
equilibration mechanism may equalize pressure above and below the snubbing plug before the
snubbing plug is removed from the wellhead. [0014]FIG. 1 illustrates a mineral extraction system 10
equipped for snubbing operations in accordance with exemplary embodiments of the present
technique. The mineral extraction system 10 may be configured to extract minerals, such as oil and
gas, from a mineral deposit 12 beneath a surface 14. In various embodiments, the mineral deposit 12
may be located under the sea floor or under dry land. 



[0015] The illustrated mineral extraction system 10 includes a wellhead 16 having a casing spool 18, a
tubing spool 20, and a blowout preventer 22. The casing spool 18 houses a casing hanger 24 from
which a casing 26 is supported. Similarly, the tubing spool 20 has a tubing hanger 28 supporting a
production tubing 30. Multiple tubings may be disposed concentrically within the casing 26. The
production tubing 30 may be utilized to transfer minerals from the mineral deposit 12 to the wellhead
16. Other tubings and/or the casing 26 may be utilized to transport various production fluids to and
from the mineral deposit 12.  WO 2009/0857804PCT/US2008/087046 [0016]In order to enable well
intervention without killing the well, a snubbing plug 32 may be disposed above the tubing hanger 28.
The snubbing plug 32 may substantially seal the wellhead 16 during snubbing operations, while
equilibrating pressure above and below the snubbing plug 32 before the plug 32 is removed from the
wellhead 16. In the illustrated embodiment, the snubbing plug 32 is disposed below the blowout
preventer 22 such that any unexpected pressure release from the well may be contained by the
blowout preventer 22 so that minerals are not released into the environment. Additional blowout
preventers 22 may be installed above the snubbing plug 32 such that one or more blowout preventers
22 may be opened to enable running in and removal of the snubbing plug 32. [0017]FIG. 2 is a partial
cross-section of components of the well 16 illustrated in FIG. 1. An exemplary embodiment of the
snubbing plug 32 is illustrated disposed within a bore 34 in the tubing spool 20. The snubbing plug 32
may be seated in the tubing spool 20 and manipulated via a snubbing tool 36. The snubbing tool 36
may include a rod 38 connected to control equipment, such as a snubbing basket or lubricator (not
shown). The rod 38 is coupled to the snubbing plug 32 by a tool adapter 40, described in more detail
below. Tie-down screws 42 may energize and secure the snubbing plug 32 within the tubing spool 20.
That is, as well pressure below the snubbing plug 32 imparts an upward force on the plug 32, the
tie-down screws 42 hold the snubbing plug 32 within the tubing spool 20. [0018] Furthermore, one or
more blowout preventers 22 may be disposed above the snubbing plug 32 to ensure that minerals are
not ejected from the well 16 and to facilitate the insertion and removal of the snubbing plug 32. That is,
as the snubbing tool 36 lowers the snubbing plug 32 into the well 16, various blowout preventers 22
may be opened and closed to ensure that the well remains sealed. For example, a first blowout
preventer may be opened while the snubbing plug 32 passes therethrough and a second blowout
preventer remains closed. The first blowout preventer may then be closed and the second opened to
enable passage of the snubbing plug 32 therethrough. 



[0019] More features of the exemplary snubbing plug 32 are illustrated in FIGS. 3- 5. FIGS. 3 and 4
illustrate the snubbing plug 32 disposed within the bore 34 in the tubing spool 20. The snubbing plug
32 may generally include a body 44, a piston 46, a load ring 48, and hold-down rings 50 and 52. The
body 44 may include a plurality  WO 2009/0857805PCT/US2008/087046 of holes 54 running
therethrough along a longitudinal axis 56. The piston 46 and the load ring 48 may be coupled together
and disposed within a bore 58 in the body 44. The piston 46 and the load ring 48 operate as a valve 59
to seal and open the holes 54. That is, the piston 46 and coupled load ring 48 may move axially along
the axis 56, as indicated by an arrow 60, within the bore 58 such that the holes 54 are covered when
the valve 59 is in the closed position (FIG. 3) and uncovered when the valve 59 is in the open position
(FIG. 4). The hold-down rings 50 and 52 secure the piston 46 and the load ring 48 within the bore 58.
[0020]In addition, the snubbing plug 32 is secured within the tubing spool 20 by the tie-down screws
42 and a landing shoulder 62 in the bore 34. The bore 34 decreases in diameter to create the landing
shoulder 62, which may be flat (e.g., disc-shaped) or angled (e.g., conical), as in the illustrated
embodiment. A corresponding shoulder 64 on the snubbing plug 32 may also be flat (e.g.,
disc-shaped) or angled (e.g., conical). The landing shoulders 62 and 64 cooperate to stop the
snubbing plug 32 from advancing further into the tubing spool 20. [0021] After the snubbing plug 32 is
inserted into the tubing spool 20, the tie-down screws 42 may be tightened to protrude radially into the
bore 34. In an exemplary embodiment, a composite seal ring 66 is disposed around the body 44 such
that the tie-down screws 42 act on an energizing portion 67 to compress a seal portion 68. That is,
inward radial movement of the tie-down screws 42 exerts a downward axial force (i.e., along the arrow
60) on the energizing portion 67 of the composite ring 66, compressing the seal portion 68 as the
screws 42 advance into the bore 34. As the seal portion 68 is compressed axially (i.e., vertically along
the arrow 60), it expands radially/horizontally and forms a seal between the body 44 and the bore 34.
To enable compression, the energizing portion 67 may be composed of a rigid material while the seal
portion 68 is composed of an elastic material, such as rubber. The seal formed by the ring 66 blocks
pressure from escaping around the snubbing plug 32. 



[0022] Referring now to FIG. 3, the valve 59 is shown closed. That is, the piston 46 covers openings
70 to the holes 54. The hold-down ring 50 has one or more passages 72 therethrough which enable
fluid pressure to act upon the piston 46 from below the snubbing plug 32. A sealing ring 74 disposed
around the piston 46 is situated below the openings 70, thereby sealing the holes 54 from the fluid
pressure. [0023]Furthermore, the piston 46 is blocked from axial movement (i.e., vertically along the
arrow 60) while the snubbing plug 32 is sealed. One or more pins 76 protruding radially outward from
an outer surface 78 of the load ring 48 cooperate with one or more "L" slots 80 in an inner surface 82
of the body 44 to lock the valve 59 in the closed position. [0024] When snubbing operations are
complete, the valve 59 may be opened, as illustrated in FIG. 4, to enable equalization of the fluid
pressure above and below the snubbing plug 32. That is, higher-pressure fluid below the snubbing
plug 32 may flow through the holes 54 to the lower-pressure region above the plug 32, as indicated by
arrows 84. [0025] The "L" slots 80 enable the piston 46 to be raised without ejecting the snubbing tool
36 from the well. The load ring 48 and the piston 46 may be rotated around the axis 56 facilitated by a
bearing 86 disposed axially between the piston 46 and the load ring 48. During rotation, the pin 76
slides along a circumferential or horizontal portion 88 of the slot 80, as indicated by an arrow 90 in
FIG. 5. Upon reaching an axial or vertical portion 92 of the slot 80, the pin 76 moves axially up, as
indicated by an arrow 94 in FIG. 5. [0026] Multiple forces may act to bias the valve 59 open. Referring
again to FIG. 4, fluid pressure may exert an upward axial force on a bottom surface 96 of the piston
46. In addition, a spring 98 disposed between the piston 46 and the hold-down ring 50 biases the
piston 46 upward. The hold-down ring 52 may stop the upward axial movement (i.e., vertically along
the arrow 60) of the load ring 48 and the piston 46. 



[0027] Furthermore, the tool adapter 40 may absorb the axial movement of the load ring 48 and the
piston 46 so that the rod 38 does not move relative to the snubbing plug 32 or the well 16 (FIG. 2). For
example, the tool adapter 40 may include a body 100 housing a spring 102. A shaft 104 connects the
load ring 48 to a piston 106 within the adapter body 100. A pin 108 couples the piston 106 to the
adapter body 100 such that the piston 106 may move axially (i.e., vertically along the arrow 60) but not
rotationally (i.e., around the axis 56) relative to the body 100. WO 2009/0857807PCT/US2008/087046
When the valve 59 is closed (FIG. 3), the spring 102 is stretched in a state of tension. [0028] Upon
opening the valve 59 (FIG. 4), the spring 102 is compressed within the body 100. While the shaft 104
and coupled piston 106 move axially (i.e., vertically along the arrow 60) with the valve 59, the body
100 and the rod 38 attached thereto do not move axially with respect to the snubbing plug 32. In
addition, because the pin 108 blocks rotational movement of the shaft 104 relative to the body 100, the
shaft 104 may be rotated about the axis 56 by rotating the body 100 and/or the rod 38, thereby rotating
the load ring 48 and its pins 76 within the "L" slots 80, as described above. [0029] In summary, the
snubbing plug 32 may be installed into the tubing spool 20 via the snubbing tool 36. The plug 32 may
be seated on the landing shoulder 62 within the bore 34 of the tubing spool 20. After inserting the
snubbing plug 32 into the tubing spool 20, the tie-down screws may be advanced radially into the bore
34, thereby securing the snubbing plug 32. In the course of well intervention operations, the valve 59
in the snubbing plug 32 may remain closed, preventing the transfer of higher pressure from below the
plug 32 to a lower pressure region above the plug 32. [0030] When it is time to remove the snubbing
plug 32, the valve 59 is first opened to equilibrate the pressure above and below the plug 32. The
valve 59 may be opened by rotating the snubbing tool 36, which is coupled to the valve 59 in the
snubbing plug 32 via the tool adapter 40. The valve 59 includes the piston 46, the load ring 48, the
bearing 86, and the pins 76. Upon rotation of the valve 59, the pins 76 move circumferentially then
axially within the "L" slots 80 of the plug body 44. As the valve 59 moves axially upward (i.e., vertically
along the arrow 60), the opening 70 of the holes 54 through the body 44 are opened, thereby enabling
the pressure above and below the plug 32 to equilibrate. The tie-down screws 42 may then be backed
out of the bore 34, and the snubbing plug 32 may be removed from the tubing spool 20. 



[0031] While the invention may be susceptible to various modifications and alternative forms, specific
embodiments have been shown by way of example in the drawings and have been described in detail
herein. However, it should be   understood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the following appended
claims.   9 CLAIMS 1A snubbing plug, comprising: 



9 

 

CLAIMS 

1. A snubbing plug, comprising: 

a body, comprising: 

a central bore; and 

one or more holes in fluid communication with the central bore and with an 

exterior of the snubbing plug; and 

a valve disposed within the central bore and configured to open the one or 

more holes in an open position and close the one or more holes in a closed 

position, wherein the valve comprises a path of movement relative to the body, 

and the path of movement comprises a rotational path between the open and 

closed positions. 

2. The snubbing plug of claim 1, wherein the path of movement of the valve 

comprises an axial path. 

3. The snubbing plug of claim 2, comprising a pin movable along an L-

shaped slot configured to restrict movement of the valve along the path of 

movement relative to the body. 

4. The snubbing plug of claim 1, wherein the valve comprises a piston. 

5. The snubbing plug of claim 1, comprising a spring configured to bias the 

valve to the open position. 

6. The snubbing plug of claim 1, comprising a tapered ring adjacent a 

resilient ring around the body, wherein the tapered ring is configured to move 

axially in response to a radial force against a taper of the tapered ring to 

compress the resilient ring. 

a body, comprising: a central bore; and        one or more holes in fluid communication with the central
bore and with an exterior of the snubbing plug; and        a valve disposed within the central bore and
configured to open the one or more holes in an open position and close the one or more holes in a closed
position, wherein the valve comprises a path of movement relative to the body, and the path of movement
comprises a rotational path between the open and closed positions.  2. The snubbing plug of claim 1,
wherein the path of movement of the valve comprises an axial path.  3. The snubbing plug of claim 2,
comprising a pin movable along an L-shaped slot configured to restrict movement of the valve along the
path of movement relative to the body.  4. The snubbing plug of claim 1, wherein the valve comprises a
piston.  5. The snubbing plug of claim 1, comprising a spring configured to bias the valve to the open
position.  6. The snubbing plug of claim 1, comprising a tapered ring adjacent a resilient ring around the
body, wherein the tapered ring is configured to move axially in response to a radial force against a taper
of the tapered ring to compress the resilient ring. 



10 

 

7. A snubbing tool, comprising: an adapter configured to move a valve in a 

snubbing plug via rotation followed by axial movement or axial movement 

followed by rotation, wherein the adapter comprises an absorber configured to 

enable the axial movement of the snubbing plug relative to the adapter such that 

the snubbing tool does not move axially relative to the snubbing plug. 

8. The snubbing tool of claim 7, wherein the absorber comprises a spring 

configured to absorb the axial movement. 

9. A method, comprising: equalizing pressure in a first region above and a 

second region below a snubbing plug disposed within a well, wherein equalizing 

comprises opening a fluid pathway between the first region above the snubbing 

plug and the second region below the snubbing plug, and opening the fluid 

pathway comprises opening a valve within the snubbing plug by rotating a tool 

coupled to the valve. 

10. The method of claim 9, wherein opening the valve comprises rotating and 

axially moving the valve in sequence. 

11. The method of claim 10, wherein rotating and axially moving comprises 

moving a pin along an L-shaped path. 

12. The method of claim 9, wherein opening the valve comprises axially 

absorbing movement of the valve in a tool adapter coupled to the valve. 

13. The method of claim 8, wherein the pressure is equalized before the 

snubbing plug is removed from the well. 

14. The snubbing plug of claim 3, wherein the valve comprises the pin, and 

the body comprises the L-shaped slot. 

 

15. The method of claim 11, wherein the valve comprises the pin, and a body 

of the snubbing plug comprises an L-shaped slot defining the L-shaped path. 

10  7. A snubbing tool, comprising: an adapter configured to move a valve in a snubbing plug via rotation
followed by axial movement or axial movement followed by rotation, wherein the adapter comprises an
absorber configured to enable the axial movement of the snubbing plug relative to the adapter such that
the snubbing tool does not move axially relative to the snubbing plug.  8. The snubbing tool of claim 7,
wherein the absorber comprises a spring configured to absorb the axial movement.  9. A method,
comprising: equalizing pressure in a first region above and a second region below a snubbing plug
disposed within a well, wherein equalizing comprises opening a fluid pathway between the first region
above the snubbing plug and the second region below the snubbing plug, and opening the fluid pathway
comprises opening a valve within the snubbing plug by rotating a tool coupled to the valve.  10. The
method of claim 9, wherein opening the valve comprises rotating and axially moving the valve in
sequence.  11. The method of claim 10, wherein rotating and axially moving comprises moving a pin
along an L-shaped path.  12. The method of claim 9, wherein opening the valve comprises axially
absorbing movement of the valve in a tool adapter coupled to the valve.  13. The method of claim 8,
wherein the pressure is equalized before the snubbing plug is removed from the well. 
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16. The snubbing plug of claim 1, comprising a snubbing tool configured to 

open and close the valve. 

 

17. The snubbing tool of claim 7, wherein the snubbing plug is disposed in a 

tubular, the snubbing plug comprises a pressure equalization mechanism having 

the valve coupled to the body along an interface, wherein the interface comprises 

an L-shaped path that limits movement of the valve relative to the body. 

14. The snubbing plug of claim 3, wherein the valve comprises the pin, and the body comprises the
L-shaped slot.  15. The method of claim 11, wherein the valve comprises the pin, and a body of the
snubbing plug comprises an L-shaped slot defining the L-shaped path.  11  16. The snubbing plug of
claim 1, comprising a snubbing tool configured to open and close the valve.  17. The snubbing tool of
claim 7, wherein the snubbing plug is disposed in a tubular, the snubbing plug comprises a pressure
equalization mechanism having the valve coupled to the body along an interface, wherein the interface
comprises an L-shaped path that limits movement of the valve relative to the body. 


