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(57) Abréege(suite)/Abstract(continued):

ridge that protrudes into the elastomeric seal to inhibit the seal from being extruded away from the bore when the elastomeric
seal Is seated against the bit guide and the bore Is subjected to elevated fluid pressures. The advantage Is a high pressure fluid
seal that ensures packoff against a bit guide even If the bit guide Is worn but still serviceable. A further advantage i1s a more
secure seal that improves safety and enables the use of higher pressures during well stimulation.
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ABSTRACT OF THE DISCLOSURE

High pressure fluid seals for sealing against a
bit guide in wellhead and a method of using the seals are
described. The -high pressure flulid seals are primarily
intended for use with a blowout preventer protector. The
high pressure fluid seals are elastomeric material bonded
to an end of a mandrel for insertion 1nto the wellhead.
The end of the mandrel 1includes an annular ridge that
protrudes into the elastomeric seal to 1inhibit the seal
from being extruded away from the bore when the
elastomeric seal 1s seated against the bit guide and the
bore 1s subjected to elevated fluid pressures. The
advantage 1s a high pressure fluid seal that ensures
packoff against a bit guide even 1f the bit guilide 1s worn
but still serviceable. A further advantage 1is a more
secure seal that i1improves safety and enables the use of

higher pressures during well stimulation.
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HIGH PRESSURE FLUID SEAL
FOR SEALING AGAINST A BIT GUIDE IN A WELLHEAD

AND METHOD OF USING

FIELD OF THE INVENTION

This application relates to seals for use in
high pressure applications in corrosive environments such
as well bores and, 1in particular, to a high pressure

fluid seal for sealing against a bit guide 1in a well

bore.

BACKGROUND OF THE INVENTION

The servicing of o0l1l and gas wells to stimulate
production requires the pumpling of fluids under high
pressure. It has now been demonstrated that it 1is
advantageous to have full access, or substantially full
access, to a well casing during a well stimulation
treatment. Full acCess to the casing permits use of
downhole tools which are often required, or at least very
advantageously used, during a stimulation treatment. An
apparatus for providing full access to the casing while
permitting stimulation treatments at extreme pressures

that approach a burst pressure rating of the casing 1is
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described in applicant's United States Patent
No. 5,819,851 which 1ssued on October 13, 1998 and 1is
entitled BLOWOUT PREVENTER PROTECTOR FOR USE DURING HIGH
PRESSURE OIL/GAS WELL STIMULATION. The pétent describes
5 an apparatus for protecting blowout preventers during
well fracturing and/or stimulation treatments. The
apparatus includes a hollow spool that has spaced-apart
inner and outer sidewalls that define an annular cavity.
The mandrel 1is forcibly reciprocatable 1in the cavity.
10 The mandrel 1ncludes an annular seal at a bottom end for
sealingly engaging a bit guide attached to the top end of
the casing. The apparatus 1s mounted above a Dblowout
preventer (BOP) attached to a casing spool of the well
before well stimulation procedures are Dbegun. The
15 mandrel i1s stroke down through the BOP to protect it from
exposure to fluid pressure as well as abrasive and/or
corrosive well stimulation fluids, especially extreme
pressures and abrasive proppants. The BOP protector
provides a simple, easy to operate apparatus for
20 protecting BOPs which provides full access to the well
casing with well servicing tools to facilitate well
stimulation at pressures approaching the burst pressure

rating of the well casing.
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‘ The BOP protector has been readily accepted by
the industry and has proven to be an effective tool which
reduces the cost of well stimulation treatments while
enabling an ultimate choice 1n treatment options. Field
experience has shown that the bit guides of wused
wellheads tend to become deformed by small chips, dents
or scratches after a period of running in and out with
production tubing and/or downhole tools. Consequently,
the annular seal described 1in United States Patent
No. 5,819,851 sometimes permits pressure leakage under
high stimulation pressures.

There therefore exists a need for an improved
seal structure for sealing against a bit guide in a well
bore which ensures a leak-proof seal at elevated
stimulation pressures.

It 1s therefore an object of the invention to
provide an 1mproved high pressure fluid seal for sealing
against a bit guide in a wellhead.

It 1s a further object of the invention to
provide a high pressure fluid seal for sealing against a
bit guide in a wellhead which maintains an impervious

seal when exposed to very high stimulation pressures.
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SUMMARY OF THE INVENTION

The invention therefore provides a high
pressure fluid seal for sealing against a bit guide in a
wellhead, comprising 1n combination:

a mandrel adapted to be 1inserted into the
wellhead, the mandrel having an inner wall defining a
bore, an outer wall and an end for supporting an
elastomeric seal, the end 1including an annular ridge
which protrudes into the elastomeric seal to inhibit the
seal from being extruded away from the bore when the
elastomeric seal 1s seated against the bit guide and the
bore is subjected to elevated fluid pressures.

In accordance with a further aspect of the
invention, there 1s provided a method of performing a
well stimulation process, comprising the steps of:

mounting a packoff assembly to an end. of a
mandrel used to 1solate components of a wellhead mounted
to the well from elevated fluid pressures used during the
well stimulation process, the packoff assembly being
adapted to Dbe 1nserted 1into the wellhead with the
mandrel, the packoff assembly having an 1inner wall
defining a bore, an outer wall and an end for supporting

an elastomeric seal, the end including an annular ridge
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which protrudes into the elastomeric seal to inhibit the
seal from being extruded away from the bore when the
elastomeric seal 1s seated against the bit guide and the
bore is subjected to elevated fluid pressures;

inserting the mandrel 1into the wellhead and
seat.ing the elastomeric seal against the bit guide 1in
order to 1iscolate components of the wellhead form fluid
pressures required for the well stimulation process; and

performing the well stimulation process.

The high pressure fluid seals for sealing
against a bit guide in a wellhead 1in accordance with the
invention are formed on a lower end of a mandrel which is
inserted 1nto a wellhead. The lower end of the mandrel
includes at least one annular ridge that protrudes into
the elastomeric seal to ensure that the elastomeric seal
is not extruded away from the bore when the elastomeric
seal 1s seated against the bit guide. The annular ridge
provides an area of concentrated compressive force to
compress the elastomeric seal against the bit guide so
that an effective seal 1is achieved even when the bit
guide 1s worn but still serviceable.

In accordance with a first preferred embodiment

of the invention, the 1lower end of the mandrel 1is
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contoured to conform to the top surface of the bit guide
and the annular ridge 1is positioned adjacent an outer
wall of the mandrel end.

In accordance with a second preferred
embodiment, an 1nnher wall of a mandrel end extends
downwardly past the bit guide to protect a top end of the
césing from erosion by abrasives pumped 1into the well

bore during a stimulation process.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will now be explained by way of
example only and with reference to the following drawings
in which:

FIG. 1 1s a first embodiment 1n accordance with
the 1invention of a high pressure fluid seal for sealing
agalnst a bit guide i1n a well bore; and

FIG. 2 1s a cross—-sectional view of a second
embodiment 1n accordance with the invention of the high

pressure fluid seal for sealing against a bit guide in a

well bore.




U

15

2 ()

CA 02270001 2002-11-21

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The high pressure seals 1in accordance with the
invention are primarily intended for use wlth blowout
preventer protectors as descripbed 1n United States Patent
No. 5,819,851,

FIG. 1 shows a ocross-secticonal view of a high
pressure seal 10 1n accordance w:ith the first preferred
embodliment of the i1nventiocon. The seal 1s mounted to an
end of a mandrel 12 as described 1in applicant's above-
referenced United States patent. The mandrel 12 is for
insertion 1into a wellhead as described 1n detail in
applicant's United States patent. T'ne high pressure
seal 10 seats against a bit gulide 14 which protects a top
edge of a well casing 1o 1n a manner well known in the
arc. The bit guide 14 1s supported :nside a tubing
head 18, only a portion of which 1s shown 1n cCcross-
section. The construction of the tubing head ana the bit
guide are well understood n the art. 'The mandrel 12 1s
a bottom section ¢f a blowoub preventer protector
described 1n detail in applicant's United States Patent

No. 5,819,851. The mandrel 1. 18 referrec to as a

"packoff assembly" because 1t seals with a top surface 20

] R e L L TH LI 0] P TR PO Y S L BT L e T Ll bt

ST PR TR e ey



10

15

20

CA 02270001 1999-04-23

of the bit guide 14 to 1solate wellhead components from
stimulation flulids 1injected at high pressure into the
well bore. The high pressure fluid seal 10 is an
elastomeric material preferably made from a thermoplastic
material such as polyethylene or a rubber compound such
as nitryl rubber. The elastomeric material preferably
has a hardness of about 80 to about 100 durometer. As
used hereinafter, the terms "high pressure fluid seal™”
and "elastomeric seal” are synonymous. The elastomeric
material 1s bonded directly to the end 22 of the
mandrel 12. The end 22 of the mandrel 12 includes at
least one downwardly protruding annular ridge 24 which
provides an area of increased compression of the
elastomeric seal 10 in an area preferably adjacent an
outer wall ‘26 of the mandrel 12. The mandrel 12 also
includes an inner wall 28 which defines the bore through
which high pressure stimulation fluids are injected into
the well bore.

The annular ridge 24 not only provides an area
of increased compression, 1t also inhibits extrusion of
the elastomeric seal 10 from between the mandrel 12 and
the bit guide 14 when exposed to extreme fluid pressures.

The annular ridge 24 likewise helps ensure that the
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elastomeric seal 10 securely seats against the bit
guide 14, even 1f the bit guide 14 is worn due to impact
and abrasion resulting from the movement of production
tubing and/or well tools into or out of the bore.

As shown 1n FIG. 1, a pair of O-rings 30 are
preferably provided as Dbackup seals to further ensure
that the wellhead components are 1solated from
pressurized stimulation fluids.

FIG. 2 shows a second preferred embodiment of a
high pressure fluid seal 10 1n accordance with the
invention. A mandrel generally 1indicated by reference 32
differs from the mandrel 12 shown in FIG. 1 insofar as it
has a thicker wall, and an 1nner wall 34 which extends
downwardly past the bit guide 14 and a top edge of the
well casing 16 into the annulus of the casing 16. This
embodiment of the high pressure fluid seal 10 is
particularly useful 1in wellheads where the bit guide 14
does not closely conform to a top edge of the well
casing 16, leaving a gap 36 1in at least one area of a
circumference of a Jjoint between the casing 16 and the
bit guide 14. The gap makes the top edge of the casing
susceptible to erosion called "washout" 1f large volumes

of abrasives are 1njected into the well during a well
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stimulation process. The mandrel 32 in accordance with
this embodiment of the invention covers any gaps at the
top end of the casing 16 to prevent washout. The length
of the inner wall 16 is a matter of design choice. In
general, 4-6 1inches (10-15 <c¢m) 1s adequate. The'
elastomeric seal 10 is bonded directly to the end 38 of
the mandrel 32 using techniques well known 1in the art.
The elastomeric seal 10 covers an outer wall portion 35
of the inner wall 34. It also covers a portion of an
outer wall 40 located above the end 38. A bottom edge of
the outer wall 40 of the mandrel 32 protrudes downwardly
in an annular ridge 42 as described above to provide
extra compression of the elastomeric seal 10 to ensure
that the elastomeric seal 10 1s not extruded from between
the mandrel 32 and the bit guide 14 when the elastomeric
seal is securely seated against the top surface 20 of the
bit guide 14.

In‘ use, the mandrel 12, 32 (packoff assembly)
is connected to a bottom end of a mandrel for a blowout
preVention protector as described 1in applicant's United
States Patent No. 5,819,85]. The mandrel 12, 32 1s
stroked down through the wellhead until the high pressure

fluid seal 10 seats securely agailnst the bit guide 14.

- 10 -
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As the high pressure fluid seal 10 seats agalnst the top
surface 20 of the bit guide 14, the annular protruding
ridge 24, 42 compresses the elastomerlic material 10 1in
the area adjacent the outer wall 26, 40 to ensure that
the high pressure fluid seal 10 securely seals agailnst
the top surface of the bit guide to provide a secure seal
even when the bit guide 14 1s worn. The annular
protruding ridge 24, 42 also ensures that the elastomeric
material 10 1is not extruded from between the bottom
end 22, 38 of the mandrel 12, 32 even under conditions of
elevated fluilid pressures. The high pressure fluid
seals 10 therefore ensure more reliable operation during
well stimulation and increased safety for crews 1involved
in well stimulation processes.

Changes and modifications to the embodiments of
invention described above may become apparent to those
skilled in the art. For example, more than one annular
ridge 24, 42 may be provided on the end 22, 38 of the
mandrel 12, 32. As another example, the end 22, 38 of
the mandrel 12, 32 could be machined in a different
contour without sacrificing utility. The scope of the
invention 1s therefore intended to be limited solely by

the scope of the appended claims.

_11....
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A high pressure fluid seal for sealing agailnst
a bit guide in a wellhead, comprising in comblnation:

a mandrel adapted to be inserted 1into the
wellhead, the mandrel having an inner wall defining a
bore, an outer wall and an end for supporting an
elastomeric seal, the end including an annular ridge
which protrudes into the elastomeric seal to 1nhibilt the
seal from being extruded away from the bore when the
elastomeric seal 1s seated against the bit guide and the

bore is subjected to elevated fluid pressures.

2. The high pressure fluid seal as claimed 1n
claim 1 wherein the end is contoured to conform to a top

surface of the bit guide.
3. The high pressure fluid seal as claimed 1n

claim 1 wherein the annular ridge is located adjacent the

outer wall of the end.

- 12 -
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4. The high pressure fluid seal as claimed in
claim 1 wherein the end includes an annular extension of
the inner wall that extends past the bit guide and into
an annulus of a casing of a well bore to which the
wellhead 1s mounted to protect a top edge of the casing
from erosion caused by abrasives 1njected into the well

bore during a well stimulation process.

5. The high pressure fluid seal as claimed 1in
claim 4 wherein the annular ridge 1is located adjacent the

outer wall of the end.

6. The high pressure fluid seal as claimed 1in
claim 4 wherein the extension of the inner wall has an

outer wall portion and the elastomeric seal also covers

the outer wall portion.

7. The high pressure fluid seal as claimed in
claim 1 wherelin the outer wall of the mandrel end
includes at 1least one radial groove for supporting at
least one O-ring, the at least one O-ring being adapted

to make sealing contact with an interior surface of a

_13....
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tubing head 1located above the bit guide when the high

pressure fluid seal 1s seated against the bit guide.

8. A high pressure fluid seal for sealing against
a bit guide in a wellhead, comprising in combination:

a mandrel adapted to be 1nserted 1into the
wellhead, the mandrel having an inner wall, an outer
wall, and a contoured 1lower end for supporting an
elastomeric seal adapted for sealing engagement with the
bit guide, the contoured end including an annular ridge
which protrudes 1nto the elastomeric seal to exert
pressure against the elastomeric seal when seated against
the bit guide to 1nhibit the seal from being extruded
from between the contoured lower end and the bit guide
when the elastomeric seal is seated against the bit guide

and subjected to elevated fluid pressures.

9. A high pressure fluid seal for sealing against
a bit guide 1in a wellhead and protecting a joint between
the bit guide and a top of a well casing to which the
wellhead is mounted, comprising i1n combination:

a mandrel adapted to be 1inserted into the

wellhead, the mandrel having an inner wall that extends

- 14 -
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downwardly past a top of the bit guide and a top edge of
the well casing when the high pressure fluid seal 1is
seated against the bit guide, an outer wall, and a
contoured end for supporting an elastomeric seal adapted
for sealing engagement with the bit guide, the contoured
end including an annular ridge which protrudes 1into the
elastomeric seal to exert pressure agalnst the
elastomeric seal when seated against the bit guide ¢to
inhibit the elastomeric seal from belng extruded from
between the contoured end and the bit guide when the
elastomeric seal 1s seated against the bit guide and

subjected to elevated fluid pressures.

10. A method of performing a well stimulation
process, comprising the steps of:

attaching a packoff assembly to an end of a
mandrel used to 1solate components of a wellhead from
elevated fluid pressures used during the well stimulation
process, the packoff assembly belng adapted to be
inserted 1nto the wellhead, the packoff assembly having
an 1nner wall defining a bore, an outer wall and an end
for supporting an elastomeric seal, the end including an

annular ridge which protrudes 1into the elastomeric seal

_15_
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to inhibkit the seal from being extruded away from the
pore when the elastomerlic seal 1s seated agalnst the bit
guide and the bore i1s subjected to elevated fluid
pressures;

1nserting the mandrel 1nto bthe wellhead and
seating the elastomeric seal against <he bit guide 1n
order to 1solate components of the wellhead from fluid
pressures requlred fors the well stimulaticn process; and

performing the well stimulation process.

11. A high pressure fluid seal for sealing against
a bit guide in a wellhead, comprising 1n combination:

a mandrel adapted to ke inserted intc the wellhead,
the mandrel having an inner wall defining a bore, an
cuter wall and an end tec which an elastomeric seal 13
directly bonded, the end including an annuvlar ridge which
protrudes into the elastomeric seal to provide an area of
increased compression of the elastomeric seal agailnst the
bit guide to inhibiil: the elastomeric seal from belng
extruded away from the bore when the elastomeric seal 1s
seated against the bit gulde and tne bore 13 subjected tTo

elevated fluid pressures.,

12. The high pressure fluild sea. as claimed 1n
claim 11 wherein the end 1s contoured to conform to a top

surface cof the bit guice,
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13. The high pressure fluid seal as claimed 1n
claim 11 wherein the annularvr ridge 1s located adjacent

the outer wall of the end.

id. The high pressure fiuild seal as c¢claimed 1n
claim 11 wherein the end 1ncludes an annular extension of
the 1nner wall that extends past the b.t guide and 1into
an annulus of a casing o>t a well bore to which the
wellhead 1s mounted to protect a top edge of the casing

from erosion caused by abrasives injecied 1nto the well

bore during a well stimulatlion process.

15. The high pressure fluid seal as claimed 1in
claim 14 wherein the annular ridge 1s .ocated adjacent

the outer wall of the end.

16. The high pressuze fluid seal as claimed 1n
claim 14 wherein the extersion of the 1nner wall has an
outer wall pecrtion and the elastomeric seal 18 also

bonded directly to the outer wall portion.

17. The high pressure fluid seal as claimed 1n
claim 11 wherein the outer wall of the mandrel end
includes at least ore racial groove for supporting at
least one O-ring, the at least one OC-ring being adapted
to make sealing contact with an intericr surface of a
tubing head located above the bit gulde when the high

pressure fluid seal 1s seated against the bit guide.
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