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ABSTRACT OF THE DISCLOSURE

A cup tool includes a cup tool tube having a
threaded upper end for connection to a high-pressure
mandrel, an outer surface over which an elastomeric cup 1S

gr—

slidably mounted for movement from an unset positlion for

entry into a wellbore to a set position 1n which an annular
gap 1s obstructed to contain fluid pressure below the
elastomeric cup. The cup tool tube 1includes an annular
jump step designed to 1nhibit movement of the cup to the
set position during insertion of the cup tool 1nto the

wellbore, and a gauge ring located above the jump step.
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CUP TOOL FOR A HIGH-PRESSURE MANDREL AND

L]

METHOD OF USING SAM

FIELD OF THE INVENTION
This invention generally relates to wellhead 1solation

equipment and, 1n particular, to a cup tool for a high-

- pressure mandrel used for 1solating a wellhead.

BACKGROUND OF THE INVENTION
Most o011l and gas wells require stimulation to enhance
hydrocarbon flow to make or keep them economically viable.

The servicing of o0il and gas wells to stimulate production

requires the pumping of fluids 1nto the well under high
pressure. The fluids are generally corrosive and/or
abrasive because they are laden with corrosive acids and/or

abrasive proppants, such as sharp sand or sintered bauxite.

In order to protect components that make up the
wellhead, such as the valves, tubing hanger, casing hanger,

caslng head and blowout preventer equipment, wellhead

1solation equipment, such as a wellhead i1solation tool, a

casing saver or a blowout preventer protector 1s used

during well fracturing and well stimulation procedures.
The wellhead 1isolation equilipment generally includes a high-

pressure mandrel that 1s 1nserted through wellhead

components to isolate the wellhead components from elevated

fluid pressures and from the corrosive/abrasive fluids used

in the well treatment to stimulate production. A sealing

mechanism, generally referred to as a sealing nipple or a

—

cup tool, <connected to a bottom of the high pressure

mandrel 1s used to 1solate the wellhead components from

high fluid pressures used for well stimulation treatments.
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Various sealing mechanisms provided for wellhead

1solation equipment are described 1n prior art patents,

such as United States Patent 4,023,814, entitled A TREE

SAVER PACKER CUP, which 1ssued to Pitts on May 17, 1977;

United States Patent 4,111,261, entitled A  WELLHEAD
IJSOLATION TOOL, which 1issued to Oliver on September 5,

1978; United States Patent 4,601,494, entitled A NIPPLE
INSERT, which 1ssued to Mcleod et al. on July 22, 1986;

Canadian Patent 1,272,084, entitled A WELLHEAD ISOLATION
TOOL NIPPLE, which 1issued to Sutherland-Wenger on August

14, 1990; United States Patent 5,261,487 entitled PACKOFF

NIPPLE, which issued to McLeod et al. on November 16, 1993;

and Applicant’s co-pending U.S. Patent Application
Publication US 2004/0055742 Al entitled CUP TOOL FOR HIGH

PRESSURE MANDREL, published March 25, 2004. These sealing
mechanisms include an elastomeric cup that radially expands
under high fluid pressures to seal against an 1nside wall

of a production tubing or casing.

Elastomeric cups are commonly bonded to a steel ring,

sleeve or mandrel. In the most common construction, the
elastomeric cup 1s bonded to a steel ring that slides over
a cup tool tube, also referred to as a cup tool mandrel.
An O-ring seal carried by the steel ring provides a fluid

seal between the elastomeric cup and the cup tool tube.

A cup tool having a unitary elastomeric cup was
disclosed 1n Applicants’ co-pending U.S. Patent Application
Serial Number 10/979,414 (McGuire et al.) entitled CUP
TOOL, CUP TOOL CUP AND METHOD OF USING THE CUP TOOL which

was filed November 2, 2004.

As shown 1n FIG. 1, an exemplary embodiment of

Applicants' above-referenced prior-art cup tool, designated

—_— ) =
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generally by reference numeral 10, includes a cup tool tube
12, also known as a cup tool mandrel. The cup tool tube 12
includes upper threads 14 for connecting to a high-pressure
mandrel (not shown) and bottom threads 16 for connecting to
5 a bullnose 18. The cup tool tube 12 includes an upper
annular shoulder 20 disposed beneath the upper threads 14.

A gauge ring 22 1s retained between a bottom surface of the

upper annular shoulder 20 and a top surface of a unitary
elastomeric cup 24. The cup can be actuated to provide a
10  high-pressure fluid seal between the cup tool and a
surrounding casing or tubing 25. The cup 24 1ncludes a
downwardly depending skirt 26 defining an annular cavity 28
petween the skirt 26 and the cup tool tube 12. The cup 24
also 1includes a 1lip seal 30 that protrudes downwardly and

15 radially inwardly. The lip seal 30 rides against an inner

surface of the cup tool tube. The lip seal seals against a

tapered region 32 of the cup tool tube 12 when the cup 24

1s forced upwardly by fluid pressure to a set position.
Pressurlzation of the annular cavity 28 within the skirt 26

20 causes the skirt 26 to expand outwardly against the inner

surface of the casing or tubing 25 and actuates the cup 24

into the set or sealing position by extruding the upper end

of the cup 24 over the gauge ring 22 and into an annular

gap 34 between the gauge ring 22 and the casing or tubing
25  25.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide an
lmproved cup tocl that 1s simple and inexpensive to
manufacture and also provides a reliable seal at very high

30 fluid pressures to protect pressure-sensitive wellhead
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components from the deleterious effects of high-pressure

fracturing and stimulation operations.

The 1nvention therefore provides a cup tool for
providing a high-pressure fluid-tight seal in an annular
gap between a high-pressure mandrel and a tubing or a
caslng 1n a wellbore. The cup tool comprises a cup tool
tube having a threaded upper end for connection to the
high-pressure mandrel, the cup tool tube having an outer

surface over which an elastomeric cup is slidably mounted

for movement from an unset position for entry of the cup

tool 1nto the wellbore to a set position in which the

annular gap 1s obstructed to contain fluid pressure below

the elastomeric cup, the cup tool tube including an annular
jump step located below the threaded upper end, the annular
Jump step having a flat lower face and an outer diameter
large enough to inhibit movement of the elastomeric cup to
the set position during insertion of the cup tool into the
wellbore; and a gauge ring located between the annular jump
step and the high pressure mandrel, the gauge ring having a
larger diameter than the annular jump step to restrict the

annular gap.

The 1nvention further provides a method of stimulating
a well by 1njecting high pressure fluid through one of a
casing and a tubing string suspended in a wellbore of the
well. The method comprises 1installing a cup tool on a

bottom end of the high-pressure mandrel, the cup tool

comprising a cup tool tube having an outer surface over

which an elastomeric cup 1is slidably mounted for movement

ﬁ

from an unset position for entry of the cup tool into the

wellbore to a set position in which fluid pressure 1is

contained below the elastomeric cup, the cup tool tube
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including an annular Jjump step, the annular Jjump step
having an outer diameter large enough to inhibit movement
of the elastomeric cup to the set position during insertion
of the cup tool into the wellbore, and a gauge ring located
between the annular Jjump step and the high pressure
mandrel, the gauge ring having a dlameter larger than the
annular Jjump step; and, 1injecting high pressure fluid
through the high pressure mandrel and 1nto the wellbore to
move the elastomeric cup to the set position in which the
elastomeric cup Jjumps over the annular Jjump step and
extrudes upwardly 1into an annular gap between the gauge
ring and the one of the casing and the tubing string to

provide a high-pressure fluid-tight seal to protect

wellhead components from the high pressure fluid injected

to stimulate the well.

BRIEF DESCRIPTION OF THE DRAWINGS
Having thus generally described the nature of the

invention, reference will now be made to the accompanying

- drawings, in which:

FIG. 1 1s a cross-sectional view of a prior-art cup

tool for a high-pressure mandrel;

ﬁ

FIG. 2 1s a cross-sectional view of a cup tool for a

high-pressure mandrel 1n accordance with an embodiment of
the 1nvention whereln a gauge ring 1s slipped onto the cup

tool;

FIG. 3 1s a cross—-sectional view of a cup tool for a

high-pressure mandrel 1n accordance with another embodiment
of the invention wherein a gauge ring 1is threaded onto the

cup tool;
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FIG. 4 is a cross-sectional view of a cup tool for a
high-pressure mandrel in accordance with another embodiment

of the invention wherein the gauge ring 1s 1ntegrally

formed with a bottom end of the high-pressure mandrel;

FIG. 5 is a cross-sectional view of a cup tool for a
high-pressure mandrel in accordance with another embodiment
of the invention wherein the gauge ring 1s slipped onto a

gr—

bottom end of the high-pressure mandrel;

F e
—

FIG. 6 is a cross-sectional view of a cup tool for a

high-pressure mandrel in accordance with another embodiment

of the invention wherein the gauge ring 1s threaded onto a

pr—

bottom end of the high-pressure mandrel; and

FIG. 7 is a cross-sectional view of a multiple cup
tool assembled using a cup tool adapter in accordance with

vet another embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In general, as will be explained below, the 1nvention

provides a cup tool for providing a high-pressure fluid-
tight seal in an annular gap between a high-pressure
mandrel and a casing or a production tubing 1n a wellbore.

The cup tool includes a cup tool tube having a threaded

upper end for connection to the high-pressure mandrel and

an elastomeric cup that is slidably received on an outer

surface of the cup tool tube. When the cup 1s exposed TO

eclevated fluid pressures, a top end of the elastomeric cup
is forced up over an annular step (Jump step) 1nto abutment
with a gauge ring, which causes the cup to move 1nto a set
position in which the cup extrudes into the annular gap toO

provide the high-pressure fluid seal. A bullnose, or the
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like, 1s threaded to a bottom of the cup tool tube to
protect the cup while guiding the cup tool through a
wellhead. The annular jump step 1nhibilits premature setting
of the elastomeric cup during 1insertion of the cup tool

through restrictions in the wellhead or tubing string.

FIG. 2 1llustrates a cup tool 10 1n accordance with

one embodiment of the 1nvention. The cup tool 10 1ncludes
a cup tool tube 12. The cup tool tube 12 has a set ot
upper piln threads 14 for connection to a high-pressure
mandrel (not shown 1in this figure). The cup tool tube
also includes a set of lower pin threads 16 for connection
to a bullnose 18. In one embodiment, the bullnose 18 has
an annular groove 19 that receives an annular sealing

element such as an O-ring or ring gasket for providing a

fluid-tight seal between the bullnose 18 and the cup tool
tube 12.

As shown 1in FIG. 2, the cup tool 10 includes an

elastomeric cup 24 that 1s slidably mounted over an outer

surface of the cup tool tube. As described in Applicant's

Co-pending published patent application referenced above.

As also shown 1n FIG. 2, the cup tool 10 1includes a
gauge ring 22 which, in this embodiment, slides onto the

cup tool tube prior to threading the high-pressure mandrel
onto the upper pin threads 14. The gauge ring can be

machined from steel to provide a right-angled step that

inhibits the elastomeric cup from moving to the set
position as 1t 1s stroked 1into the wellbore, while
permitting extrusion of the elastomeric cup into the
annular gap 34 when the elastomeric cup is exposed to high

fluid pressures.



10

15

20

25

CA 02512263 2005-07-15

13523-63CA

The gauge ring 22 1s secured between the bottom of the

ﬁ

high—-pressure mandrel (not shown) and a top surface of the

annular jump step 40. The annular jump step 40 protrudes

radially outwardly from the cup tool tube so as to
vertically (or axially) separate the gauge ring 22 from the
cup 24. In other words, the elastomeric cup abuts the

F

bottom surface of the annular jJump step 40 in the unset

position while the gauge ring rests against the top surface

pr—

of the annular jump step 40. The annular jump step 40 1is

integral with the cup tool tube and can be readily formed
by turning the cup tool tube on a lathe 1n a manner well

known 1in the art.

As shown 1in FIG. 2, the annular jump step 40 has flat

bottom face 41 and an outer diameter (ODgrep) that 1is

-~

designed to 1nhibit premature upward movement of the cup

when the cup tool 1s 1nserted through restrictions in the
wellbore. However, the annular jump step 1s designed to
permlt the cup to move 1into the set position after

pressurized fluid 1s injected through the cup tool 10.

In the embodiment shown 1n FIG. 2, the outer diameter

of the annular jump step 40 1s expressed by the formula:

ODgppp = ::DTUBING — 2t + IFT where:

IDruping represents the 1nner diameter of the casing or

tubing 12;

t represents the wall thickness of the upper portion

of the cup; and

IFT represents an 1nterference fit tolerance for

providing a high-pressure fluid-tight seal between the

elastomeric cup 24 and the casing or tubing 25. For
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typical elastomeric cups, the interference fit tolerance 1s

about 0.100” to 0.140".

For example, a 2.5” cup tool 10 with a polyurethane

r—

cup of 80-100 Durometer would require an 1interference fit

gr—

5 tolerance of about 0.120”7. This amount of 1interference

between the wall of the cup 24 (when the cup has Jjumped
over the annular jump step 40) and the casing or tubing 25
enables the cup 24 to extrude under typically encountered
1njection pressures 1nto the annular gap 34 to provide a
10 reliable high-pressure seal between the gauge ring 22 and

the casing or tubing 25.

In the embodiment shown 1n FIG. 2, the diameter of the

annular jump step 40 1s approximately equal to:

(ODcypt+IDcyp) /2

15 where,

"

ODcyp represents the outer diameter of the upper end of

the cup 24 i1n the unset condition; and

IDcyp represents the inner diameter of the upper end of
the cup 24 1n the unset condition. In other words, the

20 annular Jjump step 40 extends radially to approximately the
middle of the top end the cup 24.

In operation, the elastomeric cup 24 will only “jump”
over the annular Jump step 40 (annular Jump step 40) to
move from the unset to the set position when the injection

25 pressure reaches a predetermined threshold. When the cup
24 jumps over the annular jump step 40, the cup will move
upward to abut the underside of the gauge ring 22. Further

elevation of the 1njection pressure will cause the cup 22
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to extrude 1nto the annular gap 34 to form a high-pressure
seal between the gauge ring 22 and the casing or tubing 25,

thus 1solating the pressure-sensitive wellhead components

from the effects of high—-pressure fracturing and

stimulation fluids 1n the well. As 1s understood by those

—

skilled 1n the art, the size of the annular gap 34 1s

controlled to 1limit extrusion of the elastomeric cup
through the annular gap 34. This control over the size of
the annular gap 34 1s exercilsed by selecting a gauge ring
272 to match a diameter and a weight of the tubing or casing
into which the cup tool 10 1s being run. The selection of
an appropriately dimensioned gauge ring 1s a process well

understood by persons skilled in the art.

Five other embodiments of the i1invention are shown 1n
FIGS. 3-7. Most of the components of these other
embodiments are identilcal to those described above and thus

are not redundantly described below.

As 1llustrated in FIG. 3, 1n another embodiment of the
invention, the gauge ring 22 1s threaded onto the upper piln
threads 14 of the cup tool tube 12. The high-pressure
mandrel 1s then connected to the same upper pin threads 14,
thus locking the gauge ring between the high-pressure

mandrel and the annular jump step 40.

As 1llustrated in FIGS. 4-6, the cup tool 10 connects

to the high-pressure mandrel 50 to form a lower end of a
wellhead 1solation tool, casing saver or blowout preventer
protector for 1solating pressure-sensitive wellhead

components from the deleterious effects of high-pressure

fracturing and stimulation fluids.
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In the embodiment shown 1n FIG. 4, the cup tool 10
does not have a separate gauge ring. Rather, the gauge
ring 22 1s integrally formed at a bottom end 52 of the
high-pressure mandrel 50. In one embodiment, the high-
pressure mandrel 1s machined to present a right-angled
annular shoulder to the top of the elastomeric cup. The
high-pressure mandrel can also be machined to have an
internal annular groove 54 that receives an annular sealing
element such as an O-ring or ring gasket for providing a

fluid-tight seal between the cup tool tube 12 and the high-

pressure mandrel 50.

FIG. 5 1llustrates a cup tool 10 1in accordance with

another embodiment of the 1i1invention. In this embodiment,

the gauge ring 22 1s slides 1n a frictional engagement over
an annular recess 1n an outer surface of the high-pressure
mandrel 50, at a bottom end 52 thereof. When the gauge

ring 1s 1n position on the bottom of the high-pressure

mandrel 50, the gauge ring 22 1is flush with the bottom
end 52 of the high-pressure mandrel 50 and abuts the top of

the annular jump step 40, as shown in FIG. 5.

FIG. ©6 1llustrates a cup tool 10 in accordance with
another embodiment of the invention which is similar to the
embodiment shown 1n FIG. 5 except that the gauge ring 22
has box threads 56 for connecting to pin threads 58 on the

pottom end 52 of the high-pressure mandrel 50.

For certain types of well stimulation operations, it
1s desirable to use a multiple cup tool, i.e. two or more
cup tools 1n a serial configuration. At least two cups in

series provides a safety factor when well stimulation 1is

performed using cryogenic fluids, corrosive fluids such as

aclds, or the like. As illustrated in FIG. 7, a multiple

_ll_
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cup tool 100 1ncludes two cup tools (a first cup tool 110
and a second cup tool 210) that are connected together
using a cup tool adapter 300. The upper pin threads 114 on
the first cup tool 110 are connected to complementary box
threads 314 on the cup tool adapter 300. The cup tool
adapter 300 also has box threads 316 that are connected to
the lower pin threads 216 on the second cup tool 210.

The first cup tool 110 typically has a bullnose 118
connected to the cup tool tube 12 by lower pin threads 116

for guiding the multiple cup tool 100 into the wellbore.

The first cup tool 110 has an elastomeric cup 124 for
providing the primary seal of the multiple cup tool. Under
elevated fluid pressure, the elastomeric cup 124 of the
first cup tool Jjumps over the annular jump step 140 and
abuts an underside of a gauge ring 122 threaded to the
upper threads 114 and locked 1n place by a bottom end of
the cup tool adapter 300. The elastomeric cup extrudes
into an annular gap to form the primary (high-pressure)

seal.

The second «cup tool 210 1is <connected by pin
threads 214 to a high-pressure mandrel (not shown). The
second cup tool 210 also has an elastomeric cup 224 for
providing a secondary or backup seal to prevent fluid

leakage 1f the primary seal (provided by the lower cup

tocol) were to fail.

As further shown 1n FIG. 7, the cup tool adapter 300
is a tubular sleeve 302 including a lower annular groove
304 located above the box threads 314 for receiving an
annular sealing element, such as an O-ring or a ring
gasket, for providing- a fluid-tight seal between the cup
tool adapter 300 and the cup tool tube 12 of the first cup

- 12 -
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tool 110. The tubular body 302 of the cup tool adapter 300
also includes an upper annular groove 306 located below the
pin threads 316 for receiving an annular sealing element,
such as an O-ring or a ring gasket, for providing a fluid-

tight seal between the cup tool adapter 300 and the cup

tool tube 12 of the second cup tool 210. As will be

understood by those skilled in the art, any number of cup
tools can be connected 1in series wusing the cup tool

adapter 300.

The invention therefore provides a cup tool having an

annular Jump step that 1inhibits premature setting of the

elastomeric cup during insertion of the cup tool into the

wellbore. When the elastomeric cup Jjumps over the Jump
step and extrudes 1nto the annular gap between the casing

or tubing and the gauge ring, the resulting elastomer-to-

metal seal 1s reliable at very high fluid pressures. In

addition, because the gauge ring is behind the annular jump

step 40 or 1ncorporated i1nto a bottom end 52 (FIGs. 4-6) of
the high pressure mandrel, a sidewall of the cup tool tube
12 1s thicker and the cup tool tube is therefore more
pressure resistant. This permits higher pressures to be

used during well stimulation operations.

It should also be noted that although the gauge rings
22, 122 and 222 shown in FIGs. 2-7 have flat bottom faces

and square shoulders that are oriented towards the top end

of the elastomeric cup 24, 124, 224. The gauge rings may
have an angled, stepped, or beveled bottom face, each of

which 1s known 1n the art.

It should be further be noted that although the

invention has been described above with reference to

unitary elastomeric cups, the inventive cup tool can be

- 13 -
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configured to accept any known and proven cup design,

including cups that are bonded to one or more steel rings.

Modifications and improvements to the above-described
embodiments of the present invention may become apparent to
those skilled 1n the art. The foregoing description 1s
intended to be exemplary rather than 1limiting. The scope

r—

of the invention 1s therefore 1ntended to be limited solely

by the scope of the appended claims.
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I/WE CLAIM:
1. A cup tool for providing a high-pressure fluid-tight

seal 1n an annular gap between a high-pressure
mandrel and a tubing or a casing 1n a wellbore, the

cup tool comprising:

a cup tool tube having a threaded upper end for
connection to the high-pressure mandrel, the cup

tool tube having an outer surface over which an

elastomeric cup 1s slidably mounted for movement

from an unset position for entry of the cup tool
into the wellbore to a set position 1n which the
annular gap 1s obstructed to contain fluid
pressure below the elastomeric cup, the cup tool
tube 1ncluding an annular jump step located below
the threaded upper end, the annular Jjump step

having a flat lower face and an outer diameter

large enough  to inhibit  movement of the
elastomeric cup to the set position during

insertion of the cup tool into the wellbore; and

a gauge ring located between the annular Jump step
and the high pressure mandrel, the gauge ring
having a larger diameter than the annular Jump

step to restrict the annular gap.

2 . The cup tool as claimed 1in claim 1 wherein the outer

diameter, ODsrEp, of the annular JjJjump step 1s

expressed by the formula:

ODsrgp = IDqusmne — 2t + IFT,

where:
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I Drustne represents the 1nner diameter of the

tubing;

t represents the wall thickness of the upper

portion of the cup; and

IFT represents an interference fit tolerance
for providing a high-pressure fluid-
tight seal between the elastomeric cup

and the tubing.

3. The cup tool as claimed 1in claim 2 wherein IFT 1is

about 0.100” to about 0.1407".

4 . The cup tool as claimed 1n claim 3 wherein IFT 1s

about 0.1207.

. The cup tool as claimed 1n <claim 1 wherein the

diameter of the annular Jjump step 1s approximately

equal to:

(ODcyp+tIDeyp) /2,
where:

ODecyp represents the outer diameter of an
upper wall of the cup prior before the

cup 1s 1in the set position; and

IDeyp represents the 1nner diameter of the
upper wall of the cup before the cup 1is

1in the set position.

0. The cup tool as claimed 1in claim 1 wherein the gauge

ring has a flat bottom face.
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The cup tool as claimed in claim 1 wherein the gauge

ring slides in a friction fit on the cup tool tube

#

and is secured against a top of the annular jump step

by the high~-pressure mandrel.

The cup tool as claimed in claim 1 wherein the gauge

ring is threaded onto the cup tool tube and 1s locked

gr—

against the top of the annular jump step by the high-

pressure mandrel.

The cup tool as claimed in claim 1 wherein the gauge
ring is integrally formed with a bottom of the high-

pressure mandrel.

The cup tool as claimed in claim 1 wherein the gauge

ring 1s slides in a friction fit onto an outer

annular recess formed on an outer surface of the

high-pressure mandrel.

The cup tool as claimed in claim 1 wherelin the gauge

ﬁ
o

ring is threaded onto a pin threaded bottom end of

the high-pressure mandrel.

A cup tool for providing a high-pressure fluid-tight

seal in below a high-pressure mandrel inserted 1nto a

tubing or a casing 1in a wellbore, the cup tool

comprising:

a cup tool tube having a threaded wupper end for
connection to the high-pressure mandrel, the cup
tool tube having an outer surface over which an

elastomeric cup 1s slidably mounted for movement

from an unset position for entry of the cup tool

into the wellbore to a set position 1n which the

_1'7__
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elastomeric cup provides the fluid seal, the cup
tool tube including an annular jump step having'a
flat bottom face and an outer diameter large
enough to inhibit movement of the cup to the set

position during 1insertion of the cup tool into

the wellbore; and

a gauge ring located above the annular jump step, the
gauge ring having a larger diameter than the

annular jump step.

13. The cup. tool as claimed 1in claim 12 further
comprising a cup tool adapter for assembling a

multiple cup tool comprising at least two identical

cup tool tubes connected 1n series.

14. The cup tool as claimed in claim 13 wherein a first

of the at least two cup tool tubes has a bullnose

connected to a bottom end thereof for guiding the

multiple cup tool as 1t 1s 1nserted through the

wellbore.

15. The cup tool as claimed 1n claim 13 wherein the cup
tool adapter comprises a tubular sleeve having first
an second box threaded ends, the first and second
ends further comprising an annular groove located
inwardly of the respective box threads, the annular
grooves respectively receiving a seal ring for
providing a high-pressure fluid seal between the cup

tool tubes and the cup tool adapter.

16. A method of stimulating a well by injecting high

pr—
p—

pressure fluid through one of a casing and a tubing
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string suspended in a wellbore of the well, the

method comprising:

installing on a bottom end of the high-pressure
mandrel, the cup tool comprising a cup tool tube
having an outer surface over which an elastomeric
cup 1s slidably mounted for movement from an

F

unset position for entry of the cup tool into the

wellbore to a set position in which fluid
pressure 1is contained below the elastomeric cup,
the cup tool tube including an annular jump step,
the annular jump step having an outer dilameter
large enough  to inhibit  movement of the
elastomeric cup to the set position during
insertion of the cup tool into the wellbore, and
a gauge ring located between the annular jump
step and the high pressure mandrel, the gauge
ring having a diameter larger than the annular

jump step;

injecting high pressure fluid through the high
pressure mandrel and 1nto the wellbore to move
the elastomeric cup to the set position in which
the elastomeric cup jumps over the annular Jjump
step and extrudes upwardly 1into an annular gap
between the gauge ring and the one of the casing
and the tubing string to provide a high-pressure

fluid—-tight seal to protect wellhead components

from the high pressure fluid 1njected to

stimulate the well.

17. The method as claimed in claim 16 further comprising

determining a weight of the one of the casing and the

tubing string and selectlng a gauge ring based on the

- 19 -



18.

19.

20 .
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weight of the one of the casing and the tubing

string.

The method as claimed in claim 17 wherein selecting
the gauge ring comprises selecting a gauge ring
having a flat face and a square corner around which

the elastomeric cup extrudes.

The method as claimed in claim 16 further comprising

prior to connecting the cup tool to the high pressure

mandrel, assembling a multiple cup tool comprising at

least first and second cup tool tubes and first and
second elastomeric cups, and connecting the multiple

cup tool to the high pressure mandrel.

The method as claimed in claim 18 wherein assembling

the multiple cup tool comprises connecting together a

first cup tool tube and a second cup tool tube using
a cup tool connector comprising a tubular sleeve

having box-threaded opposed ends.
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