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tion, the lower axial section having a geometry transition point separating an upper circular man-
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DRILLABLE PLUG

BACKGROUND

[0001] This section provides background information to facilitate a better understanding of the
various aspects of the disclosure. It should be understood that the statements in this section of

this document are to be read in this light, and not as admissions of prior art.

[0002] In drilling, completing, or reworking wells, it often becomes necessary to isolate
particular zones within the well. In some applications, downhole tools, known as temporary or
permanent bridge plugs, are inserted into the well to isolate zones. The purpose of the bridge
plug is to isolate some portion of the well from another portion of the well. In some instances,
perforations in the well in one section need to be isolated from perforations in another section of
the well. In other situations, there may be a need to use a bridge plug to isolate the bottom of the

well from the wellhead.
SUMMARY

[0003] In accordance to aspects of the disclosure a drillable plug includes a mandrel having a top
end and a lower axial section, the lower axial section having a geometry transition point
separating an upper circular mandrel profile from a lower non-circular mandrel profile, a seal
element disposed around the upper circular mandrel profile, and a lower cone having an inner
surface forming a passage, the lower cone disposed around the lower non-circular mandrel
profile whereby the lower cone is rotationally locked with the mandrel and a lower slip assembly
moveably disposed on a sloped outer surface of the lower cone. A method includes milling or
drilling through a drillable plug that is set in a wellbore. The method may include milling or

drilling the outer components of the plug that are disposed about the mandrel.

[0004] This summary is provided to introduce a selection of concepts that are further described
below in the detailed description. This summary is not intended to identify key or essential
features of the claimed subject matter, nor is it intended to be used as an aid in limiting the scope

of claimed subject matter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of drillable plugs and methods are described with reference to the
following figures. The same numbers are used throughout the figures to reference like features
and components. It is emphasized that, in accordance with standard practice in the industry,
various features are not necessarily drawn to scale. In fact, the dimensions of various features

may be arbitrarily increased or reduced for clarity of discussion.

[0006] Figure 1 illustrates a well system in which a drillable plug assembly is set in a wellbore in

accordance to one or more aspects of the disclosure.

[0007] Figures 2 and 3 are sectional illustrations of a drillable plug assembly in an unexpanded

position in accordance to one or more aspects of the disclosure.

[0008] Figures 4 and 5 illustrate a drillable plug assembly in an expanded position sealing

against a casing in accordance to one or more aspects of the disclosure.
[0009] Figure 6 illustrates a mandrel in accordance to one or more aspects of the disclosure.

[0010] Figure 7 is a sectional view of the mandrel along the line I-I of Figure 6 illustrating a

circular geometry portion in accordance to one or more aspects of the disclosure.

[0011] Figure 8 is a sectional view of the mandrel along the line II-1I of Figure 6 illustrating a

non-circular geometry portion in accordance to one or more aspects of the disclosure.

[0012] Figures 9 and 10 illustrate a seal element assembly in accordance to one or more aspects

of the disclosure.

[0013] Figure 11 illustrates a seal element and element end ring arrangement in accordance to

one or more aspects of the disclosure.

[0014] Figure 12 illustrates a lower cone in accordance to one or more aspects of the disclosure.
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[0015] Figure 13 is an end view of a bottom end of a lower cone in accordance to one or more

aspects of the disclosure.

[0016] Figure 14 is a sectional view of a lower cone in accordance to one or more aspects of the

disclosure.

[0017] Figure 15 is a cross-sectional view of a lower cone along the line III-III of Figure 14 in

accordance to one or more aspects of the disclosure.

[0018] Figure 16 illustrates an upper slip assembly, upper gage ring, and upper cone in

accordance to one or more aspects of the disclosure.

[0019] Figure 17 illustrates an upper gage ring in accordance to one or more aspects of the

disclosure.
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DETAILED DESCRIPTION

[0020] It is to be understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of various embodiments. Specific examples of
components and arrangements are described below to simplify the disclosure. These are, of
course, merely examples and are not intended to be limiting. In addition, the disclosure may
repeat reference numerals and/or letters in the various examples. This repetition is for the
purpose of simplicity and clarity and does not in itself dictate a relationship between the various

embodiments and/or configurations discussed.

[0021] As used herein, the terms "connect”, "connection”, "connected”, "in connection with",
and "connecting" are used to mean "in direct connection with" or "in connection with via one or
more clements”; and the term "set" is used to mean "one clement” or "more than one element".
Further, the terms "couple"”, "coupling”, "coupled”, "coupled together”, and "coupled with" are
used to mean "directly coupled together" or "coupled together via one or more elements". As
used herein, the terms "up" and "down"; "upper" and "lower"; "top" and "bottom"; and other like
terms indicating relative positions to a given point or element are utilized to more clearly
describe some elements. Commonly, these terms relate to a reference point as the surface from
which drilling operations are initiated as being the top point and the total depth being the lowest
point, wherein the well (e.g., wellbore, borehole) is vertical, horizontal or slanted relative to the

surface.

[0022] In accordance with aspects of the disclosure, a drillable plug 10 includes a mandrel 22, a
sealing element 34 disposed around the mandrel, an upper slip assembly 42 and a lower slip
assembly 44 disposed around the mandrel, and an upper cone 38 and a lower cone 40 disposed
around the mandrel adjacent the upper and lower slip assemblies, respectively. The drillable
plug may be deployed and/or set for example by wireline, coil tubing, or a conventional drill
string. The plug may be placed in engagement with the lower end of a setting tool that includes a
latch down mechanism and a ram. The plug is then lowered through the casing to the desired

depth and oriented to the desired orientation. When setting the plug, a setting tool pulls
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upwardly on the mandrel, thereby pushing the upper and lower cones along the mandrel. This
forces the upper and lower slip assemblies, backup rings, and the sealing eclement radially
outward, thereby engaging the slip assemblies with the inside wall of the casing, see for example

Figure 4.

[0023] When it is desired to remove one or more of these plugs from a wellbore, it is often
simpler and less expensive to mill or drill them out rather than to implement a complex retrieving
operation. In milling, a milling cutter is used to grind the tool, or at least the outer components
thereof, out of the wellbore. In drilling, a drill bit or mill is used to cut and grind up the
components of the plug to remove it from the wellbore. It has been found that when milling or
drilling up a plug, the lower outer components of the plug may no longer engage the mandrel.
Thus, as the milling or drilling tool rotates to mill or drill up the plug, the lower components spin
or rotate within the well. This spinning or rotation of the lower components during drilling of

the plug increases the time required to drill up the plug.

[0024] Figure 1 schematically illustrates a well 5 with drillable plug 10 disposed in a wellbore 7.
Drillable plug 10 may be attached to a setting tool and run into the hole on a conveyance such as
wireline or tubing and then actuated with, for example, a hydraulic system. In Figure 1, drillable
plug 10 is set in casing 12 isolating an upper zone 14 of the wellbore from a second or lower
zone 16 of the wellbore relative to the surface 9. Perforations 18 are illustrated formed through
casing 12 and providing fluid communication with the surrounding formation 20. Drillable plug
10, e.g. bridge plug or frac plug (i.e., fracturing plug), may be utilized for various wellbore
operations, or applications, as will be understood by those skilled in the art with benefit of this

disclosure.

[0025] Figures 2-5 illustrate a drillable plug 10 is accordance with one or more embodiments.
Figures 2 and 3 illustrate drillable plug 10 in an unset or unexpanded position for example in a
run-in hole position prior to being set in the wellbore. In the run-in or unexpanded position an
axial force has not been applied to the mandrel to move the slips and sealing element radially
outward into engagement with the wellbore, e¢.g. casing 12. Figure 4 illustrates plug 10 in an

expanded or set position and Figure 5 illustrates plug 10 in an expanded fracturing position.
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[0026] Plug 10 includes a mandrel 22 having a bore 24 and a central longitudinal axis 26. Bore
24 is depicted as a continuous throughbore in Figure 2. Mandrel 22 extends generally from a top
end 28 to a bottom end 30 with reference to orientation of the tool when deployed in a well.
Mandrel 22 may be formed of various materials of construction. In accordance to some
embodiments, mandrel 22 may be constructed of a metallic material such as an aluminum
material. In accordance to some embodiments, mandrel 22 is constructed of a non-metallic
material, for example a composite material. Examples include carbon fiber reinforced material

or other material that has high strength and that is drillable.

[0027] In accordance with one or more aspects, plug 10 may be utilized as a bridge plug or a frac
plug. Plug 10 includes a closure member 32 positioned in or positionable in bore 24. Closure
element 32 may permit one-way flow through the bore for example from the bottom to the top.
For example, closure element 32 is depicted as a moveable element, such as a ball, in Figure 2.
In accordance to some embodiments, closure member 32 may separate bore 24 into two non-

continuous sections for example as a bridge plug.

[0028] Plug 10 includes outer components that are mounted on the exterior of mandrel 22. Plug
10 includes a radially expandable seal element 34 disposed around the mandrel 22. When
expanded the sealing element seals the annulus between the mandrel 22 and the inside wall of the
wellbore as illustrated for example in Figures 1, 4, and 5. Seal element 34 may be constructed of
various clastomeric materials, including without limitation a nitrile rubber, for example a
hydrogenated nitrile butadiene rubber (HNBR), or fluoroelastomers. In accordance with one or
more embodiments, seal element 34 is a component of an element assembly or package,
generally denoted by the number 36. Upper and lower cones 38, 40 are disposed around mandrel
22 on opposing sides of seal element 34 and element assembly 36. Upper and lower slip
assemblies 42, 44 are disposed around mandrel 22 and adjacent the upper and lower cones 38,
40, respectively. Plug 10 includes an upper gage ring 46 disposed around the upper end of axial
section 54 of mandrel 22 adjacent the top end and upper slip assembly 42. A lower or bottom

sub 48 is disposed about the bottom end 30 of mandrel 22 adjacent lower slip assembly 44.
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Bottom sub 48 is non-rotationally secured to mandrel 22. Bottom sub 48 is depicted secured to

mandrel 22 by a screw 19 in Figure 2.

[0029] Figures 6-8 illustrate a mandrel 22 in accordance to one or more aspects of the disclosure.
Mandrel 22 includes a top section 50 having a first outside diameter 52 and a lower axial section
54 having a second outside diameter 56. In accordance to embodiments, second outside diameter
56 is less than first outside diameter 52 and the outer components are disposed onto mandrel 22
from bottom end 30. An upper shoulder or stop 58 is formed by the change in diameter between
top section 50 and the lower axial section 54. With reference to Figures 2 and 3, in the
unexpanded position the upper gage ring 46 is located adjacent the top end of the mandrel for

example adjacent upper stop 58.

[0030] Lower axial section 54 includes a circular cross-sectional portion 60 or circular mandrel
profile 60 and a non-circular cross-sectional portion 62 or non-circular mandrel profile 62. With
particular reference to Figures 7 and 8, the terms circular and non-circular refer to the geometric
shape of the outer circumferential surface 64 of the respective mandrel section. A transition
point or shoulder 66 separates the circular mandrel profile 60 from the non-circular mandrel
profile 62. Circular mandrel profile 60 extends axially down from the upper stop 58, i.c.
diameter transition, generally to the geometry transition shoulder 66. The lower non-circular
mandrel profile 62 extends upward from the bottom end 30 generally to the geometry transition
shoulder 66. The non-circular mandrel profile 62 may be formed in various manners and
configurations. In Figures 6 and 8, non-circular mandrel profile 62 is illustrated shaped as a
polygon having axially extending flattened portions 68. However, the non-circular mandrel
profile 62 may be formed in various manners, such as and without limitation, an ellipse, a
triangle, a spline, a square, or a rectangle. As further described below at least a portion of the
inside circumferential surface of lower cone 40 is formed to correspond with non-circular

mandrel profile section 62 thereby rotationally locking lower cone 40 and mandrel 22 together.

[0031] In accordance with aspects of some embodiments, seal element 34 is disposed around the

circular mandrel profile 60 such that the inner surface 68 (Figure 10) of seal element seals on the
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circular outer surface 64. Sealing on the smooth circular mandrel profile provides a more

reliable seal than on a non-circular mandrel profile.

[0032] With additional reference to Figures 12-15, lower cone 40 is configured to be disposed
about the non-circular mandrel profile 62. In accordance with one or more embodiments, lower
cone 40 is disposed around mandrel 22 at the geometry transition 66. The cooperative
connection of lower cone 40 and mandrel 22 prevents mandrel 22 from spinning when drilling or
milling out the plug. In accordance to some embodiments, the cooperative connection of lower
cone 40 and mandrel 22 may prevent mandrel 22 from falling through lower cone 40 and falling
into the wellbore when drilling or milling plug 10. For example, the circular mandrel profile
section 60 has an outer diameter and or geometric profile that will not pass through the non-

circular portion of the lower cone passage.

[0033] Lower cone 40 extends from an upper or front face 70 oriented toward the seal assembly
and a lower or back end 72 adjacent the lower slip assembly 44 and the lower sub. Lower cone
40 has an inner wall or surface 75 (Figure 14) forming a passage 80 in which mandrel 22 is non-
rotationally disposed, i.c. rotationally locked with the lower cone. Passage 80 includes a non-
circular profile section 74 and a circular profile section 78 separated at a geometry transition
point 76. For example, non-circular passage profile section 74 extends axially from back end 72
to inside transition point or shoulder 76 (e.g., geometry transition) of the cone passage and
circular passage profile section 78 extends from the front face 70 to the inside geometry
transition shoulder 76. The inner surface 75 of the non-circular profile section 74 is cooperative
with mandrel surface 64 of the non-circular mandrel profile section 62 to prevent mandrel 22
from rotating relative to lower cone 40. Similarly, the surface of circular passage profile section
78 is cooperative to dispose the circular mandrel profile section 60. The transition shoulder 76
corresponds to the matching change in the geometric profile of outer surface 64 of mandrel 22 at
transition shoulder 66, such that during a drilling or milling process, the mandrel 22 stays in an
axial position within the lower cone and thereby prevents the mandrel from falling out of the

outer plug assembly during the drilling or milling operations.
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[0034] In accordance to one or more embodiments upper cone 38 and lower cone 40 include
circumferentially spaced apart and axially extending sloped grooves 82 formed along the outer
surface 84 of the respective cones 38, 40. With reference in particular to Figures 12, each groove
82 (e.g., channel) extends along a sloped bottom surface 86 from the lower or back end 72 of
lower cone 40 to an end 88. The outer diameter of the lower cone 40 at each groove increases
axially from the back end 72 to the end point 88. With reference in particular to Figure 16
illustrating an upper cone 38, cach groove 82 extends along a sloped bottom surface 86 from an
upper end 73 of upper cone 38 to an end 88. The outer diameter of the upper cone 38 at each

groove increases axially from the upper end 73 to the end point 88.

[0035] The grooves 82 are formed in the outer surface 84 of the cone such that the sloped bottom
surface 86 of ecach groove is positioned between opposing side walls 90, 92. Each groove
disposes a slip assembly such that a slip base 94 axially slides along the sloped bottom surface
86 of the groove 82 from an unset position to radially extend the slip grips 96 (e.g., teeth,
serrations, threads, etc.) and grip the casing wall when the tool is in the set or expanded position,
see e.g. Figures 4 and 5. During drilling or milling operations the slips are radially expanded to
grip the casing 12 wall. The positioning of the slip assemblies in grooves 82 rotationally locks
the cones with the slip assemblies and thereby prevents the cones from rotating during the

milling or drilling process.

[0036] With additional reference to Figures 16 and 17, each upper slip assembly 42 is depicted
mating with a lower face 110 of upper gage ring 46. For example, lower face 110 forms pockets
112 in which an upper end 114 of upper slip assembly 42 is disposed. The positioning of the
upper end 114 of the upper slip assembly in gage ring pocket 112 and the positioning of the slip
base in the groove 82 of upper cone 38 rotationally locks the gage ring and upper cone together

during milling or drilling operations.

[0037] With reference back to Figures 9-11, element assembly 36 may include one or more
element end rings disposed around mandrel 22 and proximate to one end or both ends 99, 100 of
scal element 34. Figure 11 illustrates a seal element 34 in accordance to one or more aspects.

Seal element 34 includes a lower element end ring 98 disposed circumferentially along the lower
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end 100 of seal element 34. Element end ring 98 may be formed for example of a phenolic
plastic, for example a fiber impregnated phenolic plastic. For example, element end ring 98 may
be bonded to the end of seal element 34 or element end ring 98 may be molded with seal element
34 such that sealing clement 34 and clement end ring 98 form a single component. In
accordance to one or more embodiments, element end ring 98 includes axially outward extending
members 102 (e.g., splines, tabs) that are configured to mate with corresponding recesses or
pockets 104 formed in the inside wall or surface 75 of lower cone 40 adjacent to the upper or
front face 70 of the lower cone. For example, pockets 104 may be formed in inner surface 75 of
circular passage profile section 78 of the lower cone 40. The axial extensions 102 may be
positioned on the surface of the lower axial section of the mandrel 22 to slide into the pockets
104 which are open at front face 70 and open along the inner surface 75 of the lower cone.
When element assembly 36 is compressed between upper cone 38 and lower cone 40, axial
extending members 102 are disposed in pockets 104 thereby rotationally locking seal element 34
with lower cone 40. In accordance to some embodiments, the axial extending members 102
transfer torque from seal element 34 to lower cone 40 during drilling or milling operations
thereby resisting or preventing rotation of the seal element during drilling or milling operations.

Element end ring 98 may also provide extrusion support to seal element 34.

[0038] Drillable plug 10 may be utilized in high pressure and high temperature environments
which have negative effects on the seal element. In particular, the seal element may weaken or
degrade and extrude through any gaps that may exist in the support structure around the seal
clement. FElement assembly 36 may include one or more extrusion barrier elements. For
example, with reference in particular to Figures 9 and 10, element assembly 36 includes one or
more barrier rings 106 and a back-up ring 108. For example, barrier rings 106 may be a cap like
member for example formed of an aluminum alloy or composite material and having slits
dividing the barrier ring into segments. The back-up ring 108 in accordance to embodiments
may be formed of a different material than barrier ring 106. For example, barrier ring 106 may
be constructed of a metallic material and back-up ring 108 may be formed of a composite
material such as a phenolic plastic. The slits dividing back-up ring 108 are circumferentially

offset from the slits in the barrier ring 106.

10
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[0039] The foregoing outlines features of several embodiments of drillable plugs so that those
skilled in the art may better understand the aspects of the disclosure. Those skilled in the art
should appreciate that they may readily use the disclosure as a basis for designing or modifying
other processes and structures for carrying out the same purposes and/or achieving the same
advantages of the embodiments introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the spirit and scope of the disclosure, and
that they may make various changes, substitutions and alterations herein without departing from
the spirit and scope of the disclosure. The term "comprising” within the claims is intended to
mean "including at least" such that the recited listing of elements in a claim are an open group.

The terms "a," "an" and other singular terms are intended to include the plural forms thereof

unless specifically excluded.

11
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WHAT IS CLAIMED IS:

1.

A drillable plug, comprising:

a mandrel having a top end and a lower axial section, wherein the lower axial section
comprises a geometry transition point separating an upper circular mandrel profile
from a lower non-circular mandrel profile;

a seal element disposed around the upper circular mandrel profile;

a lower cone having an inner surface forming a passage, the lower cone disposed around
the lower non-circular mandrel profile whereby the lower cone is rotationally
locked with the mandrel; and

a lower slip assembly moveably disposed on a sloped outer surface of the lower cone.

The drillable plug of claim 1, wherein the passage comprises a circular section and a non-

circular section.

The drillable plug of claim 1, wherein the passage comprises a circular section disposed
about the upper circular mandrel profile and a non-circular section disposed around the

lower non-circular mandrel profile.

The drillable plug of claim 1, wherein the seal element comprises an end ring connected
to a lower end of the seal element and comprising an axially extending member

connectable with the lower cone.

12
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The drillable plug of claim 1, wherein the lower cone comprises a recess formed along
the inner surface; and
the seal element comprises an end ring connected to a lower end of the seal element and

comprising an axially extending member disposed in the recess.

The drillable plug of claim 1, wherein the sloped outer surface is positioned in a groove

between opposing side walls.

The drillable plug of claim 1, further comprising:

an upper gage ring disposed around the mandrel adjacent the top end;

an upper cone disposed around the upper circular mandrel profile between the upper gage
ring and the seal element; and

an upper slip assembly moveably disposed on a sloped outer surface of the upper cone,
wherein the sloped outer surface is positioned in a groove between opposing side

walls.

The drillable plug of claim 1, further comprising:
an upper gage ring disposed around the mandrel adjacent the top end;
an upper cone disposed around the upper circular mandrel profile between a lower face

the upper gage ring and the seal element; and
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an upper slip assembly comprising an upper end and a slip base, the upper end
rotationally locked with the upper gage ring and the slip base moveably disposed

on a sloped outer surface of the upper cone.

The drillable plug of claim 1, further comprising:

an upper gage ring disposed around the mandrel adjacent the top end and having a lower
face forming a pocket;

an upper cone disposed around the upper circular mandrel profile between the lower face
and the seal element; and

an upper slip assembly comprising an upper end and a slip base, the upper end positioned
in the pocket and the slip base moveably disposed on a sloped outer surface,

wherein the sloped outer surface is located between opposing side walls.

A method, comprising:

milling or drilling through a drillable plug that is set in a wellbore, the drillable plug
comprising:

a mandrel having a top end and a lower axial section, wherein the lower axial section
comprises a geometry transition point separating an upper circular mandrel profile
from a lower non-circular mandrel profile;

an upper gage ring disposed around the mandrel adjacent the top end;

a scal element disposed around the upper circular mandrel profile;
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an upper cone disposed around the upper circular mandrel profile between the upper gage
ring and the seal element;

an upper slip assembly moveably disposed on a sloped outer surface of the upper cone;

a lower cone having an inner surface forming a passage, the lower cone disposed around
the lower non-circular mandrel profile whereby the lower cone is rotationally
locked with the mandrel; and

a lower slip assembly moveably disposed on a sloped outer surface of the lower cone.

The method of claim 10, wherein the passage comprises a circular section and a non-

circular section.

The method of claim 10, wherein the passage comprises a circular section disposed about
the upper circular mandrel profile and a non-circular section disposed around the lower

non-circular mandrel profile.

The method of claim 10, wherein the seal element comprises an end ring connected to a
lower end of the seal element and comprising an axially extending member connectable

with the lower cone.

The method of claim 10, wherein the lower cone comprises a recess formed along the

inner surface; and
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the seal element comprises an end ring connected to a lower end of the seal element and

comprising an axially extending member disposed in the recess.

The method of claim 10, wherein the sloped outer surface of the upper cone is positioned
in a groove between opposing side walls and the sloped outer surface of the lower cone is

positioned in a groove between opposing side walls.

The method of claim 10, wherein the upper slip assembly comprises an upper end and a
slip base, the upper end rotationally locked with the upper gage ring and the slip base is

moveably disposed on the sloped outer surface of the upper cone.

The method of claim 16, wherein the sloped outer surface of the upper cone is disposed

in a groove disposed between opposing side walls.

The method of claim 10, wherein the upper gage ring comprises a lower face forming a

pocket; and

the upper slip assembly comprises an upper end and a slip base, the upper end positioned
in the pocket and the slip base moveably disposed on the sloped outer surface of
the upper cone, wherein the sloped outer surface of the upper cone is located

between opposing side walls.
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A drillable plug, comprising:

a mandrel having a top end and a lower axial section, wherein the lower axial section
comprises a geometry transition point separating an upper circular mandrel profile
from a lower non-circular mandrel profile;

an upper gage ring disposed around the mandrel adjacent the top end;

a scal element disposed around the upper circular mandrel profile;

an upper cone disposed around the upper circular mandrel profile between the upper gage
ring and the seal element;

an upper slip assembly moveably disposed on a sloped outer surface of the upper cone
that is disposed between opposing side walls;

a lower cone having an inner surface forming a passage comprising a circular section
disposed about the upper circular mandrel profile and a non-circular section
disposed around the lower non-circular mandrel profile whereby the lower cone is
rotationally locked with the mandrel;

a lower slip assembly moveably disposed on a sloped outer surface of the lower cone that
is disposed between opposing side walls; and

an end ring connected to a lower end of the seal element and comprising an axially
extending member disposed in a recess formed in the inner surface of the lower

cone.

The drillable plug of claim 19, wherein the upper gage ring comprises a lower face

forming a pocket; and
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the upper slip assembly comprises an upper end and a slip base, the upper end positioned
in the pocket and the slip base moveably disposed on the sloped outer surface of

the upper cone.
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