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(57) Abrege/Abstract:
Composite downhole tools for hydrocarbon production and methods for using same. The downhole tool can Include an annular
body having a valve assembly disposed therein. The valve assembly can Include a first member preventing flow in a first direction

SRR f f f [ ]
R RN N
: "c‘:‘? R - e
AR =0y g s ¥, "'.’
e ATy

I*I ) . Prven, B
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 2%% ;g

i SRR OERRIA » JO SV SN AN
OPIC - CIPO 191 .




CA 2639342 C 2016/05/31

anen 2 639 342
(13) C

(57) Abrege(suite)/Abstract(continued):
through the annular body; a second member preventing flow In a second direction through the annular body; and a shoulder

disposed on an inner diameter of the body between the first and second members. The shoulder can have a first end contoured to
sealingly engage an outer contour of the first member and a second end contoured to sealingly engage an outer contour of the

second member.
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Atty. Docket No.: MOTI1/007 PATENT

ABSTRACT

Composite downhole tools for hydrocarbon production and methods for using same.
The downhole tool can include an annular body having a valve assembly disposed therein.
The valve assembly can include a first member preventing flow in a first direction through
the annular body; a second member preventing flow in a second direction through the annular
body; and a shoulder disposed on an inner diameter of the body between the first and second
members. The shoulder can have a first end contoured to sealingly engage an outer contour

of the first member and a second end contoured to sealingly engage an outer contour of the

second member.
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DEGRADABLE DOWNHOLE CHECK VALVE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention generally relate to composite downhole tools
for hydrocarbon production and methods for using same. More particularly, embodiments of
the present invention relate to a degradable composite tool for isolating one or more

hydrocarbon bearing intervals.

Description of the Related Art

10002] An oil or gas well 1s typically a wellbore extending into a well to some depth below
the surface. The wellbore may be lined with a tubular or casing to strengthen the walls of the
borehole. To further strengthen the walls of the borehole, the annular area formed between

the casing and the borehole 1s typically filled with cement.

[0003] After completion of the wellbore, the casing can be perforated to allow hydrocarbon
to enter the wellbore and flow toward the surface. Fracturing is a technique used to stimulate
production of hydrocarbons from the surrounding formation. Hydrocarbons are often found
in multiple zones within a subterranean formation. Such multiple hydrocarbon-bearing zones

can require multiple fractures to extract the hydrocarbons.

10004] Current methods for producing hydrocarbons from multiple zones within a formation
fracture the lowest zone in the well first, produce the fractured zone, and then isolate the
wellbore immediately above the fractured zone so that an adjacent zone can be fractured and
produced. Plugs have been used to block off the well bore above each fractured zone to
prevent production from flowing down the wellbore to a previously produced zone. After

perforating and fracing each individual hydrocarbon bearing zone, the plugs are removed to

re-open the wellbore.



CA 02639342 2015-05-27

[0005]) The plugs can be removed by drilling. However, a common problem with drilling
plugs 1s that without some sort of locking mechanism, the plug components tend to rotate
with the drill bit, which can result in extremely long drill-out times, excessive casing wear, or
both. Long drill-out times are highly undesirable, as rig time is typically charged by the hour.
Once deactivated, the drilled plug falls to the bottom of the hole. Often, a partially drilled
plug falls only part way and can create an obstruction within the wellbore. These

obstructions 1ncrease the differential pressure through the wellbore, thereby reducing

production of the formation.

[0006] Furthermore, differential pressure across the plug can be so great that drilling
becomes difficult or near impossible. Plugs with built-in check valves have been used to
allow one-way flow therethrough, lowering the differential pressure across the plug.
However, such valves cannot be used to prevent bi-directional flow through the wellbore.
For 1nstance, a plug may be desired to 1solate a zone for pressure testing, or for some other
temporary 1solation need. Once the isolation need is over, re-establishing flow through the
wellbore is desired. Such valves with one-way check valves are not suitable for this type of

service or workover needs.

[0007] There 1s a need, therefore, for a downhole tool that can temporarily isolate a wellbore

and re-establish flow therethrough in-situ.

SUMMARY OF THE INVENTION

[0008] Composite downhole tools for hydrocarbon production and methods for using same
are provided. In at least one specific embodiment, the downhole tool can include an annular
body having a valve assembly disposed therein. The valve assembly can include a first
member preventing flow in a first direction through the annular body; a second member
preventing tlow in a second direction through the annular body; and a shoulder disposed on
an inner diameter of the body between the first and second members. The shoulder can have

a first end contoured to sealingly engage an outer contour of the first member and a second

end contour to sealingly engage an outer contour of the second member.
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10009) In one particular embodiment there is provided a downhole tool, comprising: an
annular body having a valve assembly disposed therein, the valve assembly comprising: a
first member preventing flow in a first direction through the annular body; a second member
preventing flow in a second direction through the annular body, wherein the second member
is free to move along at least a majority of a longitudinal extent of the annular body and
comprises a degradable material that is temperature dependent, pressure dependent, or both
temperature and pressure dependent; and a shoulder disposed on an inner diameter of the
body between the first and second members, the shoulder having a first end contoured to
sealingly engage an outer contour of the first member and a second end contoured to
sealingly engage an outer contour of the second member; and an element system disposed
about the annular body, wherein the element system is disposed beneath the shoulder, and the

first and second members engage the first and second ends of the shoulder above the element

system.

0010] In at least one other specific embodiment, the downhole tool can include an annular
body having a valve assembly disposed therein. The valve assembly can include a first
member preventing flow in a first direction through the annular body; a second member
preventing flow in a second direction through the annular body; and a shoulder disposed in an
inner diameter of the body. The shoulder can have a first end for engaging the first member
and a second end for engaging the second member. The downhole tool can also include an
element system disposed about the annular body; a first and second back-up ring each having
two or more tapered wedges; wherein the tapered wedges are at least partially separated by
two or more converging grooves; and a first and second cone disposed adjacent the first and

second back-up rings.

[0011] In at least one specific embodiment, the method can include isolating the wellbore
with a tool comprising an annular body having a valve assembly disposed therein, wherein
the valve assembly comprises: a degradable member preventing flow through the annular

body; a non-degradable member preventing flow through the annular body; and a shoulder
disposed on an inner diameter of the body between the members. The shoulder can have a
first end contoured to sealingly engage an outer contour of the degradable member and a

second end contoured to sealingly engage an outer contour of the non-degradable member.

-3 -
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The tool can be exposed to a temperature or pressure sufficient to decompose the degradable

member over a pre-determined period of time.

(0012] In at least one other specific embodiment, the method can include 1solating the
wellbore with a tool comprising an annular body having a valve assembly disposed therein,
wherein the valve assembly comprises: a degradable member preventing flow through the
annular body; a non-degradable member preventing flow through the annular body; and a
shoulder disposed on an inner diameter of the body between the members, the shoulder
having a first end contoured to sealingly engage an outer contour of the degradable member
and a second end contoured to sealingly engage an outer contour of the non-degradable
member. The tool can be exposed to a temperature or pressure sufficient to decompose the
degradable member over a pre-determined period of time, wherein the decomposed
degradable member releases differential pressure within the tool. A hydrocarbon-bearing
zone can be pressure tested during the pre-determined period of time, and the tool can be

drilled up after the pressure testing 1s completed and the differential pressure is released.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited features of the present invention can be
understood in detail, a more particular description of the invention, briefly summarized
above, can be had by reference to embodiments, some of which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered limiting of its

scope, for the invention can admit to other equally effective embodiments.

[0014] Figure 1A depicts a sectional view of an illustrative tool according to one or more

embodiments described.
(0015] Figure 1B depicts a partial sectional view of the tool depicted in Figure 1A.

[0016] Figure 1C depicts a sectional view of a body of the tool depicted in Figure 1A.

10017} Figure 2 depicts a plan view of an illustrative back-up ring according to one or more

embodiments described.
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[0018] Figure 2A depicts a cross sectional view of the back-up ring shown in Figure 2 along

lines 2A-2A.

[0019] Figure 3 depicts a plan view of the back-up ring of Figure 2 in an expanded or

actuated position.

[0020] Figure 3A depicts a cross sectional view of the actuated back-up ring shown 1n Figure

3 along lines 3A-3A.

10021] Figure 4 depicts a partial section view of the tool located 1n an expanded or actuated

position within a wellbore, according to one or more embodiments described.

[0022] Figure 5 depicts a partial section view of the expanded tool depicted in Figure 4,

according to one or more embodiments described.

[0023] Figure 6 depicts an 1llustrative 1sometric of the back-up ring depicted in Figure 2 in an

expanded or actuated position.

[0024] Figure 7 depicts a partial section view of the expanded tool adapted to isolate the

wellbore and prevent flow bi-directionally therethrough.

10025] Figure 8 depicts a partial section view of the expanded tool adapted to allow one-way

flow through the wellbore.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0026] A detailed description will now be provided. Each of the appended claims defines a
separate invention, which for infringement purposes is recognized as including equivalents to
the various elements or limitations specified in the claims. Depending on the context, all
references below to the “invention” can in some cases refer to certain specific embodiments
only. In other cases it will be recognized that references to the “invention” will refer to
subject matter recited in one or more, but not necessarily all, of the claims. Each of the
inventions will now be described in greater detail below, including specific embodiments,
versions and examples, but the inventions are not limited to these embodiments, versions or

examples, which are included to enable a person having ordinary skill in the art to make and

-5.
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use the inventions, when the information in this patent is combined with available

information and technology.

[0027) The terms "up" and "down"; "upper" and "lower"; "upwardly" and downwardly";
"upstream” and "downstream"; "above" and "below"; and other like terms as used herein refer
to relative positions to one another and are not intended to denote a particular direction or

spatial orientation.

[0028] Figure 1A depicts a sectional view of an illustrative tool according to one or more
embodiments described, Figure 1B depicts a partial sectional view, and Figure 1C depicts a
view of a body as depicted in Figures 1A and 1B. The tool 100 can include a body ("body")
110, first back-up ring 120, second back-up ring 125, first slips 140, second slip 145, element
system 150, lock ring 170, sub assembly 185, and valve assembly. In one or more
embodiments, the body 110 can be hollow, i.e. annular, defining a flow path therethrough.
Each of the rings 120, 125, 170; slips 140, 145; elements 150; and sub assembly 185 are
disposed about the body 110. One or more of the rings 120, 125, 170; slips 140, 145;
elements 150; and sub assembly 185 can be constructed of a non-metallic material, preferably
a composite material, and more preferably a composite material described herein. In one or
more embodiments, each of the rings 120, 125, 170; slips 140, 145; elements 150; and sub
assembly 185 can be constructed of a non-metallic material. The non-metallic material can

be a composite material, such as a composite material described herein.

[0029] In one or more embodiments, the valve assembly can be disposed within an upper
portion of the body 110. The valve assembly can include one or more spring retainers 190,
springs 192, first members 194, second members 196, and shoulders 198. In one or more
embodiments, the first member 194 can prevent fluid communication through the tool 100 in
a first direction. The second member 196 can prevent fluid flow through the tool 100 in a
second direction. The first and second members 196 and 198 can be disposed within the
body 110 on opposite ends of the shoulder 198. The shoulder 198 can have a reduced cross

section located about a portion of the body 110. The shoulder 198 can be a narrowed section

or portion (i.e. "throat") of the body 110. In one or more embodiments, the shoulder 198 can



CA 02639342 2015-05-27

be a separate component attached to or otherwise disposed on the inner diameter of the body

110.

10030] The first member 194 can be adapted to seat or otherwise rest on a first end 197 of the
shoulder 198. The first end 197 of the shoulder 198 can be beveled, chamfered, or otherwise
contoured to correspond to the outer contour of the first member 194. The first member 194
can have any external contour that can provide a fluid tight seal with the first end 197 of the
shoulder 198. For example, the first member 194 can be spherical, squared, or conical. In

one or more embodiments, the first member 194 can be a ball.

[0031] When seated, fluid flow across the first member 194 can be prevented. Longitudinal
movement of the first member 194 within the body 110 can be regulated with the spring 192
and spring retainer 190. The spring retainer 190 can have an annular member having a flow
path therethrough. The spring retainer 190 can be disposed within an inner diameter of the
body 110, and adapted to hold the spring 192. Although not shown, the spring retainer 190
can be a split ring, e.g. "C" ring that can engage the inner diameter of the body 110 and held
in place via a friction fit. In one or more embodiments, spring retainer 190 can be a split ring
and the 1nner diameter of the body 110 can have a recessed groove adapted to receive and
hold the spring retainer 190. In one or more embodiments, the spring retainer 190 can have

external threads to matingly engage corresponding grooves disposed on the inner diameter of

the body 110.

[0032] The spring 192 contacts the first member 194 and is adapted to urge the first member
194 against the shoulder 198. The spring 192 can be a helical compression member. In one
or more embodiments, the spring 192 can be a helical compression member having a pre-
determined compression point or loading to adjust or regulate differential pressure required to
lift and/or separate the first member 196 from the shoulder 198, which can allow flow across
the shoulder 198. The pre-determined compression of the spring 192 can also dictate the
amount of downhole pressure against which the tool 100 must be drilled in order to remove

the tool 100 from the wellbore.
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(0033] In one or more embodiments, the pre-determined compression of the spring 192 can
be sufficient to hold differential pressures up to 15,000 psig. In one or more embodiments,
- the pre-determined compression of the spring 192 can be sufficient to hold differential
pressures up to 10,000 psig. In one or more embodiments, the differential pressure can range
from a low of about 10 psig, 50 psig, or 100 psig to a high about 1,000 psig, 2,000 psig, or
5,000 psig. For example, the pressure can range from 10 psig to 5,000 psig, 10 psig to 3,000
psig, 10 psig to 1500 psig, 10 psig to 100 psig, 10 psig to 90 psig, 25 psig to 5000 psig, 15
psig to 5,000 psig, 15 psig to 3,000 psig, 15 psig to 1500 psig, 25 psig to 100 psig, 25 psig to
90 psig, and from 100 psig to 5000 psig.

[0034] The second member 196 can be disposed on an opposite end of the shoulder 198. The
second member 196 can be adapted to seat or otherwise rest on a second end 199 of the
shoulder 198. Like the first member 194, the second member 196 can have any external
contour that can provide a fluid tight seal with the second end 199. The second end 199 can
be beveled, chamfered, or otherwise contoured to correspond to the outer contour of the
second member 196. In one or more embodiments, the second member 196 i1s spherical,
squared, or conical. In one or more embodiments, the second member 196 can be a ball.
Fluid flow across the second member 196 1s prevented when the second member 196 is

seated against the second end 199.

[0035] Figure 1C depicts a view of the body 110, sub assembly 185, and plate 186. A
perforated member 186 can be disposed at one end of the body 110, opposite the valve
assembly. The shoulder 198 and the perforated member 186 can define or provide a cavity or
void 188 therebetween. The second member 196 can be disposed within cavity 188, and can

move freely within the body 110 between the shoulder 198 and the plate 186.

10036] The perforated member 186 can be a flat plate or disk. The perforated member 186
can be disposed anywhere along a longitudinal axis of the body 110. In one or more
embodiments, the perforated member 186 can be disposed within the sub-assembly 185
attached or otherwise disposed on the end of the body 110, as shown in Figure 1C. In one or

more embodiments, the perforated member 186 can be disposed between the end of the body
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110 and the sub-assembly 185. In one or more embodiments, the perforated member 186 can

be disposed within the inner diameter of the body 110.

[0037) The perforated member 186 can include one or more opening or apertures 187 tormed
therethrough. Each aperture 187 forms a flow path in communication with the body 110. As
fluid enters the body 110 via the apertures 187 in the perforated member 186, the fluid can
lift or otherwise push the second member 196 within the cavity 188 toward the shoulder 198.
With sufficient fluid pressure, the fluid pressure can seat the second member 196 on the

second end 199 of the shoulder 198, preventing fluid flow thereacross.

(0038] In one or more embodiments, either the first member 194 or the second member 196
is fabricated from a degradable material. Any suitable degradable material can be used. The
degradable material can be organic or inorganic. Preferably, the material has a specific
gravity greater than 1.0, such as greater than 1.1, 1.2, or 1.5. Specific examples include

collagen, hydrocarbon resin, wax, silicon, silicone, polymers, rubber, and elastomer.

10039] In one or more embodiments, the degradable material decomposes at a pre-determined
rate based on temperature, pressure, and/or pH. As such, fluid flow can be prevented for a
pre-determined period of time through the tool 100 until the degradable member 194 or 196
decomposes, which allows flow 1n at least one direction therethrough. In one or more
embodiments, the pre-determined period of tfime 1s sufficient to pressure test one or more
hydrocarbon-bearing zones. In one or more embodiments, the pre-determined period of time
1s sufficient to workover the well. The pre-determined period of time can range from minutes
to days. For example, the degradable rate of the material can range from about 5 minutes, 30
minutes, or 3 hours to about 10 hours, 24 hours or 36 hours. Extended periods of time are

also contemplated.

[0040] Suitable pressures can range from 100 psig to about 15,000 psig. In one or more
embodiments, the pressure can range from a low of about 100 psig, 1000 psig, or 5000 psig to

a high about 1,000 psig, 7,500 psig, or about 15,000 psig.
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|0041] Suitable temperatures can range from about 100°F to about 450°F. In one or more

embodiments, the temperature can range from a low of about 100°F, 150°F, or 200°F to a

high of about 350°F, 400°F, or 450°F.

(0042] In one or more embodiments, both the first member 194 and the second member 196
can be fabricated from a degradable material. In one or more embodiments, the members 194
and 196 can decompose at the same rate. In one or more embodiments, the members 194 and

196 can decompose at different rates depending on the desired direction of flow through the

tool 100.

10043] Figure 2 depicts a plan view of an illustrative back-up ring according to one or more
embodiments described, and Figure 2A depicts a cross sectional view of the back-up ring
along lines 2A-2A. Referring to Figures 2 and 2A, the back-up rings 120 and 125 can be and
s preterably constructed of one or more non-metallic materials. In one or more
embodiments, the back-up rings 120 and 125 can be one or more annular members having a
first section 210 of a first diameter that steps up to a second section 220 of a second diameter.
A recessed groove or void 225 can be disposed or defined between the first and second
sections 210. As will be explained 1n more detail below, the groove or void 225 allows the

back-up ring 120 and 125 to expand.

10044] The first section 210 can have a sloped or tapered outer surface as shown. In one or
more embodiments, the first section 210 can be a separate ring or component that is
connected to the second section 220, as is the first back-up ring 120 depicted in Figure 1. In
one or more embodiments, the first and second sections 210 and 220 can be constructed from
a single component, as is the second back-up ring 125 depicted in Figure 1. If the first and
second sections 210 and 220 are separate components, the first section 210 can be threadably
connected to the second section 220. As such, the two non-metallic components (first and

second sections 210 and 220) are threadably engaged.

[0045] In one or more embodiments, the back-up rings 120 and 125 can include two or more
tapered pedals or wedges 230 (eight are shown in this illustration). The tapered wedges 230
are at least partially separated by two or more converging grooves or cuts 240. The grooves

240 are preferably located in the second section 220 to create the wedges 230 there-between.

-10 -
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The number of grooves 240 can be determined by the size of the annulus to be sealed and the

forces exerted on the back-up ring 120 and 125.

[0046] Considering the grooves 240 in more detail, the grooves 240 can each include at least
one radial cut or groove 240A and at least one circumferential cut or groove 240B. By
"radial" it 1s meant that the cut or groove traverses a path similar to a radius of a circle. In
one or more embodiments, the grooves 240 can each include at least two radial grooves 240A
and at ]Jeast one circumferential groove 240B disposed therebetween, as shown in Figures 2
and 3. As shown, the circumferential groove 240B intersects or otherwise connects with both

of the two radial grooves 240A located at opposite ends thereof.

10047} In one or more embodiments, the intersection of the radial grooves 240A and
circumferential grooves 240B form an angle of from about 30 degrees to about 150 degrees.
In one or more embodiments, the intersection of the radial grooves 240A and circumferential
grooves 240B form an angle of from about 50 degrees to about 130 degrees. In one or more
embodiments, the intersection of the radial grooves 240A and circumferential grooves 240B
form an angle from about 70 degrees to about 110 degrees. In one or more embodiments, the
intersection of the radial grooves 240A and circumferential grooves 240B form an angle of
from about 80 degrees to about 100 degrees. In one or more embodiments, the intersection of
the radial grooves 240A and circumferential grooves 240B form an angle of about 90

degrees.

[0048] In one or more embodiments, the one or more wedges 230 of the back-up ring 120
and 125 are angled or tapered from the central bore therethrough toward the outer diameter
thereof, i.e. the wedges 230 are angled outwardly from a center line or axis of the back-up

rings 120 and 125. Preferably the tapered angle ranges from about 10 degrees to about 30

degrees.

[0049] As will be explained below in more detail, the wedges 230 are adapted to hinge or
pivot radially outward and/or hinge or pivot circumferentially. The groove or void 225 is
preferred to facilitate such movement. The wedges 230 pivot, rotate or otherwise extend
radially outward to contact an inner diameter of the surrounding tubular or borehole (not

shown). The radial extension increases the outer diameter of the back-up rings 120 and 125

-11 -
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to engage the surrounding tubular or borehole, and provides an increased surface area to
contact the surrounding tubular or borehole. Therefore, a greater amount of frictional force

can be generated against the surrounding tubular or borehole, providing a better seal

therebetween.

[0050] In one or more embodiments, the wedges 230 are adapted to extend and/or expand
circumferentially as the one or more back-up rings 120 and 125 are compressed and
expanded. The circumferential movement of the wedges 230 provides a sealed containment
of the element system 150 therebetween. The angle of taper and the orientation of the
grooves 240 maintain the back-up rings 120 and 125 as a solid structure. For example, the
grooves 240 can be milled, grooved, sliced or otherwise cut at an angle relative to both the
horizontal and vertical axes of the back-up rings 120 and 135 so that the wedges 230 expand
or blossom, remaining at least partially connected and maintain a solid shape against the
element system 150 (1.e. provide confinement). Accordingly, the element system 150 is
restrained and/or contained by the back-up rings 120 and 125 and not able to leak or

otherwise traverse the back-up rings 120 and 125.

[0051] Figure 3 depicts a plan view of the back-up ring of Figure 2 in an expanded or
actuated position, and Figure 3A depicts a cross sectional view of the back-up ring along
lines 3A-3A. Referring to Figures 3 and 3A, the wedges 230 are adapted to pivot or
otherwise move axially within the void 225, thereby hinging the wedges 230 radially and
increasing the outer diameter of the back-up rings 120 and 125. The wedges 230 are also
adapted to rotate or otherwise move radially relative to one another. Such movement can be

seen 1n this view, depicted by the narrowed space within the grooves 240.

[0052] As mentioned above, the back-up rings 120 and 125 can be one or more separate
components. In one or more embodiments, at least one end of the back-up rings 120 and 125
1s conical shaped or otherwise sloped to provide a tapered surface thereon. In one or more
embodiments, the tapered portion of the ring members 120 and 125 can be a separate cone
130 disposed on the first back-up ring 120 and the second back-up 125 having the wedges

230 disposed thereon, as depicted in Figure 1 with reference to the first back-up ring member

-12 -
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120. The cone 130 can be secured to the body 110 by a plurality of shearable members, such

as screws or pins (not shown) disposed through one or more receptacles 133.

(0053] In one or more embodiments, the cone 130 or tapered member includes a sloped
surface adapted to rest underneath a complimentary sloped inner surface of the slip members
140 and 145. As will be explained in more detail below, the slip members 140 and 145 can
travel about the surface of the cone 130 or back-up ring member 125, thereby expanding

radially outward from the body 110 to engage the inner surface of the surrounding tubular or

borehole.

[0054] Each slip members 140 and 145 can include a tapered inner surface conforming to the
first end of the cone 130 or sloped section of the back-up ring member 125. An outer surface
of the slip members 140 and 145 can include at least one outwardly extending serration or
edged tooth, to engage an inner surface of a surrounding tubular (not shown) if the slip
members 140 and 145 move radially outward from the body 110 due to the axial movement

across the cone 130 or sloped section of the back-up ring member 123.

10055] The slip members 140 and 145 can be designed to fracture with radial stress. In one
or more embodiments, the slip members 140 and 145 can include at least one recessed groove
142 milled therein to fracture under stress allowing the slip members 140 and 145 to expand
outwards to engage an inner surface of the surrounding tubular or borehole. For example, the
slip members 140 and 145 can include two or more, preferably four, sloped segments
separated by equally spaced recessed grooves 142 to contact the surrounding tubular or

borehole, which become evenly distributed about the outer surface of the body 110.

[(0056] The element system 150 can be one or more separate components. Three components

are shown in Figure 1. The element system 150 can be constructed of any one or more
malleable materials capable of expanding and sealing an annulus within the wellbore. The
element system 150 can be constructed of one or more synthetic materials capable of
withstanding high temperatures and pressures. For example, the element system 150 can be
constructed of a material capable of withstanding temperatures up to 450°F, and pressure

differentials up to 15,000 psi. Illustrative materials can include elastomers, rubbers, Teflon®,

blend, or combinations thereof.

-13 -
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[0057] In one or more embodiments, the element system 150 can have any number of

configurations to effectively seal the annulus. For example, the element system 150 can
include one or more grooves, ridges, indentations, or protrusions designed to allow the

element system 150 to conform to variations in the shape of the interior of a surrounding

tubular (not shown) or borehole.

10058) Figure 4 depicts a partial section view of the tool 100 located in an expanded or
actuated position within a wellbore, according to one or more embodiments described. The
wellbore 1s depicted as having a casing 400. A support ring 180 can be disposed about the
body 110 adjacent a first end of the slip 140. The support ring 180 can be an annular
member, and can have a first end that 1s substantially flat. The first end can act as a shoulder
adapted to abut a setting tool, not shown but, described in detail below. The support ring 180
can 1nclude a second end adapted to abut the slip 140 and transmit axial forces therethrough.

A plurality of pins can be inserted through receptacles 182 to secure the support ring 180 to
the body 110.

[0059] In one or more embodiments, a lock ring 160 can be disposed about the body 110 and
within an inner diameter of the support ring 180. The lock rings 160 and 170 can be split or
"C" shaped allowing axial forces to compress the lock rings 160 and 170 against the outer
diameter of the body 110 and hold the lock rings 160 and 170 and surrounding components in
place. In one or more embodiments, the lock rings 160 and 170 can include one or more
serrated members or teeth that are adapted to engage the outer diameter of the body 110. The
lock rings 160 and 170 can be constructed of a harder material relative to that of the body 110
so that the lock rings 160 and 170 can bite into the outer diameter of the body 110. For
example, the lock rings 160 and 170 can be made of steel and the body 110 made of

aluminum.

[0060] In one or more embodiments, one or more of the lock rings 160 and 170 can be
disposed within a lock ring housing 165. In one or more embodiments, the lock ring housing

165 can have a conical or tapered inner diameter that complements a tapered angle on the

outer diameter of the lock rings 160 and 170. Accordingly, axial forces in conjunction with
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the tapered outer diameter of the lock ring housing 165 urge the lock rings 160 and 170
towards the body 110.

0061) The body 110 can include one or more shear points 175 disposed thereon. The shear
point 175 can be a designed weakness located within the body 110, and can be located near
an upper portion of the body 110. In one or more embodiments, the shear point 175 can be a
portion of the body 110 having a reduced wall thickness, creating a weak or fracture point
therein. In one or more embodiments, the shear point 175 can be a portion of the body 110
constructed ot a weaker material. The shear point 175 can be designed to withstand a pre-
determined stress and is breakable by pulling and/or rotating the body 110 in excess of that

siress.

[0062] In one or more embodiments, the tool 100 can be a single assembly (i.e. one tool or
plug), as depicted in Figures 1-4 or two or more assemblies (i.e. two or more tools or plugs)
disposed within a work string or otherwise connected thereto that is run into a wellbore on a
wireline, slickline, production tubing, coiled tubing, or any technique known or yet to be

discovered in the art.

[0063] The tool 100 can be installed in a vertical or horizontal wellbore. The tool 100 can be
installed with a non-rigid system, such as an electric wireline or coiled tubing. Any
commercial setting tool adapted to engage the upper end of the tool 100 can be used to
activate the tool 100 within the wellbore. Specifically, an outer movable portion of the
setting tool can be disposed about the outer diameter of the support ring 180. An inner
portion of the setting tool can be fastened about the outer diameter of the body 110. The

setting tool and tool 100 are then run into the wellbore to the desired depth where the tool

100 can be installed, for example as shown in Figure 4.

[0064] To set or activate the tool 100, the body 110 can be held by the wireline, through the
inner portion of the setting tool, while an axial force can be applied through a setting tool (not
shown) to the support ring 180. The axial forces will cause the outer portions of the tool 100

to move axially relative to the body 110.
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10065] Figure 5 depicts a partial section view of the expanded tool depicted in Figure 4,
according to one or more embodiments described. As shown, downward axial force asserted
against the support ring 180 and the upward axial force on the body 110 translates the forces
to the slip members 140 and 145 and back-up rings 120 and 125. The slip members 140 and
145 move up and across the tapered surfaces of the back-up rings 120 and 125 or separate
cone 130 and contact an inner surface of the casing 400. The axial and radial forces applied
to the slip members 140 and 145 causes the recessed grooves 142 to fracture into equal

segments, permitting the serrations or teeth of the slip members 140 and 145 to firmly engage

the inner surface of the casing 400.

10066] The opposing forces further cause the back-up rings 120 and 125 to move across the
tapered sections of the element system 150. As the back-up rings 120 and 125 move axially,
the element system 150 expands radially from the body 110 while the wedges 230 hinge
radially outward to engage the casing 400. The compressive forces cause the wedges 230 to
pivot and/or rotate to fill any gaps or voids therebetween and the element system 150 can be
compressed and expanded radially to seal the annulus formed between the body 110 and the
casing 400. Figure 6 depicts an illustrative 1sometric of the back-up ring s 120 and 125 in an

expanded or actuated position.

[0067] Reterring again to Figures 4 and 5, the axial movement of the components about the
body 110 can apply a collapse load on the lock rings 160 and 170. The harder lock rings 160
and 170 bite into the softer body 110 and help prevent slippage of the element system 150
once activated. Once activated, the shear point 175 is located above or outside of the
components about the body 110. Accordingly, the body 110 can be broken or sheared at the

shear point 175 while the activated tool 100 remains in place within the casing 400.

[0068] As mentioned, any of the components disposed about the body 110 and the body 110,
can be constructed of one or more non-metallic or composite materials. In one or more
embodiments, the non-metallic or composite materials can be one or more fiber reinforced
polymer composites. For example, the polymeric composites can include one or more

epoxies, polyurethanes, phenolics, blends thereof and derivatives thereof. Suitable fibers

include but are not limited to glass, carbon, and aramids.
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[(0069] In one or more embodiments, the fiber can be wet wound. A post cure process can be
used to achieve greater strength of the material. For example, the post cure process can be a
two stage cure including a gel period and a cross linking period using an anhydride hardener,
as 1s commonly known in the art. Heat can be added during the curing process to provide the
appropriate reaction energy which drives the cross-linking of the matrix to completion. The
composite material can also be exposed to ultraviolet light or a high-intensity electron beam

to provide the reaction energy to cure the composite material.

(0070] Figure 7 depicts a partial section view of the expanded tool 100 adapted to 1solate the
wellbore and prevent flow bi-directionally therethrough. As depicted, the first member 194
can be seated against the first end 197 of the shoulder 198, which can prevent flow across the
shoulder 198 1n a first direction. The second member 196 can be seated against the second
end 199 of the shoulder 198, which can prevent flow across the shoulder 198 in a second

direction. As such, the flow through the tool 100 is completely shut off.

(0071] Figure 8 depicts a partial section view of the expanded tool after the second member
1s degraded, allowing fluid flow through the tool 100. The first member 194 can be lifted off
the first end 197 of the shoulder 198, which can allow fluid to flow in the second direction

through the tool 100, and releasing the pressure across the shoulder 198.

[0072] In operation, the tool 100 can be located within the wellbore at a pre-determined
location, such as an elevation adjacent a hydrocarbon-bearing zone to be fractured. Fluid
pressure against the tool 100 can seat the first member 194 against the first end 197 if
asserted 1n a first direction, and the second member 196 can seat against the second end 199
the pressure 1s asserted 1n a second direction. This arrangement can prevent flow through the
body 110. Fluid flow through the tool 100 can be prevented until the fist degradable member
194, the second degradable member 196, or a combination thereof decompose and release
from the shoulder 198. It the first member 194 is degradable, fluid can flow in the first
direction through the body 100. If the second member 196 is degradable, fluid can flow in
the second direction through the body 100.
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[0073] In at least one specific embodiment, two tools 100 can each having a degradable
second member 196. The two tools 100 can be located on opposite ends of a hydrocarbon-
bearing zone. The tools 100 can be actuated within the wellbore, isolating the zone. Pressure
from a first direction can seat the first member 194 of each tool 100 against its shoulder 198,
which can prevent flow in the first direction and pressure from a second direction can seat the
second member 196 of each tool 100 against its shoulder 198, which can prevent flow in the
second direction. The wellbore about the zone can be isolated in both directions. This can
allow the zone to be pressure tested. After a pre-determined time, such as a sufficient amount
of time to pressure test the zone, the second member 196 of each tool 100 can degrade and
release, allowing fluid flow through each tool 100 in the second direction, i.e. toward the
surface. Adjacent zones can be tested and produced in the same way using a series of tools
100 disposed within the wellbore. Furthermore, the tools 100 can be drilled more easily

when the second member 196 is decomposed and unseated, because the differential pressure

across the tool 100 i1s released.

[0074] Certain embodiments and features have been described using a set of numerical upper
limits and a set of numerical lower limits. It should be appreciated that ranges from any
lower limit to any upper limit are contemplated unless otherwise indicated. Certain lower
limits, upper limits and ranges appear in one or more claims below. All numerical values are
“about” or “approximately” the indicated value, and take into account experimental error and

variations that would be expected by a person having ordinary skill in the art.

[0075] Various terms have been defined above. To the extent a term used in a claim is not
defined above, it should be given the broadest definition persons in the pertinent art have

given that term as reflected in at least one printed publication or issued patent.

[0076] While the toregoing is directed to embodiments of the present invention, other and
further embodiments of the invention can be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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CLAIMS:

What is claimed is:

. A downhole tool, comprising:
an annular body having a valve assembly disposed therein, the valve assembly
comprising:
a first member preventing flow in a first direction through the annular body;
a second member preventing flow in a second direction through the annular
body, wherein the second member is free to move along at least a majority of a
longitudinal extent of the annular body and comprises a degradable material that is

temperature dependent, pressure dependent, or both temperature and pressure

dependent; and

a shoulder disposed on an inner diameter of the body between the first and
second members, the shoulder having a first end contoured to sealingly engage an
outer contour of the first member and a second end contoured to sealingly engage an

outer contour of the second member; and
an element system disposed about the annular body, wherein the element system is
disposed beneath the shoulder, and the first and second members engage the first and second

ends of the shoulder above the element system.

2. The tool of claim 1, further comprising a perforated member having a plurality of
flow paths formed therethrough, the shoulder and the perforated member defining a housing

for the second member within the annular body.

3. The tool of claim 1, wherein the first and second members are spherical.

4. The tool of claim 1, wherein the first member is spherical and further comprises a

degradable material that 1s temperature dependent, pressure dependent, or both temperature

and pressure dependent.

5. The tool of claim 1, wherein the second member is spherical.
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6. The tool of claim 1, further comprising a spring disposed within the annular body,

wherein the first member is disposed between the spring and the first end of the shoulder, and

the spring has a pre-determined compression.

7. A downhole tool, comprising:
an annular body having a valve assembly disposed therein, the valve assembly
comprising:
a first member comprising a degradable material that is temperature

dependent, pressure dependent, or combinations thereof, wherein the first member

prevents flow 1n a first direction through the annular body;

a second member comprising a degradable matenal that is temperature
dependent, pressure dependent, or combinations thereof, wherein the second member
prevents flow in a second direction through the annular body, and is free to move
along at least a majority of a longitudinal extent of the annular body; and

a shoulder disposed in an inner diameter of the body, wherein the shoulder
comprises a first end for engaging the first member and a second end for engaging the

second member;
an element system disposed about the annular body, wherein the element system is

disposed beneath the shoulder and the first and second members engage the first and second

ends of the shoulder above the element system; and

a first and second back-up ring disposed about the annular body, the first and second

back-up rings each comprising two or more tapered wedges, wherein the tapered wedges are

at least partially separated by two or more converging grooves.

8. The tool of claim 7, further comprising first and second slips disposed about the

annular body, and beneath the first and second members.

9. The tool of claim 8, wherein the first slip 1s disposed adjacent the wedges of the first

back-up ring, and the second slip is disposed adjacent the wedges of the second back-up ring.
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10.  The tool of claim 7, wherein the two or more converging grooves intersect one
another.
11. The tool of claim 7, wherein the tapered wedges are adapted to extend

circumferentially and radially engage an inner surface of a surrounding tubular or borehole.

12.  The tool of claim 7, wherein at least one of the two converging grooves 1s disposed
radially about the wedge and at least one of the two converging grooves is disposed

circumierentially about the wedge.

13.  The tool of claim 7, wherein the element system and the first and second back-up

rings are constructed of a non-metallic material.

14.  The tool of claim 7, further comprising a perforated member having a plurality of
flow paths formed therethrough, the shoulder and the perforated member defining a housing

for the second member within the annular body.

15. A method for producing hydrocarbon from a wellbore, comprising:
isolating the wellbore with a tool, the tool comprising:

an annular body having a valve assembly disposed therein;

a first degradable member préventing flow through the annular body;

a second degradable member preventing flow through the annular body,
wherein the second degradable member 1s free to move along at least a majority of a
longitudinal extent of the annular body;

a shoulder disposed on an inner diameter of the body between the members,
the shoulder having a first end contoured to sealingly engage an outer contour of the
first degradable member and a second end contoured to sealingly engage an outer
contour of the second degradable member; and

an element system disposed about the annular body, wherein the element

system 1s disposed beneath the shoulder and the first and second members engage the

first and second ends of the shoulder above the element system; and
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exposing the tool to a temperature, pressure, or combination thereof sufficient to

decompose the first and second degradable members over a pre-determined period of time.

16. The method of claim 15, wherein the fluid flows through the tool uni-directionally.

17.  The method of claim 15, further comprising pressure testing a hydrocarbon-bearing

zone during the pre-determined period of time.

18.  The method of claim 17, further comprising producing hydrocarbon from the tested
zone through the tool.

19.  The tool of claim 1, wherein the first member degrades at a first rate and the second

member degrades at a second rate that 1s different from the first rate.

20.  The tool of claim 2, wherein the perforated member comprises a plate having a

plurality of axially-extending holes defined therein, wherein the axially-extending holes

provide the plurality of flow paths.

21. A downbhole tool, comprising:

an annular body having an upper end, a lower end, and a bore defined therein
extending between the upper and lower ends;

a shoulder positioned in the bore and having a first end and a second end;

a first member disposed in the bore between the shoulder and the upper end, the first
end of the shoulder being contoured to seal with an outer contour of the first member to block
a downward flow of fluid in the bore,

a second member disposed in the bore between the shoulder and the lower end, the
second end of the shoulder being contoured to seal with an outer contour of the second
member to block an upward flow of fluid in the bore, wherein the second member is free to
move along at least a majority of a longitudinal extent of the annular body, and the first and

second members each comprise a degradable material that is temperature dependent, pressure

dependent, or both temperature and pressure dependent; and
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an element system disposed about the annular body, wherein the element system 1s

disposed beneath the shoulder and the first and second members engage the first and second

ends of the shoulder above the element system.

22.  The tool of claim 21, further comprising a perforated member disposed proximal the
lower end of the annular body, wherein the second member is maintained in the bore of the

annular body by the perforated member and the second end of the shoulder.

23.  The tool of claim 22, wherein the perforated member is a plate having a plurality of

apertures defined therein.

24.  The tool of claim 22, wherein the annular body defines a cavity between the

pertorated member and the shoulder to allow the second member to move freely

therebetween.

25.  The tool of claim 21, further comprising a spring positioned in the bore, above the

shoulder, the spring being configured to bias the first member toward the first end of the

shoulder.

26.  The tool of claim 21, wherein the first and second members degrade at a different
rate.

27.  The tool of claim 21, wherein the first and second members degrade at the same rate.
28.  The tool of claim 21, wherein the first member is configured to disengage from the

first end of the shoulder to allow the upward flow of fluid and the second member is

configured to disengage from the second end of the shoulder to allow the downward flow of

fluid.
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