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AN IMPROVED GARTER SPRING INCLUDING OUTER, INNER AND MIDDLE
COILED SPRING MEMBERS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Application Serial No. 18/985,410 filed on
December 18, 2024, entitled “AN IMPROVED GARTER SPRING INCLUDING OUTER,
INNER AND MIDDLE COILED SPRING MEMBERS,” which claims the benefit of U.S.
Provisional Application Serial No. 63/612,843, filed on December 20, 2023, entitled “GARTER
SPRING,” commonly assigned with this application and incorporated herein by reference in their

entirety.

BACKGROUND

[0002] In a well, sealing tools, such as bridge plugs, frac plugs and packers, are used to isolate a
zonc and/or maintain a differential downhole pressure. An unsct tool, whose scals arc not yet
expanded to seal, can be run down in the well's wellbore to a specific depth as part of a well string
via tubing or wire. The sealing tool may then be actuated to expand the seals radially to a set state
to seal the annular gap between the string and the well. When the seal is no longer needed, if the
sealing tool is of a retrievable type, the sealing tool can be retrieved by retracting its seal from the

set state back to the unset state.

BRIEF DESCRIPTION

[0003] Reference is now made to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0004] FIG. 1 illustrates a schematic cross-sectional side view of a well system designed,
manufactured and/or operated according to one or more embodiments of the disclosure;

[0005] FIGs. 2a through 2D illustrate quarter cross-sectional side views of an example retrievable
bridge plug at various different operational states, designed, manufactured and/or operated
according to one or more embodiments of the disclosure;

[0006] FIGs. 3A and 3B illustrate detailed cross-sectional side views of a seal assembly for the
example bridge plug illustrated in FIG. 2A at various different operational states, designed,

manufactured and/or operated according to one or more embodiments of the disclosure;
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[0007] FIG. 4 illustrates a garter spring designed, manufactured and/or operated according to one
or more cmbodiments of the disclosure, and as might be used in the bridge plug disclosed in FIGs.
2A through 2D;

[0008] FIG. 5 illustrates a garter spring designed, manufactured and/or operated according to one
or more alternative embodiments of the disclosure, and as might be used in the bridge plug
disclosed in FIGs. 2A through 2D;

[0009] FIG. 6 illustrates a garter spring designed, manufactured and/or operated according to one
or more alternative embodiments of the disclosure, and as might be used in the bridge plug
disclosed in FIGs. 2A through 2D;

[0010] FIG. 7 illustrates a garter spring designed, manufactured and/or operated according to one
or more alternative embodiments of the disclosure, and as might be used in the bridge plug
disclosed in FIGs. 2A through 2D; and

[0011] FIGs. 8A through 8C illustrate various different views of a garter spring designed,
manufactured and/or operated according to one or more alternative embodiments of the disclosure,

and as might be used in the bridge plug disclosed in FIGs. 2A through 2D.

DETAILED DESCRIPTION

[0012] In the drawings and descriptions that follow, like parts are typically marked throughout the
specification and drawings with the same reference numerals, respectively. The drawn figures are
not necessarily to scale. Certain features of the disclosure may be shown exaggerated in scale or
in somewhat schematic form and some details of certain elements may not be shown in the interest
of clarity and conciseness. The present disclosure may be implemented in embodiments of
different forms. Specific embodiments are described in detail and are shown in the drawings, with
the understanding that the present disclosure is to be considered an exemplification of the
principles of the disclosure, and is not intended to limit the disclosure to that illustrated and
described herein. It is to be fully recognized that the different teachings of the embodiments
discussed herein may be employed separately or in any suitable combination to produce desired
results.

LEINT3 LENT)

[0013] Unless otherwise specified, use of the terms “connect,” “engage,” “couple,

[EINT3

attach,” or
any other like term describing an interaction between elements is not meant to limit the interaction

to direct interaction between the elements and may also include indirect interaction between the
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LERNT?

elements described. Furthermore, unless otherwise specified, use of the terms “up,” “upper,”

EEINTS

“upward,” “uphole,” “upstrcam,” or other like terms shall be construed as gencrally toward the
surface of the subterranean formation; likewise, use of the terms “down,” “lower,” “downward,”
“downhole,” “downstream,” or other like terms shall be construed as generally toward the bottom,
terminal end of a well, regardless of the wellbore orientation. Use of any one or more of the
foregoing terms shall not be construed as denoting positions along a perfectly vertical axis.
Additionally, unless otherwise specified, use of the term “subterranean formation” shall be
construed as encompassing both areas below exposed earth and areas below earth covered by water
such as ocean or fresh water.

[0014] Various values and/or ranges are explicitly disclosed in certain embodiments herein.
However, values/ranges from any lower limit may be combined with any upper limit to recite a
range not explicitly recited. Similarly, values/ranges from any lower limit may be combined with
any other lower limit to recite a range not explicitly recited. In the same way, values/ranges from
any upper limit may be combined with any other upper limit to recite a range not explicitly recited.
Additionally, whenever a numerical range with a lower limit and an upper limit is disclosed, any
number and any included range falling within the range are specifically disclosed. In particular,
every range of values (of the form, “from about a to about b,” or, equivalently, “from
approximately a to b,” or, equivalently, “from approximately a-b”’) disclosed herein is to be
understood to set forth every number and range encompassed within the broader range of values
even if not explicitly recited. Thus, every point or individual value may serve as its own lower or
upper limit combined with any other point or individual value or any other lower or upper limit,
to recite a range not explicitly recited. Similarly, an individual value disclosed herein may be
combined with another individual value or range disclosed herein to form another range.

[0015] The term “substantially XYZ,” as used herein, means that it is within 10 percent of
perfectly XYZ. The term “significantly XYZ,” as used herein, means that it is within 5 percent of
perfectly XYZ. The term “ideally XYZ,” as used herein, means that it is within 1 percent of
perfectly XYZ. The monicker “XYZ” could refer to parallel, perpendicular, alignment, or other
relative features disclosed herein.

[0016] FIG. 1 is a schematic half cross-sectional side view of a well system 100 designed,
manufactured and/or operated according to one or more embodiments of the disclosure. The well

system 100 includes a wellbore 114 that extends from a terranean surface 116 into one or more
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subterranean zones 120. When completed, the well system 100 produces reservoir fluids and/or
injects fluids into the subterrancan zones 120. In certain instances, the wellbore 114 is lined with
casing or liner 118. An example well sealing tool 110 is in a tubing string 122 that extends from a
wellhead 124 into the wellbore 114. The tubing string 122 can be coiled tubing and/or a string of
joint tubing coupled end to end. For example, the tubing string 122 may be a working string, an
injection string, and/or a production string. The sealing tool 110 can include a bridge plug, frac
plug, packer and/or other sealing tool, having a seal assembly 126 for sealing against the wellbore
114 wall (e.g., the casing or liner 118, a liner and/or the bare rock in an open hole context). The
seal assembly 126 can isolate an interval of the wellbore 114 above the seal assembly 126 from an
interval of the wellbore 114 below the seal assembly 126, for example, so that a pressure
differential can exist between the intervals.

[0017] FIGs. 2A through 2D are quarter cross-sectional side views of an example retrievable
bridge plug 200 at various different operational states designed, manufactured and/or operated
according to one or more embodiments of the disclosure. FIG. 2A illustrates a run-in state for
running the bridge plug 200 into a well. FIG. 2B illustrates a set state for sealing an annulus
between the bridge plug 200 and a tubular. FIG. 2C illustrates an equalizing state for releasing the
bridge plug seal, and FIG. 2D illustrates a retrieving state for retrieving the bridge plug.

[0018] The bridge plug 200 can be used as the well sealing tool 110 in the well system 100 of FIG.
1. The bridge plug 200 can be run into the wellbore 202 to a specified depth on a setting tool via
tubing (e.g., a coiled tubing, jointed tubing and/or other) or wire (e.g., wireline, slickline, and/or
other), and set to grip and seal against the wellbore 202 (and the annulus between the bridge plug
200 and the wellbore wall 204). Thereafter, the setting tool and the tubing or wire can be
disconnected from the bridge plug 200 and withdrawn to the terranean surface. In certain instances,
the setting tool can be a standard, off-the-shelf setting tool. In other instances, the setting tool can
be a proprietary setting tool and/or other tool. The bridge plug 200, in one or more embodiments,
is retrievable in that it can be re-engaged by a pulling/setting tool on tubing or wire and unset to a
retrieval state where it does not grip or seal against the wellbore wall 204, and thus can be
withdrawn to the terranean surface.

[0019] Referring first to FIG. 2A, the bridge plug 200 enters the wellbore 202 in a run-in-hole
state. The bridge plug 200 includes a setting sleeve 211 (e.g., tubular setting sleeve), a tubular

inner mandrel 213, a tubular equalizing sleeve 215, an annular seal assembly 220, and a slip
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assembly 230. In the context of a bridge plug (e.g., or frac plug), the downhole end of setting
sleeve 211 is closed to passage of fluids into the interior center bore of the bridge plug 200. In
other instances, the center bore can be open to allow passage of fluids through the bore, for
example to or from other tools below. In the run-in-hole state, the seal assembly 220 and the slip
assembly 230 are radially compact (e.g., retracted and out of engagement with the wellbore wall
204) to facilitate running the bridge plug 200 into the wellbore 202. The uphole end of the setting
sleeve 211, inner mandrel 213 and equalizing sleeve 215 include a profile adapted to be gripped
with a setting tool. The inner mandrel 213 and setting sleeve 211 can be translated relative to one
another with the setting tool to actuate the seal assembly 220 and the slip assembly 230. For
example, comparing FIG. 2A (e.g., the run-in-hole state) to FIG. 2B (e.g., the set state), the inner
mandrel 213 has been translated uphole, to the left in FIG. 2B, relative to a portion 217 of the
setting sleeve 211 to actuate the seal assembly 220 and the slip assembly 230 to the set state (the
setting sleeve 211 is also translated downhole to the right in FIG. 2B). The seal assembly 220 is
axially compressed by the setting sleeve 211 that, in turn, compresses and actuates the slip
assembly 230.

[0020] In FIG. 2B, the set state of the bridge plug 200 is illustrated. In the set state, the seal
assembly 220 and the slip assembly 230 are fully axially compressed and radially expanded. The
seal assembly 220 is compressed between the setting sleeve 211 and the slip assembly 230 and
radially expanded to contact and seal against the wellbore wall 204 and seal the annular gap
between the bridge plug 200 and the wellbore 202. The slip assembly 230 is actuated to radially
extend to grip the wellbore wall 204 and anchor the bridge plug 200 from axially moving relative
to the wellbore 202.

[0021] In FIG. 2C, a pressure equalizing stage prior to retrieval of the bridge plug 200 is shown.
The equalizing sleeve 215 is carried to translate inside the inner mandrel 213 to align one or more
equalizing ports 280 of the sleeve 215 with equalizing ports 280 of the setting sleeve 211. When
aligned, for example, via operation of a pulling tool, the equalizing ports 280 allow fluids to bypass
the seal assembly 220 for equalizing pressure between the interior and exterior of the bridge plug
200, and thus uphole and downhole of the seal assembly 220. The equalized pressure relieves the
seal assembly 220 and the slip assembly 230 from being axially loaded, allowing for retraction of
the assemblies 220 and 230 and retrieval of the bridge plug 200. In FIG. 2D, the equalizing sleeve
215 is pulled uphole to retract the seal assembly 220 and the slip assembly 230.
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[0022] FIGS. 3A and 3B are detailed cross-sectional side views of a seal assembly 220, such as
for the example the bridge plug 200 illustrated in FIG. 2A at various different operational states,
designed, manufactured and/or operated according to one or more embodiments of the disclosure.
The seal assembly 220, however, could also be used in other types of seal tools that axially
compress the seal assembly 220 to set the seal assembly 220.

[0023] FIG. 3A illustrates the seal assembly 220 in an unset state 300A, and FIG. 3B illustrates
the seal assembly 220 in a set state 300B. In FIG. 3A, the seal assembly 220 includes seal element
330 (e.g., an elastomer seal element), a garter spring 322, and two anti-extrusion rings 312 and
314. The seal element 330 can be compressed between the two anti-extrusion rings 312 and 314
to expand radially for sealing an annular gap between the bridge plug 200 and the wall of the
wellbore. The two anti-extrusion rings 312 and 314 can radially extend to axially support the seal
element 330 from excessive deformation due to high pressures and/or prolonged exposure to high
temperature. In the unset state 300A, the elastomer seal element 330 and the anti-extrusion rings
312, 314 have not been compressed or deformed and they are radially compact. In the set state
300B (FIG. 3B), they are compressed and radially expanded to seal the annular gap between the
bridge plug 200 and the wall of the wellbore 204.

[0024] In one or more embodiments, one or more garter springs 322 are coupled with the seal
element 330 adjacent to both the uphole and downhole axial ends of the seal element 330. For
example, in the illustrated embodiment of FIG. 3A, the one or more garter springs 322 are
embedded in the seal element 330 adjacent to both the uphole and downhole axial ends of the seal
element 330. As described below in FIG. 3B, the one or more garter springs 322 may span the
gap between the anti-extrusion rings 312 and 314 and the wall of wellbore 202 when in the set
state.

[0025] The seal element 330 is annular and encircles the inner mandrel 213. The seal element 330
can experience substantial deformation (e.g., radially expanded to over 110% of the original outer
diameter) without failure (e.g., tear, wear, breakage, etc.) For example, the seal element 330 can
be made of a viscoelastic material that has a low Young's modulus and a high yield strain, such as
an elastomer or viscoelastic polymer. The elastomer or viscoelastic polymer can deform to fit a
confined shape when a load is applied and return to the near original shape when the load is
removed. For instance, the seal element 330 can be made of Butyl rubber, chloroprene rubber,

polybutadiene, polyisoprene, nitrile rubber, or other material. The seal element 330 can further

,6,



WO 2025/137427 PCT/US2024/061249

include an annular groove 326 on its outer surface, intermediate its ends. The annular grove 326
delays radial expansion of the scal clement 330 by allowing the scal clement 330 to initially fold
inward (rather than radially deform) when compressed.

[0026] The anti-extrusion ring 312 encircles the inner mandrel 213. The anti-extrusion ring 312
can be compressed by a portion 217 of the setting sleeve 211 that slides axially on the inner
mandrel 213. In certain instances, the end of the anti-extrusion ring 312 is affixed to the portion
217 of the setting sleeve 211, but in other instances it can be merely abutting the portion 217 of
the setting sleeve 211. The setting sleeve 211 slides toward the seal element 330 and anti-extrusion
ring 312 axially compressing them both. The anti-extrusion ring 312, in one embodiment, is made
of metal, such as spring steel and/or another metal. It may include multiple annular walls (three
shown) at non-zero angles to one another that fold when the anti-extrusion ring 312 is compressed.
Particularly, an annular wall 341 may be oriented toward an axial end of the seal element 330, and
an annular wall 343 may be oriented away from an axial end of the seal element 330.

[0027] In the unset state 300A shown in FIG. 3A, the annular walls 341 and 343 are radially
compact and form a non-zero (acute or obtuse) angle with each other. The annular walls 341 and
343 may be configured to stand radially outward toward, but leave a gap with, the wellbore wall
204 when axially compressed to the set state. Thus, when compressed to the set state 300B, shown
in FIG. 3B, the walls 341 and 343 may move relative to one another to fold to an acute angle (near
parallel) with each other.

[0028] The annular walls 341 and 343 define an interior annular cavity. An elastomer ring 313
fills the annular cavity. Upon compression, the elastomer ring 313 deforms with the anti-extrusion
ring 312 to continue to fill the annular cavity as the cavity changes shape, and further operates in
pushing the annular walls 341 and 342 to stand radially outward. The elastomer ring 313 can be
made of the same or similar material as the seal element 330, such as Butyl rubber, and/or another
material. In some implementations, an annular wedge 317 is included in the elastomer ring 313.
The annular wedge 317 is made of a substantially more rigid material, such as metal and/or another
material, than the elastomer ring 313. The annular wedge can slide on the inner mandrel 213, and
due to its wedge shape, further operates in forcing the elastomer ring 313 to push the annular walls
to stand radially outward.

[0029] The anti-extrusion ring 312 can further include a hook portion with an annular shoulder

345 oriented toward the wall 341. The seal element 330 includes a corresponding receptacle with
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an annular shoulder 360 oriented away from the wall 341. The annular shoulder 360 engages the
annular shoulder 345 of the anti-extrusion ring 312 linking the anti-cxtrusion ring 312 and scal
element 330. The shoulders 345 and 360 can engage to pull when the seal assembly 220 is releasing
from the set state to the unset state. For example, in releasing the plug to the unset state, the portion
217 of the setting sleeve 211 is moved axially away from the seal element 330. The portion 217 of
the setting sleeve 211 pulls and axially expands (and radially retracts) the anti-extrusion ring 312.
The anti-extrusion ring 312, in turn, is configured to grip the shoulder 360 of the seal element 330
with the shoulder 345 of the anti-extrusion ring 312 and further operates in axially extending (and
radially retracting) the seal element 330 back toward the radially compact, unset state.

[0030] The anti-extrusion ring 314 is similar to the anti-extrusion ring 312 and is placed in a
symmetrical position about the seal element 330. The anti-extrusion ring 314 also includes an
elastomer ring 315 and an annular wedge 319. The anti-extrusion ring 314 abuts the seal element
330 on one side and is affixed to the slip assembly 230 on the other. During compression, the
portion 217 of the setting sleeve 211 moves the seal assembly 220 toward the slip assembly 230.
The compression actuates the slip assembly 230 to radially expand toward the wellbore 202. The
compression also compresses the seal element 330 between the anti-extrusion rings 314 and 312.
When the slip assembly 230 fully grips onto the wellbore wall 204, the slip assembly 230 can
function as a stop for the seal assembly 220 to allow for the seal element’s 330 full expansion. In
unsetting the plug, the anti-extrusion ring 314 may also grip a shoulder of the seal element 330
with a shoulder of the anti-extrusion ring 314 and further operates in axially extending (and radially
retracting) the seal element 330 back toward the radially compact, unset state.

[0031] In FIG. 3B, the bridge plug 200 is fully axially compressed and radially expanded to form
a seal with the wellbore wall 204. In certain instances, in this set state 300B, the outer diameter of
the seal element 330 is at least 110% larger, and in some instances at least 120% larger, than the
outer diameter of the seal element 330 in the unset state 300A. The seal is realized by deforming
the seal element 330 to fill a space created by the wellbore wall 204, the garter spring 322, the
anti-extrusion rings 312 and 314, and the outer surface of the inner mandrel 213.

[0032] The garter spring 322, in one or more embodiments, is configured to span the gap between
the anti-extrusion ring 312/314 and the wellbore wall 204 and reinforce the seal element 330
against axial deformation through the gap between the anti-extrusion ring 312/314 and the

wellbore wall 204. In some implementations, the garter spring 322 is filled with one or more balls
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324 (e.g., metal balls). The balls 324 can provide further reinforcement against deformation of the
scal clement 320 through the gap. In some implementations, the garter spring 322 is configured to
bridge a gap of 9.5 mm (0.375 inches) or greater, and in some instances, 12.7 mm (0.5 inches) or
greater. In certain instances, the seal element 330 can

[0033] When the bridge plug 200 is retrieved, the setting sleeve 211 and seal assembly 230 are
pulled axially apart. The ends of anti-extrusion rings 312/314 move with the setting sleeve 211
and seal assembly 230 to axially expand, unfold and radially contract. The elastomer rings 313/315
tend to spring back (o their initial axially expanded state and act on the anti-extrusion rings 312/314
to additionally operate in axially expanding the anti-extrusion rings 312/314. While the seal
element 330 somewhat tends to spring back to its initial radially retracted state, the anti-extrusion
rings 312/314 grip and axially pull on the seal element 330 to additionally operate in radially
retracting the seal element 330.

[0034] As the plug 200 is being withdrawn from the wellbore, the seal assembly 220 resists
hanging up on the interior of the wellbore. The annular walls of the anti-extrusion rings 312/314
present a ramped surface to any irregularities in the wellbore wall that tend not to grip or hang on
the wall. For example, the annular wall 343 of the uphole extrusion ring 312, when retracted or
partially retracted, forms an acute angle with the axial centerline of the plug and with the wellbore
wall and defines an uphole facing ramped surface. Similarly, the annular wall 341 of the downhole
extrusion ring 314, when retracted or partially retracted, forms an acute angle with the axial
centerline of the plug and with the wellbore wall and defines another uphole facing ramped surface.
If ramped surfaces contact the wellbore wall, they slide over the wall, including any irregularity,
and guide the seal element 330 out of contact with the wall. Additionally contact with the wellbore
wall applies force near an outer diameter of the anti-extrusion rings 312/314 that further pushes
the anti-extrusion rings 312/314 radially inward and makes more clearance to pass irregularities.
In instances where the anti-extrusion rings 312/314 are metal, the hard surface of the metal has
low friction with the wellbore wall and can withstand multiple impacts.

[0035] The present disclosure has recognized, for the first time, that during the setting of a plug,
such as the plug 200 discussed above, the seal assembly 220 may suffer internal linear cracking
that is parallel to the plug when axial pressure is applied. The present disclosure has further
recognized, again for the first time, that the areas that such cracking occurred is in the rubber

volume between the outer garter spring, inner garter spring and the balls internal thereto. The
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present disclosure has recognized that the cracks allow pressure to escape through from above to
below and vice versa, which affects the ability of the scal assembly 220 properly scal against the
wellbore.

[0036] Given the foregoing, the present disclosure has developed an improved garter spring that
addresses this problem. Specifically, the present disclosure envisions positioning a spacer element
(e.g., backup member) within the coiled spring member, for example in gaps between the plurality
of spaced balls internal thereto. The present disclosure has found that the inclusion of the spacer
elements to reinforce the rubber volume between the spaced balls greatly reduces the chances of
cracking occurring, which will result in better sealability.

[0037] In at least one embodiment, the spacer elements are a series of small springs, for example
with inside diameters (IDs) smaller than the outside diameters (ODs) of the balls, which are
inserted in gaps between the plurality of spaced balls. The series of small springs, in one or more
embodiments, are configured to help reinforce the rubber volume between each spaced ball. The
series of small springs also help to maintain the position of each of the spaced balls, so that during
production of the seal assembly, the spaced balls will maintain their position, allowing each ball
to be evenly spaced. With the inclusion of the series of small springs, the rubber volume is
reinforced, which helps to reduce any form of cracking and significantly reduces any internal
stresses.

[0038] Turning to FIG. 4, illustrated is a garter spring 400 designed, manufactured and/or operated
according to one or more embodiments of the disclosure, and as might be used in the bridge plug
200 disclosed in FIGs. 2A through 2D. The garter spring 400, in the illustration of FIG. 4, includes
a coiled spring 410 member having an inside diameter (ID1) and an outside diameter (ODy). In
one or more embodiments, the coiled spring member 410 is a metal coiled spring member, the
ends of which are coupled together to form a single continuous spring. For example, in one or
more embodiments, the ends of the coiled spring member 410 are welded together, soldered
together, etc. to form the single continuous spring.

[0039] The garter spring 400 of FIG. 4 additionally includes a plurality of spaced balls 420 (e.g.,
brass balls) located within the inside diameter (ID1) of the coiled spring member 410. In the
illustrated embodiment, gaps 430 exist between the plurality of spaced balls 420. The present
disclosure has recognized that these gaps 430 may lead to the aforementioned cracking of the seal

assembly that the garter spring may be used within.
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[0040] Turning to FIG. 5, illustrated is a garter spring 500 designed, manufactured and/or operated
according to one or morc cmbodiments of the disclosure, and as might be used in the bridge plug
200 disclosed in FIGs. 2A through 2D. The garter spring 500 includes a coiled spring member
510 having an inside diameter (ID1) and an outside diameter (OD1), as well as a plurality of spaced
balls 520 located within the inside diameter (ID1) of the coiled spring member 510. The garter
spring 500, in contrast to the garter spring 400 of FIG. 4, additionally includes ones of spacer
elements 540 located in the gaps 530 that exist between the plurality of spaced balls 520.

[0041] The ones of spacer elements 540 may comprise a variety of different types, shapes,
materials, etc. and remain within the scope of the present disclosure. In at least one embodiment,
such as that shown in FIG. 5, the ones of spacer elements 540 are ones of springs 550 (e.g., coiled
springs) having an inside diameter (ID2) and an outside diameter (OD2) located in the gaps 530
between the plurality of spaced balls 520. In one or more embodiments, the outside diameter
(OD2) of the ones of springs 550 are only slightly smaller than the inside diameter (IDy) of the
coiled spring member 510. Similarly, in at least one embodiment the inside diameter (ID2) of the
ones of springs 550 are slightly smaller than the outside diameter (ODo) of the plurality of spaced
balls 520. Accordingly, the ones of spacer elements 540, which comprise the ones of springs 550
in the embodiment shown, hold each of the plurality of balls 520 in a predetermined position. For
example, in at least one embodiment the ones of spacer elements 540 are positioned substantially
equidistance (e.g., within 10 percent) within the coiled spring member 510, and thus position the
plurality of spaced balls substantially equidistance apart.

[0042] Further to the embodiment of FIG. 5, each of the ones of spacer elements 540 may be
fixedly coupled to the coiled spring member 510. For example, in the embodiment of FIG. 5
wherein the ones of spacer elements 540 are ones of springs 550, the ends of the ones of springs
550 may be fixedly coupled to the coiled spring member 510. For example, the ends of the ones
of springs 550 may be welded to the coiled spring member 510 at couplings 560, among other
locations. For example, radially interior ends of the ones of springs 550 may be welded with a
radial interior side of the coiled spring member 510, and radial exterior ends of the ones of springs
550 may be welded with a radial exterior side of the coiled spring member 510. Additionally,
welds are not required, and other forms of fasteners may be used.

[0043] Turning to FIG. 6, illustrated is a garter spring 600 designed, manufactured and/or operated

according to one or more embodiments of the disclosure, and as might be used in the bridge plug
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200 disclosed in FIGs. 2A through 2D. The garter spring 600 of FIG. 6 is similar in many respects
to the garter spring 500 of FIG. 5. Accordingly, like reference numbers have been used to indicate
similar, if not identical, features. The garter spring 600 of FIG. 6 differs, for the most part, from
the garter spring 500 of FIG. 5, in that the garter spring 600 employs a plurality of balls 620 having
openings 625 therein (e.g., extending entirely therethrough). Further to the embodiment of FIG.
6, an inner coiled spring member 630 having an inside diameter (ID3) and an outside diameter
(OD3) may be positioned within the openings 625 of the plurality of spaced balls 620.

[0044] Turning to FIG. 7, illustrated is a garter spring 700 designed, manufactured and/or operated
according to one or more embodiments of the disclosure, and as might be used in the bridge plug
200 disclosed in FIGs. 2A through 2D. The garter spring 700 of FIG. 7 is similar in many respects
to the garter spring 500 of FIG. 5. Accordingly, like reference numbers have been used to indicate
similar, if not identical, features. The garter spring 700 of FIG. 7 differs, for the most part, from
the garter spring 500 of FIG. 3, in that the garter spring 700 employs a plurality of balls 720 having
openings 725 therein (e.g., extending entirely therethrough). Further to the embodiment of FIG.
7, one or more rods or tubes 730 (e.g., segmented rods or tubes) may be positioned within the
openings 725 of the plurality of spaced balls 720.

[0045] Turning to FIGs. 8A through 8C, illustrated are various different views of a garter spring
800 designed, manufactured and/or operated according to one or more alternative embodiments of
the disclosure, and as might be used in the bridge plug 200 disclosed in FIGs. 2A through 2D. The
garter spring 800, in the illustration of FIGs. 8A through 8C, includes an outer coiled spring
member 810 having an inside diameter (ID1) and an outside diameter (OD1). In one or more
embodiments, the outer coiled spring member 810 is a metal coiled spring member, the ends of
which are coupled together to form a single continuous spring. For example, in one or more
embodiments, the ends of the outer coiled spring member 8§10 are welded together to form the
single continuous spring.

[0046] The garter spring 800 of FIGs. 8 A through 8C additionally includes a middle coiled spring
member 820 having an inside diameter (ID2) and an outside diameter (OD2), for example located
within the inside diameter (ID1) of the outer coiled spring member 810. In one or more
embodiments, the middle coiled spring member 820 is a metal coiled spring member, the ends of
which are coupled together to form a single continuous spring. For example, in one or more

embodiments, the ends of the middle coiled spring member 820 are welded together to form the
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single continuous spring. In one or other embodiments, the middle coiled spring member 820 is a
collection of middle coiled spring member portions that collectively form the middle coiled spring
member 820. The middle coiled spring member portions may be similar to the spacer elements
disclosed above.

[0047] The garter spring 800 of FIGs. 8A through 8C additionally includes an inner coiled spring
member 830 member having an inside diameter (ID3) and an outside diameter (OD3), for example
located within the inside diameter (ID2) of the middle coiled spring member 820. In one or more
embodiments, the inner coiled spring member 830 is a metal coiled spring member, the ends of
which are coupled together to form a single continuous spring. For example, in one or more
embodiments, the ends of the inner coiled spring member 830 are welded together to form the
single continuous spring. In one or other embodiments, the inner coiled spring member 830 is a
collection of inner coiled spring member portions that collectively form the inner coiled spring
member 830. The inner coiled spring member portions may be similar to the spacer elements
disclosed above.

[0048] In one or more embodiments, the outer coiled spring member 810 and the inner coiled
spring member 830 are wound in a first direction. In yet another embodiment, the middle coiled
spring member 820 is wound in a second opposite direction to the first direction. In at least one
embodiment, the middle coiled spring member 820 and the inner coiled spring member 830
provide a similar function as the one or more balls discussed above, and thus may replace the one
or more balls in one or more different embodiments.

[0049] In one or more embodiments, as shown in FIG. 8C, adjacent twos of individual coils of the
outer coiled spring member 810 are fixedly coupled together, the fixedly coupled adjacent twos
interspaced around a circumference of the outer coiled spring member 810. In yet another
embodiment, such as that shown in FIG. 8C, adjacent threes of individual coils of the outer coiled
spring member are fixedly coupled together, the fixedly coupled adjacent threes interspaced
around a circumference of the outer coiled spring member. In yet another embodiment, adjacent
twos of individual coils of the middle coiled spring member 820 are fixedly coupled together, the
fixedly coupled adjacent twos interspaced around a circumference of the middle coiled spring
member 820. In even yet another embodiment, adjacent threes of individual coils of the middle
coiled spring member 820 are fixedly coupled together, the fixedly coupled adjacent threes

interspaced around a circumference of the middle coiled spring member 820. In even yet another
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embodiment, adjacent twos of individual coils of the inner coiled spring member 830 are fixedly
coupled together, the fixedly coupled adjacent twos interspaced around a circumference of the
inner coiled spring member 830. In yet even another embodiment, adjacent threes of individual
coils of the inner coiled spring member 830 are fixedly coupled together, the fixedly coupled
adjacent threes interspaced around a circumference of the inner coiled spring member 830. The
garter spring 800 of FIGs. 8A through 8C may additionally be designed wherein: 1) adjacent twos
of individual coils of the outer coiled spring member 810 are fixedly coupled together, the fixedly
coupled adjacent twos interspaced around a circum{erence of the outer coiled spring member §10;
2) adjacent twos of individual coils of the middle coiled spring member 820 are fixedly coupled
together, the fixedly coupled adjacent twos interspaced around a circumference of the middle
coiled spring member 820; and 3) adjacent twos of individual coils of the inner coiled spring
member 830 are fixedly coupled together, the fixedly coupled adjacent twos interspaced around a
circumference of the inner coiled spring member 830.
[0050] Thus, in at least one embodiment, the coils of the outside coiled spring member 8§10 are
coupled together (e.g., welded) between two or more coils (e.g., two, three, four, etc. coils) at
specific intervals, as shown at coupling 815. In one or more embodiments, as shown in FIG. 8C,
the coils of the middle coiled spring member 820 are coupled together (e.g., welded) between two
or more coils (e.g., two to three coils) at specific intervals, as shown at coupling 825. In one or
more embodiments, as shown in FIG. 8C, the coils of the inside coiled spring member 830 are
coupled together (e.g., welded) between two or more coils (e.g., two to three coils) at specific
intervals, as shown at coupling 835. In one or more embodiments, the couplings 815, 825, 835 are
placed in a staggered manner, again as shown in FIG. 8C. Moreover, in certain embodiments, the
outer coiled spring member 810 is coupled (e.g., welded) with the middle coiled spring member
820, and/or the middle spring member 820 is coupled (e.g., welded) with the inner coiled spring
member 830. In other embodiments, neither of the outer, middle nor inner coiled spring members
810, 820, 830 are coupled together.
[0051] Aspects disclosed herein include:

A. A garter spring, the garter spring including: 1) a coiled spring member having an inside
diameter (ID1) and an outside diameter (OD1); 2) a plurality of spaced balls located within the
inside diameter (ID1) of the coiled spring member; and 3) ones of spacer elements located in gaps

between the plurality of spaced balls.
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B. A downhole tool, the downhole tool including: 1) an elongate mandrel; and 2) a seal
asscmbly encircling the mandrel, the scal assembly configured to move between an unset state and
a set state, the seal assembly including: a) a seal element encircling the mandrel and configured to
radially deform into contact with a wall of a wellbore when the seal assembly moves from the
unset state to the set state; and b) a garter spring coupled with the seal element, the garter spring
including: 1) a coiled spring member having an inside diameter (ID1) and an outside diameter
(ODy); ii) a plurality of spaced balls located within the inside diameter (ID1) of the coiled spring
member; and iii) ones of spacer elements located in gaps between the plurality of spaced balls.

C. A well system, the well system including: 1) a wellbore extending through one or more
subterranean formations; and 2) a downhole tool positioned within the wellbore, the downhole tool
including: a) an elongate mandrel; and b) a seal assembly encircling the mandrel, the seal assembly
configured to move between an unset state and a set state, the seal assembly including: i) a seal
element encircling the mandrel and configured to radially deform into contact with a wall of a
wellbore when the seal assembly moves from the unset state to the set state; and ii) a garter spring
coupled with the seal element, the garter spring including: a coiled spring member having an inside
diameter (ID1) and an outside diameter (ODy), a plurality of spaced balls located within the inside
diameter (ID1) of the coiled spring member, and ones of spacer elements located in gaps between
the plurality of spaced balls.

D. A garter spring, the garter spring including: 1) an outer coiled spring member having
an inside diameter (ID1) and an outside diameter (OD1); 2) a middle coiled spring member having
an inside diameter (ID>) and an outside diameter (OD>) located within the inside diameter (ID;) of
the outer coiled spring member; and 3) an inner coiled spring member having an inside diameter
(IDz) and an outside diameter (OD3) located within the inside diameter (ID») of the middle coiled
spring member.

E. A downhole tool, the downhole tool including: 1) an elongate mandrel; and 2) a seal
assembly encircling the mandrel, the seal assembly configured to move between an unset state and
a set state, the seal assembly including: a) a seal element encircling the mandrel and configured to
radially deform into contact with a wall of a wellbore when the seal assembly moves from the
unset state to the set state; and b) a garter spring coupled with the seal element, the garter spring
including: i) an outer coiled spring member having an inside diameter (ID1) and an outside

diameter (OD1); ii) a middle coiled spring member having an inside diameter (ID2) and an outside
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diameter (OD2) located within the inside diameter (ID1) of the outer coiled spring member; and
iii) an inner coiled spring member having an inside diameter (ID3) and an outside diameter (OD3)
located within the inside diameter (ID2) of the middle coiled spring member.

F. A well system, the well system including: 1) a wellbore extending through one or more
subterranean formations; and 2) a downhole tool positioned within the wellbore, the downhole tool
including: a) an elongate mandrel; and b) a seal assembly encircling the mandrel, the seal assembly
configured to move between an unset state and a set state, the seal assembly including: i) a seal
element encircling the mandrel and configured to radially deform into contact with a wall of a
wellbore when the seal assembly moves from the unset state to the set state; and ii) a garter spring
coupled with the seal element, the garter spring including an outer coiled spring member having
an inside diameter (ID;) and an outside diameter (ODy), a middle coiled spring member having an
inside diameter (ID2) and an outside diameter (OD-) located within the inside diameter (ID1) of
the outer coiled spring member, and an inner coiled spring member having an inside diameter (ID3)
and an outside diameter (OD3) located within the inside diameter (ID2) of the middle coiled spring
member.

[0052] Aspects A, B, C, D, E and F may have one or more of the following additional elements in
combination: Element 1: wherein the ones of spacer elements are ones of springs having an inside
diameter (ID2) and an outside diameter (OD>) located in the gaps between the plurality of spaced
balls. Element 2: wherein the ones of springs are ones of coiled springs. Element 3: wherein the
ones of springs are fixedly coupled within the coiled spring member. Element 4: wherein the ones
of springs are welded within the coiled spring member. Element 5: wherein radially interior ends
of the ones of springs are welded with a radial interior side of the coiled spring member and radial
exterior ends of the ones of springs are welded with a radial exterior side of the coiled spring
member. Element 6: wherein the ones of spacer elements are positioned substantially equidistance
within the coiled spring member. Element 7: wherein the plurality of spaced balls have openings
extending entirely therethrough. Element 8: further including an inner coiled spring member
having an inside diameter (ID3) and an outside diameter (OD3) positioned within the openings of
the plurality of spaced balls. Element 9: further including one or more rods or tubes positioned
within the openings of the plurality of spaced balls. Element 10: wherein the outer coiled spring
member and the inner coiled spring member are wound in a first direction. Element 11: wherein

the middle coiled spring member is wound in a second opposite direction to the first direction.
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Element 12: wherein adjacent twos of individual coils of the outer coiled spring member are
fixedly coupled together, the fixedly coupled adjacent twos interspaced around a circumference of
the outer coiled spring member. Element 13: wherein adjacent threes of individual coils of the
outer coiled spring member are fixedly coupled together, the fixedly coupled adjacent threes
interspaced around a circumference of the outer coiled spring member. Element 14: wherein
adjacent twos of individual coils of the middle coiled spring member are fixedly coupled together,
the fixedly coupled adjacent twos interspaced around a circumference of the middle coiled spring
member. Element 15: wherein adjacent threes of individual coils of the middle coiled spring
member are fixedly coupled together, the fixedly coupled adjacent threes interspaced around a
circumference of the middle coiled spring member. Element 16: wherein adjacent twos of
individual coils of the inner coiled spring member are fixedly coupled together, the fixedly coupled
adjacent twos interspaced around a circumference of the inner coiled spring member. Element 17:
wherein adjacent threes of individual coils of the inner coiled spring member are fixedly coupled
together, the fixedly coupled adjacent threes interspaced around a circumference of the inner coiled
spring member. Element 18: wherein: 1) adjacent twos of individual coils of the outer coiled
spring member are fixedly coupled together, the fixedly coupled adjacent twos interspaced around
a circumference of the outer coiled spring member; 2) adjacent twos of individual coils of the
middle coiled spring member are fixedly coupled together, the fixedly coupled adjacent twos
interspaced around a circumference of the middle coiled spring member; and 3) adjacent twos of
individual coils of the inner coiled spring member are fixedly coupled together, the fixedly coupled
adjacent twos interspaced around a circumference of the inner coiled spring member.

[0053] Those skilled in the art to which this application relates will appreciate that other and
further additions, deletions, substitutions and modifications may be made to the described

embodiments.
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WHAT IS CLAIMED 1S:

1. A garter spring, comprising:

an outer coiled spring member having an inside diameter (ID1) and an outside diameter
(ODy);

a middle coiled spring member having an inside diameter (ID2) and an outside diameter
(OD2) located within the inside diameter (ID1) of the outer coiled spring member; and

an inner coiled spring member having an inside diameter (ID3) and an outside diameter

(OD3) located within the inside diameter (ID2) of the middle coiled spring member.

2. The garter spring as recited in Claim 1, wherein the outer coiled spring member and the

inner coiled spring member are wound in a first direction.

3. The garter spring as recited in Claim 2, wherein the middle coiled spring member is

wound in a second opposite direction to the first direction.

4, The garter spring as recited in Claim 1, wherein adjacent twos of individual coils of the
outer coiled spring member are fixedly coupled together, the adjacent twos fixedly coupled

together interspaced around a circumference of the outer coiled spring member.

5. The garter spring as recited in Claim 1, wherein adjacent threes of individual coils of
the outer coiled spring member are fixedly coupled together, the adjacent threes fixedly coupled

together interspaced around a circumference of the outer coiled spring member.

6. The garter spring as recited in Claim 1, wherein adjacent twos of individual coils of the
middle coiled spring member are fixedly coupled together, the adjacent twos of individual coils of
the middle coiled spring member fixedly coupled together interspaced around a circumference of

the middle coiled spring member.

7. The garter spring as recited in Claim 1, wherein adjacent threes of individual coils of

the middle coiled spring member are fixedly coupled together, the adjacent threes of individual
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coils of the middle coiled spring member fixedly coupled together interspaced around a

circumference of the middle coiled spring member.

8. The garter spring as recited in Claim 1, wherein adjacent twos of individual coils of the
inner coiled spring member are fixedly coupled together, the adjacent twos of individual coils of
the inner coiled spring member fixedly coupled together interspaced around a circumference of

the inner coiled spring member.

9. The garter spring as recited in Claim 1, wherein adjacent threes of individual coils of
the inner coiled spring member are fixedly coupled together, the adjacent threes of individual coils
of the inner coiled spring member fixedly coupled together interspaced around a circumference of

the inner coiled spring member.

10. The garter spring as recited in Claim [, wherein:

adjacent twos of individual coils of the outer coiled spring member are fixedly coupled
together, the adjacent twos of individual coils of the outer coiled spring member fixedly coupled
together interspaced around a circumference of the outer coiled spring member;

adjacent twos of individual coils of the middle coiled spring member are fixedly coupled
together, the adjacent twos of individual coils of the middle coiled spring member fixedly coupled
together interspaced around a circumference of the middle coiled spring member; and

adjacent twos of individual coils of the inner coiled spring member are fixedly coupled
together, the adjacent twos of individual coils of the inner coiled spring member fixedly coupled

together interspaced around a circumference of the inner coiled spring member.
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11. A downhole tool, comprising:

an clongate mandrel; and

a seal assembly encircling the mandrel, the seal assembly configured to move
between an unset state and a set state, the seal assembly including:

a seal element encircling the elongate mandrel and configured to radially
deform into contact with a wall of a wellbore when the seal assembly moves from
the unset state to the set state; and

a garler spring coupled with the seal element, the garter spring including:

an outer coiled spring member having an inside diameter (ID1) and an outside
diameter (OD1);

a middle coiled spring member having an inside diameter (ID2) and an outside
diameter (OD») located within the inside diameter (ID1) of the outer coiled spring member;
and

an inner coiled spring member having an inside diameter (ID3) and an outside
diameter (OD3) located within the inside diameter (ID2) of the middle coiled spring

member.

12. The downhole tool as recited in Claim 11, wherein the outer coiled spring member and

the inner coiled spring member are wound in a first direction.

13. The downhole tool as recited in Claim 12, wherein the middle coiled spring member

is wound in a second opposite direction to the first direction.

14. The downhole tool as recited in Claim 11, wherein adjacent twos of individual coils
of the outer coiled spring member are fixedly coupled together, the adjacent twos fixedly coupled

together interspaced around a circumference of the outer coiled spring member.
15. The downhole tool as recited in Claim 11, wherein adjacent threes of individual coils

of the outer coiled spring member are fixedly coupled together, the adjacent threes fixedly coupled

together interspaced around a circumference of the outer coiled spring member.
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16. The downhole tool as recited in Claim 11, wherein adjacent twos of individual coils
of the middle coiled spring member are fixedly coupled together, the adjacent twos of individual
coils of the middle coiled spring member fixedly coupled together interspaced around a

circumference of the middle coiled spring member.

17. The downhole tool as recited in Claim 11, wherein adjacent threes of individual coils
of the middle coiled spring member are fixedly coupled together, the adjacent threes of individual
coils of the middle coiled spring member [ixedly coupled together interspaced around a

circumference of the middle coiled spring member.

18. The downhole tool as recited in Claim 11, wherein adjacent twos of individual coils
of the inner coiled spring member are fixedly coupled together, the adjacent twos of individual
coils of the inner coiled spring member fixedly coupled together interspaced around a

circumference of the inner coiled spring member.

19. The downhole tool as recited in Claim 11, wherein adjacent threes of individual coils
of the inner coiled spring member are fixedly coupled together, the adjacent threes of individual
coils of the inner coiled spring member fixedly coupled together interspaced around a

circumference of the inner coiled spring member.

20. The downhole tool as recited in Claim 11, wherein:

adjacent twos of individual coils of the outer coiled spring member are fixedly coupled
together, the adjacent twos of individual coils of the outer coiled spring member fixedly coupled
together interspaced around a circumference of the outer coiled spring member;

adjacent twos of individual coils of the middle coiled spring member are fixedly coupled
together, the adjacent twos of individual coils of the middle coiled spring member fixedly coupled
together interspaced around a circumference of the middle coiled spring member; and

adjacent twos of individual coils of the inner coiled spring member are fixedly coupled
together, the adjacent twos of individual coils of the inner coiled spring member fixedly coupled

together interspaced around a circumference of the inner coiled spring member.
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21. A well system, comprising:
a wellbore extending through onc or more subterrancan formations; and
a downhole tool positioned within the wellbore, the downhole tool including:
an elongate mandrel; and
a seal assembly encircling the elongate mandrel, the seal assembly configured to
move between an unset state and a set state, the seal assembly including:

a seal element encircling the mandrel and configured to radially deform into
contact with a wall of a wellbore when the seal assembly moves {rom the unset
state to the set state; and

a garter spring coupled with the seal element, the garter spring including:

an outer coiled spring member having an inside diameter (ID,) and
an outside diameter (OD»);

a middle coiled spring member having an inside diameter (ID) and
an outside diameter (OD3) located within the inside diameter (ID1) of the
outer coiled spring member; and

an inner coiled spring member having an inside diameter (ID3) and
an outside diameter (OD3) located within the inside diameter (ID2) of the

middle coiled spring member.
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