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Description

PRIORITY CLAIM

[0001] This application claims the benefit of the filing
date of United States Patent Application Serial No.
15/095,884, filed April 11, 2016, for "Downhole Systems
and Articles for Determining a Condition of a Wellbore or
Downhole Article, and Related Methods."

TECHNICAL FIELD

[0002] Embodiments of the disclosure relate generally
to materials for monitoring a condition of a wellbore or of
a downhole article disposed within the wellbore, and re-
lated methods. More particularly, embodiments of the
disclosure relate to deformable or degradable downhole
articles including electrically conductive materials dis-
persed therein, and methods of forming and using such
deformable downhole articles.

BACKGROUND

[0003] The drilling of wells for oil and gas production
conventionally employs longitudinally extending sections
or so-called "strings" of drill pipe to which, at one end, is
secured a drill bit of a larger diameter. After a selected
portion of a wellbore has been drilled, and in some in-
stances reamed to a larger diameter than that initially
drilled with a drill bit (which in such instances is termed
a "pilot" bit), the wellbore is usually lined or cased with a
string or section of casing or liner. Such a casing or liner
exhibits a larger diameter than the drill pipe used to drill
the wellbore, and a smaller diameter than the drill bit or
diameter of a reamer used to enlarge the wellbore. Con-
ventionally, after the casing or liner string is placed in the
wellbore, the casing or liner string is cemented into place
to form a seal between the exterior of the casing or liner
string and the wellbore wall.
[0004] Tubular strings, such as drill pipe, casing, or
liner, may be surrounded by an annular space between
the exterior wall of the pipe and the interior wall of the
well casing or the wellbore wall. Frequently, it is desirable
to seal such an annular space between upper and lower
portions of the well depth or between adjacent horizontal
zones of the well. The annular space may be sealed or
filled with a downhole article, such as a conformable de-
vice. Conformable devices include packers, bridge plugs,
sand screens, and seals. Swellable packers and bridge
plugs are particularly useful for sealing an annular space
because they swell (e.g., expand) upon exposure to well-
bore fluids, wellbore temperatures, and the like and fill
the cross-sectional area of the annular space.
[0005] However, such deformable materials are some-
times ineffectively placed and set in the wellbore and,
therefore, do not operate as intended. For example, a
deformable material may not substantially expand and
form a complete seal between the tubular member and

the wellbore wall. In other embodiments, a swellable
packer may either degrade after a useful life and may
not, therefore, effectively seal across the annular space.
Such malfunctions may cause flow of formation fluids
from different zones to undesirably mix, be produced at
the surface, or both.
[0006] Other downhole tools and components are of-
ten exposed to aggressive environments that may cor-
rode or degrade such tools and components. For exam-
ple, downhole tools may be exposed to high tempera-
tures and high pressures, acid gases (e.g., H2S, CO2),
and solutions of varying composition, pH, salinity, which
exposure may lead to pitting, corrosion, or degradation
of the downhole tool or component. Often, a downhole
tool or component may degrade unbeknownst to an op-
erator of the wellbore.
[0007] US 2012/017674 discloses an apparatus for
monitoring a material configured to perform one or more
functions or for actuating the material.
[0008] US 2012/312560 discloses methods and appa-
ratuses useful for forming a seal in a subterranean well-
bore.
[0009] US 2012/292023 discloses a method of verify-
ing swelling of a swellable material in a well.

DISCLOSURE

[0010] According to one aspect, the present invention
provides a method for determining a condition within a
wellbore, as claimed in claim 1. According to another
aspect, the present invention provides a downhole sys-
tem for determining a condition within a wellbore, as
claimed in claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a schematic diagram of a wellbore system
including at least one deformable downhole article
disposed therein;
FIG. 2A is a cross-sectional side view illustrating a
deformable downhole article in a compressed state,
according to embodiments of the disclosure;
FIG. 2B is a cross-sectional side view illustrating the
deformable downhole article of FIG. 2A in an ex-
panded state, according to embodiments of the dis-
closure;
FIG. 3A and FIG. 3B are simplified schematics of a
deformable material including carbon nanotubes
therein, according to embodiments of the disclosure;
FIG. 4 is a graph illustrating a relationship between
a measured resistance through a deformable mate-
rial and a strain of the deformable material; and
FIG. 5 is a cross-sectional side view of a degradable
material including a plurality of electrically conduc-
tive elements therein, according to other embodi-
ments of the disclosure.
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MODE(S) OF CARRYING OUT THE INVENTION

[0012] Illustrations presented herein are not meant to
be actual views of any particular material, component, or
system, but are merely idealized representations that are
employed to describe embodiments of the disclosure.
[0013] The following description provides specific de-
tails, such as material types, compositions, material
thicknesses, and processing conditions in order to pro-
vide a thorough description of embodiments of the dis-
closure. However, a person of ordinary skill in the art will
understand that the embodiments of the disclosure may
be practiced without employing these specific details. In-
deed, the embodiments of the disclosure may be prac-
ticed in conjunction with conventional techniques em-
ployed in the industry. In addition, the description provid-
ed below does not form a complete process flow for form-
ing a deformable material or forming a degradable ma-
terial, an article including the deformable material or the
degradable material, or methods of operating a wellbore
with such materials. Only those process acts and struc-
tures necessary to understand the embodiments of the
disclosure are described in detail below. A person of or-
dinary skill in the art will understand that some process
components (e.g., pipelines, line filters, valves, temper-
ature detectors, flow detectors, pressure detectors, and
the like) are inherently disclosed herein and that adding
various conventional process components and acts
would be in accord with the disclosure. Additional acts
or materials to form a seal between at least a component
of a downhole tool and a wellbore wall and to determine
a condition of the wellbore or downhole article may be
performed by conventional techniques.
[0014] Methods and downhole tools and articles as de-
scribed herein may be used for detecting one or more of
a condition of a downhole article including a deformable
material, as well as a wellbore associated with the down-
hole article, such as, for example, an amount of expan-
sion or contraction of such downhole articles, an amount
of degradation of such articles, or water ingress into the
wellbore proximate the article. According to embodi-
ments described herein, deformable downhole articles
are formed of a deformable material and an electrically
conductive material (e.g., carbon nanotubes, carbon na-
notube mats, etc.) dispersed throughout the deformable
material. According to other embodiments, a degradable
downhole article may be formed of a degradable material
and an electrically conductive material or electrically con-
ductive elements disposed therein. Responsive to expo-
sure to one or more types of a predetermined fluid or
predetermined conditions (e.g., temperature, pressure,
salinity, pH, etc.), the deformable material or degradable
material may expand and alter at least one electrical
property (e.g., an electrical resistance) of the material.
Accordingly, an electrical resistance through the material
may be correlated to a condition of the downhole article
including the material.
[0015] As used herein, the term "deformable material"

means and includes any material that may swell, expand,
or otherwise increase in size in at least one dimension
or direction responsive to exposure to a downhole envi-
ronment or stimulus. By way of nonlimiting example, the
downhole environment or stimulus may include a fluid
having a predetermined property (e.g., polarity, salinity,
pH, etc.), a temperature, pressure, an electrical stimulus,
or other property.
[0016] As used herein, the term "degradable material"
means and includes any material that may degrade, cor-
rode, erode, or otherwise deteriorate chemically, physi-
cally, or by any other means responsive to exposure to
a downhole environment or stimulus. By way of nonlim-
iting example, the downhole environment or stimulus
may include a fluid having a predetermined property
(e.g., polarity, salinity, pH, etc.), a temperature, pressure,
an electrical stimulus, or other property.
[0017] FIG. 1 is a schematic diagram of a wellbore sys-
tem 100 including a wellbore 110 extending through a
subterranean formation, which may include an aquifer
zone 112 and one or more producing reservoirs 114, 116,
121 including, for example, hydrocarbons. In some em-
bodiments, at least a portion of the wellbore 110 may be
lined with a casing. The wellbore 110 may include a sub-
stantially vertical leg 117 and a deviated, or substantially
horizontal leg 119. The wellbore 110 may include a pro-
duction string or assembly, generally indicated at 120,
including a tubular component 122 disposed therein. The
tubular component 122 may extend downwardly from a
drill rig 124 at a surface 126 of the subterranean formation
and through the wellbore 110. An annulus 130 may be
defined between an outer wall of the tubular member 122
and the wellbore casing and cement between the casing
and a wellbore wall 132.
[0018] A number of perforations 118 may penetrate
the wellbore casing and wellbore wall 132 and extend
into the subterranean formation, such as at the producing
reservoirs 114, 116, 121. Production zones 134 may be
positioned at selected locations along the production as-
sembly 120, such as proximate one or more perforations
118. Each production zone 134 may be isolated within
the wellbore 110 by a pair of packer devices 136. Al-
though FIG. 1 illustrates only three production zones 134,
the wellbore system 100 may include a greater number
of such zones arranges in serial fashion along one or
both of the vertical leg 117 and horizontal leg 119.
[0019] Each production zone 134 may include a flow
control device 138 to govern one or more aspects of a
flow of one or more fluids into the production assembly
120 (e.g., the tubular component 122). As used herein,
the term "fluid" or "fluids" includes liquids, gases, hydro-
carbons, multi-phase fluids, mixtures of two or more flu-
ids, water, brine, engineered fluids such as drilling mud,
fluids injected from the surface such as water, and nat-
urally occurring fluids such as oil and gas.
[0020] At least one component of the tubular compo-
nent 122 or the production string 120 may be formed of
a degradable material formulated and configured to de-
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grade responsive to exposure to one or more predeter-
mined conditions. By way of nonlimiting example, the one
or more predetermined conditions may include exposure
to a fluid having a predetermined property (e.g., polarity,
salinity, pH, etc.), a temperature, pressure, an electrical
stimulus, or other property.
[0021] FIG. 2A is a cross-sectional side view of a pack-
er device 136 of the wellbore system 100 of FIG. 1 in an
initial, un-swollen configuration. The packer device 136
includes a deformable downhole article including a de-
formable material 150 disposed around an outer surface
of a portion of the tubular component 122 in an initial,
compressed configuration in which the deformable ma-
terial 150 has a smaller diameter than a diameter of the
wall 132 (FIG. 1) of the wellbore 110 or the wellbore cas-
ing, if present.
[0022] The deformable material 150 is disposed
around and substantially surrounds a section of the tu-
bular component 122 within the wellbore 110. The tubular
component 122 may be a portion of a downhole produc-
tion pipe or tubing, or other, separate tubular component
within the wellbore 110. The tubular component 122 may
comprise plurality of orifices 152 configured to provide a
flow of production fluids from the producing reservoir 114
through the production assembly 120, although the dis-
closure is not so limited and the tubular component 122
may not include any orifices 152 between two of the pack-
er devices 136, if that reservoir 114 is not being produced.
[0023] The deformable material 150 comprises one or
more electrically conductive materials disposed therein.
The deformable material 150 further includes electrodes
154 disposed therein. The electrodes 154 comprise a
suitable conductive material, such as, for example, nick-
el, tungsten, titanium, silver, graphite, other electrically
conductive materials, or combinations thereof. FIG. 2A
illustrates the electrodes 154 disposed within the deform-
able material 150.
[0024] The electrodes 154 are operably coupled to an
electronic device 158 by one or more electrical leads or
wires 156. The electronic device 158 is disposed within
the packer device 136, such as within a recess or other
receptacle within the tubular member 122. The electronic
device 158 is, responsive to signals from electrodes 154,
configured to measure at least one electrical property of
the deformable material 150 during use and operation of
the packer device 136. In some embodiments, the elec-
trical device 158 comprises a multimeter or voltmeter.
[0025] The electronic device 158 may be operably cou-
pled to a controller, such as the surface control unit 142
(FIG. 1). In some embodiments, the electronic device
158 is configured to transmit information relating to the
measured electrical property to the surface 126 (FIG. 1)
for analysis. In some embodiments, the electronic device
158 communicates with the surface control unit 142 by,
for example, mud pulse telemetry, a wired connection
extending through a wall of the tubular member 122, or
by other conventional uplink/downlink apparatus. Al-
though FIG. 2A illustrates the electronic device 158 dis-

posed in a wall of the tubular member 122, the disclosure
is not so limited.
[0026] Referring to FIG. 2B, the deformable material
150 may be formulated and configured to expand until it
substantially fills the annular space 130 after the tubular
member 122 including the deformable material 150 is
positioned within the wellbore 110 at a selected position.
The packer device 136 may be positioned within the well-
bore 110 while the deformable material 150 is in an initial,
un-swollen state in which the deformable 150 has a small-
er diameter than the diameter of the wall 132 of the well-
bore 110 (FIG. 1). Swelling of the deformable material
150 may result in an increase in a radius of the deform-
able material 150 (measured from the tubular component
122 to an outer surface of the deformable material 150)
by between about 20% and about 300% of an initial radius
of the deformable material 150. In some embodiments,
the initial radius of the deformable material 150 may be
between about 0.5 inch (1.27 cm) to about 2 inches (5.08
cm). In some embodiments, the initial radius of the de-
formable material 150 is about 1 inch (2.54 cm).
[0027] In some embodiments, the deformable material
150 may be formulated and configured such that the de-
formable material 150 contacts the wall 132 of the well-
bore 110 prior to fully expanding. In some such embod-
iments, the deformable material 150 may form a seal in
the annulus 130 between the outer wall of the tubular
member 122 and the wall 132 of the wellbore 110, may
exhibit a pressure on the wall 132, and may stabilize the
subterranean formation proximate the wellbore 110.
[0028] In some embodiments, the deformable material
150 may comprise an expandable material formulated
and configured to expand responsive to exposure to one
or more of a fluid having a predetermined property (e.g.,
polarity, salinity, pH, etc.), a temperature, pressure, or
other property.
[0029] The deformable material 150 may include any
suitable type of deformable material. By way of nonlim-
iting examples, the deformable material 150 may com-
prise a conformable material as described in any of U.S.
Patent No. 9,090,012, titled "PROCESS FOR THE
PREPARATION OF CONFORMABLE MATERIALS
FOR DOWNHOLE SCREENS," issued July 28, 2015;
U.S. Patent No. 8,684,075, titled "SAND SCREEN, EX-
PANDABLE SCREEN AND METHOD OF MAKING," is-
sued April 1, 2014; U.S. Patent No. 9,228,420, titled
"CONFORMABLE MATERIALS CONTAINING HEAT
TRANSFER NANOPARTICLES AND DEVICES MADE
USING SAME," issued January 5, 2016; and U.S. Patent
Publication No. 2015/0176363, titled "SWELLABLE
DOWNHOLE STRUCTURES INCLUDING CARBON NI-
TRIDE MATERIALS, AND METHODS OF FORMING
AND USING SUCH STRUCTURES," filed December 24,
2013. Such conformable materials may be used in con-
formable sand screens, such as the GeoFORM® con-
formable sand management system commercially avail-
able from Baker Hughes Incorporated of Houston, TX.
By way of further nonlimiting examples, the deformable
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material 150 may comprise a swellable material as de-
scribed in any of U.S. Patent No. 8,118,092, titled
"SWELLING DELAY COVER FOR A PACKER," issued
February 21, 2012; U.S. Patent No. 8,225,861, titled
"SEALING FEED THROUGH LINES FOR DOWNHOLE
SWELLING PACKERS," issued July 24, 2012, U.S. Pat-
ent Publication No. 2009/0084550, titled "WATER
SWELLING RUBBER COMPOUND FOR USE IN RE-
ACTIVE PACKERS AND OTHER DOWNHOLE
TOOLS," filed September 30, 2008; U.S. Patent Publi-
cation No. 2015/0210825, titled "ENHANCED WATER
SWELLABLE COMPOSITIONS," filed March 13, 2014;
U.S. Patent Publication No. 2009/0139708, titled
"WRAP-ON REACTIVE ELEMENT BARRIER PACKER
AND METHOD OF CREATING SAME," filed June 6,
2008; and U.S. Patent 8,181,708, titled "WATER
SWELLING RUBBER COMPOUND FOR USE IN RE-
ACTIVE PACKERS AND OTHER DOWNHOLE
TOOLS," issued May 22, 2012.
[0030] By way of nonlimiting example, the deformable
material 150 may comprise a polymer, a natural or syn-
thetic rubber material, another elastomer, or another ma-
terial. In some embodiments, the deformable material
150 comprises a polymer, such as a viscoelastic shape
memory polymeric material. The shape memory poly-
meric material may exhibit a one-way shape memory ef-
fect such that the viscoelastic shape memory material
may be restored to an original shape, size, or both when
exposed to, for example, a change in temperature, well-
bore fluids, electrical stimulus, a chemical stimulus, or
other stimuli.
[0031] The polymer may include an open-celled foam
material that can expand (e.g., exhibit a shape memory
effect), such as, for example, a polyurethane, a polya-
mide, a polyurea, a polyvinyl alcohol, a vinyl alcohol-vinyl
ester copolymer, a phenolic polymer, a polybenzimida-
zole, a copolymer comprising polyethylene oxide units,
or combinations thereof. By way of nonlimiting example,
copolymers comprising polyethylene oxide units include
polyethylene oxide/acrylic acid/methacrylic acid copoly-
mer crosslinked with N,N’-methylene-bis-acrylamide,
polyethylene oxide/methacrylic acid/N-vinyl-2-pyrro-
lidone copolymer crosslinked with ethylene glycol
dimethacrylate, and polyethylene oxide/poly(methyl
methacrylate)/N-vinyl-2-pyrrolidone copolymer
crosslinked with ethylene glycol dimethacrylate. In some
embodiments, the deformable material 150 may include
a polyurethane comprising a reaction product of a poly-
carbonate polyol and a polyisocyanate. Such polymers
may be chemically or at least physically crosslinked in
order to exhibit shape memory properties.
[0032] In other embodiments, the deformable material
150 may comprise an elastomeric material (e.g., rubber),
as may be used in a swellable packer. The elastomeric
material may be water-swellable (i.e., the elastomeric
material may be configured and formulated to swell re-
sponsive to exposure to an aqueous solution) or oil-
swellable (i.e., the elastomeric material may be config-

ured and formulated to swell responsive to exposure to
hydrocarbons).
[0033] The elastomeric material may include a rubber
material such as natural rubber or a synthetic rubber co-
polymer. By way of nonlimiting example, the elastomeric
material may include acrylonitrile butadiene styrene
(ABS), polyacrylonitrile (PAN), a nitrile-based elastomer,
such as acrylonitrile butadiene rubber (NBR, also known
as Buna-N or Purburan and may include various grades
thereof, such as hydrogenated acrylonitrile butadiene
rubber (HNBR), carboxylated acrylonitrile butadiene rub-
ber (XNBR), carboxylated hydrogenated acrylonitrile
butadiene rubber (XHNBR), and combinations thereof),
ethylene propylene diene monomer (EPDM), fluorinated
polymer rubbers (e.g., FKM), tetrafluoroethylene propyl-
ene rubbers (FEPM), fluorosilicone rubber, butyl rubbers,
and combinations thereof.
[0034] The elastomeric material may be crosslinked.
The crosslinks may include sulfur, peroxide, urethane,
metallic oxides, boron oxide, acetoxysilane, alkoxysi-
lanes, and combinations thereof. In some embodiments,
the crosslinks comprise sulfur or a peroxide.
[0035] In some embodiments, such as where the elas-
tomeric material is water-swellable, the elastomeric ma-
terial comprises carboxymethyl cellulose (CMC) or a ma-
terial comprising carboxymethyl cellulose. The car-
boxymethyl cellulose may include hydroxylpropylmethyl
cellulose (HPMC), methylcellulose (MC), or a combina-
tion thereof. In some such embodiments, the elastomeric
material may further include a mixture of an acrylic co-
polymer and a phthalate ester oil carrier dispersed in the
elastomeric material. The acrylic copolymer may include
a mixture of an active polymer and a phthalate ester oil
and may include, for example, a material such as a Super
Absorbent Polymer (SAP) (e.g., a long chain, slightly
cross-linked polymer capable of absorbing relatively
large quantities of liquid (e.g., water) relative to its own
mass) and as described in U.S. Patent Application Pub-
lication No. U.S. 2012/0208934 A1, titled "WATER
SWELLING RUBBER COMPOUND FOR USE IN RE-
ACTIVE PACKERS AND OTHER DOWNHOLE
TOOLS," published August 16, 2012.
[0036] As described above, the deformable material
150 includes an electrically conductive material therein.
The electrically conductive material may be dispersed
substantially uniformly throughout the deformable mate-
rial 150. In other embodiments, the electrically conduc-
tive material may be dispersed in some portions of the
deformable material 150 while other portions of the de-
formable material 150 are substantially free of the elec-
trically conductive material. In some embodiments, the
electrically conductive material may impart, at least to
some degree, electrical conductivity to the deformable
material 150, depending on, for example, an amount of
contraction or expansion of the deformable material 150
and an electrical conductivity of the electrically conduc-
tive materials in the deformable material 150.
[0037] The electrically conductive material may in-
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clude any material suitable for providing electrical con-
ductivity to the deformable material 150. In some embod-
iments, an electrical conductivity (or similarly, an electri-
cal resistance) of the deformable material 150 may cor-
relate to an amount of expansion or contraction of the
deformable material 150 including the electrically con-
ductive material therein.
[0038] In some embodiments, the electrically conduc-
tive material may comprise any electrically conductive
nanomaterial, such as electrically conductive carbon fib-
ers or electrically conductive nanotubes. In some em-
bodiments, the electrically conductive material compris-
es carbon nanotubes (CNTs). The carbon nanotubes
may be single-walled carbon nanotubes, multi-walled
carbon nanotubes, or a combination thereof. In some em-
bodiments, the carbon nanotubes are multi-walled car-
bon nanotubes. In some embodiments, the electrically
conductive material comprises one or more mats of car-
bon nanotubes. As used herein, the term "carbon nano-
tube mat" means and includes a sheet of carbon nano-
tubes including a plurality of randomly oriented carbon
nanotubes, such as those commercially available from
MER Corporation, of Tucson, Arizona. The carbon nan-
otube mats may have a thickness of between, for exam-
ple, about 100 mm and about 500 mm, such as between
about 100 mm and about 400 mm, or between about 200
mm and about 300 mm. However, the disclosure is not
so limited and the carbon nanotube mats may have a
different thickness.
[0039] The electrically conductive material may be
functionalized. In some embodiments, the electrically
conductive material comprises electrically conductive
nanomaterials (e.g., carbon nanotubes) including one or
more functional groups formulated and configured to fa-
cilitate bonding thereof to a portion of the deformable
material 150. By way of nonlimiting example, the func-
tional groups include amine groups, carboxyl groups
(-COOH), thiol groups, fluorinated functional groups, hy-
droxyl groups, or combinations thereof. In some embod-
iments, the electrically conductive nanomaterials are
functionalized to facilitate formation of the deformable
material 150 including the electrically conductive nano-
materials therein.
[0040] The electrically conductive material may be
doped (e.g., impregnated) with one or more dopants. In
some such embodiments, the electrically conductive ma-
terial comprises carbon nanotubes including metal nan-
oparticles attached to outer walls thereof. The nanopar-
ticles may include, for example, at least one of platinum,
copper, silver, gold, ruthenium, rhodium, tin, or palladi-
um. In some embodiments, attachment of the metal na-
noparticles to the carbon nanotubes may increase the
electrical conductivity of the electrically conductive ma-
terial thereof.
[0041] Referring to FIG. 3A, a schematic of the deform-
able material 150 is illustrated. The deformable material
150 includes electrically conductive nanomaterials 160,
which may comprise, for example, a plurality of electri-

cally conductive carbon nanotubes, dispersed therein.
The electrically conductive nanomaterials 160 may in-
clude a plurality of electrically conductive junctions 162
at intersections between individual components (e.g., in-
dividual carbon nanotubes) of the electrically conductive
nanomaterials 160. As used herein, the term "electrically
conductive junction" means and includes a location
where two or more individual components of the electri-
cally conductive nanomaterials 160 physically contact
each other. Electrons may flow through such electrically
conductive junctions 162 rendering the electrically con-
ductive junctions 162 and the electrically conductive na-
nomaterials 160 that are in physical contact with each
other electrically conductive. The electrically conductive
junctions 162 may form an electrically conductive net-
work of electrically conductive nanomaterials 160 in the
deformable material 150. An electrical conductivity and,
therefore, an electrical resistance, of the deformable ma-
terial 150 may be directly related to a number of electri-
cally conductive junctions 162 within the deformable ma-
terial 150. Referring to FIG. 3B, as the deformable ma-
terial 150 expands, at least some of the electrically con-
ductive junctions 162 may separate. Stated another way,
expansion of the deformable material 150 may reduce a
number of the electrically conductive junctions 162. Ac-
cordingly, since electrical conductivity through the de-
formable material 150 is through the electrically conduc-
tive nanomaterials 160 and the electrically conductive
junctions 162, an electrical resistance through the de-
formable material 150 may substantially correspond to a
degree of expansion or contraction of the deformable ma-
terial 150.
[0042] In use and operation, an amount of expansion
or contraction of the deformable material 150 may be
estimated or determined based on a measured electrical
property of the deformable material 150. Referring to FIG.
4, a graph illustrating a relationship between a measured
resistance through the deformable material 150 and a
strain (i.e., an amount of deformation in a direction of an
applied force divided by an initial dimension (length)) of
the deformable material 150 is shown. As illustrated, a
measured electrical resistance through the deformable
material 150 may substantially correlate to an amount of
strain of the deformable material 150. Accordingly, a de-
gree of expansion of the deformable material 150 may
be determined by measuring a resistance through the
deformable material 150. The resistance may be deter-
mined by, for example, coupling the deformable material
150 to at least a first electrode 154 (FIG. 2A) and at least
a second electrode 154, applying a current between the
electrodes 154, and measuring the resistance through
the deformable material 150. Accordingly, in some em-
bodiments, an amount of expansion or compression of
the deformable material 150 may be determined based,
at least in part, on an electrical resistance through the
deformable material 150.
[0043] In other embodiments, water ingress into a por-
tion of the wellbore 110 (FIG. 1) may be determined
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based on at least one measured electrical property of the
deformable material 150. In some such embodiments,
the deformable material 150 (FIG. 2A) may comprise, for
example, a water-swellable material, as described
above. Responsive to exposure to an aqueous solution
(e.g., water, brine, etc.), the deformable material 150 may
expand and, therefore, may exhibit an increased electri-
cal resistance. Accordingly, water ingress from the sub-
terranean formation may be detected or determined by
measuring the resistance through the deformable mate-
rial 150. In some embodiments, an increasing resistance
through the deformable material 150 may correspond to
water ingress into the wellbore 110 proximate the de-
formable material 150.
[0044] In accordance with the present invention, the
packer device 138 (FIG. 1) has been illustrated as being
disposed on an outer wall of the tubular member 122.
[0045] In some embodiments, the electronic device
158 may comprise a processor including a memory or
may be coupled to the surface control unit 142 (FIG. 1)
comprising a processor and a memory. The memory may
store information related to, for example, a reference or
baseline value of at least one electrical property (e.g., a
resistance value) of the deformable material 150 in one
or more different configurations or states (e.g., a com-
pressed state, one or more partially expanded states, a
fully expanded state, etc.). In some embodiments, the
memory may be configured to store the information in
the form of, for example, a look-up table including differ-
ent values of at least one electrical property of the de-
formable material 150 while the deformable material 150
is at one or more different configurations. Responsive to
receiving information about the at least one electrical
property, the surface control unit 142 may estimate or
determine one or more of a degree of expansion or con-
traction of the deformable material 150 or water ingress
into the wellbore 110 proximate the deformable material
150 based, at least in part, on a value of the at least one
electrical property or a difference between the reference
value and the at least one measured value. In some em-
bodiments, the surface control unit 142 may estimate or
determine the degree of expansion or contraction of the
deformable material 150 or water ingress into the well-
bore 110 proximate the deformable material 150 in sub-
stantially real time.
[0046] The deformable material 150 may be formed by
any suitable method for mixing the electrically conductive
materials in the deformable material 150. In some em-
bodiments, the deformable material 150 may be formed
by mixing one or more electrically conductive materials
with a deformable material to form a mixture and molding
the mixture. The deformable material may cure around
the electrically conductive materials to form a downhole
article including the deformable material. In some em-
bodiments, the deformable material 150 may be formed
in a manner substantially similar to the manner disclosed
in U.S. Patent Application Serial No. 15/063,034, titled
"DEFORMABLE DOWNHOLE STRUCTURES INCLUD-

ING CARBON NANOTUBE MATERIALS, AND METH-
ODS OF FORMING AND USING SUCH STRUC-
TURES," filed March 7, 2016.
[0047] In yet other embodiments, at least one down-
hole component or downhole article may comprise a de-
gradable material. An amount of degradation of the de-
gradable material may be determined based on one or
more electrical properties of the degradable material.
FIG. 5 illustrates a degradable downhole article 190 in-
cluding a degradable material 180 including a plurality of
electrically conductive elements 170 disposed therein.
Each of the electrically conductive elements 170 may be
in electrical communication with the electronic device 158
through one or more wires 156 and one or more elec-
trodes 154 coupled thereto. The degradable downhole
article 190 may comprise, by way of nonlimiting example,
at least a part of a frac plug, a degradable plug (e.g., a
degradable frac plug), a dissolvable plug, a bridge plug,
a downhole valve, a flow controller, a degradable coating
on a downhole tool, or another material formulated and
configured to degrade, corrode, erode, or otherwise de-
teriorate. The degradable material 180 may include a pol-
ymer, a rubber, a paint, or other degradable materials.
In some embodiments, the degradable material 180 in-
cludes a polymer or a rubber, as described above with
reference to the deformable material 150. In yet other
embodiments, the degradable material 180 comprises a
controlled electrolytic material, a gel, a viscous fluid, or
other suitable material that may degrade, corrode, erode,
or otherwise deteriorate chemically, physically, or by any
other means responsive to exposure to a downhole en-
vironment or stimulus.
[0048] The electrically conductive elements 170 may
include a network of electrically conductive nanomateri-
als, such as carbon nanotubes or other electrically con-
ductive material. In some embodiments, the electrically
conductive elements 170 each comprise at least one car-
bon nanotube mat. The electronic device 158 may be
configured to detect at least one electrical property of
each of the electrically conductive elements 170. In some
embodiments, each electrically conductive element 170
forms a circuit with the electronic device 158. In some
embodiments, regions 182 of the degradable material
180 may be substantially free of the electrically conduc-
tive material (e.g., the electrically conductive elements
170) and may, therefore, be substantially electrically non-
conductive (i.e., insulative).
[0049] In use and operation, the degradable material
180 may degrade. As the degradable material 180 de-
grades, one or more of the electrically conductive ele-
ments 170 may detach from the degradable material 180.
The electrically conductive elements 170 may exhibit a
difference in at least one electrical property when the
electrically conductive element 170 is secured to the de-
gradable material 180 than when the electrically conduc-
tive element 170 detaches therefrom. For example, in
some embodiments, after an electrically conductive ele-
ment 170 detaches from the degradable material 180, a
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circuit between the electronic device 158 and the degra-
dable material 180 may break and the electronic device
158 may not detect the at least one electrical property.
Accordingly, the electronic device 158 may be configured
to determine a presence of each of the electrically con-
ductive elements 170 in the degradable material 180.
Stated another way, the electronic device 158 may be
configured to determine whether each individual electri-
cally conductive element 170 is disposed in the degra-
dable material 180 or whether the degradable material
180 has degraded and an electrically conductive element
170 is detached therefrom.
[0050] The electrically conductive elements 170 may
comprise, for example, an array of electrically conductive
elements 170 positioned within the degradable material
180 at predetermined locations within the degradable
material 180. In some embodiments, each of the electri-
cally conductive elements 170 may be positioned at a
different radial distance from a center of the degradable
material 180. By way of nonlimiting example, a first elec-
trically conductive element 170 may be positioned at a
predetermined radial distance from a center of the de-
gradable material 180, a second electrically conductive
element 170 may be positioned at another predetermined
radial distance from the center of the degradable material
180, and a third electrically conductive element 170 may
be positioned at yet another predetermined radial dis-
tance from the center of the degradable material 180. In
other embodiments, the electrically conductive elements
170 may be positioned and spaced along, for example,
a longitudinal axis of the degradable material 180.
[0051] In some embodiments, the electrically conduc-
tive elements 170 may be positioned within the degra-
dable material 180 such that degradation of the degra-
dable material 180 may be determined in, for example,
intervals of about 5%, about 10%, about 20%, about 25%,
or other intervals. In other words, the electrically conduc-
tive elements 170 may be positioned within the degra-
dable material 180 such that after the degradable mate-
rial 180 degrades by a predetermined amount (e.g., 5%,
10%, 15%, 20%, etc.), an electrically conductive element
170 detaches therefrom and is, therefore, not detected
by the electronic device 158. In some embodiments, the
degradable material 180 is configured such that at least
one electrically conductive element 170 detaches from
the degradable material 180 after every about 5%, every
about 10%, every about 20%, or every about 25% of the
degradable material 180 has degraded. However, the
disclosure is not so limited and degradation of the degra-
dable material 180 may be estimated or determined at
intervals of about 1%, about 2%, about 3%, or other in-
tervals.
[0052] Forming the degradable material 180 including
the electrically conductive elements 170 disposed at pre-
determined locations within the degradable material 180
facilitates determination of an amount of degradation of
the degradable material 180. For example, only certain
portions of the degradable material 180 may conduct

electricity (e.g., the electrically conductive elements
170). Since each electrically conductive element 170 is
positioned at predetermined locations of the degradable
material 180, detection of an electrical property of the
electrically conductive material 170 may provide an indi-
cation of the location of the electrically conductive mate-
rial 170 relative to the degradable material 180.
[0053] In some embodiments, the memory of the elec-
tronic device 158 may store information related to, for
example, a relative location of each electrically conduc-
tive element 170 within the degradable material 180. The
electronic device 158 may be configured to determine an
amount of degradation of the degradable material 180.
By way of nonlimiting example, if the electronic device
158 does not detect the at least one electrical property
of an electrically conductive element 170, the electronic
device 158 may determine that the degradable material
180 has degraded by an amount corresponding to a lo-
cation of the electrically conductive element 170. Re-
sponsive to receiving information about the at least one
electrical property, the surface control unit 142 may de-
termine or estimate an amount of degradation of the de-
formable material 150 in substantially real time.
[0054] The degradable material 180 may be formed by
any suitable method for mixing the electrically conductive
elements 170 (FIG. 5) in the degradable material 180. In
some embodiments, the degradable material 180 may
be formed by mixing a matrix material comprising a de-
gradable material with one or more electrically conduc-
tive elements 170 and molding the mixture to form a de-
gradable material. In some embodiments, one or more
electrically conductive elements 170 may be positioned
at predetermined positions within a mold cavity and the
mold cavity may be filled with the degradable material.
The degradable material may cure around the electrically
conductive elements 170 to form a downhole article in-
cluding the degradable material.
[0055] While the disclosure is susceptible to various
modifications and alternative forms, specific embodi-
ments have been shown by way of example in the draw-
ings and have been described in detail herein. However,
the disclosure is not intended to be limited to the particular
forms disclosed. Rather, the disclosure is to cover all
modifications and alternatives falling within the scope of
the disclosure as defined by the following appended
claims.

Claims

1. A method of determining a condition within a well-
bore (110), the method comprising:

introducing a tubular member (122) in the well-
bore (110) extending through a subterranean
formation, the tubular member (122) comprising
a swellable packer (136) including a deformable
material (150) disposed around an outer surface
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of the tubular member (122), the deformable ma-
terial (150) having electrically conductive nano-
materials (160) dispersed therein;
measuring at least one electrical property of the
deformable material (150) with at least one elec-
tronic device (158) disposed within the packer
(136) and electrically coupled to electrodes
(154), the electrodes (154) disposed within the
deformable material (150) and not on a surface
of the deformable material (150); and
determining at least one of water ingress into
the wellbore (110) or an amount of expansion
of the deformable material (150) based on a val-
ue of the at least one measured electrical prop-
erty.

2. The method of claim 1, wherein measuring at least
one electrical property of the deformable material
(150) comprises measuring an electrical resistance
of the deformable material (150).

3. The method of claim 1, further comprising selecting
the electrically conductive nanomaterials (160) to
comprise carbon nanotubes comprising a plurality
of carbon nanotube mats, each carbon nanotube mat
electrically coupled to a pair of electrodes (154).

4. The method of claim 1, wherein determining at least
one of water ingress into the wellbore (110) or an
amount of expansion of the deformable material
(150) based on the at least one measured electrical
property comprises determining water ingress into
the wellbore (110) and an amount of expansion of
the deformable material (150) based on the at least
one measured electrical property.

5. The method of claim 1, further comprising selecting
the electrically conductive nanomaterials (160) to
comprise carbon nanotubes doped with metal nan-
oparticles.

6. The method of any one of claims 1 through 5, further
comprising selecting the deformable material (150)
to comprise carbon nanotubes dispersed substan-
tially uniformly throughout the deformable material
(150).

7. The method of any one of claims 1 through 5, further
comprising selecting the deformable material (150)
to comprise a water-swellable material, the water-
swellable material optionally comprising carboxyme-
thyl cellulose.

8. The method of any one of claims 1 through 5, wherein
introducing a tubular member (122) in a wellbore
(110) extending through a subterranean formation
comprises disposing the tubular member (122) prox-
imate an aquifer (112) in the subterranean formation.

9. The method of any one of claims 1 through 5, further
comprising selecting the deformable material (150)
to comprise a shape memory polymer.

10. The method of any one of claims 1 through 5, further
comprising selecting the tubular member (122) to
comprise at least a portion of at least one of a bridge
plug, a frac plug, or a sand screen.

11. A downhole system for determining at least one con-
dition within a wellbore (110), the downhole system
comprising:

a tubular member (122) in the wellbore (110)
extending through a subterranean formation,
wherein the tubular member (122) comprises a
swellable packer (136) comprising a deformable
material (150) disposed around an outer surface
of the tubular member (122), the deformable ma-
terial (150) comprising electrically conductive
nanomaterials (160) dispersed therein;
at least one electronic device (158) disposed
within the packer (136) and electrically coupled
to electrodes (154) disposed within the deform-
able material (150) and not on a surface of the
deformable material (150), the at least one elec-
tronic device (158) configured to measure at
least one electrical property of the deformable
material (150); and
a processor operably coupled to the at least one
electronic device (158), the processor compris-
ing a memory and configured to determine at
least one of water ingress into the wellbore (110)
or an amount of expansion of the deformable
material (150) based on a value of the at least
one measured electrical property.

12. The downhole system of claim 11, wherein the at
least one electronic device (158) is disposed within
a recess or other receptacle within the tubular mem-
ber (122).

13. The downhole system of claim 11, wherein the tu-
bular member (122) comprises at least one of a frac
plug, a bridge plug, or a sand screen.

14. The downhole system of claim 11 or claim 13, where-
in the deformable material (150) comprises a plural-
ity of carbon nanotube mats, each carbon nanotube
mat electrically coupled to a pair of electrodes (154).

15. The downhole system of claim 11 or claim 13, where-
in the electrically conductive nanomaterials (160)
comprise carbon nanotubes including metal nano-
particles, and wherein the carbon nanotubes are
functionalized with functional groups comprising at
least one of an amine group, a carboxyl group, a
hydroxyl group, or a thiol group.
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Patentansprüche

1. Verfahren zum Bestimmen eines Zustands inner-
halb einer Bohrung (110), das Verfahren umfassend:

Einführen eines rohrförmigen Elements (122) in
die Bohrung (110), die sich durch eine unterir-
dische Formation erstreckt, das rohrförmige
Element (122) umfassend einen quellbaren Pa-
cker (136), der ein verformbares Material (150)
einschließt, das um eine Außenoberfläche des
rohrförmigen Elements (122) herum angeordnet
ist, wobei das verformbare Material (150) elek-
trisch leitfähige darin dispergierte Nanomateri-
alien (160) aufweist;
Messen mindestens einer elektrischen Eigen-
schaft des verformbaren Materials (150) mit
mindestens einer elektronischen Vorrichtung
(158), die innerhalb des Packers (136) angeord-
net und mit Elektroden (154) elektrisch gekop-
pelt ist, wobei die Elektroden (154) innerhalb des
verformbaren Materials (150) und nicht auf einer
Oberfläche des verformbaren Materials (150)
angeordnet sind; und
Bestimmen mindestens eines von Wasserein-
tritt in die Bohrung (110) oder eines Ausmaßes
von Expansion des verformbaren Materials
(150) basierend auf einem Wert der mindestens
einen gemessenen elektrischen Eigenschaft.

2. Verfahren nach Anspruch 1, wobei das Messen min-
destens einer elektrischen Eigenschaft des verform-
baren Materials (150) das Messen eines elektri-
schen Widerstands des verformbaren Materials
(150) umfasst.

3. Verfahren nach Anspruch 1, ferner umfassend ein
Auswählen der elektrisch leitfähigen Nanomateriali-
en (160), um Kohlenstoffnanoröhren zu umfassen,
umfassend eine Vielzahl von Kohlenstoffnanoröh-
renmatten, wobei jede Kohlenstoffnanoröhrenmatte
mit einem Elektrodenpaar (154) elektrisch gekoppelt
ist.

4. Verfahren nach Anspruch 1, wobei das Bestimmen
mindestens eines von Wassereintritt in die Bohrung
(110) oder eines Ausmaßes von Expansion des ver-
formbaren Materials (150) basierend auf der min-
destens einen gemessenen elektrischen Eigen-
schaft das Bestimmen von Wassereintritt in die Boh-
rung (110) und ein Ausmaß von Expansion des ver-
formbaren Materials (150) basierend auf der min-
destens einen gemessenen elektrischen Eigen-
schaft umfasst.

5. Verfahren nach Anspruch 1, ferner umfassend das
Auswählen der elektrisch leitfähigen Nanomateriali-
en (160), um Kohlenstoffnanoröhren zu umfassen,

die mit Metallnanopartikeln dotiert sind.

6. Verfahren nach einem der Ansprüche 1 bis 5, ferner
umfassend das Auswählen des verformbaren Mate-
rials (150), um Kohlenstoffnanoröhren zu umfassen,
die im Wesentlichen gleichmäßig in dem verformba-
ren Material (150) dispergiert sind.

7. Verfahren nach einem der Ansprüche 1 bis 5, ferner
umfassend das Auswählen des verformbaren Mate-
rials (150), um ein wasserquellbares Material zu um-
fassen, das wasserquellbare Material optional um-
fassend Carboxymethylcellulose.

8. Verfahren nach einem der Ansprüche 1 bis 5, wobei
das Einführen eines rohrförmigen Elements (122) in
eine Bohrung (110), die sich durch eine unterirdische
Formation erstreckt, das Anordnen des rohrförmigen
Elements (122) nahe eines Aquifers (112) in der un-
terirdischen Formation umfasst.

9. Verfahren nach einem der Ansprüche 1 bis 5, ferner
umfassend das Auswählen des verformbaren Mate-
rials (150), um ein Formgedächtnispolymer zu um-
fassen.

10. Verfahren nach einem der Ansprüche 1 bis 5, ferner
umfassend das Auswählen des rohrförmigen Ele-
ments (122), um mindestens einen Abschnitt von
mindestens einem eines Bridge-Plugs, eines Frac-
Plugs oder eines Sandsiebs zu umfassen.

11. Bohrlochsystem zum Bestimmen mindestens eines
Zustands innerhalb einer Bohrung (110), das Bohr-
lochsystem umfassend:

ein rohrförmiges Element (122) in der Bohrung
(110), die sich durch eine unterirdische Forma-
tion erstreckt, wobei das rohrförmige Element
(122) einen quellbaren Packer (136) umfasst,
umfassend ein verformbares Material (150), das
um eine Außenoberfläche des rohrförmigen Ele-
ments (122) herum angeordnet ist, das verform-
bare Material (150) umfassend darin dispergier-
te elektrisch leitfähige Nanomaterialien (160);
mindestens eine elektronische Vorrichtung
(158), die innerhalb des Packers (136) angeord-
net und mit Elektroden (154) elektrisch gekop-
pelt ist, die innerhalb des verformbaren Materi-
als (150) und nicht auf einer Oberfläche des ver-
formbaren Materials (150) angeordnet sind, wo-
bei die mindestens eine elektronische Vorrich-
tung (158) konfiguriert ist, um mindestens eine
elektrische Eigenschaft des verformbaren Ma-
terials (150) zu messen; und
einen Prozessor, der betriebsfähig mit der min-
destens einen elektronischen Vorrichtung (158)
gekoppelt ist, wobei der Prozessor einen Spei-
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cher umfasst und konfiguriert ist, um mindes-
tens eines von Wassereintritt in die Bohrung
(110) oder eines Ausmaßes von Expansion des
verformbaren Materials (150) basierend auf ei-
nem Wert der mindestens einen gemessenen
elektrischen Eigenschaft zu bestimmen.

12. Bohrlochsystem nach Anspruch 11, wobei die min-
destens eine elektronische Vorrichtung (158) inner-
halb einer Aussparung oder eines anderen Behäl-
ters innerhalb des rohrförmigen Elements (122) an-
geordnet ist.

13. Bohrlochsystem nach Anspruch 11, wobei das rohr-
förmige Element (122) mindestens eines von einem
Frac-Plug, einem Bridge-Plug oder einem Sandsieb
umfasst.

14. Bohrlochsystem nach Anspruch 11 oder 13, wobei
das verformbare Material (150) eine Vielzahl von
Kohlenstoffnanoröhrenmatten umfasst, wobei jede
Kohlenstoffnanoröhrenmatte mit einem Elektroden-
paar (154) elektrisch gekoppelt ist.

15. Bohrlochsystem nach Anspruch 11 oder 13, wobei
die elektrisch leitfähigen Nanomaterialien (160) Koh-
lenstoffnanoröhren umfassen, die Metallnanoparti-
kel einschließen, und wobei die Kohlenstoffnanoröh-
ren mit funktionellen Gruppen funktionalisiert sind,
umfassend mindestens eine von einer Aminogrup-
pe, einer Carboxylgruppe, einer Hydroxylgruppe
oder einer Thiolgruppe.

Revendications

1. Procédé de détermination d’un état à l’intérieur d’un
puits de forage (110), le procédé comprenant :

l’introduction d’un élément tubulaire (122) dans
le puits de forage (110) s’étendant à travers une
formation souterraine, l’élément tubulaire (122)
comprenant une garniture d’étanchéité pouvant
gonfler (136) comportant un matériau déforma-
ble (150) disposé autour d’une surface extérieu-
re de l’élément tubulaire (122), le matériau dé-
formable (150) ayant des nanomatériaux élec-
triquement conducteurs (160) dispersés dans
celui-ci ;
la mesure d’au moins une propriété électrique
du matériau déformable (150) avec au moins un
dispositif électronique (158) disposé à l’intérieur
de la garniture d’étanchéité (136) et couplé élec-
triquement à des électrodes (154), les électro-
des (154) étant disposées à l’intérieur du maté-
riau déformable (150) et non sur une surface du
matériau déformable (150) ; et
la détermination d’au moins l’une d’une entrée

d’eau dans le puits de forage (110) ou d’une
quantité d’expansion du matériau déformable
(150) en fonction d’une valeur de l’au moins une
propriété électrique mesurée.

2. Procédé selon la revendication 1, dans lequel la me-
sure d’au moins une propriété électrique du matériau
déformable (150) comprend la mesure d’une résis-
tance électrique du matériau déformable (150).

3. Procédé selon la revendication 1, comprenant en
outre la sélection des nanomatériaux électriquement
conducteurs (160) pour comprendre des nanotubes
de carbone comprenant une pluralité de tapis de na-
notubes de carbone, chaque tapis de nanotubes de
carbone étant couplé électriquement à une paire
d’électrodes (154).

4. Procédé selon la revendication 1, dans lequel la dé-
termination d’au moins l’une d’une entrée d’eau dans
le puits de forage (110) ou d’une quantité d’expan-
sion du matériau déformable (150) en fonction de
l’au moins une propriété électrique mesurée com-
prend la détermination d’une entrée d’eau dans le
puits de forage (110) et d’une quantité d’expansion
du matériau déformable (150) en fonction de l’au
moins une propriété électrique mesurée.

5. Procédé selon la revendication 1, comprenant en
outre la sélection des nanomatériaux électriquement
conducteurs (160) pour comprendre des nanotubes
de carbone dopés avec des nanoparticules de métal.

6. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre la sélection du matériau
déformable (150) pour comprendre des nanotubes
de carbone dispersés essentiellement uniformé-
ment dans tout le matériau déformable (150).

7. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre la sélection du matériau
déformable (150) pour comprendre un matériau gon-
flable à l’eau, le matériau gonflable à l’eau compre-
nant éventuellement de la carboxyméthylcellulose.

8. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel l’introduction d’un élément tubu-
laire (122) dans un puits de forage (110) s’étendant
à travers une formation souterraine comprend la dis-
position de l’élément tubulaire (122) à proximité d’un
aquifère (112) dans la formation souterraine.

9. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre la sélection du matériau
déformable (150) pour comprendre un polymère à
mémoire de forme.

10. Procédé selon l’une quelconque des revendications
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1 à 5, comprenant en outre la sélection de l’élément
tubulaire (122) pour comprendre au moins une partie
d’au moins l’un parmi un bouchon de pont, un bou-
chon de fracturation, ou un tamis à sable.

11. Système de fond de trou pour la détermination d’au
moins un état à l’intérieur d’un puits de forage (110),
le système de fond de trou comprenant :

un élément tubulaire (122) dans le puits de fo-
rage (110) s’étendant à travers une formation
souterraine, dans lequel l’élément tubulaire
(122) comprend une garniture d’étanchéité pou-
vant gonfler (136) comprenant un matériau dé-
formable (150) disposé autour d’une surface ex-
térieure de l’élément tubulaire (122), le matériau
déformable (150) comprenant des nanomaté-
riaux électriquement conducteurs (160) disper-
sés dans celui-ci ;
au moins un dispositif électronique (158) dispo-
sé à l’intérieur de la garniture d’étanchéité (136)
et couplé électriquement à des électrodes (154)
disposées à l’intérieur du matériau déformable
(150) et non sur une surface du matériau défor-
mable (150), l’au moins un dispositif électroni-
que (158) étant configuré pour mesurer au
moins une propriété électrique du matériau dé-
formable (150) ; et
un processeur couplé de manière opérationnel-
le à l’au moins un dispositif électronique (158),
le processeur comprenant une mémoire et con-
figuré pour déterminer au moins l’une d’une en-
trée d’eau dans le puits de forage (110) ou d’une
quantité d’expansion du matériau déformable
(150) en fonction d’une valeur de l’au moins une
propriété électrique mesurée.

12. Système de fond de trou selon la revendication 11,
dans lequel l’au moins un dispositif électronique
(158) est disposé à l’intérieur d’un évidement ou d’un
autre réceptacle à l’intérieur de l’élément tubulaire
(122).

13. Système de fond de trou selon la revendication 11,
dans lequel l’élément tubulaire (122) comprend au
moins l’un d’un bouchon de fracturation, un bouchon
de pont, ou un tamis à sable.

14. Système de fond de trou selon la revendication 11
ou la revendication 13, dans lequel le matériau dé-
formable (150) comprend une pluralité de tapis de
nanotubes de carbone, chaque tapis de nanotubes
de carbone étant couplé électriquement à une paire
d’électrodes (154).

15. Système de fond de trou selon la revendication 11
ou la revendication 13, dans lequel les nanomaté-
riaux électriquement conducteurs (160) compren-

nent des nanotubes de carbone comportant des na-
noparticules métalliques, et dans lequel les nanotu-
bes de carbone sont fonctionnalisés avec des grou-
pes fonctionnels comprenant au moins l’un d’un
groupe amine, un groupe carboxyle, un groupe hy-
droxyle, ou un groupe thiol.
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