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DEGRADABLE DEVICES FOR USE IN SUBTERRANEAN WELLS

TECHNICAL FIELD

This disclosure relates generally to operations
performed and equipment utilized in conjunction with
subterranean wells and, in one example described below, more
particularly provides for degrading components used in

wells.

BACKGROUND

Devices used in subterranean wells are typically
designed to withstand a harsh, hostile wellbore environment.
However, in some cases, such devices could hinder well
operations, for example, by restricting production,
obstructing access, disrupting another device’s function,
etc. Therefore, it will be appreciated that improvements are
continually needed in the art of constructing and utilizing

devices for use in subterranean wells.



10

15

20

25

30

—'"- Reference: 13-079207

WO 2015/060826 PCT/US2013/066124

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a well system and associated method which can embody

principles of this disclosure.

FIG. 2 is an enlarged scale representative side view of
a device which may be used in the system and method of FIG.

1.

FIG. 3 is a representative partially cross-sectional
view of another example of the device in a tubular string of

the FIG. 1 system.

FIG. 4 is a representative schematic view of another

example of the device.

FIGS. 5 & 6 are representative side and bottom views of

electronic circuitry that may be used in the device.

FIGS. 7 & 8 are representative cross-sectional and side
views of examples of a battery that may be used in the

device.

FIG. 9 is a representative cross-sectional view of a
magnet of the device in a tubular string of the FIG. 1

system.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a system 10
for use with a well, and an associated method, which can
embody principles of this disclosure. In this example, a
tubular string 12 is positioned in a wellbore 14, with the
tubular string having multiple downhole tools l6a-e, 1l8a-e
interconnected therein. In this example, the downhole tools

l6a-e are injection valves, and the downhole tools 18a-e are



10

15

20

25

30

~ - —'"- Reference: 13-079207
WO 2015/060826 PCT/US2013/066124

packers, but other types of downhole tools (such as,
samplers, completion tools, data gathering tools, etc.) can

incorporate the principles of this disclosure.

In the further description below, selective actuation
of the valves l6a-e is described, but it should be
understood that the principles of this disclosure can be
applied to other types of well operations and other types of
downhole tools. For example, the packers 18a-e could be
selectively actuated, a sampler or completion tool could be

actuated, etc.

The tubular string 12 may be of the type known to those
skilled in the art as casing, liner, tubing, a production
string, a work string, a drill string, etc. Any type of
tubular string may be used and remain within the scope of

this disclosure.

The packers 18a-e seal off an annulus 20 formed
radially between the tubular string 12 and the wellbore 14.
The packers 18a-e in this example are designed for sealing
engagement with an uncased or open hole wellbore 14, but if
the wellbore is cased or lined, then cased hole-type packers
may be used instead. Swellable, inflatable, expandable and
other types of packers may be used, as appropriate for the
well conditions, or no packers may be used (for example, the
tubular string 12 could be expanded into contact with the
wellbore 14, the tubular string could be cemented in the

wellbore, etc.).

In the FIG. 1 example, the injection valves l6a-e
permit selective fluid communication between an interior of
the tubular string 12 and each section of the annulus 20
isolated between two of the packers 18a-e. Each section of
the annulus 20 is in fluid communication with a

corresponding earth formation zone 22a-d. Of course, if
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packers 18a-e are not used, then the injection valves l6a-e
can otherwise be placed in communication with the individual

zones 22a-d, for example, with perforations, etc.

The zones 22a-d may be sections of a same formation 22,
or they may be sections of different formations. Each zone
22a-d may be associated with one or more of the injection

valves lé6a-e.

In the FIG. 1 example, two injection valves 1l6b,c are
associated with the section of the annulus 20 isolated
between the packers 18b,c, and this section of the annulus
is in communication with the associated zone 22b. It will be
appreciated that any number of injection valves may be

associated with a zone.

It is sometimes beneficial to initiate fractures 26 at
multiple locations in a zone (for example, in tight shale
formations, etc.), in which cases the multiple injection
valves can provide for injecting fluid 24 at multiple
fracture initiation points along the wellbore 14. In the
example depicted in FIG. 1, the valve 16c has been opened,
and fluid 24 is being injected into the zone 22b, thereby

forming the fractures 26.

Preferably, the other valves 1l6a,b,d,e are closed while
the fluid 24 is being flowed out of the valve 1l6c¢c and into
the zone 22b. This enables all of the fluid 24 flow to be
directed toward forming the fractures 26, with enhanced

control over the operation at that particular location.

However, in other examples, multiple valves l6a-e could
be open while the fluid 24 is flowed into a zone of an earth
formation 22. In the well system 10, for example, both of
the valves 1l6b,c could be open while the fluid 24 is flowed

into the zone 22b. This would enable fractures to be formed
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at multiple fracture initiation locations corresponding to

the open valves.

It will, thus, be appreciated that it would be
beneficial to be able to open different sets of one or more
of the valves l6a-e at different times. For example, one set
(such as valves 16b,c) could be opened at one time (such as,
when it is desired to form fractures 26 into the zone 22b),
and another set (such as valve 1l6a) could be opened at
another time (such as, when it is desired to form fractures

into the zone 22a).

One or more sets of the valves l6a-e could be open
simultaneously. However, it is generally preferable for only
one set of the valves l6a-e to be open at a time, so that
the fluid 24 flow can be concentrated on a particular zone,

and so flow into that zone can be individually controlled.

At this point, it should be noted that the well system
10 and method are described herein and depicted in the
drawings as merely one example of a wide variety of possible
systems and methods which can incorporate the principles of
this disclosure. Therefore, it should be understood that
those principles are not limited in any manner to the
details of the system 10 or associated method, or to the
details of any of the components thereof (for example, the
tubular string 12, the wellbore 14, the valves l6a-e, the

packers 18a-e, etc.).

It is not necessary for the principles of this
disclosure to be applied in use of valves in a well. For
example, the principles described herein can be applied to
other well tools, such as, perforating guns, packers, flow
control devices, orienting devices, etc. Thus, the scope of
this disclosure is not limited to use with any particular

type of well tool.
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It is not necessary for the wellbore 14 to be vertical
as depicted in FIG. 1, for the wellbore to be uncased, for
there to be five each of the valves l6a-e and packers, for
there to be four of the zones 22a-d, for fractures 26 to be
formed in the zones, for the fluid 24 to be injected, etc.
The fluid 24 could be any type of fluid which is injected
into an earth formation, e.g., for stimulation, conformance,
acidizing, fracturing, water-flooding, steam-flooding,
treatment, gravel packing, cementing, or any other purpose.
Thus, it will be appreciated that the principles of this
disclosure are applicable to many different types of well

systems and operations.

In other examples, the principles of this disclosure
could be applied in circumstances where fluid is not only
injected, but is also (or only) produced from the formation
22. In these examples, the fluid 24 could be o0il, gas,
water, etc., produced from the formation 22. Thus, well
tools other than injection valves can benefit from the

principles described herein.

Referring additionally now to FIG. 2, an example of a
device 30 is representatively illustrated. In this example,
the device 30 includes a generally spherical body 32 and

multiple magnetic elements 34 distributed in the body.

The device 30 can be displaced through the tubular
string 12 in the system 10 of FIG. 1, in order to select a
particular valve l6a-e to open. The magnetic elements 34
each produce a magnetic field, and the combination of
magnetic elements in the device 30 thereby produce a
magnetic field having sufficient strength to be detected and

recognized by the valves l6a-e.

When a certain number of device(s) 30 is displaced into

a corresponding one or more of the valves l6a-e, the one or
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more of the valves are selected for actuation. Selection of
valves for actuation using a device having a magnetic field
or a certain magnetic field pattern displaced through a
tubular string is described in US patent application no.

13/440,823 filed on 5 April 2012.

In the FIG. 2 example, it is desired for the magnetic
elements 34 to degrade or “disappear” after the device 30
has performed its function of selecting one or more of the
valves l6a-e for actuation, so that the magnetic elements do
not, for example, obstruct an interior of the tubular
string, interfere with subsequent operations (such as,
logging operations), hinder operation of other mechanisms,
etc. The body 32 of the device 30 may also degrade or
“disappear” over time, so that the interior of the tubular

string 12 is not obstructed by the body.

The magnetic elements 34 can comprise permanent
magnhets, electromagnets, magnetostrictive elements, or any
other type of elements capable of producing a magnetic field
in a well. A suitable permanent magnet material for use as

the magnetic elements 34 is neodymium iron boron (NdFeB).

If NdFeB is used, a higher proportion of neodymium can
be used (as compared to that commonly used in commercial
NdFeB permanent magnets), in order to make the magnetic
elements 34 more susceptible to corrosive degradation. For
example, brine fluids in the well environment can relatively
quickly corrode a NdFeB permanent magnet having a relatively

high concentration of neodymium.

If it is desired to delay degradation of the magnetic
elements 34, for example, until a certain time period has
elapsed, until the device 30 has been exposed to a certain
temperature, or until a certain fluid has contacted the

device, then the magnetic elements 34 can be provided with a
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membrane, coating, external layer or other type of enclosure
that is impervious until that certain time period,
temperature or fluid is experienced in the well environment.
Materials which may be useful in such an enclosure include
(but are not limited to) poly(lactic) acid, polyglycolic
acid, polyvinyl alcohol, shellac, gelatin, saccharides (such
as carmelized glucose), cellulose, salt, borate glass, etc.
A galvanically reacting coating could be used, such as,
composed of magnesium and copper. This galvanic coating
could be composed of a nanostructured array of anode and
cathode. No enclosure may be used when it is desired for the
magnetic elements 34 to immediately begin to degrade in the

well environment.

Another way of degrading a permanent magnet in a well
is to reduce its magnetic field strength (for example, so
that it does not interfere with magnetic instruments such as
some logging tools, so that it does not attract
ferromagnetic particles and debris, etc.). If a temperature
in the well at a location where the device 30 will be used
is known or can be estimated, then a permanent magnet can be
selected which has a maximum operating temperature rating
that is less than the well temperature. In this manner, the
magnetic field strength of the permanent magnet will begin
decreasing as soon as its maximum operating temperature

rating is exceeded in the well.

Referring additionally now to FIG. 3, another example
of the device 30 is representatively illustrated. The device
30 is depicted in FIG. 3 as it is displacing through a
passage 46 extending longitudinally through one of the
valves l6a-e (indicated by reference number 16 in FIG. 3) in

the system 10 of FIG. 1.
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In this example, a generator 48 of the valve 16
generates electricity in response to the device 30
(including a magnetic element 34) being displaced through
the passage 46. The generator 48 in this example includes a
wire coil 50 so that, as the device 30 displaces through the

coil, a voltage is produced at a terminal 52 of the coil.

A similar manner of selecting a downhole tool for
actuation using a device with a magnetic element therein to
generate electricity in the downhole tool is described in US
patent application no. 13/948,278 filed on 23 July 2013. In
the device 30 of FIG. 3, however, it is desired for the
magnetic element 34 to degrade or “disappear” after the
device has performed its function of selecting the valve 16

for actuation.

In this example, the body 32 may serve as an enclosure
to temporarily isolate the magnetic element 34 from exposure
to well fluids. The enclosure (body 32) eventually
dissolves, melts or otherwise degrades, thereby exposing the
magnetic element 34 to well fluid, and the magnetic element

then degrades (e.g., by corroding).

Referring additionally now to FIG. 4, another example
of the device 30 is representatively illustrated. In this
example, the device 30 transmits a particular signal as it
displaces through the tubular string 12, with a
corresponding one or more of the valves l6a-e being selected

by reception of the signal.

In the FIG. 4 example, the device 30 includes a control
system 36 in the body 32. Although the body 32 is depicted
in FIGS. 2 & 4 as being spherical, in other examples the
body could have other shapes, such as a rod, a dart, a

wiper, a ball with a tail, etc.
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The control system 36 in this example includes an
electrical power source 38 (such as, a battery, a charged
capacitor, a generator, etc.), a sensor 40 (such as, a
magnetic field sensor, an accelerometer, a pressure sensor,
an antenna, etc.), a transmitter 42 and control circuitry
44. More, different, or fewer components can be included in
other examples of the device 30, and so it should be clearly
understood that the scope of this disclosure is not limited
to the details of the device as described herein or depicted

in the drawings.

The sensor 40 may be used to detect a predetermined
stimulus in the well. For example, the sensor 40 can be a
magnetic field sensor which detects a magnetic field
produced by each of the valves l6a-e. Alternatively, or in
addition, the sensor 40 can detect other stimulus in a
downhole environment (such as, pressure and/or temperature,
etc.). The scope of this disclosure is not limited to use of

any particular type of sensor(s).

The control circuitry 44 is used to determine whether
the transmitter 42 should be supplied with electrical power
from the power source 38 to transmit energy to the selected
one or more of the valves l6a-e. For example, the circuitry
44 may cause the transmitter 42 to transmit energy only when
the sensor 40 detects that a predetermined number of valves
l6a-e have been traversed by the device 30, only when the
sensor detects that a threshold pressure or temperature has

been reached, etc.

In this manner, electrical power stored by the power
source 38 can be conserved until it is used to activate a
valve l6a-e and/or the transmitter 42 can transmit energy to
activate only a desired one or more of multiple tools (e.g.,

by transmitting energy only when the device 30 is proximate
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the tool(s) which it is desired to activate). For making
such decisions and causing the transmitter 42 to transmit
energy at appropriate time(s), the circuitry 44 can include
one or more processors, memory (volatile and/or non-
volatile, programmable, etc.), signal conditioners,
switches, etc. The scope of this disclosure is not limited
to use of any particular type or configuration of control

circuitry.

The transmitter 42 can be any type of transmitter that
can transmit energy to the selected valve(s) l6a-e. For
example, the valves l6a-e can each include a conductive coil
or antenna that can receive electromagnetic energy from the
transmitter (e.g., via inductive coupling), in which case
the transmitter 42 can also be in the form of a conductive
coil or antenna capable of transmitting electromagnetic

energy.

In other examples, the transmitter 42 can be in the
form of a vibrator (for transmitting kinetic energy), a heat
source (such as, thermite for transmitting thermal energy),
etc. An energy receiver of each valve l6a-e could be in the
form of a power “harvester” (such as, an energy harvester,
one suitable example of which is a VOLTURE(TM) energy
harvester marketed by Mide Technology of Medford,
Massachusetts USA) if the transmitter 42 transmits kinetic
energy, a thermoelectric generator if the transmitter
transmits thermal energy, etc. The scope of this disclosure
is not limited to use of any particular type of transmitter

or receiver.

Actuation of selected ones of multiple downhole tools
using a control system in a device displaced through a
tubular string is described in US patent application no.

13/948,267 filed on 23 July 2013. In the device 30 of FIG.
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4, however, it is desired for some or all of the components
of the control system 36 to degrade or “disappear” after the
device has performed its function of selecting a particular

one or more of the valves l6a-e for actuation.

Referring additionally now to FIGS. 5 & 6, an example
of electronic circuitry 54 that may be used as the control
circuitry 44 in the FIG. 4 example of the device 30 is
representatively illustrated. In the FIGS. 5 & 6 examples,
the circuitry 54 includes multiple electrical elements 56a-
i, some or all of which are designed to degrade or

“disappear” in the well environment.

The electrical elements 56a-g can comprise resistors,
capacitors, processors, memory, batteries and/or other types
of electrical components. The electrical elements 56a-g can
be made up of cases, dielectrics, metallic materials, etc.,

which are designed to degrade in the well environment.

For example, metallic parts (e.g., leads, connectors,
shielding, conductors, etc.) can be made of fusible
materials (such as, alloys of tin, indium, bismuth, lead
and/or cadmium) having melting point temperatures less than
a temperature to be experienced in the well environment. The
metallic parts of the electrical elements 56a-g will, thus,

melt after they are exposed to the well temperature.

In some examples, metallic parts could be constructed
of galvanically reacting materials. Magnesium and copper
could be suitably combined in the metallic parts.

Nanostructures could include arrays of anode and cathode.

Cases or dielectrics of the electrical elements 56a-g
can be made of materials that dissolve in well fluids, or
that soften or melt at well temperatures (such as,

poly(lactic) acid, polyglycolic acid, polyvinyl alcohol,
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silk, shellac, gelatin, saccharides, carmelized glucose,

cellulose, borate glass, etc.).

The electrical elements 56h can comprise conductive
traces on or in a circuit board or substrate 58, with the
conductive traces electrically connecting the other
electrical elements. In one example, the electrical elements
56h could be made of carbon nanotubes deposited as
conductive traces on the substrate 58. When the substrate 58
degrades, the electrical elements 56h can be dispersed in

fluids in the well.

The electrical elements 56i can comprise solder, for
example, electrically connecting the electrical elements
56a-g to the electrical elements 56h to form an electrical
circuit 54a. The solder can comprise fusible materials (such
as, alloys of tin, indium, bismuth, lead and/or cadmium)
having melting point temperatures less than a temperature to

be experienced in the well environment.

The solder can, thus, melt and release the other
electrical elements 56a-g from the substrate 58 (and from
each other) when the solder is exposed to the well
temperature. In other examples, metallic parts of the
electrical elements 56a-g and/or 56i can be made of a
material which is susceptible to corrosive degradation in
well fluid. These materials can also (or alternatively) have

a galvanic potential that aids in their decomposition.

The electrical elements 56a-i and electrical circuit
54a formed by the electrical elements are supported by the
substrate 58 that is also designed to degrade or “disappear”
in the well environment. The substrate 58 may be configured
similar to a printed circuit board, but in some examples,
the substrate may be flexible and may have other shapes

(i.e., not necessarily a rigid “board” shape).
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The substrate 58 may soften or melt at a temperature
experienced in the well. Examples of suitable materials for
the substrate 58 include (but are not limited to)
poly(lactic) acid, polyglycolic acid, polyvinyl alcohol,
silk, shellac, salt, gelatin, saccharides, carmelized

glucose, cellulose, borate glass, etc.

Referring additionally now to FIG. 7, an example of a
battery 60 that can degrade in the well is representatively
illustrated. The battery 60 could, for example, be used for

the power source 38 in the device 30 of FIG. 4.

The battery 60 may be of the type known to those
skilled in the art as a polymer or gel cell, although other
types of battery configurations may be used in keeping with
the scope of this disclosure. For example, a cellulose and

salt battery chemistry could be used.

A case 62 of the battery 60 may be made of a plastic,
metal alloy or other material that softens, melts,
dissolves, corrodes by galvanic action, or otherwise
degrades in the well. For example, if the case 62 is
metallic, a fusible alloy material may be used which melts
at an expected well temperature. Other materials (such as,
poly(lactic) acid, polyglycolic acid, polyvinyl alcohol,
silk, shellac, gelatin, saccharides, carmelized glucose
and/or cellulose, salt, borate glass, etc.) may be used,

which dissolve in expected well fluids.

Electrodes 64 of the battery 60 could comprise
impregnated paper sheets or strips. The paper sheets or
strips could be dipped in carbon nanotubes, so that they are
conductive. The paper will eventually degrade in well

fluids, allowing the carbon nanotubes to disperse.

Referring additionally now to FIG. 8, another example

of the battery 60 is representatively illustrated. In this



10

15

20

25

30

~ - —'"- Reference: 13-079207
WO 2015/060826 PCT/US2013/066124

- 15 -

example, the battery 60 is in a form known to those skilled

in the art as a “thin film” battery.

For example, solid-state lithium polymers may be
applied to any of a variety of degradable substrates (such
as, poly(lactic) acid, polyglycolic acid, polyvinyl alcohol,
silk, shellac, gelatin, saccharides, carmelized glucose,
cellulose, etc.). In other examples, a thin degradable solid
electrolyte 66 could be positioned between thin degradable
electrodes 64. In any of these examples, the resulting
battery 60 configuration could be in a rigid or a flexible

form.

Referring additionally now to FIG. 9, a section of the
tubular string 12 in the system 10 of FIG. 1 is
representatively illustrated. In this example, the device 30
(not visible in FIG. 9, see FIGS. 2-4) has partially
degraded, and a permanent magnet 68 remains in the tubular

string 12.

For example, the magnet 68 could be one of the magnetic
elements 34 of the FIG. 2 or 3 device 30 remaining after the
body 32 of the device has dissolved, melted or otherwise
degraded. In other examples, the magnet 68 could be included
as part of the device 30 (e.g., in the FIG. 4 device)
specifically for use after the device has been partially
degraded. In another example, the magnet 68 could be
included as part of the device 30, in order to secure the
electronics in place within a wellbore for sufficient time

to allow degradation to occur.

It may be desirable for the magnet 68 to at least
temporarily remain in the tubular string 12 after the device
30 has partially degraded. In this manner, the magnet 68 can
become magnetically attached to an interior of the tubular

string 12, and can attract to the magnet any remaining
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ferromagnetic elements 70 of the device 30 (such as, leads,
electrodes, wires, shields, etc.), or any other magnetic
debris, for example, that might otherwise be produced with
fluid 72 flowing through the tubular string. This will
prevent the elements 70 or other magnetic debris from
fouling or plugging other devices, tools or equipment of the

well.

The magnet 68 may be designed to degrade after the
ferromagnetic elements 70 in the well environment. In this
manner, the magnet 68 will retain the elements 70 attached
to the interior of the tubular string 12 until they degrade,

after which time the magnet itself will degrade.

A membrane, coating, outer layer or other type of
enclosure 74 may be provided on the magnet 68, with the
enclosure being designed to delay exposure of the magnet to
well fluid. The enclosure 74 may then degrade in the well
environment, in order to expose the magnet 68 to the well

environment.

In other examples, the magnet 68 may be designed so
that it does not appreciably degrade in the well
environment, in which case the magnet and the elements 70
may be retrieved from the tubular string 12 using an
appropriately designed retrieving tool. A membrane, coating,
outer layer or other enclosure 74 may be provided on the
magnet 68, with the membrane, coating or outer layer being

designed to prevent exposure of the magnet to well fluid.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
constructing and utilizing devices for use in wells. In
examples described above, components of a device 30 are
designed to degrade in a well environment so that, after the

device has performed its function, the components will not
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interfere with well operations. The components may include
electrical or magnetic elements, and/or a substrate for

supporting an electrical circuit.

In one aspect, a device 30 for use in a subterranean
well is described above. In one example, the device 30 can
include a component which degrades in the well, the
component being at least one of the group comprising: a) an
electrical element 56a-i which conducts electricity in the
well, b) a magnetic element 34, 68 which produces a magnetic
field in the well, and c) a substrate 58 which structurally

supports an electrical circuit 54a.

Where the component is the magnetic element 34, 68, the
magnetic element may comprise a permanent magnet. The
permanent magnet may comprise neodymium iron boron. The
permanent magnet can be enclosed in an enclosure 74 (or the
body 32 in the FIG. 3 example) or another membrane, coating

or outer layer which degrades in the well.

Where the component is the electrical element 56a-i,
the electrical element may comprise a battery 60, a solder
or other electrical trace (such as, electrical element 56i
of FIG. 6) and/or a dielectric (such as, in any of the

electrical elements 56a-g) which degrades in the well.

A method of constructing a device 30 for use in a
subterranean well is also provided to the art by the above
disclosure. In one example, the method can comprise:
determining an environmental condition to be experienced by
a component of the device 30 in the well, the component
being at least one of the group comprising: a) an electrical
element 56a-i which conducts electricity in the well, b) a
magnetic element 34, 68 which produces a magnetic field in
the well, and c¢) a substrate 58 which supports an electrical

circuit 54a; selecting the component which degrades when
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exposed to the environmental condition; and incorporating

the component into the device 30.

Wherein the component is the magnetic element 34, 68,
the environmental condition may comprise a well temperature
greater than a maximum operating temperature rating of the
magnetic element 34, 68. The environmental condition may
comprise a fluid (such as brine) which corrodes the magnetic

element 34, 68.

Where the component is the electrical element 56i, and
the electrical element 56i comprises a conductive fusible
material, the environmental condition may comprise a well
temperature greater than a melting point of the fusible

material.

Where the component is the electrical element 56f, and
the electrical element comprises a battery 60, the
environmental condition may comprise a well temperature
greater than a melting point of a case 62 of the battery 60.
The environmental condition may comprise a well fluid which
dissolves the case 62 of the battery 60. The environmental
condition may comprise a well fluid which dissolves an

electrode 64 of the battery 60.

Wherein the component is the electrical element 56a-g,
the electrical element may include a dielectric which

degrades in the well.

A system 10 for use with a well is also described
above. In one example, the system 10 can include a tubular
string 12 including multiple downhole tools (such as valves
l6a-e or packers 18a-e), a device 30 which displaces through
the tubular string 12 and causes a selected at least one of
the downhole tools to actuate, the device 30 comprising a
component which degrades in the well, the component being at

least one of the group comprising: a) an electrical element
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56a-i1 which conducts electricity in the well, b) a magnetic
element 34, 68 which produces a magnetic field in the well,
and c) a substrate 58 which supports an electrical circuit

54a in the device 30.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”

“upper,” *“lower,” etc.) are used for convenience in
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referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A device for use in a subterranean well, the

device comprising:

a component which degrades in the well, the component

being at least one of the group comprising: a) an electrical

element which conducts electricity in the well, b) a
magnetic element which produces a magnetic field in the
well, and c) a substrate which structurally supports an

electrical circuit.

2. The device of claim 1, wherein the component is
the magnetic element, and wherein the magnetic element

comprises a permanent magnet.

3. The device of claim 2, wherein the permanent

magnet comprises neodymium iron boron.

4. The device of claim 2, wherein the permanent
magnet is enclosed in an enclosure which degrades in the

well.

5. The device of claim 1, wherein the component is
the electrical element, and wherein the electrical element

comprises a battery.

6. The device of claim 1, wherein the component is
the electrical element, and wherein the electrical element

comprises an electrical trace.
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7. The device of claim 1, wherein the component is
the electrical element, and wherein a case of the electrical

element degrades in the well.
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8. A method of constructing a device for use in a

subterranean well, the method comprising:

determining an environmental condition to be
experienced by a component of the device in the well, the
component being at least one of the group comprising: a) an
electrical element which conducts electricity in the well,
b) a magnetic element which produces a magnetic field in the
well, and c¢) a substrate which supports an electrical

circuit;

selecting the component which degrades when exposed to

the environmental condition; and

incorporating the component into the device.

9. The method of claim 8, wherein the component is
the magnetic element, and wherein the environmental
condition comprises a well temperature greater than a
maximum operating temperature rating of the magnetic

element.

10. The method of claim 8, wherein the component is
the magnetic element, and wherein the environmental
condition comprises a fluid which corrodes the magnetic

element.

11. The method of claim 8, wherein the component is
the electrical element, wherein the electrical element
comprises an conductive fusible material, and wherein the
environmental condition comprises a well temperature greater

than a melting point of the fusible material.
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12. The method of claim 8, wherein the component is
the electrical element, wherein the electrical element
comprises a battery, and wherein the environmental condition
comprises a well temperature greater than a melting point of

a case of the battery.

13. The method of claim 8, wherein the component is
the electrical element, wherein the electrical element
comprises a battery, and wherein the environmental condition
comprises a well fluid which dissolves a case of the

battery.

14. The method of claim 8, wherein the component is
the electrical element, wherein the electrical element
comprises a battery, and wherein the environmental condition
comprises a well fluid which dissolves an electrode of the

battery.

15. The method of claim 8, wherein the component is
the electrical element, and wherein the electrical element

comprises a dielectric which degrades in the well.
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16. A well system, comprising:
a tubular string including multiple downhole tools;

a device which displaces through the tubular string and
causes a selected at least one of the downhole tools to
actuate, the device comprising a component which degrades in
the well, the component being at least one of the group
comprising: a) an electrical element which conducts
electricity in the well, b) a magnetic element which
produces a magnetic field in the well, and c¢) a substrate

which supports an electrical circuit in the device.

17. The well system of claim 16, wherein the component
is the magnetic element, and wherein the magnetic element

comprises a permanent magnet.

18. The well system of claim 17, wherein the permanent

magnet comprises neodymium iron boron.

19. The well system of claim 16, wherein the component
is the electrical element, and wherein the electrical

element comprises a battery.

20. The well system of claim 16, wherein the component
is the electrical element, and wherein the electrical

element comprises a fusible material.
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