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TRACEABLE MICRO-ELECTRO-MECHANICAL SYSTEMS FOR USE IN
SUBTERRANEAN FORMATIONS

BACKGROUND

{0001] This disclosure relates to subterranean operations, such as drilling, completing,

5 servicing, and treating a subterranean well. In particular, the present disclosure relates to use

of traceable micro-electro-mechanical systems (“MEMS”) in operations in subterranean
formations.

[0002} Natural resources such as gas, oil, and water residing in a subterranean

formation or zone may be recovered by drilling a wellbore into the subterranean formation

10 while circulating a drilling fluid in the wellbore. Afier terminating the circulation of the drilling

fluid, a string of pipe (e.g., casing) may be run in the wellbore. The drilling fluid may then be

circulated downward through the interior of the pipe and upward through the annulus, which

15 located between the exterior of the pipe and the walls of the wellbore (or larger conduit in

the wellbore). Next, primary cementing may be performed whereby a cement composition

15 may be placed in the annulus and permitted to set into a hard mass (i.e., sheath) that may

support and position the pipe string in the wellbore and may bond the exterior surface of the

pipe string to the wellbore walls (or to the larger conduit). Subsequent secondary cementing

operations may also be performed. Example of such secondary cementing operations may

include the placement of a cement plug or squeeze cementing for sealing voids in a pipe string,

20 cement sheath, gravel pack, subterranean formation, and the like.

[0003] MEMS may be included in a cement composition placed into the wellbore.
Among other things, the MEMS may include one or more sensors to provide information about
the cement composition as well as wellbore conditions. In order to improve the quality of the
sensed data, it may be desirable to determine the location of the MEMS in the cement

25  composition. Current techniques for determining sensor position may include use of an
interrogator tool that needs to be run into the wellbore. The interrogator tool may traverse all
or a portion of ﬁhe wellbore containing the MEMS. Data received by the interrogator tool may
be used to determine the location of the MEMS. However, a separate trip into the wellbore by

the interrogator tool may consume valuable time and expense in a well operation.
30
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] These drawings illustrate certain aspects of some examples of the present

invention, and should not be used to hmit or define the invention.

[0005] FIG. 1 is a schematic diagram illustrating an example system for delivery of
treatment {luids into a wellbore.

[0006] FI1G. 2 is a schematic diagram illustrating example use of a logging tool for
determining location of MEMS in a wellbore. |

[0007] FIG. 3 is a schematic diagram illustrating an example traceable MEMS
comprising a tagging material.

[G008] FIG. 4 is a schematic diagram illustrating another example traceable MEMS

comprising a tagging material.
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DETAILED DESCRIPTION

[000Y] Disclosed herein are traceable MEMS for use in subterranean operations, such
as treatment fluids used in drilling, completing, servicing, and treating a subterranean well. A
traceable MEMS may comprise a MEMS that has been combined with a tagging matenial, such

S5 as a thermal neutron absorbing material. Use of the tagging material in combination with the
MEMS may provide a means for determining location of the traceable MEMS in a
subterranean formation, as well as the location of the treatment fluid, for example, the location
ot the top of a cement composition. Advantageously, location of the traceable MEMS can be
determined while logging and without the use of an interrogator tool. In addition, once the

10 traceable MEMS are logged, their location may be used in conjunction with data later provided
by the traceable MEMS with respect to wellbore conditions.

[0010] MEMS devices are well known, e.g., a semiconductor device with mechanical
features on the micrometer scale, MEMS embody the integration of mechanical elements,
sensors, actuators, and electronics on a common substrate. The substrate may comprise silicon.

15 MEMS elements may include mechanical elements which are movable by an input energy
(electrical energy or other type of energy). Using MEMS, a sensor may be designed to emit a
detectable signal based on a number of physical phenomena, including thermal, biological,
optical, chemical, and magnetic effects or stimulation. MEMS devices are minute in size, have
low power requirements, are relatively inexpensive and are rugged, and thus may be well

20 suited for use in subterranean operations. The MEMS may contain passive sensors that do not
require continuous power from a battery or an external source in order to transmit real-time
data.

[0011] The MEMS may comprise an active material connected to (e.g., mounted
within or mounted on the surface of) an enclosure, the active material being able to respond to

25  a wellbore parameter, and the active material being operably connected to (e.g., in physical
contact with, surrounding, or coating) a capacitive MEMS element. Suitable active materials,
such as dielectric materials, that respond in a predictable and stable manner to changes in
parameters over a long period may be i1dentified according to methods well known in the art.
The MEMS may sense one or more parameters within the wellbore. Examples of the sensed

30  parameters may include temperature, pH, moisture content, 1on concentration (e.g., chioride,
sodium, and/or potassium ions), or combinations thereof. The MEMS may also sense well
cement characteristic data such as stress, strain, or combinations thereof. The MEMS may
comprise active materials that respond to two or more measurands. In such a way, two or more

parameters may be monitored.
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[0012] The MEMS may be coupled with radio frequency identification devices

(RFIDs) and may thus be able to detect and transmit parameters and/or well cement
characteristic data for monitoring the cement during its service life. RFIDs may combine a
microchip with an antenna (the RFID chip and the antenna are collectively referred to as the

5  ‘““transponder” or the “tag”). The antenna may provide the RFID chip with power when exposed
to a narrow band, high frequency electromagnetic field from a transceiver. A dipole antenna

or a coil, depending on the operating frequency, may be connected to the RFID chip and power

the transponder when current is induced in the antenna by an RF signal from the transceiver's
antenna. Such a device may be able to return a unique identification “ID” number by

10  modulating and re-radiating the radio frequency (RF) wave. Passive RF tags are gaining
widespread use due to their low cost, indefinite life, simplicity, efficiency, ability to identify
parts at a distance without contact (tether-free information transmission ability). These robust
and tiny tags may be attractive from an environmental standpoint as they require no battery.
The MEMS and RFID tag may be integrated into a single component (e.g., chip or substrate),

15 or may alternatively be separate components operably coupled to each other. In an
embodiment, an integrated, passive MEMS/RFID may contain a data sensing component, an
optional memory, and an RFID antenna, whereby excitation energy is received and powers up
the sensor, thereby sensing a present condition and/or accessing one or more stored sensed
conditions from memory and transmitting same via the RFID antenna.

20 [00131 Within the United States, commonty used operating bands for RFID systems
center on one of the three government assigned frequencies: 125 kHz, 13.56 MHz or 2.45
GHz. A fourth frequency, 27.125 MHz, has also been assigned. When the 2.45 GHz carrier
frequency is used, the range of an RFID chip can be many meters. While this is useful for
remote sensing, there may be multiple transponders within the RF field. In order to prevent

25  these devices from interacting and garbling the data, anti-collision schemes may be used, as
are known in the art. The MEMS may be integrated with local tracking hardware to transmit
their position as they flow within a cement composition. The MEMS may form a network
using wireless links to neighboring data sensors and have location and positioning capability
through, for example, local positioning algorithms as are known in the art. The MEMS may

30 organize themselves into a unetwork by listening to one another to better enable
communication.

[0014] The MEMS may be ultra-small, e.g., 3 mm* or smaller, such that they are
pumpable in a treatment fluid, such as a cement composition. The MEMS may be
approximately 0.01 mm’ to 1 mm?, alternatively 1 mm? to 3 mm?, alternatively 3 mm’ to 5

35 mm? or alternatively 5 mm?to 10 mm’. Where MEMS may be used in cement compositions,

4
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the MEMS may be capable of providing data throughout the cement service life. The MEMS
may be capable of providing data for up to 100 years. The treatment fluid may comprise an
amount of MEMS effective to measure on¢ or more deswred parameters. The treatment fluid
(e.g., cement composition) may comprises an effective amount of MEMS such that sensed
5 readings may be obtained at intervals of about 1 toot, alternatively about 6 inches, or
alternatively about 1 inch, along the portion of the wellbore contaiming the MEMS.
Alternatively, the MEMS may be present in the treatment fluid in an amount of from about

0.01 to about 5 weight percent.
[0015] As previously described, traceable MEMS may comprise MEMS that has been
10 combined with a tagging material. The tagging material may be embedded within the MEMS,
incorporated into the housing thereof, or attached to the outer surface thereof. Suitable tagging
materials may comprise relatively inert materials and/or also materials that are thermal neutron
absorbing materials, The tagging materials may be inert to the chemical and physical
properties of the MEMS and/or the treatment fluid. It may be desired that the tagging materials
15  cause no significant changes in the conventional, desirable function of the MEMS and/or the

properties of treatment fluid.

[0016] Thermal neutron absorbing materials may comprise any element which has a
thermal neutron absorbing capability of a magnitude such that differences in the backscattered
thermal neutrons before and after the traceable MEMS is introduced into a well bore can be

20 detected. Example embodiments may comprise thermal neutron absorbing materials for use
with neutron logging devices, however, tagging materials may comprise a variety of materials
including those known in the art. Examples of suitable thermal neutron absorbing materials
include cadmium, boron, gadolinium, iridium, and mixtures thereof. The boron may comprise
boron carbide, boron nitride, boric acid, high boron concentrated glass, zinc borate, borax, and

25  mixtures thereof. The gadolinium may comprise gadolimum oxide, gadolinium hydroxide,
gadolinium acetate, high gadolinium concentrated glass, and mixtures thereof.

[0017] The traceable MEMS may be mixed with the treatment fluid by one of a variety
of methods known to those of ordinary skill in the art. For example, the traceable MEMS may
be mixed with a dry material (e.g., dry blended with cement), mixed with one or more liquid

30 components (e.g., a carrier fluid such as water or a non-aquecus fluid), or combinations
thereof. The mixing may occur onsite, for example, addition of the traceable MEMS into a
bulk mixer, such as a cement slurry mixer. The traceable MEMS may be added directly to the
bulk mixer, may be added to one or more component streams and subsequently fed to the bulk
mixer, may be added downstream of the bulk mixer, or combinations thereof. In one specific

35  example, the traceable MEMS may be added after a blending unit and slurry pump, for

5
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example, through a lateral by-pass. The traceable MEMS may be metered in and mixed onsite
or may be pre-mixed into the treatment fluid (or one or more components thereof) and
subsequently transported to the well site, For example, the traceable MEMS may be dry
blended with cement and then transported to the well site where a cement composition may be
formed comprising the traceable MEMS. Alternatively or additionally, the traceable MEMS
may be pre-mixed with one or more liquid components (e.g., mix water) and transported to a
well site where a cement composition may be formed comprising the traceable MEMS. The
properties of the treatment fluid or components thereof may be such that the traceable MEMS
distributed or dispersed therein do not substantially settle during transport or placement.

[0018] The treatment fluids may be any composition that may be prepared or
otherwise provided at the surface and placed down the wellbore, typically by pumping.
Without limitation, treatments fluids may include any fluid used to drill, complete, work over,
fracture, repair, treat, or in any way prepare or service a wellbore for the recovery of materials
residing in a subterranean formation penetrated by the wellbore. Examples of treatment fluids
may include drilling fluids, fracturing fluids, completion fluids, spacer fluids, lost circulation
fluids, displacement fluids, or drill-in fluids. The treatment fluid may comprise a carrier fluid,
which may be an aqueous or non-aqueous carrier fluid, for example, and the traceable MEMS.
The traceable MEMS may be suspended in, or otherwise disposed in, the carrier fluid.

[0019] Cement compositions in which the traceable MEMS may be included may
comprise cement and water. Those of ordinary skill in the art will appreciate that the cement
compositions generally should have a density suitable for a particular application. By way of
example, the cement compositions may have a density of about 4 pounds per gallon (“Ib/gal’)
to about 20 Ib/gal. The cement compositions may be foamed or unfoamed or may comprise
other means to reduce their densities, such as hollow microspheres, low-density elastic beads,
or other density-reducing additives known in the art. Weighting agents may be used to increase
the density of the cement composition. Those of ordinary skill in the art, with the benefit of
this disclosure, will recognize the appropriate density for a particular application.

[0020] Any of a variety of cements suitable for use in subterranean cementing
operations may be used. Suitable examples include hydraulic cements that comprise calcium,
aluminum, silicon, oxygen and/or sulfur, which set and harden by reaction with water.
Examples of such hydraulic cements, include, but are not limited to, Portland cements,
pozzolana cements, gypsum cements, high-alumina-content cements, slag cements, silica
cements, and combinations thereof. The hydraulic cement may comprise a Portland cement.
The Portland cements may be classified as Classes A, C, H, or G cements according to

American Petroleum Institute, API Specification for Materials and Testing for Well Cements,

6
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APl Specification 10, Fifth Ed., July 1, 1990. In addition, the hydraulic cement may include
cements classified as ASTM Type I, 11, or 111

[0021] The water may be from any source provided that it does not contain an excess
of compounds that may undesirably affect other components in the cement composition. The
5  water may comprise fresh water or salt water. Salt water generally may include one or more
dissolved salts therein and may be saturated or unsaturated as desired for a particular
application. Seawater or brines may be suitable for use in some applications. Further, the water
may be present in an amount sufficient to form a pumpable fluid, for example, the water may
be present in the treatment fluids in an amount in the range of from about 33% to about 200%
10 by weight of the cement and, alternatively, from about 35% to about 70% by weight of the
cement. With the benefit of this disclosure on¢ of ordinary skill in the art should recognize the

appropriate amount of water for a chosen application.
[0022] Other additives suitable for use in subterranean cementing operations also may
be added to the cement compositions as deemed appropriate by one of ordinary skill 1n the art.
15  Examples of such additives include, but are not limited to, strength-retrogression additives, set
accelerators, set retarders, weighting agents, ightweight additives, gas-generating additives,
mechanical property enhancing additives, lost-circulation materials, dispersants, fluid loss
control additives, defoaming agents, foaming agents, thixotropic additives, and combinations
thereof. Specific examples of these, and other, additives include silica (e.g., crystalline silica,
20 amorphous silica, fumed silica, etc.), salts, fibers, hydratable clays, shale (e.g., calcined shale,
vitrified shale, etc.), microspheres, diatomaceous earth, natural pozzolan, resins, latex,
combinations thereof, and the like. Other optional additives may also be included, including,
but not limited to, cement kiln dust, lime kiln dust, fly ash, slag cement, shale, zeolite,
metakaolin, pumice, perlite, lime, silica, rice husk ash, small-particle size cement,
25  combinations thereof, and the like. A person having ordinary skill in the art, with the benefit
of this disclosure, should readily be able to determine the type and amount of additive useful

for a particular application and desired result.

[0023] The treatment fluid comprising the traceable MEMS may be introduced into a
wellbore. For example, the traceable MEMS may extend along all or a portion of a length of
30 - a wellbore annulus, such as a space between a casing or other conduit and a subterranean
formation or a space between a casing (or other conduit) and a large conduit. The treatment
fluid may be placed into the wellbore as part of a subterranean operation. Where cement
compositions are used, the cement composition comprising the traceable MEMS may be
placed into the wellbore as part of a primary cementing, secondary cementing, or other

35 cementing operation.
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[0024] The position of the traceable MEMS may be determined after placement in the
wellbore. For example, a log may be run in the wellbore that can detect the location of the
traceable MEMS. The log may be a neutron log. Running the neutron log may include emitting
fast neutrons into the wellbore. Conventional dual-spacing neutron tools (commonly referred

> to as DSN tools) are well known in the art and have been utilized heretofore for running
neutron logs of subterranean formations. Such DSN 1ools may include a neutron source for
emiting fast neutrons, a long spacing thermal neutron detector and a short spacing thermal
neutron detector. The DSN tool or another tool containing a source form which fast neutrons
may be emitted may be lowered into the wellbore whereby the fast ncutrons interact with
10 elements in the wellbore and may be thermalized thereby. The thermal neutrons produced rmay
be backscattered in the wellbore and may be detected by a thermal neutron detector on the
DSN 100l or another tool. The detector may generate a count representative of the detected
thermal neutrons over one or more selected longitudinal subterranean intervals in the wellbore,
e.g., the interval or intervals in the wellbore where it is expected that traceable MEMS will be

15 located.

[0025] The subterranean locations of the traceable MEMS may be determined based
on the diflerences in the count generated after their introduction and a count representative of
the one or more subterranean intervals in the well before their introduction. That is, because
the tagging material in the traceable MEMS absorbs some of the thermal neutrons as they are

20  generated in the wellbore after their introduction, a comparison of the before and after counts
correlated with the locations where the counts were generated should indicate the subterranean
locations of the traceable MEMS. A thermal neutron count over the locations of interest in a
wellbore before introduction of the traceable MEMS may be available as a result of the
performance of previous treatments therein, etc. If not, a before introduction count may be

25  determined prior to introducing the traceable MEMS into the wellbore. That is, a tool
containing a fast neutron source may be lowered in the wellbore whereby the fast neutrons
interact with elements in the wellbore and are thermalized. The thermal neutrons produced and
backscattered in the wellbore may be detected by a thermal neutron detector as described
above, and a count representative of the detected thermal neutrons over the one or more

30  selected subterranean intervals in the wellbore may be produced.

[0026] In the wellbore, the traceable MEMS may be used for data gathering. The
gathered data may be correlated with the determined position of the traceable MEMS in the
wellbore. Data may be gathered continuously or intermittently after (and/or during) placement
of the traceable MES in the wellbore. The data gathering may be carried out at the time of

35  initial placement, for example, during drilling (e.g., drilling fluid comprising MEMS) or

8
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during cementing (e.g., cement composition comprising MEMS). Data gathering may also be

carried out at one or more times subsequent to the 1nitial placement of the traceable MEMS

into the wellbore. For example, data gathering may be carried out at the time of initial

placement in the wellbore or shortly thereafter to provide a baseline data set. As the wellbore

5  is operated for recovery of natural resources over a period of time, data may be gathered at

additional times. The data gathered over time may be compared to the baseline data and such

comparison may indicate the overall condition of the wellbore. For example, changes in one

or more sensed parameters may indicate one or more problems in the wellbore. Alternatively,

consistency or uniformity in sensed parameters may indicate no substantive problems in the

10  wellbore. Data (e.g., sealant parameters) from a plurality of monitoring intervals may be

plotted over a period of time, and a resultant graph may be provided showing an operating or

trend line for the sensed parameters. Atypical changes in the graph as indicated for example

by a sharp change in slope or a step change on the graph may provide an indication of one or

more present problems or the potential for a future problem. Accordingly, remedial and/or

15 preventive treatments or services may be applied to the wellbore to address present or potential
problems.

[0027] The traceable MEMs may be used, for example, to monitor the integrity and
performance of a treatment fluid (e.g., a cement composition) over the life of the wellbore,
Performance may be indicated by changes, for example, in various parameters, including, but

20  not limited to, moisture content, temperature, pH, and vartous ion concentrations (e.g., sodium,
chloride, and potassium ions) of the cement composition. The traceable MEMS may be
included in the cement composition and parameters of the set cement composition in the
wellbore may be monitored during placement and/or during life of the wellbore.

[0028] The traceable MEMS may be used, for example, in determining location of the

25  top of a cement composition. As an example, in a primary cementing operation where a
conduit, such as a casing or liner, is to be cemented in place in a well bore, a cement
composition comprising traceable MEMS may be pumped downhole through the conduit and
then upwardly into the annulus between the conduit and the walls of the well bore. Once the
cement composition has been placed in the annulus, it may be important to verify that the

30  cement composition has uniformly filled the annulus over the entire length of casing or liner
being cemented. At least a portion of the cement composition may comprise the traceable
MEMS. For example, the first portion of the cement composition introduced into the well bore
may comprise the traceable MEMS so that the top of the cement column in the annulus should

comprise the traceable MEMS. The tagging material may then allow the use of well bore
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logging devices to determine the location of the top of cement based on the presence of the
traceable MEMS in the wellbore.
[0029] Turning now to FIG. 1, an example well system 100 for introduction of
treatment fluids described herein into a wellbore 1035 is shown. As illustrated, the wellbore
5 105 may be drilled into one or more subterranean formations 110. While the wellbore 105 is
shown extending generally vertically into the one or more subterranean formations 110, the
principles described herein are also applicable to wellbores that extend at an angle through the
one or more subterranean formations 110, such as horizontal and slanted wellbores. As
illustrated, a rig 115 may be disposed above the welibore 105. The rig 115 may include a
t0  workdeck 120 that supports a derrick 125, Derrick 125 may support a hoisting apparatus 130
for raising and lower strings of pipe, such as casing 1335.
[0030] As illustrated, the well system 100 may further include a fluid handling system
140 for introducing a treatment fluid into the welltbore 105 by way of a tubular, such as casing
135. In the tllustrated embodiment, the fluid handling system 110 is above the surface 145
15  while wellbore 105 and casing 135 are below the surface 145. The fluid handling system 140
can be configured as shown in FIG. 1 or in a different manner, and may mclude additional or
different features as appropriate. The fluid handling system 145 may be deployed via skid
equipment, marine vessel deployed, or may be comprised of sub-sea deployed equipment.
[0031] Fluid handling system 110 may include mobile vehicles, immobile
20  installations, skids, hoses, tubes, fluid tanks or reservoirs, pumps, valves, and/or other suitable
structures and equipment. For example, the fluid handbng system 110 may include pumping
equipment 150 and a fluid supply 155, which both may be in fluid communication with the
casing 135 or other tubular. The fluid supply 155 may contain the treatment fluid. The pumping
equipment 150 may be used to supply treatment fluid from the fluid supply 155, which may
25  include tank, reservoir, connections to external fluid supplies, and/or other suitable structures
and equipment. While not illustrated, the fluid supply 155 may contain one or more
components of the treatment fluid in separate tanks or other containers that may be mixed at
any desired time. Pumping equipment 150 may be in fluid communication with the casing 135
to communicate treatment fluid into wellbore 105. Fluid handling system 140 may also
30  include surface and down-hole sensors (not shown) to mcasure pressure, rate, temperature
and/or other parameters of treatment. Fluid handling system 140 may include pump controls
and/or other types of controls for starting, stopping and/or otherwise controlling pumping as
well as controls for selecting and/or otherwise controliing fluids pumped during the injection
treatment. An injection control system may communicate with such equipment to monitor and

35  control the injection treatment.
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[0032] With continued reference to FIG. 1, the well system 100 may be used for
delivery of a treatment fluid comprising traceable MEMS (e.g., a cement composition
comprising traceable MEMS) into the wellbore. As indicated by arrows 156, the treatment
fluid comprising traceable MEMS may be pumped from fluid supply 155 down the interior of

5 casing 135 in wellbore 105, The treatment fluid may be allowed to flow down the interior of
the casing 135 through the casing shoe 160 at the bottom of the casing 135 and up around the
casing 135 into the wellbore annulus 165. While not illustrated, other techniques may also be
utilized for introduction of the treatment fluid. By way of example, reverse circulation
techniques may be used that include introducing a treatment fluid comprising traceable MEMS

10 (e.g., a cement composition comprising traceable MEMS) into the subterranean formation 110
by way of the wellbore annulus 165 instead of through the casing 135.

[0033] Turning now to FIG. 2, a treatment fluid 170, such as a cement composition,
comprising a {raceable MEMS may be pumped into the wellbore 105 so that the treatment
fluid 170 may be positioned in the wellbore annulus 165 between the one or more subterranean

15  formations 110 and the casing 135. The traceable MEMS may be disposed in all or a portion
of the treatment fluid 170. As illustrated in FIG. 2, a spacer fluid 180 may be disposed in the
wellbore annulus 165 above the treatment fluid 170. In an embodiment, the spacer fluid 180
may also contain traceable MEMS. As previously described, a logging tool 185, which may
be a DSN tool, may be placed into the wellbore 105. As illustrated, the logging tool 185 may

20  be placed within casing 135 of the wellbore 105, The logging tool 185 may be suspended
within casing 135 by way of conveyance string 190. Conveyance string 190 may comprise,
without limitation, a wireline cable, a slickline cable, coiled tubing, etc. Conveyance string
190 may provide support for logging tool 185 and may also couple logging tool 185 to a
computer system (not shown). Altematively, the computer system may be in wireless

25 communication with logging tool 185. As previously described, the logging tool 185 may
emit neutrons with corresponding measurements from which a log may be generaied. From
this log, the location of the traceable MES in the wellbore annulus 165 may be determined.
For example, the top of cement 190 may be determined based on the location of the traceable
MEMS in the wellbore annulus 165. The top of cement 195 may be determined by analyzing

30  the location of the traceable MEMS in the wellbore annulus 165. Where MEMS are disposed
in the treatment fluid 170 and not the spacer fluid 180, the top of the cement 195 may be
indicated by the absence of the traceable MES in the wellbore annulus 165 in that absence of
the traceable MEMS should indicate the end of the beginning of the spacer fluid 180 without
the traceable MEMS.
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[0034] As previously described, the traceable MEMS may comprise MEMS that has
been combined with a tagging material. The tagging material may be embedded within the
MEMS, incorporated into the housing thereof, or attached to the outer surface thereof. Suitable
tagging materials may comprise relatively inert materials and/or also materials that are thermal

5  neutron absorbing materials. FIGs. 3 and 4 illustrate different configurations of traceable MES
200 that comprise a tagging material 205. As illustrated by FIG. 3, the traceable MEMS 200
may comprise a housing 210 having an outer surface 215. The tagging material 205 may be
attached to the outer surface 215 of the housing 210. As illustrated by FIG. 4, the traceable
MEMS 200 may be embedded inside the housing 210. Alternatively, the tagging material 205

10 may be incorporated into the housing 210 such that the tagging material 205 is integral with
the housing 210. For example, the housing 210 may be formed partially or entirely from the
tagging material 205,
[0035] The exemplary traceable MEMS disclosed herein may directly or indirectly
affect one or more components or pieces of equipment associated with the preparation,
15 delivery, recapture, recycling, reuse, and/or disposal of the disclosed traceable MEMS. For
example, the traceable MEMS may directly or indirectly affect one or more mixers, related
mixing equipment, mud pits, storage facilities or units, composition separators, heat
exchangers, sensors, gauges, pumps, compressors, and the like used generate, store, monitor,
regulate, and/or recondition the exemplary traceable MEMS and fluids containing the same.
20 The disclosed traceable MEMS may also directly or indirectly affect any transport or delivery
equipment used to convey the traceable MEMS to a well site or downhole such as, for example,
any transport vessels, conduits, pipelines, trucks, tubulars, and/or pipes used to
compositionally move the traceable MEMS from one location to another, any pumps,
compressors, or motors (¢.g., topside or downhole) used to drive the traceable MEMS, or fluids
25  containing the same, into motion, any valves or related joints used to regulate the pressure or
flow rate of traceable MEMS (or fluids containing the same), and any sensors (i.e., pressure
and temperature), gauges, and/or combinations thereof, and the like. The disclosed traceable
MEMS may also directly or indirectly affect the various downhole equipment and tools that
may come into contact with the traceable MEMS such as, but not limited to, wellbore casing,
30  wellbore liner, completion string, insert Stﬁngs, dnll string, coiled tabing, slickline, wireline,
drill pipe, drill collars, mud motors, downhole motors and/or pumps, cement numps, surface-
mounted motors and/or pumps, centralizers, turbolizers, scratchers, floats (e.g., shoes, collars,
valves, etc.), logging tools and related telemetry equipment, actuators (e.g., electromechanical
devices, hydromechanical devices, etc.), sliding sleeves, production sleeves, plugs, screens,

35 filters, flow control devices (e.g., inflow control devices, autonomous inflow control devices,
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outfiow control devices, etc.), couplings (e.g., electro-hydraulic wet connect, dry connect,
inductive coupler, etc.), control lines (e.g., electrical, fiber optic, hydraulic, etc.), surveitlance
hnes, drill bits and reamers, sensors or distributed sensors, downhole heat exchangers, valves
and corresponding actuation devices, tool seals, packers, cement plugs, bridge plugs, and other

>  wellbore isolation devices, or components, and the like. Any of these components may be
included in the systems generally described and depicted above in FIGs. 1 and 2.

[0036] The preceding description provides various embodiments of the systerns and
methods of use disclosed herein which may contain different method steps and alternative
combinations of components. It should be understood that, although individual embodiments

10 may be discussed herein, the present disclosure covers all combinations of the disclosed
embodiments, mcluding, without limitation, the different component combinations, method
step combinations, and properties of the system. It should be understood that the compositions
and methods are described in terms of “comprising,” “containing,” or “including” various
components or steps, the compositions and methods can also “consist essentially of” or

15 *consist of” the various components and steps. Moreover, the indefinite articles “a” or “an,”
as used n the claims, are defined herein to mean one or more than one of the element that it
introduces,

[0037] For the sake of brevity, only certain ranges are explicitly disclosed herein.
However, ranges from any lower [imit may be combined with any upper limit to recite a range

20 not explicitly recited, as well as, ranges from any lower limit may be combined with any other
lower limit to recite a range not explicitly recited, in the same way, ranges from any upper
limit may be combined with any other upper limit to recite a range not explicitly recited.
Additionally, whenever a numerical range with a lower limit and an upper limit is disclosed,
any number and any included range falling within the range are specifically disclosed. In

25  particular, every range of values (of the form, “from about a to about b,” or, equivalently,
“from approximately a to b,” or, equivalently, “from approximately a-b") disclosed herein is
to be understood to set forth every number and range encompassed within the broader range
of values even if not explicitly recited. Thus, every point or individual value may serve as jts
own lower or upper limit combined with any other point or individual value or any other lower

30  or upper limit, to recite a range not explicitly recited.

[0038] Therefore, the present embodiments are well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, and may be modified and practiced in different but
equivalent manners apparent to those skilled in the art having the benefit of the teachings

35 herein.  Although individual embodiments are discussed, the disclosure covers all

13



combinations of all of the embodiments. Furthermore, no limitations are intended to the
details of construction or design herein shown, other than as described in the claims
below. Also, the terms in the claims have their plain, ordinary meaning unless otherwise
explicitly and clearly defined by the patentee. It is therefore evident that the particular
5  illustrative embodiments disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of those embodiments. If there 1s
any conflict in the usages of a word or term in this specification and one or more
patent(s) or other documents that may be referred to herein, the definitions that are

consistent with this specification should be adopted.
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Claims

What is claimed is:

1. A method comprising:
introducing a treatment fluid comprising a traceable micro-electro-mechanical
>  system into a wellbore, wherein the traceable micro-electro-mechanical system comprises a
micro-electro-mechanical system and a tagging material.

2. A method according to claim 1, wherein the tagging material comprises a
thermal neutron absorbing material.

3. A method according to claim 1 or claim 2, wherein the tagging material

10 comprises at least one thermal neutron absorbing material selected from the group consisting
of cadmium, boron, gadolinium, iridium, boron carbide, boron nitride, boric acid, boron
concentrated glass, zinc borate, borax, gadolinium oxide, gadolinium acetate, gadolinium
concentrated glass, and any combination thereof.

4, A method according to any one of claims 1 to 3, wherein the tagging material

15  is embedded within the micro-electro-mechanical system, incorporated into a housing of the
micro-electro-mechanical system, or attached to an outer surface of the housing of the micro-
electro-mechanical system.

5. A method according to any one of claims 1 to 4, wherein the traceable micro-
electro-mechanical system is about 3 mm’ or smaller.

20 6. A method according to any one of claims 1 to 5, wherein the traceable micro-
electro-mechanical system is present in the treatment fluid in an amount of about 0.01 weight
percent to about 5 weight percent.

7. A method according to any one of claims 1 to 6, wherein the treatment fluid is
a drilling fluid, fracturing fluid, completion fluid, spacer fluid, lost circulation fluid,

25  displacement fluid, drill-in fluid, or any combination thereof.

8. A method according to any one of claims 1 to 6, wherein the treatment fluid
further comprises a hydraulic cement and water, and wherein the method further comprises
allowing the treatment fluid to set in the wellbore.

9. A method according to claim 8, wherein the treatment fluid is used in primary

30  cementing.

10. A method according to any one of claims 1 to 9, wherein the introducing
comprises pumping the treatment fluid through a casing and into a wellbore annulus.

11. A method according to any one of claims 1 to 10, determining position of the

traceable micro-electro-mechanical system in the wellbore.

15
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12. A method according to claim 11, wherein the determining position comprises
running a log in the wellbore to detect position of the traceable micro-electro-mechanical
system.

13. A method according to claim |1, further comprising determining a top of

5 cement based at least on the determined position of the traceable micro-electro-mechanical
system

4. A method according to any one of claims 1 to 13, further comprising using the
traceable micro-electro-mechanical system in the wellbore to sense one or more parameters.

5. A treatment fluid comprising:

10 a carrier fluid; and

a traceable micro-electro-mechanical system comprising a micro-electro-
mechanical system and a tagging material.

16. A treatment fluid according to claim 15, wherein the tagging material
comprises at least one thermal neutron absorbing material selected from the group consisting

15  of cadmium, boron, gadolinium, iridiurh, boron carbide, boron nitride, boric acid, boron
concentrated glass, zinc borate, borax, gadolinium oxide, gadolinium acetate, gadolinium
concentrated glass, and any combination thereof.

7. A treatment fluid according to claim 15 or claim 16, wherein the tagging
material is embedded within the micro-electro-mechanical system, incorporated into a housing

20 of the micro-electro-mechanical system, or attached to an outer surface of the housing of the
micro-electro-mechanical system.

18. A treatment fluid according to any one of claims 15 to 17, wherein the
treatment fluid further comprises a hydraulic cement and water.

19. A well system comprising:

25 a fluid handling system comprising a treatment fluid, wherein the treatment
fluid comprises a carrier fluid and a traceable micro-electro-mechanical system, wherein the
traceable micro-electro-mechanical system comprises a micro-electro-mechanical system and
a tagging matertal; and

a conduit 1n fluid communication with the fluid handling system and at least

30  partially disposed in a wellbore.

20. The well system of claim 19, further comprising a logging tool for running a
neutron log in the wellbore to determine location of the traceable micro-electro-mechanical

system.
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