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(57) Abstract

Systems, computer readable medium, program
code, and methods are provided for monitoring
micro-electro- mechanical ("MEM") devices
removed from a wellbore by a fluid flow stream.
The system can include a first MEM reader and a
second MEM reader. The first MEM reader can

be positionable near the fluid flow stream for
detecting MEM devices entering the wellbore in a
fluid flow stream. The second MEM reader can
be positionable near the fluid flow stream for
detecting MEM devices exiting the wellbore in the
fluid flow stream. The second MEM reader can
detect MEM devices exiting the wellbore in a
subsequent fluid flow stream. The system can
further include a computing device for
determining an amount and types of MEM
devices remaining in the wellbore from the first
fluid flow stream and an amount and types of
MEM devices removed from the wellbore by the
subsequent fluid flow stream.
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SWEEP EFFICIENCY FOR HOLE CLEANING

Technical Field

[0001] The present disclosure relates generally to determining or monitoring
efficiency of using a fluid, for use in well systems, for wellbore cleaning. More
specifically, but not by way of limitation, this disclosure relates to monitoring micro-
electro-mechanical (*“MEM”) devices removed from a wellbore after a sweep is
circulated through the wellbore and exits the wellbore.

Background
[0002] A well system (e.g., oil or gas wells for extracting fluids from a
subterranean formation) can include a drilling rig for drilling in a wellbore, along with
other components or equipment. During drilling operations, well treatment or
circulation fluid (e.g., a sweep, a pill or a slug) can circulate through the wellbore and
can be used to sweep non-desirable solids from the wellbore to a surface of the
wellbore. Effective sweep fluid selection and efficiently sweeping non-desirable solids
from the wellbore can enhance the success of drilling operations and can help
maintain high-quality sweep fluid properties.
[0003] US 2009/0087912 relates generally to the field of tracers or marker
materials, and more specifically to subsurface tagging and monitoring techniques.

Brief Description of the Drawings

[0004] FIG. 1 is a schematic diagram showing a drilling rig on a wellbore along
with a system for monitoring removal of micro-electro-mechanical (“MEM”) devices
representative of non-desirable solids according to one example of the present
disclosure.

[0005] FIG. 2 is a schematic diagram showing a well system and two MEM
readers, along with a computing device, according to another example of the present
disclosure.

[0006] FIG. 3 is a schematic diagram showing a well system and three MEM
readers, along with a computing device, according to another example of the present
disclosure.

[0007] FIG. 4 is a schematic diagram showing a top view of MEM devices of

different sizes and shapes according to one example of the present disclosure.
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[0008] FIG. 5 is a block diagram showing a computing device for determining
an amount and types of MEM devices remaining in a wellbore according to one
example of the present disclosure.

[0009] FIG. 6 is a flow chart showing a process for monitoring removal of MEM
devices from a wellbore according to one example of the present disclosure.

Detailed Description

[0010] Certain aspects and features of the present disclosure are directed to
monitoring micro-electro-mechanical (“MEM”) devices swept from a wellbore and
returned to a surface of the wellbore by a fluid flow stream. During drill rig operations,
well treatment or circulation fluid (e.g., a sweep, a pill, or a slug) can circulate through
the wellbore. The fluid may have rheological or density properties that can allow the
fluid to suspend and lift non-desirable solids (e.g., sand, rock cuttings, or other debris)
in the circulation fluids. Circulating the fluid may lift non-desirable solids to a surface
of the wellbore as the fluid circulates through the wellbore and back to the surface.
The efficiency of using the fluid to remove non-desirable solids from a wellbore may
be monitored using MEM readers and MEM devices of different sizes, shapes, and
densities that can represent certain types of non-desirable solids in the wellbore. The
efficiency of using the fluid to remove MEM devices of a size, shape, or density from
a wellbore may be representative of the efficiency of using the fluid to remove non-
desirable solids of the same amount and type as the MEM devices.

[0011] For example, a known quantity and known types of MEM devices (e.g.,
devices with radio frequency identification (“RFID”) tags) of different sizes, shapes,
and densities may be placed in a fluid for a wellbore prior to the fluid entering the
wellbore. In other examples, an unknown quantity and unknown types of MEM devices
can be used. A MEM reader (e.g., an RFID tag reader) can detect an amount and
types of MEM devices in the fluid prior to the fluid with the MEM devices entering the
wellbore. The MEM reader can transmit this data to a computing device. A second
MEM reader can detect an amount and types of MEM devices in the fluid subsequent
to the fluid with the MEM devices exiting the wellbore. The second MEM reader can
transmit this data to the computing device. The computing device can compare the
data about the amount and types of MEM devices in the fluid before entering the
wellbore and after exiting the wellbore to determine an amount and types of MEM
devices remaining in the wellbore after the fluid with the MEM devices exits the

wellbore.
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[0012] After the fluid with the MEM devices exits the wellbore, a subsequent
fluid may be injected into the wellbore for removing any MEM devices remaining in the
wellbore. The subsequent fluid may be well treatment or circulation fluid (e.g., a
sweep, a pill or a slug). The second MEM reader can detect an amount and types of
MEM devices in the subsequent fluid, after the subsequent fluid exits the wellbore.
The second MEM reader can transmit this data to the computing device. The
computing device can compare the data about the amount and types of MEM devices
in the wellbore before the subsequent fluid enters the wellbore and the amount and
types of MEM devices exiting the wellbore in the subsequent fluid. The computing
device can use this comparison to determine an amount and types of MEM devices
removed from the wellbore by the subsequent fluid. The computing device can also
use this comparison to determine an amount and types of MEM devices remaining in
the wellbore after the subsequent fluid exits the wellbore.

[0013] The computing device may also use this comparison to determine a
sweep efficiency of using the subsequent fluid to remove an amount and types of MEM
devices from the wellbore. In other examples, the computing device may determine
the inefficiency of using the subsequent fluid to remove an amount and types of MEM
devices. The computing device may compare the sweep efficiency of using the
subsequent fluid to remove an amount and type of MEM devices from the wellbore to
a threshold of expected efficiency for using the subsequent fluid.

[0014] The computing device can output data representing the efficiency of
using the subsequent fluid to remove an amount and types of MEM devices. Based
on the output, changes can be made to the properties (e.g., density, viscosity, etc.) of
a fluid to be injected into the wellbore in a subsequent circulation for removing any
MEM devices remaining in the wellbore.

[0015] In some examples, the sizes, shapes, or densities of the MEM devices
may be representative of the sizes, shapes, or densities of non-desirable solids in the
wellbore. The efficiency of using a fluid to remove an amount and types of MEM
devices from the wellbore may correspond to the efficiency of using the fluid to remove
non-desirable solids of the same amount and types as the MEM devices.

[0016] Determining and monitoring the efficiency of using a fluid to remove non-
desirable solids from a wellbore can enhance the success of drilling operations on
directional, high-angle, or deviated-wellbores. For example, improved sweep

efficiency may translate into less wear and tear on a drill bit and more efficient drilling
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operations. Also, effectively monitoring removal of non-desirable solids may help
determine sweep fluid properties such as viscosity, volume, or density for improving
sweep efficiency.

[0017] These illustrative examples are given to introduce the reader to the
general subject matter discussed here and are not intended to limit the scope of the
disclosed concepts. The following sections describe various additional features and
examples with reference to the drawings in which like numerals indicate like elements,
and directional descriptions are used to describe the illustrative examples but, like the
illustrative examples, should not be used to limit the present disclosure.

[0018] FIG. 1 is a schematic diagram showing a drilling rig 100 and a wellbore
102 along with a system 104 for monitoring removal of MEM devices, representative
of non-desirable solids, according to one example of the present disclosure. In this
example, drilling rig 100 is depicted for use on a well system 200 (e.g., an oil or gas
well for extracting fluids from a subterranean formation 106). The drilling rig 100 is
used to create a hole or wellbore 102 in a surface 108. The drilling rig includes a pump
110, a drill string 112, and a drill bit 114. The pump 110 can pump a variety of fluids
or wellbore compositions, such as well treatment or circulation fluid through the drill
string 112. The drill string 112 can transmit the fluid to the drill bit 114 through which
the fluid exits into the wellbore 102.

[0019] The wellbore 102 has been drilled from the surface 108 and through
subterranean formation 106. The wellbore can be a vertical, directional, high angle or
deviated wellbore. As the wellbore 102 is drilled, the drill bit 114 can cut into rocks or
sediments in the wellbore 102 and create rock cuttings and non-desirable solids 116.
While the drill bit 114 cuts into the wellbore 102, pump 110 may pump a fluid flow
stream 118 into the wellbore 102. The fluid flow stream may enter the wellbore 102
through a fluid flow input 120 for the wellbore and flow along flow path 122. Pumping
the fluid flow stream 118 into wellbore 102 may allow the fluid flow stream 118 to lift
non-desirable solids 116 to the surface 108 and out of a fluid flow output 126 for the
wellbore 102. The fluid flow stream 118 may flow toward the surface 108 along flow
path 124. At the surface 108, the fluid may be processed using equipment 127 to
maintain or modify the fluid’s desired characteristics.

[0020] The system 104, according to some examples, may be used for
monitoring removal of MEM device, representative of the non-desirable solids 116,

from the wellbore.
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[0021] The system 104, according to certain examples, can include, among
other things, a computing device or processing module 128. The computing device
128 can be positioned at the surface 108, below ground, or offsite. The computing
device 128 can include a communication device 130 for transmitting and receiving
data. The computing device 128 may be used to determine and monitor the efficiency
of using a fluid to remove non-desirable solids from a wellbore.

[0022] FIG. 2 is a schematic diagram of a well system 200, MEM devices 202,
204, 205, and two MEM readers 300, 302, along with a computing device 128
according to another example of the present disclosure. FIG. 2 depicts the well system
200 from a surface 108 and below.

[0023] The well system 200 may be any type of well system and may include
a wellbore 102. The wellbore 102 may be a wellbore of any type of configuration. For
example, the wellbore may be a vertical, a horizontal, or a deviated wellbore. The well
system 200 can have a fluid flow input 120 for the wellbore and a fluid flow output 126
for the wellbore. The fluid flow input 120 can be near the wellbore 102 and may allow
a fluid flow stream to enter into the wellbore 102. The fluid flow output 126 can be
near the wellbore 102 and may allow a fluid flow stream to exit the wellbore near a
surface 108. A fluid flow stream may flow into the wellbore along a flow path 122 and
exit the wellbore along a flow path 124.

[0024] MEM devices 202, 204, 205 may be any micro-electro-mechanical
devices disposable in a fluid flow stream for a wellbore. For example, the MEM devices
can be devices with RFID tags. The MEM devices may also be different sizes, shapes,
and densities. In some examples, the sizes, shapes, and densities of the MEM devices
may be representative of the sizes, shapes, and densities of non-desirable solids 116
in a wellbore.

[0025] MEM readers 300, 302 can be any readers for detecting MEM devices
(e.g., an RFID tag reader). The MEM readers 300, 302 may also detect an amount
and type of MEM devices in a fluid flow stream.

[0026] A first MEM reader 300 may be positioned near a fluid flow stream 118
and a fluid flow input 120 for a wellbore 102. In some examples, the first MEM reader
300 may be positioned near the fluid flow stream 118 and between the wellbore 102
and the fluid flow input 120 for the wellbore 102. The first MEM reader 300 may detect
MEM devices in the fluid flow stream 118 prior to the fluid flow input 120.
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[0027] A second MEM reader 302 may be positioned near the fluid flow stream
118 and a fluid flow output 126 for the wellbore 102. The second MEM reader 302 may
detect at least a subset of MEM devices in the fluid flow stream 118 subsequent to the
fluid flow output 126.

[0028] In some examples, a known quantity and known types of MEM devices
may be placed in the fluid flow stream 118 prior to the fluid flow stream 118 entering
the fluid flow input 120. In other examples, an unknown quantity or unknown types of
MEM devices can be used. The first MEM reader 300 may detect an amount and types
of MEM devices 202 in the fluid flow stream 118 prior to the fluid flow stream 118
entering the fluid flow input 120. The fluid flow stream 118 may transport an amount
and types of MEM devices toward a surface 108 and through a fluid flow output 126
as the fluid flow stream 118 flows along flow path 124. The second MEM reader 302
may detect an amount and types of MEM devices 204 in the fluid flow stream
subsequent to the fluid flow stream exiting the fluid flow output 126. An amount and
types of MEM devices 205 may remain in the wellbore after the fluid flow stream 118
exits the wellbore via the fluid flow output 126.

[0029] The first MEM reader 300 may detect individual MEM devices and store
data that may be representative of a distribution of the amount and types of MEM
devices of different sizes, shapes, and densities in the fluid flow stream 118 prior to
the fluid flow stream entering 118 entering the fluid flow input 120. The distribution
may correspond to the amount of each type of MEM device of a different size, shape,
or density in the fluid flow stream 118 detected by the first MEM reader 300.

[0030] The second MEM reader 302 may detect individual MEM devices and
store data that may be representative of a distribution of the amount and types of MEM
devices of different sizes, shapes, and densities in the fluid flow stream 118
subsequent to the fluid flow stream exiting the fluid flow output 126. The distribution
may correspond to the amount of each type of MEM device of a different size, shape,
or density in the fluid flow stream 118 detected by the second MEM reader 302.
[0031] A computing device 128 may transmit to and receive data from the two
MEM readers 300, 302. The first MEM reader 300 may transmit data to the computing
device 128 via a communication device 130. The data may represent the amount and
types of MEM devices 202 in the fluid flow stream 118 prior to the fluid flow stream
118 entering the fluid flow input 120. In other examples, the first MEM reader 300 may

transmit other data that represents a distribution of the amount and types of MEM
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devices of different sizes, shapes, and densities in the fluid flow stream 118 prior to
the fluid flow stream 118 entering the fluid flow input 120.

[0032] The second MEM reader 302 may transmit data to the computing device
128 via the communication device 130. The data may represent the amount and types
of MEM devices 204 in the fluid flow stream 118 subsequent to the fluid flow stream
118 exiting the fluid flow output 126. In other examples, the second MEM reader 302
may transmit other data that represents a distribution of the amount and types of MEM
devices of different sizes, shapes, and densities in the fluid flow stream 118
subsequent to the fluid flow stream 118 exiting the fluid flow output 126.

[0033] Other examples of a system for monitoring removal of MEM devices can
use more than two MEM readers. For example, FIG. 3 is a schematic diagram of a
well system 200, and three MEM readers along with a computing device according to
another example of the present disclosure.

[0034] A first MEM reader 300 may detect an amount and types of MEM devices
202 in a fluid flow stream 118 prior to the fluid flow stream 118 entering a fluid flow
input 120 for the wellbore 102. The first MEM reader 300 may transmit data to a
computing device 128 via a communication device 130.

[0035] A second MEM reader 302 may detect an amount and types of MEM
devices 204 in the fluid flow stream 118 subsequent to the fluid flow stream 118 exiting
a fluid flow output for the wellbore 102. The second MEM reader 302 may transmit
data to the computing device 128 via the communication device 130.

[0036] A third MEM reader 400 may be positioned near the fluid flow stream
118 and between the first MEM reader 300 and the second MEM reader 302. The third
MEM reader 400 may detect at least a subset of MEM devices between the fluid flow
input 120 and the fluid flow output 126. For example, the third MEM reader 400 may
detect the MEM devices 205 remaining in the wellbore after the fluid flow stream 118
flows along flow path 124 and exits the wellbore 102. The third MEM reader 400 may
transmit data to the computing device 128 via the communication device 130.

[0037] FIG. 4 is a perspective view of MEM devices of various sizes and shapes
according to one example of the present disclosure, such as MEM devices that can
be used with systems described previously.

[0038] In some examples, MEM devices used may be of any shape. The shape
of the MEM devices may be representative of any shape of some non-desirable solids

in the wellbore. The shape of a MEM device may refer to the external form,
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appearance or structure of the MEM device. For example, MEM device 501 has a
shape that is generally circular or round and may be representative of non-desirable
solids in a wellbore having a generally circular or round shape.

[0039] MEM devices used in some examples may be of any size. The size of a
MEM device may be representative of any size of some non-desirable solids in the
wellbore. The size of a MEM device may correspond to the dimensions of a shape of
the MEM device. The size of a MEM device may be measured by the area, perimeter,
circumference, diameter, length, cross section, or the like, of the shape of the MEM
device. For example, the sizes of MEM devices 505, 507, 509 may be measured by
the area or perimeter of the MEM devices’ generally rectangular shapes. The MEM
devices 505, 507, 509 may be representative of non-desirable solids in a wellbore
having a generally rectangular shape and a similar perimeter, area, or size. In another
example, the size of MEM device 503 may be measured by the length of the MEM
device’s generally cylindrical shape. The MEM device 503 may be representative of
non-desirable solids in a wellbore having a generally cylindrical shape and a similar
length.

[0040] The MEM devices may also be of any density. The density of a MEM
device may be representative of a density of some non-desirable solids in the wellbore.
The density of a MEM device may refer to the volumetric mass density or mass per
unit volume of the MEM device. The density of a MEM device may depend on any
number of factors including, without limitation, the size of the MEM device, the shape
of the MEM device, the components of the MEM device, the material used for
manufacturing the MEM device, and other factors. For example, a MEM device can
have mechanical (e.g., levers, springs, vibrating structures, etc.), electrical (e.g.,
circuits, resistors, capacitors, inductors, etc.) and electro-mechanical components that
range in size and affect the density of the MEM device. The MEM devices can also
have sensors, actuators, and microelectronics. The MEM devices may also be
manufactured from various materials, including, without limitation, silicon, polymers
(e.g., poly(methyl methacrylate)), metals (e.g., copper, aluminum, titanium, etc.)
ceramics, or other material, which may affect the density of the MEM device. For
example, a MEM device manufactured using silicon may have a density of silicon (e.g.,

approximately 2.3 g/cm?)
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[0041] The sizes, shapes, or densities of the non-desirable solids that may be
represented by the sizes, shapes, or densities of the MEM devices may be determined
from solids or visual analysis of the wellbore conducted on-site or off-site.

[0042] The MEM devices 501, 503, 505, 507, 509 may include, or have
components integrated onto, a microchip or chip 502, 504, 506, 508, 510, respectively,
for storing data. For example, the MEM devices may be devices with RFID tags that
use electromagnetic fields to transfer data that may be used to automatically identify
and track the RFID tags. The MEM devices can also communicate with and be
detected by MEM readers. In some examples, the MEM devices may communicate
with and be detected by MEM readers within a proximity from the MEM devices.
[0043] FIG. 5 is a block diagram of a computing device 128 for determining an
amount and types of MEM devices remaining in a wellbore after a fluid flow stream
flows through the wellbore and exits the wellbore according to one example of the
present disclosure.

[0044] The computing device 128 can include a processing device 602
interfaced with other hardware via a bus 604. The computing device 128 may also
include a memory device 606. In some examples, the computing device 128 can
include input/output interface components (e.g., a display device 610 and a
communication device 612). The computing device 128 can also include other
input/output interface components such as a key board, touch-sensitive surface,
mouse, an alarm system and additional storage.

[0045] The computing device 128 can receive data from MEM readers via a
communication device 130. In some examples, the communication device 130 can
represent one or more of any components that facilitate a network connection. In some
examples, the communication device may be wireless and can include wireless
interfaces such as IEEE 802.11, Bluetooth, or radio interfaces for accessing cellular
telephone networks (e.g., transceiver/antenna for accessing a CDMA, GSM, UMTS,
or other mobile communications network). In another example, the communication
device 130 can be wired and can include interfaces such as Ethernet, USB, IEEE
1394, or a fiber optic interface.

[0046] The processing device 602 can include one processing device or
multiple processing devices. The processing device 602 can execute one or more

efficiency operations for monitoring MEM devices removed from a wellbore by a fluid.
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[0047] The processing device 602 can execute one or more efficiency
operations for comparing an amount and types of MEM devices in a fluid flow stream
prior to a fluid flow input for a wellbore and an amount and types of MEM devices in
the fluid flow stream subsequent to a fluid flow output for the wellbore. The efficiency
operations can be executed for using the comparison for determining an amount and
types of the MEM devices remaining in the wellbore after the fluid flow stream with the
MEM devices flows through the wellbore and exits the wellbore.

[0048] The processing device 602 can also execute efficiency operations for
comparing the amount and types of the MEM devices remaining in the wellbore after
the fluid flow stream with the MEM devices exits the wellbore and an amount and types
of MEM devices in a subsequent fluid flow stream subsequent to the fluid flow output.
The efficiency operations can also be executed for using the comparison for
determining the amount and types of MEM devices removed from the wellbore by the
subsequent fluid flow stream. The efficiency operations can also be executed for using
the comparison to determine the amount and types of MEM devices remaining in the
wellbore after the subsequent fluid flow stream exits the wellbore.

[0049] In another example, the processing device 602 can execute one or more
efficiency operations for generating a distribution of the amount and types of MEM
devices of different sizes, shapes, and densities in a fluid flow stream prior to the fluid
flow input. The distribution may represent a number of MEM devices of each type of
MEM device in the fluid flow stream prior to the fluid flow input. The processing device
602 can also execute efficiency operations for generating a distribution of the amount
and types of MEM devices of different sizes, shapes, and densities in the fluid flow
stream subsequent to the fluid flow output. The processing device 602 may also
execute an efficiency operation for comparing the two distributions to determine the
amount and types of MEM devices of different sizes, shapes, and densities remaining
in the wellbore after the fluid flow stream with the MEM device flows through the
wellbore and exits the wellbore.

[0050] The processing device 602 can also execute one or more efficiency
operations for generating a distribution of the amount and types of MEM devices of
different sizes, shapes, and densities in a subsequent fluid flow stream subsequent to
the fluid flow output. The efficiency operations can be executed for comparing the
amount and types of MEM devices of different sizes, shapes, and densities remaining

in the wellbore after the first fluid flow stream with the MEM devices exits the wellbore
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and a distribution of the amount and types of MEM devices of different sizes, shapes,
and densities in the subsequent fluid flow stream subsequent to the fluid flow output.
The efficiency operations can be executed for using the comparison for determining
or generating a distribution of the amount and types of MEM devices removed from
the wellbore by the subsequent fluid flow stream. The distribution may represent an
amount of each type of MEM device removed from the wellbore. The efficiency
operations can also be executed for using the comparison for determining the amount
of each type of MEM device remaining in the wellbore after the subsequent fluid flow
stream exits the wellbore.

[0051] The efficiency operations may also be executed for using the
comparison to determine the sweep efficiency of using the subsequent fluid to remove
an amount and types of MEM devices from the wellbore. The efficiency operation may
also be executed for determining a sweep efficiency rating for each type of MEM
device removed from the wellbore by the subsequent fluid. The sweep efficiency rating
may be representative of the efficiency of using the subsequent fluid to remove each
type of MEM device. The efficiency operations may be executed for comparing the
efficiency of using the subsequent fluid to remove an amount and types of MEM
devices from the wellbore to a stored threshold of expected efficiency for using the
subsequent fluid flow to remove MEM devise of an amount and different sizes, shapes,
and densities. The processing device 602 can also execute efficiency operations for
outputting this data.

[0052] The efficiency operations can also be executed for outputting the
comparison or efficiency of using the subsequent fluid to remove an amount and types
of MEM devices from the wellbore. The output can be used to determine properties
(e.g., density, viscosity, etc.) of a fluid flow stream disposable in the wellbore for
removing at least a subset of the amount and types of MEM devices of different sizes,
shapes and densities, remaining in the wellbore after the second fluid flow stream exits
the wellbore.

[0053] The efficiency operations can also be executed for analyzing the amount
and types of MEM devices remaining in the wellbore after the second fluid flow stream
exits the wellbore for determining properties of a fluid flow stream disposable in the
wellbore for removing at least a subset of the amount and types of MEM devices

remaining in the wellbore after the second fluid flow stream exits the wellbore.
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[0054] In certain examples, the shapes, sizes, and densities of the MEM
devices are representative of non-desirable solids in a wellbore to be removed by a
fluid flow stream. The processing device 602 can execute an efficiency operation for
determining an amount of MEM devices of a shape, size, or density, representative of
the non-desirable solids, removed from wellbore by the fluid flow stream. The
processing device may also execute an efficiency operation for determining the
efficiency of using a fluid flow stream to remove non-desirable solids of the same size,
shape, or density as the MEM devices removed from the wellbore by the fluid flow
stream. The processing device may also execute an efficiency operation for
determining the non-desirable solids of the same size, shape, or density as the MEM
devices remaining in the wellbore.

[0055] The efficiency operations can also be executed for recognizing a
threshold of expected efficiency for using a fluid flow stream to remove MEM devices
of a shape, size, or density, representative of the non-desirable solids from the
wellbore.

[0056] In some examples, the computing device 128 can also be
communicatively coupled to a display device 610 via the bus 604. The display device
can display data that may correspond to data received by the computing device 128
from a MEM reader. The display device may also display data that may correspond to
data generated by executing an efficiency operation executed by the processing
device 602.

[0057] The processing device 602 can also be communicatively coupled to a
memory device 606 via the bus 604. The non-volatile memory device may include any
type of memory that retains stored information when powered off. Non-limiting
examples of the memory device 606 include EEPROM, flash memory, or any other
type of non-volatile memory. In some examples, at least some of the memory device
606 can include a medium from which the processing device can read instructions
608. A computer-readable medium can include electronic, optical, magnetic, or other
storage devices capable of providing the processing device 602 with computer-
readable instructions or other program code. Non-limiting examples of a computer-
readable medium include, but are not limited to, magnetic disks, memory chips, read-
only memory (“ROM”), random-access memory (“RAM”), an ASIC, a configured
processor, optical storage, or any other medium from which a computer processor can

read instructions.

348216



13

[0058] FIG. 6 is a flow chart of an example of a process 700 for monitoring
removal of MEM devices from a wellbore according to one example of the present
disclosure.

[0059] In block 702, MEM devices entering a wellbore are detected. In some
examples, a first MEM reader may detect MEM devices in a first fluid flow stream for
a wellbore prior to a fluid flow input for the wellbore.

[0060] The MEM devices may be of various sizes, shapes, and densities and
may represent non-desirable solids in the wellbore. The MEM devices may be
disposable in the first fluid flow stream for a wellbore. The MEM devices may be
disposable in the first fluid flow stream at any point in the first fluid flow stream prior to
the first fluid flow stream entering a fluid flow input for a wellbore. The MEM devices
may be disposable in the first fluid flow stream in any manner, including without
limitation, through manual disposal or through automated disposal (e.g., by an
apparatus, device, machine, or the like).

[0061] The first MEM reader may detect an amount and types of MEM devices
in the first fluid flow stream prior to the fluid flow input for the wellbore through a
communication link. In some examples, the communication link may be any link that
facilitates communication between the individual MEM devices in the first fluid flow
stream prior to the fluid flow input and the first MEM reader. The communication link
may be wireless and can include wireless interfaces.

[0062] In some examples, identification information for each MEM device may
be stored on a microchip on the MEM device. The first MEM reader may detect the
identification information for each MEM device in the first fluid flow stream prior to the
fluid flow input for the wellbore through the communication link.

[0063] In another example, the first MEM reader may detect an amount and
types of MEM devices in the first fluid flow stream prior to the fluid flow input through
electromagnetic fields and energy. For example, the MEM devices may be devices
with RFID tags. The first MEM reader may be an RFID tag reader. Identification data
may be stored within a microchip on the MEM devices. The MEM devices may transmit
signals, through an electromagnetic field, to the first MEM reader. The first MEM
reader may detect the MEM devices in the first fluid flow stream prior to the fluid flow
input by detecting the signals and interpreting the identification data stored on the
MEM devices.
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[0064] The first MEM reader may also detect individual MEM devices and store
data that may be representative of a distribution of the amount and types of MEM
devices of different sizes, shapes, and densities in the first fluid flow stream prior to
the fluid flow input.

[0065] In other examples, any reader for detecting or sensing MEM devices
may detect the MEM devices entering the wellbore.

[0066] In block 704, MEM devices exiting a wellbore are detected. In some
examples, a second MEM reader may detect MEM devices in a fluid flow stream
subsequent to a fluid flow output for the wellbore.

[0067] The second MEM reader may detect an amount and types for MEM
devices in the first fluid flow stream subsequent to a fluid flow output for the wellbore.
The second MEM reader may detect the identification information for each MEM
device in the first fluid flow stream subsequent to the fluid flow output through a
communication link configured substantially the same as the communication link
described above. The second MEM reader may also detect an amount and types of
MEM devices in the first fluid flow stream subsequent to the fluid flow output through
electromagnetic fields and energy configured substantially the same as the
electromagnetic fields and energy described above.

[0068] In some examples, the second MEM reader may detect individual MEM
devices and store data that may be representative of a distribution of the amount and
types of MEM devices of different sizes, shapes, and densities in the first fluid flow
stream subsequent to the fluid flow output.

[0069] In other examples, any reader for detecting or sensing MEM devices
may detect the MEM devices exiting the wellbore.

[0070] In block 706, data is transmitted to a computing device. In some
examples, a first MEM reader may transmit data to a computing device. The data may
represent the amount and types of MEM devices in the first fluid flow stream prior to
the fluid flow input for the wellbore. The first MEM reader may transmit other data that
represents a distribution of the amount and types of MEM devices of different sizes,
shapes, and densities in the first fluid flow stream prior to the fluid flow input.

[0071] A second MEM reader may also transmit data to the computing device.
The data may represent the amount and types of MEM devices in the first fluid flow
stream subsequent to the fluid flow output for the wellbore. The second MEM reader

may transmit other data that represents a distribution of the amount and types of MEM
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devices of different sizes, shapes, and densities in the first fluid flow stream
subsequent to the fluid flow output.

[0072] In block 708, the data transmitted to the computing device is compared.
In some examples, the computing device may compare the data received from the first
MEM reader and the second MEM reader. The computing device may compare the
amount and types of MEM devices in the first fluid flow stream prior to the fluid flow
input and the amount and types of MEM devices in the first fluid flow stream
subsequent to the fluid flow output. The computing device may also compare the data
received from the first MEM reader and the second MEM reader to determine the
amount and types of MEM devices remaining in the wellbore after the first fluid flow
stream exits the wellbore.

[0073] In block 710, the wellbore is swept with a second fluid flow stream. In
some examples a second fluid flow stream may be disposed in the wellbore for
sweeping the wellbore. The second fluid flow stream may be a sweep. The second
fluid flow stream may be disposed in the wellbore for sweeping at least a subset of the
MEM devices remaining in the wellbore after the first fluid flow stream exits the
wellbore .

[0074] In block 712, MEM devices exiting the wellbore are detected. In some
examples, the second MEM reader may detect MEM devices in the second fluid flow
stream subsequent to the fluid flow output for the wellbore.

[0075] The second MEM reader may detect an amount and types of MEM
devices in the second fluid flow stream subsequent to a fluid flow output for the
wellbore. The second MEM reader may detect the identification information for each
MEM device in the second fluid flow stream subsequent to the fluid flow output through
a communication link configured substantially the same as the communication link
described above. The second MEM reader may also detect an amount and types of
MEM devices in the second fluid flow stream subsequent to the fluid flow output
through electromagnetic fields and energy configured substantially the same as the
electromagnetic fields and energy described above.

[0076] In some examples, the second MEM reader may detect individual MEM
devices and store data that may be representative of a distribution of the amount and
types of MEM devices of different sizes, shapes, and densities in the second fluid flow

stream subsequent to the fluid flow output.
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[0077] In other examples, any reader for detecting or sensing MEM devices
may detect the MEM devices in the second fluid flow stream exiting the wellbore.
[0078] In block 714, data is transmitted to the computing device. In some
examples, the second MEM reader may transmit data to the computing device. The
data may represent the amount and types of MEM devices in the second fluid flow
stream subsequent to the fluid flow output for the wellbore. The second MEM reader
may transmit other data that represents a distribution of the amount and types of MEM
devices of different sizes, shapes, and densities in the second fluid flow stream
subsequent to the fluid flow output.

[0079] In block 716, the efficiency of the sweep is determined. In some
examples, the computing device determines the efficiency of using the second fluid
flow stream to sweep the wellbore.

[0080] The computing device may determine the efficiency of using the second
fluid flow stream by determining an amount and types of MEM devices remaining in
the wellbore after the second fluid flow stream exits the wellbore. The computing
device may also determine the efficiency of using the second fluid flow stream by
determining an amount and types of MEM devices removed from the wellbore by the
second fluid flow stream.

[0081] The computing device may also determine the efficiency of using the
second fluid flow stream by determining an amount and types of MEM devices of a
shape, size, or density, representative of non-desirable solids of the same size, shape,
or density remaining in the wellbore after the second fluid flow stream exits the
wellbore.

[0082] The computing device may also determine the efficiency of using the
second fluid flow stream by determining an amount of MEM devices of a shape, size,
or density, representative of non-desirable solids of the same size, shape, or density
removed from the wellbore by the second fluid flow stream.

[0083] In other examples, the computing device may determine the efficiency
of using the second fluid flow stream by comparing the amount and types of MEM
devices of different sizes, shapes, and densities removed from the wellbore by the
second fluid flow stream to a threshold of expected efficiency for using the second
fluid flow stream to sweep MEM devices from the wellbore.

[0084] In some examples, the process 700 for monitoring removal of MEM

devices from a wellbore further includes, in block 718, the computing device

348216



17

determining properties of a subsequent sweep. The computing device may determine
properties of a subsequent fluid flow stream disposable in the well bore for removing
at least a subset of the amount and types of MEM devices remaining in the wellbore
after the second fluid flow stream exits the wellbore. The computing device may
compare the amount and types of MEM devices remaining in the wellbore after the
first fluid flow stream exits the wellbore and the amount and types of MEM devices in
the second fluid flow stream subsequent to the fluid flow output to determine the
properties of the subsequent fluid flow stream. The computing device may also
analyze the amount and types of MEM devices of different shapes, sizes, and
densities remaining in the wellbore after the second fluid flow exits the wellbore to
determine the properties of the subsequent fluid.

[0085] The computing device may determine properties of the subsequent fluid
flow stream such as viscosity, density, or volume of the subsequent fluid flow stream.
[0086] Various types of systems can be used for monitoring removal of MEM
devices from a wellbore to assess efficiency of using a fluid for wellbore cleaning. The
following are examples.

[0087] Example #1: A method can include detecting MEM devices of different
sizes, shapes, and densities in a first fluid flow stream from a wellbore to determine
an amount and types of MEM devices that remain in the wellbore. The MEM devices
can be representative of non-desirable solids in the wellbore. The method can also
include detecting the MEM devices in a second fluid flow stream from the wellbore to
determine the amount and types of MEM devices removed from the wellbore by the
second fluid flow stream. The second fluid flow stream can be injected into the wellbore
subsequent to detecting the MEM devices in the first fluid flow stream. The method
can further include transmitting data about the amount and types of MEM devices
removed from the wellbore by the second fluid flow stream to a computing device for
determining sweep efficiency of the second fluid flow stream.

[0088] Example #2: The method of Example #1 may feature detecting the
amount and types of MEM devices in the first fluid flow stream prior to the first fluid
flow stream being injected into the wellbore to determine the amount and types of
MEM devices that remain in the wellbore from the first fluid flow stream.

[0089] Example #3: The method of Example #2 may feature detecting, by a first

MEM reader, the amount and types of MEM devices in the first fluid flow stream being
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injected into the wellbore. The method may also feature detecting, by a second MEM
reader, the MEM devices in the first fluid flow stream from the wellbore.

[0090] Example #4. The method of any of Examples #1-3 may feature
determining the sweep efficiency of the second fluid flow stream including outputting
data to determine a change in a property of fluid used in a further fluid flow stream
subsequently injected into the wellbore.

[0091] Example #5: The method of any of Examples #1-4 may feature
determining the sweep efficiency of the second fluid flow stream including comparing
the amount and types of MEM devices removed from the wellbore by the second fluid
flow stream to the amount and types of MEM devices expected to be removed from
the wellbore by the second fluid flow stream.

[0092] Example #6: The method of any of Examples #1-5 may feature
generating a distribution of the types of MEM devices removed from the wellbore by
the second fluid flow stream. The distribution can include a number of MEM devices
per type of MEM device removed from the wellbore. The method may also feature
using the distribution to determine a sweep efficiency rating for each type of MEM
device represented in the distribution.

[0093] Example #7: A non-transitory computer-readable storage medium
having program code that is executable by a processing device to cause a computing
device to perform operations. The operations can include determining an amount and
types of MEM devices of different sizes, shapes, and densities remaining in a wellbore
after a first fluid flow stream is injected into the wellbore based on data detected by a
MEM reader. The MEM devices can be representative of non-desirable solids in the
wellbore. The operations can also include determining the amount and types of MEM
devices among the MEM devices remaining in the wellbore that were removed from
the wellbore by a second fluid flow stream injected after the first fluid flow stream based
on data detected by the MEM reader. The operations can further include determining
sweep efficiency of the second fluid flow stream using the amount and types of MEM
devices removed from the wellbore.

[0094] Example #8: The storage medium of Example #7 may feature the MEM
reader including a first MEM reader and a second MEM reader.

[0095] Example #9: The storage medium of any of Examples #7-8 may feature
the operation of determining the amount and types of MEM devices remaining in the

wellbore after the first fluid flow stream is injected further including operations for
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comparing data received from the MEM reader. The data can represent the amount
and types of MEM devices in the first fluid flow stream prior to the first fluid flow stream
being injected into the wellbore and the amount and types of MEM devices returning
from the wellbore in the first fluid flow stream.

[0096] Example #10: The storage medium of any of Examples #7-9 may feature
the operation of determining the amount and types of MEM devices removed from the
wellbore by the second fluid flow stream further including operations for comparing
data received from the MEM reader. The data can represent the amount and types of
MEM devices remaining in the wellbore after the first fluid flow stream is injected and
the amount and types of MEM devices returning from the wellbore in the second fluid
flow stream.

[0097] Example #11: The storage medium of any of Examples #7-10 may
feature the operation of determining the sweep efficiency of the second fluid flow
stream further including operations for comparing the amount and types of MEM
devices removed from the wellbore by the second fluid flow stream to the amount and
types of MEM devices expected to be removed from the wellbore by the second fluid
flow stream.

[0098] Example #12: The storage medium of any of Examples #7-11 may
feature the operation of determining sweep efficiency of the second fluid flow stream
further including operations for determining a sweep efficiency rating for each type of
MEM device removed from the wellbore by the second fluid flow stream.

[0099] Example #13: The storage medium of Examples #12 may feature the
operation of determining the sweep efficiency rating for each type of MEM device
further including operations for generating a distribution of an amount of each type of
MEM device removed from the wellbore.

[00100] Examples #14. The storage medium of any of Examples #12-13 may
feature the operation of determining the sweep efficiency rating for each type of MEM
device removed further including operations comparing the distribution of the amount
of each type of MEM device removed from the wellbore by the second fluid flow stream
to an amount of each type of MEM device expected to be removed from the wellbore
by the second fluid flow stream.

[00101] Example #15: A system can use a first MEM reader and a second MEM
reader. The first MEM reader can be positioned near a fluid flow stream injected into

a wellbore for detecting an amount and types of MEM devices of different sizes,
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shapes, and densities in the first fluid flow stream. The second MEM reader can be
positioned near (i) the first fluid flow stream from the wellbore for detecting any MEM
devices returning from the wellbore in the first fluid flow stream and (ii) a second fluid
flow stream from the wellbore for detecting the amount and types of MEM devices that
remained in the wellbore from the first fluid flow stream and removed by the second
fluid flow stream. The system can further include a processing device communicatively
coupled with the first MEM reader and the second MEM reader for determining sweep
efficiency of the second fluid flow stream using data from the second MEM reader.
The data from the second MEM reader can represent the amount and types of MEM
devices that remained in the wellbore from the first fluid flow stream and the amount
and types of MEM devices removed by the second fluid flow stream.

[00102] Example #16: The system of Example #15 may feature the processing
device being communicatively coupled to the first MEM reader for receiving data for
determining the amount and types of MEM devices that remained in the wellbore from
the first fluid flow stream. The data can represent an amount and types of MEM
devices in the first fluid flow stream prior to the first fluid flow stream being injected
into the wellbore.

[00103] Example #17: The system of any of Examples #15-16 may feature the
processing module having machine-readable code for determining the sweep
efficiency of the second fluid flow stream by comparing the amount and types of MEM
devices removed by the second fluid flow stream to the amount and types of MEM
devices expected to be removed from the wellbore by the second fluid flow stream.
[00104] Example #18. The system of any of Examples #15-17 may feature the
processing module having machine-readable code for determining a sweep efficiency
rating for each type of MEM device removed from the wellbore by the second fluid flow
stream by generating a distribution representing the amount of each type of MEM
device removed from the wellbore.

[00105] Example #19: The system of Example #18 may feature the processing
module having machine-readable code for determining the sweep efficiency rating by
comparing the amount of each type of MEM device removed from the wellbore by the
second fluid flow stream to an amount of each type of MEM device expected to be
removed from the wellbore by the second fluid flow stream.

[00106] Example #20: The system of any of Examples #15-19 may feature the

processing module having machine-readable code for outputting data to determine a
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change in a property of fluid used in a further fluid flow stream subsequently injected
into the wellbore.

[00107] The foregoing description of certain examples, including illustrated
examples, has been presented only for the purpose of illustration and description and
is not intended to be exhaustive or to limit the disclosure to the precise forms disclosed.
Numerous modifications, adaptations, and uses thereof will be apparent to those

skilled in the art without departing from the scope of the disclosure.
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Claims

1. Amethodcharacterized incomprising:

detecting micro-electro-mechanical (‘MEM”) devices (202, 204, 205, 501, 503,
505, 507, 509) of different sizes, shapes, and densities in a first fluid flow stream from
a wellbore (102) to determine an amount and types of MEM devices that remain in the
wellbore, the MEM devices representing non-desirable solids (116) in the wellbore;

detecting the MEM devices in a second fluid flow stream from the wellbore to
determine the amount and types of MEM devices removed from the wellbore by the
second fluid flow stream, the second fluid flow stream being injected subsequent to
detecting the MEM devices in the first fluid flow stream; and

transmitting data about the amount and types of MEM devices removed from
the wellbore by the second fluid flow stream to a computing device (128) for

determining a sweep efficiency of the second fluid flow stream.

2. The method of claim 1, further comprising:

detecting the amount and types of MEM devices in the first fluid flow stream
prior to the first fluid flow stream being injected into the wellbore to determine the
amount and types of MEM devices that remain in the wellbore from the first fluid flow

stream.

3. The method of claim 2, wherein detecting the amount and types of MEM
devices in the first fluid flow stream prior to the first fluid flow stream being injected
into the wellbore includes using a first MEM reader (300),

wherein detecting the MEM devices in the first fluid flow stream from a wellbore

includes using a second MEM reader (302).

4. The method of claim 1, wherein determining the sweep efficiency of the second
fluid flow stream includes outputting data to determine a change in a property of fluid

used in a further fluid flow stream subsequently injected into the wellbore.

5. The method of claim 1, wherein determining the sweep efficiency of the second

fluid flow stream includes comparing the amount and types of MEM devices removed
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from the wellbore by the second fluid flow stream to the amount and types of MEM

devices expected to be removed from the wellbore by the second fluid flow stream.

6. The method of claim 1, wherein determining the sweep efficiency of the second
fluid flow stream includes:

generating a distribution of the types of MEM devices removed from the
wellbore by the second fluid flow stream, the distribution including a number of MEM
devices per type of MEM device removed from the wellbore;

determining a sweep efficiency rating for each type of MEM device represented

in the distribution.

7. A non-transitory computer-readable storage medium having program code that
is executable by a processor device to cause a computing device (128) to perform
operations, characterized inthe operations comprising:

determining an amount and types of micro-electro-mechanical (‘MEM”) devices
(202, 204, 205, 501, 503, 505, 507, 509) of different sizes, shapes, and densities
remaining in a wellbore (102) after a first fluid flow stream is injected into the wellbore
based on data detected by a MEM reader (300, 302, 400), wherein the MEM devices
are representative of non-desirable solids (116) in the wellbore;

determining the amount and types of MEM devices among the MEM devices
remaining in the wellbore that were removed from the wellbore by a second fluid flow
stream injected subsequent to the first fluid flow stream based on data detected by the
MEM reader; and

determining a sweep efficiency of the second fluid flow stream using the amount

and types of MEM devices removed from the wellbore.

8. The non-transitory computer-readable storage medium of claim 7, wherein the
MEM reader includes a first MEM reader (300) and a second MEM reader (302).

9. The non-transitory computer-readable storage medium of claim 7, wherein the
operation of determining the amount and types of MEM devices remaining in the

wellbore after the first fluid flow stream is injected includes:
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comparing data received from the MEM reader, the data representing the
amount and types of MEM devices in the first fluid flow stream prior to the first fluid
flow stream being injected into the wellbore and the amount and types of MEM devices

returning from the wellbore in the first fluid flow stream.

10.  The non-transitory computer-readable storage medium of claim 7, wherein the
operation of determining the amount and types of MEM devices removed from the
wellbore by the second fluid flow stream includes:

comparing data received from the MEM reader, the data representing the
amount and types of MEM devices remaining in the wellbore after the first fluid flow
stream is injected and the amount and types of MEM devices returning from the

wellbore in the second fluid flow stream.

11.  The non-transitory computer-readable storage medium of claim 7, wherein the
operation of determining the sweep efficiency of the second fluid flow stream includes:

comparing the amount and types of MEM devices removed from the wellbore
by the second fluid flow stream to the amount and types of MEM devices expected to

be removed from the wellbore by the second fluid flow stream.

12.  The non-transitory computer-readable storage medium of claim 7, wherein the
operation of determining sweep efficiency of the second fluid flow stream includes:
determining a sweep efficiency rating for each type of MEM device removed

from the wellbore by the second fluid flow stream.

13.  The non-transitory computer-readable storage medium of claim 12, wherein the
operation of determining the sweep efficiency rating for each type of MEM device
removed includes:

generating a distribution of an amount of each type of MEM device removed

from the wellbore.

14.  The non-transitory computer-readable storage medium of claim 13, wherein the
operation of determining the sweep efficiency rating for each type of MEM device

removed further includes:

348216



25

comparing the distribution of the amount of each type of MEM device removed
from the wellbore by the second fluid flow stream to an amount of each type of MEM

device expected to be removed from the wellbore by the second fluid flow stream.

15. Asystemcharacterized incomprising:

a first micro-electro-mechanical (‘“MEM”) reader (300) positionable with respect
to a first fluid flow stream injected into a wellbore (102) for detecting an amount and
types MEM devices (202, 204, 205, 501, 503, 505, 507, 509) of different sizes, shapes,
and densities in the first fluid flow stream being injected into the wellbore;

a second MEM reader (302) positionable with respect to (i) the first fluid flow
stream from the wellbore for detecting any MEM devices returning from the wellbore
in the first fluid flow stream and (ii) a second fluid flow stream from the wellbore for
detecting the amount and types of MEM devices that remained in the wellbore from
the first fluid flow stream and removed by the second fluid flow stream;

a processing device (602) communicatively coupled with the first MEM reader
and the second MEM reader for determining a sweep efficiency of the second fluid
flow stream using data from the second MEM reader that represents the amount and
types of MEM devices that remained in the wellbore from the first fluid flow stream and

removed by the second fluid flow stream.

16.  The system of claim 15, wherein the processing device receives data from the
first MEM reader for determining the amount and types of MEM devices that remained
in the wellbore from the first fluid flow stream, the data representing an amount and
types of MEM devices in the first fluid flow stream prior to the first fluid flow stream

being injected into the wellbore.

17. The system of claim 15, wherein the processing module (128) comprises
machine readable code for determining the sweep efficiency of the second fluid flow
stream by comparing the amount and types of MEM devices removed by the second
fluid flow stream to the amount and types of MEM devices expected to be removed

from the wellbore by the second fluid flow stream.

18. The system of claim 15, wherein the processing module (128) comprises

machine readable code for determining a sweep efficiency rating for each type of MEM
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device removed from the wellbore by the second fluid flow stream by generating a
distribution representing the amount of each type of MEM device removed from the

wellbore.

19. The system of claim 18, wherein the processing module (128) comprises
machine readable code for determining the sweep efficiency rating by comparing the
amount of each type of MEM device removed from the wellbore by the second fluid
flow stream to an amount of each type of MEM device expected to be removed from

the wellbore by the second fluid flow stream.

20. The system of claim 15, wherein the processing module (128) comprises
machine readable code for outputting data to determine a change in a property of fluid

used in a further fluid flow stream subsequently injected into the wellbore.
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Patentkrav

1. Fremgangsmate karakterisertved at den omfatter:

detektering av mikroelektromekaniske ("MEM") innretninger (202, 204, 205,
501, 503, 505, 507, 509) av forskjellige storrelser, former og tettheter i en forste
fluidstramningsstrem fra et brgnnhull (102) for a bestemme et antall og typer av MEM-
innretninger som forblir i brgnnhullet, der MEM-innretningene representerer ikke-
agnskelige faste stoffer (116) i brannhullet;

detektering av MEM-innretningene i en andre fluidstramningsstram fra
brgnnhullet for 4 bestemme antallet og typene av MEM-innretninger fjernet fra
brannhullet av den andre fluidstrgamningsstrammen, der den andre
fluidstramningsstrammen injiseres etter detektering av MEM-innretningene i den
farste fluidstramningsstremmen; og

transmittering av data om antallet og typene av MEM-innretninger fjernet fra
brgnnhullet av den andre fluidstreamningsstrammen til en komputasjonsinnretning
(128) for bestemmelse av en  sveipeeffektivitet av  den andre

fluidstreamningsstremmen.

2. Fremgangsmaten ifglge krav 1, som ytterligere omfatter:

detektering av antallet og typene av MEM-innretninger i den farste
fluidstramningsstrammen fgr den forste fluidstramningsstremmen injiseres inn i
brannhullet, for & bestemme antallet og typene av MEM-innretninger som forblir i
brgnnhullet fra den farste fluidstramningsstrammen.

3. Fremgangsmaten ifalge krav 2, hvori detektering av antallet og typene av MEM-
innretninger i den forste  fluidstreamningsstremmen  fgr den  forste
fluidstramningsstremmen injiseres inn i brennhullet, inkluderer anvendelse av en
farste MEM-leser (300),

hvori detektering av MEM-innretningene i den farste fluidstrgamningsstremmen
fra et brgnnhull inkluderer anvendelse av en andre MEM-leser (302).

4. Fremgangsmaten ifglge krav 1, hvori bestemmelse av sveipeeffektiviteten av

den andre fluidstrgmningsstrammen inkluderer utmating av data for & bestemme en
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endring i en egenskap av fluid anvendt i en ytterligere fluidstramningsstram

subsekutivt injisert inn i brennhullet.

5. Fremgangsmaten ifglge krav 1, hvori bestemmelse av sveipeeffektiviteten av
den andre fluidstramningsstrammen inkluderer sammenligning av antallet og typene
av MEM-innretninger fjernet fra brgnnhullet av den andre fluidstremningsstremmen
med antallet og typene av MEM-innretninger forventet a bli fiernet fra brennhullet av

den andre fluidstramningsstrammen.

6. Fremgangsmaten ifglge krav 1, hvori bestemmelse av sveipeeffektiviteten av
den andre fluidstramningsstrammen inkluderer:
generering av en fordeling av typene av MEM-innretninger fjernet fra
brgnnhullet av den andre fluidstromningsstremmen, der fordelingen inkluderer et
antall av MEM-innretninger per type av MEM-innretning fjernet fra brannhullet;
bestemmelse av en sveipeeffektivitetsrating for hver type av MEM-innretning
representert i fordelingen.

7. Ikke-flyktig datamaskinlesbart lagringsmedium med programkode som kan
kjgres av en prosessorinnretning for a fa en komputasjonsinnretning (128) til a utfare
operasjoner,k arakterisertved at operasjonene omfatter:

bestemmelse av et antall og typer av mikroelektromekaniske ("MEM")
innretninger (202, 204, 205, 501, 503, 505, 507, 509) av forskjellige starrelser, former
og tettheter som forblir i et brannhull (102) etter at en fgrste fluidstramningsstram er
injisert inn i brgnnhullet, basert pa data detektert av en MEM-leser (300, 302, 400),
hvori MEM-innretningene er representative for ikke-gnskelige faste stoffer (116) i
brannhullet;

bestemmelse av antallet og typene av MEM-innretninger blant de gjenveerende
MEM-innretningene i brgnnhullet som ble fjernet fra brennhullet av en andre
fluidstremningsstrem injisert etter den forste fluidstremningsstremmen, basert pa data
detektert av MEM-leseren; og

bestemmelse av en sveipeeffektivitet av den andre fluidstremningsstremmen

ved anvendelse av antallet og typene av MEM-innretninger fijernet fra brennhullet.
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8. Det ikke-flyktige datamaskinlesbare lagringsmediet ifglge krav 7, hvori MEM-
leseren inkluderer en farste MEM-leser (300) og en andre MEM-leser (302).

9. Det ikke-flyktige datamaskinlesbare lagringsmediet ifglge krav 7, hvori
operasjonen med bestemmelse av antallet og typene av MEM-innretninger som forblir
i brannhullet etter at den farste fluidstramningsstrammen er injisert, inkluderer:
sammenligning av data mottatt fra MEM-leseren, dataene som representerer
antallet og typene av MEM-innretninger i den farste fluidstreamningsstrammen for den
farste fluidstramningsstrammen injiseres inn i brennhullet, og antallet og typene av
MEM-innretninger  som returnerer  fra  brgnnhullet i  den forste

fluidstreamningsstremmen.

10. Det ikke-flyktige datamaskinlesbare lagringsmediet ifelge krav 7, hvori
operasjonen med bestemmelse av antallet og typene av MEM-innretninger fjernet fra
brgnnhullet av den andre fluidstremningsstremmen inkluderer:

sammenligning av data mottatt fra MEM-leseren, dataene som representerer
antallet og typene av MEM-innretninger som forblir i brennhullet etter at den forste
fluidstramningsstrammen er injisert, og antallet og typene av MEM-innretninger som

returnerer fra bronnhullet i den andre fluidstremningsstremmen.

11.  Det ikke-flyktige datamaskinlesbare lagringsmediet ifelge krav 7, hvori
operasjonen med bestemmelse av sveipeeffekliviteten av den andre
fluidstramningsstrommen inkluderer:

sammenligning av antallet og typene av MEM-innretninger fjernet fra
brgnnhullet av den andre fluidstremningsstrammen med antallet og typene av MEM-
innretninger  forventet & bli  fijernet fra brennhullet av den andre

fluidstreamningsstremmen.

12. Det ikke-flyktige datamaskinlesbare lagringsmediet ifelge krav 7, hvori
operasjonen med bestemmelse av sveipeeffektivitet av den andre
fluidstramningsstrommen inkluderer:

bestemmelse av en sveipeeffektivitetsrating for hver type av MEM-innretning

fiernet fra brgnnhullet av den andre fluidstramningsstrgmmen.
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13. Det ikke-flyktige datamaskinlesbare lagringsmediet ifelge krav 12, hvori
operasjonen med bestemmelse av sveipeeffektivitetsratingen for hver type av fjernet
MEM-innretning inkluderer:

generering av en fordeling av et antall av hver type av MEM-innretning fjernet
fra bronnhullet.

14.  Det ikke-flyktige datamaskinlesbare lagringsmediet ifelge krav 13, hvori
operasjonen med bestemmelse av sveipeeffektivitetsratingen for hver type av fjernet
MEM-innretning ytterligere inkluderer:

sammenligning av fordelingen av antallet av hver type av MEM-innretning
fiernet fra brennhullet av den andre fluidstramningsstrammen med et antall av hver
type av MEM-innretning forventet a bli fjernet fra bregnnhullet av den andre

fluidstreamningsstremmen.

15. Systemkarakterisertved at det omfatter:

en fgrste mikroelektromekanisk ("MEM") leser (300) som kan posisjoneres med
hensyn til en farste fluidstramningsstram injisert inn i et brannhull (102), for & detektere
et antall og typer av MEM-innretninger (202, 204, 205, 501, 503, 505, 507, 509) av
forskjellige starrelser, former og tettheter i den fagrste fluidstramningsstremmen som
injiseres inn i brgnnhullet;

en andre MEM-leser (302) som kan posisjoneres med hensyn til (i) den forste
fluidstramningsstrammen fra brgnnhullet, for detektering av MEM-innretninger som
returnerer fra bronnhullet i den forste fluidstremningsstremmen, og (i) en andre
fluidstramningsstram fra bronnhullet, for detektering av antallet og typene av MEM-
innretninger som forble i brannhullet fra den farste fluidstremningsstrammen og ble
fiernet av den andre fluidstremningsstremmen;

en prosesseringsinnretning (602) kommunikativt koblet med den forste MEM-
leseren og den andre MEM-leseren for bestemmelse av en sveipeeffektivitet av den
andre fluidstremningsstremmen ved anvendelse av data fra den andre MEM-leseren,
som representerer antallet og typene av MEM-innretninger som forble i brannhullet fra
den forste fluidstroamningsstrammen og ble fiernet av  den andre

fluidstreamningsstremmen.
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16.  Systemet ifglge krav 15, hvori prosesseringsinnretningen mottar data fra den
farste MEM-leseren for bestemmelse av antallet og typene av MEM-innretninger som
forble i brgnnhullet fra den forste fluidstramningsstrammen, der dataene
representerer et antall og typer av MEM-innretninger i den forste
fluidstramningsstrammen fgr den forste fluidstramningsstremmen injiseres inn i

brgnnhullet.

17.  Systemet ifglge krav 15, hvori prosesseringsmodulen (128) omfatter
maskinlesbar kode for bestemmelse av sveipeeffektiviteten av den andre
fluidstreamningsstremmen ved a sammenligne antallet og typene av MEM-innretninger
fiernet av den andre fluidstremningsstrommen med antallet og typene av MEM-
innretninger  forventet & bli  fijernet fra brennhullet av den andre

fluidstreamningsstremmen.

18. Systemet ifglge krav 15, hvori prosesseringsmodulen (128) omfatter
maskinlesbar kode for bestemmelse av en sveipeeffektivitetsrating for hver type av
MEM-innretning fjernet fra brennhullet av den andre fluidstramningsstremmen, ved &
generere en fordeling som representerer antallet av hver type av MEM-innretning
fiernet fra brennhullet.

19. Systemet ifglge krav 18, hvori prosesseringsmodulen (128) omfatter
maskinlesbar kode for bestemmelse av sveipeeffektivitetsratingen ved a sammenligne
antallet av hver type av MEM-innretning fjernet fra brgnnhullet av den andre
fluidstremningsstrammen med et antall av hver type av MEM-innretning forventet & bli

fiernet fra brgnnhullet av den andre fluidstramningsstrgmmen.

20. Systemet ifglge krav 15, hvori prosesseringsmodulen (128) omfatter
maskinlesbar kode for utmating av data for & bestemme en endring i en egenskap av
fluid anvendt i en ytterligere fluidstromningsstrom subsekutivt injisert inn i brannhullet.
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