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FIG. 1

(57) Abstract: A system includes one or more tools, sensors, or both configured to obtain data related to the one or more pipelines,
wherein the data is ultrasonic data, electromagnetic data, or both, and a cloud-based computing system including at least one processor
that receives the data from the one or more tools, sensors, or both, performs analysis to generate a virtual structural model of the one
or more pipelines based on the data, determines one or more states of the one or more pipelines using the virtual structural model and
determines whether to take one or more actions when the one or more states indicate that the one or more pipelines violate a threshold

operation boundary.
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PREDICTIVE INTEGRITY ANALYSIS

BACKGROUND

[0001] The subject matter disclosed herein relates to integrity analysis, and more
particularly, to a predictive integrity virtual analysis of structural and operational conditions of

one or more pipelines.

[0002]  After certain components, such as pipelines, are installed and commissioned, it
may be difficult to ascertain the condition of the components over time as fit for operational
service and the like. As such, improved systems and methods for monitoring the integrity of

these components over time may be desirable.
BRIEF DESCRIPTION

[0003] Certain embodiments commensurate in scope with the original claims are
summarized below. These embodiments are not intended to limit the scope of the claims, but
rather these embodiments are intended only to provide a brief summary of possible forms of
the disclosed embodiments. Indeed, the claims may encompass a variety of forms that may

be similar to or different from the embodiments set forth below.

[0004] In one embodiment, a system includes one or more tools, sensors, or both
configured to obtain data related to one or more pipelines, wherein the data comprises
ultrasonic data, electromagnetic data, or both, and a cloud-based computing system
comprising at feast one processor to reccive the data from the one or more tools, sensors, or
both, perform an analysis to generate a virtual structural model of the one or more pipelines
based on the data, determine one or more states of the one or more pipelines using the virtual
structural model, and determine whether to take one or more actions when the one or more

states indicate that the one or more pipelines violate a threshold operation boundary.

[0005] In an embodiment, a device includes an input configured to receive measured data
indicative of a physical characteristic or an operational characteristic of a pipeline, and a
processor coupled to the input and configured to receive the data from the input, perform an
analysis to generate a virtual structural model of the pipeline based on the data, determine one

or more states of the of the pipeline using the virtual structural model, and determine whether
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to take one or more actions when the one or more states indicate that the pipeline violates a

threshold operation boundary.

[0006] In an embodiment a non-transitory tangible computer-readable medium includes
computer executable instructions configured to receive measured data indicative of a physical
characteristic or an operational characteristic of a pipeline, perform an analysis to generate a
virtual structural model of the pipeline based on the data, determine one or more states of the
of the pipeline using the virtual structural model, and determine whether to take one or more
actions when the one or more states indicate that the pipeline violates a threshold operation

boundary.

[0007] In an embodiment, a system includes a sensor configured to obtain first inspection
data related to a condition of one or more pipelines; an inline inspection tool configured to
obtain second inspection data related to the condition of the one or more pipelines; a
computing system remote from the sensor and the inline inspection tool, the computing
system communicatively coupled to the sensor and to the inline inspection tool, the
computing system comprising at least one data processor configured to execute computer-
readable instructions stored in a memory of the computing system, which when executed,
causc the at least one data processor to: receive the first inspection data from the sensor and
the second inspection data from the inline inspection tool; determine a virtual structural
model of the one or more pipelines based on the first inspection data and the second
inspection data, the virtual structural model including a visualization of the one or more
pipelines, the visualization including a three-dimensional spatial grid representation of the
first inspection data and the second inspection data; determine one or more structural
conditions of the one or more pipelines using the virtual structural model; determine one or
more actions based on at least one structural condition ol the one or more structural
conditions exceeding a threshold operation boundary for at least one structural condition of
the of the one or more pipelines; and provide the one or more actions; and a computing
device configured to receive the visualization of the one or more pipelines from the
computing system and to provide the visualization and the one or more actions within a
graphical user interface provided in a display of the computing device, the graphical user
interface configured to receive a user selection of a portion of the one or more pipelines and

provide the three-dimensional spatial grid representation of the first inspection data and the

Date Regue/Date Received 2021-04-05



second inspection data corresponding to the portion of one or more pipelines responsive to
the user selection, wherein the three-dimensional spatial grid representation corresponding to
the portion of the one or more pipelines includes graphical indications of physical
characteristics associated with one or more structural conditions present at the user-selected

portion of the one or more pipelines.

[0007a] In an embodiment, a device includes a memory storing a first inspection data
received from a sensor coupled to the device, the first inspection data corresponding to a
structural condition of a pipeline, and a second inspection data received from an inline
mspection tool coupled to the device, the second inspection data corresponding to the
structural condition of the pipeline, the memory further storing computer-readable
mstructions; and a data processor coupled to the memory and configured to execute the
mstructions, which when executed, cause the data processor to: receive the first inspection
data and the second inspection data from the memory; determine a virtual structural model of
the pipeline based on the first inspection data and the second inspection data, the virtual
structural model including a visualization of the pipeline, the visualization including a three-
dimensional spatial grid representation of the first inspection data and the second inspection
data; determine one or more structural conditions of the pipeline using the virtual structural
model; determine one or more actions based on the one or more structural conditions
exceeding a threshold operation boundary of the pipeline; and provide the visualization of the
pipeline and the one or more actions to a remote device coupled to the device, the remote
device configured to receive the visualization of the pipeline and to provide the visualization
and the one or more actions within a graphical user interface provided in a display of the
remote device, the graphical user interface configured to receive a user selection of a portion
of the pipeline and provide the three-dimensional grid spatial representation of the first
mspection data and the second inspection data corresponding to the portion of the pipeline
responsive to the user selection, wherein the three-dimensional spatial grid representation
includes graphical indications of physical characteristics associated with one or more

structural conditions present at the user-selected portion of the one or more pipelines.

2a
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[0007b] In an embodiment a non-transitory tangible computer-readable medium includes
computer executable instructions, which when executed by at least one data processor, cause
the at least one data processor to: receive, first inspection data obtained from a sensor coupled
to the at least one data processor, the first inspection data related to a condition of a pipeline;
receive second inspection data obtained from an inline inspection tool coupled to the at least
one data processor, the second inspection data related to the condition of the pipeline;
determine a virtual structural model of the pipeline based on the first inspection data and the
second inspection data, the virtual structural model including a visualization of the pipeline,
the visualization including a three-dimensional spatial grid representation of the first
inspection data and the second inspection data; determine one or more structural conditions
of the pipeline using the virtual structural model; determine one or more actions based on the
one or more structural conditions exceeding a threshold operation boundary of the one or
more structural conditions of the pipeline; and provide the visualization of the pipeline and
the one or more actions to a remote device coupled to the device, the remote device
configured to receive the visualization of the pipeline and to provide the visualization and the
one or more actions within a graphical user interface provided in a display of the remote
device, the graphical user interface configured to receive a user selection of a portion of the
pipeline and provide the three-dimensional spatial grid representation of the first inspection
data and the second inspection data corresponding to the portion of the pipeline responsive to
the user selection, wherein the three-dimensional spatial grid representation includes
graphical indications of physical characteristics associated with one or more structural

conditions present at the user-selected portion of the one or more pipelines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advantages of the disclosed embodiments
will become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0009]  FIG. 1 an illustration of a system for performing predictive integrity analysis, in

accordance with an embodiment of the present disclosure;

[0010] FIG. 2 is a flow diagram of a process suitable for performing predictive integrity

analysis, in accordance with an embodiment of the present disclosure;

[0011]  FIG. 3 is an illustration of a block diagram of various components of the system of

FIG. 1, in accordance with an embodiment of the present disclosure; and

[0012]  FIG. 4 is an illustration of a visualization of a portion of a pipeline at an eclement

level, in accordance with an embodiment of the present disclosure.
DETAILED DESCRIPTION

[0013]  One or more specific embodiments will be described below.

2c
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{0814}  Pipeline mtegrity can relate to the safety and/or operations of the pipeline through
monitoring, assessment, and/or prevention of any 1ssues that may affect the structural fit for
service of a pipeline o transport its products {o.g., hydrocarbons, natural gas, oil, etc.} at
desired operational levels (c.g. mass-flow, pressures). Various inhine mspection (ILI) tools
and sensors may obtain data related to structural and physical characteristics of certain
components, such as pipelines. For example, sensors may acquire corrosion data that
indlicates whether a wall of a pipeline has thinned, and other sensors may acquire cracking
data that indicates whether the wall has split apart. Other sensor types may capture geometric
information such as the cross-sectional shapes and/or centerline direction of the pipe. In
addition, other sensor types may capture information related to the material properties of the
pipe material. Stll other sensors types may capture environmental propertics of the pipeline
operation as measured around the tool, such as local pressure, temperature, product density,
and/or composition at any given point in the pipeline. The available datasets may also
include the location and localized geographic mformation with reference to the pipelines as
known for the pipeline from the inline inspection tools or above-ground goographic surveys.
The available datasets may be examined to identify correlations between the datasets;

however, this process may prove to be complex and time consuming.

[0615] Embodiments of the present disclosure generally relate to systems and methods for
access and assessment of pipeline mtegrity and reliability using a virtual model gencrated in a
distributed cloud-computing covironment {¢.g.. a cloud-bascd computing svstem} from the
available data sources. In embodiments, the systems and methods described herein may
provide rapid and/or detailed access and assessment. [t should be noted that one or more of
one pipeline, many pipelines, a network of pipelines may be modeled. For example, a virtual
set of pipeline networks (e.g., series of networks of pipehines) may be simulated and
visualized using the disclosed tochniques. Continuous and segmented data sets regarding the
state of the pipelines, such as inline inspection (ILI}, may be loaded, correlated, and used to
record historical state information regarding a structural frame of the pipelines and/or current
state information regarding the state of the structural frame. The virtual model of such state of
the structural frame can be assessed against known engineering codes and practices, as well
as advanced computational analveis technigues like FEA and structaral design methods. This
information may also be processed with change/growth methods 1o determing 3 variety of

predicted future state(s) at different future time periods, to determine reliability
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characteristics of the structural frame at those time periods and to determine optimal
preventative maintenance methods and timing as well as pipehne downtime for such
activities {e.g.. replacement of pipe, patchwork, decrease load conditions}. As a result, the
future reliability and predictive maintenance operations can be modeled and available for use

in timely manner.

[6016}]  In some embodiments, the cloud-based computing svstem may correlate, manage,
and/or compute structural information that is received from multiple ILT and other
imnspection/structaral descniptive data sets obtained via ILI tools and/or sensors to form a
virtual structure. The processing may be handled and managed in the cloud-based computing
systen by using a paralie] bigh performance computing framework with a number of
computing svstems working together. High performance computing power can enable rapid
computation of statistics, probabilistic rehiability assessments, and quasi-real time structural
evaluation at a detailed elemental level {e.g.. anomalies may be identified and evaluated via
preset industrv assessment codes and/or via finite element analysis (FEAYmulti-physics
engine or similar computational methods for structural asscssment). Using a cloud-based
computing svstem can also enable remote access functionality for select users internally to
the given organization, and/or for scloct oxtornal stakcholders as well regarding such

predictive analyses.

{0617} Using the disclosed embodiments may enable data traceability for engineering
decisions related to the data, predicting imtegrity of current state/reliability and future state
rehiability for one or more pipelines, and/or data organization and management in a cloud-
based computing system. Fusther, shared resources and parallel computing enabled by the
cloud-based computing system may cnable rapid computations and reduced complexity and
errors in time-lag/manual data handling transition within computation of integrity and
engincenng assessments. To that end, the disclosed embodiments may remove or reduce
manual handling of data, correlation, and/or assessment. in some embodiments, the cloud-
based computing system may use existing mdustry engineering codes and/or computational
methods such as finite element analysis (FEA) to establish structural integrity predictions m a

thorough (e.g., full pipeline} and timely manner,

[=7

{6818}  In addution, "combined" or “multiple” threat cases mayv be considered by the nature

of the virtual model structure within the cloud-based computing system. For example, the



CA 03057291 2019-09-19

WO 2018/175007 PCT/US2018/017404

virtual model may iflustrate that a bending strain area of a pipeline overlaps with a corrosion
area, which forms a different structural situation than each of the mdividual threats alone.
Corrosion and crack anomalies may be found and assessed in the same localized region,
dented/deformed regions of the pipe also having corrosion or cracks m the pipe wall may be
modeled for fatigue via FEA, and the like. Such modeling can include operational
pararneters such as product pressuse, temperature as taken fiom the sensor data sources or as
assumed values for the given location. Future state predictions may be achieved with the use
of a baseline current state and change/growth models to each point of the virtual pipehine of
cach degrading mechamsms {¢.g., crack growth, corrosion growth, dent fatigae, geotechnical

movement).

[0019F  With the foregoing in mind, FIG. 1 18 an illustration of a system 10 for performing
predictive mtegrity analysis, in accordance with an embodiment of the present disclosure.
The system 19 inciudes one or more pipelines 12, As mentioned above, the pipelmes 12 may
include a single pipeline, a network of pipelines, or a series of networks of pipelines. The
pipclines 12 may transport product {¢.g., hvdrocarbons, otl, natural gas, ctc.) and may be
disposed below and/or above ground. Determining the mechanical state of the pipelines 12
cfficiently and i quasi-real time may cnable the reduction of lost operational time of the
pipeline(s) as well as optimization of the identification of the timing, tyvpe, and nstructions
related to repairs, among other things. Thus, some embodiments can use a closd-based
computing system 14 that can use a virtual model of the pipelines 12 to enable the assessment
of historic, current, and/or future structural and operational statcs of the pipelines. The cloud-
based computing system 14 may determune whether to take one or more actions based upon
the assessment (¢.g., perform maintenance, replace a part, schedule maintenance, etc.). For
example, the cloud-based computing systera 14 may alter {e.g., reduce) operating parameters
of the system 10 so as to reduce stress on an assessed portion of the pipeline(s) {2 50 asto
extend an amount of time the system 10 can operate before maintenance and/or part
replacement occurs. In this manner, the cloud-based computing svstem 14 may operate to
reduce lost operational time of the pipeline(s) 12 during periods of high demand and instead
adjust mamtenance and/or part replacement time perniods to periods of lowered activity in the
system 10, Likewise, for example, the cloud-based computing svstem 14 may alier (e g,
increase or decrease) operating parameters of the system 10 56 as to increase or reduce stress

on an assessed portion of the pipeline(s) 12 so as o causce portions of the system 14 to have
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scheduled mamtenance and/or part replacement at sinular times (e g, to match mamtenance
and/or part replacement schedules for the pipeline(s} 12 so that the frequency of maintenance
and/or patt replacement of the pipeline(s) 12 is reduced). A user or operator may thereafier
carry out the one or more actions, such as by performing maintenance, replacing a part,

scheduling/perfornuing maintenance, ete.

[0020]  To enable modeling the virtual pipelines, data from numerous sensors 16 and/or
mhine inspection (ILI) tools 18 may be used throughout the pipelines 12 to obtain data related
to the pipelines 12. The sensors 16 and/or ILI tools 18 may obtain magnetie, ultrasonic,
radiographic and/or electromagnetic data regarding its surrounding environment, the
condition of the pipelines 12, and the like. The sensors 16 and/or I tools 18 may transmit
that data to the clond-based computing svstem 14,  The signal data from ILItools 18 and
sensors 16 may be analyzed and processed on a computing device 30, or in the cloud-based
computing system 14 on server 20 using processor 26, memory 27, or both via
communication component 28, Some signal 1L navigational data may be processed to
generate a continuous pipeline centerhine in global positionmg systern (GPS) coordmates to
enable the cloud-based computing system 14 to map the measurements with various locations
in the pipchines 12, In some mstances, the 1.1 tools 18 may traverse the pipelines 12 to
obtain mmages of the pipelines 12, The .1 tools 18 may include an inertial or positioning
sensor probe that may or may not be attached o a wire. The data obtaiped by the ILI tools 13
and/or the sensors 16 may provide indications of one or more of volumetric wall foss by
location, orientation of the pipeline 12 (c.g., length, width, height), cracking, pressure, flow,
geometry of the pipeline {¢.g., to determine whether external force has hit the pipeline 12), 2
centerline, weld anomalics, bending straing, transition/fittings/facility, other strain loading,

matenal properties, and the like.

[6021F The data obtained via the IL1 tools 18 and sensors 16 may be received by one or
more servers 20 of the cloud-based computing systeny 14 and stored in one or more memories
22 of the servers 20 or in one or more databases 24 included 1n the cloud-based computing
system 14 that arc external to the servers 20, The servers 20 may be communicatively
coupled to each other and may distribute various tasks between each other to perform the
tasks more efficiently. The servers 20 may also mclude one or more processors 26 and a

communication component 28. The communication component 28 may be a wireless or
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wired communication component that may facilitate comnmunication between the cloud-based

computing system 14, the IL] tools 18, the sensors 16, and/or a computimg device 30.

108922} The processor 26 may be any type of computer processor of miCToprocessor
capable of executing computer-executable code. The processor 26 may also include multiple
processors that may perform the operations described below. The memory 22 may be any
suttable article(s) of manufacture that can serve as non-transitory media to store processor-
executable code, data, analysis of the data, or the hike. These articles of manufacture may

represent computer-readable media (e.g.

Y

any suitable form of memory or storage} that may
store the processor-executable code used by the processor 26 1o perform the presently
disclosed technigucs. Generally, the processor 26 may exccute computcr instructions that
virtually model pipelines 12 based on a multitude of data received from the ILItools 18
and/or the sensors 16 using various techniques {e.g., finite element analysis). In some
embodiments, due to the disiributed nature of the servers 29 in the cloud-based computing
system 14, the shared resources of the servers 20 can enable paralle] processing of the
modeling to enable quasi-real time feedback. For example, cach server 20 may be
responsible for processing a different portion of the model at substantially the same time and
a single server 20, that combines the results of the model and outputs the resulis to the
computing device 30, may collect the results. In this way, no one server 20 is inundated with
the computationally expensive task of virtually modeling the entire pipeline 12 system and

the processing time may be reduced.

(06231  The servers 20 may recetve data from ong or more of the TLI tools 18 and/or
sengors 16 and generate a virteal pipeline by using various modeling technigues (e.g.,
mathematic, physics-based). The servers 20 may transtorm the rececived data into a different
format that can be used to create virtual pipeline. Using the modeled virtual pipelines 12, the
servers 20 may evaluate the pipeline state {o.g., past, current, futere} by using finite element
analvsis. The servers 20 may predict future timetrames of when certain conditions may ocour
and subsequently when additional actions may be taken, such as repair, pipeline
depressurnization, or shutdown. In some instances, the servers 20 may corrclate numcerous
identified issues, such as corrosion, cracks, complex features, geometry, weld anomalics,
bending strain, stress, matenial properties, and the like within a full structural analyses, as

opposed to analyzing cach 1ssue mdividually in a simpler but potentially hmited engineering
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calculation. Using the current data, the servers 20 may extrapolate future growth or fiturce
states of when the pipelines 12 may stop operating within a desired rangs. The desired ranges
may be predetermined ranges for any pipeline 12 and the desired ranges may relate to product
throughput {(flow), pressure, and the like. The scrvers 20 may perform the computations of
various processes described below in near real time either on demand from users and/or
automatically based on certain data change triggers, as received from data updates via sensors
16, 1.1 tools 18, and/or data sets on record in database 24 and/or memory 27, Interested

stakeholders and users may access the results via computing device 30

{3824}  The databases 24 may be related to various aspects of the pipelines 12, For
cxample, the databases 24 may include mformation regardmg various regulations related to
how the pipelines 12 should be maintained. Additionally, the regulations may be related to
how manitenance operations should be documented by the user of the computing device 30.
The databases 24 may also include data related to warranty information for the pipelines 12,
scrvice contact information related to the pipelines 12, and other information that may be
usciul to an operator of the pipchines 12, Further, the databases 24 and/or the moemory 22
may store historical sensor and/or ILE data, as well as historical state data related to the

pipelines 12 deternuned by the processors 26

{00257 The computing device 30 may store an application that provides a graphical user
interface (GUI) that displays the visualization of the modeled pipelines 12, ag well as any
predictions and/or actions {e.g., mamtenance, repair, replacement, ete.) 1o be taken. That is,
the application may not perform any computationally infensive processing. Instead, fn some
embodiments, the application may function as a front-end display of data and results of the
integrity predicting modeling performed by the clond-based computing svstem 14, For
example, in a client-server architecture, a website may be accessed via a browser on the
computing device 30 and the website may function as a thin-client i that it just displays
mformation provided by the cloud-based computing system 14 without actually performing
any modeling.

{3026}  Although the components described above have been discussed with regard {o the

scrvers 20 of the cloud-based computing system 14, it should be noted that sinular

componenis may make up the computing device 30. Further, it should be noted that the listed
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components are provided as example components and the emboduments described herein are

not to be bated to the components described with reference to FIG. 1

(06277  FIG. 2 15 a flow diagram of a process 40 suitable for performing predictive
integrity virtual analysis, in accordance with an embodiment of the present disclosure.
Although the following description of the process 40 15 deseribed with reference to the
processor 26 of one or more servers 20 of the cloud-based computing system 14, it should be
noted that the process 40 may be performed by one or more other processors disposed on
other devices that may be capable of communicating with the cloud-based computing system
14, such as the computing device 30, or other components associated with the system 10
Additionally, although the following process 46 describes a number of operations that may be
performed, 1t should be noted that the process 40 may be performed in a vaniety of suitable
orders and all of the operations may not be performed. It should be appreciated that the
process 40 may be distributed between the servers 20 of the cloud-based computing system
14, distributed between local devices and the servers 20, individually, or any combination of
the devices.

{08928}  Referring now to the process 40, the processor 26 may receive (block 42} data
related to the one or more pipelines 12 from the LI tools 18 and/or the sensors 16. In some
mstances, the amount of data may be large due to the frequency of measarements and the
sheer size of the pipeline networks being measured. The data may relate to material
propertics obtamed from inspection data or other physical operational data available for a
region of interest. The data may mclade ultrasonic and/or electromagnetic measarements,
among other things. In some embodiments, the data may be stored in the one or more
databascs 24 in the cloud-bascd computing system 14, Additionally or alternatively, the data
may be stored i the memories 22 of cach or in some of the servers 20 in the cloud-based
computing system {4, In this way, the cloud-based computing system 14 enables storng the
IL1 data and/or sensor data 1o a single location. Further, historical data may be maintaimed in

the databases 24 and/or the memories 22,

[3029] In some embodiments, the data may be indicative of certain issues, such as
corrosion {¢.g.. motal loss resulting in wall thinning), cracking {e.g.. pipeline split open duc
too much pressure), pipeline geometry (e g., abnormal radius), stress loading (e.g..

carthguake, flood, excavation, construction in area), pressare within pipelines 12, flow, weld
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anomalies, matenial properties, and the like. In some embodiments, the data may be
formatted to enable finite element analysis. For example, the data may be formatted usmg a
convention related to a “box listing™ or “location listing.” The box listing or location listing
may wchide a physical location {¢.g., geographic, such as a distance from a reference
number) of the box in the pipslines 12, an identifier, and/or certain details of the box {e g,
orientation {length, width, height)), that define the physical feature attnbutes represented by
that box. The box listing or location listing may be represented concurrently in a spreadsheet
and the listings may enable an operator to tind the box on the pipeline 12 1o repair 1t, replace
it, or the hike as a parallel data set to the results of the more detailed FEA analyvses. That is,
the box listing or location may enable virtually representing the pipeline 12 in elemental
structure using a computer-aided design (CADY) image that ropresents defects or loading

conditions on the pipeline 12 to enable advanced asscssments, as described below.

{6038  The processor 26 may also perform {block 44} analysis o model one or more
physical states of the one or more pipelines 12 based on the data. In particular, 1n some
cmbodiments, the processor 26 may usc the data formatted as described above to perform
finite element analysis or similar computational steuctural analyses. For example, the
processor 26 may correlate the clement fevel data (c.g., generated from corrosion by location,
cracking by location, stress loading by location, etc.) as represented from data sources of
mlime inspection 18, sensors 16, to map properties of the pipelines 12 for cach clemental
location to gencrate a virtual model of the entire pipeline. In some embodiments, the
processor 26 may use modeling {e.g., sot of mathematical equations, physics-based) to
gencrate the virtual structural model of the pipelines 12, The virtual structural model may
include a visualization of the physical pipelines 1Z. The finite eloment analvsis may be
performed at the element level to enable a more detailed assessment of correlated 1ssucs {(c.g.,

cotrosion, cracking, stress loading, flow, pressure, etc.).

{6831} The processor 26 may use the virtual structural model to determine histone states
of the pipelines 12, current states of the pipelines 12, and/or predicted future states (¢.g., with
the use of change/growth methods). For example, performing finste cloment analvsis on the
formatted data may enable predicting how the pipelines 12 react to real-woild forees,
corrosion, cracking, prosswre, vibration, heat, thud flow, and other physical offocts, In

addition, the finite element analysis may be subdivided in smaller computations {e.g.,

10
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algebraic equations, partial differential equations, ete.) between servers 20 so portions of the
pipelines 12 may be modeled separately. Breaking the problem domain into smaller portions
may enable faster compute time and more accurate representation of complex geometry and

physical state of the pipelings 12.

[6632F  Further, in some embodiments, the various current states may be stored as historic
states in the databases 24 and/or the memories 22, The processor 26 may generate
overlapping representations of the historie states of the pipelines 12 with the current states of
the pipelines 12 to enable visualizing the change in the stractural composition of the pipelines
12 over ime. In some embodiments, the historical state data may be maintained for extended

periods of ime, such as decadces.

[0833]  The processor 26 may determine the pipeline state and any future states to
determine or predict when the pipelines 12 or portions of the pipelines 12 stop operating
within a desired threshold boundary or range (e g, detected level of corrosion). For example,
if the TLI data or sensor data indicates that a threshold boundary 1s violated, then the
processor 26 may perform (block 46} one or more actions based on the one or more staies of
the one or more pipelines 12, Additionally, after performing finiic eloment analysis and the
processor 26 predicting that the flow of product w any portion of the pipeline 12 may fall
below the threshold boundary, the processor 26 may also perform (block 46} the one or more
actions based on the one or morg states of the one or more pipelines 12. The assessment may
change when conditions of the pipelines change to enable detailed analvsis, and may be

recalculated using the cloud-based computing svstem 14

{68634}  The actions may include displaving an alert on the graphic user interface (GUD of
an application installed on the computing device 36, The alert mayv highlight a portion of the
pipeline 12 where the viclation of the threshold boundary 1 predicted or detected, or may
include a graphic {e.g., a flashing exclamation mark) that is overlaid on the portion of the
pipeline 12 where the violation of the threshold boundary is predicted or detected. The alert
may provide details as to the 1ssues related to the portion of the pipelines 12 and a timeframe
for when any undesirable condition {e.g., cracking or bending of the pipelines 12 that causes
the reduced flow} may occur. Additionally, the actions may nclude scheduling maintenance,
repair, and/or replacement of portions of the pipelines 12. In some embodiments, the

scheduling may be performed via the GUI of the application executing on the computing

11
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device 30, Futher, m some embodiments, the actions mayv include stopping the flow of
product in the pipelines 12 when the current state or predicted state indicates a sufficiently

severe condition.

[6635]  FIG. 3 is an tlustration of a block diagram of varnious componenis of the system 10
of FIG. 1, in accordance with an embodiment of the present disclosure. As depicted, vanous
ILI tools 18 may include clectronics and/or mechanics and vehicles that are used to obtain 111
data. For example, a probe may be attached to a wire that 15 dispensed through the pipeline
networks to obtain ultrasonic and/or electromagnetic data indicative of properties of the
pipelines 12, Also, various sensors 16 {(e.g., pressure, flow, vibration, thermal, etc.) may be
used as part of the L1 too} 18 or as mdividual externally configured scnsors on the pipelines
12. The data may be sent to the cloud-based computing system 14 that performs data
analvsis and synthesis (block 503, Data analysis and synthesis may include performing
multiple sensor 16 technology data interpretation and svnthesis (block 523, which uses ILI 18

technology per threat interpretation (block 54).

[0836]  During block 52, the processor 26 may also perform (block 56) multiple-threat
alignment and IE assessment. That is. the processor 26 may corrclate the various issues, such
as corrosion, cracking, strain loading, and the like, at the element level for cach section of the
pipelines 12 to build the virtwal structural model used for deternuning the states of the
pipelines 12, The processor 26 may perform finite clement analysis 1o predict whether the
pipeline 12 future state violates a threshold operating boundary or range. The multiple-threat
alignment and assessment may enable and streamline svstematic combinational threat
assessment in a bighly detailed way using element level data in a finite element model. The
scnsor data and/or the state data {c.g., historic, currcnt, and/or futurc) may be stored i the
shared and compatible data repository {¢.g., databases 24}, The data that 1s stored n the
databases 24 may be monitored (block 38) to enable taking one or more actions when a
desired operating threshold range or boundary is violated. In some embodiments, the

processor 26 may perodically clean {(block 60) the data by purging certain records.

{3837}  The database 24 may maintaim data for an extended period of time {e.g., decades)
to cnable visualizing the ¢ntire virtual hustory of the pipe by overlapping the stateson a
virtual structural model representation of the pipelines 12, The historical visualization may

tilustrate the hstorical states of the pipehine 12 to show the transformation of the pipeling 12

12
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over time. The database 24 may also store other vendor data (block 62) and/or third party/dig

verification data (block 64).

[0638] The processor 26 may perform reporting (block 66) by outputting the results of the
prediciive mtegrity virtual analysis that used the virtual structural model to determine states
1o an apphcation mstalled on the computing device 30 or a website hosted by one of the
servers 20, The processor 26 may perform combined or standalone analysis reporting (block
68). Combined analysis reporting may refer to mtegrity virtual analysis that combines and
correlates the various threats (e.g., corrosion, cracking, and stress loading) m the virtual
structural model to make predictions using finite element analysis, or the like. Combined
analvsis roporting may cnable providing cach threat related to a particular joint of the
pipelines 12, Standalone analvsis reporting may refer to just analyzing the integrity of the
pipelines 12 based on a single threat (¢ g, corrosion) selected by an operator. Visualization
and inferpretation prioritization moduies (block 703 may be used by the processor 26 to
enhance mterfacing and interaction with the data for the operators. That 1s, the modules may
draw the virtual structural model of the pipehines 12, the alerts on the virtual structural modcl,
arrange various information on the GUL, and the like for example, for easy viewing by the

operator.

[0039]  The processor 26 may deliver (block 72) the results o various personnel in an
organization. For example, the results may be delivered to a sales team, a project manager
with oversight of the pipclines 12, technical or project managers as stakeholders of the results
and/or a pipeline operator’s engineering team. Each of the personmel may have installed the
application on their computing device 30 or have secure access to the website. That is, role-
bascd sccurity may be cnabled where just personnch with proper role and credentials are
allowed to see the results of the predictive integrity virtual analvsis. Tn some embodiments,
the application that 1s used on the computing device 30 may be downloaded from a software
distribution platform, such as an application store, that authorizes the personnel prior to
downloading the application. In some embodiments, the personnel provide their credentials
at a login sereen, and the website anthenticates the user prior to providing access to the

results.

[08040}  An integrity manageroert (EM) plan (block 74) for the pipelines 12 may be

gencrated based on the results of the predictive integrity analysis. The IM plan may consider

13
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maximizing throughput of product in the pipelines 12, minimizing interruption to operation,
and perfornung these objectives cost effectively. The IM plan may provide instnictions to
the operator 1o perform maintenance on certain portions of the pipelines 12 according to
certain timing based on the results from the predictive integnty virtual analysis. For example,
the virtual structural model of the pipeline 12 mayv enable the operator to visualize that a
portion of the pipe includes an abnormal radius and general motal loss {¢.g., wall thinning),
which affects the product carrving capacity of the pipeline 12 under full operating conditions.
Based on the correlated threat information, the IM plan may include replacmg that portion of
the pipeline 12 when product dehivery 1s expected to be reduced to minimize an overall
interruption of pipeline operation. In addition, a risk protocol and historic 1M data (block 76)
may include a procedure to deal with pipeline condition that is included i the threat

assessment.

[0641]  An illustration of a visualization of a virtual structural model 80 of a pipeline 12 is
depicted in FIG. 4, in accordance with an embodiment of the present disclosure. The virtual
structural model 80 may be generated by the processors 26 of the various servers 20 in the
cloud-based computing system 4. Ag depicted, the virtual structeral mode! 80 depicts a
representation of the actual structure of the pipcline 12, The operator may sclect a portion 82
of the virtual structural model 80 to receive more information of that portion 82 at a zoomed-
in view. As depicted, the portion 82 in the zoomed-in view may provide the operator with
various information, such as conterline (X, Y, 23, or GPS coordinates (N, E, H), azimuth
oricntation angle of the pipeline 12, transverse/circumferential, radial, and axial angles,
among others. The centerline may be local carth frame reference. The pipeline 12 radius

may be given by caliper {¢.g., dent deflection as function of azimuth, etc.}.

[6042]  The operator may drill down further into a more granular portion 84 of the pipeline
12 to see information visualized using finite element analysis at the element level, The
granular portion 34 at the element level provides a three-dimensional (3D) spatial grid
representation of the data provided in a spreadsheet 86 that is based on the data 83 formatted
in the databascs 24 and/or the memorics 22, The granular portion 84 may provide an actual
vhysical representation of the varions threats indicated by the data. That is, the granular
portion 84 can reconstruct the threats and the physical structure of the pipelines 12 using the

data that is formatted for finite element analvsis (FEA) or computer-aided design (CAD). In

14
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some embodiments, the FEA and/or CAD formatted data may nclude material propertics
assigned.

[0643]  As may be appreciated, the 3D spatial grid representations may be used to enable
visually representing cracks 90 (discontinuity between elements). For example, the cracks
may have a length and depth but no width and the crack may be localized by distance and
azimuth. The 3D spatial grid representation may also visualize welds and other features that
can be represented accordmgly with geometric and noted matenal changes. Also, the 3D
spatial grid representation may visualize abnormal radius (e g., within dent/deformation is
function of distance azimuth}. Alsc, the 3D spatial grid representation may represent mid-
wall featurcs 94, as well as mctal loss 96 where the clements are not comprised of stecl but of
atr (in 3D}, The pipeline 12 will contain physical fittings such as branches {¢.g., off takes of
bine 1o other pipelines), stopples, taps and operational equipment such as valves, pumps,
comprassors, tanks which may be included in the virtual model to varving levels of precise
representation in a virtual model according to the information from the data sources and basic
user choice. Default representations of the mam pipeling, fittings and cguipment could be
preselected from a preset library of representations for that type of tfem for use in any virtual

model analyses,

[0044]  Technical effects include providing systems and methods for predictive mtogrity
virtual analysis of pipelines 12 to enhance life of the pipelines 12, reduce costs of servicing
and repair, and so forth. The technigues disclosed herein may remove and/or reduce manual
handling of data. correlation, and assessment. The techniques may use industry engineering
codes and/or computational methods, such as FEA to establish structural integrity
predictions in a very thorough (full pipehine) and timely manner (using high performance
computing provided by the cloud-based computing system 14). Combined threats may be
considered by the nature of the virtoal structural model generated. For example, the virtual
structural model may illustrate that bending strain area overlaps with a corrosion area and/or
crack anomalics are present in the same area. Further, dented and/or deformed regions with
corrosion or cracks may be modeled for fatigue via FEA. Future state predictions may be
enabled with the use of baseline current states and addition of change/growth models to each
point of the virtual pipchine for cach degradimg mechanisio (¢ 2., crack growth, corrosion

growth, dent fatigue, geotechnical movement). Further, visualization of the entire history of
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the states of the pipelines 12 may be cnabled by overlapping the states in the vintual structural

model.

(0645}  This writien description uses examples to disclose embodiments, including the best
mode, and also 1o cnable anv person skilled in the ant to practice the embodiments, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the cmbodiments is defined by the claims, and may include other
examples that occur to those skilled m the art. Such other examples are intended to be within
the scope of the claims 1f they have structural elements that do not differ from the literal
language of the claims, or if they include equivalent structural elemerts with insubstantial

differences from the liferal language of the claims.
[0846]  Other embodiments are within the scope and spinit of the disclosed subject matter.

{80477  In an offort to provide a concise description of these embodiments, all features of
an actual implementation may not be deseribed in the specification. In the development of
any such actual implementation, as in any engineering or design projoct, NUMEous
implemeniation-specific decisions must be made 1o achieve the developers™ specific goals,
such as compliance with system-refated and business-related constraints or preferences,
which may vary from one implementation to another. Moreover, it should be appreciated that
such a development effort might be complex and time consuming, but could nevertheless be a
routine undertaking of design, fabrication, and manufacture for those of ordinary skill having

the benefit of this discloswre,

[6048]  When introducing clements of various embodiments, the articles “a,” “an,” “the,”
and “said” arc intended o mean that there are one or more of the clements. The terms
“comprising,” “including,” and “having” are intended to be inclusive and mean that there

may be additional elements other than the listed elements.

{3849}  The subject matter described herein can be implemented n digital electronic
cirguitry, or in computer software, firmware, or hardware, including the structural means
disclosed in this specification and structural equivalents thereof, or in combinations of them.
The subject matter described hereim can be implemented as one or more computer program
products, such as one or more computer programs tangibly embodied m an information

carrier {e g, 18 a machine-readable storage device), or embodied m a propagated signal, for
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execufion by, or to control the operation of, data processing apparatus {e.g., a programmable
processor, a computer, or maltiple computers). A computer program (also knownas a
program, software, software application, or code) can be written in any form of programming
language, includimg compiled or interpreted languages, and it can be deploved i any form,
including as a stand-alone program or as a module, component, subrouting, or other unit
suitable for use in a computing environment. A computer program does not necessarily
correspond to a file. A program can be stored in a portion of a file that holds other programs
or data, in a single file dedicated to the program in question, or in multiple coordimated files
{c.g.. files that store one or more modules, sub-programs, or portions of code). A computer
program can be deploved to be executed on one computer or on multiple computers at ong

stte or distributed across multiple sites and 1nterconnected by a communication network.

[8058]  The processes and logic flows described 1o this specification, mcluding the method
steps of the subject matter described herein, can be performed by one or more programmable
PTOCCSSOTS exXecuting one or more computer programs to perform functions of the subject
matter desenibed herein by operating on input data and gencrating output. The processes and
fogic flows can also be performed by, and apparatus of the subject matter described herein
can be implemented as, special purpose logic cireuitry, ¢.g.. an FPGA (ficld programmable

gate array) or an ASIC (application-specific integrated circut}.

{0651}  Processors suitable for the execution of a computer program include, by way of
cxample, both general and special purpose microprocessors, and any one of more Processor
of any kind of digital computer. Generally, a processor will receive mstructions and data
from a read-only memory or a random access memory or both. The essential elements of a
computer arc a processor for cxecuting mstructions and ong or more menory devices for
storing instructions and data. Generally, a computer will also include, or be operatively
coupled to recetve data from or transfer data to, or both, one or more mass storage devices for
storing data. ¢.g., magnetic, magneto-optical disks, or optical disks. Information carriers
suitable for embodying computer program mstructions and data include all forms of
non-volatile memory, ncluding by way of example senuconductor memory devices, (e.g.,
EPROM, EEPROM, and flash memory devices}; magnetic disks, {¢.g., internal hard disks or

removable disks); magneto-optical disks; and optical disks (e.g., CD and DVD disks). The
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processor and the memory can be supplemented by, or meorporated m, special purpose logic
ctropitry.

[0652]  To provide for interaction with a user, the subject matier described herein can be
implemented on a computer having a display device, ¢.g.. a CRT (cathode ray tube) or LCD
{Liguid crystal display} monitor, for displaying information to the user and a kevboard and a
pointing device, {¢.g., a mouse or a trackball}, by which the user can provide input to the
computer. Other kinds of devices can be used to provide for interaction with a user as well.
For example, feedback provided to the user can be any form of sensory feedback, (¢ g, visual
feedback, auditory feedback, or tactile feedback), and input from the user can be received in

any form, inchuding acoustic, spesch, or factile wput.

(08331  The techniques desceribed herein can be implemented using one or morg modules.
As used herein, the term “module” refers to computing software, firtmware, hardware, and/or
various combinations thercof. At a minmmum, however, modules are not to be iterpreted as
software that 1s not implemented on hardware, firmware, or recorded on a non-transitory
processor readable recordable storage medium (e, modules are not software per se}. Indeed
“module” 15 1o be miterpreted o always include at least some physical. non-transitory
hardware such as a part of a processor or computer. Two different modules can share the
same physical hardware (¢.g.. two different modules can use the same processor and network
interface}. The modules described herein can be combined, integrated, separated, and/o:
duplicated to support various applications. Also, a function described hereim as being
performed at a particular module can be performed at one or more other modules and/or by
one or more other devices instead of or in addition to the function performed at the particular
modulc. Further, the modules can be mmplomented across multiple devices and/or other
components Jocal or remote to one another. Additionally, the modules can be moved from

one device and added to ancther device, and/or can be included in both devices.

{8054}  The subject matter described herein can be implemented in a computing system
that includes a back-end component (¢.g., a data server), a middleware component {¢.g., an
application server), or a front-end component (2.g., a client compuier having a graphical user
interface or a web browser through which a user can interact with an imoplementation of the
subject matier described herein), or any combination of such back-end, middieware, and

front-end components. The compoenents of the system can be interconnected by any form or
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medium of digital data communication, e.g., a communication network. Examples of
commupication networks include a local arca network ("LAN") and a wide area network

{WAN™, e.g., the Internet.

[60655]  Approximating language, as used herein throughout the specification and claims,
may be applied to modify any quantitative representation that could permissibly vary without
resulting in a change in the basic function to which it is related. Accordingly, a value
modified by a term or terms, such as “about” and “substantially,” are not to be hinuted to the
precise value specified. In at least some mstances, the approximating language may
correspond to the precision of an instrument for measuring the value. Here and throughout
the specification and claims, range limitations may be combined and/or mterchanged, such
ranges are 1dentified and include all the sub-ranges contained therein unless context or

fanguage mdicates otherwise.
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What is claimed is:

1. A system, comprising;

a sensor configured to obtain first inspection data related to a condition of one or more
pipelines;

an inline inspection tool configured to obtain second inspection data related to the
condition of the one or more pipelines;

a computing system remote from the sensor and the inline inspection tool, the computing
system communicatively coupled to the sensor and to the inline inspection tool, the computing
system comprising at least one data processor configured to execute computer-readable
instructions stored in a memory of the computing system, which when executed, cause the at
least one data processor to:

receive the first inspection data from the sensor and the second inspection data
from the inline inspection tool;

determine a virtual structural model of the one or more pipelines based on the first
inspection data and the second inspection data, the virtual structural model including a
visualization of the one or more pipelines, the visualization including a three-dimensional spatial
grid representation of the first inspection data and the second inspection data;

determine one or more structural conditions of the one or more pipelines using the
virtual structural model;

determine one or more actions based on at least one structural condition of the one
or more structural conditions exceeding a threshold operation boundary for at least one structural
condition of the of the one or more pipelines; and

provide the one or more actions; and

a computing device configured to receive the visualization of the one or more pipelines
from the computing system and to provide the visualization and the one or more actions within a
graphical user interface provided in a display of the computing device, the graphical user
interface configured to receive a user selection of a portion of the one or more pipelines and
provide the three-dimensional spatial grid representation of the first inspection data and the
second inspection data corresponding to the portion of one or more pipelines responsive to the

user selection, wherein the three-dimensional spatial grid representation corresponding to the
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portion of the one or more pipelines includes graphical indications of physical characteristics
associated with one or more structural conditions present at the user-selected portion of the one

or more pipelines.

2. The system of claim 1, wherein the at least one data processor is configured to determine
the at least one structural condition based on performing a finite element analysis of the first

inspection data and the second inspection data.

3. The system of claim 1 or 2, wherein the one or more structural conditions are associated
with physical characteristics of the one or more pipelines, the physical characteristics including a
corrosion event, a volumetric wall loss, an orientation, a dimension, a geometry, a material
structural property, a crack, a pressure, a flow, a weld anomaly, a bend, a bending strain, a load

strain, a fitting associated or any combination thereof.

4. The system of any one of claims 1 to 3, wherein the sensor includes a magnetic,

radiographic, or electromagnetic sensor.

5. The system of claim 4, wherein the computing device is configured to provide an alert
when the at least one structural condition exceeds the threshold operation boundary within the

graphical user interface.

6. The system of claim 5, wherein the computing device is configured to provide a signal to
the computing system to halt a flow of a product in the one or more pipelines based upon the

alert.

7. The system of claim 5, wherein the computing device is configured to schedule
maintenance, repair, and/or replacement of the portion of the one or more pipelines based on the

alert.
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8. The system of any one of claims 1 to 7, wherein the graphical user interface is configured
to display a pipeline centerline in geometric or global positioning system coordinates, or an

azimuth orientation angle associated with the user-selected portion of the one or more pipelines.

9. The system of any one of claims 1 to 7, wherein the inline inspection tool is configured to
provide the second inspection data as navigational data and the at least one data processor
determines a continuous pipeline centerline in global positioning system coordinates based on

the navigational data.

10. A device, comprising:

a memory storing a first inspection data received from a sensor coupled to the device, the
first inspection data corresponding to a structural condition of a pipeline, and a second inspection
data received from an inline inspection tool coupled to the device, the second inspection data
corresponding to the structural condition of the pipeline, the memory further storing computer-
readable instructions; and

a data processor coupled to the memory and configured to execute the instructions, which
when executed, cause the data processor to:

receive the first inspection data and the second inspection data from the memory;

determine a virtual structural model of the pipeline based on the first inspection
data and the second inspection data, the virtual structural model including a visualization of the
pipeline, the visualization including a three-dimensional spatial grid representation of the first
inspection data and the second inspection data;

determine one or more structural conditions of the pipeline using the virtual
structural model;

determine one or more actions based on the one or more structural conditions
exceeding a threshold operation boundary of the pipeline; and

provide the visualization of the pipeline and the one or more actions to a remote
device coupled to the device, the remote device configured to receive the visualization of the
pipeline and to provide the visualization and the one or more actions within a graphical user
interface provided in a display of the remote device, the graphical user interface configured to

receive a user selection of a portion of the pipeline and provide the three-dimensional grid spatial
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representation of the first inspection data and the second inspection data corresponding to the
portion of the pipeline responsive to the user selection, wherein the three-dimensional spatial
grid representation includes graphical indications of physical characteristics associated with one

or more structural conditions present at the user-selected portion of the one or more pipelines.

11. The device of claim 10, wherein the data processor is configured to determine the one or
more structural conditions based on performing a finite element analysis of the first inspection

data and the second inspection data.

12. The device of claim 10 or 11, wherein the one or more structural conditions are
associated with physical characteristics of the pipeline, the physical characteristics including a
corrosion event, a volumetric wall loss, an orientation, a dimension, a geometry, a material
structural property, a crack, a pressure, a flow, a weld anomaly, a bend, a bending strain, a load

strain, a fitting, or any combination thereof.

13. The device of any one of claims 10 to 12, wherein the sensor includes a magnetic, a

radiographic, an ultrasonic, or an electromagnetic sensor.

14.  The device of any one of claims 10 to 13, wherein the graphical user interface is
configured to display a pipeline centerline in geometric or global positioning system coordinates,

or an azimuth orientation angle associated with the user-selected portion of the pipeline.

15.  The device of any one of claims 10 to 13, wherein the inline inspection tool is configured
to provide the second inspection data as navigational data and the data processor determines a
continuous pipeline centerline in global positioning system coordinates based on the navigational

data.

16.  The device of any one of claims 10 to 15, wherein the first inspection data and the second
inspection data include magnetic, ultrasonic, radiographic, and/or electromagnetic inspection

data.
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17.  The device of any one of claims 10 to 16, wherein the data processor is configured to

generate a prediction of an operation of the pipeline based on the virtual structural model.

18.  The device of claim 17, wherein the data processor is configured to transmit the
prediction of the operation of the pipeline in conjunction with information indicative of the one

or more structural conditions.

19. A non-transitory tangible computer-readable medium comprising computer executable
instructions, which when executed by at least one data processor, cause the at least one data
processor to:

receive first inspection data obtained from a sensor coupled to the at least one data
processor, the first inspection data related to a condition of a pipeline;

receive second inspection data obtained from an inline inspection tool coupled to the at
least one data processor, the second inspection data related to the condition of the pipeline;

determine a virtual structural model of the pipeline based on the first inspection data and
the second inspection data, the virtual structural model including a visualization of the pipeline,
the visualization including a three-dimensional spatial grid representation of the first inspection
data and the second inspection data;

determine one or more structural conditions of the pipeline using the virtual structural
model;

determine one or more actions based on the one or more structural conditions exceeding a
threshold operation boundary of the one or more structural conditions of the pipeline; and

provide the visualization of the pipeline and the one or more actions to a remote device
coupled to the device, the remote device configured to receive the visualization of the pipeline
and to provide the visualization and the one or more actions within a graphical user interface
provided in a display of the remote device, the graphical user interface configured to receive a
user selection of a portion of the pipeline and provide the three-dimensional spatial grid
representation of the first inspection data and the second inspection data corresponding to the
portion of the pipeline responsive to the user selection, wherein the three-dimensional spatial
grid representation includes graphical indications of physical characteristics associated with one

or more structural conditions present at the user-selected portion of the one or more pipelines.
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20.  The non-transitory computer-readable medium of claim 19, wherein the
instructions, when executed by the at least one data processor, further cause the at least one data
processor to determine a plan to allow for a threshold throughput amount to be transmitted

through the pipeline or to reduce interruption of an operation of the pipeline.
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