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SYSTEM AND METHOD FOR USING DATA WITH OPERATION
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[0002]

[0003]

[0004]

CONTEXT

This application claims priority to U.S. Patent Application having serial number
15/651,776 which was filed on July 17, 2017. The content of this priority application is

incorporated herein by reference in its entirety
BACKGROUND

Well construction operation usually involves many people and equipment. These
people operate various equipment or subsystems to accomplish a common well
construction goal. For example, a drilling rig may be provided at the wellsite. The
drilling rig typically includes a drawwork, a top drive, iron roughneck, and mud pumps,
etc. A fluid system may also be provided at the wellsite. The fluid system may include

an active tank system, a bulk material handling system, a solid control system etc.

For a given operation, such as drilling a section, multiple operators and equipment
are working in parallel to accomplish the goal. A driller may control the hoisting and or
rotary system, while a mud engineer may be adjusting the fluid properties. In order to
accomplish a situational awareness of the drilling operation, many sensors may be
installed on various equipment to detect process parameters, such as pressure, force,
temperature, density, etc. These parameters have been used to estimate and/or infer the
state of a drilling operation. Detected parameters have also been used as an input for
data analytics to understand selected portions of an operation, such as drilling
performance, equipment performance, etc. For example, a selected number and/or type
of sensors may be used to measure properties of a certain process, for example, to
determine parameters of standpipe pressure, pump flow rate, or hookload, or one or

more sensors may be used to provide data for analyzing the state of an equipment unit.

SUMMARY

This summary is provided to introduce a selection of concepts that are further

described below in the detailed description. This summary is not intended to identify
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key or essential features of the claimed subject matter, nor is it intended to be used as an

aid in limiting the scope of the claimed subject matter.

In one aspect, embodiments of the present disclosure relate to methods that
include creating a digital description of the well construction system, wherein the digital
description of the well construction system describes the locational relationship of
components in the well construction system, collecting multiple types of data from a
well construction system, the multiple types of data including sensor data collected
from one or more sensors disposed along the well construction system and operational
state data indicating an on/off status of one or more components in the well construction
system, and tagging the collected data with an identification indicating at least one of a
location of a source of collected data and a component in the well construction system

from which the data is collected.

In another aspect, embodiments of the present disclosure relate to a method of
evaluating a well construction system that includes constructing a digital description of
the well construction system, the digital description comprising a list of components in
the well construction system and a plurality of locational relationships between
components in the well construction system, collecting multiple types of data from the
well construction system, the collecting including automatically collecting data through
instrumentation and manually inputting data, and determining an operational state of at

least one component in the well construction system based on the collected data.

In another aspect, embodiments of the present disclosure relate to collecting into a
database sensor data from one or more sensors disposed along a well construction
system, inputting into the database non-sensor data, the non-sensor data comprising at
least one of operational state data indicating an on/off status of one or more components
in the well construction system, operator commands, observational inputs, and
interactions between personnel and the well construction system, tagging the sensor
data and the non-sensor data with an identification indicating a component in the well
construction system from which the data is collected, and comparing sensor data

identified from a selected component in the well construction system with non-sensor
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data identified from the selected component to determine an operational state of the

selected component.

In yet another aspect, embodiments of the present disclosure relate to a system
that includes a well construction system, a digital description of the well construction
system, the digital description comprising a list of components in the well construction
system and a plurality of locational relationships between components in the well
construction system, a database including sensor data collected from a plurality of
sensor disposed in the well construction system, and non-sensor data selected from at
least one of operational state data indicating an on/off status of one or more of the
components in the well construction system, operator commands, observational inputs,

and interactions between personnel and the well construction system.

Other aspects and advantages of the invention will be apparent from the following

description and the appended claims.

BRIEF DESCRIPTION OF FIGURES
FIG. 1 shows an example of a well construction system.

FIG. 2 shows a schematic representation of methods according to embodiments of

the present disclosure.

FIG. 3 shows a schematic representation of methods according to embodiments of

the present disclosure.

FIG. 4 shows an analysis of a drilling performance graph according to

embodiments of the present disclosure.

FIGS. 5 and 6 show a computing system in accordance with embodiments of the

present disclosure.
DETAILED DESCRIPTION

The particulars shown herein are by way of example and for purposes of
illustrative discussion of the examples of the subject disclosure only and are presented

in the cause of providing what is believed to be the most useful and readily understood
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description of the principles and conceptual aspects of the subject disclosure. In this
regard, no attempt is made to show structural details in more detail than is necessary,
the description taken with the drawings making apparent to those skilled in the art how
the several forms of the subject disclosure may be embodied in practice. Furthermore,

like reference numbers and designations in the various drawings indicate like elements.

Embodiments disclosed herein include methods and systems of collecting data
from a well construction system for use in estimating the overall condition or state of
the well construction system. As used herein, the state of a well construction system
includes both the drilling state and the equipment state. Equipment state may include,
for example, operational state such as if the equipment is on/off, if the equipment is
restarted, the equipment running hour, and maintenance data. A well construction
system may include a rig and auxiliary equipment used with the rig for drilling a well.
In some embodiments, a well construction system may include equipment used together
for hydraulic fracturing of a well. Well construction systems may include various

equipment arrangements for drilling, constructing, and/or maintaining wells.

For example, FIG. 1 shows an example of a well construction system 100 that is a
rig for drilling a well. The rig includes multiple components 110 assembled together,
which together may work to drill the well and perform auxiliary functions for
maintaining rig performance. Components used in the rig may be equipment units
and/or may be assembled together to form equipment units and/or subsystems of the
well construction system. For example, components in a rig may include one or more
of a mud tank, a shale shaker, a suction line, a mud pump, a motor, power source(s), a
vibrating hose, draw-works, a standpipe, a swivel, a rotary table, a Kelly hose, and a
Kelly drive, or a top drive, a Goose-neck, a traveling block, a drill line, a crown block, a
derrick, a stand of drill pipe, pipe rack, a drill floor, a bell nipple, a blowout preventer
(“BOP”), drill string, a bottom hole assembly (including a drill bit) at an end of the drill
string, casing head, flow line(s), diverter(s), valves and others. Different rig assemblies
may use different components for rotating drill pipe, different motor types and/or

different power sources, for example, to power different subsystems.
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The rig assembly may be used to drill a well, where components in the rig
assembly may rotate and descend a drill bit into a formation by extending the drill string
on which the drill bit is attached into the formation. Drilling fluid may be sent through
the drill string and drill bit to the bottom of the hole being drilled, which may aid in
drilling the formation. Fluid from the bottom hole may be returned through an annulus
between the well and the drill string, through a diverter, and through a return flow line.
Fluid returning from one or more return flow lines may be filtered, e.g., through one or
more shakers to filter cuttings out of the fluid, and collected, e.g., in one or more mud

tanks.

Further, components used in the well construction system 100 may include a
plurality of sensors, which may be used to detect or monitor selected parameters of the
rig. For example, different types of sensors may be disposed along one or more
components of the rig assembly to monitor different types of parameters in the rig (e.g.,
fluid flow rate through one or more pipes in the rig assembly, temperature of one or
more components in the rig assembly, or a position of one or more components in the

rig assembly).

Another example of a well construction system may be a hydraulic fracturing
system, which may include one or more wells capped with a frac tree following
completions that provides a connection to fracturing equipment used to deliver
treatments at high pressures to induce formation fractures for enhanced hydrocarbon
recovery. Another component in a hydraulic fracturing system may include a frac
manifold placed in close proximity to the wells being serviced. A hydraulic fracturing
system may further include high-pressure frac fluid routed from nearby frac trucks
through a frac pump output header, or missile, and to the frac manifold. Supply lines of
the frac manifold may terminate in an outlet head (often referred to as a goat head or
frac head in the industry) that connects to valve fittings at the top of a frac tree for each
well. Outlet heads may be designed to ensure efficient and safe hydraulic fracturing

fluid flow when pumping high volumes at extreme pressures during the fracturing.
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Frac manifolds may isolate wells that have completed a frac cycle and for which
interventions, such as plug and perforation operations, are to be conducted, and may
redirect fluid flow to a well prepared for the next frac cycle. Frac manifolds may allow
sequential downhole operations using actuated valves, reducing the safety risks and
improving the transition speeds without the need for manual adjustments. The use of a
frac manifold in this manner is called “zipper” or “zip” fracturing, and may provide
almost continuous utilization of the frac crew and equipment, from the first treatment at
the toe of the first well to the last treatment at the heel of the last well. Accordingly, a
frac manifold used in this manner may also be referred to as a zipper manifold. Typical
components of a zipper manifold may include spools, tees, crosses, gate valves, and
outlet heads. Zipper manifolds may have a number of configurations to suit the number
and spacing of wells being serviced, the planned arrangement of the frac lines, the

extent to which actuation is desired, and the like.

Embodiments of the present disclosure may include other well construction
systems used for drilling, servicing, and/or maintaining a well operation, which may

include components known in the oil and gas industry.

According to embodiments of the present disclosure, the state of a well
construction system, the state of components of the well construction system and/or
well construction performance evaluation may be performed by 1) constructing a digital
description of the well construction system, 2) collecting well construction data, and 3)

analyzing the collected data in its operational context.
Constructing a Digital Description

A digital description of a well construction system may include a list of
components in the well construction system and a description of the relationships (e.g.,
hierarchal, logical and locational relationships) between the components in the well
construction system. The digital description of a well construction system may be
provided in a coded format, which may stored in a computing device, for example, or
may be stored in a database, a storage medium, or in a network, such as described in

more detail with respect to FIGS. 5 and 6. A digital description may be designed to
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show a selected level of detail. For example, the digital description of a rig well
construction system may include a description of relationships between components
forming a hoisting subsystem and a description of relationships between components
forming a circulating subsystem. Within the digital description, the components listed
for forming the hoisting subsystem may include an elevator and a top drive to provide
detail at a component level of the well construction system. In some embodiments, a
digital description may include description of size, color, and/or shape of components in

a well construction system to provide a greater level of detail.

In some embodiments, a schematic of a well construction system may be
generated from the digital description of the well construction system, such as shown in
FIG. 1. The digital description of the well construction system 100 shown in FIG. 1
may include a rig power subsystem, a hoisting subsystem, a circulating subsystem, and
a rotary subsystem, where each of these functional subsystems may be made of a
number of components that work together to deliver the given functions of the

subsystem.

According to embodiments of the present disclosure, a digital description of a
well construction system may be created, where the digital description may fully
describe the composition of the whole well construction system (e.g., rig system),
including the physical and logical composition of each subsystem, how components in
each subsystem are related to each other, and how each subsystem is interacted with
each other. For example, the digital description of a rig system may include the
physical layout of the rig system, including drawwork, drilling line, crown block,
traveling block, top drive, drilling line anchor, rotary table, mud pumps, pulsation
damper, pipe and connectors that transfer fluid from mud tank, pumps, into the drill

pipe, as well as the return flow to the reserve tanks.

The digital description of a well construction system may also include the
placement of sensors. For example, a well construction system may include a pressure
sensor may be placed at the outlet of a mud pump, or at a rig manifold; an encoder may

be placed at a driveshaft of a mud pump motor, at the rotating axis of a drawwork, or at
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the rotating shaft of a top drive motor; a force transducer may be placed at a deadline
anchor, above the top drive, or between the top drive and the drill pipe; a current or a
voltage sensor may be used to measure the current and voltage that go through the mud
pump, drawwork, top drive, etc. The locations of these sensors and their measurement

properties may be included in the digital description of the well construction system.

A stored digital description (e.g., in a computing device or over a network) of a
well construction system may be accessed, for example, to map collected data to a
location in the well construction system. Collected data may be mapped to a location in
the digital description of the well construction system, for example, by matching a
source of the collected data, such as a sensor, with the location of the source in the
digital description of the well construction system. In some embodiments, a stored
digital description of a well construction system may be accessed to generate a

schematic representation of the well construction system, such as shown in FIG. 1.
Collecting Well Construction Data

According to embodiments of the present disclosure, data may be collected from
areas throughout a well construction system, e.g., at the subsystem level and/or from
individual components in the well construction system, such that the entire well
construction system may be characterized from the collected data, and/or selected
subsystems or components in the well construction system may be analyzed from the
collected data. Methods of the present disclosure that include collecting data from
throughout a well construction system may be used for improved rig state estimation (or
other well construction system state estimation), equipment health monitoring, and data

analytics for drilling and equipment performance.

Further, methods of the present disclosure may include collecting multiple types
of data from a well construction system. Different types of data may include sensor and
non-sensor data, and/or may include data collected from different types of sources, such
as from different types of sensors, from video, from cameras, from personnel manually
inputting data, and/or from automatic data input (e.g., computer inputted commands to

control one or more components may be automatically collected). Sensor data may be
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used to refer to data collected from one or more sensors disposed along a well
construction system. Non-sensor data may be used to refer to data collected from ways
other than through sensors. For example, non-sensor data may include data collected
manually by personnel operating or servicing one or more components in the well
construction system. According to embodiments of the present disclosure, non-sensor
data may include, for example, at least one of operational state data (e.g., data
indicating an on/off status of one or more components in the well construction system),
operator commands, observational inputs, and interactions between personnel and the
well construction system. Different types of collected data are discussed in more detail

below.

As provided above, sensor data may be collected from different types of sensor
sources, including sensors from surface and downhole. Different sensor types for
downhole measurements may include, for example, sensors for sensing formation
pressure, formation temperature, formation porosity, formation permeability and
formation bulk resistivity, among other properties, which may enable characterization
and quantification of the characteristics and properties of the well-bore and its
surrounding subsurface formations. Sensors known in the art that may be used in well
construction systems for sensor data collection may include but are not limited to
resistivity sensors, sonic sensors, neutron sensors, motion Sensors, gamma ray Sensors,
high resolution current injection sensors, temperature sensors, pressure sensors, flow
rate sensors, conductivity sensors, and chemical sensors to measure a particular
chemical element or compound (e.g., carbon dioxide sensors, sulfur dioxide sensors),
for example. Different sensor types for surface measurements may include sensors to
measure pressure, force, position, current, voltage, temperature, rotation, flow rate, etc.
In some embodiments, operating condition sensors (such as a position sensor) may be
provided along one or more valves (e.g., motor operated valves) to sense the operating
condition of the valve, e.g., whether the valve is open or closed, and if open, to what

extent the valve is open.

Sensor data may be collected via electrical signals transmitted from the sensor

through a data transmission system to a computing device, a database, a data bus, or a

9
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network. A data transmission system may include wires in communication between
sensor(s) and a computing device and/or may include wireless transmission of signals

from sensor(s) to a remote receiver.

According to embodiments of the present disclosure, sensor data may include data
collected from one or more sensors related to an operation process, such as standpipe
pressure, flow rate, hookload, block position, and others. Sensor data may further
include data collected from one or more sensors related to a condition of one or more
components in a well construction system. For example, temperature sensors may be
used to monitor or detect the temperature along an equipment unit, where the sensor
data from the temperature sensors may be transmitted and collected, and which may be

used for condition analysis of the equipment unit.

Another type of collected data may include non-sensor data collected from
operator commands, for example, an operator command to set a selected RPM
(revolution per minute) set point (e.g., set point for rotational speed of drill pipe or
rotational speed of a motor), an operator command to set a selected weight-on-bit
(WOB) set point, an operator command to set a pump flow rate (e.g., through stroke
count), or other operator commands to control an equipment unit. Data collected from
operator commands may be captured through an automated control system (e.g., a
computer-inputted command to control one or more components may be transmitted
and stored in a database storing collected data), or through manual input (e.g., an
operator may manually input a command made to a well construction system into a

database storing collected data).

Collected data may also include data related to personnel interaction with the well
construction system. Data collected from personnel interaction with a well construction
system may include different types of information about what personnel do to the well
construction system, such as material preparation (e.g., adding a selected amount of
barite into a circulating subsystem of the well construction system or preparing a
number of barrels of lost circulation material) and maintenance information (e.g.,

changing a shaker screen, replacing a mud pump liner, etc.). Data collected from

10
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personnel interaction with a well construction system may be captured through an active
sensing system (e.g., with one or more sensors, through video, etc.), or through manual
input (non-sensor data). For example, non-sensor data collected from interactions
between personnel and a well construction system may include, for example, manual
input of a description of measurements taken and/or servicing performed such as

replacing a component, etc.

Another type of collected data may include observational inputs, which includes
information describing what personnel observe about a well construction system. For
example, observational inputs may include data inputted describing observation of the
operational state of an equipment unit (e.g., if a mud pump breaks down, if operation
delay is due to a particular reason) or data inputted describing one or more conditions of
a component (e.g., if a pipe fitting is leaking). Further, observational inputs may be
captured through personnel description of their visual observation, or through a camera

or video.

Another type of collected data may include data corresponding to the operating
state of an equipment unit, which may be collected from one or more sensors (sensor
data) and/or without the use of a sensor (non-sensor data). For example, data associated
with equipment and its operating state may be captured through a direct sensor
measurement, such as a valve position sensor, or through indirect measurement, such as
current to a mud pump. Data associated with equipment and its operating state may
also be captured through manual input of an observation, such as noting an equipment
unit out of service. Equipment operating state data may include, for example, data
indicating if the equipment is on, off, open, closed, and maintenance information (e.g.,
if the equipment is undergoing maintenance, the last date/time the equipment was
maintained, the type of maintenance conducted, if a component was replaced, and other

maintenance data).

Collected data may also include data that relates to general monitoring. For
example, as mentioned above, collected data may come from video. Collected data may

also come from audio devices and/or vibration sensors (attached to a structure of a well

11
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construction system), which may be recorded and archived along appropriate time-
stamps. Video, audio and vibrational data can be processed using predetermined
algorithms to generate certain state variables, for example, the number and location of
people in an office or on a rig floor. According to some embodiments, a computer
program executing a video analyzing algorithm may be used to detect and identify
changes in collected video data, where the operational state of the at least one

component may be determined based on the identified changes in the video.

Additionally, in combination with other data, learning algorithms can associate
particular sensor behavior with different rig activities. Once the association has been
learnt, the learnt association may allow additional redundancy to compensate if more
specific sensors fail, and/or to detect sensor failures. For example, when a top drive
rotation generates a vibration signal at the rotation speed of the top drive motor under
normal operating conditions, if the top drive is operational but there is no vibration
signal at the right frequency, a failure in the top drive rotation speed sensor may be

indicated.

Collected data may be acquired automatically and/or manually. Manually
collected data may be collected from manual inputs (e.g., from an operator and/or other
personnel) of data into a computing device, and may include, for example, data
describing observations of the well construction system and/or interactions with the
well construction system entered by the personnel making the observation or
interaction. For example, a person may manually input observed data through a
computing device and include location information (e.g., referencing one or more
components listed in the digital description of the well construction system) associated
with the inputted data. Automatically collected data may be captured through
instrumentation (e.g., sensors, cameras, video, etc.), where location information may be
automatically tagged to associate the collected data with the corresponding location in
the digital description of the well construction system. Automatically collected and
manually collected data may be captured with a proper timestamp (e.g., corresponding

to a master clock) indicating the time of data capture.

12
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As data (non-sensor data and sensor data) is collected, the data may be time
stamped from a single time reference, which may be referred to as a master clock
reference. According to embodiments of the present disclosure, a well construction
system may include a single time reference, which may be used to tag data collected
throughout the entire well construction system. In this manner, multiple types of data
collected from through the well construction system may be synchronized with a single
master clock reference, which may then be used for the time stamping of the data as it is

collected.

Further, methods of the present disclosure may include tagging collected data
with an identification indicating at least one of a location of a source of collected data
and a component in the well construction system from which the data is collected. The
location may be a physical location indicating the relative position to a component of
the well construction system (e.g. the location of a pressure sensor which is on top of
the stand pipe), or may be a logical location indication the logical relationship with
relation to a component of the well construction system (e.g., a pressure sensor which is
located between the mud pump outlet and the standpipe). The location is reflected in the
digital description of the well constriction system. For example, a location of a source
of collected data may be defined in terms of its relationship to one or more components
of the well construction system, e.g., a location of collected flow rate data from a sensor
may be referenced in terms of the pipe on which the flow rate sensor is disposed. In
some embodiments, sensor data may be acquired through an Electronic Data Recorder
(EDR), where location information in reference to the well construction system and a
timestamp may be captured as meta data associated with the sensor data. Using the
location information and the digital description of the well construction system, the
exact location of the placement of the sensors on the well construction system may be

identified.

In some embodiments, collected data may be transmitted to a well construction
database for use by another application. In some embodiments, through a
communication middleware, collected data may be published to a data bus, which may

be received by any applications on the same data bus. As described more below,
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applications that may receive the collected data may include, for example, a well
construction state estimation application, an equipment performance evaluation
application, a drilling performance evaluation application, a process improvement

application, and a well construction database.

For example, FIG. 2 shows a schematic representation of collected data 200 from
a well construction system according to embodiments of the present disclosure, where
the collected data 200 may be collected into a data aggregator 210 (e.g., a database).
Collected data 200 may include collected data types discussed herein. For example,
collected data 200 may include drilling process data 201 (e.g., pressure, hookload,
RPM, flow rate, etc.), equipment operation state data 202 (e.g., on/off, open/closed, or
maintenance status), operator command data 203 (e.g., RPM setpoint, WOB setpoint,
etc.), rig crew interaction with the well construction system 204 (e.g., adding barite,
changing a shaker screen, etc.), and rig crew observation of the well construction
system 205 (e.g., adding a material to the well construction system, component failure,

etc.).

Collected data 200 from the data aggregator 210 may be searched and/or sorted
for use in an analysis application 220. An analysis application 220 may be a computer
program having instructions for processing and analyzing data in order to determine a
status of the well construction system and/or one or more components in the well
construction system. For example, analysis applications 220 may include a rig state
detection application 222 to determine the overall state of the rig (e.g., drilling state,
tripping state, or reaming state, etc.), an equipment performance evaluation application
224 (which may include data analytics and/or prognostic health monitoring) to
determine the performance of a selected equipment unit in a well construction system,
and/or a drilling performance evaluation 226 (which may include data analytics and/or
process optimization) to determine performance of a drilling operation, such as drilling

depth progress, fluid use, and/or drilling efficiency.

FIG. 3 shows a schematic representation of another example of a data collection

and analysis system 300 according to embodiments of the present disclosure. As
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shown, collected data may be acquired through instrumentation 310 (e.g., through
sensors) and/or manually through user input 320. The collected data may be published
into a databus 330 through a communication middleware, where the collected data may
be received by any applications on the same databus 330. The applications may
include, for example, a rig state estimation application 340, an equipment performance
evaluation application 350, a drilling performance evaluation application 360, a process

improvement application 370, and a well construction database 380.
Using Collected Data with Operation Context

According to embodiments of the present disclosure, evaluation of a well
construction system (e.g., the state of the well construction system, the state and/or
performance of equipment in the well construction system, and operation performance)
may be performed relatively more easily, without complex mathematical analysis and
estimation, by collecting data from the well construction system in its operational
context. In other words, data may be collected and tagged (with data location and time,
as discussed herein) from a well construction system that includes operational data (e.g.,
if a component is on/off, open/closed, etc.) in combination with other types of data in
order to more quickly and easily analyze the well construction system or components

thereof.

For example, if a query is made as to whether the drillstring is moving (i.e.,
whether the bit depth is changing), it would conventionally be difficult to determine
without being on the well floor as the pipe (or drillstring) may not being moving even
though the block and the top drive is moving. On the other hand, if pipe is connected
with the top drive, determination of whether the top drive is moving could be done
automatically (e.g., through use of sensors that measure the position change of the
block). By using embodiments of the present disclosure, however, determination of
whether the drillstring is moving may be conducted by analyzing data collected in terms
of its operation context, as discussed herein. For example, collected data including
video of the top drive/drillstring and instrumentational data indicating whether pipe is

connected to the top drive may be used in combination with other instrumentation data
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to determine whether the drillstring is moving. In this example, the video of the top
drive/drillstring may be digitally analyzed using a computer algorithm to tell if the top
drive is connected to the drillstring, or a person may watch the video to tell if the top
drive is connected to the drillstring. If top drive is connected to the drillstring, any
movement of block (and top drive) is directly related to the movement of the drillstring,
leading to corresponding bit depth change; if top drive is not connected to the
drillstring, any movement of block (and top drive) would not lead to movement of the

drillstring, leading to no bit depth change.

Further, by time stamping the collected data of the present disclosure with
reference to a single master clock reference, the collected data may be searched and
analyzed to determine state or performance at a given time during the well construction

system operation.

According to embodiments of the present disclosure, rig state estimation (or other
well construction system state estimation) may be performed using collected data with a
rig state estimation application, which may include, for example, a computer program
having instructions to search a database of stored collected data for collected data
tagged from a selected location and time to analyze selected conditions in response to a
query on the state of the rig system. With collected data including operational context,
rig state may be estimated with improved accuracy through the use of collected data
associated with operator command (intent), actuator state (drive state), and optionally a

secondary validation (validation).

As an example, to determine whether the slip is in or out position, one could use
the following two set of data: 1) the operator’s command to set the slip in or out and 2)
the state (or the position) of the actuator in the power slip. For in-slip or out of slip
detection, a secondary validation data may be used to determine the rig state. For
example, secondary validation data may be collected from a sensor measuring the
weight of drill string on the slip, which may confirm whether the slip is engaged with
the drill string. Thus, an in-slip status may be satisfied with the following conditions:

(a) the operator sets the in-slip command; (b) the power slip actuator extends; and (c)
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the weight of the drill string is transferred to the slip. An out of slip status may be
satisfied with the following conditions: (a) the operator sets the out-of-slip command,
(b) the power slip actuator retracts; and (c) the weight of the drill string is transferred to
the hoisting system. Any other conditions may indicate that the system is at fault, or at

an uncertain state.

As another example, methods of the present disclosure for rig state estimation
may include estimation of a rotating state. One could use the following two set of data:
1) the operator’s command to start rotation (e.g., on the top drive, or the rotary table)
and an RPM set point, and 2) the current that goes through the drive mechanism (e.g.,
obtained by collecting sensor data from a current sensor). A secondary validation data
to measure the actual RPM may be used to ascertain the state of rotation. The state of a
pump, drawwork (block movement), or other rig equipment can be estimated in a

similar manner.

According to embodiments of the present disclosure, equipment performance
evaluation may be performed using collected data with an equipment performance
evaluation application, which may include, for example, a computer program having
instructions to search a database of stored collected data for collected data tagged from
a selected location and time to analyze performance of a selected equipment unit in

response to a query.

In some embodiments, the acquisition of personnel (e.g., rig crew) observation
data may fill a gap for proper equipment performance evaluation. In most condition
based equipment health monitoring, equipment data is relatively easy to collect, as one
only needs to install enough sensors to measure the intended parameters. However,
until now, there has been a lack of information regarding the actual equipment
condition, such as when an equipment unit breaks down, whether a maintenance service
is being performed, or whether a part is being replaced. The inclusion of personnel
observation data provides this missing information in order to improve analysis of the

performance of the equipment.
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According to embodiments of the present disclosure, drilling performance
evaluation may be performed using collected data with a drilling performance
evaluation application, which may include, for example, a computer program having
instructions to search a database of stored collected data for collected data tagged from

a selected location and time to analyze drilling performance.

Conventionally used methods of evaluating drilling performance is often through
use of a time vs. depth curve, as shown in FIG. 4. This curve may capture the flat time,
as well as the overall drilling efficiency (how fast the well was drilled). However, it
typically lacks adequate details to tell the operator what caused the flat time. By
collecting data with operation context, great insight can be gained by looking at
operation during flat time. For example, by zooming in the collected data at the interval
of the flat time in FIG. 4, the reason for the flat time may be more easily determined.
For example, collected data at an interval of the flat time may indicate the cause of the
flat as either due to equipment failure, or logistic interruption. Using this process,

actions within the drilling operation may be taken to reduce flat time accordingly.

According to some embodiments of the present disclosure, process improvement
analysis may be performed using collected data with a process improvement
application, which may include, for example, a computer program having instructions to
search a database of stored collected data for collected data tagged from a selected

location and time to analyze process performance and causes of inefficiencies.

Analysis of what actually takes place during well construction system events, both
routine and exceptional, using instrumentation data and state and observational data,
and comparing with what should happen, may allow for identification of potential
process improvements. Potential process improvements may be determined, for
example, by identification of where planned actions or timings are difficult or
unachievable due to physical constraints, where improved operator training may be
needed, as well as where changes in equipment, procedure, or human operations may be

made for improving the planned process during drilling the well.
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Methods of the present disclosure may include collecting and storing data related
to a well construction system in a database. A well construction database may capture
all well construction system data as acquired through sensors and manual input. The
collected data may be made available for any applications for data mining purposes.
For example, the applications described above (e.g., well construction system state
estimation, equipment performance evaluation and drilling performance evaluation)
may directly access collected data through the well construction system database. In
accessing the well construction system database for use in an evaluation application, the
well construction system database may be searched for collected data tagged as related

to a selected component in the well construction system.

In some embodiments, well construction system data may be collected into a data
bus rather than a database. In such embodiments, evaluation applications such as
described above may access the collected data through the data bus to perform analysis

of the application.

According to embodiments of the present disclosure, methods of evaluating a well
construction system may include constructing a digital description of the well
construction system, the digital description including a list of components in the well
construction system and a plurality of locational relationships between components in
the well construction system, collecting multiple types of data from the well
construction system by automatically collecting data through instrumentation and
manually inputting data, and determining an operational state of at least one component
in the well construction system based on the collected data. The operational state of a
component may be determined based at least partially on instrumentation data.
Determination of operation state may be further enhanced by using manually collected
data. In some embodiments, the digital description may further include a list of
subsystems in the well construction system, relationships between components in each

subsystem, and relationships between subsystems in the well construction system.

According to some embodiments of the present disclosure, methods of evaluating

a well construction system may include collecting into a database sensor data from one
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or more sensors disposed along the well construction system, inputting into the database
non-sensor data, which may include at least one of operational state data indicating an
on/off status of one or more components in the well construction system, operator
commands, observational inputs, and interactions between personnel and the well
construction system, tagging the sensor data and the non-sensor data with an
identification indicating a component in the well construction system from which the
data is collected, and comparing sensor data identified from a selected component in the
well construction system with non-sensor data identified from the selected component
to determine an operational state or performance of the selected component. For
example, a selected component may be a rotating component, wherein determining the
operational state of the selected component may include comparing sensor data of
current readings from a drive mechanism of the rotating component with non-sensor

data of an operator command to operate the rotating component.

Systems according to embodiments of the present disclosure may include a well
construction system (e.g., a rig system, such as shown in FIG. 1), a digital description of
the well construction system (e.g., including a list of components in the well
construction system and a plurality of locational, and/or logical relationships between
components in the well construction system), and a database, or other storage types for
storing sensor data collected from a plurality of sensor disposed in the well construction
system and non-sensor data selected from at least one of operational state data
indicating an on/off status of one or more of the components in the well construction
system, operator commands, observational inputs, and interactions between personnel
and the well construction system. Transmission of the instrumentation data, and/or
manually input data may be accomplished through the use of a common communication
databus. The common communication databus may enable real time analytics, such as
rig state detection, equipment performance evaluation, drilling performance evaluation
and process improvement. The communication databus may further enable delivery of
the instrumentation data and manually input data to the well construction database, as
shown in Figure 3. The well construction database may allow offline, or post-job

analytics for rig state detection, equipment performance evaluation, drilling
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performance evaluation and process improvement. In some embodiments, stored

collected data may also include video of the well construction system.

The digital description of the well construction system, communication vehicle
(e.g. “databus™) and the storage vehicle for collected well construction device (e.g., a
database) may be provided on a computing device or over a computing network. In
some embodiments, a computing device may include a processor and a computer
readable medium for executing software instructions on the processor, where the

software instructions may include instructions to access and search the database.

Embodiments may be implemented on a computing system. Any combination of
mobile, desktop, server, router, switch, embedded device, or other types of hardware
may be used. For example, as shown in FIG. 5, a computing system 500 may include
one or more computer processors 502, non-persistent storage 504 (e.g., volatile
memory, such as random access memory (RAM), cache memory), persistent storage
506 (e.g., a hard disk, an optical drive such as a compact disk (CD) drive or digital
versatile disk (DVD) drive, a flash memory, etc.), a communication interface 512 (e.g.,
Bluetooth interface, infrared interface, network interface, optical interface, etc.), and

numerous other elements and functionalities.

The computer processor(s) 502 may be an integrated circuit for processing
instructions. For example, the computer processor(s) may be one or more cores or
micro-cores of a processor. The computing system 500 may also include one or more
input devices 510, such as a touchscreen, keyboard, mouse, microphone, touchpad,

electronic pen, or any other type of input device.

The communication interface 512 may include an integrated circuit for connecting
the computing system 500 to a network (not shown) (e.g., a local area network (LAN), a
wide area network (WAN) such as the Internet, mobile network, or any other type of

network) and/or to another device, such as another computing device.

Further, the computing system 500 may include one or more output devices 508,
such as a screen (e.g., a liquid crystal display (LCD), a plasma display, touchscreen,

cathode ray tube (CRT) monitor, projector, or other display device), a printer, external
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storage, or any other output device. One or more of the output devices may be the same
or different from the input device(s). The input and output device(s) may be locally or
remotely connected to the computer processor(s) 502, non-persistent storage 504, and
persistent storage 506. Many different types of computing systems exist, and the

aforementioned input and output device(s) may take other forms.

Software instructions in the form of computer readable program code to perform
embodiments of the disclosure may be stored, in whole or in part, temporarily or
permanently, on a non-transitory computer readable medium such as a CD, DVD,
storage device, a diskette, a tape, flash memory, physical memory, or any other
computer readable storage medium. Specifically, the software instructions may
correspond to computer readable program code that, when executed by a processor(s), is

configured to perform one or more embodiments of the disclosure.

The computing system 500 in FIG. 5 may be connected to or be a part of a
network. For example, as shown in FIG. 6, the network 520 may include multiple
nodes (e.g., node X 522, node Y 524). Each node may correspond to a computing
system, such as the computing system shown in FIG. 5, or a group of nodes combined
may correspond to the computing system shown in FIG. 5. By way of an example,
embodiments of the disclosure may be implemented on a node of a distributed system
that is connected to other nodes. By way of another example, embodiments of the
disclosure may be implemented on a distributed computing system having multiple
nodes, where each portion of the disclosure may be located on a different node within
the distributed computing system. Further, one or more elements of the aforementioned
computing system 500 may be located at a remote location and connected to the other

elements over a network.

The computing system in FIG. 5 may implement and/or be connected to a data
repository. For example, one type of data repository is a database, such as described
above. A database is a collection of information configured for ease of data retrieval,

modification, re-organization, and deletion. A Database Management System (DBMS)
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is a software application that provides an interface for users to define, create, query,

update, or administer databases.

The user, or software application, may submit a statement or query into the
DBMS. Then the DBMS interprets the statement. The statement may be a select
statement to request information, update statement, create statement, delete statement,
etc. Moreover, the statement may include parameters that specify data, or data
container (database, table, record, column, view, etc.), identifier(s), conditions
(comparison operators), functions (e.g. join, full join, count, average, etc.), sort (e.g.
ascending, descending), or others. The DBMS may execute the statement. For
example, the DBMS may access a memory buffer, a reference or index a file for read,
write, deletion, or any combination thereof, for responding to the statement. The
DBMS may load the data from persistent or non-persistent storage and perform
computations to respond to the query. The DBMS may return the result(s) to the user or

software application.

The computing system of FIG. 5 may include functionality to present raw and/or
processed data, such as results of comparisons and other processing. For example,
presenting data may be accomplished through various presenting methods. Specifically,
data may be presented through a user interface provided by a computing device. The
user interface may include a GUI that displays information on a display device, such as
a computer monitor or a touchscreen on a handheld computer device. The GUI may
include various GUI widgets that organize what data is shown as well as how data is
presented to a user. Furthermore, the GUI may present data directly to the user, e.g.,
data presented as actual data values through text, or rendered by the computing device

into a visual representation of the data, such as through visualizing a data model.

For example, a GUI may first obtain a notification from a software application
requesting that a particular data object be presented within the GUL Next, the GUI may
determine a data object type associated with the particular data object, e.g., by obtaining
data from a data attribute within the data object that identifies the data object type.
Then, the GUI may determine any rules designated for displaying that data object type,
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e.g., rules specified by a software framework for a data object class or according to any
local parameters defined by the GUI for presenting that data object type. Finally, the
GUI may obtain data values from the particular data object and render a visual
representation of the data values within a display device according to the designated

rules for that data object type.

Data may also be presented through various audio methods. In particular, data
may be rendered into an audio format and presented as sound through one or more

speakers operably connected to a computing device.

Data may also be presented to a user through haptic methods. For example,
haptic methods may include vibrations or other physical signals generated by the
computing system. For example, data may be presented to a user using a vibration
generated by a handheld computer device with a predefined duration and intensity of

the vibration to communicate the data.

The above description of functions presents only a few examples of functions
performed by the computing system of FIG. 5 and the nodes and/or client device in
FIG. 6. Other functions may be performed using one or more embodiments of the

disclosure.

Although only a few examples have been described in detail above, those skilled
in the art will readily appreciate that many modifications are possible in the examples
without materially departing from this subject disclosure. Accordingly, all such
modifications are intended to be included within the scope of this disclosure as defined
in the following claims. In the claims, means-plus-function clauses are intended to
cover the structures described herein as performing the recited function and not only
structural equivalents, but also equivalent structures. Thus, although a nail and a screw
may not be structural equivalents in that a nail employs a cylindrical surface to secure
wooden parts together, whereas a screw employs a helical surface, in the environment
of fastening wooden parts, a nail and a screw may be equivalent structures. It is the

express intention of the applicant not to invoke 35 U.S.C. § 112(f) for any limitations of
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any of the claims herein, except for those in which the claim expressly uses the words

‘means for’ together with an associated function.
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CLAIMS
What is claimed:

1. A method, comprising:
creating a digital description of a well construction system, wherein the digital
description of the well construction system describes the locational relationship of
components in the well construction system;
collecting multiple types of data from a well construction system, the multiple types of
data comprising:
sensor data collected from one or more sensors disposed along the well
construction system; and
operational state data indicating an on/off status of one or more components in the
well construction system; and
tagging the collected data with an identification indicating at least one of a location of a
source of collected data and a component in the well construction system from

which the data is collected.

2. The method of claim 1, wherein the locational relationship includes relative spatial and/or

logical relationship of components in the well construction system.

3. The method of claim 2, further comprising;
using a common communication databus to deliver multiple types of data for online

analysis of rig state detection, equipment performance, or drilling performance.

4. The method of claim 1, further comprising;
storing the collected data in a database;
searching the database for collected data tagged as related to a selected component in the

well construction system.

5. The method of claim 4, further comprising:
analyzing the searched data to evaluate rig state detection, equipment performance, or

drilling performance.
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6. The method of claim 4, further comprising synchronizing the multiple types of data with

a single clock reference as the data is collected.

7. The method of claim 1, wherein the collected data is collected from multiple component

types in the well construction system.

8. The method of claim 1, wherein the multiple types of data further comprises video of the

well construction system.

9. The method of claim 1, wherein the multiple types of data further comprises operator

inputs.

10. The method of claim 9, wherein the operator inputs comprise data inputs describing

operator interaction with the well construction system.

11. The method of claim 9, wherein the operator inputs comprise data inputs describing the

operator’s observation of the equipment state and/or well construction operation state.

12. The method of claim 1, further comprising evaluating at least one of a state of a rig in the
well construction system, equipment performance and drilling performance based on the

collected data.

13. A method of evaluating a well construction system, comprising:

constructing a digital description of the well construction system, the digital description
comprising a list of components in the well construction system and a plurality of
locational relationships between components in the well construction system,;

collecting multiple types of data from the well construction system, the collecting
comprising:
automatically collecting data through instrumentation; and
manually inputting data; and

determining an operational state of at least one component in the well construction

system based on the collected data.
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14.

15.

16.

17.

18.

The method of claim 13, wherein the digital description further comprises a list of
subsystems in the well construction system, relationships between components in each

subsystem, and relationships between subsystems in the well construction system.

The method of claim 13, wherein the collected data comprises video of the well
construction system, the method further comprising:

using a computer program to detect and identify changes in the video;

wherein the operational state of the at least one component is determined based on the

identified changes in the video.

The method of claim 13, wherein the operational state of the at least one component is

determined based on the manually inputted data.
The method of claim 13, wherein the collected data is collected into a databus.

A method, comprising:
collecting into a database sensor data from one or more sensors disposed along a well
construction system;
inputting into the database non-sensor data, the non-sensor data comprising at least one
of:
operational state data indicating an on/off status of one or more components in the
well construction system,;
operator commands;
observational inputs; and
interactions between personnel and the well construction system;
tagging the sensor data and the non-sensor data with an identification indicating a
component in the well construction system from which the data is collected; and
comparing sensor data identified from a selected component in the well construction
system with non-sensor data identified from the selected component to determine

an operational state of the selected component.
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19.

20.

21.

22.

23.

The method of claim 18, wherein the selected component is a rotating component, and
wherein determining the operational state of the selected component comprises
comparing sensor data comprising current readings from a drive mechanism of the
rotating component with non-sensor data comprising an operator command to operate the

rotating component.

The method of claim 18, wherein the interactions are selected from at least one of

material preparation and maintenance information.

A system, comprising;
a well construction system;
a digital description of the well construction system, the digital description comprising a
list of components in the well construction system and a plurality of locational
relationships between components in the well construction system;
a database comprising:
sensor data collected from a plurality of sensor disposed in the well construction
system; and

non-sensor data selected from at least one of operational state data indicating an
on/off status of one or more of the components in the well construction
system, operator commands, observational inputs, and interactions

between personnel and the well construction system.

The system of claim 21, wherein the database further comprises video of the well

construction system.

The system of claim 21, further comprising:
a computing device comprising a processor; and
a computer readable medium for executing software instructions on the processor, the

software instructions comprising instructions to access and search the database.
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