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AUTOMATED RIG ACTIVITY REPORT GENERATION

FIELD OF THE INVENTION
[0001] Disclosed embodiments relate generally to systems and methods for operating a
drilling rig and more particularly to a system and method for automatically generating rig

activity reports.

BACKGROUND INFORMATION

[0002] Drilling operators and supervisors commonly report drilling rig activity in a
variety of reporting formats and degrees of detail. The reports are often generated daily
and include a log of the various rig activities such as drilling, reaming, tripping, and the
like. These rig activity reports are commonly the primary record of events during well
construction and may be important sources of information in further evaluating well
performance and identifying non-productive time.

[0003] In present operations, the rig activity reports are generated manually (e.g., on a
paper or computer log). Such manual report generation is time consuming and inefficient
and may distract the rig operator and/or supervisor from more important and/or pressing
activities. Moreover, the activity reports are generated after various activities have been
completed (e.g., at the end of a shift) and are commonly based on human judgment and
memory. Such human judgment and memory can be faulty and can therefore lead to an

incomplete reporting of events or even a report containing errors.
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SUMMARY

[0004] A method for automatically generating a drilling rig activity report while operating
the rig is disclosed. The method includes receiving sensor measurements from a plurality of
surface sensors deployed on the drilling rig. The sensor measurements may be made in real time
while operating the rig and may be processed to compute rig state/activity information. The rig
state(s) and a user defined report configuration may then be further processed to automatically

generate the rig activity report.

[0004a] Some embodiments disclosed herein provide a method for automatically
generating a rig activity report, the method comprising: (a) receiving sensor measurements from
a plurality of surface sensors deployed on a drilling rig; (b) processing the sensor measurements
received in (a) to compute a plurality of rig states; (¢) computing a high resolution temporal
listing of the rig states; (d) calculating a rig state aggregate of the rig states from the high
resolution temporal listing of the rig states by applying user defined aggregation rules, wherein
calculating the rig state aggregate comprises: identifying activities in the high resolution
temporal listing of the rig states; determining that the identified activities are members of a
category of activities specified in the user defined aggregation rules; and clustering the
identified activities into the rig state aggregate based on the user defined aggregation rules,
wherein the rig state aggregate represents a relationship between the identified activities in the
high resolution temporal listing; and (e) generating an activity report based on the rig state

aggregate of the rig states and a user defined report configuration.

[0004Db] Some embodiments disclosed herein provide a system for automatically
generating a rig activity report, the system comprising: a plurality of surface sensors deployed
on a drilling rig; and a computer processor in electronic communication with the surface
sensors, the processor configured to automatically: (a) receive sensor measurements from the
surface sensors; (b) compute rig states from the received sensor measurements; (c) compute a
high resolution temporal listing of the rig states from the received sensor measurements; (d)
calculate a rig state listing of the rig states from the high resolution temporal listing of the rig
states and user defined aggregation rules, wherein calculating the rig state aggregate comprises:

identifying activities in the high resolution temporal listing of the rig states; determining that
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the identified activities are members of a category of activities specified in the user defined
aggregation rules; and clustering the identified activities into the rig state aggregate based on
the user defined aggregation rules, wherein the rig state aggregate represents a relationship
between the identified activities in the high resolution temporal listing; and (e) generate an
activity report based on the rig state aggregate of the rig states and a user defined report

configuration.

[0005] The disclosed embodiments may provide various technical advantages. For
example, the disclosed embodiments provide a system and method for automatically generating
drilling rig activity reports. Automatic generation of such reports may advantageously improve
reporting quality and efficiency as the rig reports are based on surface sensor data obtain in real-
time while operating the rig. Moreover, the rig reports may be generated without an involvement
from rig personnel thereby freeing such personnel to perform other essential activities. The
generated rig activity reports may further include substantially any suitable level of detail with

or without supporting sensor data.

[0006] 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 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a more complete understanding of the disclosed subject matter, and
advantages thereof, reference is now made to the following descriptions taken in
conjunction with the accompanying drawings, in which:

[0010] FIG. 1 depicts an example drilling rig on which disclosed embodiments may be
utilized.

[0011] FIG. 2 depicts one disclosed embodiment of a system for automatically
generating rig activity reports.

[0012] FIG. 3 depicts a flow chart of one disclosed method embodiment for
automatically generating a rig activity report.

[0013] FIG. 4 depicts a flow chart of another disclosed method embodiment for

automatically generating a rig activity report.

DETAILED DESCRIPTION

[0014] FIG. 1 depicts a drilling rig 10 suitable for using various method and system
embodiments disclosed herein. A semisubmersible drilling platform 12 is positioned over
an oil or gas formation (not shown) disposed below the sea floor 16. A subsea conduit 18
cxtends from deck 20 of platform 12 to a wellhcad installation 22. The platform may
include a derrick and a hoisting apparatus for raising and lowering a drill string 30,
which, as shown, extends into borehole 40. The derrick and hoisting apparatus may also
be used to raise and lower a completion string, a casing string, a coiled tubing string, and
the like. While FIG. 1 depicts a drilling operation (in that a drill string 30 is deployed in

the borehole) it will be understood that the method and system embodiments disclosed
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herein may be used to automatically report rig activitics from the initiation of drilling to
completion of the well (including drilling, reaming, testing, casing, and various
completion activities).

[0015] While not depicted the drilling rig may include a rotary table or a top drive for
rotating the drill string 30 (or other components) in the borehole. The rig may further
include a swivel that enables the string to rotate while maintaining a fluid tight seal
between the interior and exterior of the pipe. During drilling operations mud pumps draw
drilling fluid ("mud") from a tank or pit and pump the mud through the interior of the drill
string to the drill bit where it lubricates and cools the bit and carries cuttings to the
surface. Such equipment is well known to those of ordinary skill in the art and need not
be discussed in further detail herein.

[0016] The drilling rig may also include various surface sensors (not illustrated on FIG.
1) for measuring and/or monitoring rig activities. These sensors may include, for
example, (i) a hook load sensor for measuring the weight (i.e., the load) of the string on
the hoisting apparatus, (ii) a block position sensor for measuring the vertical position of
the travelling block (or the top of the pipe stand) in the rig as various components are
raised and lowered in the borehole, (iii) a drilling fluid pressure sensor for measuring the
pressure of drilling fluid pumped downhole, and (iv) a torque sensor for measuring the
torque applied by the top drive or rotary table. Such surface sensors are also well known
in the industry and need not be discussed in detail.

[0017] The drilling rig 10 may further optionally include downhole sensors, for
example, including wireline logging sensors, logging while drilling sensors, measurement

while drilling sensors, formation fluid sampling sensors, and the like. Downhole sensor
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data may be transmitted to the surface for recal-time analysis or stored in downhole
memory for future analysis.

[0018] It will be understood by those of ordinary skill in the art that the deployment
illustrated on FIG. 1 is merely an example. It will be further understood that disclosed
embodiments are not limited to use with a semisubmersible platform 12 as illustrated on
FIG. 1. The disclosed embodiments are equally well suited for use with any kind of
subterrancan drilling operation, cither offshore or onshore.

[0019] FIG. 2 depicts one disclosed embodiment of a system 100 for generating an
automatic rig activity report. The system may be implemented at the rig site, for
example, on a local computer system 110. The system may include a plurality of rig
sensors 120, such as the surface sensors referred to with respect to FIG. 1, for obtaining
measurements pertaining to the rig activity. The rig sensors may also include downhole
sensors such as wirelines logging sensors, LWD sensors, MWD sensors, formation fluid
sensors, and the like. The rig sensors may be in electronic communication with the
computer system 110 such that the sensor measurements may be transferred to the
computer system where they may be used to calculate various parameters relevant to
construction (e.g., drilling, casing, and completing) the wellbore. Such calculated
paramcters may include, without limitation, rig states, drilling statcs, rig activity, wellbore
geodetic trajectory, formation characteristics, fluid pressures, rate of penetration of the
drill bit, and characteristic of mechanical interaction between downhole equipment and
the wellbore through the formations as the wellbore is drilled. Collectively, the

measurements and computed parameters may be used to automatically compute an
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ongoing rig activity operated in a certain phase of the well construction at any point in
time.

[0020] The system 100 may further include a manual interface 130 that enables
additional information to be input into the computer system 110. For example,
information not readily attainable via the aforementioned sensor measurements may be
manually input via a keyboard or other similar user interface. Such information may
include various physical dimensions, manual measurements, and substantially any other
rig information not available from the sensors deployed at the rig. The manual interface
130 may also enable a rig operator (or other personnel) to input or change a user defined
configuration (or configurations) for the activity reports which are to be generated
automatically. The computer system 110 is configured to process data from the sensors
as well as the user inputs to automatically generate the rig reports 140.

[0021] Tt will be understood that system 100 is not necessarily located entirely at the rig
site. For example, the computer system 110 and/or the manual interface 130 may be
located offsitc and may communicate with the rig sensors 110 via substantially any
known means (e.g., wirelessly or via internet or intranet communication channels). The
disclosed embodiments are not limited in these regards. Nor are they limited to any
particular hardwarc implementation of the system 100.

[0022] FIG. 3 depicts a flow chart of one disclosed method embodiment 200 for
automatically generating a rig activity report. Sensor data is received at 202. The sensor
data may include data from the aforementioned rig sensors (e.g., from a hook load sensor,
a block position sensor, a drilling fluid pressure sensor, and/or a top drive or rotary table

torque sensor). The sensor data may also include depth sensor measurements and/or
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drilling fluid flow-in sensor measurcments. The sensor data may still further include
MWD data, LWD data, wireline data, and the like. In general the sensor measurements
are made continuously (e.g., while operating the rig) and transmitted to a computer
processor. Continuous sensor measurements may be made at substantially any suitable
time interval (e.g., at 10 millisecond, one second, or one minute intervals).

[0023] The sensor data is processed at 204 to obtain a rig state (or rig state as a function
of time). The rig state describes the state of operation of the drilling rig (the rig activity)
at any particular time, for example, the rig may be rotary drilling, slide drilling, tripping
out, tripping in, rotating, circulating, idle, etc. These are particular rig states. The rig
state may also be referred to herein as a rig activity (i.e., the primary activity of the rig at
any particular time). Table 1 illustrates example rig states (or rig activities) that may be
obtained from binary measurements (on/off or yes/no) from the aforementioned sensors.
It will be understood that additional states may also be obtained using sensor values rather
than simple binary measurements or measurements from additional surface and/or

downhole sensors.

Table 1
Rig State Axial Motion | Hook Load | Rotation | Pumping On
(velocity) (in slips) (torque) | (SP pressure) | Bottom
Rotary Drill Down No Yes Yes Yes
Slide Drill Down No No Yes Yes
In Slips None Yes No Yes/No No
Ream Down No Yes Yes No
Run in, Pump Down No No Yes No
Run in, Rotate Down No Yes Yes No
Run in Down No No No No
Back Ream Up No Yes Yes No
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Pull up, Pump Up No No Yes No
Pull up, Rotate | Up No Yes No No
Pull up Up No No No No
Rotate, Pump None No Yes Yes No
Pump None No No Yes No
Rotate None No Yes No No
Stationary None No No No No

[0024] At 206 the rig states (or rig state) may be processed in combination with a
predetermined report configuration (e.g., a user input report configuration) to
automatically generate a rig activity report. The report may be configured in substantially
any suitable format. For example, the report may be generated in log format (also
referred to herein as a micro activity report) including a sequential listing of each rig
activity (or a listing of changes in rig statc) and the duration of that activity or state. The
rig activity report may alternatively and/or additionally include a summary of major
activities (a macro activity report) based on predetermined aggregation parameters or a
time bascd reporting format, for cxample, including an hourly or daily report.

[0025] FIG 4 depicts a flow chart of example method embodiment 220. Method
embodiment 220 is similar to method embodiment 200 in that it involves processing
sensor data to obtain rig states (or a micro rig activity report) and further processing the
rig states and a user defined activity report configuration to automatically generate the rig
activity report (or reports). At 230 a micro rig activity report is computed from high
frequency rig sensor data 232, a predetermined or user-input rig activity configuration
234 including a rig activity definition, rig activity inputs, and a rig activity equation, and

other rig and well information of interest 236. The micro rig activity report computed at
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230 may be thought of as a high resolution temporal log of rig states. This log may
include, for example, a listing of rig states with time. A small section of an example
micro activity report may read as follows:

[0026] 15:43 to 15:59 Back reaming from 4480 to 4455 meters.

[0027] 15:59t016:08 Forward reaming from 4455 to 4480 meters.

[0028] 16:08 to 16:15 String in slip at 4480 meters.

[0029] 16:15t0 16:18 Pump and rotate at 4480 meters.

[0030] Each entry in the micro activity report may further include minimum, maximum,
and/or average values of the various sensor measurements, for example, including
rotation rate, torque, standpipe pressure, hook load, and mud flow-in.

[0031] At 240 the micro rig activity report is processed according to predetermined or
user defined aggregation rules 242 so as to generate various rig state aggregates, for
example, including hourly rig activity, daily rig activity, and macro rig activity reports.
Substantially any suitable aggregation rules may be defined and utilized. For example,
the aggregation rules may include one or more of the following; (1) certain activities (such
as drilling ahead), when present, may always be listed in the macro report, (ii) any
activity that exceeds a predetermined allotted total time period may always be listed in the
macro report, (iii) the total time spent performing cach activity in some predetermined
time interval may be reported, e.g., as a listing of each activity and total time, and (iv)
various predetermined activities may be clustered into more general categories with a
listing of each general category (e.g., all activities associated with making and breaking
connections may be grouped together). For example, the aforementioned section of an

example micro activity report may be summarized as follows:
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[0032] 15:43t016:17 making connection while drilling at 4480 meters.

[0033] The rig state aggregates may be further processed to generate one or more
activity reports at 250, for example, based on user defined report configuration(s) 252.
The report configurations may include, for example, a reporting language, report
contents, report format, report resolution, and the like. The report configurations may
further include standard IADC reports such as hourly reports and morning reports that
report total time performing various predefined activities (as well as average values of the
aforementioned sensor data). When drilling an hourly or daily report may include, for
example, total time spent drilling, reaming, making/breaking connection, and in-slip as
well as a beginning and ending depth when drilling. When tripping (in or out) an hourly
or daily report may include, for example, total time making/breaking connection and
lifting or lowering the string as well as minimum, maximum, and/or average rates of
lifting or lowering the string.

[0034] While the preceding examples relate generally to drilling activities, it will be
understood that the disclosed embodiments are not so limited, but may rather applied to
substantially all rig activities including drilling, casing, and completion activities.

[0035] Although automated rig activity report generation and certain advantages thereof
have been described in detail, it should be understood that various changes, substitutions
and alterations may be made herein without departing from the spirit and scope of the

disclosure as defined by the appended claims.
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CLAIMS:
1. A method for automatically generating a rig activity report, the method comprising;:

(a) receiving sensor measurements from a plurality of surface sensors deployed on a

drilling rig;
(b) processing the sensor measurements received in (a) to compute a plurality of rig states;
(c) computing a high resolution temporal listing of the rig states;

(d) calculating a rig state aggregate of the rig states from the high resolution temporal
listing of the rig states by applying user defined aggregation rules, wherein calculating the rig

state aggregate comprises:
identifying activities in the high resolution temporal listing of the rig states;

determining that the identified activities are members of a category of activities specified

in the user defined aggregation rules; and

clustering the identified activities into the rig state aggregate based on the user defined
aggregation rules, wherein the rig state aggregate represents a relationship between the

identified activities in the high resolution temporal listing; and

(e) generating an activity report based on the rig state aggregate of the rig states and a

user defined report configuration.
2. The method of claim 1, wherein:
the sensor measurements are received continuously in (a);

the sensor measurements are processed in (b) to compute the listing of the rig states as a

function of time; and

the listing of the rig states and the user defined report configuration are processed

automatically in (c) to automatically generate a temporal listing rig activity report.

11
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3.  The method of claim 1, wherein the surface sensors comprise a hook load sensor, a block

position sensor, a drilling fluid pressure sensor, and a top drive or rotary table torque sensor.

4.  The method of claim 1, wherein (a) further comprises receiving sensor measurements

from one or more downhole sensors.
5. The method of claim 1, wherein the rig activity report is an hourly report or a daily report.

6.  The method of claim 1, wherein the rig state comprises at least one of rotary drilling, slide
drilling, in-slips, reaming, back reaming, running in, running in with circulation, running in
with rotation, pulling up, pulling up with circulation, pulling up with rotation, pumping,

rotating, pumping and rotating, or stationary.

7.  The method of claim 1, wherein the rig state is selected from the group consisting of:
rotary drilling, slide drilling, in-slips, reaming, back reaming, running in, running in with
circulation, running in with rotation, pulling up, pulling up with circulation, pulling up with

rotation, pumping, rotating, pumping and rotating, and stationary.
8.  The method of claim 1, wherein calculating the rig state aggregate further comprises:

determining that an activity took place for a duration based on the high resolution

temporal listing of the rig states;

determining that the duration exceeds a predetermined allotted time period specified in

the user defined aggregation rules; and

in response to determining that the duration exceeds the predetermined allotted time
period specified in the user defined aggregation rules, including the activity in the rig state

aggregate.
9.  The method of claim 1, wherein calculating the rig state aggregate further comprises:

determining that an activity that took place based on the high resolution temporal listing

of the rig states;

12
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determining that the activity is one of a plurality of activities listed in the user defined

aggregation rules; and

in response to determining that the activity is one of the plurality of activities listed,

including the activity in the rig state aggregate.
10. The method of claim 1, wherein calculating the rig state aggregate further comprises:
computing a total time performing an activity in predetermined time period;

determining that the total time performing the activity in the predetermined time period

is greater than a threshold time specified by the user defined aggregation rules; and

in response to determining that the total time perform the activity in the predetermined

time period is greater than the threshold time, including the activity in the rig state aggregate.
11. A system for automatically generating a rig activity report, the system comprising:
a plurality of surface sensors deployed on a drilling rig; and

a computer processor in electronic communication with the surface sensors, the processor

configured to automatically:
(a) receive sensor measurements from the surface sensors;
(b) compute rig states from the received sensor measurements;

(c) compute a high resolution temporal listing of the rig states from the received sensor

measurements;

(d) calculate a rig state listing of the rig states from the high resolution temporal listing of
the rig states and user defined aggregation rules, wherein calculating the rig state aggregate

comprises:

identifying activities in the high resolution temporal listing of the rig states;

13
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determining that the identified activities are members of a category of activities specified

in the user defined aggregation rules; and

clustering the identified activities into the rig state aggregate based on the user defined
aggregation rules, wherein the rig state aggregate represents a relationship between the

identified activities in the high resolution temporal listing; and

(e) generate an activity report based on the rig state aggregate of the rig states and a user

defined report configuration.

14
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