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Navigating to Failures in Drilling System Displays
Background
[0001] In one embodiment, the equipment used to drill a well to recover hydrocarbons from the Earth
is called a drilling system.  Drilling control systems and planning tools for drilling operations often
display schematics of a drilling system and data describing the operation of the drilling system. It can

be a challenge to navigate to the location of failures in such drilling system displays.

Brief Description of the Drawings

[0002] Fig. 1 shows one embodiment of a drilling system.
[0003] Fig. 2 shows one embodiment of a drilling control system.

[0004] Figs. 3-6 show one embodiment of a user interface used to navigate to a failure in a display of

the drilling system.
[0005] Fig. 7 is a flow chart.
[0006] Fig. 8 shows one embodiment of an environment for the drilling system.

Detailed Description

[0007] In one embodiment, a drilling system 100, illustrated in Fig. 1, includes a derrick 105 from
which a drill string 110 is suspended in a borehole 112. Fig. 1 is greatly simplified and for clarity does
not show many of the elements that are used in the drilling process. Further, while Fig. 1 shows a
land-based drilling system, the techniques described herein are also useful in a seca-based drilling
system. In one embodiment, the volume within the borehole 112 around the drill string 110 is called
the annulus 114. In one embodiment, the drill string includes a bit 115, a variety of actuators and
sensors, shown schematically by elements 120 and 125, and a telemetry section 130, through which the

downhole equipment communicates with a surface telemetry system 135.

[0008] In one embodiment, a computer 140 receives data from the downhole equipment and sends
commands to the downhole equipment through the surface telemetry system 135. In one embodiment
the computer 140 includes input/output devices, memory, storage, and network communication

equipment, including equipment necessary to connect to the Internet.
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[0009] In one embodiment, the drilling system 100 includes a drilling control system 145 which
monitors and controls the drilling system 100. In one embodiment, the drilling control system 145
monitors sensors (not shown) that detect vibrations, weight on bit, and other parameters of the drilling
system 100 that can be used, along with data collected from the downhole equipment through the
surface telemetry system 135 (which, in one embodiment, it receives from the computer 140) to
analyze drilling system 100 failure modes such as fatigue, yield stress, sinusoidal buckling, helical
buckling, lockup, and torque failure. In one embodiment, the drilling control system 145 uses the

collected data to estimate where in the drilling system such failures have occurred.

[0010] In one embodiment, the drilling control system 145 is part of the computer 140. In one
embodiment, the drilling control system 145 is a process that runs in the computer 140. In one

embodiment, the drilling control system 145 is a separate computer or processor from the computer

140.

[0011] In one embodiment, shown in Fig. 2, the drilling control system 145 includes a housing 202
that encloses a processor 204, a memory 206, and an input/output interface 208, all interconnected by a
bus 210. The processor 204 has access to the memory 206 and the input/output interface 208 through
the bus 210.

[0012] The memory 206 stores a plurality of data records 212a-n (data records 212b-n are represented
by an ellipsis). Each of the data records 212a-n includes a depth zone field 214, a component
description field 216, a failure flag field 218, and other fields represented by ellipsis 220.

[0013] In one embodiment, the depth zone field 214 contains data representing a depth zone, which
describes a range of depths in a well. In one embodiment, the depths are measured depths. In one
embodiment, the depth zone is defined by an upper depth and a lower depth and the range of depths is
the depths between the upper depth and the lower depth. In one embodiment, the depth zone is defined
by a single depth and the range of depths is the range of depths between the single depth and an offset.
In one embodiment, the offset is the same for all data records. In one embodiment, the offset is the
same for sets of data records. For example, if the single depth is 3500 feet and the offset is 50 feet, the
range of depths is 3500-3550 feet.

[0014] In one embodiment, the component description field 216 contains data representing a
description of a component in the drill string in the depth zone for the data record. In one embodiment,
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the component can be any of the components in a drill string including drill pipe, tools, bits, etc. For
example, if the depth zone is 4500-4530 feet and the drill string component at that depth is drill pipe,
the component description field for the data record 212a-n having that depth would contain a
designation representing drill pipe, such as the words “Drill Pipe,” an abbreviation of drill pipe, such

as “DP,” or a code that represents drill pipe.

[0015] In one embodiment, the failure flag field 218 is a flag that is set upon detection of a failure in
the drill string 110 in the depth zone for the data record 212a. In one embodiment, the failure is one of
the failure modes that can be detected by the drilling control system 145 (i.e., fatigue, yield stress,
sinusoidal buckling, helical buckling, lockup, and torque failure). In one embodiment, the other fields
represented by ellipsis 220 are failure flag fields for one or more of the other failure modes that can be

detected by the drilling control system 145.

[0016] In one embodiment, the drilling control system 145 includes a mouse 222, a keyboard 224, and
a graphical user interface 226 that communicate with the processor 204 through the input/output
interface 208. In one embodiment, the mouse 222 is one or more of a standard computer mouse, a
graphics tablet or a similar device. In one embodiment, the keyboard 224 is one or more of a standard
QWERTY keyboard and a key pad. In one embodiment, the graphical user interface 226 is one or

more of a monitor and a television.

[0017] In one embodiment, the drilling control system 145 includes other equipment 228 that
communicate with the processor 204 through the input/output interface 208. In one embodiment, the
other equipment 228 includes standard computer peripherals such as an optical drive, a printer, a
modem, a network interface, a wireless network interface, and other similar equipment. In one
embodiment, the other equipment 228 includes the sensors described above by which the drilling
control system 145 can identify drilling system 100 failure modes. In one embodiment, the other
equipment 228 includes the surface telemetry system 135. In one embodiment, the other equipment

228 includes the computer 140.

[0018] In one embodiment, the drilling control system 145 includes a data store 230, such as a hard
drive or a similar device that is accessible to the processor 204 through the bus 210. In one
embodiment, the data store 230 stores an operating system and programs to, among other things,

accomplish the functions described in this patent application.
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[0019] In one embodiment, the processor executes a program stored on the data store 230, gathers data
from the other equipment 228, accepts further input from the keyboard 224 and mouse 222, analyzes
the collected data, and displays the result on the graphical user interface 226. In one embodiment, the
results are displayed in a well schematic display area 232, where a well schematic can be displayed,
and a well data display area 234, which displays data collected by the drilling control system 145. It
will be understood that other data beyond that shown in Fig. 2 can also be displayed on the graphical

user interface 226.

[0020] In one embodiment, shown in Figs. 3-6, the well schematic display area 232 includes a
representation of the drill string 110. In the embodiment illustrated in Figs. 3-6, the well schematic
display area 232 includes a well schematic which includes a representation of a well head 302,
multiple representations of drill pipe 304 (only one section of drill pipe is labeled), a representation of

well casing 306, a representation of a casing shoe 308, and a representation of the borehole wall 310.

[0021] In one embodiment, shown in Figs. 3-6, the well data display area 234 includes a well data
table 314, which includes a column for measured depth 316, a column for component type 318, and
one or more columns for drill system failures 320. In one embodiment, the one or more columns for
drill system failures 320 includes, as indicated by the labels at the top of the one or more columns for
drill system failures 320, a column for fatigue, a column for 90% yield stress, a column for 100% yield
stress, a column for sinusoidal buckling, a column for helical buckling, a column for lockup, and a
column for torque failure. It will be understood that the drill string failures shown in Figs. 3-6 is
merely an example. Other embodiments include other drill system failures. Still other embodiments

display fewer drill system failures. Still other embodiments display more drill system failures.

[0022] In one embodiment, the one or more columns of the well data table 314 are divided into depth
zone rows 322. In one embodiment, the content of each of the cells in the resulting matrix of cells,
where each cell is the intersection of a row and a column, corresponds to the presence or absence of the
drill system failure associated with the intersecting column at the measured depth zone associated with
the intersecting row. In one embodiment, an empty or blank cell indicates that the drill system failure
associated with the column that intersects at that cell is not present at the depth associated with the row
that intersects at that cell and the presence of a value, such as an “x,” indicates that the corresponding

fault has occurred at the corresponding depth. For example, in one embodiment, cell 324 represents

the presence or absence of the drill system failure “torque failure” at measured depth 4740-4770 feet
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(in the example, each row corresponds to a range of 30 feet of measured depth). The fact that cell 324
is empty indicates that the drilling system 100 has not experienced torque failure at measured depth
4740-4770 feet. If cell 324 contained a value, such as an “x,” that would indicate that the drilling
system 100 had experienced torque failure at measured depth 4740-4770 feet.

[0023] In one embodiment, each of the depth zone rows 322 corresponds to data contained in one data
record 212a-n. In one embodiment, the measured depth column 316 contains a representation of the
data contained in the depth zone field 214 of a corresponding data record 212a-n. In one embodiment,
the component type column 318 contains a representation of the component description field 216. In
one embodiment, the drill system failure fields 320 contain a representation of the data contained in the
failure flag field 218 and the other failure flag fields contained in the other fields 220 of a

corresponding data record 212a-n.

[0024] In one embodiment, if a fault (or faults) occurs in the drilling system 100, the processor 204
receives data from the other equipment 228 through the input/output interface 208 and interprets the
data to identify the fault (or faults) and the location of the fault (or faults) in the drilling system 100. In
one embodiment, the processor 204 will set the flags in the failure flag field 218 or the other fields 220
corresponding to the identified fault (or faults) in the data record or data records 212a-n that
correspond to the location of the identified fault (or faults). For example, if the processor 204
determines that the drill string 110 is experiencing sinusoidal buckling at 4530 feet of measured depth,
in one embodiment the processor 204 will set the failure flag field 218 or other field 220 associated
with the sinusoidal buckling failure in the data record 212a-n which has a depth zone field 214 that
includes 4530 feet.

[0025] In another embodiment, the data records 212a-n are populated by a planning tool 236 (see
Fig. 2), and may not be associated with a real-time drilling operation. In one embodiment, the
planning tool 236 is software stored on the data store 230 (along with other software 238) that is
executed by the processor 204. In one embodiment, the output of the planning tool 236 is displayed on
the graphical user interface 226, and its inputs are provided through the mouse 222 and keyboard 224.
In one embodiment, the planning tool 236 allows a user to vary drilling system parameters such as
fluids, rotation speed, weight on bit, etc. for a drilling system 100 being modeled. The planning tool
236 will predict the type and location of a drill system failure (or failures) under those circumstances.

In one embodiment, the planning tool 236 sets the flags in the failure flag field 218 or the other fields
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220 corresponding to the identified fault (or faults) in the data record or data records 212a-n that
correspond to the location of the identified fault (or faults). For example, if the planning tool 236
predicts that the drill string 110 will experience sinusoidal buckling at 4530 feet of measured depth, in
one embodiment the planning tool 236 will set the failure flag field 218 or other field 220 associated
with the sinusoidal buckling failure in the data record 212a-n which has a depth zone field 214 that
includes 4530 feet.

[0026] In one embodiment, the processor then causes the portion of the graphical user interface’s 226
well schematic display area 232 where the fault occurred (i.e., where the failure flag field 218 or the
other failure fields 220 have been set) to be shaded as shown in Fig. 4. In one embodiment, the
processor causes an alarm icon, such as a triangle with an overlaid exclamation point, and text
indicating the type of failure and details of the depth where the failure occurred to be displayed on the
graphical user interface 226 adjacent to the shaded areas. For example, in the embodiment shown in
Fig. 4, the depth zones representing 4530-4830, 4830-5160, and 7200-16550 feet have been shaded. In
addition, an alarm icon and the text “Sinusoidal Buckling 4530-4830 ft” is displayed adjacent to the
4530-4830 foot shaded area, an alarm icon and the text “Helical Buckling 4830-5160 ft” is displayed
adjacent to the 4830-5160 foot shaded area, and an alarm icon and the text “Sinusoidal Buckling 7200-
16550 ft” is displayed adjacent to the 7200-16550 foot shaded area. Further, the cells representing
“Sinusoidal Buckling” for the depth range 4530 through 4740 in the well data table 314 display an “x”
indicating that sinusoidal buckling is occurring in that depth range. The depth range where sinusoidal

buckling is occurring extends off the bottom of the page.

[0027] In one embodiment, illustrated in Fig. 5, moving the mouse 222 so that its cursor appears over a
zone in the well schematic display area 232 where an error has occurred, or over the text associated
with the error, is detected by the processor 204 and the processor 204 causes highlighting to appear on
the graphical user interface 226. For example, in one embodiment, moving the mouse to position 502
over the 7200-16550 foot zone in the well schematic display area 232 or to position 504 over the text
describing the error that has been reported for that zone, causes those areas to be highlighted by, for
example, changing the color of the 7200-16550 foot zone or changing a degree of transparency

associated with the existing shading and adding additional shading 506 over the alarm icon and text.

[0028] In one embodiment, illustrated in Fig. 6, clicking the mouse 222 when it is in one of the

positions 502 and 504 shown in Fig. 5 is detected by the processor 204 and the processor causes the
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well data table 314 to be scrolled on the graphical user device 226 until the data associated with the
selected zone is displayed. In the example shown in Fig. 6, in one embodiment, the well data table 314
has scrolled from the position shown in Fig. 5 to the position shown in Fig. 6 in which the data from

measured depth from 7200 through 7590 feet is displayed.

[0029] In use, in one embodiment, as shown in Fig. 7, the drilling control system 145 stores a plurality
of data records 212a-n in a memory 206 (block 702). In one embodiment, the data records comprise
data about a drill string 110 in a well borehole 112. In one embodiment, each data record includes a
depth zone, wherein the depth zone comprises a range of depths in the well. In one embodiment, each
data record includes a description of a component in the drill string in the depth zone for this data
record. In one embodiment, each data record includes a failure flag that, when set, represents a failure

in the drill string at the depth zone for this data record.

[0030] In one embodiment, the drilling control system 145 uses the processor 204 with access to the
memory 206 to generate and transmit for display on a graphical user interface 226 a schematic of a
portion of the drill string 110 (block 704). In one embodiment, the schematic is displayed in a well
schematic display area 232 of the graphical user interface 226.

[0031] In one embodiment, the drilling control system 145 uses the processor 204 to emphasize on the
schematic of the portion of the drill string on the graphical user interface 226 a representation of an
emphasized depth zone, wherein a failure flag in a data record 212a-n for the emphasized depth zone is
set (block 706). In one embodiment, the failure flag is stored in a failure flag field 218 in a data record

212a-n.

[0032] In one embodiment, shown in Fig. &, the drilling control system 145 is controlled by software
in the form of a computer program on a computer readable media 805, such as a CD, a DVD, a
portable hard drive or other portable memory. In one embodiment, a processor 810, which may be the
same as or included in the processor 204, reads the computer program from the computer readable
media 805 through an input/output device 815 and stores it in a memory 820 where it is prepared for
execution through compiling and linking, if necessary, and then executed. In one embodiment, the
system accepts inputs through an input/output device 815, such as a keyboard or keypad, and provides

outputs through an input/output device 815, such as a monitor or printer. In one embodiment, the
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system stores the results of calculations in memory 820 or modifies such calculations that already exist

in memory 820.

[0033] In one embodiment, the results of calculations that reside in memory 820 are made available
through a network 825 to a remote real time operating center §30. In one embodiment, the remote real
time operating center 830 makes the results of calculations available through a network 835 to help in

the planning of oil wells 840 or in the drilling of oil wells 840.
[0034] The word “coupled” herein means a direct connection or an indirect connection.

[0035] The text above describes one or more specific embodiments of a broader invention. The
invention also is carried out in a variety of alternate embodiments and thus is not limited to those
described here. The foregoing description of an embodiment of the invention has been presented for
the purposes of illustration and description. It is not intended to be exhaustive or to limit the invention
to the precise form disclosed. Many modifications and variations are possible in light of the above
teaching. It is intended that the scope of the invention be limited not by this detailed description, but

rather by the claims appended hereto.
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Claims

What 1s claimed is:

1. A method comprising;:
storing a plurality of data records in a memory, wherein the data records comprise data about a
drill string in a well and wherein each data record comprises:
a depth zone, wherein the depth zone comprises a range of depths in the well,
a description of a component in the drill string in the depth zone for this data record,
and
a failure flag that, when set, represents a failure in the drill string at the depth zone for
this data record,
using a processor with access to the memory to generate and transmit for display on a graphical
user interface a schematic of a portion of the drill string; and
using the processor to emphasize on the schematic of the portion of the drill string on the
graphical user interface a representation of an emphasized depth zone, wherein a failure

flag in a data record for the emphasized depth zone is set.

2. The method of claim 1 wherein, when emphasizing the representation of the emphasized depth
zone, the processor shades the representation of the emphasized depth zone on the graphical user

interface.

3. The method of claim 1 wherein, when emphasizing the representation of the emphasized depth
zone, the processor displays text adjacent to the representation of the emphasized depth zone on the
graphical user interface, the text indicating a type of failure and a depth at which the failure in the drill

string occurred.

4. The method of claim 3 further comprising:
the processor detecting the movement of a cursor over the text indicating the type of failure on
the graphical user interface; and, as a result:
the processor highlighting the representation of the emphasized depth zone on the schematic of

the portion of the drill string on the graphical user interface.
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5. The method of claim 3 further comprising;:
the processor detecting the movement of a cursor over the representation of the emphasized
depth zone on the schematic of the portion of the drill string on the graphical user
interface; and, as a result:
5 the processor highlighting the representation of the emphasized depth zone on the schematic of

the portion of the drill string on the graphical user interface.

6. The method of claim 3 further comprising:
the processor detecting a selection of the representation of the emphasized depth zone on the
schematic of the portion of the drill string on the graphical user interface; and, as a
10 result:
the processor displaying on the graphical user interface data from the data record for the

emphasized depth zone.

7. The method of claim 3 further comprising:
the processor detecting a selection of the representation of the emphasized depth zone on the
15 schematic of the portion of the drill string on the graphical user interface; and, as a
result:
the processor displaying on the graphical user interface data from the data record for the
emphasized depth zone and data for depth zones adjacent to the emphasized depth

zonce.
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8. A computer program stored in a non-transitory computer readable storage medium, the computer
program comprising executable instructions that cause a processor to:
store a plurality of data records in a memory, wherein the data records comprise data about a
drill string in a well and wherein each data record comprises:
a depth zone, wherein the depth zone comprises a range of depths in the well,
a description of a component in the drill string in the depth zone for this data record,
and
a failure flag that, when set, represents a failure in the drill string at the depth zone for
this data record,
generate and transmit for display on a graphical user interface a schematic of a portion of the
drill string; and
emphasize on the schematic of the portion of the drill string on the graphical user interface a
representation of an emphasized depth zone, wherein a failure flag in a data record for

the emphasized depth zone is set.

9. The computer program of claim 8 wherein, when emphasizing the representation of the emphasized
depth zone, the processor shades the representation of the emphasized depth zone on the graphical user

interface.

10. The computer program of claim 8 wherein, when emphasizing the representation of the
emphasized depth zone, the processor displays text adjacent to the representation of the emphasized
depth zone on the graphical user interface, the text indicating a type of failure and a depth at which the

failure in the drill string occurred.

11. The computer program of claim 10 further comprising executable instructions that cause the
processor to:
detect the movement of a cursor over the text indicating the type of failure on the graphical user
interface; and, as a result:
highlight the representation of the emphasized depth zone on the schematic of the portion of

the drill string on the graphical user interface.
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12. The computer program of claim 10 further comprising executable instructions that cause the
processor to:
detect the movement of a cursor over the representation of the emphasized depth zone on the
schematic of the portion of the drill string on the graphical user interface; and, as a
result:
highlight the representation of the emphasized depth zone on the schematic of the portion of

the drill string on the graphical user interface.

13. The computer program of claim 10 further comprising executable instructions that cause the
processor to:
detect a selection of the representation of the emphasized depth zone on the schematic of the
portion of the drill string on the graphical user interface; and, as a result:
display on the graphical user interface data from the data record for the emphasized depth

zonce.

14. The computer program of claim 10 further comprising executable instructions that cause the
processor to:
detect a selection of the representation of the emphasized depth zone on the schematic of the
portion of the drill string on the graphical user interface; and, as a result:
display on the graphical user interface data from the data record for the emphasized depth zone

and data for depth zones adjacent to the emphasized depth zone.

15. A system comprising:
a memory operable to store a plurality of data records, wherein the data records comprise data
about a drill string in a well and wherein each data record comprises:
a depth zone, wherein the depth zone comprises a range of depths in the well,
a description of a component in the drill string in the depth zone for this data record,
and
a failure flag that, when set, represents a failure in the drill string at the depth zone for
this data record,
a processor with access to the memory, the processor operable to:
generate and transmit for display on a graphical user interface a schematic of a portion

of the drill string; and
12
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emphasize on the schematic of the portion of the drill string on the graphical user
interface a representation of an emphasized depth zone, wherein a failure flag in

a data record for the emphasized depth zone is set.

16. The system of claim 15 wherein, when emphasizing the representation of the emphasized depth
zone, the processor is operable to shade the representation of the emphasized depth zone on the

graphical user interface.

17. The system of claim 15 wherein, when emphasizing the representation of the emphasized depth
zone, the processor is operable to display text adjacent to the representation of the emphasized depth
zone on the graphical user interface, the text indicating a type of failure and a depth at which the

failure in the drill string occurred.

18. The system of claim 17 wherein the processor is operable to:
detect the movement of a cursor over the text indicating the type of failure on the graphical user
interface; and, as a result:
highlight the representation of the emphasized depth zone on the schematic of the portion of

the drill string on the graphical user interface.

19. The system of claim 17 wherein the processor is operable to:
detect the movement of a cursor over the representation of the emphasized depth zone on the
schematic of the portion of the drill string on the graphical user interface; and, as a
result:
highlight the representation of the emphasized depth zone on the schematic of the portion of

the drill string on the graphical user interface.

20. The system of claim 17 wherein the processor is operable to:
detect a selection of the representation of the emphasized depth zone on the schematic of the
portion of the drill string on the graphical user interface; and, as a result:
display on the graphical user interface data from the data record for the emphasized depth

zonce.
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