wo 2020/076712 A1 |0 0000 KO0 A 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
16 April 2020 (16.04.2020)

(10) International Publication Number

WO 2020/076712 Al

WIPO I PCT

(51) International Patent Classification:
E2IB 41/00 (2006.01) G060 50/02 (2012.01)
E21IB 43/12 (2006.01) G060 10/06 (2012.01)

(21) International Application Number:
PCT/US2019/055017

(22) International Filing Date:
07 October 2019 (07.10.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
16/158,236 11 October 2018 (11.10.2018)  US

(71) Applicant (for US only): SCHLUMBERGER TECH-
NOLOGY CORPORATION [US/US], 300 Schlumberg-
er Drive, Sugar Land, Texas 77478 (US).

(71) Applicant (for CA only): SCHLUMBERGER CANADA
LIMITED [CA/CA]; 125 -9 Avenue SE, Calgary, Alberta
T2G 0P6 (CA).

(71) Applicant (for FR onb): SERVICES PETROLIERS
SCHLUMBERGER [FR/FR]; 42 rue Saint Dominique,
75007 Paris (FR).

(71) Applicant (for all designated States except CA, IR,
US): GEOQUEST SYSTEMS B.V. [NL/NL]; Gevers
Deynootweg 61, 2586 BJ The Hague (NL).

Inventors: CAMILLERI, Lawrence, Services Tech-
niques Schlumberger, Le Palatin 1, 1 cour du Triangle,
92936 La Defense (FR). FASON, James; 5599 San Felipe,
Houston, Texas 77056 (US). EL GINDY, Mohammed;
Services Petroliers Schlumberger(SPS), Base MDI1, PO
Box 76, Hassi Messaoud, 30500 (DZ). RUSAKOV, Alex-
ey; Schlumberger, EAF ALSC - Inverurie, Harlaw Road,
Harlaw Industrial Estate, Inveruric Aberdeenshire AB51
4TE (GB). WRIGHT, Hunter; 5599 San Felipe, Houston,
Texas 77056 (US). LYNCH, Irving, Software Integrated
Solutions, 5599 San Felipe Rd Suite 100, Houston, Texas
77056 (US).

Agent: WIER, Colin L. et al.; Schlumberger, 10001 Rich-
mond Avenue, Room 4720, Houston, Texas 77042 (US).

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,

(54) Title: AUTOMATIC SHIFT DETECTION FOR OIL & GAS PRODUCTION SYSTEM

(57) Abstract: A computer-implemented method and apparatus for monitoring an

10 electric submersible pump and detecting a shift are disclosed. A leading and a lag-
N Computer 12 ging average over a predetermined period of time may be determined for a data
Memory 18 stream obtained from an oil and gas production system, and a difference between

Petro-technical module 32

E&P Platform 34

Operating System 30

CPU 14 ‘Procm‘ wo ‘Procﬁ‘

Mass Storage 20 User I/F 22

Database 36 " Network IfF |
24

Server 28 R PR
Collaboration - Network 4
Platform 38 - B

FIG. 1

the leading average and the lagging average may be used to detect a shift.

[Continued on next page]



WO 2020/07671:2 A [I 1000000000 0O

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/076712 PCT/US2019/055017

AUTOMATIC SHIFT DETECTION FOR OIL & GAS PRODUCTION SYSTEM

Cross Reference Paragraph

10001} This application claims the benefit of U.S. Non-Provisional Application
No. 16/158,621, entitled " AUTOMATIC SHIFT BETECTION FOR OIL & GAS
PRODUCTION SYSTEM " filed October 11, 2018, the disclosure of which is hereby

incorporated herein by reference.

Background
[0002] Oil and gas production systems often use artificial lift technologies, such

as electric submersible pumps, to increase production. However, control over the flow
rate within these pumps is often difficult due to the high pressures involved with these
pumps. Furthermore, due to the lengths of the wellbores within which these pumps may
be installed downhole, friction may need to be taken into consideration in order to

achieve a single, accurate calibration over a wide range of flow rates.

[0003] Conventional methods for evaluating pump performance and controlling
flow rates may be based on measuring flow rate and/or pump intake, discharge
temperatures, and tubing pressure differentials. Such methods also necessitate manual
detection of “shifts.” A “shift” as referred to herein is a change in the “head” or tubing
pressure difference (e.g., the difference between a downhole tube pressure and a top
hole tube pressure). “Shifts” may occur for numerous reasons, including but not limited
to, a pump being turned off, a calibration issue, a valve closure, a terminal failure, a
calculation error, etc. Undetected shifts may be costly to overall production as they can
result in downtime for a pump, and in some instances may even cause damage or

failure of a pump.

Summary
[0004] The embodiments disclosed herein provide a method, apparatus, and

program product that monitor one or more pumps in an oil & gas production system to
automatically detect, and in some instances, automatically address shifts. As described

in greater detail herein, shifts are generally considered to be changes in tubing pressure
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difference (e.g. the difference between a downhole tube pressure and a top hole tube

pressure).

[0005] Therefore, consistent with one aspect of the invention, a method for
monitoring an electric submersible pump and detecting a shift is disclosed. The method
include obtaining, from an oil and gas production system, a data stream; determining,
by a processor, a leading and a lagging average over a predetermined period of time for
the data stream; determining, by the processor, a difference between the leading
average and the lagging average; detecting, by the processor, a shift where the
difference between the leading average and the lagging average is greater than a
predetermined threshold; sending, by the processor, a signal to the production system

regarding the shift.

[0006] In some embodiments, the method additionally includes validating, by
the processor, the detection of the shift. In some embodiments, the shift is validated
where the difference between the leading average and the lagging average of at least
one of a tubing head pressure, a drive frequency, or a volts/hertz is greater than the
predetermined threshold at any point between a first state and a second state. In other
embodiments, the shift is indicative of a pump off and is validated by movement from a

stable state to an out of shift state.

[0007] In some embodiments, the method additionally includes reporting, by the
processor, the detected shift to a user. In other embodiments, the method additionally
includes determining, by the processor, an offset based on the difference between the
leading average and the lagging average, and applying, by the processor, the offset to

the data obtained from the pump.

[0008] In some embodiments, the data stream is at least one of: differential

tubing pressure, drive frequency, tubing head pressure, or a volts to hertz ratio.

[0009] Consistent with another aspect of the invention, an apparatus is
disclosed. The apparatus includes at least one processing unit; and program code

configured upon execution by the at least one processing unit to monitor an electric

.
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submersible pump and detect a shift by: obtaining, from an oil and gas production
system, a data stream; determining a leading and a lagging average over a
predetermined period of time for the data stream; determining a difference between the
leading average and the lagging average; detecting a shift where the difference
between the leading average and the lagging average is greater than a predetermined
threshold; sending a signal to the production system regarding the shift; and validating
the detection of the shift.

[0010] In some embodiments, the shift is validated where the difference
between the leading average and the lagging average of at least one of a tubing head
pressure, a drive frequency, or a volts/hertz is greater than the predetermined threshold
at any point between a first state and a second state. In other embodiments, the shift is
indicative of a pump off and is validated by movement from a stable state to an out of
shift state.

[0011] In some embodiments, the program code is further configured to report
the detected shift to a user. In other embodiments, the program code is further
configured by: determining an offset based on the difference between the leading
average and the lagging average; and applying the offset to the data obtained from the

electric submersible pump.

[0012] In some embodiments, the data stream is at least one of: differential

tubing pressure, drive frequency, tubing head pressure, or a volts to hertz ratio.

[0013] Consistent with yet another aspect of the invention, a program product is
disclosed. The program producing includes a computer readable medium; and program
code stored on the computer readable medium and configured upon execution by at
least one processing unit to perform electric submersible pump monitoring and shift
detection by: obtaining, from an oil and gas production system, a data stream;
determining a leading and a lagging average over a predetermined period of time for the
data stream; determining a difference between the leading average and the lagging

average, detecting a shift where the difference between the leading average and the
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lagging average is greater than a predetermined threshold; sending a signal to the

production system regarding the shift; and validating the detection of the shift.

[0014] In some embodiments, the shift is validated where the difference
between the leading average and the lagging average of at least one of a tubing head
pressure, a drive frequency, or a volts/hertz is greater than the predetermined threshold
at any point between a first state and a second state. In other embodiments, the shift is
indicative of a pump off and is validated by movement from a stable state to an out of
shift state.

[0015] In some embodiments, the program code is further configured to report
the detected shift to a user. In other embodiments, the program code is further
configured by: determining an offset based on the difference between the leading
average and the lagging average; and applying the offset to the data obtained from the

electric submersible pump.

[0016] These and other advantages and features, which characterize the
invention, are set forth in the claims annexed hereto and forming a further part hereof.
However, for a better understanding of the invention, and of the advantages and
objectives attained through its use, reference should be made to the Drawings, and to
the accompanying descriptive matter, in which there is described example embodiments
of the invention. This summary is merely provided to introduce a selection of concepts
that are further described below in the detailed description, and 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.

Brief Description of the Drawings

[0017] FIGURE 1 is a block diagram of an example hardware and software
environment for a data processing system in accordance with implementation of various

technologies and techniques described herein.
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[0018] FIGURES 2A-2D illustrate simplified, schematic views of an oilfield
having subterranean formations containing reservoirs therein in accordance with

implementations of various technologies and techniques described herein.

[0019] FIGURE 3 illustrates a schematic view, partially in cross section of an
oilfield having a plurality of data acquisition tools positioned at various locations along
the oilfield for collecting data from the subterranean formations in accordance with

implementations of various technologies and techniques described herein.

[0020] FIGURE 4 illustrates a production system for performing one or more
oilfield operations in accordance with implementations of various technologies and

techniques described herein.

[0021] FIGURE 5 is a flowchart illustrating an example sequence of operations
for monitoring a pump and detecting and addressing a shift using the data processing

system of Fig. 1.

[0022] FIGURE 6 is an example state diagram for a pump state machine in
accordance with implementations of various technologies and techniques described

herein.

[0023] FIGURE 7A is an example timeline for calculating a leading and a
lagging average over a configurable window of time in accordance with implementations

of various technologies and techniques described herein.

[0024] FIGURE 7B is another example timeline for calculating a leading and a
lagging average over a configurable window of time in accordance with implementations

of various technologies and techniques described herein.

Detailed Description

[0025] The herein-described embodiments provide a method, apparatus, and
program product that monitor one or more pumps in an oil & gas production system to
automatically detect, and in some instances, automatically address shifts, which are

changes in tubing pressure difference (e.g. the difference between a downhole tube
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pressure and a top hole tube pressure) associated with pump frequency and/or tubing
head pressure changes. In some embodiments, data from one or more data streams
(e.g. a differential tubing pressure data steam, drive frequency data stream, tubing head
pressure data stream, or a volts to hertz ratio data stream) may be obtained and
analyzed, as described more fully herein, in order to detect a shift. Once detected the
shift may be validated in various manners described herein. In addition, based on the
shift detected, an offset may be calculated and applied to the data stream(s) to optimize

functioning of the pump and production system.

[0026] Other variations and modifications will be apparent to one of ordinary

skill in the art.

Hardware and Software Environment

[0027] Turning now to the drawings, wherein like numbers denote like parts
throughout the several views, Fig. 1 illustrates an example data processing system 10 in
which the various technologies and techniques described herein may be implemented.
System 10 is illustrated as including one or more computers 12, e.g., client computers,
each including a central processing unit (CPU) 14 including at least one hardware-
based processor or processing core 16. CPU 14 is coupled to a memory 18, which may
represent the random access memory (RAM) devices comprising the main storage of a
computer 12, as well as any supplemental levels of memory, e.g., cache memories,
non-volatile or backup memories (e.g., programmable or flash memories), read-only
memories, etc. In addition, memory 18 may be considered to include memory storage
physically located elsewhere in a computer 12, e.g., any cache memory in a
microprocessor or processing core, as well as any storage capacity used as a virtual
memory, e.g., as stored on a mass storage device 20 or on another computer coupled

to a computer 12.

[0028] Each computer 12 also generally receives a number of inputs and
outputs for communicating information externally. For interface with a user or operator,
a computer 12 generally includes a user interface 22 incorporating one or more user

input/output devices, e.g., a keyboard, a pointing device, a display, a printer, etc.
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Otherwise, user input may be received, e.g., over a network interface 24 coupled to a
network 26, from one or more external computers, e.g., one or more servers 28 or other
computers 12. A computer 12 also may be in communication with one or more mass
storage devices 20, which may be, for example, internal hard disk storage devices,

external hard disk storage devices, storage area network devices, etc.

[0029] A computer 12 generally operates under the control of an operating
system 30 and executes or otherwise relies upon various computer software
applications, components, programs, objects, modules, data structures, etc. For
example, a petro-technical module or component 32 executing within an exploration and
production (E&P) platform 34 may be used to access, process, generate, modify or
otherwise utilize petro-technical data, e.g., as stored locally in a database 36 and/or
accessible remotely from a collaboration platform 38. Collaboration platform 38 may be
implemented using multiple servers 28 in some implementations, and it will be
appreciated that each server 28 may incorporate a CPU, memory, and other hardware

components similar to a computer 12.

[0030] In one non-limiting embodiment, for example, E&P platform 34 may
implemented as the PETREL Exploration & Production (E&P) software platform, while
collaboration platform 38 may be implemented as the STUDIO E&P KNOWLEDGE
ENVIRONMENT platform, both of which are available from Schlumberger Ltd. and its
affiliates. It will be appreciated, however, that the techniques discussed herein may be
utilized in connection with other platforms and environments, so the invention is not

limited to the particular software platforms and environments discussed herein.

[0031] It will be appreciated that the herein-described techniques may be
implemented in a number of different computers, computer systems, devices, etc. In
some embodiments, the herein-described techniques may be implemented within a
production computer. In other embodiments, the implementation may be within an on-
site computer at an oil field, within a pump itself (e.g. a smart pump), in a well or pump
controller, in a cloud service, in a remote server, in another computer or electric device,

or in various combinations thereof.
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[0032] In general, the routines executed to implement the embodiments
disclosed herein, whether implemented as part of an operating system or a specific
application, component, program, object, module or sequence of instructions, or even a
subset thereof, will be referred to herein as "computer program code," or simply
"program code." Program code generally comprises one or more instructions that are
resident at various times in various memory and storage devices in a computer, and
that, when read and executed by one or more hardware-based processing units in a
computer (e.g., microprocessors, processing cores, or other hardware-based circuit
logic), cause that computer to perform the steps embodying desired functionality.
Moreover, while embodiments have and hereinafter will be described in the context of
fully functioning computers and computer systems, those skilled in the art will
appreciate that the various embodiments are capable of being distributed as a program
product in a variety of forms, and that the invention applies equally regardless of the

particular type of computer readable media used to actually carry out the distribution.

[0033] Such computer readable media may include computer readable storage
media and communication media. Computer readable storage media is non-transitory
in nature, and may include volatile and non-volatile, and removable and non-removable
media implemented in any method or technology for storage of information, such as
computer-readable instructions, data structures, program modules or other data.
Computer readable storage media may further include RAM, ROM, erasable
programmable read-only memory (EPROM), electrically erasable programmable read-
only memory (EEPROM), flash memory or other solid state memory technology, CD-
ROM, DVD, or other optical storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other medium that can be used to
store the desired information and which can be accessed by computer 10.
Communication media may embody computer readable instructions, data structures or
other program modules. By way of example, and not limitation, communication media
may include wired media such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other wireless media. Combinations

of any of the above may also be included within the scope of computer readable media.
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[0034] Various program code described hereinafter may be identified based
upon the application within which it is implemented in a specific embodiment of the
invention. However, it should be appreciated that any particular program nomenclature
that follows is used merely for convenience, and thus the invention should not be limited
to use solely in any specific application identified and/or implied by such nomenclature.
Furthermore, given the endless number of manners in which computer programs may
be organized into routines, procedures, methods, modules, objects, and the like, as well
as the various manners in which program functionality may be allocated among various
software layers that are resident within a typical computer (e.g., operating systems,
libraries, API's, applications, applets, etc.), it should be appreciated that the invention is
not limited to the specific organization and allocation of program functionality described

herein.

[0035] Furthermore, it will be appreciated by those of ordinary skill in the art
having the benefit of the instant disclosure that the various operations described herein
that may be performed by any program code, or performed in any routines, workflows,
or the like, may be combined, split, reordered, omitted, and/or supplemented with other
technigues known in the art, and therefore, the invention is not limited to the particular

sequences of operations described herein.

[0036] Those skilled in the art will recognize that the example environment
illustrated in Fig. 1 is not intended to limit the invention. Indeed, those skilled in the art
will recognize that other alternative hardware and/or software environments may be

used without departing from the scope of the invention.

Qilfield Operations

[0037] Figs. 2A-2D illustrate simplified, schematic views of an oilfield 100
having subterranean formation 102 containing reservoir 104 therein in accordance with
implementations of various technologies and techniques described herein. Fig. 2A
illustrates a survey operation being performed by a survey tool, such as seismic truck
106.1, to measure properties of the subterranean formation. The survey operation is a

seismic survey operation for producing sound vibrations. In Fig. 2A, one such sound
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vibration, sound vibration 112 generated by source 110, reflects off horizons 114 in
earth formation 116. A set of sound vibrations is received by sensors, such as
geophone-receivers 118, situated on the earth's surface. The data received 120 is
provided as input data to a computer 122.1 of a seismic truck 106.1, and responsive to
the input data, computer 122.1 generates seismic data output 124. This seismic data
output may be stored, transmitted or further processed as desired, for example, by data

reduction.

[0038] Fig. 2B illustrates a drilling operation being performed by drilling tools
106.2 suspended by rig 128 and advanced into subterranean formations 102 to form
wellbore 136. Mud pit 130 is used to draw drilling mud into the drilling tools via flow line
132 for circulating drilling mud down through the drilling tools, then up wellbore 136 and
back to the surface. The drilling mud may be filtered and returned to the mud pit. A
circulating system may be used for storing, controlling, or filtering the flowing drilling
muds. The drilling tools are advanced into subterranean formations 102 to reach
reservoir 104. Each well may target one or more reservoirs. The drilling tools are
adapted for measuring downhole properties using logging while drilling tools. The

logging while drilling tools may also be adapted for taking core sample 133 as shown.

[0039] Computer facilities may be positioned at various locations about the
oilfield 100 (e.g., the surface unit 134) and/or at remote locations. Surface unit 134 may
be used to communicate with the drilling tools and/or offsite operations, as well as with
other surface or downhole sensors. Surface unit 134 is capable of communicating with
the drilling tools to send commands to the drilling tools, and to receive data therefrom.
Surface unit 134 may also collect data generated during the drilling operation and

produces data output 135, which may then be stored or transmitted.

[0040] Sensors (S), such as gauges, may be positioned about oilfield 100 to
collect data relating to various oilfield operations as described previously. As shown,
sensor (S) is positioned in one or more locations in the drilling tools and/or at rig 128 to
measure drilling parameters, such as weight on bit, torque on bit, pressures,

temperatures, flow rates, compositions, rotary speed, and/or other parameters of the
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field operation. Sensors (S) may also be positioned in one or more locations in the

circulating system.

[0041] Drilling tools 106.2 may include a bottom hole assembly (BHA) (not
shown), generally referenced, near the drill bit (e.g., within several drill collar lengths
from the drill bit). The bottom hole assembly includes capabilities for measuring,
processing, and storing information, as well as communicating with surface unit 134.
The bottom hole assembly further includes drill collars for performing various other

measurement functions.

[0042] The bottom hole assembly may include a communication subassembly
that communicates with surface unit 134. The communication subassembly is adapted
to send signals to and receive signals from the surface using a communications channel
such as mud pulse telemetry, electro-magnetic telemetry, or wired drill pipe
communications. The communication subassembly may include, for example, a
transmitter that generates a signal, such as an acoustic or electromagnetic signal, which
is representative of the measured drilling parameters. It will be appreciated by one of
skill in the art that a variety of telemetry systems may be employed, such as wired drill

pipe, electromagnetic or other known telemetry systems.

[0043] Generally, the wellbore is drilled according to a drilling plan that is
established prior to drilling. The drilling plan sets forth equipment, pressures,
trajectories and/or other parameters that define the drilling process for the wellsite. The
drilling operation may then be performed according to the drilling plan. However, as
information is gathered, the drilling operation may need to deviate from the drilling plan.
Additionally, as drilling or other operations are performed, the subsurface conditions
may change. The earth model may also need adjustment as new information is

collected.

[0044] The data gathered by sensors (S) may be collected by surface unit 134
and/or other data collection sources for analysis or other processing. The data collected
by sensors (S) may be used alone or in combination with other data. The data may be

collected in one or more databases and/or transmitted on or offsite. The data may be
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historical data, real time data, or combinations thereof. The real time data may be used
in real time, or stored for later use. The data may also be combined with historical data
or other inputs for further analysis. The data may be stored in separate databases, or

combined into a single database.

[0045] Surface unit 134 may include transceiver 137 to allow communications
between surface unit 134 and various portions of the oilfield 100 or other locations.
Surface unit 134 may also be provided with or functionally connected to one or more
controllers (not shown) for actuating mechanisms at oilfield 100. Surface unit 134 may
then send command signals to oilfield 100 in response to data received. Surface unit
134 may receive commands via transceiver 137 or may itself execute commands to the
controller. A processor may be provided to analyze the data (locally or remotely), make
the decisions and/or actuate the controller. In this manner, oilfield 100 may be
selectively adjusted based on the data collected. This technique may be used to
optimize portions of the field operation, such as controlling drilling, weight on bit, pump
rates, or other parameters. These adjustments may be made automatically based on
computer protocol, and/or manually by an operator. In some cases, well plans may be

adjusted to select optimum operating conditions, or to avoid problems.

[0046] Fig. 2C illustrates a wireline operation being performed by wireline tool
106.3 suspended by rig 128 and into wellbore 136 of Fig. 2B. Wireline tool 106.3 is
adapted for deployment into wellbore 136 for generating well logs, performing downhole
tests and/or collecting samples. Wireline tool 106.3 may be used to provide another
method and apparatus for performing a seismic survey operation. Wireline tool 106.3
may, for example, have an explosive, radioactive, electrical, or acoustic energy source
144 that sends and/or receives electrical signals to surrounding subterranean

formations 102 and fluids therein.

[0047] Wireline tool 106.3 may be operatively connected to, for example,
geophones 118 and a computer 122.1 of a seismic truck 106.1 of Fig. 2A. Wireline tool
106.3 may also provide data to surface unit 134. Surface unit 134 may collect data

generated during the wireline operation and may produce data output 135 that may be
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stored or transmitted. Wireline tool 106.3 may be positioned at various depths in the
wellbore 136 to provide a survey or other information relating to the subterranean

formation 102.

[0048] Sensors (S), such as gauges, may be positioned about oilfield 100 to
collect data relating to various field operations as described previously. As shown,
sensor S is positioned in wireline tool 106.3 to measure downhole parameters which
relate to, for example porosity, permeability, fluid composition and/or other parameters

of the field operation.

[0049] Fig. 2D illustrates a production operation being performed by production
tool 106.4 deployed from a production unit or Christmas tree 129 and into completed
wellbore 136 for drawing fluid from the downhole reservoirs into surface facilities 142.
The fluid flows from reservoir 104 through perforations in the casing (not shown) and
into production tool 106.4 in wellbore 136 and to surface facilities 142 via gathering
network 146.

[0050] Sensors (S), such as gauges, may be positioned about oilfield 100 to
collect data relating to various field operations as described previously. As shown, the
sensor (S) may be positioned in production tool 106.4 or associated equipment, such as
christmas tree 129, gathering network 146, surface facility 142, and/or the production
facility, to measure fluid parameters, such as fluid composition, flow rates, pressures,

temperatures, and/or other parameters of the production operation.

[0051] Production may also include injection wells for added recovery. One or
more gathering facilities may be operatively connected to one or more of the wellsites

for selectively collecting downhole fluids from the wellsite(s).

[0052] While Figs. 2B-2D illustrate tools used to measure properties of an
oilfield, it will be appreciated that the tools may be used in connection with non-oilfield
operations, such as gas fields, mines, aquifers, storage, or other subterranean facilities.
Also, while certain data acquisition tools are depicted, it will be appreciated that various

measurement tools capable of sensing parameters, such as seismic two-way travel
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time, density, resistivity, production rate, etc., of the subterranean formation and/or its
geological formations may be used. Various sensors (S) may be located at various
positions along the wellbore and/or the monitoring tools to collect and/or monitor the

desired data. Other sources of data may also be provided from offsite locations.

[0053] The field configurations of Figs. 2A-2D are intended to provide a brief
description of an example of a field usable with oilfield application frameworks. Part, or
all, of oilfield 100 may be on land, water, and/or sea. Also, while a single field measured
at a single location is depicted, oilfield applications may be utilized with any combination

of one or more oilfields, one or more processing facilities and one or more wellsites.

[0054] Fig. 3 illustrates a schematic view, partially in cross section of oilfield 200
having data acquisition tools 202.1, 202.2, 202.3 and 202.4 positioned at various
locations along oilfield 200 for collecting data of subterranean formation 204 in
accordance with implementations of various technologies and techniques described
herein. Data acquisition tools 202.1-202.4 may be the same as data acquisition tools
106.1-106.4 of Figs. 2A-2D, respectively, or others not depicted. As shown, data
acquisition tools 202.1-202.4 generate data plots or measurements 208.1-208.4,
respectively. These data plots are depicted along oilfield 200 to demonstrate the data

generated by the various operations.

[0055] Data plots 208.1-208.3 are examples of static data plots that may be
generated by data acquisition tools 202.1-202.3, respectively, however, it should be
understood that data plots 208.1-208.3 may also be data plots that are updated in real
time. These measurements may be analyzed to better define the properties of the
formation(s) and/or determine the accuracy of the measurements and/or for checking
for errors. The plots of each of the respective measurements may be aligned and

scaled for comparison and verification of the properties.

[0056] Static data plot 208.1 is a seismic two-way response over a period of
time. Static plot 208.2 is core sample data measured from a core sample of the
formation 204. The core sample may be used to provide data, such as a graph of the

density, porosity, permeability, or some other physical property of the core sample over
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the length of the core. Tests for density and viscosity may be performed on the fluids in
the core at varying pressures and temperatures. Static data plot 208.3 is a logging
trace that generally provides a resistivity or other measurement of the formation at

various depths.

[0057] A production decline curve or graph 208.4 is a dynamic data plot of the
fluid flow rate over time. The production decline curve generally provides the production
rate as a function of time. As the fluid flows through the wellbore, measurements are

taken of fluid properties, such as flow rates, pressures, composition, etc.

[0058] Other data may also be collected, such as historical data, user inputs,
economic information, and/or other measurement data and other parameters of interest.
As described below, the static and dynamic measurements may be analyzed and used
to generate models of the subterranean formation to determine characteristics thereof.
Similar measurements may also be used to measure changes in formation aspects over

time.

[0059] The subterranean structure 204 has a plurality of geological formations
206.1-206.4. As shown, this structure has several formations or layers, including a
shale layer 206.1, a carbonate layer 206.2, a shale layer 206.3 and a sand layer 206.4.
A fault 207 extends through the shale layer 206.1 and the carbonate layer 206.2. The
static data acquisition tools are adapted to take measurements and detect

characteristics of the formations.

[0060] While a specific subterranean formation with specific geological
structures is depicted, it will be appreciated that oilfield 200 may contain a variety of
geological structures and/or formations, sometimes having extreme complexity. In
some locations, generally below the water line, fluid may occupy pore spaces of the
formations. Each of the measurement devices may be used to measure properties of
the formations and/or its geological features. While each acquisition tool is shown as
being in specific locations in oilfield 200, it will be appreciated that one or more types of
measurement may be taken at one or more locations across one or more fields or other

locations for comparison and/or analysis.
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[0061] The data collected from various sources, such as the data acquisition
tools of Fig. 3, may then be processed and/or evaluated. Generally, seismic data
displayed in static data plot 208.1 from data acquisition tool 202.1 is used by a
geophysicist to determine characteristics of the subterranean formations and features.
The core data shown in static plot 208.2 and/or log data from well log 208.3 are
generally used by a geologist to determine various characteristics of the subterranean
formation. The production data from graph 208.4 is generally used by the reservoir
engineer to determine fluid flow reservoir characteristics. The data analyzed by the
geologist, geophysicist and the reservoir engineer may be analyzed using modeling

techniques.

[0062] Fig. 4 illustrates an oilfield 300 for performing production operations in
accordance with implementations of various technologies and techniques described
herein. As shown, the oilfield has a plurality of wellsites 302 operatively connected to
central processing facility 354. The oilfield configuration of Fig. 4 is not intended to limit
the scope of the oilfield application system. Part or all of the oilfield may be on land
and/or sea. Also, while a single oilfield with a single processing facility and a plurality of
wellsites is depicted, any combination of one or more oilfields, one or more processing

facilities and one or more wellsites may be present.

[0063] Each wellsite 302 has equipment that forms wellbore 336 into the earth.
The wellbores extend through subterranean formations 306 including reservoirs 304.
These reservoirs 304 contain fluids, such as hydrocarbons. The wellsites draw fluid
from the reservoirs and pass them to the processing facilities via surface networks 344.
The surface networks 344 have tubing and control mechanisms for controlling the flow

of fluids from the wellsite to processing facility 354.

Automatic Shift Detection

[0064] As previously mentioned, a “shift” as used herein is a change in tubing
pressure difference (e.g. the difference between a downhole tube pressure and a top
hole tube pressure). Functionally, a shift occurs when the data received by the

production system is not accurately reflecting what is happening in the well. “Shifts”
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may occur for numerous reasons, including but not limited to, a pump being (in some
instances unexpectedly) turned off, a calibration issue, a valve closure, a terminal

failure, a calculation error, etc.

[0065] As such, a shift may be costly to overall production as it can result in
downtime for the pump, and in some instances may even cause complete failure or
destruction of the pump. For example, some pumps may include electronics to increase
the number of rotations per minute in order to maintain a stable production based on
data collected about the well. Where there is a data indicated change in circumstances
these electronics may signal to the pump to increase the pump speed to maintain a
stable production level. However, where that data does not correspond to the actual
status of the well (e.g. a shift has occurred) the pump may have unnecessarily
increased its speed. Such an unnecessary increase may lower the time to pump failure
by adding unnecessary stress to the various mechanical components (e.g. the bearings,
propeller(s), impeller(s), and/or the like). Therefore, it is desirable to detect shifts and
mitigate them so the production system may continue to function optimally. A controller,
such as described herein, may be programmed to look for certain event signatures
(described in detail herein) that are associated with shifts. The occurrence of certain
events may be mitigated by automatically adjusting operation of a well system
according to suitable protocols for a given event, such as, for example, applying an
offset value to the data to correct the data to more accurately reflect well conditions.
Certain embodiments described herein utilize signal processing combined with

information from the well and equipment to detect shifts.

[0066] The described method of shift detection and determination of water
content is based on determining the average mixture density in the production tubing
above the electric submersible pump as a function of the pressure difference between
the pump discharge (the top hole) and wellhead (the downhole). Given the length of the
tubing, due to the long distances between the wellhead and pump discharge sites,
friction generally must be taken into consideration in order to achieve a single

calibration over a wide range of flow rates. In environments where the average holdup
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change is small, the change in density can be related to a water cut change calculated
using Equation 1.

wc = % Equation (1)

Where WC is water cut, Piiquid is the pressure measurement for all liquid, Po is the
pressure measurement for the oll fraction, and Pw is the pressure measurement for the

water fraction.

[0067] The general equation relating the tubing pressure difference between the
pump discharge (the top hole) and wellhead (the downhole) to the liquid density is
shown in Equation 2 below. Equation 2 requires knowledge of the holdup (HL), which is

typically obtained by calibrating with a physical measurement of water cut.

Pd — Pth
gh
Where, gh is the Earth’s gravity, Piiquid IS the pressure measurement for all liquid, and

= Puiguia X H [ + Dgas X (1-H, )+ friction Equation (2)

Pgas is the pressure measurement for the gas faction.

[0068] Fig. 5 illustrates a flowchart of an example sequence of operations for
monitoring a pump and detecting a shift using the data processing system of Fig. 1. A
production system 505 may provide one or more data streams. In some instances,
production system 505 may include a signal processing unit that obtains historical data
and current operating conditions, pump details, and other data useful for analysis.
These data streams from the various downhole sensors may be conveyed to the control
and monitoring equipment via a suitable communication line, such as, but not limited to
a downhole wireline or various wireless technologies. In some embodiments, the data
streams may include, but is not limited to, differential tubing pressure data, drive

frequency data, tubing head pressure data, and/or volts/hertz ratio data.

[0069] At block 510 two rolling averages may be determined for each data
stream. Each rolling average may calculated over a configurable window of time,
examples of which are illustrated in Figs. 7A and 7B. These windows may be defined

using three timespan parameters per channel: 1) a leading timespan 730, 780; 2) a
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step timespan 720, 770; and 3) a lagging timespan 710, 760. Figure 7A illustrates an
example timeline 700 for tubing head pressure (THP) shifting properties based on Table
1; while Figure 7B illustrates another example timeline 750 for tubing head pressure

(THP) shifting properties based on Table 2.

Table 1

Timespan Value (in
days)
THP Lagging Timespan 2

THP Leading Timespan 1

THP Step Timespan 1
Table 2
Timespan Value (in
days)

THP Lagging Timespan 2
THP Leading Timespan 1
THP Step Timespan 0.5

[0070] The first rolling average is a “leading average”, which may be calculated
over data from the current time minus the leading timespan 730, 780 to the current time.
The second rolling average is a “lagging average”, which may be calculated over data
from the current time minus the step timespan 720, 770 minus the lagging timespan

710, 760 to the current time minus step-timespan 720, 770.

[0071] Returning now to Fig. 5, at block 515, a difference between the rolling
leading average and the rolling lagging average may be determined. At block 520, a
shift may be detected where the difference between the leading average and the
lagging average is greater than a predetermined threshold value. In addition, in some
embodiments, once detected, a shift may be classified into one of a plurality of types. In
some embodiments, for example, a shift may be classified into one of two types: 1) a
regular shift, and 2) a pump off shift. In some embodiments, a regular shift may be
triggered by the difference in the leading and lagging tubing pressure differential

averages being over the tubing pressure differential threshold. In other embodiments, a
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regular shift may be detected by the difference in the leading and lagging drive
frequency averages being over the drive frequency threshold. In still other
embodiments, a regular shift may be detected by the difference in the leading and
lagging tubing head pressure averages being over the tubing head pressure threshold.
In still yet other embodiments, a regular shift may be detected by the difference in the
leading and lagging volts to hertz ratio averages being over the volts to hertz ratio
threshold. A pump off shift may be detected when the pump is detected as being off. In
some embodiments, a pump off may be detected by examining a combination of various
data streams. For example, in some instances a pump off may be detected where the
difference in the leading and lagging averages for current, frequency, and voltage are
each below a predetermined minimum threshold. In other embodiments, a pump off
may be detected where the difference in the leading and lagging averages for the
differential pump pressure is less than a predetermined minimum and the leading and

lagging averages for current is also below a predetermined minimum.

[0072] In some instances, it may be desirable to validate the detection of a shift,
for example at optional block 530. The process for validating a shift may depend on
whether the shift is a regular shift or a pump off shift. For example, where the detected
shift is a regular shift, the shift may be considered valid if any of the differences between
the leading and lagging averages of the of tubing head pressure, drive frequency, or
volts to hertz ratio go above their respective predetermined thresholds at any point
between the in shift unstable state and the out of shift pump state. As an additional
example, where the shift is a pump off shift, the shift may be considered validated

where the state moves from an in shift stable state to an out of shift stable state.

[0073] Once detected, at block 525, a signal regarding the shift may be sent to
the production system, which may then act in response to the signal. In some
embodiments, this action may include reporting the detected shift to user, at optional
block 535. In other embodiments, this action may include determining an offset based
on the shift (optional block 540) and applying that offset to the data obtained from the

production system.
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[0074] In some embodiments, which may be referred to herein as “detected
shifts”, a shift may be detected but there may not be enough data to apply that shift. In
such instances, these detected shifts may be reported to a user, for example an
engineer, so that the user may take appropriate action. For example, one or more of
these detected shifts may be reported in a daily report that details various information
regarding pump performance. Such daily reports may include information regarding a
series of quality flags to provide insights into pump performance. In some
embodiments, these flags are grouped by category (e.g. motor flags, water cut flags)
and may display a value for each flag, the aggregation for the group, and an aggregate
for the pump Detected shifts, and a user’s analysis thereof, may be important to the
overall operation of the pump and production system as they may help limit the
excessive starting and stopping of the pump due to false shifts. In some embodiments,
a user upon review of the detected shifts and may choose to alter to the shift settings to

improve accuracy of shift detection.

[0075] In other embodiments, which may be referred to as “applied shifts”, there
may be a manual shift setting, that functions similarly to the detected shift described
above, and an automatic shift setting, which automatically detects a shift and acts
accordingly (e.g. by applying an offset). Where the automatic shift setting is turned off,

it functions manually.

[0076] In embodiments where a well or pump has a production history, the
production history and/or the well behavior may be observed to determine the accuracy
of the automatic shift detection. In embodiments where a well or pump does not have a
production history, a user may observe the well behavior and test the function and
accuracy of the automatic shift setting prior to activating the automatic shift setting.
During the initial manual phase, the detection of shifts and reporting the same may
critical to efficiently operating the pump and production system. Where a manually
determined shift has a timestamp of less than “now” (or the current time) and the
automatic shift setting is turned on, then the offset may be determined by the automatic
shift and may be applied to the automatic shift. However, where there is a manual shift

in the data stream with a timestamp in the future, automatic shifts may be ignored. A
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timestamp in the future may, for example, occur when a user enters the shift into the

system.

[0077] Regardless of whether the shift is a “detected shift” or an “applied shift”
the failure to detect the shift could be costly to overall production due to pump
downtime, pump damage, or in some instances may even cause complete pump failure.
Therefore, it is desirable in many instances to accurately detect shifts and mitigate
them, for example through application of an offset, so the production system may

continue to function optimally.

[0078] However, the detection of false shifts, which may result in unnecessary
downtime or overcorrection, may also be undesirable. Therefore, in some
embodiments, certain safeguards may be added to prevent false shifts from being
detected. As a non-limiting example for tubing head pressure and drive frequency data,
once a shift is entered and detected, the current lagging average for both the tubing
head pressure and the drive frequency may be saved. When new values are received,
the current leading average for the tubing head pressure may be compared to the saved
lagging average for the tubing head pressure. If this difference is greater than the
predetermined threshold for the tubing head pressure the shift is labeled as valid and
the water cut (WC) and pump health indicator (PHI) are turned off until the completion of
the shift. This same process may be repeated with the drive frequency data. If a shift
ends and has not been flagged because either the tubing head pressure difference or
the drive frequency difference have surpassed their respective predetermined
thresholds then the shift may be determined to be an invalid shift. In some
embodiments, for example where the leading average for the drive frequency or the
tubing head pressure is different from the saved drive frequency average or the tubing
head pressure average the shift may be considered valid; in some instances, this may
even include when the difference later falls back below the predetermined threshold
before the shift ends. However, in other embodiments, this functionality may be
disabled.
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[0079] Fig. 6 illustrates an example state diagram for a pump state machine for
use in evaluating shifts. A state machine provides a transition or next state function
when transitioning between a first state and a second state, while a state diagram
illustrates these transitions between states. In some embodiments, the state machine
may run on a well or pump controller of the production system. In other embodiments,
the state machine may run on a non-site computer (which may be a part of the
production system) at an oil field. The entire monitoring and detection of shift process
may begin with starting a life-cycle management system, for example on a pump
controller, for example the Lift IQ available from Schlumberger Ltd. and its affiliates. A
life cycle management system may provide real-time analytics and optimization, at the

level of a single well to an entire field.

[0080] The state diagram of Fig. 6 starts with the beginning of a data set for a
data stream; it is at this point the life-cycle management system (e.g. Lift IQ) may be
started. In the exemplary embodiment of Fig. 6, a transition 605 from the starting of the
Lift 1Q life-cycle management system to a pump off state (e.g. where the pump is off
entirely) starts a shift. Transition 610 from the starting of the Lift 1Q life-cycle
management system to a transient state starts a transience timer, which is a timestamp

for the beginning of the transition from a first state to a second state.

[0081] Transition 615 between the transient state to a pump off state requires
no action. Transition 620 illustrates remaining in the transient state. Transition 625
between the transient state and an in shift stable state saves the stabilization time,
which is the timestamp for the most recent stable state. The in shift stable state is when
the well has recently shifted, but the shift has not yet stabilized. The shift may be
considered stabilized when the difference in the leading and lagging averages for the
data streams being used (e.g. differential tubing pressure) is less than a predetermined
threshold. In contrast, the in shift unstable state may be when the well is currently
shifting, meaning the difference in the leading and lagging averages for the data
streams being used may be greater than a predetermined threshold. The out of shift

state is when the well is not shifting, meaning the difference in the leading and lagging
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averages for the data streams is below a predetermined threshold. Transition 630

between the transient state and an in shift unstable state starts a shift.

[0082] Transition 635 between the out of shift state and the pump off state
starts a shift. Transition 640 between the out of shift state and the in shift unstable state

also starts a shift. Finally, transition 645 illustrates remaining in the out of shift state.

[0083] Transition 650 between the in shift stable state and the pump off state
starts a shift. Similarly, transition 655 between the in shift stable state and the in shift
unstable state starts a shift. Transition 660 illustrates remaining in the in shift stable
state, which includes calculating the shift and appropriate next steps (e.g. an offset) as

described previously herein.

[0084] Transition 665 between the in shift unstable state and the pump off state
starts a shift. Similarly, transition 670 illustrates remaining in the in shift unstable state,
which also starts a shift. Transition 675 between the in shift unstable state to the in shift
stable state saves a stabilization time to the system memory may be utilized the next

time a shift is detected.

[0085] The pump off state, as mentioned previously, o ccurs when the pump is
not operating. Transition 680 between the pump off state and the transient state saves

the stabilization time. Transition 685 illustrates remaining in the pump off state.

[0086] While particular embodiments have been described, it is not intended
that the invention be limited thereto, as it is intended that the invention be as broad in
scope as the art will allow and that the specification be read likewise. It will therefore be
appreciated by those skilled in the art that yet other modifications could be made

without deviating from its spirit and scope as claimed.
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What is claimed is:

1. A computer-implemented method for monitoring an electric submersible pump
and detecting a shift, the method comprising:

obtaining, from an oil and gas production system, a data stream;

determining, by a processor, a leading and a lagging average over a
predetermined period of time for the data stream;

determining, by the processor, a difference between the leading average
and the lagging average;

detecting, by the processor, a shift where the difference between the
leading average and the lagging average is greater than a predetermined
threshold:

sending, by the processor, a signal to the production system regarding the
shift.

2. The computer-implemented method of claim 1 further comprises validating, by

the processor, the detection of the shift.

3. The computer-implemented method of claim 2, wherein the shift is validated
where the difference between the leading average and the lagging average of at least
one of a tubing head pressure, a drive frequency, or a volts/hertz is greater than the

predetermined threshold at any point between a first state and a second state.

4. The computer-implemented method of claim 2, wherein the shift is indicative

of a pump off and is validated by movement from a stable state to an out of shift state.

5. The computer-implemented method of claim 1 further comprises reporting, by

the processor, the detected shift to a user.

6. The computer-implemented method of claim 1 further comprises:
determining, by the processor, an offset based on the difference between

the leading average and the lagging average; and
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applying, by the processor, the offset to the data obtained from the pump.

7. The computer-implemented method of claim 1, wherein the data stream is at
least one of: differential tubing pressure, drive frequency, tubing head pressure, or a

volts to hertz ratio.

8. An apparatus, comprising:
at least one processing unit; and
program code configured upon execution by the at least one processing
unit to monitor an electric submersible pump and detect a shift by:
obtaining, from an oil and gas production system, a data stream;
determining a leading and a lagging average over a predetermined
period of time for the data stream;
determining a difference between the leading average and the
lagging average;
detecting a shift where the difference between the leading average
and the lagging average is greater than a predetermined threshold,;
sending a signal to the production system regarding the shift; and

validating the detection of the shift.

9. The apparatus of claim 8, wherein the shift is validated where the difference
between the leading average and the lagging average of at least one of a tubing head
pressure, a drive frequency, or a volts/hertz is greater than the predetermined threshold

at any point between a first state and a second state.

10. The apparatus of claim 8, wherein the shift is indicative of a pump off and is

validated by movement from a stable state to an out of shift state.

11. The apparatus of claim 8, wherein the program code is further configured to

report the detected shift to a user.
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12. The apparatus of claim 8, wherein the program code is further configured by:
determining an offset based on the difference between the leading
average and the lagging average; and

applying the offset to the data obtained from the electric submersible

pump.

13. The apparatus of claim 8, wherein the data stream is at least one of:
differential tubing pressure, drive frequency, tubing head pressure, or a volts to hertz

ratio.

14. A program product, comprising:
a computer readable medium; and
program code stored on the computer readable medium and configured
upon execution by at least one processing unit to perform electric submersible
pump monitoring and shift detection by:
obtaining, from an oil and gas production system, a data stream;
determining a leading and a lagging average over a predetermined
period of time for the data stream;
determining a difference between the leading average and the
lagging average;
detecting a shift where the difference between the leading average
and the lagging average is greater than a predetermined threshold;
sending a signal to the production system regarding the shift; and

validating the detection of the shift.

15. The program product of claim 14, wherein the shift is validated where the
difference between the leading average and the lagging average of at least one of a
tubing head pressure, a drive frequency, or a volts/hertz is greater than the

predetermined threshold at any point between a first state and a second state.
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16. The program product of claim 15, wherein the shift is indicative of a pump off

and is validated by movement from a stable state to an out of shift state.

17. The program product of claim 14, wherein the program code is further

configured to report the detected shift to a user.

18. The program product of claim 14, wherein the program code is further
configured by:
determining an offset based on the difference between the leading
average and the lagging average; and

applying the offset to the data obtained from the electric submersible

pump.
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