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MONITORING AND DIAGNOSING WATER FLOODED RESERVOIRS

PRODUCTION DATA

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to Non-Provisional U.S. Application Ser. No.
13/670,836, filed November 07, 2012 and titled “Monitoring and Diagnosing Water Flooded
Reservoirs Using Production Data” by G. Carvajal, D. Vashisth, F. Wang, A. S. Cullick and
F. N. Md Adnan, which claims priority to Provisional U.S. Application Ser. No. 61/677,996,
filed July 31, 2012 and titled “Monitoring and Diagnosing Reservoirs” by G. Carvajal, D.
Vashisth, F. Wang, A. S. Cullick and F. N. Md Adnan, which claims priority to is hereby

incorporated herein by reference.

BACKGROUND

Oil field operators dedicate significant resources to improve the recovery of
hydrocarbons from reservoirs while reducing recovery costs. To achieve these goals,
reservoir engineers both monitor the current state of the reservoir and attempt to predict
future behavior given a set of current and/or postulated conditions. Reservoir monitoring,
sometimes referred to as reservoir surveillance, involves the regular collection and
monitoring of measured near-wellbore production data from within and around the wells of a
reservoir. Such data may be collected using sensors installed in-line along production tubing
introduced into the well. The data may include, but is not limited to, water saturation, water
and oil cuts, fluid pressure and fluid flow rates, and is generally collected at a fixed, regular
interval (e.g., once per minute) and monitored in real-time by field personnel. As the data is

collected, it is archived into a historical database.

The collected production data, however, mostly reflects conditions immediately
around the reservoir wells. To provide a more complete picture of the state of a reservoir,
simulations are executed as part of the well surveillance that model the overall behavior of
the entire reservoir based on the data collected, both current and historical. These simulations
predict the reservoir’s overall current state, producing simulated interwell data values both
near and at a distance from the wellbore. Simulated near-wellbore interwell data is regularly
correlated against measured near-wellbore data, with modeling parameters being adjusted as

needed to reduce the error between the simulated and measured data. Once so adjusted, the
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simulated interwell data, both near and at a distance from the wellbore, may be relied upon to

assess the overall state of the reservoir.

Simulation models are also used to predict the future behavior of the reservoir based
upon reservoir conditions input by an operator of the simulator. These conditions may be
current conditions as measured and/or simulated during surveillance of the well, or
theoretical conditions input by the user to see how changes may affect future production. For
example, where enhanced oil recovery (EOR) operations are planned or are already being
implemented, changes in the placement and operation of injector and producer wells can be

evaluated both before operations begin and as a reservoir’s production progresses.

Reservoir simulations, particularly those that perform full-physics numerical
simulations on large reservoirs, are computationally intensive and can take hours, even days
to execute. This is due to both the complexity of the simulation and the enormous amount of
data being processed. Because of this, it is not unusual for full reservoir simulations to only
be run once a month. As a result, the full impact of operational changes made to a reservoir
(e.g., changes in water injection rates in an EOR operation) may not be known for up to a
month. Further, simulations are typically run by engineers who analyze the simulated
interwell data at an office rather than while in the field, while field personnel rely primarily
on measured near-wellbore data to monitor the current reservoir state. Both engineering and
field personnel could benefit by having both datasets (simulated interwell data and measured
near-wellbore data) presented in a manner that correlates them in a meaningful manner to

assist with assessing the overall state of a reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the various disclosed embodiments can be obtained when
the following detailed description is considered in conjunction with the attached drawings, in

which:

FIG. 1 shows a production well with instrumentation that sources measured near-

wellbore data suitable for monitoring and diagnosing a reservoir.

FIG. 2 shows an illustrative reservoir monitoring and diagnosing map with indicator

gauges.
FIG. 3 shows an illustrative data flow of reservoir production data.

FIG. 4 shows an illustrative reservoir monitoring and diagnosing method.
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FIG. 5 shows an illustrative data acquisition and processing system suitable for

implementing software-based embodiments of the systems and methods described herein.

It should be understood that the drawings and corresponding detailed description do
not limit the disclosure, but on the contrary, they provide the foundation for understanding all

modifications, equivalents, and alternatives falling within the scope of the appended claims.

DETAILED DESCRIPTION

The paragraphs that follow describe various illustrative systems and methods for
monitoring and diagnosing reservoirs (e.g., oil and gas reservoirs) using near-wellbore
production data collected from, and production indicators associated with, wells within the
reservoirs. An illustrative production well suitably configured for collecting measured
near-wellbore production data is first described, followed by a description of a reservoir map
produced from the collected data using the disclosed system and methods. A high level flow
diagram of the near-wellbore production data and the data’s integration into the reservoir
monitoring and diagnosing process is then described, together with a method for performing
reservoir monitoring and diagnosing. Finally, a data acquisition and processing system
suitable for processing measured near-wellbore production data and performing software-

based embodiments of the disclosed methods is described in detail.

The systems and methods described herein operate on measured near-wellbore data
collected from wells within a reservoir, such as that found in oil and gas production fields.
Such fields generally include multiple producer wells that provide access to the reservoir
fluids underground. Measured near-wellbore data is collected regularly from each producer
well to track changing conditions in the reservoir. FIG. 1 shows an example of a producer
well with a borehole 102 that has been drilled into the earth. Such boreholes are routinely
drilled to ten thousand feet or more in depth and can be steered horizontally for perhaps twice
that distance. The producer well also includes a casing header 104 and casing 106, both
secured into place by cement 103. Blowout preventer (BOP) 108 couples to casing header
106 and production wellhead 110, which together seal in the well head and enable fluids to be

extracted from the well in a safe and controlled manner.

The use of measurement devices permanently installed in the well facilitates
monitoring the well. The different transducers send signals to the surface that may be stored,
evaluated and used to monitor the well’s operations. Measured near-wellbore measurements

are periodically taken at the producer well and combined with measurements from other
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wells within a reservoir, enabling the overall state of the reservoir to be monitored, simulated
and assessed. These measurements may be taken using a number of different downhole and
surface instruments, including but not limited to, temperature and pressure sensor 118 and
flow meter 120. Additional devices also coupled in-line along production tubing 112 include
downhole choke 116 (used to vary the fluid flow restriction), electric submersible pump
(ESP) 122 (which draws in fluid flowing from perforations 125 outside ESP 122 and
production tubing 112) ESP motor 124 (driving ESP 122), and packer 114 (isolating the
production zone below the packer from the rest of the well). Additional surface measurement
devices may be used to measure, for example, the tubing head pressure and the electrical
power consumption of ESP motor 124. Although the example of FIG. 1 shows a well that
incorporates an ESP, the disclosed systems and methods may also be used with wells that
incorporate other systems for assisting with the extraction of fluids (e.g., gas lift systems), or
with wells without such assist systems that rely on the pressure already present in the

formation and/or induced by the injector wells.

Each of the devices along production tubing 112 couples to cable 128, which is
attached to the exterior of production tubing 112 and is run to the surface through blowout
preventer 108 where it couples to control panel 132. Cable 128 provides power to the devices
to which it couples, and further provides signal paths (electrical, optical, etc.,) that enable
control signals to be directed from the surface to the downhole devices, and for telemetry
signals to be received at the surface from the downhole devices. The devices may be
controlled and monitored locally by field personnel using a user interface built into control
panel 132, or may be controlled and monitored by a computer system 45. Communication
between control panel 132 and computer system 45 may be via a wireless network (e.g., a
cellular network), via a cabled network (e.g., a cabled connection to the Internet), or a

combination of wireless and cabled networks.

Continuing to refer to the example of FIG. 1, control panel 132 includes a remote
terminal unit (RTU) which collects the data from the downhole measurement devices and
forwards it to a supervisory control and data acquisition (SCADA) system that is part of
computer system 45. In the illustrative embodiment shown, computer system 45 includes a
set of blade servers 54 with several processor blades, at least some of which provide the
above-described SCADA functionality. Other processor blades may be used to implement the
disclosed reservoir monitoring and diagnosing. Computer system 45 also includes user

workstation 51, which includes a general processing system 46. Both the processor blades of
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blade server 54 and general processing system 46 are preferably configured by software,
shown in FIG. 1 in the form of removable, non-transitory (i.e., non-volatile) information
storage media 52, to process collected well and ESP data. The software may also be
downloadable software accessed through a network (e.g., via the Internet). General
processing system 46 couples to a display device 48 and a user-input device 50 to enable a
human operator to interact with the system software 52. Alternatively, display device 48 and
user-input device 50 may couple to a processor blade within blade server 54 that operates as

general processing system 46 of user workstation 51.

The measured near-wellbore data acquired from the wells may be processed by the
above-described software as described in more detail below to produce a summary display of
reservoir conditions. The acquired data may be processed and/or displayed in real-time,
which is understood to mean happening as the data is acquired. Generally, delays of up to
several minutes may be considered as being within the scope of "real-time" processing. The
data may be stored (as acquired or in processed form) as historical data for later use and
additional processing. The illustrative display shown in FIG. 2 includes a reservoir map 200
that presents the location of injector wells 240-244 and producer wells 202-236 over a shaded
background. Injector wells inject fluids into the reservoir to help force the oil and gas in the
reservoir out the producer well. Although water is commonly injected, other fluids and/or
gases such as CO, may be used instead of, or in addition to, water. In the example shown,
water is used as the injection fluid and the shading of the background reflects the reservoir’s
water saturation according to the legend shown below map 200, which varies over different
regions of the map. The background water saturation data displayed is based upon simulation

results that predict the overall interwell reservoir state.

Each injector well and one or more producer wells defines a group referred to as a
“pattern”, with some producer wells belonging to more than one pattern. In the illustrative
example shown in FIG. 2, three patterns are defined: the first including injector well 240 and
producer wells 202-218; the second including injector well 242 and producer wells 214-226;
and the third including injector well 244 and producer wells 224-236. The patterns are
outlined by imaginary lines connecting the corresponding producer wells. In at least some
illustrative embodiments, when a pattern is selected, the producer wells and corresponding

connector lines are highlighted, as shown for the third pattern.

Additionally, pie chart graphics are displayed that reflect oil and water cuts for each

producer well. In at least some illustrative embodiments, the pie chart graphics display the



10

15

20

25

30

WO 2014/022127 PCT/US2013/051385

data as it is acquired (i.e., in real-time). In FIG. 2, for example, the water cut is reflected by
the darker pie slice, which is smaller or large depending on the relative percentage of water
flowing from the producer well at the given moment in time being displayed (e.g., at or near
the actual moment in time for a real-time display). In at least some embodiments, the exact
oil and water cuts for a producer well are displayed when the user moves a cursor (e.g., using
a mouse) over a pie chart for the corresponding well. In other embodiments, the user clicks

on the pie chart to see the actual oil and water cut values.

In addition to water saturation, oil cut and water cut values, the summary display of
FIG. 2 also displays gauges above reservoir map 200 reflecting a selected set of key
performance indicators (KPIs) for the selected pattern. In the example shown, these indicators
are the voidage replacement ratio, the nominal pressure, volumetric efficiency, and
displacement efficiency, each derived from the measured near-wellbore data collected. In at
least some illustrative embodiments, shaded and/or highlighted regions on each gauge
indicate acceptable and unacceptable ranges of the values displayed by each gauge. The
summary display thus presents a combination of both simulated interwell data (near and at a
distance from the wellbore) and measured near-wellbore data that assists a user in assessing

the overall reservoir conditions.

In order to present the above-described reservoir map, the measured near-wellbore
data must undergo a significant amount of processing. FIGS. 3 and 4 respectively show an
illustrative data flow 300 of the measured near-wellbore data and an illustrative method 400
for processing the data. Measured near-wellbore data is sampled from each of the various
wells for one or more patterns and stored in both real-time database (DB) 302 and historical
DB 306 of FIG. 3 (block 402, FIG. 4). Raw production data is extracted from real-time DB
302 and provided to production data processing 304 (block 404). This data processing
produces instantaneous values for each point in time at which the underlying near-wellbore
data was measured. The resulting processed production data may include, for example, water
and oil cut data, wellhead pressure and temperature data, and downhole pressure and
temperature data. The resulting processed production data is forwarded to user I/F display
320 for later presentation. In at least some illustrative embodiments for example, the water
and oil cut data is presented as the reservoir summary oil and water cut pie chart overlays
(and values when selected), as shown in FIG. 2. In other illustrative embodiments, well-
specific wellhead and downhole pressures and temperature may be overlaid when a well is

selected (e.g., by clicking on the well using a mouse). The user may opt to display production
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data as it is collected in real-time, may opt to display production data at a specific past point
in time, or may opt to display a sequence of past production data values to view their

progression over time.

Continuing to refer to FIGS. 3 and 4, historical data is similarly extracted from
historical DB 306. This data represents data periodically collected over a period of time (e.g.,
24 hours, 7 days, one month, ctc.) that is aggregated to produce consolidated data (block
406), which includes, but is not limited to the average oil, gas and water produced for the
period of time, as well as the average water injection rates over that same period. This
consolidated data is forwarded to full-physics numerical simulation 314 (block 408), which
produces and stores its results in static full-physics numerical simulation results DB 316.
Simulated interwell water saturation data for each simulation cell within the map area to be
displayed is extracted from simulation results DB 316 and used by water saturation map
generation 310 to generate the reservoir’s saturation map (block 410), which is presented via
user I/F display 320 as the background of reservoir map 200 of FIG. 2 (block 412). The
previously calculated oil/water cut data and/or other processed production data is overlaid
onto the resulting reservoir map (block 414). Selected full-physics numerical simulation
results data from the full-physics numerical simulation results DB 316 are provided as input
to analytical simulation and KPI generation 318. The KPIs include, but are not limited to, the
reservoir pressure, the reservoir oil, gas and water flow rates and the reservoir oil, gas and
water volumes. While the embodiments of FIGS. 3 and 4 use KPIs (as the term is generally
understood in the art), other illustrative embodiments may use other performance indicators,
or a combination of KPIs and other performance indicators. In at least some illustrative
embodiments, the simulated state of the reservoir at the end of each periodic simulation run
(e.g., cach monthly run) is saved and later used by the following month’s simulation as a
reservoir state starting point. Analytical simulation and KPI generation 318 uses the
simulation results to produce the KPI gauge data (block 416) forwarded to user I/F display
320 and displayed via the performance indicator gauges of FIG. 2 (block 418), ending
method 400 (block 420). The calculations for each of the KPI gauge values are described in

more detail below.

There are a number of different embodiments suitable for implementing method
400, including software-based general purpose computer system 500 of FIG. 5. In the
illustrative embodiment shown, measured well-by-well near-wellbore data is provided to data

acquisition system 510, which couples to general purpose digital data processing (GPDDP)
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subsystem 530 and to data storage subsystem 520. The measured near-wellbore data is
forwarded to GPDDP subsystem 530 for processing and to data storage subsystem 520 for
storage and later retrieval. In at least some illustrative embodiments, data storage subsystem
520 includes the real-time, historical and full-physics numerical simulation results databases
of FIG. 3. In other illustrative embodiments, system 500 is located at a datacenter rather than
at or near the reservoir, with the measured near-wellbore data being communicated to the
data acquisition system via a communication network (e.g., satellite, telecomm or the
Internet). GPDDP subsystem 530 also couples to user I/F subsystem 550, which enables a
user of the system to interact with the system via such input/output devices as, for example, a

keyboard, mouse and display.

In the illustrative embodiment of FIG. 5, software modules are executed by GPDDP
subsystem 530 that each performs various portions of method 400 of FIG. 4. Thus, for
example, data collection/storage module 532 performs the functions of block 402; production
data processing module 534 the functions of block 404; consolidated calculation module 536
the functions of block 406; full-physics numerical simulation module 535 the functions of
block 408; map generation and presentation module 538 the functions of blocks 410-412;
overlay module 540 the functions of block 414; analytical simulation and KPI calculation
module 542 the functions of block 416; and KPI presentation module 544 the functions of
block 418.

The illustrative embodiment of FIG. 5 also includes a deviation detection module
546 that monitors the KPIs and generates an alarm if a KPI value deviates from a reference
value (e.g., 1.0 for the voidage replacement ratio) by more than a predetermined threshold
value (e.g., £0.1). In other illustrative embodiments, such a deviation may alternatively or
additionally trigger the generation of an advisory that recommends a specific course of action
to correct the deviation (e.g., increasing or decreasing the water injection flow rates at one or
more injector wells). Some alarms and/or advisories may each be triggered independently
when separately defined thresholds are exceeded, while others may be triggered together

when a single threshold is exceeded.

Analytical simulation and KPI calculation module 542 uses the results produced by
full-physics simulation module 535 to produce each of the performance indicator values
displayed by performance indicator gauges 270-276 of FIG. 2. In at least some illustrative

embodiments, the performance indicator values of FIG. 2 are calculated as follows:
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Voidage Replacement Ratio (either cumulative or instantaneous):

Fa

VRR = oot 00 (1)
a2

wherein volyin i the volume of injected water, vol, is the volume or
produced oil, vol,, is the volume of produced water and vol, is the volume of

produced gas;

Nominal Pressure:
r — AVR
Bam = - > (2)
wherein P,,, is the average pressure for the selected pattern and Piyee 15 the
target reservoir pressure;

Volumetric Sweep Efficiency:

— . VS o2 o (3)
Eypay = Rt Y
QOIP{L~Sgepd

wherein Cum, is the cumulative oil production in mmstb at a specific point
in time, OOIP is the original oil in place in mmstb and Sy, is the average water

saturation of the selected pattern; and

Displacement Efficiency:

(4)

wherein Sy, 1s the average water saturation of the selected pattern and Sy is

the initial water saturation of the selected pattern.

By combining the measured near-wellbore and simulated interwell data into a single
display using the data flow described, reservoir operators can monitor the state of the
reservoir, diagnose problems promptly, and assess the effectiveness of corrective action after
it is implemented. For example, the voidage replacement ratio can be used to determine if a
given pattern needs to receive more or less injected water, and to later assess if the changes
made to effect the correction had the desired results. Nominal pressure monitoring can be
effective in making sure that the pressure in the reservoir is maintained at the level necessary
to exploit the reservoir fluids without unacceptable hydrocarbon losses. Volumetric
efficiency monitoring provides a macro indication of how much oil is being replaced by

water and thus how efficiently the oil is being swept by the water. Displacement efficiency
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monitoring is similar to volumetric efficient, but instead provides information at a micro or

pore level.

For each performance indicator, the displayed data provides a measure of the state
of the reservoir, an indication of issues as they arise, and information that enables a reservoir
operator to diagnose and address the issues in a timely manner. If, for example, the nominal
pressure reading of a pattern is below a desired range, a reservoir engineer using the disclosed
systems and methods can run a series of simulations, using the current simulated reservoir
state as a starting point, to test possible solutions intended to raise the nominal pressure of the
pattern. Once a solution is identified, the simulated near-wellbore data (e.g., water cut
measurements) can be noted and forwarded to field personnel, which may then monitor the
measured near-wellbore data after the solution has been applied in the field (e.g., increasing
the water injection flow rate at the pattern’s injector well) and verify whether the solution is
achieving the desired results. This enables operators to take further action promptly if
necessary if the solution fails to yield the desire results, rather than a month later after the
next regular simulation is run integrating the near-wellbore data collected after
implementation of the solution. The ability to concurrently view and correlate measured near-
wellbore data and simulated interwell data may thus be used to more efficiently and

effectively exploit reservoirs during production.

Numerous other modifications, equivalents, and alternatives, will become apparent
to those skilled in the art once the above disclosure is fully appreciated. For example,
although at least some software embodiments have been described as including modules
performing specific functions, other embodiments may include software modules that
combine the functions of the modules described herein. Also, it is anticipated that as
computer system performance increases, it may be possible in the future to run the above-
described simulations in a much shorter period of time using much smaller hardware, making
it possible to perform the simulations more frequently (e.g., weekly or even daily) and using
systems on site such as well logging trucks. Additionally, although specific measured near-
wellbore values (e.g., water cuts) and simulated overall performance indicators (e.g., nominal
pressure) were presented as the monitored and graphically combined values, many other
measured near-wellbore and simulated overall values, as well as values calculated and/or
derived from the real-time and historical values, may be suitable for producing summary
displays similar to the illustrative example of FIG. 2, and all such values and resulting

displays are within the scope of the present disclosure. Further, although the term “simulated

10
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interwell data” is used to describe simulated data between two or more wells, it is also
intended to include simulated data near and/or distanced away from a single well without
necessarily being between said well and another well (e.g., simulated data distanced away
from a well at the outer edge of a reservoir). It is intended that the following claims be

interpreted to embrace all such modifications, equivalents, and alternatives where applicable.

11



10

15

20

25

30

WO 2014/022127 PCT/US2013/051385

CLAIMS

WHAT IS CLAIMED IS:

A method for monitoring and diagnosing a reservoir that comprises:

collecting measured near-wellbore data representative of conditions at or near a
plurality of wells within the reservoir and storing the measured near-wellbore data in
one or more databases;

presenting graphically to a user simulated interwell data generated by a reservoir
simulation based at least in part on the measured near-wellbore data;

overlaying graphically at least some of the measured near-wellbore data over the
simulated interwell data; and

presenting graphically to the user one or more production indicators calculated based at

least in part on the simulated interwell data.

The method of claim 1, wherein the simulated interwell data comprises water saturation

levels.

The method of claim 1, wherein the at least some of the measured near-wellbore data
comprises water cuts or oil cuts for each of one or more producer wells of the plurality

of wells.

The method of claim 1, wherein the one or more production indicators comprise an
indicator selected from the group consisting of a voidage replacement ratio, a nominal

pressure, a volumetric sweep efficiency and a displacement efficiency.

The method of claim 1, further comprising presenting one or more alarms to the user if
a production indicator deviates from a first reference value by more than a first
threshold value or presenting one or more recommended actions to the user if a
production indicator deviates from a second reference value by more than a second

threshold value.

The method of claim 1, wherein the overlaying is performed in real-time as the

measured near-wellbore data 1s collected.

The method of claim 1, further comprising starting the reservoir simulation based at
least in part on a stored simulation end state of a prior execution of the reservoir

simulation.

12
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The method of claim 1, further comprising selecting a reservoir pattern comprising the
plurality of wells, wherein the production indicators presented to the user correspond to

one or more wells within the selected pattern.

A reservoir monitoring and diagnosing system that comprises:
a memory having reservoir monitoring and diagnosing software; and
one or more processors coupled to the memory, the software causing the one or more
processors to:
collect measured near-wellbore data representative of conditions at or near a
plurality of wells within the reservoir and storing the measured near-wellbore data
in one or more databases;
present graphically to a user simulated interwell data generated by a reservoir
simulation based at least in part on the measured near-wellbore data;
overlay graphically at least some of the measured near-wellbore data over the
simulated interwell data; and
present graphically to the user one or more production indicators calculated based at

least in part on the simulated interwell data.

The system of claim 9, wherein the simulated interwell data comprises water saturation

levels.

The system of claim 9, wherein the at least some of the measured near-wellbore data
comprises water cuts or oil cuts for each of one or more producer wells of the plurality

of wells.

The system of claim 9, wherein the one or more production indicators comprise an
indicator selected from the group consisting of a voidage replacement ratio, a nominal

pressure, a volumetric sweep efficiency and a displacement efficiency.

The system of claim 9, wherein the software further causes the one or more processors
to present one or more alarms to the user if a production indicator deviates from a first
reference value by more than a first threshold value or to recommend one or more
actions to the user if a production indicator deviates from a second reference value by

more than a second threshold value.

The system of claim 9, wherein the software further causes the one or more processors

to perform the overlay in real-time as the measured near-wellbore data is collected.

13
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A non-transitory information storage medium having reservoir monitoring and

diagnosing software that comprises:

a data collection and storage module that collects measured near-wellbore data
representative of conditions at or near a plurality of wells within the reservoir and
stores the measured near-wellbore data in one or more databases;

a map generation and presentation module that graphically presents to a user at least
some simulated interwell data generated by a reservoir simulation based at least in
part on the measured near-wellbore data;

an overlay module that graphically overlays at least some of the measured near-
wellbore data over the simulated interwell data; and

a production indicator presentation module that graphically presents to the user one or
more production indicators calculated based at least in part on the simulated interwell

data.

The storage medium of claim 15, wherein the simulated interwell data comprises water

saturation levels.

The storage medium of claim 15, wherein the at least some of the measured near-
wellbore data comprises water cuts or oil cuts for each of one or more producer wells of

the plurality of wells.

The storage medium of claim 15, wherein the one or more production indicators
comprise an indicator selected from the group consisting of a voidage replacement ratio,

a nominal pressure, a volumetric sweep efficiency and a displacement efficiency.

The storage medium of claim 15, wherein the software further comprises a deviation
detection module that presents one or more alarms to the user if a production indicator
deviates from a first reference value by more than a first threshold value or that
recommends one or more actions to the user if a production indicator deviates from a

second reference value by more than a second threshold value.

The storage medium of claim 15, wherein the overlay modules performs the overlay in

real-time as the measured near-wellbore data is collected.
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