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Fig. 1

16 production well (10), comprising the steps of: measuring (110) a physical property of the
production well (10) using at least one sensor (12); pre-processing (130) the measured
values of the physical property using feature scaling or automatic gain control techniques;
and determining (150) one or more downhole characteristic(s) using a supervised ma-
chine learning method (200). The supervised machine learning method (200) comprises
the steps of: cross- validating (210) a predictive analytics algorithm with training data
that are previously measured physical properties and applying (220) one or more algo-
rithms to the measured values of the physical property to converge on an estimate for
the determined downhole characteristic(s).
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METHOD FOR DETERMINING DOWNHOLE CHARACTERISTICS IN A PRODUCTION
WELL

Field of the invention

The present invention relates to a method for determining downhole

characteristics in a production well.

Background art

Production wells are an important part of certain industries, especially for mining
and oil drilling. When performing various types of operations downhole, such as
drilling, cutting, etc., it is desirable to monitor the downhole characteristics
during the operation. However, in practice, it is often difficult to achieve accurate
measurements of downhole characteristics. For example, downhole
measurements usually require interruption of production, which costs precious
operational time. Yet further, while certain measurements may be made, not all

downhole characteristics are easily measured.

Traditional approaches that determine downhole characteristics in a production
well require certain physical models or assumptions. In practice, it is very
challenging to get accurate and reliable models. In most cases, the designed
models are simplifying the downhole environment too much. Hence, it is normal
to obtain large errors from the simple physical model-based approaches. There is
therefore a need to provide an improved method for determining downhole

characteristics in a production well.

Summary of the invention

In order to find a way to determine downhole characteristics that are not easily
measured, an object of the present invention is to provide a method for
determining these downhole characteristics using estimations from more easily

measured data.

According to a first aspect of the invention, the above and other objects of the

invention are achieved, in full or in part, by a method for determining one or
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more downhole characteristic(s) in a production well. The method comprises
measuring a physical property of the production well using at least one sensor;
pre-processing the measured values of the physical property using feature
scaling and/or an automatic gain control technique; and determining one or more
downhole characteristic(s) using a supervised machine learning method. The
supervised machine learning method comprises cross-validating a predictive
analytics algorithm with training data that are previously measured physical
properties, and applying one or more algorithms to the measured values of the
physical property to converge on an estimate for the determined downhole
characteristic(s).

In addition, said physical property may be the permittivity of a fluid in the well

and/or the current provided to a downhole tool of the well.

The present solution is purely data-driven, and no physical model is required. In
particular, the present invention provides a regression model to predict a
quantity of the downhole characteristic(s) from measured data in the production

well,

By physical model is meant a mathematical model which describes how the earth

formation responds to the transmitting signal from the downhole tool.

Using feature scaling and/or an automatic gain control technique changes how
the data is distributed across the possible data values. Such pre-processing will

improve any machine learning classifier to more accurately perform classification.

In an embodiment, the training data, which are previously measured physical

properties, are measured using the at least one sensor.

The method may further comprise transmitting a control signal based on the
determined downhole characteristic(s). This is advantageous in that improved
control of equipment can be accomplished.

The control signal may be transmitted to a data-processing unit at the surface or
to an operator.
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The control signal may be transmitted to a downhole tool. Hence, real-time
control of downhole equipment is possible.

The method may further comprise displaying the measured physical property
and/or the determined downhole characteristic(s) on a display, which allows for

immediate feedback of the downhole characteristic to an operator.

The method may further comprise a pre-determining step comprising using a
non-linear or a linear system identification. Improved pre-determining of the

downhole characteristic is thereby provided for.

The pre-determining step may be performed after the step of measuring a
physical property of the production well using at least one sensor and before the
step of pre-processing the measured values of the physical property using
feature scaling and/or automatic gain control techniques.

The physical property may be measured using multiple sensors in at least two
different configurations, and pre-determining the downhole characteristic(s)
comprises using the non-linear or linear system identification. The method will
thereby have access to an increased amount of data, thus improving the
accuracy of the method.

The physical property may comprise the permittivity of a fluid in the well. The
method can thereby be performed in order to determine the water flow regime
downhole, i.e. a representation of the different fluids in the well, preferably at a

common cross-section of the well.

The physical property may comprise the current provided to a downhole tool of
the well. The downhole tool may be a suction toocl comprising a bailer, and in an
embodiment, the downhole characteristics may comprise the fullness of the
bailer. The method will thereby provide accurate and reliable information of the
downhole tool operation, which will allow for improved monitoring of downhole

operation as well as predictive operation and maintenance.

In an embodiment, the downhole tool is a milling tool having miller teeth, and the

downhole characteristics may comprise the miller teeth health.
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As for the embodiment including the suction tool, the method will provide
accurate and reliable information of the downhole tool operation, which will allow
for improved monitoring of downhole operation as well as predictive operation

and maintenance.

In another embodiment, the downhole toocl may be a sleeve manipulation tool,
and the downhole characteristics may comprise the sleeve position. In this way,
the sleeve manipulation tool can predict when the sleeve is half open or fully

open/closed, e.g. from current in the wireline.

In yet another embodiment, the downhole tool may be a tubing cutting tool
cutting the tubing with one or more cutting bit(s), and the downhole

characteristics may comprise the cutting bit health.

Furthermore, the downhole tool may be an opening drilling tool drilling one or
more openings in the wall of the production casing/well tubular metal structure
with at least one drilling bit, and the downhole characteristics may comprise the
drilling bit health.

Thus, the method for determining one or more downhole characteristic(s) in a
production well, may comprise:

- measuring a physical property of the production well using at least one sensor,
said physical property being the permittivity of a fluid in the well and/or the
current provided to a downhole tool of the well,

- pre-processing the measured values of the physical property using feature
scaling and/or an automatic gain control technique, and

- determining one or more downhole characteristic(s) using a supervised machine
learning method comprising the steps of:

- cross-validating a predictive analytics algorithm with training data that are
previously measured physical properties, and

- applying one or more algorithms to the measured values of the physical
property to converge on an estimate for the determined downhole
characteristic(s), wherein the downhole characteristic(s) is the fullness of a bailer
of a downhole suction tool comprising a bailer, miller teeth health of a downhole
milling tool comprising milling teeth, drilling bit health of a downhole drilling tool
comprising at least one drilling bit, cutting bit health of a tubing cutting tool,
and/or a representation of the different fluids in the well.
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At least one sensor may be an electrode and/or an ampere metre. The method
can thereby be performed using standard equipment.

The method may further comprise registering the angle of the at least one sensor
with respect to gravity, preferably using an accelerometer. Improved determining

of the downhole characteristic is thereby possible.

The supervised machine learning method may be configured to operate a random

forest algorithm.

In an embodiment, the method comprises pre-processing the measured values of
the physical property by applying feature scaling or an automatic gain control
technique to overcome data imbalance, e.g. by changing how the data are
distributed across the possible data values. Such pre-processing will improve any

machine learning classifier to more accurately perform classification.

According to a second aspect, a computer programme product comprising a
computer-readable medium having thereon a computer programme comprising
programme instructions is provided. The computer programme is loadable into a
data-processing unit and adapted to cause execution of the method according to
the first aspect when the computer programme is run by the data-processing

unit.

Other objectives, features and advantages of the present invention will appear
from the following detailed disclosure and from the attached claims as well as
from the drawings. It is noted that the invention relates to all possible
combinations of features.

It should be emphasised that the term “comprises/comprising” when used in this
specification is taken to specify the presence of stated features, integers, steps,
or components, but does not preclude the presence or addition of one or more
other features, integers, steps, components, or groups thereof. All terms used in
the claims are to be interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein. All references to
"a/an/the [element, device, component, means, step, etc.]" are to be interpreted
openly as referring to at least one instance of the element, device, component,
means, step, etc., unless explicitly stated otherwise.
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Brief description of the drawings

By way of example, embodiments of the present invention will now be described

with reference to the accompanying drawings, in which

Fig. 1 shows a schematic view of a system for determining downhole

characteristics in a production well according to an embodiment,

Fig. 2a shows a schematic view of four different arrangements of electrodes for

measuring fluid permittivity according toc an embodiment,

Fig. 2b shows an isometric view of a downhole tool for measuring fluid

permittivity according to an embodiment,

Fig. 3 shows a flowchart of a method for measuring downhole characteristics in a

production well according to an embodiment, and

Fig. 4 shows a flowchart of a machine learning method for determining a

downhole characteristic according to an embodiment.

Detailed description of the invention

Embodiments of the invention will now be described with reference to the
accompanying drawings. The invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. The terminology used in the detailed description of the
particular embodiments illustrated in the accompanying drawings is not intended
to be limiting of the invention. In the drawings, like numbers refer to like

elements.

Fig. 1 shows a system for determining one or more downhole characteristic(s) in
a production well 10. The system comprises a data-processing unit 30 configured
to execute a method 100 for measuring one or more physical properties and to

determine the one or more downhole characteristic(s) in the production well 10.
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The data-processing unit 30 is operatively connected to a sensor 12, which in
turn is operatively connected to a downhole tool 14 of the well 10. As will be
further explained in the following description, the downhole tool 14 may be a
milling tool, a tubing cutting tool, an opening drilling tool, a suction tool, such as
a cleaning tool with a bailer, or any other tool suitable to be lowered downhole.
The downhole tool 14 may be provided with one or more sensor(s) 12. In the
case of a milling tool, a tubing cutting tool, an opening drilling tool and/or a
suction tool, the one or more sensor(s) 12 can be implemented as an ampere

metre configured to measure 110 the current provided to the downhole tool 14,

In another embodiment, the downhole toocl may be a sleeve manipulation tool,
and the downhole characteristics may comprise the sleeve position. In this way,
the sleeve manipulation tool can predict when the sleeve is half open or fully
open/closed, e.g. from measuring the current in the wireline/cable. In yet
another embodiment, the downhole tool may be a tubing cutting tool cutting the
tubing with one or more cutting bit(s), and the downhole characteristics may
comprise the cutting bit health which can be predicted e.g. from measuring the
current in the wireline/cable. Furthermore, the downhole tool may be an opening
drilling tool drilling one or more openings in the wall of the production casing/well
tubular metal structure with a drilling bit, and the downhole characteristics may
comprise the drilling bit health which can be predicted e.g. from measuring the

current in the wireline/cable.

The current provided to the downhole tool 14 will normally vary over time; in the
case of a milling tool, less current will be needed as the miller teeth become worn
out and damaged. The same reasoning also applies for suction tools, as the drive
current will vary depending on the fullness of the bailer of the suction tool. When
cutting a tubing by means of a cutting tool, e.g. for retraction of an upper part of
the tubing, and the bits of the cutting tool become worn out or damaged, then
the power consumption will also change.

Again referring to the downhole tool 14 being a milling tool, by measuring 110
the current provided to the milling tool 14, a machine learning method 200 is
used to determine the miller teeth health based on the measured current values.
The machine learning method 200 will be further detailed with reference to Fig.
4, The method is preferably used to classify the working status of the milling tool
and to predict its remaining teeth life. The working status of the milling tool could
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be clogged, break through, or that the miller teeth are reaching the end of their
lifetime. Machine learning classifiers can therefore be used to classify the working
status of the milling tool, and machine learning regressors can be used to predict
the residue of the teeth life.

The downhole tool 14 may in an alternative embodiment be a suction tool
comprising a bailer. The current provided to the suction tool 14 also varies over
time as the bailer fills up. The machine learning method 200 may consequently
be used in a similar manner to determine the fullness of the bailer from initial
measurements of the current supplied to the suction tool. When using a suction
tool 14, the method can be used to predict how full the associated bailors are.
The bailors store the debris and/or sand, and the ability to predict its fullness
during an operation helps the field personnel plan for operation. In particular,
machine learning is used to help predict the fullness of the bailor based on the
electrical current as the input.

The downhole tool 14 may also in an alternative embodiment be a downhole fluid
property detection tool comprising multiple electrodes arranged in a circle or
along a cylinder periphery as in Fig. 2b. Moreover, the side view of the sensors
12 for measuring the fluid physical property downhole is shown in Fig. 2a. Four
different arrangements of the sensors 12 are implemented by the tool. These
arrangements are particularly suited for measuring fluid permittivity using
electrodes 12, which may be used to determine a water flow regime of the
production well 10. The term “water flow regime” should in this context be
interpreted as a representation of the different fluids in the well, in particular at a

common cross-section of the well.

As is shown in Fig. 2a, eight electrodes are distributed along the circumference of
the tool. In a first measurement, two adjacent electrodes 12 are used. In a
second measurement, two electrodes are used being spaced apart by one
intermediate electrode. In a third measurement, two electrodes are used being
spaced apart by two intermediate electrodes. In a fourth measurement, two
electrodes are used being spaced apart by three intermediate electrodes. During
the measurements, the intermediate electrodes are not used. When measuring
the potential difference between two different electrodes 12, four different types
of measurements are thereby possible depending on which arrangement of
electrodes is used. The measured values will be lower in the arrangements
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labelled with higher numbers in Fig. 2a, which means that these measurements
are more susceptible to noise. The machine learning method 200 may be used to
determine how these different types of measurements are to be processed, e.g.
to outbalance the influences of noise. Furthermore, the downhole fluid property
detection tool 14 comprises an accelerometer 18 in order to measure the
gravitational force acting on the downhole fluid property detection tool 14. The
measured gravitational force is used to register 120 the angle of the electrodes
12. The angle of the electrodes 12 may be input to the machine learning method

200 to further improve the results.

It would also be possible to provide a temperature sensor for measuring the
temperature downhole and to use the measured temperature as an additional
downhole property. In the case of permittivity, as this property is dependent on
the temperature, it will be possible for the machine learning model to more
accurately determine the downhole characteristic, such as the water flow regime,
i.e. a representation of the different fluids in the well, in particular at a common
cross-section of the well. The data processing unit 30 of Fig. 1 is further
operatively connected to a display 16. The data processing unit 30 may be
configured to display 160 measured values of physical properties, determined
downhole characteristics, or a combination of both on the display 16.

Fig. 3 schematically shows a method 100 for measuring downhole characteristics
in @ production well 10. The method 100 comprises several steps 110-170. These
steps 110-170 may be performed in any order, some may be skipped, and others
repeated, and different steps may be performed by different units of the data

processing unit 30 and/or the downhole tool 14.

A measuring step 110 comprises measuring a physical property of the production
well 10 using at least one sensor 12. The sensor 12 may be any sensor suitable
for measuring physical properties, such as an electrode, an ampere metre, a
thermometer, or an optical sensor to mention a few. More than one sensor 12

may further be used, and more than one type of sensor 12 may be combined.

A registering step 120 comprises registering the angle of the at least one sensor
12 with respect to gravity, e.g. by using an accelerometer 18. The accelerometer
18 may also be configured to register 120 the movement of the at least one
sensor 12.
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A pre-processing step 130 comprises pre-processing the measured values of the
physical property using feature scaling and/or an automatic gain control
technique to overcome data imbalance. This may also comprise using min-max
normalisation, mean normalisation, Gaussian standardisation, amplifying and/or
averaging measurements. The purpose of performing feature scaling and/or
automatic gain control may be to balance highly varying magnitudes from the at

least one sensor.

The method 100 may comprise an optional pre-determining step 125 before the
processing step 140 and even before the optional pre-processing step 130. The
pre-determining step 125 comprises using linear or non-linear system
identification. Thus, before performing feature scaling and/or automatic gain
control, the method may also comprise linear regression and/or fitting to known
models. By having a pre-determining step 125, the measured values of the
physical property are determined to be linear or stepwise-linear (non-linear), and
from such pre-determining step, the most suited feature scaling or automatic
gain control can be chosen. From the test data, such linear or non-linear system
identification may be unnecessary as such information may be known.

A determining step 150 comprises determining a downhole characteristic using a
supervised machine learning method 200. This step is discussed further with
reference to Fig. 4.

An optional displaying step 160 comprises displaying the measured physical
property and/or the determined downhole characteristic on a display 16. The
displaying step 160 may further comprise displaying the registered 120 angle or
movement of the at least one sensor 12 on a display 16. The displayed content

may be useful for an operator to improve the operation of the production well 10.

The displaying step 160 may further comprise alerting an operator to a problem
with the production well 10 based on the measurements made. The alert may be
visual or audial according to methods known by the skilled person.

An optional sending/transmitting step 170 comprises sending a control signal
based on the determined downhole characteristic. The signal may be sent to a
downhole tool 14 in the well 10. The control signal can e.g. stop a milling tool 14
because its teeth are too worn out or stop a suction tool 14 because its bailer is
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full. Alternatively or additionally, the control signal can be used to control various
operations downhole in order to improve the productivity of the well.

Fig. 4 shows a machine learning method 200 for determining a downhole
characteristic. The machine learning method 200 shown is a supervised machine
learning method using a random forest algorithm. Alternatively, a neural
network, a Bayesian regression algorithm, or any supervised machine learning

method may be used.

The machine learning method 200 starts by cross-validating 210 a predictive
analytics algorithm with training data that are previously measured physical
properties measured by the sensor of the downhole tool, e.g. in another well or a
testing facility. This comprises inputting a subset of previously measured physical
properties with known corresponding downhole characteristics into the machine
learning method 200 as training data, and the remaining subset of previously
measured physical properties acts as test data to verify the estimation. The set
may have any number and range of data points sufficient to provide a reliable

estimation.

The machine learning method 200 may use the training data to find a relationship
between the measured physical property of the production well 10 and the
corresponding downhole characteristics. Based on this, any new measurement

110 may apply 220 the found relationship to estimate downhole characteristics.

The machine learning method 200 further comprises applying 220 one or more
algorithms, such as data mining algorithms, to the measured 110 values of the
physical property to converge on an estimate for the determined downhole
characteristic. This comprises using algorithms such as random forest to find a
correlation between the measured 110 values of the physical property and the
downhole characteristic using the training data. Once found, the relationship is
applied to all new measured 110 values. Newly measured 110 values may also be
fed back into the machine learning method 200 to further improve the algorithm
used.

As mentioned previously, the registered 120 acceleration data may be used
instead of or in addition to the measured physical property, and a number of
different physical properties may be used related to different downhole
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characteristics. In the case of several different measurement data being used in
the same machine learning method 200, the method 200 may find them to be
correlated or not, which may or may not improve the estimation of the downhole
characteristics.

Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having
the benefit of the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the inventions are not
to be limited to the specific embodiments disclosed, and that modifications and
other embodiments are intended to be included within the scope of the appended
claims. Moreover, although the foregoing descriptions and the associated
drawings describe exemplary embodiments in the context of certain exemplary
combinations of elements and/or functions, it should be appreciated that different
combinations of elements and/or functions may be provided by alternative
embodiments without departing from the scope of the appended claims. In this
regard, for example, different combinations of elements and/or functions than
those explicitly described above are also contemplated as may be set forth in
some of the appended claims. In cases where advantages, benefits, or solutions
to problems are described herein, it should be appreciated that such advantages,
benefits and/or solutions may be applicable to some example embodiments, but
not necessarily all example embodiments. Thus, any advantages, benefits, or
solutions described herein should not be thought of as being critical, required, or
essential to all embodiments or to that which is claimed herein. Although specific
terms are employed herein, they are used in a generic and descriptive sense only

and not for purposes of limitation.
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Claims

1, A method for determining one or more downhole characteristic(s) in a
production well (10), comprising the steps of:

- measuring (110) a physical property of the production well (10) using at least
one sensor (12),

- pre-processing (130) the measured values of the physical property using
feature scaling and/or automatic gain control techniques, and

- determining (150) one or more downhole characteristic(s) using a supervised
machine learning method (200) comprising the steps of:

- cross-validating (210) a predictive analytics algorithm with training data that
are previously measured physical properties, and

- applying (220) one or more algorithms to the measured values of the physical
property to converge on an estimate for the determined downhole
characteristic(s).

2. The method according to claim 1, further comprising a step of transmitting
(170) a control signal based on the determined downhole characteristic(s).

3. The method according to claim 2, wherein the control signal is transmitted
to a downhole tool (14).

4, The method according to any one of the preceding claims, wherein said
physical property is the permittivity of a fluid in the well and/or the current
provided to a downhole tool of the well.

5. The method according to any one of the preceding claims, further
comprising pre-determining (125) said one or more downhole characteristic(s)

using a linear or non-linear system identification.

6. The method according to claim 4, wherein the physical property is
measured (110) using multiple sensors (12) in at least two different
configurations, and wherein pre-determining (125) the downhole characteristic(s)

comprises using the non-linear or linear system identification.
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7. The method according to any one of claims 1-5 or 7, wherein the downhole
tool (14) is a suction tool comprising a bailer, and the downhole characteristic(s)

comprises the fullness of the bailer.

8. The method according to any one of claims 1-5 or 7, wherein the downhole
tool (14) is a milling tool having miller teeth, and the downhole characteristic(s)
comprises the miller teeth health.

9, The method according to any one of claims 1-5 or 7, wherein the downhole
tool is an opening drilling tool having at least one drilling bit, the downhole

characteristic(s) comprising the drilling bit health.

10. The method according to any one of claims 1-5 or 7, wherein the downhole
tool is a tubing cutting tool having one or more cutting bit(s), the downhole

characteristic(s) comprising the cutting bit health.

11. The method according to any one of the preceding claims, wherein at least

one sensor (12) comprises an electrode and/or an ampere metre.

12, The method according to any one of the preceding claims, further
comprising the step of registering an angle of the at least one sensor (12) with

respect to gravity using an accelerometer (18).

13. The method according to any one of the preceding claims, wherein the
supervised machine learning method (200) is configured to operate a random
forest algorithm.

14, The method according to any one of the preceding claims, further
comprising the step of pre-processing (130) the measured values of the physical
property by applying feature scaling and/or an automatic gain control technique

to overcome data imbalance.

15. A computer programme product comprising a computer readable medium,
having thereon a computer programme comprising programme instructions, the
computer programme being loadable intc a data-processing unit (30) and
adapted to cause execution of a method (100) according to any one of the
preceding claims when the computer programme is run by the data-processing
unit (30).
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