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METHOD FOR PREDICTING PERFOMANCE OF A WELL PENETRATING

Field of the invention

The present invention is related to the field of software technology and
data analysis in the petroleum industry. More specifically, the present
techniques are directed to systems and methods for predicting the future
performance of new or planned oil and gas wells and determining parameters
for the location, drilling and completion of a well based on the predicted

performance of the well.

Background of the invention

The prediction of the future performance of the new or planned well is
important for making the economical evaluation of the well. If the poor
production performance is predicted, then such parameters as the well
location, drilling and completion strategies should be improved based on the
predicted performance of the well. Once the parameters are changed, they can
be used to get the updated production prediction using the presented invention
to estimate if the changes lead to the positive impact on the economical
parameters. Hence, the production predictions provided by the present

invention allow to solve the production optimization problem for new or
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planned wells. Predicting performance of the new wells is also critical for the
large scale field development planning and for the financial forecasts of the
field development projects. In the present invention, the prediction is based
on the past observations and is done without performing numerical
simulations that are usually CPU-time expensive. Hence, the predictions are
provided significantly faster than using the traditional simulation-based
approaches.

Traditionally, to predict the well production performance the numerical
simulations are carried out. In this approach, the data available for the studied
well (e.g. seismic, well logging, core analysis data etc.) is pre-processed and
entered in the numerical simulator to create the mathematical model of the
well connected with the reservoir and perform the hydrodynamic modeling in
this system (see Petroleum Reservoir Simulation by Aziz, K., Applied Science
Publishers, 497 p., 1979, pages 412-414). This approach has limitations. First,
the mathematical models in these simulators are based on the laws of physics
that often require closure relations obtained from experiment. As experiments
are usually carried out for the limited ranges of the problem parameters (e.g.
pressures and temperatures), the predictivity of numerical simulators is

restricted. Second, the numerical simulations are time consuming.
Summary of the invention
Disclosed is a method for predicting performance of a well penetrating

an underground hydrocarbon bearing formation which doesn’t require

numerical simulations and includes machine learning and pattern recognition
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techniques implemented into the computer system and performed over all
available historical data. The method includes storing a well data comprising
historical well parameters and historical well performance characteristics
obtained from a plurality of operating wells in a knowledge database in a
memory storage and performing, by a cognitive system, an analysis of said
well data, wherein said analysis produces relationships between said
historical well parameters and said historical well performance characteristics.
Then, the method includes inputting, into the cognitive system, new well
parameters characterizing an underground hydrocarbon bearing formation and
a new well penetrating the formation and predicting, by the cognitive system,
- performance characteristics of said new well and a corresponding uncertainty
of the prediction based on the produced relationships. The method may also
include planning at least one strategy of a group consisting of well location,
drilling and completion strategies using the predicted performance
characteristics, and implementing the planned strategies using hydrocarbon

bearing formation equipment.

Brief description of the drawings

The disclosure is illustrated by drawings where:

Fig. 1 shows a flowchart in accordance with one or more embodiments
of the disclosure;

Fig. 2 illustrates a computing system in accordance with one or more

embodiments;
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Fig.3 shows an example of the method and a computing system in

accordance with one embodiment.

Detailed description of the invention

Reference will now be made in detail to embodiments, examples of
which are illustrated in the accompanying figures.

The proposed invention provides the solution of the petroleum
engineering problem without carrying out the time consuming numerical
simulations.

Fig. 1 shows a flowchart in accordance with one or more embodiments.

The disclosed method comprises storing by a computing system in a
knowledge database in tangible memory storage a well data comprising
historical well parameters and historical well performance characteristics
obtained from a plurality of operating wells drilled in hydrocarbon bearing
formations (Block 1).

According to one embodiment of the disclosure the well data stored in
the knowledge database additionally comprises information from publications
such as results of studies on optimal strategies of well drilling, completion,
and production.

According to another embodiment of the disclosure the well data stored
in the knowledge database additionally comprises results of numerical
simulations executed beforehand and providing the relations between at least
part of the new well parameters and a simulated well performance. It is

especially important in situations where the historical well parameters and the
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historical well performance characteristics are not enough or missing in the
knowledge database.

In accordance with one more embodiment of the disclosure the
historical well parameters obtained from the plurality of operating wells
comprise at least one of a group consisting of petrophysical properties of the
hydrocarbon bearing formations, fluid properties, configuration of the wells.

In accordance with another embodiment of the disclosure the historical
well performance characteristics obtained from the plurality of operating
wells comprise at least one of a group consisting of flowrates of hydrocarbons,
peak surface rates, pressure and temperature distribution in the wells and
hydrocarbon bearing formations, duration of well cleanup or flowback.

The information from different sources can be assigned a relevance
factor that will determine the overall contribution of this source to the
prediction.

In Block 2, an analysis of said well data stored in the knowledge
database is performed by a cognitive system of the computing system,
wherein said analysis produces relationships between said historical well
parameters and said historical well performance characteristics.

The cognitive system can have a form of hardware with the pre-
installed software or a software only distributed for installation on commonly
used hardware with the installed commonly used operation systems. The
cognitive system analyses the available information and establishes links and
relations between the input historical well parameters of the problem (such as
petrophysical properties of the underground hydrocarbon bearing formation,

fluid properties, configuration of wells to deliver the hydrocarbons to surface)
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and the output parameters of the problem that is the historical performance of
wells (e.g. surface flowrates of oil, water, and gas, peak surface rates, pressure
and temperature distribution in the wells and hydrocarbon bearing formation,
duration of well cleanup or flowback). The cognitive system performs the data
processing and analytics, and pattern recognition to improve the predictability
of the well performance.

The historical well parameters can be combined in metrics containing
numbers thus representing digital fingerprints of the historical wells. The
digital fingerprinting allows to convert the vast amounts of data in form of
spatially and temporarily distributed arrays of parameters to a reduced and
more compact form containing smaller amount of numbers. For example,
instead of comparing two spatial logs of absolute permeability for the new and
historical wells one will have to compare the two average values for the new
and historical well over the measured interval. The digital fingerprinting
allows to execute the rapid search over the historical wells by comparison and
analysis of the finger prints of the historical and new wells. The digital
fingerprint (metrics) can contain such values, as mean value of permeability,
density of fluids at standard conditions, and other parameters relevant to the
domain of oil and gas.

In Block 3, new well parameters characterizing an underground
hydrocarbon bearing formation and a new well penetrating the formation are
submitted by a user into the cognitive system of the computing system via an

interface.
In accordance with one embodiment of the disclosure the new well

parameters characterizing the underground hydrocarbon bearing formation
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and the new well penetrating the formation may comprise at least one of a
group consisting of petrophysical properties of the hydrocarbon bearing
formations, fluid properties, configuration of the new well.

In Block 4, the comparison of the parameters of the new well with the
historical well parameters is performed by the cognitive system using data
analytics techniques such as a machine learning or a pattern recognition.

In Block 5, performance characteristics of said new well and a
corresponding uncertainty of the prediction based on the produced
relationships are predicted using the computing system.

For the given input parameters of the new well provided the cognitive
system of the computing system predicts the output parameters - performance
characteristics of said new well and provides the associated uncertainties.

The predicted performance characteristics of the new well can comprise
a hydrocarbon production from the well, a flow rate of a particular
hydrocarbon from the well, pressure and temperature distribution in said new
well and in said hydrocarbon bearing formation, a duration of the well cleanup
or flowback, cumulative values of surface rates and peak values of the surface
rates of hydrocarbons.

Workflow may also include planning well location, drilling and
completion strategies using the predicted performance characteristics (Block
6), and implementing the planned strategies using hydrocarbon bearing

formation equipment (Block 7).

The computing system may be of virtually any type regardless of the

platform being used. For example, the computing system may be one or more
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mobile devices (e.g., laptop computer, smartphone, smartwatch, personal
digital assistant, tablet computer, or other mobile device), desktop computers,
servers, blades in a server chassis, or any other type of computing device or
devices that includes at least the minimum processing power, memory, and
input and output device(s) to perform one or more embodiments of the
invention.

Figure 2 shows an example of the computing system in accordance with
some embodiments. The computing system may include a cognitive system
8 comprising a processor to perform the data analytics and generation of
predictions, a memory storage 9 and a user interface 10.

The cognitive system 8 simulates the process of human thought using a
numerical model. Cognitive systems use data mining, machine learning,
pattern recognition and language processing techniques to perform the
analysis of data (see Smart Machines: IBM's Watson and the Era of Cognitive
Computing by John E. Kelly III, Columbia Business School Publishing, 160
p., 2013 for more details on the cognitive systems). These features enable the
cognitive systems to efficiently perform the analytics on the data available in
the petroleum industry and provide data driven predictions for the new or
planned wells.

The computing system comprises the memory storage 9 (e.g., random
access memory (RAM), cache memory, flash memory, etc.), one or more
storage device(s) (e.g., a hard disk, an optical drive such as a compact disk
(CD) drive or digital versatile disk (DVD) drive, a flash memory stick, etc.),

and numerous other elements and functionalities.
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Software instructions in the form of computer readable program code
to perform one or more embodiments may be stored, in whole or in part,
temporarily or permanently, on a non-transitory computer readable medium
such as a CD, DVD, storage device, a diskette, a tape, flash memory, physical
memory, or any other computer readable storage medium. Specifically, the
software instructions may correspond to computer readable program code that
when executed by a processor(s), is configured to perform one or more
embodiments of the method.

The computing system also comprises a user interface 10. The
conventional user interface provides a means for one or more users to provide
information to the system and retrieve information therefrom. Illustratively,
the interface can be Windows-based graphical user interface (GUI) including
a keyboard, a mouse and a display.

Further, one or more elements of the aforementioned computing system
may be located at a remote location and connected to the other elements over
a network. Further, embodiments may be implemented on a distributed
system having multiple nodes, where each portion of an embodiment may be
located on a different node within the distributed system. In one or more
embodiments, the node corresponds to a distinct computing device.
Alternatively, the node may correspond to a computer processor with
associated physical memory or to a computer processor or micro-core of a
computer processor with shared memory and/or resources.

Figure 3 shows an example computing system in accordance with some
embodiments of the disclosure. Consider horizontal wells after a multi-stage

hydraulic fracturing treatment. In general, such wells share certain similarity
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in the design. They consist of a vertical segment connected with a horizontal
part with fractures distributed along the horizontal interval. To illustrate the
idea of present invention, consider the idealized situation where the complete
set of data for several wells is available in the memory storage 2. For
simplicity, assume that these wells have absolutely the same parameters but a
length of the horizontal part and the number of inflow points (fractures). The
number of fractures is considered to be equally distributed and proportional
to the length of the horizontal part. The historical data is available for several
wells with the horizontal part length from 2000 m to 5000 m. After performing
the data analysis, the cognitive system 8 learns that the gas flowrate during
the initial production stage is linearly proportional to the length of the
horizontal interval given that the inflow points are equally distributed. The
data available for the cognitive system 8 include the following:

o For the well with the horizontal part length 2000 m the gas
flowrate during the initial production is 26000 m>/day

o For the well with the horizontal par length 5000 m the gas
flowrate during the initial production is 62000 m*/day

A new well with the horizontal part length of 3000 m long is planned
for drilling. Before the drilling starts, the future performance of this well
should be evaluated. The information characterizing the new well is provided
to the cognitive system 8 through an interface 10.

In this idealistic case, the cognitive system 8 will predict the
performance of 38000 m’/day after the well flowback by the simple linear

interpolation inside of the known range of parameters. Hence, the proposed
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system will yield the output based on the past data analysis without
performing numerical simulations. The process is schematically illustrated in
Fig. 3.

In the real application, the forecast will be associated with uncertainties
related to the differences in configuration between the analyzed and predicted
wells. The cognitive system will also apply the advanced data analysis
algorithms to process the differences in configuration between the predicted
wells and wells with available data. This analysis will be complemented with
the information available from other sources such as publications (e.g. full
academic journal papers, technical reports, books, etc).

While the above has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from
the scope as disclosed herein. Accordingly, the scope should be limited by the

attached claims.
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Claims
1. A computer-implemented method for predicting performance of a well
penetrating an underground hydrocarbon bearing formation, the method
comprising:
- storing a well data comprising historical well parameters and
historical well performance characteristics obtained from a plurality of
operating wells in a knowledge database in a memory storage;
- performing, by a cognitive system, an analysis of said well data,
wherein said analysis produces relationships between said historical well
parameters and said historical well performance characteristics;
- inputting, into the cognitive system, new well parameters
characterizing an underground hydrocarbon bearing formation and a new well
penetrating the formation; and
- predicting, by the cognitive system, performance characteristics of said
new well and a corresponding uncertainty of the prediction based on the
produced relationships,
- planning at least one strategy of a group consisting of well location,
drilling and completion strategies using the predicted performance
characteristics, and

implementing the planned strategies using hydrocarbon bearing
formation equipment.
2. The method of claim 1 wherein the historical well parameters obtained
from the plurality of operating wells and the new well parameters comprise
at least one of a group consisting of petrophysical properties of the

hydrocarbon bearing formations, fluid properties, configuration of the wells.
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3.  The method of claim 1 wherein the historical well performance
characteristics obtained from the plurality of operating wells comprise at least
one of a group consisting of flowrates of hydrocarbons, peak surface rates,
pressure and temperature distribution in the wells and hydrocarbon bearing
formations, duration of well cleanup or flowback.

4. The method of claim 1 wherein the predicted performance
characteristics of the new well comprise a hydrocarbon production from the
well.

5. The method of claim 1 wherein the predicted performance
characteristics of said new well comprise a flow rate of a particular
hydrocarbon from the well.

6. The method of claim 1 wherein the predicted performance
characteristics of said new well comprise pressure and temperature
distribution in said new well and in said hydrocarbon bearing formation.

7. The method of claim 1 wherein the predicted performance
characteristics of said new well comprise a duration of the well cleanup or
flowback.

8. The method of claim 1 wherein the predicted performance
characteristics of said new well comprise cumulative values of surface rates
and peak values of the surface rates of hydrocarbons.

9.  The method of claim 1 further comprising determining, by the
computing system, optimized new well parameters for said new well such that
a rate of hydrocarbon production of the new well is maximized.

10. The method of claim 1 wherein the well data stored in the knowledge

database additionally comprises information from publications.
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11. The method of claim 10 wherein the information from publications
comprises results of studies on optimal strategies of well drilling, completion,
and production.
12. The method of claim 1 wherein the well data stored in the knowledge
database additionally comprises results of numerical simulations executed
beforehand and providing relations between at least part of the well
parameters and a simulated well performance.
13. The method of claim 1 wherein the historical well parameters are
combined in metrics containing a combination of numbers thus representing
digital fingerprints of the historical wells.
14. The method of claim 13 wherein the digital fingerprints comprise a
mean value of permeability.
15. The method of claim 13 wherein the digital fingerprints comprise
densities of fluids at standard conditions.
16. A computing system for predicting performance of a well penetrating
an underground hydrocarbon bearing formation, the system comprising:
- a memory storage for storing a knowledge database with an information
comprising historical well parameters and historical well performance
characteristics from a plurality of operating wells;
- a user interface adapted to receive user inputs for new well parameters
characterizing an underground hydrocarbon bearing formation and a well
penetrating the formation, and

a cognitive system comprising at least one processor coupled to the

memory storage and having functionality to execute instructions for:
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performing an analysis using said historical well parameters and said

historical well performance characteristics, wherein said analysis produces
relationships between said historical well parameters and said historical well
performance characteristics,

receiving new well parameters characterizing the formation and the well,

predicting performance characteristics of the well and a corresponding
uncertainty of the prediction and planning at least one strategy of a group
consisting of well location, drilling and completion strategies using the
predicted performance characteristics.
17. The computing system of claim 16 wherein the processor is additionally
configured to execute instructions for determining optimized new well
parameters for the well such that a rate of hydrocarbon production of the well

is maximized.

RECTIFIED SHEET (RULE 91)



WO 2017/171576 PCT/RU2016/000182

173

Storing by a computing system in a knowledge database an information
comprising historical well parameters and historical well performance
characteristics obtained from a plurality of operating wells

l

Performing an analysis using said information, wherein said analysis
produces relationships between said historical well parameters and said
historical well performance characteristics

l

Inputting by a user into the computing system new well parameters
characterizing an underground hydrocarbon bearing formation and a
new well penetrating the formation

1

Performing the comparison of the parameters of the new well with the
historical well parameters using the data analytics techniques

l

Predicting, using the computing system, performance characteristics of
said new well and a corresponding uncertainty of the prediction based
on the produced relationships

l

Planning well location, drilling and completion strategies using the
predicted performance characteristics

1

Implementing the planned strategies using hydrocarbon bearing
formation equipment

Fig.1
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