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ABSTRACT

A method for analyzing an oilfield network includes collecting oilfield data from an oilfield
network, modeling a first wellsite using the oilfield data to create a first production model of
the first wellsite. The method further includes modeling a sub-network of the oilfield network
to create a second production model of the sub-network. The method further includes solving
the oilfield network based on the second production model to create a production result, and

displaying the production result.
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ANALYZING AN OILFIELD NETWORK FOR OILFIELD PRODUCTION

This application is a divisional of Canadian Patent Application No. 2,717,502
filed February 20, 2009.

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to the filing date of U.S. Provisional Patent
Application Serial No 61/034893, entitled "System and Method for Performing Oilfield
Production Operations," filed on March 7, 2008, and to U.S. Non Provisional Patent
Application Serial No 12/388718 entitled "Analyzing an Oilfield Network for Oilfield
Production", filed on February 19, 2009.

BACKGROUND

[0002] A typical oilfield includes a collection of wellsites. Hydrocarbons flow from
the collection of wellsites through a series of pipes to a processing facility. The series of pipes
are often interconnected, thereby forming an oilfield network. For example, one wellsite may
connect to a series of pipes that connect to another wellsite. The interconnection provides a
redundancy in the paths in which hydrocarbons may flow while minimizing the number of

pipes needed.

[0003] Oilfield operations, such as surveying, drilling, wireline testing, completions,
production, planning and oilfield analysis, are typically performed to locate and gather
valuable downhole fluids. Specifically, the oilfield operations assist in the production of

hydrocarbons. One such oilfield operation is the analysis of the oilfield network.
SUMMARY

[0004] In general, in one aspect, embodiments of analyzing an oilfield network for
oilfield production include a method for performing the analysis. The oilfield network
includes multiple wellsites. The method includes collecting oilfield data from the oilfield
network, modeling a first wellsite using the oilfield data to create a first production model of

the first wellsite, and modeling a second wellsite using the oilfield data to create a second

1



10

15

20

25

30

81797002

production model of the second wellsite. The method further includes modeling a sub-
network of the oilfield network to create a third production model of the sub-network. The
modeling of the sub-network includes identifying a junction of a branch associated with the
first wellsite and a branch associated with the second wellsite. A fourth production model is
created for the junction by combining the first production model with the second production
model. The production model of the sub-network is created using the fourth production
model of the junction. The method further includes solving the oilfield network based on the

third production model to create a production result, and storing the production result.

[0004a] According to one aspect of the present invention, there is provided a computer
readable medium having stored thereon computer executable instructions for causing a
computer system to: collect oilfield data for an oilfield network comprising a plurality of
wellsites; create a first production model of a first wellsite in the plurality of wellsites by:
generating, using a first value of an operational condition at the first wellsite, a first
production function comprising a first functional relationship between hydrocarbon
production variables for the first wellsite; generating, using a second value of the operational
condition at the first wellsite, a second production function comprising a second functional
relationship between the hydrocarbon production variables for the first wellsite, wherein the
second value is different from the first value; and joining the first production function with the
second production function into the first production model thereby modeling ditferent values
of the operational condition; create a second production model of a sub-network of the oilfield
network using the first production model; solve the oilfield network based on the second
production model to create a production result; define the oilfield network using the
production result to obtain a defined oilfield network, wherein the defined oilfield network is
implemented to obtain an implemented oilfield network; and monitor, using the second
production model, the implemented oilfield network to detect a faulty component existing in

the implemented oilfield network.

[0004b] According to another aspect of the present invention, there is provided a
computer-implemented method comprising: collecting oilfield data for an oilfield network
comprising a plurality of wellsites; creating a first production model of a first wellsite in the

plurality of wellsites by: generating, using a first value of an operational condition at the first
2
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wellsite, a first production function comprising a first functional relationship between
hydrocarbon production variables for the first wellsite; generating, using a second value of the
operational condition at the first wellsite, a second production function comprising a second
functional relationship between the hydrocarbon production variables for the first wellsite,
wherein the second value is different from the first value; and joining the first production
function with the second production function into the first production model thereby modeling
different values of the operational condition; creating a second production model of a sub-
network of the oilfield network using the first production model; solving the oilfield network
based on the second production model to create a production result; defining the oilfield
network using the production result to obtain a defined oilfield network, wherein the defined
oilfield network is implemented to obtain an implemented oilfield network; and monitoring,
using the second production model, the implemented oilfield network to detect a faulty

component existing in the implemented oilfield network.

[0004c] According to still another aspect of the present invention, there is provided a
system comprising: a display; at least one processor; and at least one computer readable
medium having stored thereon computer executable instructions, that when executed, cause
the at least one processor to: collect oilfield data for an oilfield network comprising a plurality
of wellsites; create a first production model of a first wellsite in the plurality of wellsites by:
generating, using a first value of an operational condition at the first wellsite, a first
production function comprising first functional relationship between hydrocarbon production
variables for the first wellsite; generating, using a second value of the operational condition at
the first wellsite, a second production function comprising second functional relationship
between the hydrocarbon production variables for the first wellsite, wherein the second value
is different from the first value; and joining the first production function with the second
production function into the first production model modeling different values of the
operational condition; create a second production model of a sub-network of the oilfield
network using the first production model; solve the oilfield network based on the second
production model to create a production result; define the oilfield network using the
production result to obtain a defined oilfield network, wherein the defined oilfield network is

implemented to obtain an implemented oilfield network; and monitor, using the second

2a
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production model, the implemented oilfield network to detect a faulty component existing in

the implemented oilfield network.

[0004d] According to yet another aspect of the present invention, there is provided a
system comprising: a plurality of sensors, at least one sensor at each of a plurality of wellsites;
a surface unit comprising: a display; at least one processor; and at least one computer readable
medium having stored there computer executable instructions, that when executed, cause the
at least one processor to: collect oilfield data from the plurality of sensors for an oilfield
network comprising the plurality of wellsites; create a first production model of a first wellsite
in the plurality of wellsites by: generating, using a first value of an operational condition at the
first wellsite, a first production function comprising first functional relationship between
hydrocarbon production variables for the first wellsite; generating, using a second value of the
operational condition at the first wellsite, a second production function comprising second
functional relationship between the hydrocarbon production variables for the first wellsite,
wherein the second value is different from the first value; and joining the first production
function with the second production function into the first production model modeling to
different values of the operational condition; create a second production model of a sub-
network of the oilfield network using the first production model; solve the oilfield network
based on the second production model to create a production result; define the oilfield
network using the production result to obtain a defined oilfield network, wherein the defined
oilfield network is implemented to obtain an implemented oilfield network; and monitor,
using the second production model, the implemented oilfield network to detect a faulty

component existing in the implemented oilfield network.
BRIEF DESCRIPTION OF DRAWINGS

[0005] FIG. 1 shows an example schematic view of an oilfield having a plurality of

wellsites for producing oil from the subterranean formation.
[0006] FIG. 2 shows an example schematic diagram ofa portion of the oilfield of

FIG. 1 depicting the production operation in greater detail.

2b
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[0007] FIG. 3 shows an example schematic diagram of a production system for

analyzing an oilfield network for oilfield production.

[0008] FIGS. 4-6 show example flowcharts depicting production methods for

analyzing an oilfield network for oilfield production.

[0009] FIGS. 7-14 show examples of production methods for analyzing an oilfield

network for oilfield production.

[0010] FIG. 15 shows an example computer system for analyzing an oilfield network

for oilfield production.

2¢
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[0011]

[0012]

[0013]

[0014]

DETAILED DESCRIPTION

Presently embodiments are shown in the above-identified FIGS. and
described in detail below. In describing the embodiments, like or identical
reference numerals are used to identify common or similar elements. The
figures are not necessarily to scale and certain features and certain views of
the figures may be shown exaggerated in scale or in schematic in the interest

of clarity and conciseness.

In the following detailed description of embodiments of analyzing a
network for oilfield productiori, numerous specific details are set forth in
order to provide a more thorough understanding. However, it will be apparent
to one of ordinary skill in the art thal analyzing the network for oilfield
production may be practiced without these specific details. In other instances,
well-known features have not been described in detail to avoid unnecéssarily
complicating the description.

FIG. 1 illustrates an oilfield (100) for performing production operations.
As shown, the oilfield has a plurality of wellsites (102) operatively connected
to a central processing facility (154). The oiltield configuration of FIG. | is
not intended to limit the scope. 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.

Each wellsite (102) has equipment that forms a wellbore (136) into the
earth. The wellbores extend through subterranean formations (106) including
reservoirs (104). These reservoirs (104) include fluids, such as hydrocarbons.
The wellsites draw fluid from the reservoirs and pass them to the processing
facilities via oilfield networks (144). The oilfield networks (144) have tubing

and control mechanisms for controlling the flow of fluid and/or gas from the

wellsite to the processing facility (154).
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. [0015]

[0016]

[0017]

[0018)

[0019]

FIG. 2 shows a schematic view of a portion of the oilfield (100) of FIG.
I, depicting a wellsite (102) and oilfield network (144) in detail. The wellsite
(102) of FIG. 2 has a wellbore (136) extending into the earth therebelow. As
shown, the wellbore (136) has already been drilled, completed, and prepared

for production from reservoir (104).

Wellbore production equipment (264) extends from a wellhead (266) of
wellsite (102) and to the reservoir (104) to draw fluid to the surface. The
wellsite (102) is operatively connected to the oilfield network (144) via a
transport line (261). Fluid flows from the reservoir (104), through the
wellbore (136), and onto the oilfield network (144). The fluid then flows

from the oilfield network (144) to one or more processing facilities (154).

As further shown in FIG. 2, sensors (S) are located about the oilfield
(100) to monitor various parameters during oilfield operations. The sensors
(S) may measure, for example, pressure, temperature, flowrate, composition,
and other parameters of the reservoir, wellbore, gathering network, process
facilities and/or other portions of the oilfield operation. These sensors (S) are

operatively connected to a surface unit (234) for collecting data therefrom.

As shown in FIG. 2, the surface unit (234) has computer facilities, such
as memory (220), controller (222), processor (224), and display unit (226), for
managing the data. The data is collected in memory (220), and processed by
the processor (224) for analysis. Data may be collected from the oilfield
sensors (S) and/or by other sources. For example, oilfield data may be
supplemented by historical data collected from other operations, or user
inputs.

The analyzed data may then be used to make decisions. A transceiver
(not shown) may be provided to allow communications between the surface
unit (234) and the oilfield (100). The controller (222) may be used to actuate
mechanisms at the oilfield (100) via the transceiver and based on these

decisions. In this manner, the oilfield (100) may be selectively adjusted based
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[0020]

[0021]

[0022]

on the data collected. These adjustments may be made automatically based
on computer protocol and/or manually by an operator. In some cases, well

plans are adjusted to select optimum operating conditions or to avoid

problems.

A display unit (226) may be provided at the wellsite (102) and/or remote
locations for viewing oilfield data (not shown). The oilfield data represented
by a display unit (226) may be raw data, processed data and/or data outputs
generated from various data. The display unit (226) is preferably adapted to
provide flexible views of the data, so that the screens depicted may be
customized as desired. A user may determine the desired coursc of action
during production based on reviewing the displayed oilfield data. The
production operation may be selectively adjusted in response to the display
unit (226). The display unit (226) may include a two-dimensional display for
viewing oilfield data or defining oilfield events. For example, the two-
dimensional display may correspond to an output from a printer, plot, a
monitor, or another device configured to render two-dimensional output. The
display unit (226) may also include a three-dimensional display for viewing
various aspects of the production operation. At least some aspect of the
production operation is preferably viewed in real time in the three-
dimensional display. For example, the three-dimensional display may
correspond to an output from a printer, plot, a monitor, or another device

configured to render three-dimensional output.

To facilitate the processing and analysis of data, simulators may be used
to process the data. Specific simulators are often used in connection with
specific oilfield operations, such as reservoir or wellbore production. Data fed
into the simulator(s) may be historical data, real time data or combinations

thereof. Simulation through one or more of the simulators may be repeated or

adjusted based on the data received.

As shown, the oilfield operation is provided with wellsite and non-

wellsite simulators. The wellsite simulators may include a reservoir simulator

5
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[0023]

[0024]

[0025]

(228), a wellbore simulator (230), and a surface network simulator (232). The
reservoir simulator (228) solves for hydrocarbon flowrate through the
reservoir and into the wellbores. The wellbore simulator (230) and surface
network simulator (232) solves for hydrocarbon flowrate through the wellbore
and the surface gathering network (144) of pipelines. As shown, some of the

simulators may be separate or combined, depending on the available systems.

The non-wellsite simulators may include process and economics
simulators. The processing unit has a process simulator (234). The process
simulator (235) models the processing plant (e.g., the process facility (154))
where the hydrocarbon is separated into its constituent components (e.g.,
methane, ethane, propane, etc.). and prepared for sales. The oilfield (100) is
provided with an economics simulator (236). The economics simulator (236)
models the costs of part or all of the oilfield. Various combinations of these

and other oilfield simulators may be provided.

FIG. 3 shows an example schematic diagram of production system (300)
for performing oilfield production operations. As shown in FIG. 3, the
production system (300) includes an oilfield network (302), an oilficld
production tool (304), data sources (306), oilfield application(s) (308), and
plug-in(s) (310). As discussed above, an oilficld nctwork (302) is an
interconnection of pipes that connects wellsites (e.g., wellsite I (312), wellsite
n (314)) to a processing faéility (320). The pipes may be virtually any type of
tubing known in the art. A pipe in the oilfield network (302) may be
connected to a processing facility (e.g., processing facility (320)), a wellsite
(e.g., wellsite 1 (312), wellsite n (314)), and/or a junction in which pipes are
connected. Additionally, the flowrate of fluid and/or gas into the pipes may
be adjustable. Thus, certain pipes in the oilfield network may be closed so as
to not allow fluid and/or gas through the pipe. A pipe may be considered

open when the pipe allows for flow of fluid and/or gas.

The oilfield network (302) may be a gathering network and/or an

injection network. A gathering network is an oilfield network used to obtain

6
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[0026]

[0027]

[0028]

[0029]

hydrocarbons from a wellsite (e.g., wellsite 1 (312), wellsite n (314)). In a
gathering network, hydrocarbons may flow from the wellsites (e.g., wellsite |
(312), wellsite n (314)) to the processing facility (320). An injection network
is an oilfield network used to inject the wellsites with injection substances,
such as water, carbon dioxide, and other chemicals that may be injected into
the wellsites (e.g., wellsite 1 (312), wellsite n (314)). In an injection network,
the flow of the injection substance may flow towards the wellsite (e.g.,

wellsite 1 (312), wellsite n (314)).

The oilfield network (302) may also include surface units (e.g., surface
unit 1 (316), surface unit n (318)) for each wellsite (e.g., wellsite 1 (312),
wellsite n (314)). The surface units (e.g., surface unit 1 (316), surface unit n
(318)) may include functionality to collect data from sensors (not shown).
The sensors may include sensors for measuring flowrate, water cut,'gas lift
rate, pressure, and/or other such variables related to measuring and

monitoring hydrocarbon production.

Continuing with FIG. 3, an oilfield production tool (304) may be
connected to the oilfield network (302). The oilfield production tool (304)
may be a simulator or a plug-in for a simulator (or other application). The
oilfield production tool (304) may include an oilfield transceiver (322), a
report generator (324), an oilfield modeler (326), and an oilfield analyzer

(328). Each of these components is described below.

An oilfield transceiver (322) includes functionality to collect oilfield
data. The oilfield data may be data from sensors (discussed above), historical
data, or any other such data. The oilfield transceiver (322) may also include

functionality to interact with a user and display data such as a production

result.

The report generator (324) includes functionality to produce graphical

and textual reports. The reports may show historical oilfield data, production
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[0030]

[0031]

models, production results, sensor data, aggregated oilfield data, or any other

such type of data.

The data repository (352) is any type of storage unit and/or device (e.g.,
a file system, database, collection of tables, or any other storage mechanism)
for storing data, such as the production results, sensor data, aggregated
oilfield data, or any other such type of data. Further, the data repositofy (352)
may include multiple different storage units and/or hardware devices. The
multiple different storage units and/or devices may or may not be of the same
type or located at the same physical site. In one or more embodiments, the

data repository (352), or a portion thereof, is secure.

The oilfield modeler (326) includes functionality to create a model of
the wellbore and the oilfield network. The oilfield modeler (326) includes a
wellbore modeler (330) and a network modeler (332). The wellbore modeler
(330) allows a user to create a graphical wellbore modcl or single branch
model. The wellbore model defines the operating parameters (actual or
theoretical) of the wellbore (e.g., pressure, flowrate, etc). The single branch
model defines the operating parameters (actual or theoretical) of a single
branch in the oilfield network. The network modeler (332) allows a user to
create a graphical network model that combines wellbore models and/or
single branch models. The network modeler (328) and/or wellbore modeler
(330) may model pipes in the oilfield network (302) as branches (not shown)
of the oilfield network (302). Each branch may be connected to a wellsite or
a junction. A junction is a group of two or more pipes that intersect at a
particular location. The modeled oilfield network may be divided into sub-
networks. A sub-network is a portion of the oilfield network (302). A sub-
network is connected to the oilfield network (302) using at least one branch.
Sub-networks may be a group of connected wellsites, branches, and junctions.
The sub-networks may be disjoint. Specifically, branches and wellsites in one

sub-network may not exist in another sub-network.
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- [0032]

[0033]

[0034]

[0035]

[0036]

An oilfield analyzer (328) includes functionality to analyze the oilfield
network (302) and generate a production result for the oilfield network (302).
The oilfield analyzer (328) may include one or more of the following: a
production analyzer (334), a fluid modeler (336), a flow modeler (338), an
equipment modeler (340), a single branch solver (342), a network solver
(344), a Wegstein solver (346), a Newton solver (350), and an Offline tool

(346). The components of the oilfield analyzer are discussed below.

A production analyzer (334) includes functionality to receive a
workflow request and interact with the single branch solver (342) and/or the
network solver (344) based on the workflow. For example, the workflow may
include a nodal analysis to analyze a wellsite or junction of branches, pressure
and temperature profile, model calibration, gas lift design, gas lift

optimization, network analysis, and other such workflows.

The fluid modeler (336) includes functionality to calculate fluid
properties (e.g., phases present, densities and viscosities) using compositional
and/or black oil fluid models. The fluid modeler (336) may Vinclude
functionality to model oil, gas, water, hydrate, wax, and asphaltene phases.
The flow modeler (338) includes functionality to calculate pressure drop in
pipes and tubing using industry standard multiphase flow correlations. The
equipment modeler (340) includes functionality to calculate pressure changes
in equipment pieces (e.g., chokes, pumps, compressors).

The single branch solver (342) may include functionality to calculate the
flow and pressure drop in a wellbore or a single flowline branch given various
inputs.

The network solver (344) includes functionality calculate a flowrate and
pressure drop throughout the oilfield network (302). The network solver is

connected to an offline tool (346), a Wegstein solver (348), and a Newton

solver (350).



CA 02935809 2016-07-12

WO 2009/114248 PCT/US2009/034602

-[0037)

[0038]

[0039]

[0040)

The offline tool (346) may include a wells offline tool (not shown) and a
branches offline tool (not shown). The wells offline tool includes
functionality to generate a production model using the single branch solver
(342) for a wellsite or branch. A branches offline tool includes functionality
to generate a production model for a sub-network using the production model

for a wellsite, a single branch, or a sub-network of the sub-network.

A production model is a description of the wellsite at various operational
conditions. In particular, the production model may include one or more
production functions which combined create the production model. Each
production function may be a function of variables related to the production
of hydrocarbons. For example, the production function may be a function of
flowrate and/or pressure. Further, the production function may account for
environmental conditions related to the sub-network of the oilfield network
(302), such as changes in elevation, diameters of pipes, combination of pipes,
and changes in pressure resulting from joining pipes. The production model

estimates the flowrate for a wellsite or sub-network of the oilfield network.

Additionally, separate production functions may exist for changes in
values of an operational condition. The operational condition identifies a
property of the hydrocarbons or injection substance. For example, the
operational condition may include a watercut, reservoir pressure, gas lift rate,
etc. One skilled in the art will appreciate that other operational conditions,

variables, environmental conditions may be considered without departing

from the scope.

Continuing with FIG. 3, the network solver (344) is connected to a
Wegstein solver (348) and/or a Newton solver (350). The Wegstein solver
(348) and the Newton solver (350) include functionality to combine the
production model for several sub-networks to create a production result that
may be used to plan the oilfield network, optimize the flowrates of the
wellsites in the oilfield network, and/or identify and correct faulty
components within the oilfield network.

10
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1]
[0042]

[0043]

[0044]

The Wegstein solver (348) uses an iterative method with Wegstein
acceleration (discussed below). The following paragraphs describe an
example of the Wegstein solver. One skilled in the art will appreciate that the
following is an example only and not intended to limit the scope. An oilfield
network may be solved by identifying the pressure drop from the following

equation:
P1 — P2 = Apf + Ape + Aps

=Q *Rf+ (Pl +P2)*Re + Aps [Equation

The equation may be rearranged to solve for flowrate as shown in the
following equation:
Q =(1 —Re)/Rf * P1+(-1-Re)/Rf * P2 — Aps / Rf [Equation
2]
Applying Equation 2 for each flow into and out of a node and equating
to zero, a linear matrix in the unknown pressures is obtained. Fixed flow
branches (i.e., branches in which the flow does not change) may be solved

directly for the node pressures.

Thus, in the example, the Wegstein Solver (348) may perform the
following: (1) obtain initial estimates for the frictional and elevational
resistances from the production models; (2) solve the linear system using
Equation 2 above for the unknown node pressures; (3) calculate resulting
flowrates using Equation 2; (4) calculate pressure residuals at each internal
node; and (5) determine whether the maximum of the pressure residuals is
lower than the required tolerance. If the maximum pressure residual is not
lower than the required tolerance then the Wegstein solver may continue by
rerun all the branches, with the pressure and flows calculated in steps 2 and 3
above to re-estimate the branch resistances. Further, Wegstein acceleration

may be applied to the resistances before returning to step 2 (above).

11
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[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

The Wegstein acceleration is a weighted average of the guess and result
as shown by the following equation: Rnew = (1 —A ) * Rin + A * Rcalc. In
the above equation, A = 1 results in repeated substitution, while A = 0 is a fully

damped solution which will never move from the initial guess.

Once the maximum of the pressure residuals is determined to be lower
than the required tolerance, the Wegstein method may stop processing and the
final result is the production result.

The Newton solver (344) implements the Newton method for solving a
system of non-linear equations. The following is an example of a Newton
method. One skilled in the art will appreciate that the following is an
example only and not intended to limit the scope. The Newton method is an

iterative method for solving a system of non-linear equations defined by:

R(X) =0 [Equation
3]

In the above equation, X = (X, ..X;). X is a vector of n unknown
variables, and R=(Ry, ...Ry) is a vector of n residual equations. The solution is

found by starting with an initial guess X, and iterating using the following
equation:
Xt = xRk | axk k=0,1.... [Equation
4]

The iteration stops when a convergence criterion is met. For example,
when a norm of the residuals is less than a user-defined tolerance ¢ as denoted
in the following equation:

IR(XY| < & [Equation
5]
The Newton update AX, in Equation 4 is found by solving a matrix

equation. The matrix equation uses a Jacobian matrix and is denoted below:
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J(XS . AXE = -R(XY) [Equation
6]
The Jacobian matrix is formed by differentiating the residual equations

with respect to the variables R and X as shown by the following matrix:

oR,/0X, ... OR,/8X,
J = [Equation
oR,/0X, ... OR JOX,
7]
The factor A* in Equation 4 is an adjustment to the pure Newton Vupdate,

to allow special circumstances to be taken into consideration.

Thus, the Newton solver (344) includes functionality to solve the
oilfield network (302) by implementing the Newton method (discussed

above). Below is an example of how the Newton solver may be used to solve

oilfield network (302).

Steps in applying the Newton method to solving an oilfield network may
include: (1) defining variables and residual equations, X, R; (2) determine
initial solution X,; (3) calculating Residual and Jacobian matrix for each
iteration; (4) solve Jacobian equation (i.e., Equation 6) for the Newton update;
(5) determining adjustment factor AX ; and (6) updating the solution (i.e., using
Equation 4. Below is a description of the above steps. ’

With regards to the first step, defining variables and residual equations,
X, R, branches in an oilfield network may include may contain a number of
equipment items. Each branch is may be divided into sub-branches with each
sub-branch containing a single equipment item. A new node may be used to
join each pair of sub-branches. The primary Newton variables X consist of a
flow (“Q;”) in each sub-branch in the network and a pressure Pj, at each node
in the network. Temperature (or enthalpy) and composition may be treated as

secondary variables.

13
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The residual equations may include a branch residual, an internal node
residual, and a boundary condition. A branch residual for a sub-branch relates
the branch flow to the pressure at the branch inlet node and the pressufe at the
outlet node. The internal node residuals define where the total flow into a

node is equal to the total flow out of the node.

Determining an initial solution may be performed using the production
models described above. During each iteration after the initial solution, a
residual and Jacobian matrix for each iteration is calculated. The Jacobian
matrix may be used to solve Jacobian equation (i.e., Equation 6 above) for the
Newton update. In order to solve the Jacobian equation, standard matrix
solvers may be used. Further, the adjustment factor (i.e., “X) is identified

and used to update the solution in Equation 4.

Those skilled the art will appreciate that the network solver may use

other equations and/or solvers.

Continuing with FIG. 3, data sources (306) include any repository of
data. For example, the data sources (306) may be internet sources, sources
from the company having the oilfield network (302), or any other location in
which data may be obtained. The data may include historical data, data
collected from other oilfield networks, data collected from therilﬁeld
network being modeled, data describing environmental or operational
conditions.

Oilfield applications (308) are applications related to the production of
hydrocarbons. The oilfield applications (308) may include functionality to
evaluate a formation, manage drilling operations, evaluate seismic data,
evaluate workflows in the oilfield, perform simulations, or perform any other
oilfield related function. The plug-ins (310) allows integration with 3% party
packages such as Tulsa University flow model, Scandpower’s Olga flow
model, Infochem’s Multiflash fluid model package, equipment models and

other such 3" party packages.
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While FIG. 3 shows the oilfield production tool (304) as a separate
component from the oilfield network (302), the oilfield production tool (304)
may alternatively be part of the oilfield network (302). For example, the
oilfield production tool (304) may be located at one of the wellsites (e.g.,
wellsite 1 (312), wellsite n (314)), at the processing facility (320), or any
other location in the oilfield network (302). In another alternative, the oilfield
production tool (304) may exist separate from the oilfield network (302), such

as when the oilfield production tool (304) is used to plan the oilfield network.

FIGS. 4-6 show example flowcharts depicting production methods for
performing oilficld production operations. While the various actions in this
flowchart are presented and described sequentially, one of ordinary skill will
appreciate that some or all of the actions may be executed in different orders

and some or all of the actions may be executed in parallel.

FIG. 4 shows a flowchart (400) depicting a production method. If the
oilfield network exists, then, initially, sensor data may be collected from
wellsites in the oilfield network. In 401, oilfield data is collected. The

oilfield data may be collected from sensor data, from the oilfield network,

and/or from a data source.

In 403, wellsite(s) in the oilfield network are modeled using the oilfield
data to create a production model for the wellsite(s) (403). Modeling a
wellsite may be performed, for example, as described in FIG. 5. The
production models for each of the wellsites may be generated in parallel.
Specifically, a production model may bc generated for one wellsite of the

oilfield network while a production model is generated for another wellsite of

the oilfield network.

Continuing with FIG. 4, sub-network(s) in the oilfield network are
modeled using the oilfield data to create a production model for the sub-
network(s) (405). Modeling a wellsite may be performed, for example, as

described in FIG. 6.
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Based on the production model of the sub-network, the oilfield network
is solved to create a production result (407). The production result may
specify a flowrate (which may by the optimum flowrate to satisfy a particular
production goal (e.g., number of barrels produced per day)) through the
oilfield network. For example, the production result may specify a flowrate

for each branch of the oilfield network.

Solving the oilfield network may be performed, for example, as
discussed above using the Wegstein solver or the Newton solver. The
Wegstein solver or the Newton solver may solve the oilfield network by
treating each sub-network as a black box. Specifically, the properties of the
sub-network are specified in the production models. More specifically, the
production result may be calculated by performing the Wegstein solver or
Newton solver using the production models of the sub-networks without
analyzing the particular wellsites or branches in the sub-network that each
black box represents. The result of the network solver may specify the
flowrate for each of the sub-network black boxes and for the branches. The
flowrate for each sub-network black box may be propagated to the wellsites in

the sub-network using the production models.

The oilfield network may be planned using the production result.
Planning the oilfield network may include performing the above actions for
different configurations of the pipes in the oilfield network. For each
configuration, a determination may be made about whether the flowrate
achieves a desired flowrate given the cost of the configuration, (ie., cost of
pipes, labor to generate, labor and parts to maintain configuration, etc.). The
configuration that generates the desired flowrate for the minimum cost may
be the planned oilfield network. The planned oilfield network may be
implemented by building the physical oilficld network according to the
planned oilfield network. Once the oilfield network is built, the oilfield
network may be configured such that each pipe has the flowrate specified by

the production result. The oilfield network may then be monitored.
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Rather than or in addition to planning the oilfield network, the flowrates
of fluid and/or gas in an existing oilfield network may be adjusted. For
example, by comparing the calculated flowrate for each of the branches with
the actual flowrate of the pipe. If the calculated flowrate and the actual
flowrate are not the same, then a determination may be made as to whether a
faulty component exists in the oilfield network or whether the oilfield
network needs to be reconfigured. A faulty component may be identified by
comparing sensor data with the production models at each point in the oilfield
network and/or by performing onsite inspection when required. Thus, a faulty
component may be corrected by replacing or repairing the faulty component.
The oilfield network may require reconfiguration when it is determined that
the current configuration is not the configuration specified in the production
result. An oilfield network may be reconfigured, for example, by adjusting
production from or injection into specific wellsite(s). In another example, the
oilfield network may be reconfigured, by adjusting an allowed flowrate of at
least one wellsite. These allowed settings may be modeled in the production

result to help constrain the oilfield network so that it will not exceed

operational limits.

FIG. 5 shows a flowchart (500) depicting a method for generating a
production model for a wellsite. The reservoir of the wellsite may have a
known composition, known temperature, and a known pressure. Initially, an
operational condition for the production function is identified (501). If an
operational condition, such as the watercut, reservoir pressure, or gas lift rate,
is unknown, then a user may request to have multiple production functions
with each production function modeling a different potential value for the
operational condition. Thus, a value for the operational condition is chosen
(503). Choosing the value may be based on historical data or knowledge

about the wellsite, actual data (e.g., sensor data), or a combination thereof.

The wellsite is simulated to obtain data points according to the

operational condition (505). Simulating the wellsite may be performed by
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choosing a flowrate, and simulating the wellsite by assuming the flowrate
from the reservoir to determine a final pressure and temperature for the
flowrate at the surface. The final pressure and temperature creates a data
point on the production function curve. Techniques for simulating the
wellsite for a flowrate are well known in the art. The method of simulating
the wellsite may be performed for additional flowrates to obtain additional
data points. The maximum flowrate is the flowrate that results from zero

pressure at the surface. The minimum flowrate is zero.

Using the data points, the production function is created for the wellsite
(507). By performing the simulation for different flowrates (e.g., for thirty
flowrates) a pressure-temperature-flowrate production function may be

generated for the wellsite.

A determination may be made whether to include another value for the
operational condition (509). If a determination is made for another value for
the operational condition, then the operational condition for another
production function is identified (501). Thus, another production function

may be created for the new value using the steps described above.

Once the production functions are generated, the production model for
the wellsite may be generated from the production functions (511). The

production model may be the group of production functions.

FIG. 6 shows a flowchart (600) depicting a method for generating a
production model for each of the sub-networks. As discussed below and in
FIG. 6, one method for generating the production model is to combine
production models defined for sub-networks of the sub-network. The
production model allows for the sub-networks to be treated as black boxes.
Specifically, when a production model is generated for a wellsite, the wellsite
is treated as a black box. Similarly, production models may be combined into

a singlc production model and subsequently treated as a black box defined by
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the single production model. Thus, the production model in FIG. 6 may be

generated from other production models.

For each of the wellsites, the branch connected to the wellsite is
identified (601). At this stage, the production model for the wellsite is set as
the production model for the branch connected to the wellsite. Specifically,
the production model for the branch is calculated based on the production
model for the wellsite. For example, if the branch has hydrocarbons flowing
from the wellsite, then the production model for the opposite end of the
branch is calculated from the production model for the wellsite. Specifically,
the production model of the wellsite is used in conjunction with the properties
of the branch to determine the pressure, flowrate, and other such parameters
when the fluid and/or gas flows out of the branch, such as at a junction of

branches.

Branches that intersect and have a defined production model are
grouped together (603). Branches that join at a junction to connect to a single
branch are grouped when all branches that join at the junction have a
production model, as calculated in 601. The branches further have the same
direction of flow of fluid and/or gas. In particular, all branches that join at the
junction either feed fluid and/or gas to the junction or receive fluid and/or gas
from the junction. The grouped branches and the wellsites connected to the

branch may be treated as a sub-network.

Thus, the production models for the group of branches that join into the
single branch are combined (605). Generating a combined production model
may be performed, for example, by choosing a pressure. For eacﬁ of the
branches meeting at the junction, the flowrate for the specified pressure is
identified from the production model for the branch. Next, the flowrates of
the branches are totaled to obtain the inlet flowrate at the specified pressure
for the single branch that does not have a defined production model. A
determination may be made about whether the inlet flowrate exceeds the

maximum flowrate allowed. For example, the pipe represented by the branch
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may not be able to implement the flowrate because of factors, such as the
diameter of the pipe, material, etc. If the inlet flowrate exceeds the maximum
flowrate, the pressure may be considered invalid. However, if the inlet
flowrate does not exceed the maximum flowrate, then the method may
continue using the pressure. A similar process may be undertaken when the

oilfield network is an injection network.

Further, the composition of fluid and/or gas may be identified by
identifying the flowrate for each of the branches and combining the

compositions according to the flowrate.

Once the inlet flowrate and composition into the single branch is known
for a given pressure, the single branch may be modeled to generate an outlet
flowrate and composition for the pressure. Modeling the single branch may
be performed using techniques known in the art. The modeling may account
for friction, elevation changes, heat transfer, and other such factors. The
method for identifying the outlet flowrate for a given pressure may be
repeated for additional pressures. Once the outlet flowrates for multiple
pressures of the single branch are known, the combined production function is
generated by identifying a best-fit line or curve of the pressure, flowrate

points.

Multiple production functions may be generated for the different
operational conditions specified in each branch’s production model.
Specifically, for each value of an operational condition that has a defined
production function in each of the production models of the branches, a
combined production function for the singlc branch may be generated
according to the value of the operational condition. The production functions

may be grouped into a production model for the single branch and

subsequently for the sub-network.

Once the combined production model is generated, a determination is

made about whether to combine additional branches (607). Specifically, a
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determination may be made whether 603 and 605 can be repeated for another
group of branches. If a determination is made to group additional branches,
then the branches are grouped (607). Alternatively, if additional branches are
not to be grouped together, then the production models for the sub-networks
are set (609). At this stage, the production models may be used to solve the

oilfield network as discussed above and in FIG. 4.

FIGS. 7-14 show examples of production methods for performing
oilfield production operations. FIG. 7 shows an example of a production
model (700). In the example, the production model (700) shows how
different prcssures relate to different flowrates at specified values for an
operational condition.  Specifically, the operational condition of the
production model is the watercut. Thus, separate production functions (706-
L, 706-2, 706-3, 706-4) are generated for different values of the watercut (i.e.,
10% watercut, 20% watercut, 30% watercut, 40% watercut). Each of the
production functions (706-1, 706-2, 706-3, 706-4) shows pressure (702) as a
function of flowrate (704). For example, the production model (700) shows

that a flowrate of 4,000 with a 10% watercut has a pressure of 1,060.

FIG. 8-14 show an example of generating and combining production
models to generate a production result. FIG. 8 shows an example oilfield
network (800). In the example oilfield network, two processing facilities (i.e.,
processing facility A (802-1), processing facility B (802-2)) collect
hydrocarbons from wellsites (e.g., wellsite (804)). In FIG. 8, the wellsites
(e.g, wellsite (804)) are denoted as solid black circles, the junctions (e.g.,
junction (806)) are denoted as white circles with a black border, and the
branches or pipes (e.g., branch A (808)) are denoted as lines. A dotted line
indicates that a branch (e.g., branch B (810)) does not permit flow of
hydrocarbons or injection substances. For example, the branch may répresent
a pipe that is only used when required. When generating a production model,
the branches (e.g., branch B (810)) that do not permit flow of hydrocarbons or

injection substances are ignored.
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For example, the following is an example of generating a production
model for the example sub-network (812). One skilled in the art will
appreciate that a similar method may be used for generating a production
model for the entire oilfield network (800). In the following example, circles
with dotted borders indicate that a production model is defined for the sub-
network inside of the circle. FIG. 9 shows a first iteration of generating a
production model. As shown in FIG. 9, the production models for the
wellsites (814-1 — 814-7) are initially defined.  Defining the production
models for the wellsites may be performed by modeling how the amount of
pressure achieved is affected by the flowrates for the wellsite. One or more
production curves may be generated while modeling the wellsite. Each

wellsite may be treated as an individual sub-network.

Next, as shown in FIG. 10, production models for sub-networks that join
at a junction with only a single branch that has an undefined production
model are combined. As shown in FIG. 10, after defining a production model
for a wellsite, the wellsite may be treated as a black box. Thus, in FIG. 10,
the production models (814-1, 814-2 in FIG. 9) are combined to create
production model (814-8). Similarly, production models (814-4, §14-5 in
FIG. 9) are combined to create production model (814-9). Combining the
production model may be performed by determining for each pressure, the
corresponding inlet flowrate for the single branch. Further, the composition is
also determined. Once the inlet flowrate and composition is determined, the
outlet flowrate is calculated. Thus, the combined production model for the

sub-networks (814-8, 814-9) is generated.

FIG. 11 shows how the process may repeat to combine the production
models for sub-networks (814-3, 814-8) to generate combined production
model (814-10). Once production model (814-10) is generated, a combined
production model (814-11) may be gencrated by combining production
models (814-10, 814-9, 814-6) as shown in FIG. 12. Finally, after generating
production model (814-11), combined production model (814-12) may be
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generated by combining production models (814-11, 814-7) as shown in FIG.
13. Thus, as shown in FIG. 14, the production model (814-12) for the
example sub-network (812) may be generated by iteratively combining

production models for sub-networks of the sub-network.

Further, as shown in the example, with each combination, previously
generated production models may be treated as black boxes. Specifically,
once the production model for the sub-network is defined, the layout of
wellsites in the sub-network, the specific flowrate of each wellsite, and the

composition may be ignored when generating subsequent production models.

Embodiments may be implemented on virtually any type of computer
regardless of the platform being used. For example, as shown in FIG. 15, a
computer system (900) includes one or more processor(s) (902), associated
memory (904) (e.g., random access memory (RAM), cache memory, flash
memory, efc.), a storage device (906) (e.g., a hard disk, an optical drive such
as a compact disk drive or digital video disk (DVD) drive, a flash memory
stick, efe.), and numerous other elements and functionalities typical of today’s
computers (not shown). The computer (900) may also include input means,
such as a keyboard (908), a mouse (910), or a microphone (not shown).
Further, the computer (900) may include output means, such as a monitor
(912) (e.g.. a liquid crystal display (LCD), a plasma display, or cathode ray
tube (CRT) monitor). The computer system (900) may be connected to a
network (914) (e.g., a local area network (LAN), a wide area network (WAN)
such as the Internet, or any other type of network) via a network interface

connection (not shown). Those skilled in the art will appreciate that many

different types of computer systems exist, and the aforementioned input and

output means may take other forms. Generally speaking, the computer
system (900) includes at least the minimal processing, input, and/or output

means necessary to practice embodiments of oilfield analysis.
Further, those skilled in the art will appreciate that one or more elements
of the aforementioned computer system (900) may be located at a remote
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location and connected to the other elements over a network. Further,
embodiments may be implemented on a distributed system having a plurality
of nodes, where each portion may be located on a different node within the
distributed system. In one embodiment, the node corresponds to a computer
system.  Alternatively, the node may correspond to a processor with
associated physical memory. The node may alternatively correspond to a
processor or micro-core of a processor with shared memory and/or resources.
Further, software instructions to perform embodiments may be stored on a
computer readable medium such as a compact disc (CD), a diskette, a tape, a

file, or any other computer readable storage device.

It will be understood from the foregoing description that various
modifications and changes may be made without departing from the scope of
analyzing an oilfield network for oilfield production. For example, any of the
methods described above may be performed in different sequences than those
shown, with or without all of the discussed elements. Further, the components
provided may be integrated or separate. Moreover, the methods described
above can be performed using software, hardware, firmware, logic, or any

combination thereof.

This description is intended for purposes of illustration only and should
not be construed in a limiting sense. The scope should be determined only by
the language of the claims that follow. The term “comprising” within the
claims is intended to mean “including at least” such that the recited listing of
elements in a claim are an open group. “A,” “an” and other singular terms arc

intended to include the plural forms thereof unless specifically excluded.
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CLAIMS:

1. A computer readable medium having stored thereon computer executable

instructions for causing a computer system to:
collect oilfield data for an oilfield network comprising a plurality of wellsites;
create a first production model of a first wellsite in the plurality of wellsites by:

generating, using a first value of an operational condition at the
first wellsite, a first production function comprising a first functional relationship between

hydrocarbon production variables for the first wellsite;

generating, using a second value of the operational condition at
the first wellsite, a second production function comprising a second functional relationship
between the hydrocarbon production variables for the first wellsite, wherein the second value

is different from the first value; and

joining the first production function with the second production
function into the first production model thereby modeling different values of the operational

condition;

create a second production model of a sub-network of the oilfield network

using the first production model;

solve the oilfield network based on the second production model to create a

production result;

define the oilfield network using the production result to obtain a defined
oilfield network, wherein the defined oilfield network is implemented to obtain an

implemented oilfield network; and

monitor, using the second production model, the implemented oilfield network

to detect a faulty component existing in the implemented oilfield network.
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2. The computer readable medium of claim 1, wherein the computer executable

instructions further causes the computer system to:

create a third production model of a second wellsite in the plurality of wellsites

using the oilfield data by:

identifying, a junction of a branch associated with the first wellsite and a

branch associated with the second wellsite; and

combining the first production model with the third production model to create
a fourth production model for the junction, wherein the second production model is created

using the fourth production model.

3. The computer readable medium of claim 2, wherein identifying a junction of a
branch associated with the first wellsite and a branch associated with the second wellsite
comprises identifying, in the oilfield network, a junction of a first branch associated with the
first wellsite and a second branch associated with the second wellsite, wherein the first branch

and the second branch are physical pipes.

4. The computer readable medium of claim 1, wherein solving the oilfield
network is performed using at least one selected from a group consisting of a Wegstein solver

and a Newton solver.
5. A computer-implemented method comprising:

collecting oilfield data for an oilfield network comprising a plurality of

wellsites;

creating a first production model of a first wellsite in the plurality of wellsites

by:

generating, using a first value of an operational condition at the
first wellsite, a first production function comprising a first functional relationship between

hydrocarbon production variables for the first wellsite;
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generating, using a second value of the operational condition at
the first wellsite, a second production function comprising a second functional relationship
between the hydrocarbon production variables for the first wellsite, wherein the second value

is different from the first value; and

joining the first production function with the second production
function into the first production model thereby modeling different values of the operational

condition;

creating a second production model of a sub-network of the oilfield network

using the first production model;

solving the oilfield network based on the second production model to create a

production result;

defining the oilfield network using the production result to obtain a defined
oilfield network, wherein the defined oilfield network is implemented to obtain an

implemented oilfield network; and

monitoring, using the second production model, the implemented oilfield

network to detect a faulty component existing in the implemented oilfield network.
6. The method of claim 5, further comprising:

creating a third production model of a second wellsite in the plurality of

wellsites using the oilfield data by:

identifying a junction of a branch associated with the first wellsite and a

branch associated with the second wellsite; and

combining the first production model with the third production model to create
a fourth production model for the junction, wherein the second production model is created

using the fourth production model.
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7. The method of claim 6, wherein identifying a junction of a branch associated
with the first wellsite and a branch associated with the second wellsite comprises identifying,
in the oilfield network, a junction of a first branch associated with the first wellsite and a
second branch associated with the second wellsite, wherein the first branch and the second

branch are physical pipes.

8. The method of claim 5, wherein solving the oilfield network is performed

using at least one selected from a group consisting of a Wegstein solver and a Newton solver.
9. A system comprising:

a display;

at least one processor; and

at least one computer readable medium having stored thereon computer

executable instructions, that when executed, cause the at least one processor to:
collect oilfield data for an oilfield network comprising a plurality of wellsites;
create a first production model of a first wellsite in the plurality of wellsites by:

generating, using a first value of an operational condition at the
first wellsite, a first production function comprising first functional relationship between

hydrocarbon production variables for the first wellsite;

generating, using a second value of the operational condition at
the first wellsite, a second production function comprising second functional relationship
between the hydrocarbon production variables for the first wellsite, wherein the second value

is different from the first value; and

joining the first production function with the second production
function into the first production model modeling different values of the operational

condition;
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create a second production model of a sub-network of the oilfield network

using the first production model;

solve the oilfield network based on the second production model to create a

production result;

define the oilfield network using the production result to obtain a defined
oilfield network, wherein the defined oilfield network is implemented to obtain an

implemented oilfield network; and

monitor, using the second production model, the implemented oilfield network

to detect a faulty component existing in the implemented oilfield network.

10. The system of claim 9, wherein the computer executable instructions further

cause the at least one processor to:

create a third production model of a second wellsite in the plurality of wellsites

using the oilfield data by:

identifying, a junction of a branch associated with the first wellsite and a

branch associated with the second wellsite; and

combining the first production model with the third production model to create
a fourth production model for the junction, wherein the second production model is created

using the fourth production model.

11. The system of claim 10, wherein identifying a junction of a branch associated
with the first wellsite and a branch associated with the second wellsite comprises identifying,
in the oilfield network, a junction of a first branch associated with the first wellsite and a
second branch associated with the second wellsite, wherein the first branch and the second

branch are physical pipes.

12. The system of claim 9, wherein solving the oilfield network is performed using

at least one selected from a group consisting of a Wegstein solver and a Newton solver.
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13. A system comprising:
a plurality of sensors, at least one sensor at each of a plurality of wellsites;
a surface unit comprising:
a display;
at least one processor; and

at least one computer readable medium having stored there computer

executable instructions, that when executed, cause the at least one processor to:

collect oilfield data from the plurality of sensors for an oilfield network

comprising the plurality of wellsites;
create a first production model of a first wellsite in the plurality of wellsites by:

generating, using a first value of an operational condition at the
first wellsite, a first production function comprising first functional relationship between

hydrocarbon production variables for the first wellsite;

generating, using a second value of the operational condition at
the first wellsite, a second production function comprising second functional relationship
between the hydrocarbon production variables for the first wellsite, wherein the second value

is different from the first value; and

joining the first production function with the second production
function into the first production model modeling to different values of the operational

condition;

create a second production model of a sub-network of the oilfield network

using the first production model;

solve the oilfield network based on the second production model to create a
production result;
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define the oilfield network using the production result to obtain a defined
oilfield network, wherein the defined oilfield network is implemented to obtain an

implemented oilfield network; and

monitor, using the second production model, the implemented oilficld network

to detect a faulty component existing in the implemented oilfield network.

14. The computer readable medium of claim 1, wherein the computer executable

instructions further causes the computer system to:
display the production result.

15. The method of claim 5, further comprising:
displaying the production result.

16. The system of claim 9, wherein the computer executable instructions further

cause the at least one processor to:

display the production result on the display.

31

CA 2935809 2019-04-02



WO 2009/114248

102

154

CA 02935809 2016-07-12

ra

PCT/US2009/034602

e
=

L=
E;’e,'o'o‘o‘o’e

=N
B VR \
\i;ns FE

1944
46‘5":':’3’:‘1?’00‘:0e’0‘0'o-5
‘(0.'0&9‘&0‘0,0.0‘0."'0‘0005
PR

SNE
ATNE
) =
omo\o.mo\mo_

RO
=
WS
AL AE,
e

RIS

AL
e
. "“""92’):’:‘:
\ ‘I ". E

s
AR
AN
s
o)
OO
AR
SRRV
AT
ARV
R
IN’O,/O‘OM,!'NM =
AR

oo

)

WS

)

j W=
A
VAN 7
WA
Es A =
s (=
tinsge (VA
e TAVIE
EES (AL
SR, S
AR TII=
IS, A
EIED

-
o

I
e

S

-

i ORI
il

L =
AV ==
0 é:o’o'.-'_.-'

\:‘ 111
W

(XTE

FIG. 1



CA 02935809 2016-07-12

2/12

AVE |

vee 00!
1INN e _
JOVHdNS
501
vz
L 822~ ///
H0SS3004d f =
MOLYINWIS 497 L, =
HI0AYISTY
3 /llll‘\'\.N
~_zzZ
HITIOHINOD AYA 9 — )
022 /L
SOLVINWIS ‘
g o | B
ASOWIN HOLYINWIS 30V44NS
SS3008d |
Gez
AIII
922 192
NN T HOLVINWIS
VIasia SOINONOD3
957




CA 02935809 2016-07-12

WO 2009/114248 PCT/US2009/034602

3/12 /300
OILFIELD NETWORK
312 302
WELLSITE 1 SURFACE UNIT 1
316
14 PROCESSING
WELLSTE n A SURFACE UNIT n FACLITY
318 320
OILFIELD PRODUCTION TOOL
304
OILFIELD MODELER
OILFIELD REPORT DATA 326
TRANSCEVER | | GENERATOR | | REPOSITORY
WELLBORE | | NETWORK
322 324 352 MODELER | | MODELER
330 332
OILFIELD ANALYZER
2 .
PRODUCTION ANALYZER 334
SINGLE NETWORK SOLVER 344
BATCH VER 44
SOLVER
342
OFFLINE WEGSTEIN NEWTON
TOOL SOLVER SOLVER
346 348 350
FLUID MODELER FLOW MODELER EQUIPMENT MODELER
336 338 340
DATA SOURCES 306 OILFIELD APPLICATIONS 308 PLUG-IN 310

FIG.3



CA 02935809 2016-07-12

PCT/US2009/034602

WO 2009/114248

G ol4

aN3

T3AON NOILONAOYd ¥ 3LVYINIO
0L SNOLLONNS NOLONAOYd 3HL Nior

\
1S
ENOLLIGNOD
TYNOLLYYIO
S3A Y04 INTVA
s0C IHLIONV
N
>
SINIOd YI¥Q 3HL ONISN ILSTIIM IFHL
_— 404 NOLLONNS NOLLONAONd VY ILVNINTO
£0S
_— SINIOd YIV3 NIVISO OL JUSTIIM UVINAIS
60§

£0S

LSTIIM 40 NOLLIANOD
TYNOLLYYIdO 3HL 404 3NMIYA ISOOHD

L0S

00s \

NOILONNS NOILONGOYd
04 NOLLIGNOD TYNOLLYHIO A4LINIQ)

¥ old

aN3

1INs34 NOLLONAOYd
V 3IV3¥0 0L MYOMLIIN—-EnS
3HL 40 TIQOA NOLLONAOHd 3HL NO
g3Svd MYOMIIN Q134710 3HL 3AT0S

L07

(S)HYOMLINGNS IFHL ¥O4 TIGOW
NOILONGO¥d ¥ 3LV3HI OL vivd
G730 IHL ONISN MYOMIIN G130
JHL NI (S)¥HOMLINENS T3ICON

Gcor

(S)3LISTIIM 3FHL ¥OH
130N NOLLONAOYd V ILVIND OL
YIYa 13470 3HL ONISN NHOMLIN
a13I470 3HL NI (S)ILSTIIM TICON

£0¥

)

NHOMIIN aT1314710
NV 404 VIVQ g13/4710 1037100

15014

W

0oy




WO 2009/114248

CA 02935809 2016-07-12

PCT/US2009/034602

5/ 12 600
FIG.6 (sTART) /
601
FOR EACH OF THE WELLSITES, IDENTIFY THE BRANCH
CONNECTED TO THE WELLSITE
603
, s
GROUP TOGETHER BRANCHES THAT INTERSECT AND
AHVE PRODUCTION MODELS DEFINED
605
COMBINE PRODUCTION MODEL FOR THE GROUP OF
BRANCHES
607
COMBINE
ADDITIONAL YES
PRODUCTION
MODELS?
NO
609
SET PRODUCTION MODEL FOR SUB—NETWORK
END
800 C T T T T | EXAMPLE
N~ | SUB-NETWORK
814-12 | 812
}_/

REMAINDER OF
OILFIELD
NETWORK

FIG.14



PCT/US2009/034602

6/12

CA 02935809 2016-07-12

WO 2009/114248

£°9ld
<« 50/ ILVIMOTS
00004 0006 000'® 000/ 0009 000  000% 000  000'Z 000

e e ———————— 00 008
ﬂ//// | . -1 026
A S 10) 49
- | S S 09s
/w/ m |
- < S 1009
< AN | ’

029
<X $—90Z %0% 1NOSaLvm /. 0p9

(- /- 099
e S 089
SGTTE-00 %08 IN0NALYM | 00/
W 0zL
7T 0%L

b pfoe 09

[ TSN

=
5

,//e//?
e

-1 084
-1 008
m 0cg
b Ao OV
: 098
088

N b

/

Sy
L
I

B

v//w/

2=90L %0Z 1NOYILVM S
¢/

i
B | ;s 000°1
E=907"%7 InD831IVM R B = et \\ ........... 0201
T~ yan

0¥0°
/ ....... ] 090']
e 00!

004 \

<«— 20/ 3JYNSS3IHd



CA 02935809 2016-07-12

PCT/US2009/034602

WO 2009/114248

7/12

O O
O
—O—©)
2,
7 D—--CO
@,
7z,
7,
\&\\\\\\ O
@,
o )

008

8°9l4 908

z-208
g ALITiov4
INISSIOOHd
_ N\
Y ALTIOVA
INISSIO0S
\ 0184
2 g HONVYE
7z < T
Q @ 808
()
Y HONWE
@, 7,
v Z;
7, 0 -
Z,
@ 0 o
O Y, 2,
O
@ e
® 2 o 00 Q
9 ) O O 7 ! 7 “
7, O Z 2 O |
——) ; &
od O 72 O o % m§ O O %, m
, zi8
| e N, | [ o | HHOMLIN-ENS
/ 7 _ Q ~
° b o L o " / F1dnvx3



CA 02935809 2016-07-12

PCT/US2009/034602

WO 2009/114248

8/12

agiiidio
40 Y3ANIYW3Y

AYOMLIN—-ENS




CA 02935809 2016-07-12

PCT/US2009/034602

WO 2009/114248

0L°9ld4

_ 7
| |
|
V\QOEZ | e “
anaino “ o ~< |
40 Y3IANIVAIY ’ N _
; 9-+18 / AN _
J / \ I
_ / S—¥i8 _
! / \ I
_ ! i [
[ \ r—vi8 | _
| \ / |
A | \ A \ “
- _ N ), |
;O/u _ 7 /// \\\ “
_ - _
_ = !
| /muim |
| V18 —~ “
| . h
z\8 ! |
NIOMIIN-8NS | P e-119 |
J1dNVX3 _ 7 ~. “
[ ~
/ \\ N [
“ A / __
: \ I-¥18 J |
_ /
oom\ “ mlim\////mlim \\\\ “
” - _

—



CA 02935809 2016-07-12

PCT/US2009/034602

WO 2009/114248

10/12

aiaiio

AYOMIIN-8NS

008

40 H3ANIYATY

LL°Ol4

——



CA 02935809 2016-07-12

PCT/US2009/034602

WO 2009/114248

11/12

HHOMLIN
a3
40 Y3IANIVNIY

AT
AHOMIIN-ENS
JIdAVX3

008

AL

\\\\\ /////
- ~
7 ~
7 N
4 \
/ //
/ —
, 9—-rlg .
/ \
/ \
/ \
/ \
! \
f \
6—v18
_ |
~ |
, j
\ /
\ /
\ /
% g \
// \ /
/
L—¥18 AN \ ,
// \\
N ol—¥18 v
N v
~ ~



CA 02935809 2016-07-12

WO 2009/114248 PCT/US2009/034602

12/12 800
/

T T T T T T T T T e e e - !
/814— 12
-7 RN \EXAMPLE
- SUB—NETWORK
- 814-7"~_ s

~— ——
e e ——

REMAINDER  OF
OILFIELD
NETWORK

%IONITOR NETWORK

912 // 914
COMPUTER
— SYSTEM
C ] 900

MEMORY
904 PROCESSOR
902

STORAGE
DEVICE
906

(Y[ Yy Yy Yy Yy Yy MOUSE
KEYBOARD 910
908 —

FIG.15




F OLFELD NEMORK
g 2
WEUSTE S SURFA%%GUNIF T
36
34 PROCESSNG
WELSTE 7 4 SURFACE. UNIT &
“« FACLITY
a1 10
.T
( OLFELD PRODLCFCN T00L
24
OLFELD HODELER

WELLBORE NETHORK

RFELD REPOR DI
TRANSCENER | | GENERATOR | | REPOSTTORY
2t 352 WODELER | | MODELER

320 32

OLFIELD ANALYZER
8
FPRODUCTION ANALYZER 334 |
Wuxf r NETWORK SOLVER 344 |
SRR 1 o !
M OFFLNE WEGSTEN NEWTe
0L SOLVER SOLVER
349 Ha 350
FLUD MODELER FLOW WODELER EQUPHENT MODELER
556 2% 0

[ owm souRces 306 [ otAELD ApPLICATIONS J08 PLUG-IN 310




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - REPRESENTATIVE_DRAWING

