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(57) Abstract: Systems (30) and program product (51) for creating and
calibrating production and injection well models for a reservoir, are
provided. An example of a system (30) for creating and calibrating
well models can include a well performance modeling computer (31)
and well performance modeling program product (51). The well per-
formance modeling program product (51) can include instructions that
when executed by the well performance modeling computer (31) cause
the computer (31) to perform operations including those for perform-
ing a comprehensive retrieval or gathering of required data compon-
ents, feeding the gathered data into well performance software to
thereby develop a model of the well, performing an initial calibration
of the well model, performing a total system calibration on the well
model, and performing a recalibration to fine tune the well model.
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SYSTEMS AND PROGRAM PRODUCT FOR PERFORMING A FULLY
AUTOMATED WORKFLOW FOR WELL PERFORMANCE MODEL CREATION
AND CALIBRATION

BACKGROUND OF THE INVENTION

1. Related Applications

[0.001] This application claims priority to and the benefit of U.S. Patent Applicaﬁon No.
13/196,525 filed on August 2, 2011, titled "Systems and Program Product For Performing A
Fully Automated Workflow For Well Performance Model Creation And Calibration," and
priority to and the benefit of U.S, Patent Application No. 13/ 196,567, filed on August 2,
2011, titled "Methods For Performing A Fully Automated Workflow For Well Performance

Model Creation and Calibration," each incorporated by reference in its entirety.

2  Field of the Invention

[0002] This invention relates in general to oil and gas recovery, in particular to the
optimization of production and injection rates, and more specifically to systems, program
product, and methods that pr0v1de 1mproved well performance rnodehng, building, and

cahbratlon

3. Description of the Related Art

[0003] An oil and gas reservoir is generally composed of porous and permeable rock

- which contains the oil and gas (and other hydrocarbons) in its pores. The oil and gas stored |
in the reservoir is prevented from reaching the surface dueto an impermeable rock. The oil
and gas within the reservoir can exert a substantial amount of vertical pressure on the
impermeable rock. Portions of an oil and gas well can be run thfough the non-permeable
rock to access the oil and gas in the reservoir. The typical oil and gas well can be thought of
as a hole in the ground in which a steel pipe called a casing is placed. The annular space
between the casing and the formation rock is filled with cement, ideally resulting in a smooth
steel lined hoie in the ground passing through the reservoir. In a process called completion,
holes are generated in the casing at the reservoir depth to allow oil and gas to enter the well,
and another smaller pipe hanging from thé surface wellhead is added that allows the oil and

gas to be brought to the surface in a controlled manner.

. _1-.
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[0004]  Well models are heavily used for production optimization, designing well

completions, and creating well performance tables for reservoir simulation studies. Well‘ |

prdduction and injection modeling is a process practiced daily by many disciplines within the

oil and gas industry. Petroleum engineers rely heavily on well modeling aftér analyzing and

~ evaluating a wide range of data that influence well productivity to predict and optimize

production and injection rates. | Conventionally, many of the well modeling. users do not
follow a standard method in feeding the correct data into the simulator nor in the performance

calibration step. The process is lengthy and subject to human input etrors.

[0005] There can be significant benefits in modeling each well individually. Creating the
individual well model, however, can be expected. to require inputting and processing a
considerably large amount of data usually scattered across entity databases. Once the well
model is created, the predicted production and injection rates can be matched up against the
field measured rates. The match can be attained by calibrating the models using, for

example, a sensitivity analysis.

[0006] Conventionally, this well performance model creation and calibration process can
be very lengthy and challenging, and is subjedt to human errors. The average time required.
to complete this task hés been found to take up to 3-5 hours per well. The engincers’
valuable time is mostly c_onsufned by collecting/gathering the data, importing the data as
necessary, and validating it, whereas such time should instead be used for design, analysis

-and decision making,

[0007] " The data gathering and importing procéss involves dealing with several data

com.ponents‘that need filtration, QC or validation before entering them into a well model,
* which is subject fo human input error and inaccurate judgment. In addition, after building a
well model, the calibration step is also subject to wrong, inaccurate or inefficient practices. .
Further, such process can result in a relatively long software license utilization time because
the engineers normally leave the software running for many hours, especially when the.

process is interrupted for any reason,

[0008] Accordingly, recognized by the inventor is the nqed for systems, program product,
and methods which can prov_ide accurate, reliable and:errér-free well performance models
that can be delivered in a timely mannef. Aléo, recognized by the inventor is the need for
systems, program product, and methods which can serve to eliminaté the manual process of

browsing and searching for multiple data components scattered in several database
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repositories and manually feeding them into well modeling software, which applies scientific
techniques to build the well model and history match it, and which provides an interactive
interface for customized calibration allowing users to override data used in model history

matching and select the calibration parameters.

[0009] Further, recognized by the inventor is the need for systems, program product, and
methods that addresses all of the above problems, that bapture the “best practices” and
experience of the engineers, and that provides a standardized scientific approach that
essentially guarantees creating accurate and calibrated well models within a fraction of the

time allotted according to conventional processes.

SUMMARY OF THE INVENTION

[00010] In view of the foregoing, various embodiments of the ‘present invention
advantagedusly provide systems, program product, and methods of managing hydrocarbon
~ production, for example, through the creation and calibration of production and injection well
models. Various embodimeﬁts of the present invention advantageously provide systems,
program product, and methbds of creating and calibrating the production and injection well
models through comprehensive retrieval of all required'data components and through the

development and implementation of an optimal automated workflow.

[00011] According to various embodiments of the preseni invention, the systems, program
product, and methods can provide accurate, reliable and error-free well perforrhance models
that can be delivered in a timely manner. The s'ystems," program product, and methods can
also serve to eliminate the manual process of browsing and éearching for multiple data
corﬁponents'scattered in several database repositories, and eliminate the tedious process of
manually feeding them into well modeling software. The systems, program produc't', and
methods can apply scientific techniques to build the well model and history match it, and can
provide an interactive interface for customized calibration, allowing users to override data
used in model history matching and select the calibration parameters. The systems, program |
product, and methods can capture the “best practices” and experience of the engineers, and
provide a standardized scientific approach that can essentially gﬁarantee creating accurate
- and calibrated well models within a fraction of the time required/allotted according to

~ conventional processes.
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[00012] More specifically, an example of .a system for creating and calibrating production
and injection wéll models for a reservoir includes a well ﬁerfor_mance modeling computer
having a processor and memory in communication with the processor to store sbf_‘tware
therein, at least one, but more typically a plurality of databases stored in memory accessible
to the well performance modeling computer but scattere.d across multiple locations, and well
performance modeling program product stored in the memory of the well performance )
modeling computer to create and calibrate production and injection well models for a

reservoir.

[00013] According Vto an exemplary embodiment, the program product includes
instructions that when executed by the well ﬁerforménce modeling computer, cause the
computer to perform various operations including gathering/impoﬂing well data for a well or
wells to be modeled, feeding the gathered data into well perfonnance software and/or
modeling engine/module to thereby develop a model of the well, and pefforming_ a Vertiéal
flow correlation validation of a flow correlation used to model a pressure drop inside a well
‘bore of the well to be modeled to thereby calibrate the flow correlation so that flowing -
bottom-hole pressure predlcted using the flow corre]at:on for example at the gauge depth,

matches a corresponding field measured value.

[00014] The operations can also include performing a total system calibration on the well
model. According to the exemplary conﬁgurétion, the total system calibration includes a
different set of procedures that are implemented when the well has a valid productivity index
(PI) test with a performed date later than any well work-over date than are implemented when
the well's PI test date is carlier than a well work over date for the well. For example, when
the test date is later and when the model-predicted liquid rate is greater than the field
measured liquid rate, the operatlon of decreasing the WGH productivity index value is
performed. When the model-predicted liquid rate is, mstead less than the field measured
liquid rate, the operation of modifying flow gorrelann parameters to increase the model-
predicted liquid rate is performed. Alternatively, when the well does not have a valid
productivity index test or has a productivity index test having a performed date earlier than a -
well work-over date for the well, thé operation of determihing a productivity index value that
when api)iied to the well model results in a model-predicted 'liquid rate that at least

substantially matches the field measured liquid rate, is performed.

[00015] The operations can also include providing a model recalibration interface

configured to receive a user selection of a calibration parameter to be changed so that the

4-
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model-predicted liquid rate better matches the field measured liquid rate. The model
recalibration interface can include a p.I'urality of user se_lectﬁble parameter fields, such as, for
example, a productivity index field and a correlation parameters field. The operation can also
include calculating the well productivity index value that results in the model-predicted liquid
rate at least substantially matching the field measured liquid rate in response to a user
selecting the productivity index field. The operations can also include iteratively modifying a
.Value of at least one of a plurality of calibration reference measurements until the model-
predicted liquid rate at least substantially, but preferably exactly, within tolerances, matches
the field measured liquid rate in response to user selection of the correlation parameters field.
The operations can further include iteratively modifying a value of at least one of a plurality
of calibration reference-measurements while maintaining the well productivity index value in
response to user selection of both the productivity index field and the correlation parameters
field. The operations can also or alterhativeiy include iteratively reperfohningr the total
system calibration on the well model utilizing corresponding iteratively modified values of
the at least one of the plurality of calibration reference measurements. The operations can
still further include, for example, comprehensive computer-implementable data gathering

steps according to various embodiments of the methods described below.

[00016]. Note,' although described With respect to the Wel_] performance modeling
computer, various embodiments of the program product can be stored and delivered in a -
tangible computer readable medium which may or may not be associated with the well

performance modeling computer.

[00017]  As noted above, various embodiments of the present invention include methods
for creating and calibrating production and injection well models for a reservoir. According .
to an example of an embodiment of a method; the method can include the steps of providing a
video screen or other input tool to the user to facilitate user selection of a well to be modeled
‘and performing a Qomprehehsive retrieval of all required data components, which can include
importing or otherwise gathering well data from at least one, but more typically, a plurality of
entity databases. The method can also include feeding the gathered data into well
perforrﬁance software to thereby develop a model of ﬁhe well, performing an initial
calibration of the well model, performing a total system calibration on the well model, and

optionally, performing a recalibration to fine fune the well model.

[00018]  According to an embodiment of the method, the step of gathering well data can

include gathering a plurality of rate test measurements from a well production or injection

5.
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rate test recorded within, e.g., six months of each other. This can include gathering a set of at
least three wellhead pressure (WHP) measurements, gathering a set of at least three gas oil
ratio (GOR) measurements, gathering a set of, e.g., at least three percent water cut (WC%)
measurements, and gathering a set of at least three liquid rate measufements. The steps can
also or alternatively include determining an average wellhead pressure measurement value
for the at least three wellhead préssure' measurements, determining an average gas oil ratio
measurement value for the at least three gas oil ratio measurements, determining an average
percent water cut measurement value for the at least three percent water cut measurements,
and/or determining an average liquid rate measurement value for the at least three liquid rate

measurements.

[00019] Accbrding to an embodiment of the method, the step of gathering well data can
also or alternatively include analyzing a plurality'of pressure surveys conducted periodically
on a plurality of wells in a field associated with the well to be modeled, and determining an
average static reservoir. préssure responsive to the analysis of the plurality of pressure
surveys. According to an exemplary donﬁguration, average static reservoir pressure are
determined from one or more pressure surveys having a pressure survey date as close as
‘capable to an associated well production or injection rate test and having a surveyed well

location as adjacent as capable to that of the well to be modeled.

[00020] - According to an embodiment of the method, the step of gathering well data can
also or alternatively include ptoviding a pressure-volume-temperature source selection
criteria interface configured to receive a user selection of a source of pressure-vofume-
temperature test data used in generating the well model.. The pressure-volume-temperature
source selection crlterla can include a plurality of user selectable pressure-volume-
temperature Selection criteria fields including a pressure-volume-temperature latest report
date and source location option (first option field), a pressure-volume-temperature source
based on well locatlon optlon (second optlon field), and an external pressure-volume-

temperature data option (third op‘uon field).

[00021] The first option field can include an input field providing user selection of a
number of pressure- Volume-temperature sources desired to be accessed. Accordmg to such

configuration, the method further includes receiving a user input identifying user selection of
| the first option ficld and a user input indicating the user desired number of pressure-volume-
temperature sources, and retrieving report data for a number of latest reports matching the

number of user desired sources. Accofding to this embodiment, the latest reports are the

6.
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most recent reports retrieved for thic user desired number of sources closest to the well to be
modeled. According to an embodiment of the method, the stéps can alternatively include
modeling a plurality of wells each having a well arca code, aﬁd retrieving latest report having
a same well area code as the respective well for cach of the plurality of wells responsive to

user selection of the second option field.

[00022] Accofding to an embodiment of the method, the step of gathering well data can
inclu.de the steps of retrieving or importing we.llbore'description data including well profile,
deviation sufvey, production tubihg, and casing data, and the step of feeding the gathered
data into well performance software can include feeding the wellbore description data into
the well performance software, Acéording to such configuration, the step of gathering well
description data can further inclﬁde the Steps of retrieving a plurality of deviatic;n survey
point readings including a substantial number of measured depth versus true vertical depth
readings, and filtering the plurality of deviation survey point readings to thereby select an
optimal number of between approximately 6-8 survey readings based on deviation angle.
Alternatively, when the well being modeled is substantially vertical, the step of ﬁltéring can

include selecting an optimal number of between only approximately 2-3 survey readings.

[00023]  According to an embodiment of the method, the step of gathering well data can
also or alternatively include impofting inside diameter and length data for each of at least
substantially all tubing segments inside the wellbore of the well to be modeled. According to
an exemplary configuration, the imported tubing segments only include those having a
minimum length of, e.g., at least approximately 10 feet to thereby reduce data importation:

requirements.

- [00024] According to an éxemplary configuration, the step of gathering well data can also
or altematively include determining a minimum casing diafneter and locating tubing packer
depth to thereby identify at least substantially all casing sections being in contact with fluid,
and importing data for 6n1y those casing sections determined to be in contact with fluid.
According to an exemplary configuration, in order to reduce importation requirements, the
imported casing sections data do not include casing section data for casing sections that are

not in contact with fluid.

[00025] According to an exemplary configuration, the step of gathering well data can also

or alternatively include determining the tubing outside diameter and casing inside diameter
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throughout each wellbore section having fluid flowing in an annular space therebetween for

the well being modeled.

[00026] According to an embodiment of the method, the initial calibration of the Well
model can include performihg a vertical flow correlation validation of a flow correlation used
to model a pressure drop inside a well bore of the well to be modeled to thereby calibrate the
flow correlation so that flowing bottom-hole préssure predicted using the flow correlation at

the gauge depth matches a corresponding field measured value.

[00027] - According to an embodiment of the method, the total system calibration can
include providing well performance data to a simulator, receiving a model-predicted liquid
rate, and determining if a difference between the model-predicted liquid rate and
corresponding field measured liquid réte is within a preselected value. The sfep of providing
well performance data to a simulator can include providing average rate test conditions to the
simulator to calculate the rﬁodei-predicted liquid rate. The rate test conditions include -
wellhead pressure (WHP), gas oil ratio (GOR), and/or percent water cut (WC%)
measuremehts. The average of each of the rate tesf: cbnditions, rather than individual

measurements, is provided to reduce an effect of measurement outliers when present.

[00028]  According to an exemplary configuration, when the well has a valid productivity
index (PI) test with a performed date later than any well work-over date for the well; the steps
can include decreasing a well productivity index value when the model-predicted liquid rate
is greater than the field measured liquid rate, or modifying flow correlation parameters to
increase the model-predicted quuid rate when the model-predicted liquid rate is less than the
field measured liquid rate. The step of decreasing the well prdductivity index value can
include incrementally reducing the productivify index and recalculating the model-predicted
liquid rate until an absolute error therebetween is within a preselected value of, for example,

approximately £5% or as otherwise selected.

[00029]  Alternatively, when the well does not have a valid productivity index tést or its
latest productivity index test has a performed date earlier than the well work-over date for the
well, the sfeps can include determining‘a productivity index value that when applied to the
well model, results in a model-predicted liquid rate that at least substantially matches the

field measured liquid rate.

[00030] According to an embodiment of the method, the steps can also includes providing

a model recalibration interface configured to receive a user selection of a calibration

-8-
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parameter to be changed so that the model-predicted liquid rate better matches the ficld
measured liquid rate. Advantageously, this option allows a user to change one or more of the -
calibration reference measurements, such as, for example, Wellhead_ pressure (WHP), gas oil
ratio (GOR), mass flow (Ql), and static bottom hole pressure (SBHP), and repeat the

calibration process.

[00031] According to an exemplé.ry coﬁﬁguration, the model recalibration interface
' inclﬁdes a plurality of user selectable parameter fields to include a productivity index field -
and a correlation-parameters field. The steps can include calculating the well productivity
index value that results in the model-predicted liquid rate at least substantially matching the
field measured liquid rate in response to a user selecting the productivity index field. The
steps can include iteratively modifying a value of at least one of a pIurali'ty. of calibration
reference measurements until the model-predicted liquid rate at least substantially matches
the field r_neasured lliquid rate in response to user selection of the correlation parameters field. |
Additionally, according to an exemplary embodirﬁent, the step of iteratively modifying a
valu-e_ of at least one of a plurality of calibration reference measurements is performed while
maintaining the well productivity index value during performance of the iterative
modifications in response to ué.er selection of both the productivity index field and the
- correlation parameters field. - The steps can also or alterné.tively include iteratively
reperforming the total system calibration on the wéli_ model utilizing Corresponding
iteratively modified values of the at least one of the p’lurality' of calibration reference

measurements.

[00032] Various embodiments of the present inventién advantageously establish a new era
in the normal practices of well performance modeling. Various embodiments of the present
invention enable petroleum engineers to create and calibrate thousands of well models within
a fraction of the time they would normally spend--completing a portion of a process that
“normally consumes an average of 4 hours of an engineer’s time in less than as little as
approximately 6-7 seconds per well model. For example, where the required time to create,
update, and/or calibrate 650.0 well models is approximately 26,000 hdurs using conventional
processes {based on an average of 4 hours per well), the expected amount of time needed to
perform the creation, update, and/or initial calibration .stéps utilizing one or more
embodiments of the present invention is approximately 11 hours.(based on an average of 6
seconds per well). Advantageously, such improved performance is expected to- yield an

annual savings of 25,989 man-hours.
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[00033] Various embodiments of the present invention gather state of the art techniques
and expertise and combine them in an automated system that coﬁsiderably improves the
quality of well performance models. Various embodiments of the 'presenf invention eliminate
the manual process of browsing and searching for multiple data components scattered in
several, e.g., Oracle, database repositories and manually feed them into well modeling

software,

[00034] ~ Various embodiments the present inveﬁtion collect state-of-the-art human
expertise in the field and incorporate it in a system that can generate the highest of quality
well models, apply scientific techniques to build the well model and history match it, and
. provide an interactive interface for customized 'calibratiori, allowing usérs to override data

used in model history matching and select the calibration parameters.

[00035] Various embodiments of the present invention provide systems, soﬁwafe_
(program product) and methods designed to perform the following high-level
operations/steps: providing user selection of a well to be modeled, gathering well data from a
plurality of databases, feeding the gathered data into well performarice software, performing a
vertical flow correlation validatioh, comparing predicted well performance with actual
measured well performance, and performing a calibration on parameters utilized to develop

the model based on the comparison.

[00036] Various embodiments.the present invention provide a system including pfogram
product and related methods which provide an automated workﬂow for creating production
and injection well models by comprehensive retrieval of all data components stored in the
corporate database. After the well models are created, the system runs a scientific calibration
process on each well model to match their individual performances with ficld measurements.
Eventually, the production conditions are displayed in an interactive portal through which the

well performance can be evaluated using different conditions,

| [00037] Various embodiments of the presentinvehtion provide systems, program product,
and methods which incorporate a workflow including the steps of importing fluid properties
data and fine-tuning the pressure volume time (PVT) Black-Qil corfelation, importing
productivity index (PT) well testing and average reservoir pressure.data, importing wellbore -
description data (déviatiorl survey and tubing/casing details), importing field measured
production or injection conditions and flow rate data, feeding the input data into well

performance modeling software, running a vertical flow correlation validation, running well

-10-
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performance modeling and capturing the predicted rate by the software, comparing the
predicted rate and the measured rate and performing calibration on PI or flow correlation

parameters, and providing tools for a user to perform a recalibration and sensitivity analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

| [00038]  So that the manner in which the features and advantages of the ihvention, as well
as others which will become appafent, may be understood in more detail, a more particular
description of the invention briefly summarized above may be had by reference to the
embodiments thereof which are illustrated in the appended drawings, which form a part of
this -specification. It is to be noted, however, that the draWings illustrate only various
embodiments of the invention and are therefore ﬁot to be considered limiting of the

invention’s scope as it may include other effective embodiments as well.

[00039] FIG. 1 is a schematic diagram of a general system architecture of a system for
creating and calibrating production and injection well models according to an embodiment of

the present invention;

[00040] FIG. 2 is a schematic flow diagram illustrating steps for creating and calibrating

production and injection well models according to an embodiment of the present invention;

[00041] FIG. 3 is a schematic diagram of a graphical user interface for selecting the well

bore wells to be modeled according to an embodiment of the present invention;

[00042] FIG. 4 is a schematic data flow diagram 'illustrating data flow according to an

~ embodiment of the present invention;

[00043] FIG. 5 is a schematic diagram illustrating comprehensive data gathering according

to an embodiment of the present invention;

[00044] FIG. 6 is a schematic diagram of a graphical user interface for selecting a
pressure-volume-temperature source criteria according to an embodiment of the present

invention;

[00045]  FIG. 7 is a schematic diagram of a graphical user interface illustrating examples of

data utilized according to an embodiment of the present invention; and

[00046] FIG. 8 is a schematic diagram of a graphical user interface illustrating calibration

parameter selection according to an embodiment of the present invention.

-11-
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DETAILED DESCRIPTION

[00047]  The present invention will now be described more fully hereinafter with reference
to the accompanying drawings, which illustrate embodiments of the invention. This
invention may, however, be embodied in many different forms and should not be construed
as limited to the illustrated embodiments set forth herein. Rather, these embodiments are
provided So that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. Like numbers refer to like elements

throughout. Prime notation, if used, indicates similar elements in alternative embodiments,

[00048] Various embodiments of the present invention can serve to eliminate the manual
process of browsing and searching for multiple data components Scatteréd in multiple
database repositories and manually feeding them into well modeling software. Such
embodiments can also serve to apply scientific techniques to build the well model and history
‘match it, and to provide an interactive interface for customized calibration allowing users to

override data used in model history matching and select the calibration parameters.

[00049] FIG. 1 'provides an exarnple- of an embodiment of a systemi 30 for mé.naging
hydrocarbon production, for example, through the creation and calibration of production and
‘injéction well models. The system 30 can include a well performance modeling computer 31
having a processor 33, memory 35 coupled to the processor 33 to store software and database
records therein, and a user interface 37 which can include a graphical display 39 for
displaying graphical images, and a user input device 41 as known to those skilled in the art,
to provide a user access to manipulate the software and database records. Note, the computer
31 can be in the form of a personal computer or in the form of a server or server farm serving
multiple user interfaces 37 and/or providing multiple disparate functidns or other
configurations known to those skilled in the art. Accordingly, the user intérface 37 can be
“either directly connected to the computer 31 or indirectly connected through a network as

known to those skilled in the art, such as, for example, network 38.

[00050] The system 30 can also include a database 43 stored in the memory 35 (internal or
externally assessable) of the well performance modeling computer 31. The database 43 can
include data indicating: general well data such aé, for example, well location (X-Y coordinates),
well reservoir, lifting mechanism (ESP or naturally flowing), and well configuration (single
branch or multilateral), etc. Thé database 43 can also include pressure volume time (PVT)

test report and fluid properties data; and wellbore description data including deviation survey
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data, tubing details data, and casing details data. The database 43 can also include average
static reservoir pressure data for a selectéd number Vof wells; well productivity index (PI)
testing reports data including the well formation PI, wellhead flowing conditions, and bottom
hole flowing conditions; well work-over data; and well production and index ‘rafce test report
‘data, along with others as recdgnized by those of ordinary skill in the art. Note, although
referred to as a single database 43, database 43 can comprise a p!ura}ity of databases stored

on a plurality of geographically/positionally separate data storage devices (not shown).

[00051] The systemn 30 can also include well performance modeling program product 51
stored in memory 35 of the well perfomiance modeling computer 31. Noi:e, the well
performanée modeling program product 51 can be in the form of microcode, programs,
routines, and symbolic languages that provide a specific set fbr sets of ordered operations that
control the functioning of the hardware and direct its operation, as known and understood by
those skilled in the art. Note also, the well performance modeling program product 51,
according to an embodiment of the present invention, need not reside in its entirety in volatile
memory, but can be selectively loaded, as necessary, according to various methodologies as

known and understood by those skilled in the art.

[00052] FIG. 2 provides a flow diagram illustrating steps for performing well performance
model creation and calibration. The high-level steps can include providing user selection of a
well to be modeled (block 61), gathering/importing and proceséing well data from a plurality -
of databases (block 63), feeding the gathered data into well performance software (block 65);
performing a vertical flow correlation validation (block 67), comparing predicted well
pérformance with actual measured well performance (block 69), performing a calibration on
-parameter‘s. utilized to develop the model based on the comparison (block 71), and performing

- an assisted recalibration on the model (block 73).

[00053] Well Selection

[00054]  FIG. 3 illustrates a well selection screen (graphical interface) 100, according to an
embodiment of the system 30, that locates all active wells in the corporate database 43 for user
selection. The screen 100 includes a "well selection steps” in_formation table 101 providing a
well selection order to a user, a reservoir field name drop-down menu 103, and a rese_rvoif
field section code selection menu 105. After selecting the reservoir field code, several filtration
options in a "well filter options" section. 107 are provided to assist in locating the looked-for wells.

These include, for example, a "plant name" drop-down menu 109 and a "well type" drop-down
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“sub-menu (e.g., oil producer, gas producer, etc.) 111, a "well type" drop-down menu 113, and
a "well number" (single well _selection)drOp-—doWn menu 115. Note, as with other menus
described herein, it should be understood that various graphical presentation tools can be

utilized as recognized by one of ordinary skill in the art.

[00055]  As perhaps best shown in FIG. 4, once the user selects the required wells for well
performance modeling and calibration, the exemplary process is started by pressing the “Start” button
117. | |

[00056] The workﬂoﬁv, according to the exemplary embodiment of the present invention,

includes, for example, the following steps:

[00057]  Gathering/Importing and Processing Data

[00058} As perhaps best shown in FIG. 3, the process can include gathering data including
"General Well data,” "Pressure~Volume-Temperature (PVT) Source Selection and Fluid
Properties," "Wellbore Description,” and “Average Static Reservoir Pressure," among others,
across multiple corporate databases. According to an exemplary configuration, a robot is
provicléd to gather data as the data is updated, typically according to user settings. According
to another. configuration, the data is gathered on demand. According to another
configuration, some portions of the data are gathered -automatically, and other portions are

gathered on demand in response to user selected settings.

[00059] General Well Data

[00060] The general well data includes, for example, the following items: well location
(X-Y coordinates), current reservoir, electrical submersible pump (ESP) assisted or naturafly
flowing, single branch or multilateral, among others. ESP data can include depth, number of

stages, power, modél, etc.

[00061] " PVT Source Selection and Fluid Propertics

[00062] PVT reports are generated after collecting fluid samples from a selected number
of wells in the field. According_ to an exemplary configuration, it is preferable to select a
recent PVT sampling report from the same well or an adjacent one. However, due to the
scarcity in PV test reports, as shown in FIG. 6, according:,er to the exemplary configuration,
the user is provided a "PVT source selection criteria" interface/screen 120 to make a spatial-
temporal reasoning by either selecting the latest report in the field regardless of the wéll

Jocation or the closest PVT repott to the well under consideration regardless of the date.
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[00063] For that decision to be received, according to the'exemplary bonﬁguration, the
PVT source selection criteria screen 120 is designed to offer three PVT source selection
options. For example, the first option shown at 121 provides the user the ability to consider
both the PVT report date and the source location. If the user selects this optioh and sets the
numbér of latest PVT source to, e.g., "1" as shown, the most recent PVT test report will be
used for all generated wells regardless of the location. When there are abundance of the
recent PVT sources, a larger weight can be put to the 10¢ation by selecting the number of
more recent reports (based on the test/report date) to be selected and allowing' the

system/program product to match wells with PVT sources based on location.

[00064] The 2™ option shown at 123 provides the user a module interface which allows
the user to consider feeding PVT data from PVT reports taken from the latest test/report date
with the same well area code. Alternatively, the 3™ option shown at 125 provides the user a

module interface which allows the user to feed the PVT data from an external source.

[00065]  Once the PVT report selection criteria is defined, the application starts _irﬁporting
the PVT data according to the user-establish criteria, The PVT data imported from, e.g., an
entity Oracle database are: bubble point pressure (Pb), oil viscosity at at Pb, oil formation
volume at Pb, solution GOR at Ph, gas specific gravity, oil API gravity, HZS; CO2, N2, Rs,
Water SG, reservoir témperature {Trs), and FVFEgpy, Additionally, th_e water salinity value

retrieved from water analysis reports is also imported.

[00066] . Wellbore Description

[00067] As part of the automated data importing/gathering process, wellbore description
data is gathered and processed. The wellbore description includes well profile along with

deviation survey, production tubing, and casing details.

[00068] Deviation survey. The deviation survey is generally available in-the database as a
large number of measured depth (MD) vs. true vertical depth (TVD) readings. It has been
determined by the inventor that in non-vertical wells, preferably between 6-10, and more
preferably 8 deviation survey readings based on the deviation angle are sufficient to describe
the well profile.- As such, according to the exemplary figuration, the system/program product
'automafically filters all the deviation survey points and selects the desired 8 MD/TVD
recadings. Note, it has been similarly found that if the well is instead vertical, then two
readings have been fbund to be sufficient. Providing the automated filtering can beneficially

reduce computer/software processing time.
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[00069] ~ According to an exemplary process of selecting the desired points, the following

steps are followed:

Point 1: The process starts with a wellhead survey: MD, TVD = 0.0.

Point 2: The next step is to define the first kick-off point. This point is defined once

the deviation angle reaches 5° and is increasing.

Point 8: The process goes to the maximum depth survey and reaches the maximum

deviation angle.

Points 3-7: Points 3-7 are then selected base_d on the deviation angle increments, ¢.g.,

{(maximum angle minus 5°)/5}

[00070] Tubing details. According to the exemplary configuration, the system/program
product imports the inside diaméters, lengths, and depths for all tubing segments inside the -
wellbore of the selected wells. Tubiﬁg detailé tables available in the database contain the
description of the main production tubing along with a large number of short tubing segments
such as, for example, tubing accessories, fittings and connections. It has been found to be
inefficient by the inventor to import all these devices, especially when they have negligible
impact on flow performance. As such, according to the exemplary conﬁguraﬁon, the
system/program product imports tubing segnﬁents with niinimum length of approximately 10
ft. Note, although utilization of an alternative minimum length is within the scope of the
preseht invention, it has been found that tubing segments having smaller tubing lehgths can
have a negligible impact on pressure drop. Accordingly, ‘their application would consume
resources with a disproportionate or negligible benefit. Using a significantly higher

minimum tubing length, however, can result in additional error.

[00071] Casing details. According to the exemplary configuration, the system/program
product imports only the casing sections of thelselected well bore wells that are in contact
with fluid. The selection process requires identify'ing such casing sections. In the exemplary
configuration, the identification of which of the casing sections are in éontact with fluid is
made by performing the steps of determining the minimum casing diameter and locating the
tubing packer depth--which prbvides adequate criteria. If the well is flowing in the annular
space or in both annulus and tubing, according to the exemplary configuration, the
system/program product locates the tubing outside diameter-and the casing inside diameter
throughout the whole: wellbore section to perform the identification. According to an
exemplary configuration, the imported data can include casing inside diameters, lengths, and
depths. ‘
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[00072] Average Static Reservoir Pressure Modified at Completion End

. [00073] ‘Static reservoir pressure is one of the basic data that has been found to have a
fnajor impact on well performance and to provide enhanced performance. As such, in order
to provide enhanced performance, according to the exemplary configuration, its value mﬁst
be- entered/recorded accurately. Pressure surveys are usually conducted periodically on a
selected number of wells in the field. The pressure survey date has also been found by the
inventors to be as important factor in providing enhanced performance. Specifically,
according to the exemplary configuration, the pressure survey date should be as close as
possible to the date of the well rate test and the su_rveycd well locatidn should be as adjacent
as possible to the well under consideration. Accordingly, the system/program product
identifies and stores the dates accordingly.  According to an embodiment of the
system/program product, a "static reservoir pressure criteria” interface/screen (not shown)
similar to that of the "PVT source selection criteria” screen 120 allows the user to indicate the

number of adjacent wells to thereby select the latest report based on well location.

[00074] Well Productivity Index (PI) Testing Data

[00075] Pl testing reports data is also gathered. PI testing reports usually include the well
formafion productivity ‘index in addition to wellhead and bottom-hole flowing conditions.
According to the exemplary configuration, the PI value, if determined to be valid, is used in
modeling the inflow performance relationship and the flowing data is used in the vertical
flow correlation validation, The PI test date is also important and should be compared with
the well work-over date to determine its validity.,  Additionally, if a work-over job is
performedron the well after the well PI test date, then the PI value from the respectivé test
will not be considered for validating the vertical flow correlation as the well conditions may
have changed. Further according to the:exemplary configuration, if no valid PI value is

available, a default value can be automatically prescribed.

[00076] Well Production or Injection Rate Test

[00077] For _célibration purposes, according to the exemplary oohﬁguration, the process
also includes importing the latest rate test conditions for the well under consideration. Field
measureménts, however, sometimes can include errors or non-realistic measurements. For
example, the production should increase if the wellhead pressure decreases.. When both
wellhead pressure and rate have increased corﬁpafed to the previous test, then there must be

an error. Such measures, however, are generally flagged with. a “gdod”\indicator in the
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database. Accordingiy, substantial errors can be introduced if only the last reading of
pressure and rate are feed it to the modeling software. This applies also to GOR and WC%

values.

[000678] In order to avoid the effect of such measurement outliers, the program collects a
preselected number, e.g., 3, of the latest rate test measurements, provided they are within a
presele’cted time period, e.g. 6 months, and the calibration process is run against the averaged
conditions. The recent production data imported for calibration can include liquid rate, well
head pressure, water cut and gas oil ratio (GOR). Well'testing flowing data (hiétorical data
for VLP_ validation) can include pressure gauge .depth, flowing bottom hole pressure,

wellhead flowing pressure, GOR, and water cut percentage.

[00079] Beneficially, when an “averaged” case is introduced, _the process reduces the
effect of the “suspicious” readings and adds robustness to the model, It has been found that
two readings are generally not enough to remove the effect of the erroneous measurement.
Accordingly, according to the exeinplary configuration, the process uses.the latest three
points. Notably, three points have been found to be optimal as using more than three points
(four or more) can result in the incorporation of older conditions that niay disturb the model
consistency. By ‘limitin_g the data used to three points according to .the exemplary
configuration, it has been determined that it is unlikely that such latest conditions will reflect
old readings to the extent that the averaged conditions will’ be significantly affected.
Nevertheless, the exemplary configuration includes the, e.g., six, months time limitation

condition.

[00080] Feeding the Data into the Well Performance Software

[00081] According to the exemplary configuration, the well performance rhodeling
softwarefprogram product is driven and communicated automatically using an external
program, which also allows for data input and extraction. An example of such external
program is named "Prosper,” which is a vendor application developed by Petroleum Experts
www.petex.com.  Other engines capable of performing the same functions, including, for
example, an engine incorporated into program product .51 according to an alternative

embodiment of the present invention, can be utilized.

[00082] Vertical Flow Correlation Validation

[00083]  The pressure drop inside the wellbore can be calculated using multi-phase flow

correlations.  Particularly, according to the exemplary configuration, flowing well test
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conditions are used in order to validate and fine-tune the performance of the selected flow
correlation. Initially, the rows displayed in FIG. 7 will be empty and will be filled one by
one, for example, to indicate that the input data has been loaded into the model building
software.  According to an exemplary configuration, the process utilizes default values
- (determined through industry analysis) to provide correlation selection criteria. According to
an alternative configuration, thé vertical flow correlation validation step includes providing a
user a graphical iﬁterface (not shown) to allow a user selection of a correlation from a drop-

down list or other access means.

[00084]  According to the exemplary con'figuration, the correlation performance can be
modified by applying gravify and friction correction factors so that the flowing bottom-holle
pressure predicted by the correlation at the gauge depth matches the measured value. Note,
the corrected values would not be expécted to match if the well had a work-over job after the.
well test date.  As such, according to the exemplary configuration, the flow correlation will
be used without validation. Later on, the correlation parameters can be changed tolmatch the
production rate based on a criterion described later. After the flow correlation is fine-tuned,
the vertical flow modeling can be considered reliable and the well model is ready for the total

system calibration, described below.
[00085] - Model Initial Calibration

[00086]  Performing a well model calibration step is essential before relying on the model
in any study and design analysis. The calibration process is carried out by sending, for
example, the latest average rate test conditions (WI-IP, GOR and w(C%) to the simulator to
calculate the liquid rate. According to the exemplary configuration, the well model will be
considered valid if the difference between the predicted and measured liquid rate is within

approximately 5%. Otherwise, the calibration process will start as follows:
[00087]  Case 1: The well has a “Valid” PI tést not followed by a work-over,
_ [00088] Case 1.a: The model-predicted liquid rate is greater than the measured liquid rate.

. [00089]  In this case, according to the exemplary configuration, _it is assumed the formation
started developing skin or damage and the total PI can be decreased. The system/program
product will start incrementally reducing the PI and recalculating the rate until the absolute

error is within plus or minus 5%.

[00090] Case 1.b: The model-predicted liquid rate is less than the measured liquid rate.
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[00091] In this case, according to the exemplary configuration, the system/program
product will not increase the PI. Instead, the vertical flow performance modeling is
considered questionable. As such, the system/program product will modify the flow
correlation parameters to increase the predic_'ted rate until the absolute error is within plus or
minus 5%. Further according to the exemplary configuration, if the new correlation
coefficients reaches 0.5; however, then the calibration process stops and the well will be

highlighted in, e.g., red, which indicates a problem in the input data.

[00092] Case 2: The well does not have a Valid PI test or the latest test was followed by a

work-over.

[00093] In this case, according to the exemplary configuration, the system/program
product will focus on finding the PI value to match between the model and the field

measurements.

- [00094] 1t should be understood by one of ordinary skill in the art that absolute error
tolerance values other than 5% can be utiIiz'ed. However, significant benefits have been
- found by using such value. This tolerance value was set as it was determined that the value
would cover the in-accuracy introduced by the flow correlation performance or by any of the
input data such as PI, SBHP or PVT. Using a smaller tolerance has been found to result in
forcing the model to match tightly by changing the inflow PI valde or the outflow correlation
factors, although this difference could be caused by any input data in the model itself. The

5% tolerance was, therefore, chosen as an acceptable value for engineering purposes.

[00095] Model Recalibration

[00096]  This option can be considered a post calibration process. The model recalibration
“allows the user to change one or more of the calibration reference measurements (WHP,
GOR, WC, Ql, SBHP or PI} and repeat the calibraﬁon process. In this process, the user is
provided with the ability to select the calibration parameter that can be changed by the
system/program product to meet the measured rate. For example, as illustrated in FIG. 8, the
user can seléct "PI" at 131 which will calculate the PI required for matching. The user can
alternatively select "correlation parameters” at 133, which will honor the PI value and modify
the correlation parameter until matching is reached. Additionally, the user can further
alternatively select "both" at 135, which will consider/execute the same procedure as

described with respect to the initial model calibration process.
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[00097] The following table provides a brief comparison of some major features

(according to an exemplary configiration) with related features found in a typical

conventional system. It should be understood that such features are not the only major

features of the exemplary configuration or of the various embodiments of the présent

invention,  but rather, provide comparative‘ highlighting found to be beneficial  to

understanding, Various "values” utilized in the table provide a specific example and should

not be considered limiting to the described features that the values relate to.

Data input or
modeling step

Typical Conventional system

Exemplary system

PVT report source

Uses the same well or an
adjacent well without
congidering the date.

Enables selecting the most recent
PVT source in the field that is close
to the well.

PVT data input

Uses basic PVT data and uses
the original PVT correlations.

Uses additional PVT data used for
fine-tuning the PVT correlation

performance.

Reservoir pressure

Uses pressure survey data taken
from the same well without
considering the date. The
pressure at completion end
could be taken directly from the
pressure survey, which is at
datum depth.

Survey taken from the same well
only if it is within, e.g., a three

| month time difference from rate test.

Pressure surveys from, ¢.g., three
adjacent wells are used to build a 3D
extrapolation equation to predict the
pressure at well location. Pressure is
calculated at the completion end by
using the pressure gradient.

VLP Validation

- The user uses the well testing

for VLP validation without
checking the well history.

The exemplary system only uses
well testing data for VLP validation
if there was no work-over performed
after the well testing date

Well Calibration

There is no standard way for
calibration. The user may use
only the PI to match. The

process is tedious and very long.

A new standard approach is
provided. The process is quick and
iterative. The PI calculation uses, for
example, numerical convergence
techniques to speed up the iteration
process.

Model Re-
Calibration

One needs to go to the well
model and enter the new data
one-by-one.

An interactive screen is designed to
facilitate automated calibration and
to provide quality assurance during
the automated process. '

[00098]

It is important to note that while the foregoing embodiments of the present

invention have been described in the context of a fully functional system and process, those

skilled in the art will appreciate that the mechanism of at least portions of the present
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invention and/or aspects thereof are capable of being distributed in the form of a coniputer
‘readable medium in a variety of forms storing a set of instructions for execution on a
processor, processors, or the like, and that embodiments of the present invention apply
equally regardless of the particular type of media used to actually carry out the distributioh.
Examples of the computer readable media include, but are not limited tb: nonvolatile, hard-
coded type media such as read only memories (ROMs), CD-ROMs, and DVD-ROMs, or
erasable, electrically programmable read only memories (EEPROMSs), recordéble type media
such as floppy disks, hard disk drives, CD-R/RWs, DVD-RAMs, DVD-R/RWs,
DVD+R/RWs, HD-DVDs, memory sticks, mini disks, laser disks, Blu-ray disks, flash drives,
and other neWer types of memories, and certain types of 'transmission type media such as, for
example, digital and analog communication links capable of storing the set of instructions.
Such media can éontain; for example, both operating instructions and the operations
instructions described with respect to the program product 51, and the comﬁuter executable
portions of the method steps according to the various embodiments of a method of creating
. and calibrating production and injection well models to include implementing a workflow to

create and calibrate the production and injection well models. for a reservoir, described above.

[00099] Various embodiments of the present invention provide several unique advantages.
For example, conventionally well 'rhodeling users generally do not follow a standard method
in feeding the correct data into a well simulator, nor follow standard procedures in a
performance calibration step, making the process lehgthy and 'subject to human input errors. ]
‘Various embodiments of the present invention, however, have been shown to employ a
unique standardized methodology which allows the system to complete a.data gathering
process across multiple databases, which normally consumes an average of 4 hours of an
engineer’s time, in less than approximately seven seconds. According to an exemplary
implemenﬁation, an embodiment of the present ihvention was used to create a total of 284
well models with an average time required to complete the task being approxi.mately 33
minutes. The well models were then used in building surface network models of four gas oil

separatioh plants {(GOSPs) and providing accurate total system flow rate.

[000100] Various embodiments of the present invention advantageously collect
conventional and unconventional human expertise in the hydrocarbon production field and
apply it in systems that generates the highest of quality well models. Various embodiments
of the present invention can automatically build and calibrate well models from a database

and provide methédologies that solve issues related to the manual process of well
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performance model building and calibration. Various embodiments of the present invention
can advantageously eliminate the manual pi‘ocess_of browsing and searching for multiple data
components scattered in several, e.g.',l Oracle, database repositories and the process of
manually feeding them into well modeling software. Various embodiments of the present
invention advantageously apply scientific techniques to build the well model and history
match it, and provide an interactive interface for customized calibration allowing users to

override data used in model history matching and to select the calibration parameters.

[000101] Various “embodiments of the present invention advantageously provide new
systems that streamline and aﬁtomat;e an integrated workflow for well model building and
calibration, which can capture experiences and “best practices” in' the area of well
performance modeling, and apply them in an automated system. Advantdgeously, the
workflow can, for .example, import fluid p.roperties and fine-tune PVT Black-Oil correlation,
import PI well testing data and average reservoir pressure, import wellbore descriptioh
(deviation survey and tubing/casing details), import field measured production or injection
conditions and flow rate, feed input data into well performance modeling module or
standalone software, run a vertical flow correlation Validationr,‘ run well performance
modeling and capture the predicted rate by the modu_le/soﬁware, compare predicted rate and
measured rate and perform calibration on PI or flow correlation parameters, and provide a

user interface to allow a user to perform re-calibration and sensitivity analysis.

[060102] Various embodiments of the present invention provide enhanced quality based
upon criteria including a determination that the subject well has: a recent PVT test report
stored in a reference database, a recent.vali.d well Pl test stored in the database, a pressure
survey having the same date as that of the surface rate test, three recent rate test conditions
“ that are accurate and validated, a produced gas oil ratio (GOR) that is close to the solution gas
oil ratio (Rs) measured in the. labdratory, and if the well is equipped with an ESP, a pump

model for the ESP is available in the well modeling software.

[000103] This application claims priority to and the benefit of U.S. Patent Application No.
13/196,525 filed on August 2, 2011, titled "Systems and Program Product For Performing A
Fully Automaied Workflow For Well Performance Model Creation And Célibration,“ and
‘priority to and the benefit of U.S. Patent Application No. 13/ 196,567, filed on August 2,
. 2011, titled "Methods For Performing A Fully Automated Workflow Fof Well Performance -

Model Creation and Calibration," each incorporated by reference herein in its entirety.
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[000104] In the drawin'gs and specification, there have been disclosed a typic_al preferred
~ embodiment of the invention, and although specific terms are employed, the terms are used in
a descriptive sense only and not for purposes of limitation. The invent.ion' has been described
in considerable detail with specific reference to these illustrated embodiments. It will be
apparent, however, that various modifications and changes can be made within the spirit and

scope of the invention as described in the foregoing specification.
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THAT CLAIMED IS:

1. A system (30) for creating and calibrating production and injection well models for a
reservoir, the system (30) comprising a well performanbe modeling computer (31) having a
processor (33) and memory (35) in communication with the processor (33) to store software
therein, and ét least one database (43} stored in memory (35) accessible to the well
performance modeling computei* (31), the system (30) being characteriz::d by:
well peffori‘nance modeling program product (51) stored in the memory (35) of the
well performance modeling computer (31) to create and calibrate production and injection
well models for a reservoir, the program product (51) including instructions that when-
executed by the Well performance modeling computer (31) cause the computer (31) to
perform the operations of: |
| performiﬁg a vertical flow correlation validation of a flow correlation used to
model a pressure drop inside a well bore of a well to be modeled to calibrate the flow
correlation so that flowing bottom-hole pressure predicted using the flow correlation
at gauge depth matches a corresponding field measured value to thereby develop a

model of the well, and

performing a total system calibration on the well model including decreasing a
well productivity index value when 2 model-predicted liquid rate for the well is
greater than a ﬁéld measured liquid rate for the well and when the well has a valid
productivity index (PI) test associated therewith having a performed date later than

any well work-over date for the well.

2. A system (30) as defined in claim 1, wherein the operation of performing a total

system calibration on the well model includes:
providing well performaﬁce data to a simulator;
receiving a model-predicted liquid rate;

determining if a difference between the model-predicted liquid rate and corresponding

field measured liquid rate is within a preselected value; and

modifying flow correlation parameters to increase the model-predicted liquid rate

when the model-predicted liquid rate is less than the field measured liquid rate and when the
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well has a valid productivity index test associated therewith. having a performed date later

than any well work-over date for the well.

3. A .system (30) as defined in either of claims 1 or 2, wherein the operation of

performing a total system calibration on the well model includes:
providing well performance data to a simulator;
receiving a model-predicted liquid rate;

determining if a difference between the model-predicted liquid rate and corresponding

field measured liquid rate is within a preselected value; and

determining a productivity index value that when applied to the well model results in
a model-predicted liquid rate that at least substantially matches the field measured liquid rate,
performed when the well does nbt have é_vaiid productivity index test associated therewith or
has a productivity index test having a performed date earlier than a well work-over date for
the well.

4. A system (30) as defined in any of claims 1-3, wherein the operation of decreasing a

well productivity index value includes:

incrementally reducing the productivity index value and recalculating the model-

predicted liquid rate until an absolute error therebetween is within a preselected value.

5. A system (30) as defined in claim 4, wherein the absolute error is within
approximately =5%, |

6. A system (30) as defined in any of claims [-5, wherein the operations further
comprise: '

providing a model recalibration interface, the model recalibration interface configured
to receive a user selection of a calibration parameter to be changed so that the model-

predicted liquid rate better matches the field measured liquid rate.
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7. A system (30) as defined in claim 6, wherein the model recalibration interface

comprises a plurality of user selectable parameter fields (131, 133, 135) including a

productivity index field (131) and a correlation parameters field (133), and wherein the

, operations further comprise: |

| calculating the well productivity index value that results in the model-predicted liquid
rate at least substantially mafching the field measured liquid rate responsive to user selection

of the productivity index field (131); and

| iteratively modifying a value of at least one of a plurality of calibration reference

measurements until the model-predicted liquid rate at least substantially matches the field -

measured liquid rate responsive to user selection of the correlation parameters field (133).

8. A system (30) as defined in claim 7, wherein the calibration reference measurements
comprise wellhead pressure (WHP), gas oil ratio (GOR), mass flow (Ql), and static bottom
hole pressure (SBHP).

9. A system (30} as defined in either of claims 7 or 8, wherein the operation of
iteratively modifying a value of at least one of a plurality of calibration reference

measurements is performed while maintaining the well productivity index value.

16, A system (30) as defined in any of claims 7-9, wherein the operation of iteratively
modifying a value of at least one of a plurality of calibration reference measurements
includes iteratively reperforming the total System calibration on the well model utilizing
corresponding iteratively modified values of the at least one of th§ plurality of calibration
reference measurements responsive to user selection of both the productivity index field

(131) and the correlation parameters field (133).

11. - A system (30) as defined in any of claims 1-10, wherein the operations further
comprise: '

gathering a plurality of rate test measurements from a well production or injection rate
test recorded within approximately six months of each other, to include: '
gathering a set of at least three wellhead pressure (WHP) measurements,
gathering a set of at least three gas oil ratio (GOR) measurements, -
gathering a set of at least three percent water cut (WC%) measurements, and

gathering a set of at least three liquid rate measurements;
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determining an average wellhead pressure measurement value for the at least three
wellhead pressure measurements; ' _

determining an average gas oil ratio measurement value for the at least three gas oil
ratio measurements;

determining an average percent water cut measurement value for the at least three
percent water cut 'measureme_nts; and i

detennining an average liquid rate measurement value for the at least three liquid rate

measurements.

12. A system (30) as defined in any of claims 1-1 1; wherein the operations further
comprise: ' . ,

analyzing a plurality of pressure surveys conduéted periodically on a plurality of wells
in a field associated with the well to be modeled; and

determining an average static reservoir pressure responsive to the analysis of the
piurality of pressure surveys, the average static reservoir pressure determined from one or
more pressure surveys having a pressure survey date as close as capable 1o an associated well
production or injection rate test and having a surveyed well location as adjacent as capable to
that of the well to be modeled. '

13. A system (30) as defined in any of claims 1-12, wherein the operations further
comprise: _ 7

| providing a pressure-volume-temperature source selection criteria interface
configured to receive a user selection of a source of pressure-volume-temperature test data

used in generating the well model.

14. A system (30) as defined in claim 13, wherein the pressure-volume-temperature
source selection criteria comprises a plurality of user selectable pressure-volume-temperature
selection criteria fields (121, 123, 125) including a pressure-volume-temperature latest report
date and source location option defining a first option field (121), a pressure-volume-
temperature source based on well ldcation option defining a second option field (123), and an

external pressure-volume-temperature data option defining a third option field (125).

-28-



WO 2013/019557 : PCT/US2012/048337

15. A system (30) as defined in claim 14, wherein the first option field (121} includes an
input field providing user selection of a number of pressure-volume-temperature sources
desired to be accessed, wherein the operations further comprise: '
receiving a user input identifying user selection of the first option field (121)-and a
user input indicating the user desired number of pressure-volume-temperature sources; and
retrieving report data for a number of latest reports matching the number of user
desired sources, the latest reports being the most recent reports retrieved for the user desired

~number of sources closest to the well to be modeled.

16. A system (30) as defined in either of claims 14 or 15, wherein the operations further
comprise: ' '

modeling a-plurality of wells each having a well area code; and

retrieving report data for each of the plurality of wells responsive to user selection of
the second option field (123), the report data comprising a latest report having a same ‘well |

area code as the respective well.

17. A system (30) as defined in any of claims 1;-16, wherein the operations further
comprise: ' _

‘retrieving a plurality of deviation survey point readings, the deviation survey point
readings comprising a substantial number of measured depth versus true vertical depth
readings; and | 7

filtering the plurality of deviation survey point readings to thereby. select an optimal

* number of between approximately 6-8 survey readings based on deviation angle.

18. A system (30) as defined in claim 17, wherein the operation of filtering thé plurality
of deviation survey points is performed when the well being modeled has a substantial
deviation angle, and wherein the operations further comprise:

seledting an optimal number of between approximately 2-3 survey readings when the

well being modeled is substantially vertical.

19. A system (30) as defined in any of claims 1-18, wherein the operations further
comprise: ' '
importing inside diameter and length data for each of at least substantially all tubing

segments inside the wellbore of the well to be modeled having a minimum length of
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approximately 10 feet, the imported data being devoid of inside diameter and length data for
tubing segments having a length of approximately less than 10 feet to thereby reduce data

importation requirements.

20. A system (30) as defined in any of claims 1-19, wherein the operations further
comprise:

determining a minimum casing diameter and locating tubing packer depth to thereby
identify at least substantially all casing sections beiﬁg in contact with fluid; and

importing data for the casing sections determined to be in contact with fluid, the
imported casing sections data being substantially devoid.of casing data for casing sections

th_at are not in contact with fluid.

21. A system (30) as defined in ény of claims 192,0, wherein the operations .further
comprise: _ _ _

determining tubing outside diameter and casing inside diameter throughout each
wellbore section having fluid flowing in an annular space therebetween for the well béing

modeled.

22. A system (30) as defined in any of claims 1-21, wherein the operations further

comprise:

providing average rate test conditions to a simulator to calculate the model-predicted
liquid rate, the rate test conditions comprising wellhead pressure (WHP), gas oil ratio (GOR),
and percent water cut (WC%) measurements, an average of each of the rate test conditions

provided to reduce an effect of measurement outliers when present.

23. A system (30) for creating and calibratinglprocluétion and injection well models fora
reservoir, the system (30) comprising a well perforzﬁance modeling computer (31) having a
processor (33) and memory (35) in communi_cation with the processor (33) to store software
therein, and at least one database (43) stored in memory (35) accessible to the well
performance modeling computer (31), the system (30) being characterized by:

well performance modeling program product (51) stored in the memory (35) of the
well performance modeling computer (31) to create and calibrate production and injection

well models for a reservoir, the program product (51) including instructions that when
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executed by the well performance modeling computer (31) cause the computer (31) to
perform the operations of:

performing a vertical flow correlation validation of a flow correlation used fo

model a pressure drop inside a well bore of a well to be modeled to calibrate the flow

correlation so that flowing bottom-hole pressure predicted using the flow correlation

at gauge depth matches a corresponding field measured value to thereby develop a

model of the well, and
performing a total system calibration on the well model including: -
providing well performance data to a §imu1at0r,
' receiving a model~predict_ed liquid rate,

determining if a difference between the model-predicted liquid rate and

corresponding field measured liquid rate is within a preselected value,

decreasing a well productivity index value when the model-predicted
ligquid rate is greater than the field measured liquid rate and when the well has’
a valid productivity index (PI) test associated therewith having a perfoxmed

date later than any well work-over date for the well,

modifving flow correlation parameters to increase the model-predicted
liquid rate when the model-predicted liquid rate is less than the field measured
liquid rate and when the well has a valid productivity index test associated
therewith having a performed date later than any well work-over date for the

well, and

determining a productivity index value that when applied to the well
model results in a model-predicted liquid rate that at least substé.ntially
matches the field measured liquid rate when the well does not have a valid
productivity index test associated therewith or has a productivity index test

having a performed date earlier than a well work-over date for the well.

24. A system (30) as defined in claim 23, wherein the operation of decreasing a well

productivity index value includes:

incrementally reducing the productivity index value and recalculating the model-

predic‘rcd liquid rate until an absolute error therebetween is within a preselected value.
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25. A system (30) as defined in either of claims 23 or 24, wherein the operations further
comprise:

providing a model recalibration interface, the model recalibration interface configured
to receive a user selection of a calibration parameter to be changed so that the model-

predicted liquid rate better matches the field measured liquid rate.

26. A system (30) as defined in claim 25, wherein the model recalibration interface
comprises a plurality of user selectable . parameter fields (131, 133, 135) including a .
productivity index field (131) and a correlation parameters field (133), and wherein the
operations further comprise: _ |

calculating the well productivity index value that results in the model-predicted liquid
rate at least substantially matching the field measured liquid rate responsive to user selection
of the préductivity index field (131); and - |

iteratively modifying a Vélue of at least one 6f a plurality of calibration reference
measurements until the model-predicted liquid rate at least substantially matches the field

measured liquid rate responsive to user selection of the correlation parameters field (133).

27.  Well performance modeling program product (51) for creating and calibrating
production and injection well models for a reservoir, the program product (51) comprising a
set of instructions, stored on a tangible computer readable medium, that when executed by a
" computer (31), cause the computer (31) to perform operations being characterized by:
performing a vertical flow correlation validation of a flow correlation used to model a -
pressure drop inside a well bore of a well to calibrate the flow correlation so that flowing
bottom-hole pressure predicted using the flow correlation at gauge depth matches a

corresponding field measured value to thereby develop a model of the well; and

performing a total system calibration on the well model including decreasing a well
productivity index value when a model-predicted liquid rate for the well is greater than a field
measured liquid rate for the well and when the well has a valid productivity index (PI) test

associated therewith having a performed date later than any well work-over date for the well.

28.  Program product (51) as defined in claim 27, wherein the operation of performing a

total system calibration on the well model includes:
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providing well performance data to a simulator;
receiving a model-prediéted liquid rate;

determining if a difference between the model-predicted liquid rate and corresponding

field measured liquid rate is within a preselected value; and

modifying flow correlation parameters to increase the model-predicted liquid rate
when the model-predicted liquid rate is less than the field measured liquid rate and when the
well has a valid productivity index test associated therewith having a performed date later

than any well work-over date for the well.

29.  Program product (51) as defined in either of claims 27 and 28, wherein the operation

of performing a total system calibration on the well model includes: |
providing well performance data to a simulator;
| receiving a model-predicted liquid rate;

determining if a difference between the model-predicted liquid rate and corresponding

field measured liquid rate is within a preselected value; and

determining a productivity index value that when applied to the well model results in
a model-predicted liquid rate that at least substantially matches the field measured liquid rate
whén the well does not have a valid producti_vity index test associated therewith or has a
productivity index test havirig a performed date earlier than a well work-over date for the

well.

30.  Program product (51) as defined in any of .claims 27-29, wherein the operation of

decreasing a well productivity index value includes:

incrementally reducing the productivity index value and recalculating the model-
predicted liquid rate until an absolute error therebetween is within a preselected value.
31.  Program product (51) as defined in claim 30, wherein the absolute error is within

approximately £5%,
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32.  Program product (51) as defined in claim 31, the operations being further
characterized by:

providing a model recalibration interface, the model recalibration interface configured
to receiﬁe a user selection of a calibration parameter to be changed so that the model-

predicted liquid rate better matches the field measured liquid rate.

33, Program product (51) as deﬁnedr in claim 32, wherein the model recalibration
interface comprises a plurality of user selectable parameter fields (131, 133, 135) including a
productivity index field (131) and a correlation pai’ametérs field (133), the operations being
further characterized by: -

calculating the well productivity index value that results in the model-predicted liquid

rate at least substantially matching the field measured liquid rate responsive to user selection

of the productivity index field (131); and
iteratively modifying a value of at least one of a plurality of calibration reference
measurements until the model-predicted liquid rate at least Subsfantially matches the field

measured liquid rate responsive to user selection of the correlation parameters field (133).

34,  Program product (51) as defined in claim 33, wherein the calibration reference
measurements comprise wellhead pressure (WHP), gas oil ratio (GOR), mass flow (Ql), and

static bottom hole pressure (SBHP).

35.  Program product (51) as defined in either of claims 33 or 34, wherein the operation of
iteratively modifying a value of at least one of a plurality of calibration reference

measurements is performed while maintaining the well productivity index value. '

36. Program product (51} as defined in any. of claims 33735, wherein the operation of
'iteratively modifying a value of at least one of a plurality of calibration reference
measure'men:ts includes iteratively reperforming the total system calibration on the well
model utilizing corresponding iteratively modified values of the at least one of the plurality of
calibration reference measurements responsive to user selection of both the productivity

index field (131) and the correlation parameters field (133).

37.  Program product (51) as defined in any of claims 27-36, the operations being further

' characterized by:
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- gathering a plurality of rate test rheasurements from a well production or injection rate
- fest recorded within apprdximately six months of each other, to include:
gathering a set of at least three wellhead pressure (WHP) measurements,
gathering a set of at least three gas oil ratio (GOR) measurements,
gathering a set of at least three percent water cut (WC%) measurements, and
gathering a set of at least three liquid rate measurements;
determining an average wellhead pressure measurement value for the at least thr'ee
wellhead pressure measurements; | _
determining an average gas oil ratio measurement value for the at least three gas oil
ratio measurements; ' _
determining‘an average percent water cui measurement value for the at least three
percent water cut measurements; and |
' determining an average liquid rate measurement value for the at least three liquid rate

measurements.

38. Program product (51) as defined in any of claims 27-37, the operations being further
characterized by: '

analyzing a plurality of pressure surveys conducted periodically on a plurality of wells
in a field associated with the well to be modeled; and ' _

determining an average static reservoir pressure responsive to the analysis of the -
plurality of pressure surveys, the average static reservoir pressﬁre determined frofn one or
more pressure surveys having a pressure survey date as close as capable to an associated well
production or injection rate test and h&ving a surveyed well location as adjacent as capable to
that of the well to be modeled.

39.  Program product (51) as defined in_any of claims 27-38, the operations being further
characterized by: |

providing a pressure-volume-temperature source selection criteria interface
configured to receive a user selection of a source of pressure-volume-temperature test data

used in generating the well model.

40.  Program product (51) as defined in claim 39, wherein the pressure-volume-
temperature source selection criteria compriseé a plurality of user selectable pressure-volume-

temperature selection criteria fields (121, 123, 125) including a pressure-volume-temperature
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latest report date and source location option defining a first option field (121), a pressure-
volume-temperature source based on well location option defining a second option field

(123), and an external pressure-volume-temperature data option defining a third option field
(125).

41.  Program product (51) as defined in claim 40, wherein the first option field (121)
in¢ludes an input field pfoviding'user selection of a number of pressure-volumé-temperature :
sources desired to be accessed, the operations being further characterized by:
- receiving a user input identifying user selection of the first option field (121) and a
user input indicating the user desired number of pressure-volume-temperature sources; and
retrieving report data for a nﬁmber of latest reports matching the number of user
desired sources, the latest reports being the most recent reports retrieved for the user desired

number of sources closest to the well to be modeled.

42, Program product (51) as defined in either of claims 40 or 41, the operations being
further characterized by:

modeling a plurality of wells each having a well area code; and
_ retrieving report data for each of the plurality of wells responsive to user selection of
the second option field (123), the report data comprising a latest report having a same well

arca code as the respective well.

43, Program product (51) as defined in any of claims 27-42, the operations being further
characterized by: '

retrieving a plurality of deviation survey point readings, the deviation survey point
readings comprising a substantial number of measured éepth versus true vertical depth
readings; and | | '

filtering the plurality of deviation survey point readings to thereby select an optimal

‘iumber of between approximately 6-8 survey readings based on deviation angle.

44.  Program product (51) as defined in claim 43, Wherein the operation of ﬁltering the
plurality of deviation survey points is performed when the well being modeled has a
substantial deviaﬁon angle, the operations being further characterized by:

- selecting an optimal number of between approximately 2-3 survey readings when the

well being modeled is substantially vertical.
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45.  Program product (51) as defined in any of claims 27-44, the ope.rations being further
characterized by: | 7

importing inside diameter and length data for each of at least substantially all tubing
segments inside the wellbore of the well to be modeled having a minimum length of
approximately 10 feet, the imported data_being devoid of inside diameter and length data for
' fubing segments having a length of approximately less than 10 feet to thereby reduce ddta

importation requirements.

46.  Program product (51) as defined in any of claims 27-45, the operations being further
. characterized by: _
determining a minimum casing diameter and locating tubing packer depth to thereby
idenﬁfy at least substantially all casing sections béing in contact with fluid; and
importing data for the casing sections determined to be in contact with fluid, the
'impdrted casing sections data being substantially devoid of casing data for casing sections

that are not in contact with fluid.

47.  Program product (51) as defined in any of claims 27-46, the operations being further

characterized by: '
determining fubing outside diameter and casing inside diameter throughout each .

wellbore section having fluid flowing in an annular space therebetween for the well being

modeled.

48.  Program product (51) as defined in any of claims 27-47, the operations being further

~ characterized by:

providing average rate test conditions to a simulator to calculate the model-predicted
liquid rate, the rate test conditions comprising wellhead pressure (WHP), gas oil ratio (GOR),
and percent water cut (WC%) measurements, an average of each of the rate test conditions

provided to reduce an effect of measurement outliers when present.

49.  Well performance modeling program product (51) for creating and calibrating

production and injection well models for a reservoir, thé program product (51) comprising a
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set of instructions, stored on a tangible computer readable medium, that when executed by a
computer (31), cause the computer (31) to perform the operations of: . ‘ .
performing a vertical flow correlation validation of a flow correlation used to model a
pressure drop inside a well bore of a well to be modeled to calibrate the flow correlation so -
that flowing bottom-hole pressure predicted using the flow correlation at gauge depth

matches a corresponding ficld measured value to thereby develop a model of the well; and
performing a total systein calibration on the well model including: |
providing well perfofmance- data to a simulator,
receiving a model-predicted liquid rate,

determining if a difference between the modeI~predicfed liquid rate and

corresponding field measured liquid rate is within a preselected value,

decreasing a well productivity index value when the model-predicted liquid
rate is greater than the field measured liquid rate and when the well has a valid
productivity index (PT) test associated therewith having a performed date later than

any well work-over date for the well,

modifying flow correlation parameters to increase the model-predicted liquid
rate when the model-predicted liquid rate is less than the field measured liquid rate
and when the well has a valid productivity index test associated therewith having a

performed date later than any well work-over date for the well, and

determining a productivity index value that when applied to the well model
results in a model-predicted liquid rate that at leést substantially matches the field
measured liquid rate when the well does not have a valid productivity index test
associated therewith or has a productivity'index test having a perfofmed date earlier

than a well work-over date for the well.

50.  Program p'roduct (51) as defined in claim 49, wherein the operation of decreasing a

well productivity index value includes:

incrementally reducing the productivity index value and recalculating the model-

predicted liquid rate until an absolute error therebetween is within a preselected value.
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51.  Program produét (51) as defined in cither of claims 49 or 30, the operations being
further characterized by: |

providing a model recalibration interface, the model recalibration interface configured
to receive a user selection of é calibration parameter to be changed so that the model-

predicted liquid rate better matches the field measured liquid rate.

. 52.  Program produét (51) as defined in claim 51, wherein the model recalibration
interface comprises a plurality of user selectable parameter fields (131, 133, 135) including a
productiv'ity index field (131) and a correlation parameters field (133), the opérations being
further characterized by: _ | _ | _

calculating the well productivity index value that results in the model-predicted liquid
rate at least substantially matching the field measured liquid rate responsive to user selection
of the productivity index field (131); and - '

iteratively modifying a value of at least one of a plufality of calibration reference
measurements until the Iﬁodel-predicted liquid rate at least substantially matches the field

measured liquid rate responsive' to user selection of the correlation parameters field (133).

-39-



WO 2013/019557

35

38

(“"_\)

AY

I’NETWORK 17 -
)

r~ -

\

—

\ /
N

1/8

31

COMPUTER

{

MEMORY

PROGRAM
PRODUCT

PROCESSOR

3377

DATABASE

[
" |

USER INTERFACE

GRAPHICAL.
USER DISPLAY

INPUT DEVICE

[N 37

A

39

FIG.1

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/048337



WO 2013/019557 PCT/US2012/048337

2/8

/-—61

PROVIDE USER SELECTION
OF AWELL TO BE MODELED.

¢ 63
GATHER WELL DATAFROM A /
PLURALITY OF DATABASES.,

I a

FEED THE GATHERED DATA INTO
WELL PERFORMANCE SOFTWARE.

!

PERFORM AVERTICAL FLOW 67
CORRELATION VALIDATION.

] -

COMPARE PREDICTED WELL PERFORMANCE WITH
71 ACTUAL MEASURED WELL PERFORMANCE.

\_ !

PERFORM A CALIBRATION ON PARAMETERS UTILIZED TO
DEVELOP THE MODEL BASED ON THE COMPARISON.

. y
\,  RECALIBRATE MODEL.

65

FI6.2.

SUBSTITUTE SHEET (RULE 26)



WO 2013/019557 . PCT/US2012/048337

100
107 109
10! 103 /
1

) /[

/ FIELD NANE: / / / /
- WELL FILTER OPTIONS t/ - SELECT
WELL SELECTION STEPS: /
OALLONONE
PLANTNANE D WELL e/ )
f-Selectthe Field 0 3 y TE, [
e i |
2-Select Filter Option Ol Producer v v
I 1
3-Select Fiter Value (] INCLUDE DISCONNECTED WELLS §§ i ®
LTERs | |2 &
4-Click "Fiter’ A 4
5-Select Well Numbers 0 \ FLTERED:_90[ |17 s
LR
6-Browse for output Dir 1 S| T ,‘?ii ::*;
O WELL NUWBER] .
1-'Start’
/
v _
OUTPUTDRECTORY: / BROWSE| | CANCELI| START

[ j
f
117

SUBSTITUTE SHEET (RULE 26)



WO 2013/019557 ‘ PCT/US2012/048337

1 03 d g
Ll el ey el s Sl \
sTART |bs|  DATA | MODELVERTICAL || MODELPREDICTION &

r
|

|

| COLLECTION FLOW VALIDATION CALIBRATION
| . .

|

|

|

e/

Y fI64

SUBSTITUTE SHEET (RULE 26)



WO 2013/019557 PCT/US2012/048337

5/8

S S W

PIWELL TESTING |

I S S B s
v ;

3

MONTHLY RATE TEST

FIG.5.

SUBSTITUTE SHEET (RULE 26)



WO 2013/019557 PCT/US2012/048337

120

PVT SOURCE SELECTION CRITERIA:

@ DISTRIBUTE THE LATEST | T (W] PT SOURCES AUTOMATICALLY BASED ON WELL LOGATION

8/9

O DISTRIBUTE THE LATEST PVT SOURCES BASED ON AREA CODE

O USE EXTERNAL PVT DATAENTRY FOR ALL WELLS: \

\ 125 1\23
FIG.6.

SUBSTITUTE SHEET (RULE 26)



WO 2013/019557 PCT/US2012/048337

VLP MATCHING MODEL BUILDING AND IMPORTING PITEST DATA

ORIGINAL AFTER MATCHING |
FBHP £ %| | FBHP Err % CP1 CP2 Apply | | WELL PROSPER MODEL TESTOATE FAHP WCh GR G Endph FEHP

el e ’
2100906 |1 2000 0 07417 %5&; & CREATED gt S8 5 0 %8
8 iﬁﬁ @lcReMED L L

8/L

QUIT || MODELS [<BACK], START COLLECTION NOVALDPITEST, ORANORKOVER QCCURREDAFTER THETES. |

FIG.7

SUBSTITUTE SHEET (RULE 26)



WO 2013/019557 PCT/US2012/048337

FIELD CONDITIONS FLOW RATE
| AVERAGE CONDITIONS FOR THE LATEST THREE RATE TESTS | [CALBRATONPIRANETERS] | ORIGINAL] [ AFTER COLLECTION |
TEL TSN FIP % 6 @P00R. 0 WS e [PL CORPAR BOTH "4 [ L O R0 CPI %
RS o 915 LY IREEE I
‘ﬁxéw zsf_%:@;g;;_
i ;2%%1%%}3 L "y

’Eﬁ

o e

%%

a|/8

WORKOVER OCCURRED AFTER LATEST RATE TEST| | RECALIBRATE w0 Restrs [ <BAcK | [ FINISH

F16.8

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings

