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WELL PLANNING WORKFLOW SYSTEM, METHOD AND COMPUTER-
PROGRAM PRODUCT

FIELD OF THE INVENTION
The present invention generally relates to the planning of hydrocarbon wells and.

more specifically, to a system which executes and audits well planning work{lows.

BACKGROUND

In light of the recent oil spill in the Gulf of Mexico. new compliance legislation is
expected throughout the oil and gas industry. Thus, conformity with such legislation has
become of increasing concern, especially since compliance may be the only avenue through
which operations resume in the Gulf of Mexico. Current indications arc that a new
management control environment will be imposed that requires heightered record keeping
and oversight throughout the well planning and completion stages.

Presently, however, there are no effective platforms to meet this neced. Morcover,
there 1s cause for concern for a number of other reasons.  Iirst, opcrators lack the
experience in this changing environment.  Sccond, well planning documentation is often
difticult 1o locate and sometime never read. Third, current training methodologics are
insufficient to cover all circumstances which might occur during planning of the well.
Fourth. changes made during well planning are not currently tracked.  Lastly. the
knowledge attained by personnel during the well planning stage is often lost because there
arc ho means by which to capture it.

Accordingly, in view of the foregoing shortcomings, there is a need in the art for a
system which allows the collaborative planning, management and tracking of each step
along a well planning workflow, thereby providing the nccessary platform to meet the

coming challenges in the industry.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram representing a workflow management system
according to an exemplary cmbodiment of the present invention;

IFIG. 2 illustrates a block diagram representing the logical architecture of a
workflow management application utilized in accordance with an exemplary methodology
of the present invention;

FIG. 3A is a flow chart illustrating steps of a well planning workflow according to
an exemplary methodology of the present invention; and

FIG. 3B illustrates a user interface according to an alternative exemplary

embodiment of the present invention.

SUMMARY

In accordance with a first broad aspect, there is provided a computer-implemented
method to create a well planning workflow for a wellbore, the method comprising
receiving one or more characteristics of the wellbore, analyzing the one or more
characteristics of the wellbore using a technical applications module, outputting the well
planning workflow based upon the analysis of the one or more characteristics of the
wellbore, and generating an audit trail of change events occurring during the creation of the
well planning workflow.

In accordance with a second broad aspect, there is provided a system for creating a
well planning workflow for a wellbore, the system comprising a user interface, and a
workflow management application to receive onc or more characteristics of the wellbore
through utilization of the user interface, the workflow management application comprising
a technical applications module that analyzes the one or more characteristics of the
wellbore. The workflow management application outputs the well planning workflow
based upon the analysis of the one or more characteristics of the wellbore. The work{low
management application generates an audit trail of change events occurring during the
crcation of the well planning workflow.

In accordance with a third broad aspect, there is provided a computer program
product comprising a non-transitory computer-readable medium having stored thercon
instructions to create a well planning workflow for a wellbore, the instructions which,
when executed by at least one processor, causes the processor to perform a method

comprising receiving one or more characteristics of the wellbore, analyzing the onc or
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more characteristics of the wellbore using a technical applications module, outputting the
well planning workflow based upon the analysis of the one or more characteristics of the
wellbore, and generating an audit trail of change events occurring during the creation of the
well planning workflow.

In accordance with a fourth broad aspect, there is provided a system for creating a
well planning worktlow for a wellbore, the system comprising a processor, and a memory
operably connected to the processor, the memory comprising software instructions stored
thereon that, when exccuted by the processor, causes the processor to perform a method
comprising receiving one or more characteristics of the wellbore, analyzing the one or more
characteristics of the wellbore using a technical applications module, outputting the well
planning workflow based upon the analysis of the one or more characteristics of the
wellbore, and generating an audit trail of change events occurring during the creation of the

well planning workflow.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[llustrative embodiments and related methodologies of the present invention are
described below as they might be employed in a system to execute and audit well planning
worktlows. In the interest of clarity, not all features of an actual implementation or
methodology are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specitic decisions
must be made to achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which will vary from one implementation to
another. Moreover, it will be appreciated that such a development effort might be complex
and time-consuming, but would nevertheless be a routine undertaking for those of ordinary
skill in the art having the benefit of this disclosure. Further aspects and advantages of the
various emabodiments and related methodologies of the invention will become apparent
from consideration of the following description and drawings.

FIG. 1 shows a block diagram of workflow management system 100 according to
an exemplary embodiment of the present invention. As will be described herein, workflow
management system 100 integrates well planning workflows with industry standard
technical applications (e.g., engineering modeling applications); provides audit trails of
change events during drilling or as well designs are planned or altered; allows authorized

personnel to approve well designs, construction and completions; tracks and manages
CAN_DMS: \107750394\3
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deviations; and integrates document management systems to provide best practice i

documentation and related data at any point along the worktlow. In addition, workflow
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management system 100 captures historical data for use in driving and understanding
operations and decisions, as well as operating data in real-time.

In an exemplary embodiment, workflow management system 100 includes workflow
management application 110 which comprises technical applications module 112, workflow
engine module 114 and document management module 116. A user interface 118 is
operably connected to workflow management application 110 in order to provide user
interaction via a display and other necessary 1/O devices. Although not shown, workflow
management application 110 includes at least one processor to conduct the operations
described herein, and may further include a non-transitory, computer-readable storage and
transceiver/network communication module, all interconnected via a system bus, as would
be understood by those ordinarily skilled in the art having the benefit of this disclosure.
Morcover, software instructions executable by the processor for implementing software
instructions stored within workflow management application 110 in accordance with the
exemplary embodiments described herein, may be stored on the storage device or some
other computer-readable medium.

In certain exemplary embodiment, technical applications module 112 comprises a
comprehensive set of engineering tools for analysis, well planning, modeling and well
operations optimization.  Such engineering tools provide detailed operations and
engineering workflows from prototype to plan and actual phases of drilling or servicing a
well.  Exemplary engineering tools embodied in technical applications module 112 may
include, for example, the Engineer’s Data Model™ or Engineer’s Desktop™ application
suite, both commercially offered through Landmark Graphics Corporation of Houston,
Texas, the Assignee of the present invention. Workflow engine module 114 allows the
creation and/or modification of the well design and/or workflow process. An exemplary
workflow cngine platform may be, for cxample, Cascpoint® or some other suitable platform
that provides solutions for building knowledge intensive workflows, as would be
understood by those ordinarily skilled in the art having the benefit of this disclosure.

Document management module 116 provides the ability to integrate documentation
into workflow management system 100 such as, for example, best practice documentation
or tcchnical journals rclevant to thc workflow. A varicty of document management
applications may be embodied in document management module 116 such as, for example,

SharePoint® or other similar platforms that provide document and file management, system
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and process integration, workflow automation, etc.  Accordingly, the exemplary
embodiments of the present invention provide a well planning workflow tool that integrates
engineering applications and best practice documentation at any point along the workflow
process.

Workflow management application 110 further includes the application pools
necessary to support workflow management system 100. Such applications include, for
example, web applications, site collections, content databases, zones and load-balanced
URLs. In addition, and as will be described in more detail below, workflow management
system 110 also includes zone policies which determine user authorization levels. For
example, certain users may be denied write access to workflow management system 100,
while users having engineering or managerial positions are given certain write access based
upon their level of authority and/or expertise within the well planning workflow process.

Still referring to FIG. 1, workflow management application 110 is connected to one
or more public and/or private networks via appropriate network connection 120. As
understood in the art, such network connections may include wired or wireless networks
such as, for example, a wide area network, virtual private network or enterprise private
network. It will also be recognized that the software instructions comprising the workflow
management system 110 may also be loaded into the storage of workflow management
system 110 from a CD-ROM or other appropriate storage media via wired or wireless
means.

A server farm 122 is in communication with workflow management application 110
via network connection 120. As understood in the art, server farm 122 may include the
necessary load balancers for workflow management system 100, front-end and application
web servers, clustered or mirrored database servers (e.g., SQL server), as well as the web
scrvices application for document management module 116. In addition, the application
web servers may also handle the web applications for the central administration site hosting
workflow management system 100. All such functions would be understood by those
ordinarily skilled in the art having the benefit of this disclosure.

End user systems 124 are in communication with server farm 122 via any
appropriatc nctwork conncction (not shown), such as thosc described herein.  End uscr
systems 124 will comprise all necessary hardware, software, local area networking

capability, etc., to facilitate end user interaction with workflow management application
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110. For example, end user system 124 may contain various zones and authentication levels
for end users and an intranet application comprising a directory and network authentication
protocol such as, for example, Kerberos or NTLM.

FIG. 2 illustrates a more detailed logical architecture of workflow management
application 110 according to an exemplary embodiment of the present invention. Workflow
management application 110 comprises a variety of layers such as, for example, presentation
layer 110a, business layer 110b, integration layer 110c and data access layer 110d. As
shown, presentation layer 110a comprises the necessary web parts, application pages and
business intelligence (“BI”) dashboard necessary for the user interface. Business layer 110b
comprises domain workflows such as, for example, high pressure/high temperature or
Potential Incident of Noncompliance (“PINC”), as defined by the Burcau of Energy
Management, Regulation and Enforcement (“BOEMRE?”).

Business layer 110b further includes Software Development Kit (“SDK”)
components, reporting capability, a business connectivity services adapter, workflow
logging and monitoring capability, and a document management extension library (e.g.,
SharePoint®). Integration layer 110c comprises workflow engine module 114 and
document management module 116, as previously described. As shown, workflow engine
module 114 comprises a workflow designer, workflow engine and activity generator. An
exemplary workflow engine platform is Casepoint®, as would be understood by those
ordinarily skilled in the art having the benefit of this disclosure.

Document management module 116 comprises site services, business connectivity
services, business intelligence and application services (e.g., forms, EXCEL® services,
etc.). Again, there are a variety of document management platforms that may be utilized by
document management modules 116 such as, for example, SharePoint®. Data access layer
110d compriscs a data scrvices layer that ecmbodics technical applications module 112, as
previously described. The data services layer also comprises a workflow service in order to
store and access data related to workflow engine module 114.

Data access layer 110d further comprises a data repository, data access adapter and
data entities. Data access layer 110d also includes workflow management database 110e,
data modcling databasc 110f, workflow cnginc databasc 110g and document management
database 110h, to provide the necessary data storage and retrieval capability of their

respective application modules. External components 108 are also operably connected to
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workflow management application 110 which comprises an enterprise library, logging and
guidance applications such as, for example, SPLogger and SPGuidance, and a PINC
application. Those ordinarily skilled in the art having the benefit of this disclosure realize
the logical architecture described above is exemplary in nature and that other logic
applications may be added as desired.

With reference to FIGS. 3A and 3B, an exemplary well planning work flow will now
be described. FIG. 3A illustrates a well planning workflow 300 performed by workflow
management system 100 according to an exemplary methodology of the present invention.
FIG. 3B illustrates a display shown via user interface 118 during workflow 300 according to
an exemplary embodiment of the present invention. To initiate well planning workflow 300
at step 302, a user (e.g., engineer) logs onto workflow management system 100 via the
appropriate interfaces such as, for example, a client drilling portal or intranet. At step 304,
the completion date for the wellbore is entered. At step 306, the desired well path is
entered by way of importation from local or remote memory (step 306b), technical
applications module 112, creation (step 306a), or some other suitable location. The well
path includes, for example, the actual or planned trajectory of the wellbore as defined by
Cartesian coordinates and angular orientation/properties, in addition to other wellbore
characteristics such as, for example, the casing design. If the creation option is chosen,
workflow management application 100 will display a graphical user interface that allows the
entry of design specifications for the well.

At step 306¢, workflow management system 100 determines whether the well path
was imported or created, being that either is allowed. Thereafter, workflow management
system 100 advances on to step 306d where it determines whether the well path has been
entered at step 306. If the determination is “yes,” authorized personnel are then allowed to
review and sign off on the rccorded well path. If the determination is “no,” authorized
personnel are prevented from signing off on the well path until the well path has been
entered. In this exemplary embodiment, in order to sign off, the authorized personnel must
log onto workflow management system 100 and enter the appropriate stage in the
workflow, whereby the entry is then recorded by workflow management system 100.

In the cxemplary cmbodiments of the present invention, workflow management
system 100 provides the ability to apply certain authorization levels to users. As such,

authorized personnel are those individuals who have been recorded within workflow
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management system 100 as having certain authorization clearances. Such authority may be
given based upon technical expertise, experience levels, job functions, etc. Moreover, if
workflow management system 100 comes to a point along workflow 300 where the current
user is not authorized, workflow management system 100 may generate a list of authorized
personnel for the particular function. In an alternative exemplary embodiment, such
authorized personnel receives a notification from workflow management system 100 that
their expertise is need at a particular stage of the workflow.

After step 306, workflow management system 100 also allows advancement to the
anti-collision analysis of step 308. Here, workflow management system 100, via the
processor and technical applications module 112, analyzes the well path data using a variety
of engineering/technical applications (such as those described herein) to ensure the well path
is viable. In addition, data modeling model 112 continues to track and analyze the data
throughout workflow 300. As a result, workflow management system 100 will lead the
user through workflow 300 while also invoking the appropriate engineering/technical
application at the requisite points along the workflow. As previously described, exemplary
engineering/technical applications include the Engineer’s Data Model™ or Engineer’s
Desktop™ application suite. Referring to FIG. 3B, window 118a illustrates how a direct
link to well planning technical applications may also be provided.

In addition, document management module 116 also tracks and analyzes the data
throughout workflow 300 in order to provide the user with access to relevant data, such as,
for example, websites, technical papers, etc., related to the specific workflow stage or as
needed by the user. Such relevant data may also include Best Practice Guidelines or
evidence documents used to indicate whether personnel have completed certain workflow
steps.  Such evidence documentation may also take the form of output reports of
cngincering analysis conducted by technical applications module 112. Referring to FI1G. 3B,
window 118D illustrates this exemplary feature in that a link to relevant best practices data,
regulator requirements, evidence documentation, etc. is provided.

At step 308, workflow management system 100 conducts an anti-collision analysis
of the well path entered at step 306. Here, as illustrated in FIG. 3B, utilizing technical
applications module 112, workflow management systcm 100 will analyze the well path
design specifications to ensure there is no well path convergence. Moreover, during the

anti-collision analysis, workflow management system 100 may provide spider, ladder, 3D



20

235

CA 02880956 2015-02-03
WO 2014/031186 PCT/US2013/038198

proximity and traveling cylinder plots, as well as hard copy reports. Anti-collision scans
may be run interactively along with planning, surveying or future projections. Workflow
management system 100 may also allow configuration of warnings to alert a user when well
paths converge or are predicted to converge based on specified criteria, or when other
specified events happen or are predicted to happen along workflow 300. In addition, nearby
wells may be selected and analyzed in conjunction with the anti-collision analysis.
Furthermore, workflow management system 100 utilizes a variety of plots and reports
received via technical applications module 112 to perform the anti-collision analysis such as,
for example, ladder view, traveling cylinders, separation factor, 3D proximity view, spider
view and wellbore tracks.

Still referring to the exemplary embodiments of FIGS. 3A & 3B, at step 310a,
workflow management system 100 provides the user with the option of performing the
casing analysis of step 310 and signing off on the anti-collision analysis at step 310c. Note,
however, that workflow management system 100 will not allow sign off on the collision
analysis at step 310c until the anti-collision analysis has been completed at step 308.

Nevertheless, at step 310, workflow management system 100 analyzes the casing
design utilizing technical applications module 112. At step 310b, workflow management
system 100 provides for the optional selection of the casing depths, as well as the requiring
entry of the casing design at step 310b. Once entered, workflow management system 100,
via technical applications module 112, models and analyzes the casing design at step 310c,
where pressure, temperature, loads and stresses are analyzed. A second advance casing
design analysis may then be conducted by workflow management system 100 at step 310d,
which further refines the original design. However, before the advanced casing analysis of
step 310d, workflow management system 100 must first determine that the casing design
analysis of stcp 310c has been completed.  Once workflow management system 100
determines the casing analysis of step 310c has been conducted, only then will workflow
300 advances to step 310d.

Thereafter, at step 310e, workflow management system 100 determines whether the
advance casing design analysis of step 310d has been performed. If the determination is
“yes,” workflow management system 100 will then allow the appropriate personnel to sign
off on the casing design. If, however, the determination is “no,” workflow management

system 100 will not allow advancement onto the next step in workflow 300.
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At step 312, workflow management system 100, via technical applications module
112, then performs a drillability analysis of the well as designed up to this stage in workflow
300. The drillability analysis includes a fluid selection entry at step 312a. Here, fluids may
be entered, for example, as water based, oil based or a combination of the two. Fluid
selection may also be determined based upon the formation characteristics, design
parameters or user preference.  In addition, the drillability analysis includes a torque and
drag analysis at step 312b, which assures the integrity of the drill string and rate of
penetration (“ROP”) are maintained.

After the fluid selection of 312a, a hydraulics analysis is then conducted at step 312¢
only if workflow management system 100 first determines that the fluid selection analysis
has been conducted. The hydraulics analysis is conducted to maintain hole cleaning and
Equivalent Circulating Density (“ECD”) to prevent stuck pipe events. If workflow
management system 100 determines that the fluid selection has not been entered at step
312a, step 312¢ will not be performed. Thereafter, at step 312d, workflow management
system 100 must again determine whether step 312c¢ has been completed. If it has,
authorized personnel are allowed to sign off on the drillability analysis, thereby allowing the
system to progress to the next step.

Still referring to the exemplary embodiments of FIGS. 3A & 3B, at step 314 the well
plan is finalized. At step 314a, the well plan is reviewed by authorized personnel, and
workflow management system 100 determines whether it is approved at step 314b. In order
to make the determination of step 314b, workflow management system 100 must determine
whether the review of step 314a has been completed by an authorized user. If the
determination is “yes,” workflow management system 100 allows approval of the well
design by an authorized user. If, however, workflow management system 100 determines
that there has been no review at step 314a, the approval step of 314b is not allowed. Once
approval of step 314b has been completed, workflow management system 100 will then
publish (i.e., output) the well plan at step 314c. Exemplary forms of publishing or
outputting the well plan include, for example, displayed via a display screen in a textual
report, earth model, etc., storage in a computer readable medium, etc.

Referring to FIG. 3B, there arc a varicty of other functions provided by cxemplary
embodiments of workflow management system 100. Workflow management system 100

also comprises an auditing capability that records alterations to well designs and other
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workflows (i.c., change events), the impact of such alterations, why the alteration was
made, the severity of the alteration, as well as who made and/or authorized such alterations,
as shown in window 118c. Moreover, workflow management system 100 may also produce
an audit trail of change events such as, for example, decisions (¢.g., approvals, disapprovals,
etc.), notifications to desired personnel or deviations made. The auditing feature can also
track an individual user’s performance including, for example, the amount of time it took
that user to conduct a task.

Workflow management system 100 also provides the ability for users to consult with
other personnel, delegate responsibilities and/or diverge wellplans, and to track such
actions, as shown in window 118d. Morecover, utilizing workflow engine module 114,
workflow management system 100 allows generation of new workflows or modification of
existing ones at will per desired requirements. A discussion and notes window 118e is also
provided whereby users can interact with one another during the workflow process. In
addition to capturing and analyzing data during the workflow process, workflow
management system 100 may also monitor real-time data (e.g., drilling data) in order to
provide a deeper understanding of operations and decisions, and to ensure expected
conditions modeled by the workflow management system 100 are within predetermined
ranges of expectation.

Also, workflow management system 100 provides the capability to perform a
reverse analysis, or recalculation, of various well paths along workflow 300, as denoted by
the “R” in FIG. 3A and window 118f in Fig. 3B. More specifically, the feature allows a
user, at any point along workflow 300, to go back to any of the recalculation-allowed steps,
and re-perform the workflow. For example, if at step 310d in workflow 300, the user may
return back to step 306 and alter the well path. In response, workflow management system
100 will rccalculate all subscquent steps bascd on the data cntercd in cach respective step.
Also, as would be understood by those ordinarily skilled in the art having the benefit of this
disclosure, workflow management system 100 may automatically perform, via technical
applications module 112, all necessary remodeling/re-analysis of the well design without
requiring user intervention. In this exemplary embodiment, the workflow steps eligible for
recalculation include import well path, anti-collision analysis, casing dcsign, fluid sclection,
hydraulics analysis, torque and drag analysis, trajectory sign off, anti-collision sign off,

casing design sign off, drillability sign off, review and approve.
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Accordingly, the exemplary embodiments of the present invention provide a well
planning workflow tool that integrates engineering applications and best practice
documentation at all points along the workflow process. Users are allowed to design
workflows at will, configure activity pages and component layouts, and map personnel to
certain roles based on authorization levels. Managers and team leads can monitor the
progress on key engineering projects, since all steps of workflow are audited and recorded.
In addition, technical personnel will be provided with a flexible yet enforced workflow to
ensure that all planning steps are conducted. In addition, the personnel will know the next
step in the planning process, and be provided with a central repository with links at the
appropriate steps in the workflow for reference. Accordingly, oil and gas companies can
ensure that the correct procedures have been followed and documented.

The foregoing methods and systems described herein are particularly useful in
planning and drilling wellbores. As described, the system integrates a well planning
platform with technical applications such that a well planning workflow is created through
an analysis of wellbore characteristics. Accordingly, based on the analyzed wellbore
characteristics, a well planning workflow is created. Thereafter, well equipment is identified
and the prepared based upon the well planning workflow, and the wellbore is drilled and
completed in accordance to the well planning workflow.

Those of ordinary skilled in the art will appreciate that while exemplary
embodiments and methodologies of the present invention have been described statically as
part of implementation of a well planning workflow, the methods may also be implemented
dynamically. Thus, a well plan may be implemented and data from the well planning
workflow may be used to update the well plan for the drilling of wellbores. After
implementing the well plan, the system of the invention may be utilized during the
complction proccss on the fly or itcratively to predict wellbore cvents as paramcters change
or are clarified or adjusted. In either case, the results of the dynamic calculations may be
utilized to alter a previously implemented well plan.

In view of the foregoing, an exemplary embodiment of the present invention
provides a computer-implemented method to create a well planning workflow for a
wecllbore, thc mcthod comprising rccciving onc or morc characteristics of the wellbore,
analyzing the one or more characteristics of the wellbore using a technical applications

module, and outputting the well planning workflow based upon the analysis of the one or
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more characteristics of the wellbore. In an alternative methodology, receiving the one or
more characteristics of the wellbore comprises receiving at least one of well path data,
casing design data, or a fluid selection data for the wellbore. In yet another, analyzing the
one or more characteristics of the wellbore comprises performing at least one of a anti-
collision, casing design or drillability analysis of the wellbore using the technical applications
module. In another, performing the drillability analysis comprises performing at least one of
a hydraulic analysis or torque and drag analysis of the wellbore using the technical
applications module.

In yet another methodology, the method further comprises integrating at least one of
a best practices data, technical journal or evidence document at relevant stages along the
well planning workflow. In another, the method further comprises receiving one or more
altered characteristics of the wellbore and analyzing the one or more altered characteristics
of the wellbore using the technical applications module, wherein the outputted well planning
workflow is based upon the analysis of the one or more altered characteristics of the
wellbore. In yet another, the system generates an audit trail of change events occurring
during the creation of the well planning workflow. In yet another, the method comprises
assigning authorization levels to users participating in the well planning workflow. In
another, the outputted well planning workflow is utilized to complete the wellbore.

An exemplary system of the present invention provides a system for creating a well
planning workflow for a wellbore, the system comprising a user interface and a workflow
management application to receive one or more characteristics of the wellbore through
utilization of the user interface, the workflow management application comprising a
technical applications module that analyzes the one or more characteristics of the wellbore,
wherein the workflow management application outputs the well planning workflow based
upon the analysis of the onc or morc charactcristics of the wellbore. In yct another, the
technical applications module analyzes at least one of well path data, casing design data, or
a fluid selection data for the wellbore. In another, the technical applications module
performs at least one of an anti-collision, casing design or drillability analysis of the
wellbore. In yet another, the drillability analysis comprises performing at least one of a
hydraulic analysis or torquc and drag analysis of the wcllbore.

In another exemplary embodiment, the system further comprises a document

management module that integrates at least one of a best practices data, technical journal or
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evidence document at relevant stages along the well planning workflow. In yet another, the
worklow management application receives one or more altered characteristics of” the
wellbore, and the technical applications module analyzes the one or more altered
characteristics of the wellbore, wherein the outputted well planning workflow is bascd
upon the analysis of the one or more altered characteristics of the wellbore. In another, the
workllow management application generates an audit trail of change cvents occurring
during the creation of the well planning workflow. In yet another, the workilow
management application allows authorization levels to be assigned to users participating in
the well planning workflow. In another, the outputted well planning work{low 1s utilized to
complete the wellbore.

Yet another exemplary embodiment of the present invention provides a computer
program product comprising instructions to create a well planning workflow for a wellbore,
the instructions which, when cexccuted by at least onc processor, causes the processor 10
perform any of the methods described herein. In addition, another exemplary embodiment
ol the present invention provides a system for creating a well planning workflow for a
wellbore, the system comprising a processor and a memory operably connected to the
processor, the memory comprising software instructions stored thereon that, when exceuted
by the processor, causes the processor to perform a method comprising receiving one or
more characteristics of the wellbore, analyzing the one or more characteristics of the
wellbore using a technical applications module, and outputting the well planning workflow
based upon the analysis of the one or more characteristics of the wellbore.

Accordingly, exemplary ¢mbodiments of the present mvention provide a well
planning workflow tool that integrates technical engincering applications and best practice
documentation at any point along the workflow process. Thereafter, wellbores are drilled
and/or existing planned wellbores are altered based upon the well planning work{low tool,
thus allowing the planning, management and monitoring ot” workflows in a collaborative
environment.

Although various embodiments and methodologies have been shown and deseribed,
the mvention 1s not limited to such embodiments and methodologics and will be
understood to include all modifications and variations as would be apparent o one skilled

in the art. The scope of the following claims should not be limited by the preferred
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embodiments set forth in the examples, but should be given the broadest rcasonable

interpretation consistent with the description as a whole.
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CLAIMS

WHAT IS CLAIMED IS:
1. A computer-implemented method of well planning execution and auditing, the method
comprising:

receiving, by a computer system via a network, one or more characteristics of a
wellbore to be drilled within a formation;

analyzing, by the computer system, the one or more characteristics of the wellbore
using a technical applications module;

outputting, by the computer system, a well planning workflow for the wellbore based
upon the analysis of the one or more characteristics of the wellbore;

preparing well equipment based upon the well planning workflow and drilling the
wellborealong a planned path within the formation in accordance with the well planning
workflow and using the well equipment as prepared;

monitoring real-time drilling data during the drilling of the wellbore in order to ensure
that one or more conditions expected according to the well planning workflow are within
predetermined ranges of expectation;

generating an audit trail of change events occurring in real-time during the drilling of
the wellbore; and

updating the planned path of the wellbore in real-time as the wellbore is drilled, based

on the audit trail.

2. A computer-implemented method as defined in claim 1, wherein receiving the one or
more characteristics of the wellbore comprises receiving at least one of well path data, casing

design data, or a fluid sclection data for the wellbore.
3. A computer-implemented method as defined in claim 1, wherein analyzing the one or

more characteristics of the wellbore comprises performing at least one of a anti-collision,

casing design or drillability analysis of the wellbore using the technical applications module.
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4, A computer-implemented method as defined in claim 3, wherein performing the
drillability analysis comprises performing at least one of a hydraulic analysis or torque and

drag analysis of the wellbore using the technical applications module.

5. A computer-implemented method as defined in claim 1, further comprising
integrating at least one of a best practices data, technical journal or evidence document at

relevant stages along the well planning workflow.

6. A computer-implemented method as defined in claim 1, further comprising:

receiving one or more altered characteristics of the wellbore; and

analyzing the one or more altered characteristics of the wellbore using the technical
applications module, wherein the outputted well planning workflow is based upon the analysis

of the one or more altered characteristics of the wellbore.
7. A computer-implemented method as defined in claim 1, wherein the audit trail includes
a record of the change events occurring during the drilling of the wellbore and the creation of

the well planning workflow.

8. A computer-implemented method as defined in claim 1, further comprising assigning

authorization levels to users participating in the well planning workflow.

9. A computer-implemented method as defined in claim 1, wherein the outputted well

planning workflow is utilized to complete the wellbore.

10. A System comprising:

a processor; and
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a memory operably connected to the processor, the memory comprising software
instructions stored thereon that, when executed by the processor, causes the processor to
perform a plurality of functions, including functions to:

receive one or more characteristics of a wellbore to be drilled within a
formation;

analyze the one or more characteristics of the wellbore using a technical
applications module;

output the well planning workflow based upon the analysis of the one or more
characteristics of the wellbore;

prepare well equipment based upon the well planning workflow and drill the
wellbore along a planned path within the formation in accordance with the well planning
workflow and using the well equipment as prepared;

monitor real-time drilling data during the drilling of the wellbore in order to
ensure that one or more conditions expected according to the well planning workflow are
within predetermined ranges of expectation;

generate an audit trail of change events occurring in real-time during the
drilling of the wellbore; and

update the planned path of the wellbore in real-time as the wellbore is drilled,

based on the audit trail.

11. A system as defined in claim 10, wherein the technical applications module analyzes at

least one of well path data, casing design data, or a fluid selection data for the wellbore.

12. A system as defined in claim 10, wherein the technical applications module performs at

least one of an anti-collision, casing design or drillability analysis of the wellbore.

13. A system as defined in claim 12, wherein the drillability analysis comprises performing

at least one of a hydraulic analysis or torque and drag analysis of the wellbore.
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14. A system as defined in claim 10, wherein the analysis of the one or more
characteristics of the wellbore integrates at least one of a best practices data, technical journal

or evidence document at relevant stages along the well planning workflow.

15. A system as defined in claim 10, wherein the functions performed by the processor
further include functions to:

recetve one or more altered characteristics of the wellbore; and

analyze the one or more altered characteristics of the wellbore, and wherein
the outputted well planning workflow is based upon the analysis of the one or more altered

characteristics of the wellbore.

16. A system as defined in claim 10, wherein the audit trail includes a record of the change
events occurring during the drilling of the wellbore and the creation of the well planning

workflow.

17. A system as defined in claim 10, wherein the functions performed by the processor
further include functions to assign authorization levels to users participating in the well

planning workflow.

18. A system as defined in claim 10, wherein the outputted well planning workflow is

utilized to complete the wellbore.

19. A computer program product comprising a non-transitory computer-readable medium
having stored thereon instructions which, when executed by at least one processor, causes the
processor to perform a plurality of functions, including functions to:

receive one or more characteristics of the wellbore;

analyze the one or more characteristics of the wellbore using a technical applications

module;
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output the well planning workflow based upon the analysis of the one or more
characteristics of the wellbore;

prepare well equipment based upon the well planning workflow and drill the wellbore
along a planned path within the formation in accordance with the well planning workflow and
using the well equipment as prepared;

monitor real-time drilling data during the drilling of the wellbore in order to ensure that
one or more conditions expected according to the well planning workflow are within
predetermined ranges of expectation;

generate an audit trail of change events occurring in real-time during the drilling of the
wellbore; and

update the planned path of the wellbore in real-time as the wellbore is drilled, based on

the audit trail.

20. A computer program product as defined in claim 19, wherein the one or more
characteristics of the wellbore include at least one of well path data, casing design data, or a

fluid selection data for the wellbore.

21. A computer program product as defined in claim 19, wherein the analysis of the one or
more characteristics of the wellbore includes at least one of a anti-collision, casing design or

drillability analysis of the wellbore using the technical applications module.
22, A computer program product as defined in claim 21, wherein the drillability analysis
comprises performing at least one of a hydraulic analysis or torque and drag analysis of the

wellbore using the technical applications module.

23. A computer program product as defined in claim 19, wherein the analysis of the one
or more characteristics of the wellbore integrates at least one of a best practices data, technical

journal or evidence document at relevant stages along the well planning workflow.
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24, A computer program product as defined in claim 19, wherein the functions performed
by the processor further include functions to:

receive one or more altered characteristics of the wellbore; and

analyze the one or more altered characteristics of the wellbore using the technical
applications module, wherein the outputted well planning workflow is based upon the analysis

of the one or more altered characteristics of the wellbore.

25. A computer program product as defined in claim 19, wherein the audit trail includes a
record of the change events occurring during the drilling of the wellbore and the creation of the
well planning workflow.

26. A computer program product as defined in claim 19, wherein the functions performed
by the processor further include functions to assign authorization levels to users participating

in the well planning workflow.

27. A computer program product as defined in claim 19, wherein the outputted well

planning workflow is utilized to complete the wellbore.
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