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DIRECTIONAL DRILLER QUALITY REPORTING SYSTEM AND METHOD

TECHNICAL FIELD

[0001] The embodiments disclosed herein relate generally to the field of directional drilling,

and more particularly to systems and methods for optimizing and evaluating the performance of

a directional driller using a performance scoring method including drilling optimization

execution, trajectory optimization, well control response, and health, safety, and environmental

(HSE) scoring.

BACKGROUND

[0002] Performance evaluation in the oil and gas industry often involves unreliable methods,

such as word-of-mouth, and competing perspectives, which may not accurately reflect an

individual's true performance. For example, there may be conflicts or biases that effect an

individual's evaluation. Also, on-site communication of optimum drilling parameters for given

conditions may be exaggerated or misestimated due to poor tracking or conventions. Directional

drilling is a skilled trade profession much like being an electrician or a plumber. A client or

another service company may ask for an action or change that is suboptimal. Examples of

suboptimal action or change include: 1) insufficient mud properties for hole cleaning; 2) not

enough heavy weight drill pipe available in the correct quantity, inspection class, type, and

designed placement; 3) drilling ahead with only one active pump when two are needed; and 4)

rotating ahead without steering the wellbore back to the well plan through zones of total lost

circulation.

[0003] The directional driller's performance from the viewpoint of his/her management and

the client is judged by overall directional drilling outcomes that are significantly influenced by

the decisions of non-directional drillers. The skill of a lead directional driller touches all parts of

a standard RACI (Responsible, Accountable, Consulted, and Informed) chart. Directional

drillers are ultimately judged by their ability to influence others through leadership and

communication, execute successful drilling outcomes with their skilled trade experience, and be

knowledgeable enough to prevent experientially driven negative drilling outcomes.



[0004] There are many competing factions that may or may not be interested in the most

optimum current drilling decisions. This may be driven by uncontrollable events, availability,

failure/reliability, cost, lack of knowledge, etc. Substantively, this can mean that a cell leader

directional driller will convince the client or other service companies to spend more money to

improve drilling efficiency and reduce total drilling cost. Or the other service companies and the

client may "tolerate" certain suboptimal drilling situations. In this situation, the directional

driller's performance should be judged by a modified set of outcomes and each set of tolerances

may be specifically built into algorithms used in topology optimization.

[0005] Other stakeholders who may be skilled in a slightly different art, such as geology,

completions, cement, hydraulic fracturing, artificial lift, tool pushing, may have significant

influence over the drilling process. These workers with different skill sets do not understand the

nuances of the skilled trade of directional drilling even if they have sufficient oilfield experience.

This creates an environment that may result in incorrect action/judgment in the wrong timeframe

due to lack of knowledge. A good directional driller has to be able to evaluate the accuracy of

the information available, convince the other stakeholders to perform the correct action, and act

in a decisive timeframe.

[0006] Accordingly, a need exists for methods and systems that are able to quantify and

qualify an individual's performance and decision-making ability in an objective manner.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is an oil or gas drilling rig that may be used to drill a horizontal well according

to the disclosed embodiments;

[0008] FIG. 2 is an exemplary dynamic scorecard system that may be used for objective

performance evaluation of directional drillers according to the disclosed embodiments;

[0009] FIG. 3 is an exemplary dynamic scorecard application that may be used for objective

performance evaluation of directional drillers according to the disclosed embodiments;

[0010] FIG. 4 is an exemplary overall evaluation process of the dynamic scorecard according

to the disclosed embodiments;

[0011] FIG. 5 is an exemplary directional drilling evaluation process of the dynamic

scorecard according to the disclosed embodiments;



[0012] FIG. 6 is an exemplary HSE evaluation process of the dynamic scorecard according to

the disclosed embodiments;

[0013] FIG. 7 is an exemplary well control evaluation process of the dynamic scorecard

according to the disclosed embodiments;

[0014] FIG. 8 is an exemplary drilling trajectory evaluation process of the dynamic scorecard

according to the disclosed embodiments;

[0015] FIG. 9 is an exemplary user review process for the dynamic scorecard according to the

disclosed embodiments;

[0016] FIG. 10 is an exemplary main page for the dynamic scorecard according to the

disclosed embodiments; and

[0017] FIG. 11 is an exemplary support page for the dynamic scorecard according to the

disclosed embodiments.

DETAILED DESCRIPTION OF DISCLOSED EMBODIMENTS

[0018] Following now is a detailed description of exemplary disclosed embodiments. It will

be appreciated that the development of an actual, real commercial application incorporating

aspects of the exemplary disclosed embodiments will require many implementation specific

decisions to achieve the developer's ultimate gold for the commercial embodiment. Such

implementation specific decisions may include, and likely are not limited to, compliance with

system related, business related, government related and other constraints, which may vary by

specific implementation, location and from time to time. While a developer's efforts might be

complex and time consuming in an absolute sense, such efforts would nevertheless be a routine

undertaking for those of skill in this art having the benefit of this disclosure.

[0019] It will also be appreciated that the embodiments disclosed and taught herein are

susceptible to numerous and various modifications and alternative forms. Thus, the use of a

singular term, such as, but not limited to, "a" and the like, is not intended as limiting of the

number of items. Similarly, any relational terms, such as, but not limited to, "top," "bottom,"

"left," "right," "upper," "lower," "down," "up," "side," and the like, used in the written

description are for clarity in specific reference to the drawings and are not intended to limit the

scope of the invention.



[0020] In one or more embodiments, the disclosure provides methods and systems for

objectively evaluating a directional driller's performance. One or more embodiments disclosed

herein may allow evaluation of an individual directional driller and also comparison of

directional drillers relative to each other. One implementation of the disclosure comprises

computerized performance systems and methods that may be used to quantify and/or qualify an

individual's performance and decision-making ability. Information may be collected to

corroborate, confirm, evaluate, and analyze a directional driller's performance through the

determination of penalty functions. Penalty functions may be weighted equations that output a

score or value based on several inputs. The penalty function can be written to reflect different

drilling environments and their associated priorities.

[0021] Referring now to FIG. 1, an oil drilling rig 100 is shown that may be used to drill a

borehole 102 from a surface location 104, which may be a ground surface, a drilling platform, or

any other location outside of the borehole 102 from which drilling may be controlled. The

drilling rig 100 has a drill string 106 suspended therefrom composed of a continuous length of

assembled pipe segments 108. The drill string 106 typically has a bottom-hole-assembly (BHA)

attached at the end thereof that includes a rotary drilling motor 110 connected to a drill bit 112.

A non-inclusive list of BHA components includes: drill pipe, heavy-weight drill pipe, drill

collars, heavy-weight drill collars, agitators, exciters, jars, stabilizers, reamers, hole openers,

filter subs, circulation subs, monel or non-magnetic drill collars, crossovers, an oriented mud

motor with a bent housing, the drill bit, etc. One or more downhole sensors 114 are provided for

gathering in acquiring data about the status of the directional drilling. The sensors provide data

in real time to one or more data systems 116 for storage and subsequent analysis.

[0022] The selection, combination, and order of commercially available equipment are

designed by the directional driller and drilling engineer to optimize drilling and cost. For

example, BHAs are assembled to the proper connection torque on the drilling "rig floor" from

parts that are relatively short compared to the measured depth of the well. Note that some BHAs

do not include an oriented mud motor for sliding. These BHAs comprise rotary steerable

assemblies that are not assisted by a mud motor, and various "dumb iron" assemblies.

[0023] On-bottom drilling with an oriented bent housing mud motor is typically performed in

one of two fundamental drilling states: rotating or sliding. Rotating drilling refers to when the



surface drilling equipment is rotated at a speed, for example, 85 revolutions per minute and the

like. Slide drilling occurs when the surface pipe is not rotated continuously. Steering changes

may be input in small rotational shifts, for example, quarter turn clockwise/counterclockwise

increments. When the drill string is fully wound up due to "reactive torque" at the bit, the

directional driller must keep track of the number of total pipe wraps throughout the length of the

drill string.

[0024] Slide drilling has notorious weight transfer issues that can generally be described as

"friction" or drag that may be overcome by oscillating the pipe. As an example, when sliding

and controlling a constant steering "tool-face," the directional driller imparts incremental

changes to pipe wrap, controlled drilling parameters (Weight-On-Bit (WOB), Differential

Pressure, Rate of Penetration, Torque, etc.), and/or oscillation. The ability to perform slide

drilling, among other things, allows the trajectory of the drill bit 112 to be controlled to thereby

drill in a deviated direction from the previous drilling survey stations. This includes drilling

horizontal or lateral sections. For rotary steerable BHAs, slide drilling is not a skill required by

the directional driller. However, steering decisions may still be evaluated.

[0025] As may be surmised, horizontal well drilling is a costly and time-consuming process.

There are multiple tasks and activities that need to be performed in connection with operating the

drilling structure 100. Most of these tasks and activities require data in order to be performed

and many of them also generate or acquire new data. As such, the embodiments disclosed herein

may utilize data mined from various sources via the sensors 114 and data systems 116 to capture

accurately key performance indices, time information, and the like, and align it with directional

drilling quality reporting, trajectory optimization, well control response, and health, safety, and

the environment (HSE) scoring. In one embodiment, the data may be mined, standardized, and

corrected, for example, as described in PCT Application No. PCT/US20 13/74550, entitled

"Double-time Analysis of Oil Rig Activity," filed on December 12, 2013, assigned to

Halliburton Energy Services, Inc., and incorporated herein by reference in its entirety. Such data

mining allows automatic analysis of raw and/or corrected performance data in comparison to a

set of rules. The data may then be used to objectively evaluate a directional driller's operational

performance according to embodiments disclosed herein.



[0026] In one implementation, an evaluation report may be automatically generated for the

directional driller, including a cover page listing "pass/fail" criteria. The criteria may be color

coded according to certain categories of tasks related to the drilling process. Detection of any

performance non-conformity of the drilling process, such as out of acceptable tolerances, failure

to comply with specifications, ranges, or rules may be flagged as "fail." The results may be

assembled in a database and used to generate an objective performance report for the directional

driller according to embodiments disclosed herein.

[0027] In some implementations, the report will not automatically generate all available

pages. Rather, some pages may only populate on demand, for example, to support a failed

criterion listed on the first page of the report. Of course, these support pages may also be

populated for the passing criteria listed on the first page of the report. In either case, such an

arrangement allows for extremely quick human processing at-a-glance. A reviewer then need

only read the supporting pages as desired, which may comprise, for example, excerpts from

drilling logs, statistical analysis of performance non-conformity, and so forth.

[0028] Performance of a directional driller may be graded as, for example, overactive,

decisive, reactive, delayed action, or negligent. A directional driller's ability to comply with

standards defined by the customer/client and any regulations such as a tolerance or specification

matrix, may be graded, for example, as exceeds, meets, below, or far below expectations in each

category. A directional driller's ability to follow the well plan may be analyzed by using

topology optimization, such as gradients, divergence, curl, or penalty functions, with regard to

the well plan and any customer tolerances or specification index.

[0029] Each of the individual skills needed to perform the job of directional driller may be

evaluated on a quantitative and qualitative basis using one or more embodiments disclosed

herein. The metrics used in the evaluation may be presented on a per shift, per run, per section,

per well, etc., basis in a directional driller's scorecard according to the embodiments disclosed

herein.

[0030] Importantly, the performance evaluations embodiments disclosed herein have the

ability to identify and dynamically adjust the metrics {i.e., activities, decisions, etc.) to be

measured and their pass/fail criteria using actual drilling data. Existing solutions are essentially

static in that, for a given driller, a predefined list of metrics is tracked and only the delta or



difference between the actual results and predefined targets are measured. The performance

evaluations embodiments disclosed herein are dynamic in that they can acquire and analyze

drilling data and automatically identify key metrics that should be measured and their pass/fail

criteria. This allows the performance evaluations to account for any needed changes to the

drilling process based on the drilling data.

[0031] As discussed in the above reference PCT application, data may be mined from a wide

variety of data acquisition sources via the sensors 114 and data systems 116. The data may

include measurement while drilling ("MWD") information, such as the survey inclination,

survey azimuth, survey depth, tool face (magnetic and gravity), and vibration measurements.

The data may also include logging while drilling ("LWD") data. LWD data may include gamma

measurements, pressure while drilling, sonic measurements, resistivity (including directional

resistivity), nuclear (or pulse nuclear generator), density, porosity, photoelectric effect

information, and downhole fluid analysis data.

[0032] Other information that may be used in the embodiments disclosed herein includes

company representative information. This may include reports, guidelines provided by the

company representative, the tolerances that are acceptable on a particular directional drilling job,

and basic requirements of the job. In addition, the data acquired may include data from the mud

engineer, geologist's interpretation and plans, and the directional driller's reports. The

directional driller's reports may include slide data, a rotate direction and length (weight-to-

weight), time breakdown, bottom-hole-assembly (BHA) report, and BHA type (including motor,

rotary steerable system, and rotary). It may also include data from agitators, such as shock subs,

jars, and the like to the extent that these devices provide data that may be captured by the system.

The planned well trajectory, seismic data, and offset well data are also categories of data that

may be acquired by the system.

[0033] Data mined for use in the disclosed embodiments may also include drilling reports,

such as daily IADC (International Association of Drilling Contractors) reports, time logs,

parameter measurements, the driller's table, including slack-off weight, rotating off bottom

weight, pick-up weight, drag-up, drag-down, and other similar reports that may be available to a

directional driller on a particular drilling site.



[0034] In some embodiments, data from the various sources may be automatically cross

checked and any differences reported. Variances that are identified may be arranged in a priority

sequence for the reader. Data that may be cross-checked includes whether slides are performed

in the direction that was reported on the slide sheet, or whether slides were performed in a logical

direction. For example, whether the slide was performed at or near the planned kick-off point,

and whether the slide pointed in the planned kick-off point direction. The cross-check may also

include whether the motor is oriented to steer back to the line or away from the line. With a

rotary steerable system, the disclosed embodiments would track steering commands. As the

proper timing of steering action is up for discussion, the disclosed embodiments look for actions

that show a trend in behavior that is productive or counterproductive with regard to several key

performance indicators, such as time, cost, number of bottom hole assemblies, wellbore

tortuosity, etc.

[0035] Other data that may be checked include whether slides are performed through a logical

length. This may involve forward and backward Ragland method (in non-vertical hole) using

"weight to weight" depths to determine the actual build rate in rotation, turn rate in rotation, and

motor output. More importantly, whether the "weight-to-weight" slide, broken out from the

Ragland method, an appropriate distance to steer back to the line without creating an excessive

dogleg. A statistical analysis may also be used to provide a range of acceptable slide lengths.

The method may also account for the customer tolerance for deviation from the plan. Still

additional data that may be cross-checked by the method includes whether reported slide lengths

match those identified from the surface data, whether reported survey depth matches the actual

survey depth, whether the reported weight on bit RPM and flow matches the actual values, and

whether the record of down-lengths for rotary-steerable tools was applied successfully when

needed to meet objectives.

[0036] The embodiments disclosed herein may also identify when the bottom-hole-assembly

(BHA) is being oriented for a slide. These embodiments may capture the length of time required

to orient for each slide and record this as a performance metric. The time required to orient for a

slide may be reported graphically by time of day, bit measured depth, inclination, and as a

distribution.



[0037] The number of times the BHA must be reoriented in order to complete a slide may

also be counted and reported graphically by time of day, bit measured depth, inclination, and

distribution. The target tool face direction may be compared to the actual reported tool face and

the percentage of "good slide" may be calculated for each slide made. Percentage of "good

slides" may be reported graphically, again by time of day, bit measure depth, inclination and

distribution. In one implementation, the method may create a rosebud diagram that can use the

Ragland method to accurately predict the outcome of slides given a corrected slide sheet. For

example, if the standard deviation of the slide tool face was precise, but not accurate,

embodiments disclosed herein may use trigonometric calculations to modify the expected

outcome.

[0038] In some embodiments, where sensor improvements are widely available, the number

of wraps and the amount of compression in the drill pipe may be used, which may be calculated.

Alternately, this information may be tracked by using the "music sheet" method of keeping track

of WOB, differential pressure, tool face, torque, oscillation settings, wraps in the drill pipe

required to maintain tool face (reactive torque), and the time to propagate wraps for wrap

changes downhole. In other embodiments, the music sheet is closely tracked. Making the music

sheet automated, standardized, and quality-controlled may contribute to repeatable success in

directional drilling. Changes during a twelve-hour tour are often significant enough to warrant

completely different optimized drilling procedures. Directional drillers must expect that the

optimized drilling parameters may change during their off-tour shift. The report generated

according to the disclosed embodiments makes this information available to the directional

driller and reduces the burden of shift handover notes and allows the directional driller to focus

more clearly on the job of drilling execution, rather than reporting and data entry. This also aids

onsite communication of optimum drilling parameters for given conditions.

[0039] The embodiments disclosed herein may also identify events that are potentially

harmful to the bottom-hole-assembly and its components. Once these events are identified, the

disclosed embodiments may search for evidence of correct responses from the directional driller.

Correct changes to drilling parameters and drilling practices may be reported as success while

failure to react to harmful conditions, such as vibration, motor stalls, reaming through high dog

legs, etc. , may be reported as a directional driller failure.



[0040] Where directional driller failures are identified, they can be analyzed individually, as a

group, chronologically, or by failure type. Where a series of failures occur in a short period, the

disclosed system and method may automatically group them in order to be concise in reporting.

[0041] Data relevant to directional driller failures may be extracted from the database and

presented for replay or further analysis, review, and/or training. One or more embodiments may

also give the user an option to override directional driller failures individually or as a group if the

user believes that there is, in fact, no failure. In another embodiment, the system and method

may also scan the directional driller's reports, which may include motor performance reports, run

reports, VHE reports, daily reports, and end of well reports, and may count the number of fields

that are left blank. The number of blank fields may be reported to determine whether the

directional driller entered sufficient information in the required reports.

[0042] In still further embodiments, the data mined for use in the disclosed system and

method may include pick-up weight, slack-off weight, and rotate-off-bottom string weight, pipe

squat, pipe wraps, weight-to-weight slides, and so forth. If drilling procedures were poor,

statistical envelopes may be used to predict missing terms if, for example, the driller failed to

rotate off bottom after his slide and before rotating.

[0043] Once all desired data has been collected, the directional driller's performance may be

evaluated dynamically according to the embodiments disclosed herein. An example of a

dynamic evaluation or scorecard system that may be used to provide objective performance

evaluation of directional drillers according to the disclosed embodiments is depicted generally at

200 in FIG. 2 .

[0044] As seen in FIG. 2, the exemplary dynamic scorecard system 200 may be a

conventional workstation, desktop, or laptop computer, or it may be a custom computing system

developed for a particular application. In a typical arrangement, the system 200 includes a bus

202 or other communication pathway for transferring information within the dynamic scorecard

system 200, and a CPU 204 coupled with the bus 202 for processing the information. The

dynamic scorecard system 200 may also include a main memory 206, such as a random access

memory (RAM) or other dynamic storage device coupled to the bus 202 for storing computer-

readable instructions to be executed by the CPU 204. The main memory 206 may also be used

for storing temporary variables or other intermediate information during execution of the



instructions to be executed by the CPU 204. The dynamic scorecard system 200 may further

include a read-only memory (ROM) 208 or other static storage device coupled to the bus 202 for

storing static information and instructions for the CPU 204. A computer-readable storage device

210, such as a nonvolatile memory (e.g., Flash memory) drive or magnetic disk, may be coupled

to the bus 202 for storing information and instructions for the CPU 204. The CPU 204 may also

be coupled via the bus 202 to a display 212 for displaying information to a user. One or more

input devices 214, including alphanumeric and other keyboards, mouse, trackball, cursor

direction keys, and so forth, may be coupled to the bus 202 for communicating information and

command selections to the CPU 204. A communications interface 216 may be provided for

allowing the dynamic scorecard system 200 to communicate with an external system or network.

[0045] The term "computer-readable instructions" as used above refers to any instructions

that may be performed by the CPU 204 and/or other components. Similarly, the term

"computer-readable medium" refers to any storage medium that may be used to store the

computer-readable instructions. Such a medium may take many forms, including, but not limited

to, non-volatile media, volatile media, and transmission media. Non-volatile media may include,

for example, optical or magnetic disks, such as the storage device 210. Volatile media may

include dynamic memory, such as main memory 206. Transmission media may include coaxial

cables, copper wire and fiber optics, including wires of the bus 202. Transmission itself may

take the form of electromagnetic, acoustic or light waves, such as those generated during radio

frequency (RF) and infrared (IR) data communications. Common forms of computer-readable

media may include, for example, magnetic medium, optical medium, memory chip, and any

other medium from which a computer can read.

[0046] In accordance with the disclosed embodiments, a dynamic scorecard application 218,

or rather the computer-readable instructions therefor, may also reside on or be downloaded to the

storage device 210. In general, the dynamic scorecard application 218 is a computer program

that substantially implements the concepts and principles disclosed herein. The computer

program may be executed by the CPU 204 and/or other components of the dynamic scorecard

system 200 to generate a model or analysis of the drill string operation. Such a dynamic

scorecard application 218 may be written in any suitable computer programming language

known to those having ordinary skill in the art using any suitable software development



environment known to those having ordinary skill in the art. Examples of suitable programming

languages may include C, C++, C#, FORTRAN, MATLAB (from The MathWorks, Inc.), and

LabVIEW (from National Instruments, Inc.), and the like. Examples of suitable software

development environments include Visual Studio from Microsoft Corporation, and the like.

[0047] FIG. 3 illustrates the dynamic scorecard application 218 in more detail according to

the disclosed embodiments. As can be seen, the dynamic scorecard application 218 has a

number of functional modules designed to provide objective evaluations for various aspects of

the directional drilling process. In the embodiment shown here, the dynamic scorecard

application 218 includes an overall performance evaluation module 300, a directional drilling

evaluation module 302, a health, safety, and environmental evaluation (HSE) module 304, a well

control evaluation module 306, a drilling trajectory evaluation module 308, and a user review

module 310. Although the various modules 300-310 are depicted as discrete blocks, it should be

understood that any block may be divided into two more constituent blocks, and that two or more

blocks may be combined to form a single block, without departing from the scope of the

exemplary disclosed embodiments. Following is a description of the operation of the various

functional modules 300-310.

[0048] Operation of the overall performance evaluation module 300 of the dynamic scorecard

application is shown in FIG. 4 via a flow diagram 400. The first step in the overall performance

evaluation flow diagram 400 is to define at block 401 a list or set of performance criteria, or

performance matrix, for the directional driller. Such driller performance criteria may include any

of the driller performance criteria mentioned herein and may be an existing predefined set of

criteria or they may be defined anew. At block 402, the dynamic scorecard application

automatically retrieve and analyze the data that will be mined for use in the evaluation of the

directional driller. This is shown in block 402 and may be performed, for example, using the

systems and processes described in PCT Application No. PCT/US20 13/74550 mentioned above.

In block 403, the data retrieved may be related to, for example, the offset well analysis, pre-job

planning, and optimization. Next, in block 404, the customer 's/client's tolerance and

specification matrix is defined, generated, or otherwise imported into the dynamic scorecard

application. This information is typically provided by the customer/client and may include

information that is unique to the particular customer's/client's goals and requirements regarding



how closely the directional driller must track the well plan and other demands related to a

particular job. Next, in block 405, the driller's actual performance is evaluated and an evaluation

report may be produced on-demand detailing how well the driller met the customer's/client's

requirements. In block 406, a section of the report is created that lists the pass/fail criteria and

summarizes the overall directional driller's performance for a quick and accurate review by an

evaluator. In block 407, the dynamic scorecard application creates supplemental reports if any of

the criteria are flagged as "fail" by the overall performance evaluation module. For any

categories in which the directional driller failed, the supplemental reports provide additional

detail explaining the reasons for the failure. In this way, an evaluator can quickly see only the

problem areas that need to be addressed. In block 408, the dynamic scorecard application

generates a report showing the actions that may be taken for a given directional driller. For

example, the report may generate information allowing a particular driller to be matched

according to his talent and skills to a particular job difficulty or customer/client preference or

tolerance for certain specifications.

[0049] In block 409, the dynamic scorecard application then provides a formal evaluation for

the directional driller and rates his performance as, for example, exceeds, meets, falls below, or

falls far below expectations for that particular driller. Of course, other rating systems besides the

one disclosed herein may be used without departing from the scope of the disclosed

embodiments. In block 410, the report generated by the dynamic scorecard application may then

be internally evaluated and used for different internal purposes, such as determining whether a

particular driller is considered overactive, decisive, reactive, whether he has delayed actions, or

whether he is negligent. This performance rating can then be used for various purposes such as

promotion or compensation decisions and determining whether a particular driller needs

additional training or experience in certain areas. The rating system in block 410 may be thought

of as a matrix in which the directional driller's performance regarding directional control, HSE,

well control, and trajectory control, may each individually be evaluated as to whether it is pro

active, decisive, reactive, delayed action, or negligent. These categories are discussed more

specifically with respect FIGS. 5-8.

[0050] Referring now to FIG. 5, operation of the directional drilling evaluation module 302 of

the dynamic scorecard application is shown via a directional drilling flow diagram 500. The



directional drilling performance flow diagram 500 begins by collecting data using PCT

Application No. PCT/US20 13/74550, from the directional driller in block 502. In block 503, the

dynamic scorecard application determines whether the required fields for data sufficiency in the

directional driller's reports for a given job type have been properly populated. If the answer at

block 503 is no, then the dynamic scorecard application returns to block 502 and additional

information for the fields is collected from the raw data using methods comprising the Na ve

Bayes Classifier, statistical methods, etc., to determine expected values for missing or obviously

incorrect information. This method is outlined in the above PCT application. When the fields

are populated as required, the dynamic scorecard application proceeds to block 504 and imports

the customer 's/client's tolerance/specification matrix. In block 505, the dynamic scorecard

application executes evaluation of performance process. The dynamic scorecard application then

proceeds to block 506 where it may automatically create the driller's table, slide sheet,

directional driller's parameter "music sheet" or drilling program, geo-steering suggestions, and

forward/backward Ragland method. Once these are automatically created in block 506, the

dynamic scorecard application proceeds to block 507 where the data collected is evaluated by

comparing it against real-time data automatically obtained, for example, using the systems and

processes described in PCT Application No. PCT/US20 13/74550 mentioned above. The

dynamic scorecard application then proceeds to block 508 where it evaluates drilling

optimization execution procedures with tolerance matrix inputs. In block 509, the evaluations in

blocks 507 and 508 are used to flag issues and provide automatic alerts, emails, and to generate

the quality report showing the driller's performance in these issues.

[0051] FIG. 6 illustrates operation of the HSE evaluation module 304 of the dynamic

scorecard application via a flow diagram 600. Operation of this evaluation module begins at

block 602 where the HSE pre-job plan, such as anti-collision, frequency of safety meetings and

the like are imported into the dynamic scorecard application. In block 603, the dynamic

scorecard application imports a customer/client's tolerance/specification matrix regarding HSE

requirements. In block 604, the dynamic scorecard application imports various, specific issues

and government regulations. In block 605, the driller's performance is compared to the data

imported in blocks 602-604. The dynamic scorecard application then proceeds to block 606

where it evaluates the driller's compliance with the HSE requirements and populates a weighted



penalty function that is derived from the customer tolerance and technical difficulties of the well

which may include variations of the Drilling Difficultly Index.

[0052] FIG. 7 illustrates operation of the well control evaluation module 306 of the dynamic

scorecard application via a flow diagram 700. Operation of this evaluation module begins at

block 702 where data mined from the various sources as discussed earlier is imported into the

dynamic scorecard application. At block 703, data pertaining to area specific well control issues,

such as high pressure, high temperature, H2S control, are input into the dynamic scorecard

application. In block 704, a template is created for each area's specific issue, including the rules,

responses, procedures, and time lines. In block 705, a mathematical analysis of real-time data

and parameters is performed. The mathematical analysis may be based upon known

optimization techniques and formulas, such as weighted penalty functions and statistical

analysis. The dynamic scorecard application then proceeds to block 706 in which the directional

driller's compliance is evaluated and he is assigned a weighted penalty function, depending on

how well he maintained the well performance within the required parameters. And this

information may be used in the scorecard report.

[0053] FIG. 8 illustrates operation of the drilling trajectory evaluation module 308 of the

dynamic scorecard application via a flow diagram 800. Operation of this evaluation module

begins with loading the complete well plan details at block 802, for example, from the well

planning software. The dynamic scorecard application then proceeds to block 803 where it fills

out the customer/client's tolerance/specification matrix to steer rating and evaluation. In block

804, the dynamic scorecard application may perform a mathematical analysis (such as

optimization topology) of survey measurements, real time data, steering decisions, steering

application time lines, and similar parameters. In block 805, the directional driller's performance

is compared against the data imported by the dynamic scorecard application in blocks 802-804

and the dynamic scorecard application evaluates his compliance and provides a way to tell the

function.

[0054] FIG. 9 illustrates operation of the user review module 310 of the dynamic scorecard

application via a flow diagram 900. In general, the user review module provides a user with an

accurate and objective analysis and evaluation of a directional driller's performance. This

evaluation may be shared with other stake holders, such as the purchaser of directional drilling



services, and it may also allow for implementing improvements in directional driller training.

These improvements may be customized for individual drillers, depending on their needs.

[0055] Referring to FIG. 9, in some embodiments, the user review module of the dynamic

scorecard application provides a user with a cover page that lists pass/fail criteria for the

directional driller at block 902. If any supplementary reports have been created based upon

failed criteria, these may be provided to the user at block 903. Such an arrangement allows the

end user to review the pass/fail criteria on the cover page and then select supplementary reports

for failed criteria only as needed. Moreover, the real-time nature of the evaluation process

described in embodiments disclosed herein facilitate detection and correction of a driller's

performance before the directional driller may run afoul of a customer/client's specifications.

For example, if the data from the drilling environment indicates that the directional driller is

proceeding in a way that, if not corrected, will fail to meet a customer/client's requirement for

trajectory, then the dynamic scorecard application may alert the directional driller supervisor on

a real time basis. The directional driller's supervisor may then review the report created by the

dynamic scorecard application, analyze exactly which parameters are in jeopardy, and contact

the directional driller with instructions on corrective actions, all before the customer's

specifications/requirement matrix is violated. This review is made of the supplementary report

based on failed criteria, if any, for the directional driller. In block 904, the dynamic scorecard

application may identify and implement improvements to improve the directional driller's

performance in the future. In block 905, the dynamic scorecard application determines whether

there should be additional improvement criteria, based on the real-time, on-demand report, and

the like provided by the dynamic scorecard application. If so, blocks 902-904 are reiterated. If

not, the dynamic scorecard application proceeds to block 906 where it quantifies any

improvements. In block 907, success by the directional driller is documented and may be shared

with stake holders and other interested parties.

[0056] Turning now to FIG. 10, an example of a dynamic scorecard 1000 for a directional

driller is shown that may be generated using the systems and methods described herein. More

specifically, only the main page of the dynamic scorecard 1000 is seen in FIG. 10, with

subsequent pages being generated on demand to support any fail (or pass) criteria that may be

listed on the main page. As mentioned earlier, initially generating only the main page instead of



all available pages provides a reviewer with quick processing at a glance. Thereafter, the

reviewer need only read those supporting pages that are of interest.

[0057] In the example of FIG. 10, information in the exemplary scorecard 1000 may be

grouped into a number of related or logical sections. For this example, the scorecard 1000

includes a header information section 1002, a global drilling tolerance limits section 1004, a

local drilling tolerance limits section 1006, a customer tolerance limits section 1008, and a well

specific requirements section 1010. Within a given section are a number of fields or parameters

that are relevant to the section, identified by codes and parameter names, as well as the pass/fail

criteria for each parameter where applicable, along with an indication whether the directional

driller passed or failed each parameter. For example, the customer tolerance limits section 1008

includes an ROP rotating parameter, an ROP sliding parameter, a surge and swap parameter, a

steering to plan parameter, and the like. The header information section 1002, on the other hand,

includes information about the directional driller and the well and not any parameter.

[0058] Clicking or otherwise selecting one of the parameters, for example, the failed ROP

rotating parameter 1012, brings up a detailed support page 1100 for that parameter, an example

of which is shown in FIG. 11. In this example, the support page 1100 includes, among other

things, a graph 1102 showing how the directional driller performed with respect to the selected

parameter. This particular graph 1102 charts the ROP (vertical axis) versus time (horizontal

axis), with line 1104 representing expected ROP based on real-time data acquired as described

above, and line 1106 representing actual ROP as achieved by the directional driller. As can be

seen, during the timeframe indicated at 1108, the actual ROP line 1106 fell below the expected

ROP line 1104. Accordingly, the directional driller is given a fail for this parameter on the

dynamic scorecard 1000.

[0059] While specific details about the above embodiments have been described, the

descriptions are intended merely as example embodiments and are not intended to limit the

structure or implementation of the disclosed embodiments. For instance, although many other

internal components of the system are not shown, those of ordinary skill in the art will appreciate

that such components and their interconnection are well known.

[0060] In addition, certain aspects of the disclosed embodiments, as outlined above, may be

thought of as "products" or "articles of manufacture" typically in the form of executable code



and/or associated data that is carried on or embodied in a type of tangible non-transitory machine

readable medium. Tangible non-transitory "storage" type media include any or all of the

memory or other storage for the computers, processors or the like, or associated modules thereof,

such as various semiconductor memories, tape drives, disk drives, optical or magnetic disks, and

the like, which may provide storage at any time for the executable code.

[0061] Additionally, the flowchart and block diagrams in the figures illustrate the

architecture, functionality, and operation of possible implementations of systems, methods and

computer program products according to various embodiments of the present disclosure. It

should also be noted that, in some alternative implementations, the functions noted in the block

may occur out of the order noted in the figures. For example, two blocks shown in succession

may, in fact, be executed substantially concurrently, or the blocks may sometimes be executed in

the reverse order, depending upon the functionality involved. It will also be noted that each

block of the block diagrams and/or flowchart illustration, and combinations of blocks in the

block diagrams and/or flowchart illustration, may be implemented by special purpose hardware-

based systems that perform the specified functions or acts, or combinations of special purpose

hardware and computer instructions.

[0062] As set forth above, the embodiments disclosed herein may be implemented in a

number of ways. In general, in one aspect, the disclosed embodiments are directed to a

computer-implemented method for directional drilling. The method comprises, among other

things, the steps of generating a set of directional driller performance criteria reflecting actions

taken by a directional driller in performing directional drilling, and acquiring data in real time

from data systems at a well location reflecting the status of a plurality of directional drilling

tasks. The method additionally comprises the steps of generating a set of customer/client

specifications corresponding to the directional drilling tasks, modifying at least one directional

drilling parameter in the set of customer/client specifications based on the data acquired in real

time from the well location. The method further comprises the steps of comparing the set of

customer/client specifications with the modified at least one directional drilling parameter to the

set of directional driller performance criteria, evaluating a compliance of the directional driller

based on the comparison, and generating a compliance report reflecting the compliance of the

directional driller.



[0063] In general, in another aspect, the disclosed embodiments are directed to a system for

directional drilling. The system comprises, among other things, a plurality of sensors configured

to measure drilling parameters at a well location, and a data storage component configured to

store real-time data from the plurality of sensors, the data including a status of a plurality of

directional drilling tasks the system further comprises a directional driller performance storage

component configured to store a set of directional driller performance criteria in a memory

accessible by the system, the set of directional driller performance criteria reflecting actions

taken by a directional driller in performing directional drilling, and a customer/client

specification component configured to store a set of customer/client specifications corresponding

to the plurality of directional drilling tasks in a memory accessible by the system. The

customer/client specification component is configured to store a modified set of customer/client

specifications in the memory, the modified set of customer/client specifications including at least

one directional drilling parameter that has been modified based on the real-time data from the

well location. The system is configured to compare the modified set of customer/client

specifications to the set of directional driller performance criteria, evaluate a compliance of the

directional driller based on the comparison, and generate a report reflecting the compliance of

the directional driller.

[0064] In general, in yet another aspect, the disclosed embodiments are directed to a non-

transitory computer memory having a computer program stored thereon. The computer program

causes a computer to perform a series of actions, including generating a set of directional driller

performance criteria reflecting actions taken by a directional driller in performing directional

drilling, and acquiring data in real time from data systems at a well location reflecting the status

of a plurality of directional drilling tasks. The computer program further causes the computer to

generate a set of customer/client specifications corresponding to the directional drilling tasks,

and modify at least one directional drilling parameter in the set of customer/client specifications

based on the data acquired in real time from the well location. The computer program further

causes the computer to compare the set of customer/client specifications with the modified at

least one directional drilling parameter to the set of directional driller performance criteria,

evaluate a compliance of the directional driller based on the comparison, and generate a

compliance report reflecting the compliance of the directional driller.



[0065] While particular aspects, implementations, and applications of the present disclosure

have been illustrated and described, it is to be understood that the present disclosure is not

limited to the precise construction and compositions disclosed herein and that various

modifications, changes, and variations may be apparent from the foregoing descriptions without

departing from the spirit and scope of the exemplary disclosed embodiments as defined in the

appended claims.



CLAIMS

What is claimed is:

1. A method for directional drilling, comprising:

generating a set of directional driller performance criteria reflecting actions taken by a

directional driller in performing directional drilling;

acquiring data in real time from data systems at a well location reflecting the status of a

plurality of directional drilling tasks;

generating a set of customer/client specifications corresponding to the directional drilling

tasks;

modifying at least one directional drilling parameter in the set of customer/client

specifications based on the data acquired in real time from the well location;

comparing the set of customer/client specifications with the modified at least one

directional drilling parameter to the set of directional driller performance criteria;

evaluating a compliance of the directional driller based on the comparison; and

generating a compliance report reflecting the compliance of the directional driller.

2 . A method as in claim 1, wherein the set of directional driller performance criteria

includes performance standards reflecting the directional control, health-safety-environmental

(HSE), well control, and trajectory control for the well location.

3 . A method as in claim 2, wherein the acquired data comprises survey data,

including at least one of: hole depth, bit depth, surface RPM, flow rate, hookload, block position,

stand pipe pressure, top drive torque, weight on bit, and differential pressure.

4 . A method as in claim 2, wherein the acquired data comprises measurement while

drilling (MWD) or logging while drilling (LWD) data, including at least one of: survey

inclination, survey azimuth, survey depth, magnetic toolface, gravity toolface, vibration, gamma



measurements, pressure while drilling, sonic measurements, resistivity measurements, nuclear

measurements, and downhole fluid measurements.

5 . A method as in claim 1, wherein evaluating the compliance of the directional

driller further comprises evaluating actions taken by the directional driller based upon one or

more of: directional driller report, company representative reports, mud engineer data, geologist

reports, well plans, offset well data and seismic data.

6 . A method as in claim 1, further comprising generating a report containing penalty

functions corresponding to an actual performance of the directional driller.

7 . A method as in claim 6, wherein the report is generated only if the actual

performance of the directional driller fails to meet the set of directional driller performance

criteria.



8. A system for directional drilling comprising:

a plurality of sensors configured to measure drilling parameters at a well location;

a data storage component configured to store real-time data from the plurality of sensors,

the data including a status of a plurality of directional drilling tasks;

a directional driller performance storage component configured to store a set of

directional driller performance criteria in a memory accessible by the system, the set of

directional driller performance criteria reflecting actions taken by a directional driller in

performing directional drilling;

a customer/client specification component configured to store a set of customer/client

specifications corresponding to the plurality of directional drilling tasks in a memory accessible

by the system;

wherein the customer/client specification component is configured to store a modified set

of customer/client specifications in the memory, the modified set of customer/client

specifications including at least one directional drilling parameter that has been modified based

on the real-time data from the well location; and

wherein the system is configured to compare the modified set of customer/client

specifications to the set of directional driller performance criteria, evaluate a compliance of the

directional driller based on the comparison, and generate a report reflecting the compliance of

the directional driller.

9 . A system as in claim 8, wherein the set of directional driller performance criteria

includes performance standards reflecting the directional control, health-safety-environmental

(HSE), well control, and trajectory control for the well location.

10. A system as in claim 9, wherein the acquired data comprises survey data,

including at least one of: hole depth, bit depth, surface RPM, flow rate, hookload, block position,

stand pipe pressure, top drive torque, weight on bit, and differential pressure.

11. A system as in claim 9, wherein the acquired data comprises measurement while

drilling (MWD) or logging while drilling (LWD) data, including at least one of: survey



inclination, survey azimuth, survey depth, magnetic toolface, gravity toolface, vibration, gamma

measurements, pressure while drilling, sonic measurements, resistivity measurements, nuclear

measurements, and downhole fluid measurements.

12. A system as in claim 8, wherein the system is further configured to evaluate

actions taken by the directional driller based upon directional driller report, company

representative reports, mud engineer data, geologist reports, well plans, offset well data and/or

seismic data.

13. A system as in claim 8, wherein the system is further configured to generate a

report containing penalty functions corresponding to an actual performance of the directional

driller.

14. A system as in claim 13, wherein the system is configured to generate the report

only if the actual performance of the directional driller fails to meet the set of directional driller

performance criteria.



15. A non-transitory computer memory having a computer program stored thereon for

causing a computer to perform a series of actions, including:

generating a set of directional driller performance criteria reflecting actions taken by a

directional driller in performing directional drilling;

acquiring data in real time from data systems at a well location reflecting the status of a

plurality of directional drilling tasks;

generating a set of customer/client specifications corresponding to the directional drilling

tasks;

modifying at least one directional drilling parameter in the set of customer/client

specifications based on the data acquired in real time from the well location;

comparing the set of customer/client specifications with the modified at least one

directional drilling parameter to the set of directional driller performance criteria;

evaluating a compliance of the directional driller based on the comparison; and

generating a compliance report reflecting the compliance of the directional driller.

16. A computer memory as in claim 15, wherein the performance matrix includes

performance standards reflecting the directional control, health-safety-environmental (HSE),

well control, and trajectory control for the well location.

17. A computer memory as in claim 16, wherein the acquired data comprises survey

data, including at least one of hole depth, bit depth, surface RPM, flow rate, hookload, block

position, stand pipe pressure, top drive torque, weight on bit, or differential pressure.

18. A computer memory as in claim 16, wherein the acquired data comprises

measurement while drilling (MWD) or logging while drilling (LWD) data, including at least one

of survey inclination, survey azimuth, survey depth, magnetic toolface, gravity toolface,

vibration, gamma measurements, pressure while drilling, sonic measurements, resistivity

measurements, nuclear measurements, or downhole fluid measurements.



19. A computer memory as in claim 15, wherein the computer program further causes

the computer to evaluate actions taken by the directional driller based upon directional driller

report, company representative reports, mud engineer data, geologist reports, well plans, offset

well data or seismic data.

20. A computer memory as in claim 19, wherein the computer program further causes

the computer to generate a report containing penalty functions corresponding to the directional

driller's actual performance.
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