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NUMERICAL CONTROL UNIT FOR
WELLBORE DRILLING

This application claims priority of U.S. Provisional
Patent Application Ser. No. 60/056,460, having a filing date
of Aug. 21, 1997, and is incorporated herein by reference in
its entirety.

FIELD OF THE INVENTION

The present invention relates to an apparatus and method
adapted for controlling the positional settings of a downhole
tool based on a plurality of rules in an IF . . . THEN format
which are related to the current position of a wellbore and a
preferred position of the wellbore.

BACKGROUND OF THE INVENTION

Directional drilling describes a commonly used technique
for drilling a non-linear wellbore. This type of wellbore is
generally characterized by a bottomhole location which is
not directly below the surface location of the wellbore, and
numerous variations and geometric shapes may be utilized.
Directional drilling technology is highly utilized in the
production of oil and gas, especially in offshore environ-
ments where multiple wells are drilled from one central
surface location such as an offshore platform. This technol-
ogy is extremely cost effective since multiple wellbores can
be drilled from one central structure as opposed to con-
structing platforms for each individual wellbore. Further
applications include drilling below populated urban areas,
mountainous terrain and other locations where it is either
impractical or economically unfeasible to have a surface
location directly above a bottomhole location.

Due to the ever increasing difficulty in finding new oil and
gas reserves, directional drilling provides a means for oil and
gas producers to exploit these energy resources in downhole
locations previously unobtainable. However, with increas-
ingly difficult subsurface locations, it is critical that accurate
measurements and controls be utilized to properly steer the
direction of the wellbore during drilling, especially with
increasingly complicated wellbore geometric shapes. Thus,
it is increasingly important to oil and gas producing com-
panies to be able to accurately control the directional drilling
of a wellbore to accurately reach a target bottomhole loca-
tion. Further, properly designed and drilled wellbores may
eliminate or severely reduce unwanted doglegs and other
problematic wellbore configurations that can become
troublesome during the completion of the well.

The drilling of a non-vertical, deviated wellbore requires
frequent measurement of the downhole location of the drill
bit and or other hardware typically referred to as the “bot-
tomhole assembly”. The bottomhole assembly may include
adjustable stabilizers and various other tools which may be
adjusted during the drilling of the well to steer or otherwise
orient the direction the well will be drilled.

The current position of the bottomhole assembly is gen-
erally determined with measurement while drilling
(hereinafter “MWD”.) equipment. This equipment allows
critical information to be transmitted to the surface location
at periodic time or depth intervals, and is used to calculate
the coordinates of the current position of the bottomhole
assembly. This information is then compared to previous
positions of the bottomhole assembly by graphically plotting
the actual wellbore path in comparison and to the preferred
or projected drilling plan. The preferred drilling plan pro-
vides a blueprint of the optimum wellbore path. Based on
this information, the present method used to directionally
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drill a wellbore requires a directional drilling engineer or
technical consultant (hereinafter “directional driller”) to
make adjustments to the position of one or more tools used
in the bottomhole assembly to properly steer the direction of
the bottomhole assembly and thus the wellbore. Wellbore
information which is most commonly used by the directional
driller includes only horizontal and vertical deviations as
plotted on sectional and plan views and compared to the
preferred wellbore path. Modifications to the drillstring
bottomhole assembly are then subjectively made based on
prior experience.

The limitations of the present method for drilling a
directionally deviated wellbore are directly related to human
skill and the unavoidable variabilities thereof and the costs
related therein. For example, directional drillers have dif-
ferent degrees of education, on site training and expertise,
and there is little consistency between any two drillers and
their thought processes for accurately making decisions to
control the path of the wellbore. Additionally, decisions are
commonly made during periods of sleep deprivation which
inherently make the decision making process susceptible
due to errors in judgment. Further, the necessity of having an
onsite directional driller on location, in addition to the rig
driller, is expensive just based on their salary. Thus, very
costly errors are often made which result in downtime on a
drilling rig, the sidetracking of a well due to severe devia-
tions in the wellbore path, and/or the necessity for drilling an
entirely new wellbore. Thus, there is a significant need for
an automated, numeric control system which can accurately
and automatically interpret substantial volumes of data
related to an existing position of a wellbore and a preferred
wellbore path and make specific corrections to the position
of a downhole tool assembly. These corrections in the
downhole tool assembly are then used to steer the bottom-
hole assembly and resultant wellbore path to a desired
location while eliminating the substantial risk of human
error.

Thus, a significant need exists to provide a numerical
control unit for wellbore drilling which can process sub-
stantial amounts of constantly changing data related to the
current position of a wellbore and a preferred position of a
wellbore. This information may then be used to accurately
dictate the required change in the positional settings of a
downhole adjustable tool to properly steer a bottomhole
assembly to a desired target location. Reliable, automated
directional drilling of the future unquestionably requires
such.

SUMMARY OF THE INVENTION

It is thus an object of the present invention to provide a
computer numerical control unit (hereinafter “NCU”) which
can interpret current wellbore positional data and preferred
wellbore path data and provide output data regarding
changes in the positional settings of a downhole tool. The
tool settings and resultant position of the downhole tool
assembly is subsequently used to steer the bottomhole
assembly during the drilling of a directionally drilled well-
bore to a preferred target bottomhole location. As used
herein, a directionally drilled wellbore is defined as any
non-linear, non-vertical wellbore which has planned hori-
zontal displacements between the surface location and the
bottomhole location.

It is a further object of the present invention to provide a
plurality of rules in an IF . . . THEN format which can
interpret both lineal and angular input data of a current
wellbore position in relation to a preferred wellbore position
and provide an output for changing a position of a downhole
tool.
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As discussed herein, when the terms wellbore position, or
bottomhole assembly, or wellbore bottomhole position are
discussed it is meant to encompass a current position proxi-
mate to the current bottomhole location of the wellbore.
Depending on the type of equipment in use during the
drilling of the wellbore, and/or the chosen survey calcula-
tional method used to calculate the coordinates of the
wellbore at different depths, there may be slight variations in
the calculated positions of the bottomhole assembly, the
downhole adjustable drilling tool or stabilizer, and the
bottomhole location of the wellbore. However, these varia-
tions may easily be calculated when comparing the current
depth to the preferred wellbore path at that particular
location, and thus are not critical distinctions for the purpose
of defining the present invention.

Thus in one aspect of the present invention a numerical
control unit is provided and adapted for determining the
change in positional settings of a downhole tool used for
steering a bottomhole assembly to drill a wellbore. The
numerical control unit in one embodiment comprises:

a knowledge storage section having a first plurality of
rules in an IF . . . THEN format, with said rules based
on differences between a current position proximate to
a bottomhole location of the wellbore and a preferred
position of the wellbore; and

an inferring section for determining the desired new
changes to the positional settings of the downhole tool
on the basis said first plurality of rules stored in the
knowledge storage section.

In a preferred embodiment, the first plurality of rules are
based on mathematical differences of spatial properties
between a current position of a location proximate to the
bottomhole location and a preferred position of the bottom-
hole location based on a planned wellbore path. Preferably,
the mathematical differences of spatial properties in the first
plurality of rules includes input comprised of linear devia-
tion components and/or angular deviation components cal-
culated from the aforementioned current position of the
wellbore bottomhole and a preferred position of the wellbore
bottomhole, and past values of the same.

In another aspect of the present invention, a method
adapted for controlling the tool settings of a downhole tool
position to steer a bottomhole assembly used for the drilling
of a wellbore is provided. This method preferably comprises
the steps of;

storing a first plurality of rules in an IF . . . THEN format
in a knowledge storage section, said first plurality of
rules defining a degree of movement for the settings of
the downhole tool to change the position of the down-
hole tool based on a current measured position proxi-
mate to the bottomhole of the wellbore and a current
preferred position of the bottomhole of the wellbore;

receiving current wellbore position data which defines the
current position of the wellbore proximate to the bot-
tomhole location and determining the deviations
therein;

inferring the current wellbore positional data with the first

plurality of rules to determine a preferred setting of the
adjustable downhole tool to provide steering of the
bottomhole assembly.

Preferably, the aforementioned method comprises the
additional step of providing output means to either auto-
matically make changes in the downhole tool settings or to
provide some form of visual output display which indicates
the correct tool settings on predetermined depth intervals.
Further, it is preferred that the first plurality of rules be based
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4

on mathematical differences of spatial properties between a
current position proximate to a wellbore bottomhole position
and a current preferred position of the wellbore bottomhole
location. The spatial properties in one embodiment include
input data comprised of linear deviation components and/or
angular deviation components based on the current position
of the wellbore bottomhole location (or proximate thereto)
and the current desired wellbore bottomhole location as
determined from a directional drilling plan.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. is a depiction of an offshore drilling platform
identifying three different directional wellbores drilled from
a common offshore platform;

FIG. 2 is a drawing identifying numerous variations of
bottomhole assemblies used to drill a wellbore, and more
specifically directionally drilled wellbores;

FIG. 3 is a cross-section of an adjustable stabilizer used
to change the position of a bottomhole assembly and sub-
sequently determine a wellbore path;

FIG. 4 is a section view of six generic views of vertical
deviation between a two dimensional preferred wellbore
path and actual two dimensional position of the wellbore
path;

FIG. 5 is a horizontal view of four generic views of
horizontal deviation between a two dimensional preferred
wellbore path and a two dimensional actual position of the
wellbore path;

FIG. 6 is a depiction of fuzzy sets and an example domain
of vertical deviation;

FIG. 7 is a depiction of fuzzy sets and an example domain
of relative change in vertical deviation;

FIG. 8 is a depiction of fuzzy sets and an example domain
of inclinational deviation;

FIG. 9 is a depiction of fuzzy sets and an example domain
of relative change in inclinational deviation;

FIG. 10 is a depiction of fuzzy sets and an example
domain of change in the settings of x-eccentricity of an
adjustable downhole tool;

FIG. 11 are sketches depicting the scenario addressed by
anIF . .. THEN rule related to vertical deviation, change in
vertical deviation and consequential change in
x-eccentricity;

FIG. 12 is a graph identifying the original (dashed lines)
and scaled (solid lines) fuzzy sets of the x-eccentricity
settings of the downhole tool having resulted from fuzzy-
computing the IF . . . THEN rules;

FIG. 13 is a graph of a function adding the scaled fuzzy
sets to compute the actual change in x-eccentricity setting of
the downhole adjustable tool; and

FIG. 14 is a depiction of one example of a computer
screen identifying the numerical control unit software input
and output.

FIG. 15 is a three dimensional box diagram depicting
inclination, azimuth and orientation of axes;

FIG. 16 is a graphical depiction of a rule matrix identi-
fying E, as a function of vertical deviation and relative
change in vertical deviation;

FIG. 17 is a graphical depiction of a 9x9 rule matrix used
to determine weighting factor WE,, as a function of vertical
deviation and inclinational deviation;

FIG. 18 is a section view of six computer simulated
wellbores that used the NCU; and

FIG. 19 is a summary of how the inputs and outputs of the
NCU are interrelated and processed.



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



