Anti-Wairl Drill Bits, Wellsite Systens, and Methods of Using the Sane

FI ELD OF THE | NVENTI ON The present invention relates to systens and
met hods fYP 2BHEFHTi ng whirl and ot her deviations of t h&CHGRZPVM0ESSAnd/ or
bottom hol e assenbly while drilling within a well bore. BACKGROUND OF THE

| NVENTI ON Drill bit whirl and deviations are a significant problem

wi t hi n t HntisWhird Baill Bitss Waslisitg Systems, and Methgds oftYgingnthePamer esour ces
are often | ocated between 4,000 and 10,000 feet below ground. As a result,
even a one-degree deviation of an well can result in a significant i ncr ease
in drilling distance, time RIRUDCOBtTHE INVENTIONo e application, the driller
seeks a vertical wellbore. A snpoth vertical wellbore facilitate runn| ng
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oper ations t hat s away into vert

el i m naviéhinta wellipdreon. Addltlonally If nmultiple wellbore are drilled from
a single platform deviations can cause drill string collisions. Even
in controlled steering or directional drilling applications, it nmay be

hi ghly desirable to nai BA@KGRORNDOF THE INVENTION, for exanpl e when
drilling to targets bel ow faul ted rocks, in steeply dipping beds, or in
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predictable | s eléggané%rﬂ'ﬂﬁ@al‘qllé}nséékstdwe@eérwe@o&et wgmo%trwa%m and

cont i nuous an tters are not worn or damage Nei t her of these
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construction operations. A wellbore that drifts away from and back into verticality

can eliminate this option. Additionally, if multiple wellbore are drilled from a

single platform, deviations can cause drill string collisions.

Even in controlled steering or directional drilling applications, it may be
highly desirable to maintain the desired trajectory, for example when drilling to
targets below faulted rocks, in steeply dipping beds, or in tectonically active
areas.

Additionally, drill bit whirl, a condition wherein the bit's center of rotation
shifts away from its geometric center, leads to several problems. These
problems include non-cylindrical holes, wellbore deviation, and excessive bit
wear.

Conventional anti-whirl drill bits attempt to reduce whirl by creating an
imbalanced side force by cutter(s)-rock interaction. This imbalance force will only
have a predictable magnitude and direction if the cutting action is smooth and
continuous and the cutters are not worn or damaged. Neither of these conditions

occur regularly as cutting action is often a discrete process rather than a



continuous one (as when the cutters generate chips rather than continuous
cuttin gs) Wien the rock is renoved by a chipping action, the mao%nltude and
di recti onVP2HEHHEr constant nor predictabl e. AccEEHGIIIYI e i s a
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i nvent i gRYenting whithfd d&bidtlondstrates a drill bit according to the present
i nventi ons w t% a borehol e. FIG 3Aillustrates a cross-section of a
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For a fuller understanding of the nature and desired objects of the present
invention, reference is made to the following detailed description taken in
conjunction with the accompanying drawing figures wherein like reference
characters denote corresponding parts throughout the several views and
wherein:

FIG. 1 illustrates a welisite system in which the present invention can be
employed.

FIG. 2 illustrates a drill bit according to the present inventions.

FIG. 2A illustrates a drill bit according to the present inventions within a
borehole.

FIG. 3A illustrates a cross-section of a drill bit centered within a borehole.

FIG. 3B illustrates a cross-section of a drill bit located off-center within a
borehole.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides apparatus and methods for preventing
whirl and other deviations of the drill bit and/or bottom-hole assembly while
drilling within a wellbore.

The inventions provide herein are adapted for use in a range of drilling
operations such as oil, gas, and water drilling. As such, the bit body is designed
for incorporation in wellsite systems that are commonly used in the oil, gas, and
water industries. An exemplary wellsite system is depicted in FIG. 1.

FIG. 1 illustrates a wellsite system in which the present invention can be

employed. The wellsite can be onshore or offshore. In this exemplary system, a
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measuring-whjle-drilli 130, a roto-steerable system and

not or, EFdoRipeiwesy th el@%SIde o? the dnl]jl string and the wall of the borehole, as
indicated by the directional arrows 9. In this well known manner, the drilling fluid
lubricates the drill bit 105 and carries formation cuttings up to the surface as it is
returned to the pit 27 for recirculation.

The bottom hole assembly 100 of the illustrated embodiment includes a
logging-while-drilling (LWD) module 120, a measuring-while-drilling (MWD)

" module 130, a roto-steerable system and motor, and drill bit 105.

The LWD module 120 is housed in a special type of drill collar, as is
known in the art, and can contain one or a plurality of known types of logging
tools. It will also be understood that more than one LWD and/or MWD module
can be employed, e.g. as represented at 120A. (References, throughout, to a

module at the position of 120 can alternatively mean a module at the position of



The LWD nodule 120 is housed in a special type of drill collar, as is known
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enables a longer length of the wellbore to traverse the reservoir, which increases

the production rate from the well.

A directional drilling system may also be used in vertical drilling operation

as well. Often the drill bit will veer off of a planned drilling trajectory because of

the unpredictable nature of the formations being penetrated or the varying forces

that the drill bit experiences. When such a deviation occurs, a directional drilling

system may be used to put the drill bit back on course.
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fromthe orifice 212 creates a side force that pushes the bit in the
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Thi s enbodi ment (1) causes in increased contact between cutters 210 and the
wal | of borehole 11, and/or (2) neutralizes side forces resulti noggfrom

cont act DEPRIWHHE cutters 210 and the borehol e wal|. PCT/GB2PY/@INE,

enbodi nents, the orifice 212 is positioned approximately 90 behind the
majority of the cutters 210. i llustration of this principle, consider
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Fur t her ppg 8s ddRahtRRGUEFORPAtEAlaT BeillipgtditatioRd0 shoul d not affect the
anplitude and direction of the side force. In some enbodi nents, the
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whirl. Additional orifices can be located on drill bit 105, for example, on the
leading end 216 for lubrication and removal of cuttings as is known in the art.

In some embodiments, drill bit 105 contains a single orifice 212. Dirill fluid
26 flows from orifice 212, and contacts the wall of borehole 11, creating a side
force substantially perpendicular to the orientation of orifice 212 and gauge
section 208. This force, creates an anti-whirl effect.

In some embodiments, the orifice 212 is positioned substantially opposite
from the majority of cutters 210. For example, if the cutters 210 are located
longitudinally along the drill bit 105, the orifice 212 can be located about 180°
from the cutters 210. In such an embodiment, drill fluid released from the orifice

212 creates a side force that pushes the bit in the direction of the cutters 210.



Self-Stabilized Bits and Bottom Hol e Assenbl i es Anot her enbodi nent
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Other cutter 210 and orifice 212 configurations are within the scope of
these inventions. For example, the aggregate force vector generated by the
rotation of the drill bit 105 and contact with a plurality of cutters 210 can be
calculated using known equations and technology. The orifice 212 can be
configured to counteract the most probable force vectors.

By utilizing the hydraulic force of drilling fluid 26 from orifice 212, drill bits
105 produce a more predictable and constant imbalance force to reduce and/or
prevent bit whirl. The direction of the imbalance force is known given the position
of the port. The magnitude of the imbalance force is a function of the distance
between the orifice 212 and borehole wall 220, the differential pressure between
the drilling fluid 26 in the borehole and the drilling fluid 26 in the drill string 12,
and the geometry (e.g. shape and size) of the orifice 212. Furthermore, wear
and damage to the cutters 210 should not affect the amplitude and direction of
the side force.

In some embodiments, the exterior of orifice 212 is surrounding by a

raised annulus or other geometric feature in order to form greater hydraulic



force generated by the single orifice would increase in anplitude as the

orifice passed through regions in which the drill bit 105 was closer to the
bor ehol e K@M 77Thi s increased force woul d urge the EFHGB2BIY003B3 pack
center. Furthernore, drill bits and bottom hol e assenblies having two,

three, four, five, or six orifices, and the like are within the scope of
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drill bhorehEPi1 SRBordingly, any hydraulic forces created by the drilling fluid will

cancel each other. However, if drill bit 105 moves off center as depicted in FIG.

3B, the amplitude of the force vector generated by drilling fluid 26 from orifice
212a will increase as the space between orifice 212a and borehole wall 220
decrease. Concurrently, any force vector generated by orifices 212b and 212¢
will decrease, resulting in a net force vector (represented by arrow 222) pushing
the bit away from the wall 220.

In some embodiments, fluid flow to the one or more orifices is limited by
one or more valve (e.g. choke valves). A single valve may be connected to each
orifice by tubing or other means. More preferably, each orifice is independently
regulated by a separate valve. Independent regulation ensures that the volume
of drilling fluid 26 flowing to a particular orifice 212 does not increase beyond a
desired threshold so as to deprive other orifices 212 or other ports (e.g. ports
located on the leading edge 216 of drill bit 105).

While the embodiment in FIGS. 3A and 3B depicts a drill bit 105 with three
orifices 212, the inventions described herein encompass the use of fluid with any
number of orifices 212 for the stabilization of a drill bit 105 or bottom hole
assembly. For example, a drill bit 105 with a single orifice would produce a
similar effect as a drill bit 105 with three orifices. As the drill bit 105 rotated, the



an interior cavity in fluid comunication wwth a drill string; and a

first ga ad | ocated on the exterior of the drill bit, the first gauge
pad havi n‘goégy}/‘y‘gg orifice in fluid communication with PREGERPER2cavity,
wherein the drill bit is configured such that a fluid continuously flows

fromthe first orifice. 2. The drill bit of claim]l1, wherein the fluid
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drill string 12. Stabilization pads act similarly to gauge pads to minimize
movement of the bottom hole assembly and drill string. In such an embodiment,
one or more orifices are added to one or more stabilization pads to allow drilling
fluid 26 to act as described herein.
Combination Anti-Whirl and Self-Stabilized Bits

The principles of anti-whirl and self-stabilized bits described herein can be

combined to produce a bit 105 that produces net imbalanced side force to reduce
whirl while still providing one or more orifices to correct a drift from center of the
borehole 11. In such an embodiment, one of a plurality of orifices 212 is larger in
cross-sectional area to produce an imbalance side force.

The foregoing specification and the drawings forming part hereof are
illustrative in nature and demonstrate certain preferred embodiments of the
invention. It should be recognized and understood, however, that the description
is not to be construed as limiting of the invention because many changes,
modifications and variations may be made therein by those of skill in the art
without departing from the essential scope, spirit or intention of the invention.



8. The drill bit of claim7, wherein the first valve regulates the flow of
fluid fromthe first and second orifices. WD 2010/049677PCT/ GB2009/ 002552
9. The drVPI2OWYHOYF claim 7, further conprising: a secoR§T{HIL/G0E:S2
regulating the flow of fluid fromthe second orifice. 10. A wellsite system
conprising: a drill string; a kellé coupled to the drill string; and a
drill bit conprising: an interior bonl in fluid communi cation with a

drill shfd Qfninasies
1. A drill bit comprising:

an interior cavity in fluid communication with a drill string; and

a first gauge pad located on the exterior of the drill bit, the first gauge pad
having a first orifice in fluid communication with the interior cavity, wherein the
drill bit is configured such that a fluid continuously flows from the first orifice.

2. The drill bit of claim 1, wherein the fluid flow is sufficient to urge the drill bit
away from a wall of a borehole.

3. The drill bit of claim 1, wherein the drill bit further comprises one or more
cutters.
4. The drill bit of claim 3, wherein the first gauge pad is located substantially

opposite from a majority of the cutters.

5. The drill bit of claim 3, wherein the first gauge pad is located about 90°
behind a majority of the cutters, with respect to a direction of rotation of the drill
bit.

6. The drill bit of claim 1, further comprising:

a first valve for reguiating the flow of fluid from the first orifice.
7. The drill bit of claim 1, further comprising:
a second gauge pad located on the exterior of the drill bit, the second

gauge pad having a second orifice in fluid communication with the interior cavity.

8. The drill bit of claim 7, wherein the first valve regulates the flow of fluid

from the first and second orifices.
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a first gauge pad | ocated on the exterior of the drill bit, the first gauge

pad havi n‘g a first orifice in fluid comrunication with the interior cavity,
wherei n tW8 28144673 t is configured such that a fluid c8RTIGRIBWLPE| ons
fromthe first orifice. 11. A nethod of drilling a curved borehole in a

subsurface formation conprisi nrg: mounting a drill bit on a drill string,
the dri9.1 biTthec@nithbit of glgima/, duither ¢ANOPEYIRGT i si ng: an interior cavity in
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first orifice in fluid communication with the interior cavity, wherein the
drill bit is configured such that a fluid continuously flows fromthe first
orificet0.  AwelgasysienuFPRPESROurrently rotating the drill string and

punpi ng theatglrirpggmgt’he drill string to the drill bit.

a kelly coupled to the drill string; and
a drill bit comprising:
an interior cavity in fluid communication with a drill string; and
a first gauge pad located on the exterior of the drill bit, the first
gauge pad having a first orifice in fluid communication with the interior
cavity, wherein the drill bit is configured such that a fluid continuously
flows from the first orifice.

11. A method of drilling a curved borehole in a subsurface formation
comprising:
mounting a drill bit on a drill string, the drill bit comprising:
a drill bit comprising:
an interior cavity in fluid communication with a drill string; and
a first gauge pad located on the exterior of the drill bit, the first
gauge pad having a first orifice in fluid communication with the interior
cavity, wherein the drill bit is configured such that a fluid continuously
flows from the first orifice;
substantially concurrently rotating the drill string and pumping the through
the drill string to the drill bit.

-11 -



