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DRILLING APPARATUS INCLUDING A FLUID BYPASS DEVICE AND METHODS
OF USING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Application No. 13/229099, filed on

September 9, 2011, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE DISCLOSURE
1. Field of the Disclosure

[0001] The present disclosure relates to apparatus and methods for diverting fluid in
downbhole tool applications.
2. Background

[0002] Wellbores are drilled in earth’s formations using a drill string to produce
hydrocarbons (oil and gas) from underground reservoirs. The wells are generally completed
by placing a casing (also referred to herein as a “liner” or “drilling tubular”) in the wellbore.
The spacing between the liner and the wellbore inside (referred to as the “annulus”) is then
filled with cement. The liner is perforated to allow the hydrocarbons to flow from the
reservoirs to the surface via production equipment installed inside the liner. Some wells are
drilled with drill strings that also include a liner. Such drill strings include an outer string that
is made with the liner. The inner string is typically a drill string that includes a drill bit, a
bottomhole assembly and a steering device. The inner string is placed inside the outer string
and securely attached therein at a suitable location. The pilot bit, bottomhole assembly and
steering device extend past the liner to drill a deviated well. To drill a wellbore with such a
drill string, a drilling fluid (also referred to as “mud”) is supplied to the inner string. The
drilling fluid discharges at the bottom of the pilot bit and returns via the annulus to the
surface. During drilling, both the pilot bit and the reamer disintegrate the rock formation into
small pieces referred to as the cuttings, which flow with the circulating fluid to the surface
via the annulus between the liner and the wellbore wall. In certain case and particularly in
highly deviated wells, the cuttings tend to settle at the low side of the wellbore and the flow
rate of the circulating fluid is not adequate to cause the cuttings to efficiently flow to the
surface. In other cases, it is desired to reduce pressure at the bottom of the wellbore, referred
to as equivalent circulation density (“ECD”).

[0003] The disclosure herein provides apparatus and methods for drilling wellbore

while hole cleaning and for controlling the ECD.
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SUMMARY OF THE DISCLOSURE

[0004] In one aspect, the disclosure provides a method of drilling a wellbore, which
method, in one embodiment, includes the features of drilling the wellbore with a drill string
that includes a bypass device having a fluid passage therethrough by supplying a fluid
through the bypass device, wherein the drilling fluid circulates to the surface via an annulus
between the drill string and the wellbore; defining a time period (locking time); initiating a
selected drilling a parameter; detecting downhole the selected drilling parameter and one of
the second flow rate and a differential pressure; and activating the bypass device when the
selected drilling parameter and one of the second flow rate and the differential pressure are
present during the defined time period to divert a portion of the drilling fluid from the bypass
device to the annuls. In one aspect, the selected drilling parameter is rotation of a member
associated with the bypass device.

[0005] In another aspect, an apparatus for use in a wellbore is provided that in one
embodiment may include a bypass device having a passage. In one aspect, the bypass device
is configured to pass a fluid supplied thereto through the passage when it is in a closed
position and divert a portion of the fluid to an annulus between the bypass device and the
wellbore when it is in an open position, The apparatus further includes a first sensor
configured to determine one of a flow rate and a pressure differential between the fluid in the
bypass device and the annulus, a second senor configured to determine a selected parameter,
and a controller configured to open the bypass device to divert at least a portion of the fluid
from the bypass device to the annulus when the selected parameter and one of the flow rate
and differential pressure occur within a selected time period.

[0006] Examples of certain features of the apparatus and method disclosed herein are
summarized rather broadly in order that the detailed description thereof that follows may be
better understood. There are, of course, additional features of the apparatus and method

disclosed hereinafter that will form the subject of the claims.

DESCRIPTION OF THE DRAWINGS

[0007] For detailed understanding of the present disclosure, references should be
made to the following detailed description, taken in conjunction with the accompanying
drawings, in which like elements have been given like numerals and wherein:

FIG. 1 is a plan view of a bypass valve in a closed position made according to one

embodiment of the disclosure;
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FIG. 2 is a plan view of the bypass valve shown in FIG. 1 in an open position,
according to one embodiment of the disclosure;

FIG. 2A is a plan view of a bypass valve shown in FIG. 1 that utilizes an alternative
mechanism for activating and deactivating the bypass valve;

FIG. 3 is graph showing a pressure differential signal and a rotational signal that in
combination may be utilized to open the valve of FIG. 1, according to one method of the
disclosure;

FIG. 4 is graph showing pressure differential signals within a selected time zone that
may be utilized to open the valve of FIG. 1, according to another method of the disclosure;
and

FIG. 5 is an exemplary drill string that may incorporate the bypass device for
diverting a portion of the drilling fluid from inside the drill string to an annulus between the

drill string and the wellbore.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0008] FIG. 1 is a line drawing of a fluid bypass device 100 (also referred herein as
the “flow diverter”) in a closed position, made according to one embodiment of the
disclosure. In aspects, the bypass device 100 has a passage 101 that allows a fluid 104, such
as drilling fluid supplied for the surface, to pass therethrough. The bypass device 100
includes a body 102 that houses a bypass valve 110 that in an open position (also referred to
herein as the “activated” position) allows a portion of the fluid 104 to flow from the inside of
the bypass device 100 to a location outside the bypass device, such as annulus between the
bypass device an a wellbore. The bypass device 100 further includes a hydraulic unit 130
configured to open and close the bypass valve 110 and a control circuit (also referred to
herein as the “controller”) 150 configured to control the operation of the hydraulic unit 130 in
response to one or more parameters of interest. In aspects, the bypass valve 110 includes
bypass nozzles 112 that, in an open position, allow a portion of the fluid 104 to flow from
inside of the bypass valve 110 to the outside of the bypass valve 110. The bypass valve 110
further includes a bypass sleeve (or sleeve) 114 that is urged against a bypass valve seat (or
seat) 116 by a biasing member 118, such as a spring. The hydraulic unit 130 includes a fluid
reservoir or source 132 that contains a fluid 133, which fluid may be a substantially non-
compressible fluid, such as oil. The fluid 133 in the reservoir 132 is in fluid communication
with the sleeve 114 via a fluid line 134. A flow control device 140, such as a two-way valve,

in the fluid line 134 controls the flow of the fluid 133 between the bypass valve 110 and the
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reservoir 132. The control circuit 150, in aspects, may include main electronics 160 and a
power source, such as battery. A pair of pressure sensors P1 and P2 associated with the
bypass device 100 respectively provide signals relating to pressure of the fluid 104 inside and
the medium outside the bypass device 110, which information may be used to determine the
flow rate of the fluid through the bypass valve 114 and/or pressure differential between the
inside and outside of the bypass device 110 and/or to determine presence variations in the
pressure or flow of fluid 104 flowing through the bypass device 100. In aspects, the pressure
variations may be induced in the fluid 104 at the surface by a suitable device, including, but
not limited to, a mud pump, fluid bypass valve in a line supplying fluid 104 to the bypass
device 100 and another device that induces pressure pulses in the fluid (referred to herein as a
“pulsers”). Such pulsers may include a rotating pulser, an oscillating pulser, a poppet-type
pulser, etc. A differential pressure sensor or another device may also be utilized to determine
the pressure differential between the inside and outside of the bypass device 110. The
accelerometers Al and A2 are provided to determine rotation of the bypass device 100 or
another member associated therewith, such as a drilling assembly coupled to the bypass
device 110 or a drilling. Any other device may also be utilized to determine the rotation, such
as hall-effect sensors, magnetically codes sensors, etc. The control circuit 160 may include a
circuit 162 for receiving signals from the sensors, such as sensors P1, P2, Al and A2,
condition such signals (such as by pre-amplifying analog signals generated by the sensors)
and digitize the conditioned signals. The control circuit 160 may further include a processor
164, such as microprocessor, a storage device 166, such as a solid-state memory and
programs and instructions 168, accessible to the processor 164 for processing the digitized
signals and controlling the operation of the valve 114 to control the operation of the bypass
valve 110. The opening and closing of the bypass valve 110 is described in reference to
FIGS. 2-4.

[0009] FIG. 2 is a line drawing of the bypass valve shown in FIG. 1 in an open
position, according to one embodiment of the disclosure. To divert or bypass a portion 204 of
the fluid 104 flowing through the bypass device 100, the control circuit 160 in response to
one or more parameters of interest causes the valve 140 to open, which causes the fluid 133
to flow under pressure from the reservoir 132 to the fluid chamber 122. The fluid entering the
chamber 122 causes a piston 120 to compress the biasing member 118, which moves the
sleeve 114 away from the seat 116, which opens or activates the bypass valve 110 and allows
the portion 204 of the fluid 104 to pass to the outside of the bypass device 100. The internal

dimensions of the passage 101 inside the bypass valve 110 may be configured so that the
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bypass fluid 204 amount depends upon the flow rate of the fluid 104 supplied from the
surface. Closing or deactivating the valve 140 releases pressure on the piston 120 applied by
the fluid 133 from the chamber 122, which allows the biasing member 118 to move the piston
120 and thus the sleeve 114 toward the seat 116 that closes the bypass valve 110. In another
aspect, the hydraulic unit 130 may include a pump operated by a motor configured to pump
the fluid 133 into the chamber 122 to controllably divert the drilling fluid 104 from the
bypass device 110. In aspects, the valve 140 may be any two-way fluid control device, such
as a solenoid valve 240 shown in FIG. 2.

[0010] FIG. 2A is a plan view of a bypass device 100a, similar to the bypass device
100 shown in FIG.1, that utilizes an alternative mechanism for activating and deactivating the
bypass valve 110a. The bypass device 100a includes an oil reservoir 132a that is pressure
compensated by the annulus pressure. The oil reservoir, therefore, is at a lower pressure than
the pressure inside the bypass device 100a created by the fluid 104 flowing through the
bypass device 100a. In this configuration, the piston 120 is biased by the pressure of the fluid
104 flowing through the bypass valve 110a, which is higher than the annulus pressure acting
on the reservoir 132a. To close or deactivate the bypass valve 110a, oil 133 from the reservoir
132 is pumped under pressure into the chamber 118a containing the biasing member 118 via
line 134a, while the two-way valve 140 is open (activated). This causes the piston 104 to
move to the far right position (as shown in FIG. 2A), which moves the bypass valve sleeve
114 against the bypass valve seat 116, thereby closing the bypass valve 110a. The two-way
valve 140 is then closed (deactivated), which prevents the fluid in the chamber 118a from
moving into the reservoir 132a, which maintains the sleeve 116 urged against the bypass
valve seat. When the two-way valve 140 is opened, the high pressure inside the bypass valve
101a acting on the piston 120 moves the piston 120 and thus the bypass sleeve 114 to the left
(away from the bypass seat 116), thereby opening the bypass valve 110a.

[0010] Still referring to FIGS. 1, 2 and 2A, in aspects, the bypass valve 110 or 110a
may be opened and closed repeatedly during use of the bypass device 100 downhole. The
bypass valve 110 or 110a may be opened and closed using one or more parameters or
characteristics. In a particular configuration, the parameters may be fluid flow rate or
differential pressure between the inside and outside of the bypass device 100 or 110a and
rotation of the bypass device or another member or device associated therewith. FIG. 3 is a
graph 300 that shows the flow rate or differential pressure 310 along the left vertical axis 302,
rotational speed (RPM) 320 of a suitable member along the right vertical axis 304 and time
along the horizontal axis 306. Referring to FIGS. 2 and 3, to open the bypass device 100 or
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110a, the flow rate of the fluid 104 is increased from a base level 312 to an upper level 314.
As the flow rate 310 is increased, the differential pressure increases, as shown by the rising
section 316 of the flow rate or differential pressure curve 310. At the upper level flow rate
314, the curve 310 becomes constant as shown by section 318. In one configuration, the
processor 164 may be configured to start a clock or timer 369 when the flow rate/differential
pressure 310 reaches a selected level or value 332 at time 335. A short time after starting
increasing the flow rate 310, such as shown at time 340 along the axis 306, the bypass device
100 or another member associated therewith is rotated by rotating the drill string to which the
bypass device 100 or 100a is coupled to a selected value 342. In one aspect, if both the
rotational speed 342 and one of the flow rate and differential pressure 310 occur during a
defined time period (also referred to herein as the “locking time”) 350, the control circuit 160
activates the valve 140, thereby opening the bypass valve 110 or 110a to discharge the fluid
204 from the bypass device 100 or 100a to the outside. In one aspect, the bypass valve 110 or
110a remain open as long as the flow rate remains above a certain low selected level, which
level may or may not be the same as the activation flow rate 332. In aspects, the processor
164 may be configured to close the bypass valve 110 when the flow rate is decreased to a
predetermined level. In the method described in reference to FIG. 3, the rotation of the string
may be stopped, if desired, without, affecting the operation of the bypass device 100. The
bypass valve 110, in such a case, may remain upon. In this scenario, the closing of the bypass
valve 110 is unaffected by a change in the rotational speed once the bypass valve 110 has
been opened. In such a case, the closing of the bypass valve 110 will depend upon the flow
rate 310. Also, when the bypass valve 110 or 110a is in the closed position and the flow rate
reaches the upper level 332 in the locking time 318 and the string rotational speed 320 does
not reach the selected value 342, the bypass valve 110 remains closed.

[0011] FIG. 4 is graph 400 showing flow rate (or alternatively pressure differential)
versus time. Referring to FIGS. 2 and 4, the flow rate or alternatively the pressure differential
410 between the inside and outside of the bypass device 100 or 100a is plotted along the
vertical axis 402 and the time 435 is plotted along the horizontal axis 404. To open the bypass
valve 110 or 110a, at time 414 the flow rate 410 is increased so that it passes an activation
level 440 at time 335 and reaches an upper value 424. The processor 164 starts the time clock
369 at time 335 when the flow rate or differential pressure 410 reaches the activation level or
threshold 440 and starts to count the locking time or time period 450. In other aspects, the
locking time 450 may be started prior to or after the flow rate reaches the activation threshold

440. At a certain time after the locking time 450 has started, the flow rate or differential
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pressure 410 is reduced so that the flow rate or differential pressure 410 falls below a lower
level (also referred to as the lower threshold) 442. In one aspect, if the control circuit 160
determines the flow rate or differential pressure 410 has crossed the activation threshold 440
and the lower threshold 442 within the locking time 450, it activates the bypass valve 110. In
another aspect, the flow rate or the differential pressure 410 may be increased at time 437
after it has crossed the lower threshold at time 437 to cause it cross the activation threshold
440 at time 438 within the locking time 450. In such a case, the control circuit 160 may be
configured to open the bypass valve 110 or 110a when the flow rate or differential pressure
crosses the activation threshold, lower threshold and again the activation threshold within the
locking time 450. Thus in the first case, the flow pattern used by the control circuit 160 to
open the valve includes the crossing of the activation threshold and the lower threshold
within the locking time. In the second case, the flow pattern includes crossing the activation
threshold, lower threshold and then activation threshold within the locking time. Other flow
patterns may also be used within a locking time to open the bypass valve 110 or 110a. If the
bypass valve is closed and the control circuit detects the flow rate has crossed the activation
threshold but the defined flow pattern does not occur in the locking time, the control circuit
160 will not open the bypass valve 110 or 110a.

[0012] A bypass device made according to an embodiment of the disclosure may be
utilized in any drill string to bypass a fluid flowing through the drill string to the annulus of
the wellbore during drilling of a wellbore. FIG. 5 shows an exemplary drill string 500 in
which the bypass device, such as device 100 shown in FIG. 1, is placed above or uphole of an
exemplary drilling assembly 520. The drill string 500 is shown deployed in a wellbore 502
being formed in a formation 504. The exemplary drilling string 500 includes an inner string
510 and an outer string 560. The inner string 510 includes a pilot drill bit 505 attached to the
bottom end of a bottomhole assembly 520 that includes a variety of sensor 512 for providing
information about the drilling operations and properties of the formation 504. The inner string
510 runs through the inside of the outer string 560. The inner string 510 is attached to the
outer string 560 at a location 562 using a suitable attachment inside the outer string 560 so
that the pilot bit 505 and the sensors 512 extend out from the outer string 560. The
bottomhole assembly 512 also may include a steering device 528 configured to steer the pilot
bit 505 in a particular direction to drill a deviated wellbore. In one aspect, the steering device
528 may include a number of independently operable force application members or ribs that
apply varying forces on the wellbore wall to create a force vector along a selected direction to

steer the pilot bit 505 along a selected direction. Any other steering device may also be used
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for the purpose of this disclosure. Such steering devices and sensors 512 are known and are
thus not described in detail herein. The inner string 510 also includes a power generation and
telemetry unit 530 that provides power to the various components of the bottomhole
assembly 520 and two-way data communication between the bottomhole assembly 520 and
the surface equipment. The outer string 560 includes a reamer bit 570 at a bottom end thercof.
The reamer bit 570 is larger in size than the pilot bit 505 and is used to enlarge the borehole
drilled by the pilot bit 505. In one embodiment, the bypass device 100 may be attached at an
upper end 525 of the outer string 560. The outer string is connected to drill pipe or drilling
tubular 570. The drilling tubular 575 may be rotated at the surface to rotate the drill bit 505
and the reamer bit 570 to form the wellbore 502. The reamer bit 570 is larger that the outer
dimension of the tubular 564, which forms an annulus 566 between the outer string 560 and
the borehole 502. During drilling of the wellbore 502, the drilling fluid 104 is supplied under
pressure from the surface, which fluid discharges at the bottom of the pilot bit 505 and
returns to the surface via the annulus 502. When desired, the bypass device 100 or 100a is
activated to bypass or divert a portion 204 of the fluid 104 from the inside of the inner string
510 to the annulus 502 in the manner described in reference to FIGS. 1-4.

[0013] In aspects, the use of a bypass device made according to an embodiment of the
disclosure causes fluid to flow through the annulus uphole of the pilot bit 505 and the reamer
bit 570. The bypassed fluid 204 aids the flow of the rock cuttings made by the pilot bit 505
and the reamer bit 570 through the annulus 502 and thus improves hole-cleaning during
drilling of the wellbore 504. As noted above, the bypass device 100 or 100a may be
repeatedly activated and deactivated, as desired, during drilling of the wellbore. In other
aspects, the drill string embodiments made according the disclosure may include a passage
through the bypass device 100 or 100a of sufficient dimensions so that an activation device,
such as a drop ball, may be dropped from the surface to set or activate a device, such as a
setting tool, below (or downhole of) the bypass device 100 or 100a Thus, in the configuration
of FIG. 5, the wellbore may be drilled with a steerable liner, the hole-cleaning performed by a
bypass device and a device downhole of the bypass device may be activated by an activation
device, such as drop ball. In other aspects, controllably bypassing the drilling fluid into the
annulus allows controlling equivalent circulation density (“ECD”) at the bottom of the
wellbore. The improved fluid flow through the annulus also can reduce the temperature of the
bottomhole assembly 130 (FIG. 2). Additionally, since the bypass device 100 or 100a can be
activated and deactivated at any time (repeatedly), the bypass flow may be closed when

performing functions, such as anchoring a drilling liner in the wellbore, cementing the

8



WO 2013/036433 PCT/US2012/053158

annulus while the fluid bypass may be resumed for hole-cleaning or ECD control during
drilling of the wellbore. The methods and embodiments described herein can achieve high
differential pressure across the bypass device 100 or 100a, such as 200 bars. In aspects, the
devices described herein may be operated with a high total fluid flow rate, such as a total
fluid flow rate of 2500 liters per minute (LPM) and an inner string fluid flow rate of
1200LPM. Such a configuration may allow a bypass fluid flow rate of 1300LPM. Further, the
embodiments and methods described herein utilize operating parameters as signals for
activating and deactivation the bypass flow, such as fluid flow rate, differential pressure, and
string rotational speed. In other aspects, activation of the bypass device may be defined by
any combination of signals, such as fluid flow rate plus string RPM, a flow rate pattern in a
locking time, etc. As noted above, the apparatus and methods disclosed herein provide
activation-on-demand of the bypass device by utilizing measurements made by downhole
sensors in response to surface-sent signals.

[0014] While the foregoing disclosure is directed to the preferred embodiments of the
disclosure, various modifications will be apparent to those skilled in the art. It is intended
that all variations within the scope and spirit of the appended claims be embraced by the

foregoing disclosure.
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CLAIMS

1. A method of drilling a wellbore, comprising;:

drilling the wellbore with a drill string that includes a bypass device having a fluid
passage therethrough by supplying a fluid through the bypass device at a first flow rate,
wherein the drilling fluid circulates to the surface via an annulus between the drill string and
the wellbore;

altering the flow rate of the fluid to second flow rate;

defining a time period;

transmitting an activation signal;

detecting downhole the activation signal and one of the second flow rate and a
differential pressure; and

activating the bypass device to divert a portion of the fluid to the annulus when the
activation signal and one of the flow rate and the differential pressure are present during the
defined time period.

2. The method of claim 1, wherein the activation signal corresponds to rotation
of a member associated with the drill sting.

3. The method of claim 1 further comprising initiating the defined time period
when the flow rate of the fluid reaches a selected level.

4. The method of claim 3, wherein defining the time period comprises starting a
clock associated with the bypass device and counting the defined time period from the
starting of the clock.

5. The method of claim 1 further comprising reducing the flow rate of the fluid to
deactivate the bypass device while continuing to flow the fluid to drill the wellbore.

6. The method of claim 1 further comprising providing a first sensor for
determining one of the flow rate and pressure differential and a second sensor for determining
the rotation of the member associated with the drill string.

7. The method of claim 6 further comprising using a processor to determine
when: one of the flow rate and the differential pressure is at a selected level; activate a clock
to start the defined time period; determine the rotation of the member associated with the drill
string; and activate the bypass device when both the rotation of the member associated with
the drill string and one of the flow rate and the differential pressure are present within the
defined time period.

8. The method of claim 1 further comprising conveying an activation device

through the bypass device to activate a device downhole of the bypass device.
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9. The method of claim 2 further comprising altering rotation of the member
associated without deactivating the bypass device.

10. The method of claim 1 further comprising;:

deactivating the bypass device;

defining another time period;

repeating transmitting the activation signal; detecting downhole the activation signal
and one of the second flow rate and a differential pressure; and activating the bypass device
to divert a portion of the fluid to the annulus when the activation signal and one of the flow
rate and the differential pressure are present during the defined another time period, thereby
activating, deactivating an reactivating the bypass device without retrieving the drill string
from the wellbore.

11. A method of drilling a wellbore, comprising;:

drilling the wellbore with a drill string that includes a bypass device having a fluid
passage therethrough by supplying a fluid through the bypass device, wherein the fluid
circulates to the surface via an annulus between the drill string and the wellbore;

defining a time period;

altering the flow rate of fluid according to selected flow pattern;

determining downhole the selected flow pattern; and

activating the bypass device to divert the fluid from the drill string to the annulus,
when the determined flow pattern occurs within the defined time period.

12.  The method of claim 11, wherein the flow pattern includes a flow rate that
crosses a first level, a flow rate that crosses a second level and a flow rate that crosses the
first level within the defined time period.

13.  The method of claim 12 further comprising deactivating the bypass device by
reducing the flow rate below the first and second flow rates.

14.  An apparatus for use in a wellbore downhole, comprising:

a bypass device having a passage, wherein the bypass device is configured to pass a
fluid supplied thereto through the passage when it is in a closed position and divert a portion
of the fluid to an annulus between the bypass device and the wellbore when it is in an open
position;

a first sensor configured to determine one of a flow rate and a pressure differential
between the fluid in the bypass device and the annulus;

a second senor configured to determine a selected parameter; and

a controller configured to open the bypass device to divert the portion of the fluid

11
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from the bypass device to the annulus when the selected parameter and one of the flow rate
and differential pressure occur within a selected time period.

15.  The apparatus of claim 14, wherein the first sensor includes a pressure sensor
and the second sensor includes an accelerometer.

16.  The apparatus of claim 14, wherein the bypass device further comprises a
bypass valve, a hydraulic power unit to open and close the bypass valve and wherein the
controller is further configured to control the hydraulic power unit to open and close the
bypass valve.

17.  The apparatus of claim 15, wherein the controller includes a processor
configured to: set the time period in response to one of the flow rate and the differential
pressure; open the bypass device when the selected parameter and one of the flow rate and
the differential pressure occur within the selected time period.

18.  The apparatus of claim 14, wherein the selected parameter is rotation of a
member associated with the bypass device and wherein the controller is further configured to
determine when the rotation occurs within the selected time period.

19.  The apparatus of claim 14, wherein the controller is further configured to keep
the bypass device open when the selected parameter no longer meets a selected criterion and
close the bypass device when one of the flow rate and the pressure differential is below a
selected level.

20.  The apparatus of claim 14 further comprising a drilling assembly downhole of
the bypass device.

21.  The apparatus of claim 20, wherein the drilling assembly includes an inner
string that includes a pilot bit for drilling a pilot hole and an outer string that includes a bit
configured to enlarge the pilot hole.

22.  The method of claim 8, wherein the activation device is selected from a group
consisting of a: drop ball; dart; and radio frequency identification device.

23.  The method of claim 1, wherein activating the bypass device comprises
activating a device selected from a group consisting of a: a hydraulic unit utilizing an oil in a
closed loop manner; an electro-mechanical device independent of a fluid flow; and a

hydraulic device using the fluid flowing through the bypass device.

12



PCT/US2012/053158

1/6

WO 2013/036433

L Bi4
iy 4!
m:mm; Ocl w: m: ,/wﬂ.w J/ w& el eer el
= ﬁ}&wﬁé TR LT, \;\\
i {/ﬂ R C\\\\\\
77 I == _s\\\\\ \
\\\ b\\mmi\\x\»\\q \:\x\\? Q\\\\\;;\S\\\\\\\\\\\\\3 0l

1 \\

ﬁfimmm



PCT/US2012/053158

2/5

WO 2013/036433

\mﬁ
77 AR S ;\\i\\\\s 7777777
i \\\\\\\\\\ ‘ 2 A L g : i muw\\w\ \\\\\\ i
Affpnooes
— \\\ m
111111117 p01
R TR \\\\\




PCT/US2012/053158

WO 2013/036433

¥e "9id

e m: BhE) 08 epgy
m £
\\\\\\\\\\\\\\\\\\\\\\\\~m~\~1~~mx\\vuml\\\\\\\\\\\\\ .ﬂ~m\$\ / Ny \

.o & ) : \ \
/A \\»\. \\\\\\\\\\\\\\ \\\\Id\\\\\\\\\\\\\\\\~\\\\\ \\\\\.\&\\\\.\\\\\\\\\\\ \\

N
B0 S 0% wéh

T

3/6




WO 2013/036433 PCT/US2012/053158

4/5
306
350
I\ \\“Lasking Time" 1304

302~ “ = | Diff. Pressure

o | |

3 i

ee :

= !

2 !

£ i

i— | RPM
312 | |
& ; i B
3377 " Time 306
340 Activation Flow Rate
Reached
Fig. 3
400
450
0 A I\“Lasking Time"
™ ) "~ Flow Rate
2 }- Activation Threshold
o o | Lower Threshold
£ 442
Foloon
414~ -
! S
Activation Flow Rate 404

FiG. 4



WO 2013/036433 PCT/US2012/053158

520

502 566 564 562 570
510
FIG. 5

&30

504



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/053158

A. CLASSIFICATION OF SUBJECT MATTER

E21B 21/10020006.01)i, E21B 21/08(2006.01)i, E21B 34/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 21/10; E21B 44/04; E21B 4/00; E21B 47/00;, E21B 47/18; E21B 34/10

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: drilling fluid, bypass valve, flow rate, difterential pressure, pattern, locking time and similar
terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2008-0164062 A1 (BRACKIN, VAN J. et al.) 10 July 2008 1-23
See abstract; paragraphs [0037],[0039],[0078]; and figure 1.

A US 7518950 B2 (TREVIRANUS, JOACHIM et al.) 14 April 2009 1-23
See abstract; column 3, lines 63-67, column 5, line 1 - column 6, line 42;
and figures 1,3,4.

A US 2002-0148645 A1 (FALGOUT, SR., THOMAS E.) 17 October 2002 1-23
See abstract; claim 1; and figure 1.

A US 4396071 A (STEPHENS, KELLY D.) 2 August 1983 1-23
See abstract; column 7, line 49 — column 8, line 9, and figure 1.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
12 FEBRUARY 2013 (12.02.2013) 15 FEBRUARY 2013 (15.02.2013)
Name and mailing address of the ISA/KR Authorized officer ‘
' Korean Intellectual Property Office :
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan LEE, Jong Kyung
. City, 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-3360

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/053158

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008-0164062 A1 10.07.2008 CA 2673849 A1 17.07.2008
CA 2673849 C 03.01.2012
CN 101600851 A 09.12.2009
EP 2118441 A2 18.11.2009
US 7921937 B2 12.04.2011
WO 2008-085946 A2 17.07.2008
WO 2008-085946 A3 02.10.2008

US 7518950 B2 14.04.2009 CA 2601786 A1 05.10.2006
CA 2601786 C 21.06.2011
CA 2692929 A1 12.02.2009
GB 0718524 DO 31.10.2007
GB 0807977 DO 11.06.2008
GB 2439669 A 02.01.2008
GB 2439669 B 28.10.2009
GB 2447798 A 24.09.2008
GB 2447798 B 23.09.2009
NO 20075093 A 19.12.2007
US 2006-0225920 A1 12.10.2006
US 2008-0007423 A1 10.01.2008
US 7983113 B2 19.07.2011
WO 2006-105033 A1 05.10.2006
WO 2009-019550 A2 12.02.2009
WO 2009-019550 A3 20.05.2010

US 2002-0148645 A1 17.10.2002 US 6568485 B2 27.05.2003

US 04396071 A 02.08. 1983 EP 0069530 A3 31.07.1985
JP 58-017992 A 02.02.1983

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

