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(57) Abrégée/Abstract:
In one embodiment, a method for drilling a wellbore includes injecting drilling fluid into a top of a tubular string disposed In the
wellbore at a first flow rate. The tubular string includes: a drill bit tubular joints connected together, a longitudinal bore therethrough,
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(57) Abrege(suite)/Abstract(continued):

and a port through a wall thereof. The drilling fluid exits the drill bit and carries cuttings from the drill bit. The cuttings and drilling fluid
(returns) flow to the surface via an annulus defined between the tubular string and the wellbore. The method further includes
rotating the drill bit while injecting the drilling fluid; remotely removing a plug from the port, thereby opening the port; and injecting
drilling fluid into the port at a second flow rate while adding a tubular joint or stand of joints to the tubular string. The injection of
drilling fluid i1s continuously maintained between drilling and adding the joint or stand to the drill string. The method further includes
remotely installing a plug into the port. A clamp specially adapted to carry out this method is also disclosed.
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FIG. 5A

(57) Abstract: In one embodiment, a method for drilling a wellbore includes injecting drilling fluid into a top of a tubular string
isposed in the wellbore at a first flow rate. The tubular string includes: a drill bit tubular joints connected together, a longitudinal
ore therethrough, and a port through a wall thereof. The drilling fluid exits the drill bit and carries cuttings from the drill bit. The
cuttings and drilling fluid (returns) flow to the surface via an annulus defined between the tubular string and the wellbore. The method

N fyrther includes rotating the drill bit while injecting the drilling fluid; remotely removing a plug from the port, thereby opening the

port; and injecting drilling fluid into the port at a second flow rate while adding a tubular joint or stand of joints to the tubular string.
The injection of drilling fluid is continuously maintained between drilling and adding the joint or stand to the drill string. The method
further includes remotely installing a plug into the port. A clamp specially adapted to carry out this method is also disclosed.
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CONTINUOUS FLOW DRILLING SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Prov. Pat. App. No. 60/952,539
(Atty. Dock. No. WEAT/0836L), filed on July 27, 2007, and U.S. Prov. Pat. App. No.
00/973,434 (Atty. Dock. No. WEAT/0843L), filed on September 18, 2007, which are

herein incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present Iinvention relates to continuous flow drilling systems and

methods.

Description of the Related Art

[0003] In many drilling operations in drilling in the earth to recover hydrocarbons, a
drill string made by assembling pieces or joints of drill tubulars or pipe with threaded
connections and having a drill bit at the bottom Is rotated to move the drill bit.
Typically drilling fluid, such as oll or water based mud, Is circulated to and through the
drill bit to lubricate and cool the bit and to facilitate the removal of cuttings from the
wellbore that is being formed. The drilling fluid and cuttings returns to the surface via
an annulus formed between the drill string and the wellbore. At the surface, the

cuttings are removed from the drilling fluid and the drilling fluid is recycled.

[0004] As the drill bit penetrates into the earth and the wellbore Is lengthened,
more joints of drill pipe are added to the drill string. This involves stopping the drilling
while the tubulars are added. The process is reversed when the drill string is removed
or tripped, e.g. to replace the drilling bit or to perform other wellbore operations.
Interruption of drilling may mean that the circulation of the mud stops and has to be
re-started when drilling resumes. This can be time consuming, can cause deleterious
effects on the walls of the wellbore being drilled, and can lead to formation damage
and problems in maintaining an open wellbore. Also, a particular mud weight may be

chosen to provide a static head relating to the ambient pressure at the top of a darill
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string when it is open while tubulars are being added or removed. The weighting of

the mud can be very expensive.

[0005] To convey drilled cuttings away from a drill bit and up and out of a wellbore
being drilled, the cuttings are maintained in suspension in the drilling fluid. If the flow
of fluild with cuttings suspended In it ceases, the cuttings tend to fall within the fluid.
This is inhibited by using relatively viscous drilling fluid; but thicker fluids require more
power to pump. Further, restarting fluid circulation following a cessation of circulation

may result in the overpressuring of a formation in which the wellbore Is being formed.

[0006] Figure 1 Is a prior art diagrammatic view of a portion of a continuous flow
system. Figure 1A Is a sectional elevation of a portion of the union used to connect
two sections of drill pipe, showing a short nipple to which is secured a valve

assembly. Figure 1B Is a sectional view taken along the line 1B—1B of Figure 1A.

[0007] A derrick 1 supports long sections of drill pipe 8 to be lowered and raised
through a tackle having a lower block 2 supporting a swivel hook 3. The upper
section of the drill string 8 includes a tube or Kelly 4, square or hexagonal in cross
section. The Kelly 4 is adapted to be lowered through a square or hexagonal hole in a
rotary table 5 so, when the rotary table is rotated, the Kelly will be rotated. To the
upper end of the Kelly 4 is secured a connection 6 by a swivel joint 7. The drill pipe 8
IS connected to the Kelly 4 by an assembly which includes a short nipple 10 which is
secured to the upper end of the drill pipe 8, a valve assembly 9, and a short nipple 25
which is directly connected to the Kelly 4. A similar short nipple 25 is connected to the

lower end of each section of the drill pipe.

[0008] Each valve assembly 9 is provided with a valve 12, such as a flapper, and a
threaded opening 13. The flapper 12 is hinged to rotate around the pivot 14. The
flapper 12 is biased to cover the opening 13 but may pivot to the dotted line position
of Figure 1A to cover opening 15 which communicates with the drill pipe or Kelly
through short a nipple 25 into the screw threads 16. The flapper 12 Is provided with a
screw threaded extension 28 which is adapted to project into the threaded opening
13. A plug member 27 i1s adapted to be screwed on extension 28 as shown in Figure

1A, normally holding the valve 12 In the position covering the side opening In the

2
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valve assembly. Normally, before driling commences, lengths of drill pipe are
assembled In the vicinity of the drill hole to form “stands” of drill pipe. Each stand may
include two or more joints of pipe, depending upon the height of the derrick, length of
the Kelly, type of drilling, and the like. The sections of the stand are joined to one
another by a threaded connection, which may include nipples 25 and 10, screwed into
each other. At the top of each stand, a valve assembly 9 Is placed. It will be observed
that the valve body acts as a connecting medium or union between the Kelly and the

drill string.

[0009] Normally, oil well fluid circulation is maintained by pumping drilling fluid
from the sump 11 through pipe 17 through which the pump 18 takes suction. The
pump 18 discharges through a header 39 into valve controlled flexible conduit 19
which Iis normally connected to the member 6 at the top of the Kelly, as shown In
Figure 1. The mud passes down through the drill pipe assembly out through the
openings In the drill bit 20, into the wellbore 21 where it flows upwardly through the
annulus and is taken out of the well casing 22 through a pipe 23 and is discharged
into the sump 11. The Kelly 4, during drilling, is being operated by the rotary table 5.
When the drilling has progressed to such an extent that is necessary to add a new
stand of drill pipe, the tackle is operated to lift the drill string so that the last section of
the drill pipe and the union assembly composed of short nipple 25, valve assembly 9,
and short nipple 10 are above the rotary table. The drill string Is then supported by

engaging a spider (not shown).

[0010] The plug 27 is unscrewed from the valve body and a hose 29, which is
controlled by a suitable valve, is screwed into the screw threaded opening 13. While
this operation takes place, the circulation is being maintained through hose 19. When
connection iIs made, the valve controlling hose 29 is opened and momentarily mud is
being supplied through both hoses 19 and 29. The valve controlling hose 19 is then
closed and circulation takes place as before through hose 29. The Kelly is then
disconnected and a new stand is joined to the top of the valve body, connected by
screw threads 16. After the additional stand has been connected, the valve controlling
hose 19 is again opened and momentarily mud is being circulated through both hoses

19 and 29. Then the valve controlling hose 29 is closed, which permits the valve 12

3
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to again cover opening 13. The hose 29 is then disconnected and the plug 27 Is

replaced.

SUMMARY OF THE INVENTION

[0011] In one embodiment, a method for drilling a wellbore Includes Injecting
drilling fluid into a top of a tubular string disposed Iin the wellbore at a first flow rate.
The tubular string includes: a drill bit disposed on a bottom thereof, tubular joints
connected together, a longitudinal bore therethrough, and a port through a wall
thereof. The drilling fluid exits the drill bit and carries cuttings from the drill bit. The
cuttings and drilling fluid (returns) flow to the surface via an annulus defined between
the tubular string and the wellbore. The method further includes rotating the drill bit
while injecting the drilling fluid; remotely removing a plug from the port, thereby
opening the port; and injecting drilling fluid into the port at a second flow rate while
adding a tubular joint or stand of joints to the tubular string. The injection of drilling
fluid into the tubular string is continuously maintained between drilling and adding the
joint or stand to the drill string. The method further includes remotely installing a plug
into the port, thereby closing the port. The first and second flow rates may be

substantially equal or different.

[0012] In another embodiment, a continuous flow system for use with a drill string
Includes a tubular housing having a longitudinal bore therethrough and a port formed
through a wall thereof; a float valve disposed Iin the bore; a plug operable to be
disposed in the port, the plug having a latch for coupling the plug to the housing; and
a clamp operable to engage an outer surface of the housing and seal the port, the
clamp comprising a hydraulic actuator operable to remove the plug from the port and

install the plug into the port.

[0013] In another embodiment, a method for drilling a wellbore includes injecting

drilling fluid into a top of a tubular string disposed In the wellbore at a first flow rate.

The tubular string includes: a drill bit disposed on a bottom thereof, tubular joints

connected together, a longitudinal bore therethrough, and a port through a wall

thereof. The drilling fluid exits the drill bit and carries cuttings from the drill bit. The

cuttings and drilling fluid (returns) flow to the surface via an annulus defined between
4
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the tubular string and the wellbore. The method further includes engaging the tubular
string with a rotating control device (RCD). A variable choke valve is disposed in an
outlet line In fluid communication with the RCD. The method further includes rotating
the drill bit while injecting the drilling fluid; and controlling pressure of the returns
using the variable choke valve; and injecting drilling fluid into the port at a second flow
rate while adding a tubular joint or stand of joints to the tubular string. The injection of
drilling fluid into the tubular string is continuously maintained between drilling and
adding the joint or stand to the drill string. The first and second flow rates may be

substantially equal or different.

[0014] In another embodiment, a continuous flow sub for use with a drill string
Includes: a tubular housing having a longitudinal bore therethrough and a port formed
through a wall thereof; a float valve disposed in the bore; a plug and/or check valve
disposed in the port; and a centralizer or stabilizer coupled to the housing and

extending outward from an outer surface of the housing.

[0015] In another embodiment, a method for drilling a wellbore includes rotating a
drill bit connected to a bottom of a first tubular string. The first tubular string includes:
a drill bit disposed on a bottom thereof, tubular joints connected together, a
longitudinal bore therethrough, and a port through a wall thereof. The method further
Includes Injecting drilling fluid into the wellbore while rotating the drill bit. The drilling
fluid exits the drill bit and carries cuttings from the drill bit. The cuttings and drilling
fluid (returns) flow to the surface. The method further includes injecting drilling fluid
Into a first annulus formed between the first tubular string and a second tubular string
while adding a tubular joint or stand of joints to the tubular string. The drilling fluid is
diverted into the port and through the drill string by a seal disposed in the first
annulus. The returns are diverted into a second annulus or third tubular string by the

seal.

[0016] In another embodiment, a continuous flow sub for use with a drill string
Includes: a tubular housing having a longitudinal bore therethrough and a port formed
through a wall thereof; a float valve disposed in the bore; a check valve disposed In

the port; and an annular seal disposed around the housing.
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[0017] In another embodiment, a method for drilling a wellbore includes injecting
drilling fluid into a top of a tubular string disposed in the wellbore at a first flow rate.
The tubular string includes: a drill bit disposed on a bottom thereof, tubular joints
connected together, a longitudinal bore therethrough, a port through a wall thereof,
and a sleeve operable between an open position where the port iIs exposed to the
bore and a closed position where a wall of the sleeve Is disposed between the port
and the bore. The drilling fluid exits the drill bit and carries cuttings from the drill bit.
The cuttings and drilling fluid (returns) flow to the surface via an annulus defined
between the tubular string and the wellbore. The method further includes: rotating the
drill bit while injecting the drilling fluid; moving the sleeve to the open position; and
Injecting drilling fluid into the port at a second flow rate while adding a tubular joint or
stand of joints to the tubular string. The injection of drilling fluid into the tubular string
IS continuously maintained between drilling and adding the joint or stand to the drill

string. The first and second flow rates may be substantially equal or different.

[0018] In another embodiment, a continuous flow sub for use with a drill string
iIncludes: a tubular housing having a longitudinal bore therethrough and a port formed
through a wall thereof; a float valve disposed Iin the bore; and a sleeve operable
between an open position where the port Is exposed to the bore and a closed position

where a wall of the sleeve Is disposed between the port and the bore.

[0019] In another embodiment, a clamp for use with a continuous flow system
having a housing and a plug disposed in a port of the housing includes: a body
operable to engage an outer surface of the housing and seal the outer surface around
the port; a first piston disposed In the body and having a latch operable to engage the
plug, thereby coupling the first piston and the plug; a second piston disposed In the
body operable to retain the plug so that the first piston latch may disengage from the

plug; and an inlet for injecting fluid into the port.

[0020] In another embodiment, a float valve for use in a drill string includes a
tubular housing having a longitudinal bore therethrough; a seal disposed around the
housing; a valve member disposed In the housing and operable between a closed
position and an open position. The valve member seals a first portion of the bore

from a second portion of the bore in the closed position. The valve member allows
6
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fluid communication between the bores in the open position. The float valve further
Includes a spring biasing the valve member toward the closed position; and a valve
actuator operable to retain the valve In the open position. The valve actuator includes
a latch: operable between a retracted position and an expanded position; operable to
engage a profile formed in the housing in the expanded position; and restricting the
bore to a reduced internal diameter in the retracted position. The bore Is substantially

unobstructed In the expanded position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] So that the manner In which the above recited features of the present
iInvention can be understood In detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are lllustrated in the appended drawings. It is to be noted, however, that the
appended drawings Illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0022] Figure 1 Is a diagrammatic view of a prior art continuous flow system.
Figure 1A Is a sectional elevation of a portion of the union used to connect two
sections of drill pipe, showing a short nipple to which is secured a valve assembly.

Figure 1B Is a sectional view taken along the line 1B—1B of Figure 1A.

[0023] Figure 2 Is a cross-sectional view of a continuous flow sub (CFS),
according to one embodiment of the present invention. Figure 2A is an enlargement
of a plug of the CFS.

[0024] Figure 3 Is an isometric view of a clamp for use with the CFS, according to
another embodiment of the present invention. Figure 3A Is a cross-sectional view of

the clamp.

[0025] Figure 4A is an isometric view of a beam assembly for transporting and
supporting the clamp, according to another embodiment of the present invention.

Figure 4B Is a side elevation of a telescoping arm for supporting the clamp, according
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to another embodiment of the present invention. Figure 4C is a top plan view of the

telescoping arm. Figure 4D is an end view taken on line 4D—4D of Figure 4B.

[0026] Figures SA-5E are cross-sectional views of the clamp and CFS plug in

various operational positions.

[0027] Figure 6A Is a flow diagram of the CFS, clamp, and control system. Figure
oB Is a table illustrating valve positions for operational acts of adding/removing
joints/stands to/from the drill string while circulating through the drill string. Figure 6C

llustrates a controller display for operation of the CFS and clamp.

[0028] Figure 7 Is a cross-sectional view of a portion of a CFS, according to

another embodiment of the present invention.

[0029] Figures 8A-8E are cross-sectional views of wellbores being drilled with drill
strings employing downhole CFSs, according to other embodiments of the present

Invention.

[0030] Figure 9 Is a cross-sectional view of a CFS plug and clamp, according to

another embodiment of the present invention. Figure 9A is a top view of the plug.

[0031] Figure 10 Is a cross-sectional view of a CFS plug and clamp, according to
another embodiment of the present invention. Figure 10A is cross sectional view of

the plug.

[0032] Figure 11A Is a cross-sectional view of a check valve installed in a CFS
port, according to another embodiment of the present invention. Figure 11B Is a
cross-sectional view of a fluid coupling connected to the check valve. Figure 11C is a
perspective view of an alternative check valve. Figure 11D Is cross-sectional view of
an alternative check valve having one or more failsafe mechanisms. Figure 11E is a

perspective view of a wrench for removing or installing the internal cap and plug.

[0033] Figure 12 Is a cross-sectional view of a portion of a CFS, according to

another embodiment of the present invention.
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DETAILED DESCRIPTION

[0034] Figure 2 I1s a cross-sectional view of a continuous flow sub (CFS) 200,
according to one embodiment of the present invention. The CFS 200 may include a
tubular housing 205, a float valve 210, and the plug 250. The tubular housing 205
may have a longitudinal bore therethrough, and a radial port 201 formed through a
wall thereof In fluid communication with the bore. The housing 205 may also have a
threaded coupling at each longitudinal end, such as box 205b formed In a first
longitudinal end and a threaded pin 205p formed on a second longitudinal end, so
that the housing may be assembled as part of the drill string 8. An outer surface of
the housing 205 may taper at 205s from a greater diameter to a lesser diameter. The
outer surface may then taper again and return to the greater diameter, thereby
forming a recessed portion between the two tapers. The recessed portion may
include one or more locator openings 202 formed therein, a seal face 204, and the
port 201. A latch profile 203 may be formed in an inner surface of the housing 205
along the bore. Except for seals, the CFS 200 may be made from a metal or alloy,
such as steel or stainless steel. Seals may be made from a polymer, such as an

elastomer.

[0035] The float valve 210 may include a latch mandrel 211, one or more drag
blocks 213, a valve mandrel 212, and a poppet 220. The mandrels 211, 212 may be
tubular members each having a wall and a longitudinal bore. The mandrels 211, 212
may be longitudinally coupled, such as by a threaded connection. The drag blocks
213 may each be received in recesses formed in the latch mandrel. Each drag block
213 Is radially movable between an extended position and a retracted position. Each
drag block 213 may be biased toward an extended position by one or more springs
(not shown), such as coll springs or leaf springs. A profile may be formed along an
outer surface of each drag block 213. The drag block profiles may each correspond
to the profile 203 formed in the tubular 205 so the drag blocks 213 engages the profile
203 when the drag blocks are longitudinally aligned with the profile 203. Engagement
of the drag blocks 213 with the profile may longitudinally couple the latch mandrel 211
to the housing 205. The latch mandrel 211 may have a profile 214 formed on an
inner surface for receiving a latch from a wireline-deployed retrieval tool. The retrieval

tool may disengage the drag blocks 213 from the profile 203, thereby allowing
9
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retrieval of the float valve 210 to the surface without tripping the drill string If the float
valve fails or if wireline operations need to be conducted through the drill string, such
as In well control situation (i.e., stuck drill string). The valve mandrel 212 may have
one or more windows formed therethrough and one or more legs 212| defining the

windows. Ends of the legs may be connected by a rim 212r.

[0036] One or more seals 2195, such as a seal stack, may be disposed along an
outer surface of the latch mandrel 211. The seal stack may include one or more
chevron seals facing the pin 205p and one or more chevron seals facing the box
205b. ENnd adapters may back-up the seals and a center adapter may separate the
seals. The seals may engage the housing inner surface and the latch mandrel outer

surface, thereby preventing fluid from bypassing the poppet 220.

[0037] The poppet 220 may be longitudinally movable between an open position
and a closed position. The poppet may include a tapered or mushroom shaped head
and a stem. A seal 221 may be disposed along an outer surface of the head. A
retainer ring 222 may be longitudinally coupled to the head and abut the seal. The
seal may engage an outer surface of the head and an inner surface of the valve
mandrel 212 In the closed position. The head may be biased toward the closed
position by a spring 223, such as a coil spring. The poppet stem may extend through
bores formed In a spring retainer 224 and a guide 225. The poppet stem may be
slidable relative to the spring retainer and the guide but laterally restrained thereby.
The spring retainer 224 may be longitudinally coupled to the guide. The guide may
iInclude one or more spokes (not shown) which radially extend therefrom and engage
a slot (not shown) formed in an inner surface of a respective leg 2121. The spring 223
may bias the spokes against ends of the slots, thereby longitudinally and rotationally
coupling the guide and the valve mandrel. In operation, when fluid pressure acting on
the poppet head from the box end of the CFS exceeds the combined pressure
exerted by fluid from the pin end of the CFS and the spring 223, the poppet moves to
the open position allowing fluid flow through the mandrels 211, 212. When fluid
pressure exerted from the box end Is reduced below the combined pressure, the

poppet moves to the closed position as shown.

10



CA 02694482 2010-01-25
WO 2009/018173 PCT/US2008/071261

[0038] Alternatively, the poppet valve 212, 220-225 may be replaced by a flapper
or ball valve. Alternatively, the float valve 210 may be non-retrievable, such as by
replacing the drag blocks 213 and profile 203 with a fastener, such as a threaded
connection or snap ring and shoulder. Alternatively, as is discussed below with

reference to Figure 7, the float valve 210 may be replaced by the float valve 710.

[0039] A length of the housing 205 may be equal to or less than the length of a
standard joint of drill pipe. The housing may include one or more sub-housings
threaded together, such as a first sub-housing including the float valve 210 and a
second sub-housing including the port 201. The housing 205 may be provided with
one or more pup joints in order to provide for a total assembly length equivalent to
that of a standard joint of drill pipe. The pup joints may include one or more
stabilizers or centralizers or the stabilizers or centralizers may be mounted on the

housing.

[0040] Additionally, the housing 205 may further include one or more external
stabilizers or centralizers. Such stabilizers or centralizers may be mounted directly on
an outer surface of the housing &/or proximate the housing above and/or below it (as
separate housings). The stabilizers or centralizers may be of rigid construction or of
vielding, flexible or sprung construction. The stabilizers or centralizers may be
constructed from any suitable material or combination of materials, such as metal or
alloy, or a polymer, such as an elastomer, such as rubber. The stabilizers or
centralizers may be molded or mounted in such a way that rotation of the sub about
its longitudinal axis also rotates the stabilizers or centralizers. Alternatively, the
stabilizers or centralizers may be mounted such that at least a portion of the

stabilizers or centralizers may be able to rotate independently of the sub.

[0041] Figure 2A 1s an enlargement of plug 250 of the CFS 200. The plug 250
may have a curvature corresponding to a curvature of the CFS housing 205. The
plug 250 may include a body 251, a latch 252, 256, one or more seals, such as o-
rngs 253, a retainer, such as a snap ring 254, and a spring, such as a disc 255 or coll
spring. The latch may include a locking sleeve 252 and one or more balls 256. The
body 251 may be an annular member having an outer wall, an inner wall, an end wall,

and an opening defined by the walls. The outer wall may taper from an enlarged
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diameter to a reduced diameter. The outer wall may form an outer shoulder 2510s
and an inner shoulder 251is at the taper. The outer wall may have a radial port
therethrough for each ball 256. The outer shoulder 2510s may seat on a
corresponding shoulder 201s formed in the housing port 201. The balls 256 may seat
In a corresponding groove 201g formed in the wall defining the housing port 201,
thereby longitudinally coupling the body to the housing 205. The housing port 201
may further include a taper 201r. The taper 201r may facilitate passage of the
housing 205 through a rotating control device (RCD, discussed below) so that the port
201 does not damage a seal of the RCD. Alternatively, the taper 201r may receive
the clamps seals 333 instead of the seal face 204. The recess may be shielded from
contacting the wellbore by an outer surface of the housing, thereby reducing risk of
becoming damaged and compromising sealing integrity. One or more seals, such as

0-rings 253, may seal an interface between the plug body 251 and the housing 205.

[0042] The locking sleeve 252 may be disposed Iin the body 251 between the inner
and outer walls and may be longitudinally movable relative thereto. The locking
sleeve may be retained in the body by a fastener, such as snap ring 254. The disc
spring 255 may be disposed between the locking sleeve and the body and may bias
the locking sleeve toward the snap ring. An outer surface of the locking sleeve may
taper to form a recess 252r, an enlarged outer diameter 2520d, and a shoulder
2520s. One or more protrusions may be formed on the outer shoulder 2520s to
prevent a vacuum from forming when the outer shoulder seats on the body Iinner
shoulder 251is. An inner surface of the locking sleeve may taper to form an inclined

shoulder 252is and a latch profile 252p.

[0043] Figure 3 Is an isometric view of a clamp 300 for use with the CFS 200,
according to another embodiment of the present invention. Figure 3A IS a Cross-
sectional view of the clamp 300. The clamp 300 may include a hydraulic actuator,
such as a retrieval piston 301 and a retaining piston 302; an end cap 303, a chamber
housing 304, a piston rod 305, a fastener, such as a snap ring 306; one or more
seals, such as o-rings 300-311, 334, 336, 339; one or more fasteners, such as set
screws 312, 313; one or more fasteners, such as nuts 314 and cap screws 315; one

or more fasteners, such as cap screws 316; one or more fasteners, such as a tubular
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nut 317; one or more clamp bands 318,319; a clamp body 320; a clamp handle 321; a
clamp latch 322; one or more handles, such as a clamp latching handle 323 and a
clamp unlatching handle 325; one or more springs, such as torsion spring 324 and
coll spring 331; a rod sleeve 320; a flow nipple 327; a hoist ring 328; a locator, such
as dowel 329; a plug 330; a tension adjuster, such as bolt 332a and stopper 332b;
one or more seals, such as rings 333; a latch, such as collet 335; one or more
hydraulic ports 337, 338, and a fastener, such as nut 340. Alternatively, the actuator

may be pneumatic or electric.

[0044] The chamber housing 304 may be a tubular member having a longitudinal
bore and a wall defining a first chamber, a partition, and a second chamber. The cap
303 may be longitudinally coupled to a first end of the chamber housing 304 by a
threaded connection and enclose the first chamber. The o-ring 307 may seal an
iInterface between the chamber housing and the cap. The hydraulic port 337 may be
formed through an end of the cap and be threaded for receiving a hydraulic conduit
(see Figure 6A). The hydraulic port 337 may provide fluid communication between

the hydraulic conduit and a first end of the retrieval piston 301.

[0045] The retrieval piston 301 may be an annular member and disposed In the
first chamber. The o-ring 307 may seal an interface between the retrieval piston and
the chamber housing 304. The retrieval piston may be longitudinally movable
relative to the chamber housing. A first end of the piston rod 305 may be threaded,
tapered, and disposed through a tapered opening formed In the retrieval piston. The
nut 340 may be disposed Iin a recess formed In the retrieval piston and fastened to the
first end of the piston rod, thereby longitudinally coupling the piston rod and the
retrieval piston. The o-ring 309 may seal the interface between the retrieval piston
and the piston rod. The piston rod may extend through the partition. The o-ring 339
may seal the interface between the piston rod and the partition. An outer surface of
the retrieval piston may taper from a greater diameter to a lesser diameter and form a
shoulder between the diameters. The shoulder may receive a first end of the coill
spring 331. A second end of the coil spring may be disposed against a first end of the
partition, thereby biasing the retrieval piston toward the cap and away from the

partition. A recess may be formed in the partition. The recess may be threaded and
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may receive the plug 330. The plug may have a longitudinal bore therethrough which

may receive the piston rod. The snap ring 306 may retain the plug in the recess.

[0046] The chamber housing 304 may be longitudinally coupled to the clamp body
320 by a threaded connection. An inner surface of the second chamber wall may
receive a first end of the clamp body 320 and an interface therebetween may be
sealed by the o-ring 310. A hydraulic port 338 may be formed through the second
chamber wall and may be threaded for receiving a hydraulic conduit (see Figure 6A).
The hydraulic port 338 may provide fluid communication between the hydraulic
conduit and a first end of the retaining piston 302. A second end of the partition may
enclose the second chamber. The second chamber may be extended by a first
portion of the body 320. An inner surface of the first portion of the body may taper
from a greater diameter to a lesser diameter, thereby forming shoulder 320s. The
retaining piston 302 may be disposed in the clamp body and longitudinally movable
relative to the chamber housing and the clamp body. An interface between the
retaining piston and the clamp body may be sealed by the o-ring 334. The retaining
piston may be an annular member having a longitudinal bore therethrough and a
recess formed therein. An outer surface of the retaining piston 302 may taper from a
greater diameter to a lesser diameter proximate to a second end thereof, thereby

forming a lip.

[0047] The piston rod 305 may extend through a portion of the retaining piston and
an interface therebetween may be sealed by the o-rings 311. The piston rod may
taper from a lesser diameter to a greater diameter proximate to the second end and
may form a shoulder between the diameters. The second end of the partition, the
piston rod shoulder, and the body shoulder 320s may serve as longitudinal stops for
the retaining piston. The piston rod may taper again proximate the second end from
the greater diameter to a lesser diameter and may form a shoulder between the
diameters. The second end of the piston rod may form a collet 335 having one or
more fingers. The fingers may have a latch profile corresponding to the profile 252p
formed on an inner surface of the locking sleeve 252. The sleeve 326 may be

disposed between the shoulder and an end of the collet fingers and have a tapered
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end corresponding to the inclined inner shoulder 252 Is formed on an inner surface of

the locking sleeve 252.

[0048] The clamp body 320 may Iinclude a second portion having a longitudinal
bore In fluid communication with the second chamber. An inner surface may be
threaded for receiving a threaded outer surface of the flow nipple 327. One or more
set screws 313 may be disposed In respective threaded openings formed through the
second portion and engage an outer surface of the flow nipple. The Interface
between the flow nipple and the second portion may be sealed by the o-ring 336. The
flow nipple may receive the outlet 29 from the mud pump 18 (see Figure 6A). The
clamp handle 321 may be connected to the clamp body. The hoist ring 328 may be
pivoted to the clamp handle and receive a hook from a support, such as beam

assembly 400 or telescoping arm 450.

[0049] The clamp body 320 may include a third portion configured to engage an
outer surface of the CFS housing 205 so that the second chamber iIs In fluid
communication with the port 201. The third portion may include the dowels 329
configured to engage the recesses 202, thereby aligning the second chamber with the
port 201 and longitudinally coupling the clamp to the housing 205. The Interface
between the clamp body 320 and the port 201 may be sealed by the seals 333
engaging the seal face 204 of the housing 205. The clamp body third portion may
Include a hinged portion for receiving a corresponding hinged portion of the clamp
band 318. The cap screw 315 and lock nut 314 may retain the hinged portions
together. The bands 318, 319 and latch 322 may each be annular segments for
engaging an outer surface of the housing 205. The clamp band 318 may include
respective bores therethrough for receiving the cap screws 316. The bores may be

slightly oversized to prevent binding.

[0050] The band 319 may have respective threaded openings for receiving the cap
screws 316. Lengths of the cap screws may allow a clearance between the bands
318, 319 so that circumferential tension in the clamp may be adjusted by the tension
bolt 332a. The bands 318, 319 may each include a corresponding bore therethrough
for receiving the tension bolt 332a and the bores may each be oversized. The band

319 may also include an opening formed therein for receiving the tubular nut 319.
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The tubular nut may rotate relative to the opening and may have a threaded bore for
receiving the tension bolt 332a. Rotation of the tubular nut may prevent binding of the
tension bolt 332a and may allow replacement due to wear. A stopper 332b may be
connected to the bolt 332a with a threaded connection. The latching handle 323 may
be connected to the band 319. The band 319 may include a hinged portion for
receiving a corresponding hinged portion of the latch 322. The cap screw 315 and
lock nut 314 may retain the hinged portions together. The torsion spring 324 may
bias the latch toward the clamp body 320. The unlatching handle 325 may be
connected to the latch 322. The latch may have a profile 322p configured to mate
with a corresponding profile 320p formed in the third portion of the clamp body 320,

thereby circumferentially coupling the latch and the clamp bodqy.

[0051] The clamp 300 may be manually operable between an open position and a
closed position (shown). In the closed position, the clamp may be manually operable
from a disengaged position to an engaged position by tightening the tension bolt 332a
until an inner surface of the bands 318, 319, the body 320, and the latch 322 press
against an outer surface of the CFS housing 205, thereby engaging the seals 333
with the seal face 204. In the engaged position, circumferential tension may
frictionally lock latch profile 322p against the clamp body profile 320p in addition to
biasing force of the torsion spring 324. To open the clamp 300, the tension bolt 332a
IS loosened and the latch profile is pulled free from the profile 320p using the handle
325 while overcoming the torsion spring 324. Either of the handles 323, 325 may be
used to rotate the bands 318, 319 and latch 322 about the hinge between the band
318 and the clamp body and away from the CFS 200. To close the clamp 300, one or
more of the handles 323, 325 are operated to surround the CFS 200 and engage the
profile 322p with the profile 320p.

[0052] Alternatively, the bands 318, 319 and latch 322 may be replaced by
automated (i.e., hydraulic) jaws. Such jaws are discussed and illustrated in U.S. Pat.
App. Pub. No. 2004/0003490 (Atty. Dock. No. WEAT/0368.P1), which is herein

Incorporated by reference in its entirety.

[0053] Figure 4A Is an isometric view of a beam assembly 400 for transporting and

supporting the clamp 300, according to another embodiment of the present invention.
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The beam assembly 400 may include a one or more fasteners, such as bolts 401, a
beam, such as an I-beam 402, a fastener, such as a plate 403, and a counterweight
404. The counterweight 404 may be clamped to a first end of the beam using the
plate 403 and the bolts 401. A hole may be formed in the second end of the beam for
connecting a cable (not shown) which may include a hook for engaging the hoist ring
328. One or more holes (not shown) may be formed through a top of the beam 402 at
the center for connecting a sling which may be supported from the derrick 1 by a
cable. Using the beam assembly, the clamp 300 may be suspended from the derrick
1 and swung into place adjacent the CFS 200 when needed for adding or removing
joints or stands to/from the drill string 8 and swung into a storage position during

drilling.

[0054] Figure 4B Is a side elevation of a telescoping arm 450 for supporting the
clamp 300, according to another embodiment of the present invention. Figure 4C Is a
top plan view of the telescoping arm 450. Figure 4D iIs an end view taken on line
4D—A4D of Figure 4B. The telescoping arm 450 may include a piston and cylinder
assembly (PCA) 451 and a mounting assembly 452.

[0055] The PCA 451 may Include a two stage hydraulic piston and cylinder 453
which Is mounted Internally of a telescopic structure which may include an outer
barrel 454, an intermediate barrel 455 and an inner barrel 456. The inner barrel 456
may be slidably mounted in the intermediate barrel 455 which iIs, may be In turn,
slidably mounted in the outer barrel 454. The mounting assembly 452 may include a
bearer 457 which may be secured to a beam by two bolt and plate assemblies 458.
The bearer 457 may include two ears 459 which accommodate trunnions 460 which

may project from either side of a carriage 461.

[0056] A hydraulic conduit (not shown) for each port of the clamp 300 may be
formed through the barrels 454-456. The hydraulic conduits may terminate at each
end of the PCA 451 into hoses with fittings. In this manner, the arm 450 may be
connected to beams of the derrick 1 and the clamp 300 and the fittings respectively
connected to hydraulic lines of a controller (Figure 6A) and the clamp 300.
Alternatively, the arm may be supported from a post anchored to a floor of the derrick.

In this alternative, a base may be connected to the post. The arm may be supported
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from the base so that the arm may be rotated relative to the base (in a horizontal
plane), such as by a piston and cylinder assembly (PCA). Further, the arm may also
be pivoted relative to the base in a vertical plane by a second PCA. Such a

configuration is discussed and illustrated in the ‘490 publication, incorporated above.

[0057] The mounting assembly 452 may include a clamp 462 bolted to the top of
the carriage 461. In use, the mounting assembly 452 may be first secured to a
convenient support beam in the drilling rig 1 by bolt and plate assemblies 458. If
necessary a support beam may be mounted Iin the derrick for this purpose. The PCA
451 may then be mounted on the carriage 461 and clamped in position. The clamp
300 may then be hung from the free end 463 of the PCA 451 which is moved with
respect to the mounting assembly 452 so that, at full extension, the clamp Is in the

desired position with respect to the CFS 200.

[0058] In normal use the clamp 300 may be moved towards and away from the
CFS 200 by extending and retracting the hydraulic piston and cylinder 453. The outer
barrel 454, intermediate barrel 455 and inner barrel 456 extend and contract with the
hydraulic piston and cylinder 453 and provide lateral rigidity to the structure. At full
extension the PCA 451 may be deflected from side to side by a small amount. This
movement can readily be accommodated by the two stage hydraulic piston and
cylinder 453 although, Iif desired, the ends thereof could be mounted on, for example,

ball and socket joints or resilient mountings.

[0059] When the PCA 451 is fully retracted, the free end 463 may lie iImmediately
adjacent the extremity 464 of the outer barrel 454. The clamp assembly 462 may be
slackened, the piston and cylinder 451 slid on the carriage 461 until the extremity 464
lies adjacent the mounting assembly 452 and the clamp assembly 462 re-tightened.
When the PCA 451 is fully contracted the free end 463 of the PCA 451 may lie closely
adjacent the mounting assembly 452 with the clamp 300 therebelow. The PCA 451
may lie on an upwardly extending axis and a major portion of the PCA 451 may lie to
the rear of the mounting assembly 452. In this position, the clamp 300 may rest on the
rig floor. Alternatively, the clamp 300 may be suspended from an overhead cable

whilst the PCA 451 again lies along an upwardly extending axis.
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[0060] Alternatively, a motor could be provided to move the PCA 451 with respect
to the mounting assembly 452. A swivel may be provided between the outer barrel
454 and the mounting assembly 102 or incorporated into the mounting assembly 452

itself to be capable of swiveling movement.

[0061] Figures SA-5E are cross-sectional views of the CFS plug 250 and clamp
300 In various operational positions. Once a stand or joint needs to be added or
removed to/from the drill string 8, the drill string may be supported from the rig floor,
such as by setting slips. The clamp 300 may be transported into position adjacent the
CFS 200 and operated to the closed and engaged positions. Hydraulic fluid may then
be injected into the hydraulic port 337, thereby overcoming the spring 331 and
longitudinally moving the retrieval piston 301, rod 305, sleeve 326, and collet 335
toward the CFS 200 (only plug 250 shown). As the retrieval piston 301 moves toward
the plug 250, the collet fingers may engage the profile 252p and the sleeve 326 may
engage the shoulder 252is and push the locking sleeve shoulder 2520s toward the
shoulder 251is. Once the shoulder 2520s has been pushed so that the recess 252r is
aligned with the balls 2506, drilling fluid pressure in the CFS 200 may push the plug
body 251 toward the sleeve 326, thereby causing the balls 256 to retract from the
groove 201g and freeing the plug 250 from the housing 200. Drilling fluid pressure

may also push the retaining piston 302 into engagement with the partition.

[0062] Pressure may then be relieved from the hydraulic port 337, thereby allowing
the spring 331 to push the retrieval piston 301 toward the cap 303. Since the collet
335 is In engagement with the profile 252p, the plug 250 is also transported from the
port 201. Once the plug 250 Is removed, drilling fluid may be injected through the
nipple 327 and the stand/joint may be added/removed to/from the drill string. To
return the plug, hydraulic fluid may again be injected into the hydraulic port 337,
thereby overcoming the spring 331 and longitudinally moving the plug toward the port
201. The plug may be moved until the shoulder 2510s seats against the shoulder
201s. Hydraulic fluid may then be Injected into the hydraulic port 338, thereby
longitudinally moving the retaining piston 302 toward the plug 250.

[0063] The retaining piston 302 may be moved until the retaining piston lip seats

against an end of the plug body 251. With the plug body held in place by the retaining
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piston 302, pressure may be relieved from the hydraulic port 337, thereby allowing the
spring 331 to retract the collet 335 and sleeve 326. Retraction of the collet and the
sleeve 320 may allow the spring 255 to move the locking sleeve 252 toward the snap
ring 254, thereby allowing an inclined outer surface of the locking sleeve to push the
balls 256 from the recess 252r into the groove 201g, thereby locking the plug 250 into
the port 201. Once the locking sleeve 252 engages the snap ring, the sleeve 326
may disengage the shoulder 252is and the collet 335 may disengage the profile. The
retrieval piston 301 may retract until the shoulder thereof seats against the retaining
piston shoulder. Fluid pressure may then be relieved from the hydraulic port 338,
thereby allowing the retrieval piston 301 to return. The clamp 300 may then be

disengaged, opened, and transported away from the CFS.

[0064] Figure 6A is a flow diagram of the CFS, clamp, and a control system 600.
Figure 6B Is a table illustrating valve positions for operational acts of adding/removing
joints/stands to/from the drill string while circulating through the drill string. Figure 6C
llustrates a controller interface for operation of the CFS and clamp. The control
system 0600 may Iinclude a controller, one or more pressure sensors G1-G3, a flow
meter FM, and one or more control valves V1-V3, V5, Vb. Control Valves V1, V2 may
be the simple open/closed type, such as ball or butterfly, or they may be metered
type, such as needle. If control valves V1 and V2 are metered valves, the controller
may gradually open or close them, thereby minimizing pressure spikes or other
deleterious transient effects. Pressure sensors G1-G3 may be respectively disposed
In the header 39, the Kelly/top drive line 19, and the clamp line 29. The flow meter
may be disposed in the header 39. The pressure sensors G1-G3 and flow meter FM
may be In electrical communication with the controller. The controller may be
microprocessor based and may include a hydraulic pump, solenoid valves, and an
analog and/or digital user interface. The controller may be In hydraulic
communication with the control valves V1-V3, V5, V6 and the ports 337, 338.
Alternatively, the control valves V1-V3, V5, V6 may be pneumatically or electrically

actuated.

[0065] Referring to the prior art system of Figure 1, the operator may be at risk

when removing the plug 27. If the integrity of the flapper 12 of the prior art system Is
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compromised, high pressure drilling fluid may be discharged when the plug 27 is
removed, thereby striking and injuring the operator. In contrast, the controller
interface may be located in a rig control room so that the operator may remotely
operate the clamp 300 once the clamp is closed and engaged. Further, as discussed
In alternatives above, the clamp may include jaws and/or a hydraulic transport arm so
that the clamp may even Dbe remotely transported to/from the CFS 200,

closed/opened, and engaged/disengaged from the safety of the rig control room.

[0066] During drilling, the mud pump Injects drilling fluid, such as mud, through the
Kelly 4 or top drive connected to a top or surface end of the drill string 8. The valves
V1, V3, and V4 may be open. When a stand of pipe needs to be added to the drill
string 8, the drill string 8 Is raised and the spider set. The operator may then push the
start button and the controller may illuminate the “Attach CFS Clamp” indicator. The
clamp 300 may be transported to the CFS, closed, and engaged by the operator. The
operator may maintain or substantially maintain the current mud pump flow rate or
change the mud pump flow rate. The change may be an increase or decrease. The

operator may then push the "Clamp Attached” Button.

[0067] The controller may then warn the operator of injury should the clamp not be
securely connected. The operator may verify the warning. The controller may then
close valve V3 and apply pressure to the flow nipple 327 by opening valve V2 and
then closing valve V2. If the clamp Is not securely engaged, drilling fluid will leak past
the seals 333. The controller may verify sealing integrity by monitoring pressure
sensor G3. Alternatively or additionally, the clamp may include one or more sensors
operable to detect proper closure of the clamp and/or engagement of the clamp 300
with the CFS housing 250. The sensors may be in electrical communication with the
controller. For example, a first sensor may detect engagement of the locators 329
with the openings 202 a second sensor may detect tension in the clamp bands 318,
319, and a third sensor may detect engagement of the profiles 320p, 322p. If the
controller detects improper position or engagement of the clamp from any of the
sensors, the controller may not proceed and generate an alarm message to the

operator. The operator may then take remedial action.
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[0068] The controller may then relieve pressure from the nipple 327 by opening
valve V3. The controller may then close valve V3. The controller may then illuminate
the "Ready to Remove CFS Plug” indicator. The operator may confirm by pushing the
"Remove Plug” Button. The controller may then supply hydraulic fluid to the retrieval
piston 301 via port 337 and then relieve pressure from the hydraulic port 337, thereby
removing the CFS plug 250, as discussed above. Once the plug 250 Is removed, the
controller may verity removal by monitoring G3 and illuminate "Ready to Switch Flow
to CFS". The operator may confirm by pushing the “Start CFS Flow™ button. The
controller may then open valve V2 to inject the drilling fluid through flow nipple 327
and into the drill string through the port 201. Pressure may then equalize and allow
the spring 223 to move the poppet 220 into the closed position, thereby closing the
float valve 210/V4. The controller may then close valve V1 and open valve V5,
thereby relieving pressure from the top drive or Kelly swivel 7. The controller may

verify that the float valve 210/\VV4 is closed by monitoring pressure sensor G2.

[0069] The controller may then illuminate the "Safe to Break Connection” indicator.
The operator may then break the connection between the Kelly 4/top drive and press
the "Connection Broken” button. The operator may then raise the Kelly 4/top drive,
engage a stand/joint, and hoist the stand/joint into position to be made up with the
CFS 200. During this process, the controller may monitor the pressure sensors G1-
G3 and the flow meter FM to verify proper operation. The controller may then
lluminate the "Safe to Make Connection” indicator. The operator may then make up
the connection between the stand/joint and CFS 200, make up the connection
between the Kelly 4/top drive and the stand/joint, and press the "Connection Made”
button. The controller may then close valve V5 and illuminate the "Ready to Switch
Flow to Kelly” indicator. The operator may then press the “Start Kelly Flow™ button.
The controller may open the valve V1, thereby allowing drilling fluid flow from the mud
pump 18, through the line 19, and into the top drive or Kelly swivel 7. The float valve
V4/210 may open Iin response to drilling fluid flow through the top drive or Kelly swivel
7.

[0070] The controller may verify opening of the valve V1 by monitoring the

pressure sensor G2. The controller may then close valve V2 and illuminate the
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"Ready to Install CFS Plug” indicator. The operator may confirm by pressing the
“Install Plug” button. The controller may then supply hydraulic fluid to the port 337,
thereby moving the retrieval piston 301 and placing the plug 250 into the port 201.
The controller may then supply hydraulic fluid to the port 338, thereby moving the
retaining piston 302 into engagement with the plug 250. The controller may then
relieve pressure from the hydraulic port 337, thereby disengaging the retrieval piston
301. The controller may then relieve pressure from the hydraulic port 338, thereby
disengaging the retaining piston 302. The controller may then relieve pressure from
the flow nipple by opening valve V3. The controller may then close valve V3 and test
plug integrity by opening and closing valve V2 and monitoring pressure sensor G3.

The controller may then relieve pressure from the flow nipple by opening valve V3.

[0071] The controller may then illuminate the "Remove Clamp” indicator. The
operator may disengage the clamp, open the clamp, and transport the clamp away
from the CFS. The operator may confirm by pressing the "Clamp Removed” Button.
The operator may disengage the slips, return the mud pump flow rate (if it was
changed from the drilling flow rate), and resume drilling. The added stand/joint may
iInclude an additional CFS 200 connected at a top thereof so that the process may be
repeated when an additional joint/stand needs to be added. A similar process may be
employed if/when the drill string needs to be tripped, such as for replacement of the
drill bit 20. If, at any time, a dangerous situation should occur, the emergency stop
ESTOP button may be pressed, thereby opening the vent valves V3, V5, Vb and
closing the supply valves V1 and V2, (some of the valves may already be In those
positions). If the interface Is digital, the ESTOP button may be a mechanical button

separate from the controller display or the ESTOP may be integrated with the display.

[0072] Figure 7 Is a cross-sectional view of a portion of a CFS 700, according to
another embodiment of the present invention. The CFS 700 may be similar to the
CFS 200 except for the substitution of respective lock-open float valve 710 for the
float valve 210 and accompanying modifications to the CFS housing 205 (now 705).
Relative to the housing 205, the housing 705 may omit the profile 203. Instead, a
recess may be formed in an inner surface thereof and terminate at a shoulder 705s.

A groove 705g may be formed in the recess and receive a fastener, such as snap ring
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7/17. The float valve 710 may be longitudinally coupled to the housing 705 by
disposal between the snap ring 717 and the shoulder 705s and may include a latch
mandrel 711, a valve mandrel 712, a valve member, such as a flapper 720, and a

valve actuator, such as a flow tube 730.

[0073] The latch mandrel 711 may be an annular member and may have a profile
/11p formed Iin an inner surface thereof. The valve mandrel 712 may be disposed
longitudinally adjacent to the latch mandrel 711. The seal 715 may be disposed along
an outer surface of the valve mandrel. The seal 715 may be similar to the seal 215.
The flapper 720 may be pivoted to the valve mandrel 712 and may be biased toward
the closed position by a biasing member, such as a torsion spring 723. The flow tube
/30 may be disposed along an inner surface of the latch mandrel 711 and the valve
mandrel 712. The flow tube may be selectively longitudinally coupled to the latch
mandrel 711 by one or more frangible members, such as shear screws 713. A collet
/30c may be formed at a first longitudinal end of the flow tube 730 and may include
one or more fingers. Each finger may include an inner profile and an outer profile
/30p. The inner profile may define a reduced diameter 730id and the outer profile

may correspond to the profile 711p.

[0074] During normal operation, the float valve 710 functions similarly to the float
valve 210. However, if a well control situation should develop, a lock-open tool (not
shown) may be deployed using a deployment string, such as wireline. The lock-open
tool may include a plug having an outer diameter slightly larger than the reduced
diameter 730id of the collet 730c inner profile and a shaft extending from the plug.
The plug may have a tapered shoulder corresponding to a tapered shoulder of the
collet inner profile. The plug may seat against the tapered shoulder and the shaft
may push the flapper at least partially open, thereby equalizing pressure across the
flapper. Weight of the plug may be applied to the tapered shoulder by relaxing the

wireline or fluid pressure may be exerted on the plug from the surface.

[0075] The shear screws 713 may then fracture allowing the flow tube 730 to be
moved longitudinally relative to the latch mandrel and valve mandrel until the profile
/30p engages the profile 711p, thereby expanding the reduced diameter 730id of the

collet inner profile. The plug outer diameter may be less than the expanded inner
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profile diameter, thereby allowing the plug to pass through the collet 730c, the rest of
the flow tube, and the valve mandrel 712. Movement of the flow tube may also cause
a second end of the flow tube to engage the flapper 720 and hold the flapper in the
open position. The operation may be repeated for every CFS 700 disposed along the
drill string. In this manner, every CFS 700 in the drill string may be locked open In
one trip. Remedial well control operations may then be conducted through the darill
string In the same trip or retrieving the wireline to surface and changing tools on the

wireline for a second deployment.

[0076] Alternatively, instead of employing the snap ring 717 to retain the latch
mandrel 711 In the housing 705, an inner surface of the housing recess may be

threaded and receive a threaded outer surface of the latch mandrel.

[0077] Figures 8A-8E are cross-sectional views of wellbores 800, 810, 820, 830
being drilled with drill strings 802 employing downhole CFSs 8095, 825, 835, according

to other embodiments of the present invention.

[0078] Referring to Figure 8A, the wellbore 800 may have a tubular string of casing
801c cemented therein. A tubular liner string 8011 may be hung from the casing 801c
by a liner hanger 801h. The liner hanger may include a packer for sealing the casing-
liner interface. The liner 801l may be cemented in the wellbore 800. A tieback casing
string 801t may be hung from a wellhead (not shown, see Figure 1) and may extend
into the wellbore 800 proximately short of the hanger 801h so that a flow path is
defined between the distal end of the tieback string 801t and the liner hanger 801h or
top of the liner 801l. Alternatively, a parasite string may be used Instead of the
tieback string 801t. A drill string 802 may extend from a top drive or Kelly located at
the surface (not shown, see Figure 1). The drill string 802 may include a drill bit 803
located at a distal end thereof and a CFS 805.

[0079] The CFS 805 may include a housing similar to one of the housings 205,
705. The housing may be tubular and have a longitudinal flow bore therethrough and
a radial port through a wall thereof. A float valve 805f may be disposed in the housing
bore and may be similar to one of the float valves 210, 710. A check valve 805¢c may

be disposed Iin the housing port. The check valve 805¢c may be operable between an
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open position In response to external pressure exceeding internal pressure (plus
spring pressure) and a closed position in response external pressure being less than
or equal to internal pressure. The check valve 805¢c may include a body, one or more
seals for sealing the housing-port interface, a valve member, such as a ball, flapper,
poppet, or sliding sleeve and a spring disposed between the body and the valve
member for biasing the valve member toward a closed position. The check valve
805¢c may be any of the check valves illustrated in and discussed with reference to

Figures 11A or 11C, below.

[0080] The CFS 805 may further include an annular seal 805s. The annular seal
305s may engage an outer surface of the CFS housing and an inner surface of the
tie-back string 805t so that an upper portion of an annulus formed there-between is
Isolated from a lower portion thereof. The annular seal 805s may be longitudinally
positioned Dbelow the check valve 805c so that the check valve Is In fluid
communication with the upper annulus portion. A cross-section of the annular seal
may take any suitable shape, including but not limited to rectangular or directional,
such as a cup-shape. The annular seal 805s may be configured to engage the tie-
back string only when drilling fluid Is injected into the tie-back/drill string annulus, such
as by using the directional configuration. The annular seal may be rotationally
coupled to the drill string or the annular seal may be part of a seal assembly that

allows rotation of the drill string relative thereto.

[0081] The seal assembly may Iinclude the annular seal, a seal mandrel, and a
seal sleeve. The seal mandrel may be tubular and may be connected to the CFS
housing by a threaded connection. The seal sleeve may be longitudinally coupled to
the seal mandrel by one or more bearings so that the seal sleeve may rotate relative
to the seal mandrel. The annular seal may be disposed along an outer surface of the
seal sleeve, may be longitudinally coupled thereto, and may be in engagement
therewith. An interface between the seal mandrel and seal sleeve may be sealed with
one or more of a rotating seal, such as a labyrinth, mechanical face seal, or controlled
gap seal. For example, a controlled gap se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>