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(57) Abregé/Abstract:
A tool string for use In a well to retrieve a completion string while maintaining control of a well without having to kill the well (i.e.,

without having to exceed formation pressure) each time the string Is retrieved.

,
L
X
e

Senchee f

L S S \

ity K
X : - h.l‘s_‘.}:{\: .&. - A L~

A7 /7]
o~

OPIC - CIPO 191

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC



CA 02376806 2002-03-14

68.0250

Abstract

A tool string for use in a well to retrieve a completion string while maintaining

control of a well without having to kill the well (i.e., without having to exceed formation

pressure) each time the string is retrieved.
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TOOL STRING
Background
[0001] Field of the Invention This invention pertalns to

tool strings, and particularly to retrievable tool strings

used for underbalanced well completions.

[0002] Related Art It is often desirable to 1solate a

p— pr—

portion of a well. For example, a portion of the well may

be isolated during insertion or retrieval of a work string.

pr—

It may also be desirable to isolate a portion of a well

during perforation operations, particularly during

underbalanced completion operations.

Summary of the Invention

N

[0003] The present invention enables the retrieval of a

' amnd
p——

completion string while maintaining control of a well

without having to kill the well (i.e., without having to

exceed formation pressure) each time the string 1s

retrieved.

pre—

[0004] According to one aspect of the present 1nvention,

there is provided a tool string for deployment 1in a

wellbore, comprising: an upper string including a valve

actuator:; a lower string including a valve; in which the

lower string is adapted to form a releasable connection with

the upper string to permit the upper string to be removed

from the lower string when the lower string is deployed 1in

the wellbore; and the valve actuator controls the operation

LA

of the valve once the upper string is received by the lower

string, wherein the upper string is adapted to be connected

to the lower string after the lower string is deployed 1in

the wellbore.
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[0004a] According to another aspect of the present
invention, there is provided a completion apparatus for use
in a well, comprising: an upper section having an upper
housing and an upper mandrel moveably mounted to the upper
housing; a lower section having a lower housing, a lower
mandrel moveably mounted to the lower housing, and a valve
mounted to the lower housing and connected to the lower

mandrel: in which the lower section is adapted to releasably

receive a portion of the upper section after the lower

F

section is deployed in the well; and displacement of the

upper mandrel when the upper section is receilved by the

ﬁ

lower section induces displacement of the lower mandrel to

open or close the valve, wherein the upper section 1s

adapted to be stabbed into the lower section after the lower

section is deployed 1in the well.

[0004Db] According to still another aspect of the present

invention, there is provided a tool string for use 1in a
well, comprising: an upper housing; a lower housing
releasably jolined to the upper housing; a passageway

extending through the upper and lower housings to allow

fluid communication through the tool string; a valve

disposed in the lower housing to block or allow flow through
the passageway; a valve linkage disposed 1in the lower
housing; a valve actuator moveably attached to the upper
housing and releasably attached to the valve linkage; and a

first control line disposed along or within the upper

housing to control the movement of the valve actuator.

[0004c] According to yet another aspect of the present

invention, there is provided a method to control flow 1n a
well, comprising: (a) placing a lower housing having a

valve therein into the well; (b) fixing the lower housing to

the well; (c¢) subsequent to the fixing, receiving by the

lower housing an upper housing having a valve actuator
la
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therein, wherein the receiving comprises stabbing the upper

housing into the lower housing subsequent to the fixing; (d)
moving the valve actuator to open or close the valve as many
times as desired; (e) disconnecting the upper housing from
the lower housing with the valve closed to permit other

—

operations upstream of the lower housing; and (I) repeating

steps (c) - (e) as many times as desired.

[0004d] According to a further aspect of the present
invention, there is provided a method to retrieve a tool

string from a well, comprising: running into the well the

tool string comprising first and second releasably connected

sections, the first section having a valve actuator, and the

second section having a valve responsive to the valve

actuator, wherein the running the first sectilion 1nto the

well comprises stabbing the first section into the second

section; securing the second section in the well 1n a

desired position; separating the first section from the

second section and thereby closing the valve; removing the

first section from the well; performing operations 1n the

well upstream of the valve; and running the first section

into the well to releasably connect the first section to the

second section and thereby open the valve.

[0004e] According to yet a further aspect of the present

invention, there is provided a flow control system for use

in a well, comprising: a first section releasably connected
to a second section, to permit the first section to be

removed from the second section when the second section 1S

deployed in the well, wherein the first section 1s adapted

to be stabbed into the second section after the section 1s

deployed in the well; a valve disposed in the second

section; and a valve actuator disposed in the first section
to open and close the valve when the first section 1s

connected to the second section.
1b
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[0004f] According to a still further aspect of the present

invention, there is provided a flow control valve for use 1n
a well, comprising: a lower housing; a sealing member
disposed in the lower housing; a linkage connected on one
end to the sealing member; an upper housing releasably

connected to the lower housing, wherein the upper housing 1is

adapted to be stabbed into the lower housing after the lower
housing is deployed in the well; an actuator connected at
one end to the upper housing and releasably connected at an

P

opposite end to an end of the linkage opposite the sealing

member to permit the actuator to be removed from the linkage

when the lower housing is deployed in the well.

Description of Figures

[0005] Figures 1A - 1H are schematic views of a tool
string constructed in accordance with the present invention,

cach figure showing contiguous portions (with slight

overlap) of the tool string.

[0006] Figure 2 is a sectional view of the tool string ot
Figures 1A — 1H taken along section line A-A shown in

Figure 1F.

[0007] Figure 3 is a sectional view of the tool string ot

Figures 1A - 1H taken along section line B-B shown in

Figure 1G.

lc
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Detailed Description

[0008] Refen'ing to Figures 1A-1H, tool string 10 includes an upper string 12 and
a lower string 14. In one embodiment, upper string 12 and lower string 14 are deployed
into the wellbore as a unit. In another embodiment, lower string 14 1s deployed and
located 1in the wellbore first. Subsequently, upper string 12 1s deployed and stabbed into
lower string 14.

[0009] : Lower string 14 includes a valve 20 that prohibits flow through a tool
string passageway :18 when valve 20 is in the closed position, but permits flow through
passageway 18 when valve 20 1s 1n the open position. In the embodiment of Figure 1H,
valve 20 comprises a ball valve that 1s operated by a ball operator mandrel 22. Shding
movement of ball operator mandrel 22 induces the opening er closing of ball valve 20, as
1s known 1n the art. Ball operator mandrel 22 includes a ball collet 32 (F igure lG) that
releasably locks ball operator mandrel 22 (and ball valve 20) 1n the open and closed
positions. Fingers 34 of ball collet 32 are disposed within a lower ball groove 36 defined
on an interior surface of a lower housing 38 when ball valve 20 1s in the open position (as
shown 1n Figure 1G). Ball valve 20 1s, in the configuration shown, releasably locked n
the open position. Sliding movement of ball operator mandrel 22 in the upward direction
causes fingers 34 to snap out of lower ball groove 36 and slide on the interior surface of
lower housing 38 until fingers 34 snap into an upper ball groove 40 deﬁned on the
interior surface of lower housing 38. Ball valve 20 is, in that configuration, releasably
locked 1n the closed position. Ball valve 20 may be moved between the closed and open
positions any number of times by sliding ball operator mandrel 22 in the upward and

downward directions.
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[0010] Upper string 12 includes a stinger assembly 28 and a valve actuator
mechanism 30 (Figuré 1F). Upper string 12 may also include a safety valve 24 (Figure
lD) that may be hydraulically actuated, and/or a crossover 26 (Figure 1A).

[0011] At its lower end, stinger assembly 28 includes a bearing 42 and a stinger
collet 44. When upper string 12 is properly positioned into lower string 14, as shown 1n
Figure 1G, bearing42 abuts ball operator mandrel 22, and fingers 46 of stinger collet 44
are located within grooves 48 defined on the exterior surface 50 of ball operator mandrel
22. Fingers 46 are disposed between lower housing 38 and ball operator mandrel 22.
Stinger collet 44 and bearing 42 are attached to the lower end of an actuating piston 52
which is movably disposed within an upper housing 54.

[0012] A seal stack 56 1s disposed around the exterior of upper housing 4.
When upper string 12 1s properly positioned into lower string 14, a portion of upper
housing 54 stabs into a portion of lower housing 38, and seal stack 56 forms a seal
between upper and lower housings 38 and 54, respectively.

[0013] Near the top of lower housing 38, the interior surface of lower housing 38
includes threads 58. In one embOdiment5 threads 58 are left-handed threads. A threaded
collet 60, which inciludes threads 62 on fingers 64 that match lower housing threads 58, is
disposed on the exterior of upper housing 54. When upper string 12 is properly
positioned into lower string 14, finger threads 62 are engaged to lower housing threads
58.

[0014]  Upper housing 54 also includes a locking mechanism 66 to lock the
engagement between finger threads 62 and lower housing threads 58. Locking

mechanism 66 comprises a locking piston 68 that includes an extension section 70 that
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slides between threaded collet 60 and upper housing 54, ensuring that finger threads 62
are securely engaged to lower housing threads 58. Threaded collet 60 and locking piston
68 include slots 72, 82 that are aligned. At least one peg 74 1s attached to upper housing
54 and located within the aligned slots 72, 82 to prevent relative rotation between
threaded collet 60 and locking piston 68. When locking piston 68 1s positioned so that
extension section 70 is between threaded collet 60 and upper housing 54, a snap ring 76
disposed within upper housing 54 snaps into a groove 78 defined on the exterior surface
of locking piston 68, thereby fixing locking piston 68 in the appropriate position.

[0015] The upper surface of locking piston 68 is in fluid communication With a
lower chamber 84 that is in fluid communication with a lower control line 80 Initially,
locking piston 68 1s located within lower chamber 84 so that extension section 70 1s not
between threaded eollet 60 and upper housing 54. When desired, 'control line 80 1s
pressurized to force locking piston 68 downward until extension section 70 is between
threaded collet 60 and upper housing 54, and snap ring 76 1s locked within groove 78.
[0016] A plurality of dogs 86, each attached to upper housing 54 such as by
screws 88, are preferably dispesed circumferentially between threaded collet ﬁngers 64.
Extension section 70 preferably also slides underneath dogs 86. Dogs 86 are preferably
located within dog grooves 90 defined on the exterior surface of upper housing 54. Dogs
86 serve to transfer torque to threaded collet 60, as will be described below.

[0017] In operation, an operator initially stabs upper string 12 into lower string 14
so that: (1) bearing 42 abuts ball operator mandrel 22; (2) fingers 46 of stinger collet: 44
are located within grooveS' 48 and disposed between lower housing 38 and ball operator

mandrel 22; and (3) finger threads 62 of threaded collet 60 are engaged to lower housing
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threads 58. Next, when an operator 1s prepared to lock upper string 12 to lower string 14,

control line 80 is pressurized to move locking piston 68 so that extension Section 70 18

between threaded collet 60 (dogs 86) énd upper housing 54, and snap ring 76 is locked
within groove 78. At this point, upper string 12 is mechanically locked to lower string
14. .
[0018] In one embodiment, ball valve 20 is in the closed position when first
deployed in the Well and ball collet fingers 34 are snapped 1nto upper ball g‘rdoves 40. As
upper string 12 is positioned into lower string 14, bearing 42 will abut the top' of ball
operator mandrel 22 and force ball operator mandrel 22 downward. This movement will
cause ball collet fingers 34 to snap out of upper ball grooves 40 and s‘lide downward uhtil
they snap into lower ball grooves 38, thereby Opening ball valve 20. Thus, the stabbing
of upper string 12 into lower string 14 forces ball valve 20 to move from its closed
position to its open position.

[0019] Once upper string 12 1s locked to l'ower string 14, ball valve 20 may be
operated (closed/opened) hydraulically. Actuating piston 52 has an annular extension
100 whose upper surface 1s 1n flmd c’o‘mmunication with an upper chamber 102 that 1s 1n
fluid communication with an upper control line 104. In one embodiment, a rupture disk
106 1s disposed between the lower surface of annular extension 100 and lower chamber
84. Once upper string 12 1s locked to lower string 14, lower cdntrol line 80 1s pressurized
above the rating of rupture disk 106 to cause disk 106 to burst, providing fluid
communication beﬁveen lower chamb‘_er 84 and thé lower surface of annular extension
100. This pressurization forces annular extension 100, and correspondingly actuating

piston 52, to move upward. In turn, as actuating piston 52 moves upward, fingers 46 of
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stinger collet 44 abut the top ends 108 of grooves 48, -thereby also forcing the upward
movement of ball operator mandrel 22. This upward movement causes ball collet fingers
34 to snap out of lower ball grooves 38 and slide upward until they snap into upper ball
grooves 40, thereby closing ball valve 20.

[0020] The operator may theréaffer open ball valve 20 again by pres:suring upper
chamber 102 through upper control line 104, thereby causing annular extenSion 100 and
actuating piston 52 to move downward so that bearing 42 forces ball operator mandrel 22
downwafd. Concurrently, stinger collet fingers 46 slide between lower housing 38 and
ball operator mandrel 22. The downward movement will cause ball collet fingers 34 to
snap out of upper ball grooves 40 and slide downward until they snap into lower ball.
grooves 38, thereby opening ball valve 20. Ball valve 20 may thereafter be repeatedly
closed and opened, as discussed above, by alternately pressuring lowei‘ and upper control
lines 80 and 104, respectively.

[0021] When the operator is _ready to retrieve upper string 12, he may do so
without having to also retrieve lower string 14. First, the operator rotates upper string 12
in the appropriate direction to unscrew the threaded connection between collet finger
threads 62 and lower housing threads 58. For instance, if lower housing threads 58 are
left-handed threads, upper string 12 would be rotated to 'th'e right to disengage such
threaded connection. It is noted that the fixed connection between the plurality of dogs
86 and upper housing 54 ensures that the torque applied to upper housing 54: 1S
transferred to threaded collet 60. This rotational motion causes the upward movement of
upper housing 54, including actuating piston 52. As previously discussed, upward

movement of actuating piston 52 in turn causes fingers 46 of stinger collet 44 to abut top
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ends 108 of grooves 48, thereby also forcing the upward movement of ball operator
mandrel 22. This upward movement causes ball collet fingers 34 to snap out of loWer
ball grooves 38 and slide upward until they snap into upper ball grooves 40, thereby

closing ball valve 20.

[0022] Continued upward movement of upper housing 54 (inoluding after the
disengagement of the threaded connection) results in the disengagoment of stinger collet
44 from ball operator mandrel 22. Once the threaded connection 1s diséngaged and
stinger collet 44 is disengaged from ball operator mandrel 22, upper string 12 can be
retrieved to the surface. It is noted that this mechanism/procedure ensures that ball valve
20 will be closed each time upper string 12 is disengaged from lower string 14, thereby
enabling retrieval of upper string 12 (including any additional components such as safety
valve 24 and crossover 26) without having to kill the well.

[0023] During operation (and when ball Valve‘ZO 1S open), hydrocarbons will be
produced mto tool string 10 below ball valve 20 and will flow upward through
passageway 18. In the embodiment including crossover 26, flow of hydrocarbons can be
diverted to an annulus 302 of the wollbore through crossover ports 300, in which case tho
hydrocarbons flow to the surface within annulus 302. In one embodiment, all of the flow
1s diverted to annulus 302 by including a plug (not shown) on completion string 304
above crossover 26. In another embodiment, flow may be partially diverted to annulus
302 so that hydrocarbons flow to the‘ surface through both passageway 18 and annulus
302. Flowing hydrocarbons through annulus 302 is advantageous since the area of

annulus 302 in some wells is smaller than the area of passageway 18.
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10024] Although only a few example embodiments of the present invention are
described in detail above, those skilled in the art will readily appreciate that many
modifications are possible in the example embodiments without materially departing
from the novel teachings and advantages of this invention. Accordingly , all such

modifications are intended to be included within the scope of this invention as defined 1n

the following claims.
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CLAIMS:
1. A tool string for deployment in a wellbore,
comprising:
an upper string including a valve actuator;
5 a lower string including a valve; 1n which

the lower string is adapted to form a releasable
connection with the upper string to permit the upper string
to be removed from the lower string when the lower string 1is

deployed in the wellbore; and

10 the valve actuator controls the operation of the

valve once the upper string is received by the lower string,

wherein the upper string 1s adapted to be
connected to the lower string after the lower string 1is

deployed in the wellbore.

15 2. The tool string of claim 1 in which the upper

string is adapted to be retrievable from the lower string.

3. The tool string of c¢laim 1 i1n which the upper

string can be run into and retrieved from the well multiple

times.

20 4, The tool string of claim 1 in which the valve

actuator comprises an upper mandrel.

5. The tool string of claim 4 1n which the valve

actuator further comprises a bearing on one end of the upper

mandrel .

25 6. The tool string of claim 4 in which the wvalve

actuator further comprises an upper collet.
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7. The tool string of claim 1 in which the valve

actuator further comprises:
an upper mandrel having a pilston;
a bearing on a lower end of the upper mandrel; and
S an upper collet.
8. The tool string of claim 7 further comprising:

an upper control line disposed on or in the upper
string to provide pressurized fluid to an upper side of the

piston;

10 a lower control line disposed on or 1n the upper
string to provide pressurized fluid to a lower side of the

piston.

9. The tool string of claim 8 further comprising a

rupture disk disposed in the lower control line,

15 10. The tool string of claim 1 in which the valve 1is a
ball valve.
11. The tool string of claim 1 in which the lower

string further includes a lower mandrel linked to the valve.

12. The tool string of claim 11 in which the valve

20 actuator further comprises:
an upper mandrel having a piston;
a bearing on a lower end of the upper mandrel; and

an upper collet releasably engaged to the lower

mandrel.

25 13. The tool string of claim 11 in which the lower

string further includes a lower collet.

10



10

15

20

25

CA 02376806 2004-02-23

78543-73

14. The tool string of claim 13 in which the lower

collet releasably locks the valve open and closed.

15. The tool string of claim 1 further comprising a

lock to secure the upper string to the lower string.
16. The tool string of claim 1 further comprising:

a crossover in fluid communication with the upper

string; and
a plug disposed in the crossover.

17. A completion apparatus for use 1n a well,

comprising:

an upper section having an upper housing and an

upper mandrel moveably mounted to the upper housing;

a lower section having a lower housing, a lower
mandrel moveably mounted to the lower housing, and a valve
mounted to the lower housing and connected to the lower

mandrel; in which

the lower section is adapted to releasably receive
a portion of the upper section after the lower section 1is

deployed in the well; and

displacement of the upper mandrel when the upper
section 1s received by the lower section induces
displacement of the lower mandrel to open or close the

valve,

wherein the upper section 1s adapted to be stabbed
into the lower section after the lower section 1s deployed

in the well.

18. The completion apparatus of claim 17 further

comprising:

11
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a crossover in fluid communication with the upper

sectlion; and
a plug disposed 1n the crossover.

19. The completion apparatus of claim 17 in which the

upper mandrel has:
a plston; and
an upper collet attached to the upper mandrel.

20. The completion apparatus of claim 19 further

comprising:

an upper control line to deliver pressurized fluid

to an upper surface of the piston;

a lower control line to deliver pressurized fluild

to a lower surface of the piston.

21. The completion apparatus of claim 19 in which the

upper collet releasably engages the lower mandrel.

22. The completion apparatus of claim 20 further
comprising a pressure-sensitive impediment to flow in the

lower control line.

23. The completion apparatus of claim 17 further

comprising a lower collet attached to the lower mandrel.

24 . The completion apparatus of claim 23 further
comprising upper and lower recesses in the lower housing in
which the lower collet releasably locks the valve open and

closed.

25. The completion apparatus of claim 17 further
comprising a lock to secure the upper housing to the lower

housing.

12
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26. The completion apparatus of

claim 25 in which the

lock comprises a locking piston and aligned slots in which a

pin fixed to the upper housing slides.

27 . The completion apparatus of

lock comprises a snap ring.

28 . The completion apparatus of

lock i1s actuated by pressurized fluid

29. The completion apparatus of

comprising a safety valve upstream of

30. The completion apparatus of

valve 1s a ball wvalve.

claim 25 i1in which the

claim 25 i1n which the

from a control line.

claim 17 further

the lower housing.

claim 17 in which the

31. A tool string for use in a well, comprising:

an upper housing;

a lower housing releasably joined to the upper

housing:;

a passageway extending through the upper and lower

housings to allow fluid communication through the tool

string;

a valve disposed 1in the lower housing to block or

allow flow through the passageway;

a valve linkage disposed 1n the lower housing;

a valve actuator moveably attached to the upper

housing and releasably attached to the wvalve linkage; and

a first control line disposed along or within the

upper housing to control the movement of the valve actuator.

32. The tool string of claim 31

a ball wvalve.
13

in which the wvalve 1s
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33. The tool string of claim 31 in which the lower
housing 1s releasably joined to the upper housing by a

threaded connection.

34. The tool string of claim 33 in which the threaded
connection 1s formed by a threaded upper collet attached to

the upper housing and mating threads on the lower housing.

35. The tool string of claim 31 in which the first
control line delivers pressurized fluid to the valve

actuator to move the valve actuator.

36. The tool string of claim 31 in which the valve 1s

a ball wvalve.

37. The tool string of claim 31 further comprising:

a crossover having crossover ports therein;

a plug 1n the tool string upstream of the

crossover ports; and
a safety valve disposed in the tool string.
38. The tool string of claim 31 further comprising:

a second control line to induce motion of the
valve actuator in a direction opposite to that induced by

the first control line; and

a rupture disk disposed in the second control

line.

39. The tool string of claim 31 further comprising an

upper collet to releasably attached to the valve actuator to

the valve linkage.

40. The tool string of claim 31 in which joining the

upper housing to the lower housing forces the valve open.

14
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41 . The tool string of claim 31 in which removing the

upper housing from the lower housing forces the valve

closed.

42 . The tool string of claim 31 further comprising a
lock.

43. The tool string of claim 42 in which the lock

comprises a snap ring and a locking piston.

44, The tool string of claim 31 further comprising a
lower collet to releasably lock the valve linkage to the

lower housing.
45 . A method to control flow in a well, comprising:

(a) placing a lower housing having a valve therein

into the well;
(b) fixing the lower housing to the well;

(c) subsequent to the fixing, receiving by the
lower housing an upper housing having a valve actuator
therein, wherein the receiving comprises stabbing the upper

housing into the lower housing subsequent to the fixing;

(d) moving the valve actuator to open or close the

valve as many times as desired;

(e) disconnecting the upper housing from the lower
housing with the valve closed to permit other operations

upstream of the lower housing; and

(f) repeating steps (c) - (e) as many times as
desired.
46. A method to retrieve a tool string from a well,
comprising:

15
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running into the well the tool string comprising
first and second releasably connected sections, the first
section having a valve actuator, and the second section
having a valve responsive to the valve actuator, wherein the
running the first section i1nto the well comprises stabbing

the first section into the second section;

securing the second section in the well 1n a

desired position;

separating the flrst section from the second

section and thereby closing the valve;

removing the first section from the well;

performing operations 1in the well upstream of the

valve; and

running the first section into the well to
releasably connect the first section to the second section

and thereby open the valve.

47 . A flow control system for use 1n a well,

comprising:

a first section releasably connected to a second
section, to permit the first section to be removed from the
second section when the second section is deployed in the
well, whereln the first section is adapted to be stabbed
into the second section after the section is deployed in the

well;
a valve disposed in the second section; and

a valve actuator disposed in the first section to
open and close the valve when the first section is connected

to the second section.

16
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48 . A flow control wvalve for use in a well,

comprising:
a lower housing;
a sealing member disposed in the lower housing;

a linkage connected on one end to the sealing

member;

an upper housing releasably connected to the lower
housing, wherein the upper housing is adapted to be stabbed
into the lower housing after the lower housing is deployed

in the well;

an actuator connected at one end to the upper
housing and releasably connected at an opposite end to an
end of the linkage opposite the sealing member to permit the
actuator to be removed from the linkage when the lower

housing 1is deployed 1n the well.

49, The tool string of claim 1, wherein the upper
string is adapted to be stabbed into the lower string after

the lower string has been deployed in the wellbore.
SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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