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(57) ABSTRACT 

A doWnhole string includes a liner and devices positioned 
outside the liner. One or more control lines extend from the 
liner devices along the exterior of the liner to one or more 
connectors that provide connection points inside the liner. 
The one or more connectors may include electrical connec 

tors (e.g., direct contact connectors), inductive connectors 
(e.g., inductive couplers), optical connectors (e.g., ?ber 
optic connectors), and hydraulic connectors. The one or 
more control lines may be electrical lines, ?ber optic lines, 
or hydraulic lines. The doWnhole string may also be used 
With a cement protector during cementing operations to 
protect both the inside of the liner as Well as the one or more 
connectors attached to the liner. The cement protector 
includes a sleeve that isolates cement from the inside of the 
liner during a cementing operation so that a liner Wiper plug 
is not needed. The cement protector is engageable to a 
pulling tool that is attached to a running tool. The running 
tool in turn is connected to a pipe through Which a cement 
slurry can be pumped. The cement slurry pumped through 
the inner bore of the pipe enters the sleeve of the cement 
protector. One or more ports are provided in the cement 
protector sleeve to enable communication of the cement 
slurry to an annulus region betWeen the outer Wall of the 
liner and the inner Wall of the Wellbore. If the apparatus and 
method is used With a casing, then a running tool may be 
omitted. 
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COMMUNICATING WITH DEVICES POSITIONED 
OUTSIDE A LINER IN A WELLBORE 

BACKGROUND 

[0001] The invention relates to communicating With 
devices positioned outside a liner in a Wellbore. 

[0002] Oil and gas Wells may be completed With a variety 
of doWnhole devices to produce hydrocarbons from, or 
inject ?uids into, formations beneath the earth surface. 
Completion equipment have been developed for many types 
of Wells, including vertical or near-vertical, horiZontal, devi 
ated, and multilateral Wells. Typical completion equipment 
include valves, tubing, packers, and other doWnhole devices, 
as Well as electrical, optical, or hydraulic devices to monitor 
doWnhole conditions and to control actuation of doWnhole 
devices (e.g., opening or closing valves, setting packers, and 
so forth). 

[0003] Sensors and control devices may also be mounted 
on or positioned outside of a liner, Which is typically 
cemented to the Wall of the Wellbore. A special type of liner 
includes casing, Which is a liner that eXtends to the Well 
surface. A liner may also be connected beloW a casing to 
eXtend further into the Wellbore or into a lateral branch of a 
multilateral Well. One type of sensor that may be mounted 
on the outside of a casing includes resistivity electrodes, 
Which are used to monitor the resistivity of a surrounding 
formation reservoir. Based on the resistivity information, 
various characteristics of the formation may be determined. 

[0004] A conventional technique of communicating With 
the sensors mounted on the outside of casing includes 
running a control line outside the casing to the Well surface. 
HoWever, running one or more control lines in the cement 
layer creates a potential leak path to the Well surface, Which 
is undesirable. In addition, for liners that do not eXtend to the 
Well surface, use of this technique may not be available. 
Another draWback of running a control line on the outside of 
the casing is that the control line may have to cross Wellhead 
equipment at a relatively inconvenient location. 

[0005] A need thus eXists for a mechanism to provide 
Communication With doWnhole sensors or control devices 
that are positioned outside of liners in a Wellbore. 

SUMMARY 

[0006] In general, according to one embodiment, an appa 
ratus for use in a Well having a Well surface and a Wellbore 
lined With a liner includes one or more devices positioned 
outside the liner and one or more control lines connected to 
the devices and extending outside of the liner. One or more 
connectors are connected to the control lines and provide 
one or more connecting points accessible from inside the 
liner beloW the Well surface. 

[0007] Other embodiments and features Will become 
apparent from the folloWing description, from the draWings, 
and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates an embodiment of a liner string 
in a Wellbore, the liner string including a liner, devices 
positioned outside the liner, a control line connected to the 
devices, and a connector connected to the control line. 
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[0009] FIG. 2A illustrates an embodiment of a completion 
string for use With the liner string of FIG. 1, the completion 
string including a connector adapted to be mated to the liner 
string connector. 

[0010] FIGS. 2B-2D illustrate other arrangements of liner 
strings and completion strings. 

[0011] FIG. 3 illustrates an embodiment of a string coop 
erable With the liner string of FIG. 1 to perform cementing 
operations in accordance With an embodiment. 

[0012] FIGS. 4A-4I illustrate a sequence of operations 
involving the string of FIG. 3, the liner string of FIG. 1, and 
a completion string. 

DETAILED DESCRIPTION 

[0013] In the folloWing description, numerous details are 
set forth to provide an understanding of the present inven 
tion. HoWever, it Will be understood by those skilled in the 
art that the present invention may be practiced Without these 
details and that numerous variations or modi?cations from 
the described embodiments may be possible. 

[0014] As used here, a “liner” refers to any structure used 
to line the Wall of any section of a Wellbore, either in the 
main bore or in a lateral branch. Thus, “liner” may refer to 
either a liner or casing, Which eXtends to the Well surface. 

[0015] As used here, the terms “up” and “doWn”; “upper” 
and “lower”; “upWardly” and doWnWardly”; and other like 
terms indicating relative positions above or beloW a given 
point or element are used in this description to more clearly 
described some embodiments of the invention. HoWever, 
When applied to equipment and methods for use in Wells that 
are deviated or horiZontal, such terms may refer to a left to 
right, right to left, or other relationship as appropriate. Also, 
When used in a horiZontal section of a Wellbore, the terms 
“beloW” and “deeper” refer to a direction of the Wellbore 
that is more distal from the Wellbore surface. 

[0016] Referring to FIG. 1, a liner string according to one 
embodiment in a Wellbore 10 is illustrated. An upper seg 
ment of the Wellbore 10 is lined With casing 12. The liner 
string includes a liner 14 that lines a loWer segment of the 
Wellbore 10, With the liner 14 attached beloW a liner hanger 
16 engaged to the inner Wall of the casing 12. One or more 
control and/or monitoring devices 18 may be positioned 
outside the outer Wall of the liner 14. In one arrangement, the 
control and/or monitoring devices may be mounted or 
attached to the outer Wall of the liner 14. In another 
arrangement, the control and/or monitoring devices may be 
positioned outside the liner 14 but not in contact With the 
liner outer Wall. 

[0017] Such control and/or monitoring devices may 
include sensors (such as pressure and temperature gauges, 
resistivity electrodes, and so forth) to monitor Wellbore or 
formation characteristics, and control elements (such as 
microcontrollers, microprocessors, or other electronic cir 
cuitry) to perform various control operations, such as open 
ing valves, turning on or off sensors, and so forth. More 
generally, such control and/or monitoring devices may be 
referred to as “liner devices,” Which are doWnhole devices 
positioned or mounted outside of a liner. The liner devices 
may be electrical, hydraulic, optical, or other types of 
devices. One eXample of a liner device includes an array of 
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resistivity electrodes that are used to create a resistive image 
of the surrounding formation reservoir to predict the arrival 
of Water during production. In a different embodiment, the 
liner devices may be positioned outside the casing 12 instead 
of the liner 14. 

[0018] In accordance With some embodiments, a control 
line 20 (or plural control lines) is connected to the liner 
devices 18. As illustrated, the control line 20 extends beloW 
the liner devices 18 deeper (or more distally) into the 
Wellbore to the loWer end of the liner 14. The control line 20 
extends along the outside of the liner 14 and may be secured 
to the liner With protectors (usually at every coupling). At 
the loWer end, a special liner shoe 22 is attached to the liner 
14, With the control line 20 extending through the shoe 22. 
The shoe 22 may be connected to (or in the proximity of) a 
connector sub that includes a connector 24 (or plural con 
nectors) connected to the control line 20. The combination 
of the connector sub and connector 24 is one example of a 
communication connector assembly. The connector assem 
bly is accessible from Within the liner 14. The connector 24 
may be an electrical connector (e.g., a direct contact con 
nector), an inductive coupler, an optical connector (e.g., a 
?ber optic connector), a hydraulic connector, or other con 
nector. The control line 20 may be an electrical line, a ?ber 
optic line, a hydraulic line, or other control line. The control 
line 20 is adapted to carry both telemetry and poWer signals. 

[0019] In other arrangement, the connector does not need 
to be positioned at or in the proximity of the loWer end of the 
liner 14 but may be positioned at another location along the 
liner. HoWever, in such other arrangements, the connector is 
still positioned at a depth beloW the Well surface so that the 
control line running from the liner devices to the connector 
does not compromise the seal provided by the cement layer 
surrounding the liner. Thus, a bene?t offered by any arrange 
ment in Which the connector 24 is positioned beloW the Well 
surface is that a connection mechanism to the liner devices 
is made available Without having to run a control line in the 
cement layer all the Way to the Well surface, Which may 
create an undersirable leak path. Also, this avoids having to 
run a control line through the liner hanger 16. Further, in the 
arrangement of FIG. 1, another bene?t of positioning the 
connector 24 at or near the proximity of the loWer end of the 
liner 14 is to avoid creating an obstruction in the inner bore 
of the liner 14 When other tool strings are run doWnhole. In 
the arrangements discussed, the connector 24 is positioned 
so that it can mate With a corresponding connector or other 
component run into the inner bore of the liner 14. 

[0020] To install the liner string shoWn in FIG. 1 after the 
casing 12 has been installed in the Wellbore 10, the liner 
string (including the liner 14, liner hanger 16, shoe 22, 
connector 24, control line 20, and liner devices 18) is run 
into the Wellbore to the desired depth. Once positioned in the 
desired depth, the liner 14 is cemented in place. The cement 
is pumped (in slurry form) into the inner bore of the liner 14 
and through the shoe 22 at the loWer end to introduce the 
cement slurry into the annulus region betWeen the outside of 
the liner and the inner Wall of the Wellbore 10. The intro 
duced cement slurry ?oWs upWardly in the annulus region to 
form the cement layer. The cement slurry is also ?oWed into 
a region 31 Where the liner 14 and casing 12 overlap. Due 
to the absence of a control line running betWeen the liner 14 
and the casing 12, the cement in the region 31 betWeen the 
liner 14 and the casing 12 provides a good seal to prevent 

Jan. 3, 2002 

Wellbore ?uids from leaking through the annulus betWeen 
the outer Wall of the liner 14 and the inner Wall of the casing 
12. 

[0021] Referring to FIG. 2A, a completion string is run 
into the Wellbore 10 after the liner string has been installed. 
In one example embodiment, the completion string includes 
a tubing 30, e.g., a production tubing, an injection tubing, or 
some other type of pipe. A connector 32 (or plural connec 
tors) may be mounted at the loWer end of the tubing 30. The 
connector 32 is adapted to connect to the connector 24 
included in the connector sub of the liner string. The 
connector 32 may be an electrical, inductive, optical, 
hydraulic, or other connector. 

[0022] The tubing connector 32 is in turn connected to a 
control line 34 (or plural control lines), Which may be an 
electrical, optical, hydraulic, or other control line. The 
control line 34 runs along the outside of the tubing 30 to the 
Well surface. In one arrangement, the control line 34 may be 
secured to the tubing 30 With protectors (usually at every 
coupling). At the Well surface, the control line 32 extends 
through a tubing hanger 38 to a surface control module 36. 
The surface control module 36 may be a poWer supply and 
computer for electrical control lines, an optical sensor for 
?ber optic control lines, a hydraulic console for a hydraulic 
control line 24, another type of module, or a combination of 
the different consoles. 

[0023] CentraliZer mechanisms may be used to orient the 
connector 32 With respect to the liner connector 24 to help 
mate the connectors. If plural connectors are arranged in 
parallel, an orientation pro?le may be placed on the liner 14 
above the liner connectors 24 so that a pin located on the 
tubing can orient the production string and position its 
connectors 32 to line up With the liner connectors 24. 

[0024] FIGS. 2B-2D illustrate different arrangements of 
the liner string and completion string. In the FIG. 2B 
example, a control line 20B extends outside the liner 14 to 
the upper end of the liner. At the upper end, the control line 
20B reaches a connector sub 24B. The connector 24B is 
attached to the liner 14B and may be mated With the 
connector 32B of the tubing 30B. 

[0025] Referring to FIG. 2C, in yet another arrangement, 
the control line 20C extends from the devices 18. In the 
example shoWn, the control line 20C extends through an 
opening 21C in the liner 14C. The control line 20C is then 
connected to a connector sub 23C inside the liner 14C. In 
another arrangement, the control line 20C may extend above 
the devices 18 instead of beloW the devices. 

[0026] Referring to FIG. 2D, another arrangement has a 
control line 20D extending to an opening 21D in the liner 
14D. The control line 20D is provided through the opening 
21D to an annular connector 24D inside the liner 14D. The 
tubing 30D is attached to an annular connector 32D that is 
capable of mating With the connector 24D. 

[0027] Other arrangements are also possible. For example, 
the connector on FIG. 2D may be placed on one side of the 
liner. 

[0028] In accordance With a further embodiment of the 
invention, a cement protector may be used to protect the 
inner Wall of the liner 14 during cementing operations. After 
the liner string is loWered to a desired depth, the liner 14 
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needs to be cemented to the Wellbore Wall. Conventionally, 
in performing a cementing operation, a cement slurry may 
be ?oWed inside the liner 14. To remove the cement from the 
inner bore of the liner 14 after the cementing operation has 
completed, a Wiper plug may be used to Wipe out the cement. 
The presence of the liner connector 24 may be incompatible 
With the use of cement or a Wiper plug. The cement inside 
the inner bore or subsequent use of the Wiper plug may also 
damage the connector 24. 

[0029] The cement protector in accordance With some 
embodiments may be used to isolate the cement from the 
inner Wall of the liner 14 and the connector 24 during a 
cementing operation. This reduces the likelihood that Con 
nector 24 and the inner Wall of the liner are damaged during 
the cementing operation. 

[0030] By not polluting the inside of the liner With cement, 
use of a Wiper plug can be avoided, Which can reduce the 
number of runs needed to perform a cementing operation to 
as little as a single run. Asafe operation is provided since the 
cement protector may be retrieved to the Well surface before 
the cement dries. In an alternative arrangement, the cement 
protector may be a cover that isolates cement from the 
connector 24 but not necessarily the liner 14. 

[0031] Referring to FIG. 3, a tool string that includes a 
cement protector 100 in accordance With one embodiment is 
illustrated. The liner string shoWn in FIG. 1 including the 
casing 12, liner hanger 16, liner 14, connector(s) 24, liner 
shoe 22, control line(s) 20, and liner devices 18, is also 
illustrated in FIG. 3. The cement protector 100 is positioned 
above a connector sub 102 that includes the connector(s) 24. 
The connector sub 102 is located above the liner shoe 22, 
Which includes a check valve 106 that is pushed by a spring 
108 to an upWard and sealed position against a seat member 
109. Plural check valves may be used for redundancy. 
During cementing operations, a cement slurry applied under 
pressure pushes the check valve 106 aWay from the seat 
member 109 to alloW the cement slurry to How through 
openings 107 into an annulus region 105 betWeen the 
outside of the liner 14 and the inner Wall of the Wellbore 10. 

[0032] The cement protector 100 includes a sleeve 110 
With an inner bore 111. The bottom of the cement protector 
100 provides a cover or cap that de?nes a chamber 112 
Which may be ?lled With a clean ?uid such as grease or 
dielectric oil to protect the connector(s) 24 from pollution by 
cement or debris. 

[0033] One or more ports 132 are provided at the loWer 
end of the cement protector sleeve 110 to alloW out?oW of 
cement slurry from the inner bore 111 of the cement pro 
tector sleeve 110. One or more corresponding conduits 134 
are provided in the connector sub 134. The one or more ?uid 
?oW paths provided by the one or more ports 132 and the one 
or more conduits 134 enable the communication of cement 
slurry to the shoe 22. Seals 104 may be provided around the 
one or more ports 132 and conduits 134 to prevent commu 
nication of cement slurry With any part of the inner bore of 
the liner 14. 

[0034] The cement protector 100 also includes a locking 
device that includes locking dogs 114 and a locking sleeve 
116. The locking device releasably engages the cement 
protector 100 to the liner 14. The locking dogs 114 are 
positioned in corresponding WindoWs in the cement protec 
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tor sleeve 110. A shearing mechanism (not shoWn) may be 
used to ?X the locking sleeve 116 in place until a suf?cient 
force is applied to move the locking sleeve 116 upWardly to 
release the locking dogs 114. This translation opens a bypass 
ori?ce (not shoWn) cut into the protector sleeve 110, so that 
any differential pressure can be equaliZed before removing 
the cement protector 100. In the illustrated position of FIG. 
3, the locking dogs 114 are held in position by the locking 
sleeve 116 inside a groove 118 formed in the inner Wall of 
the liner 14. 

[0035] A recess 120 is provided in the locking sleeve 116. 
The recess 120 is adapted to engage a pulling tool 130 so that 
the cement protector 100 may be retrieved from the Wellbore 
after the cementing operation is complete. The cement 
protector 100 also includes a seal bore 122 that alloWs the 
pulling tool 130 to sealingly engage the inner bore of the 
cement protector sleeve 110. 

[0036] The pulling tool 130 includes elements to engage 
corresponding elements of the cement protector 100 so that 
upWard movement of the pulling tool 130 pulls the cement 
protector 100 upWardly. The loWer end of the pulling tool 
130 includes a seat 146 for a ball that may be dropped from 
the Well surface. In addition, one or more angled conduits 
148 are provided in the housing 131 of the pulling tool 130 
to enable communication betWeen the inside of the pulling 
tool 130 and the outside When the ball is positioned in the 
seat 146. A groove is also formed in the pulling tool housing 
131 to carry a seal 144, Which may be an O-ring or 
V-packing seal assembly, that is adapted to engage the seal 
bore 122 of the cement protector 100. 

[0037] Fingers 136 are provided on the outside of the 
pulling tool 130. The loWer ends of the ?ngers 136 include 
protruding portions 142. The combination of each ?nger 136 
and protruding portion 142 forms a collet. In the illustrated 
position, the inner surfaces of the protruding portions 142 
abut on the pulling tool housing 131. The upper end 138 of 
the ?ngers 136 are engaged to a coiled spring 140. The 
coiled spring 140 is contained inside a chamber de?ned by 
the pulling tool housing 131. 

[0038] An upWard force applied on the ?ngers 136 may 
move the ?ngers 136 upWardly against the spring 140. When 
the protruding portions 142 have moved up a suf?cient 
distance to a recessed section of the pulling tool housing 
131, the protruding portions 142 may be collapsed radially 
inWardly. The ability to collapse the protruding portions 142 
enable the protruding portions 142 to engage the recess 120 
of the locking sleeve 116 in the cement protector 100. 

[0039] As an option, the pulling tool body 110 may be 
equipped With spring-energiZed keys (not shoWn). These 
keys can eXpand into slots cut into the top of the orienting 
pro?le 210. In this Way, a torque applied to the running 
string at the surface can be transmitted to the liner, if desired. 

[0040] Attached above the pulling tool 130 is a running 
tool 150. The running tool 150 is attached beloW a tubing or 
pipe 170 and includes a mechanism for releasably securing 
the running tool 150 to the liner 14. Collectively, the pipe 
170, running tool 150, and pulling tool 130 make up an 
eXample of a running string. The running tool 150 is adapted 
to be released once the liner hanger 16 is engaged to the 
casing 12. Effectively, the running string is releasably 
attached proximal an upper end of the liner 14 When the liner 
string is being run in. 
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[0041] The running tool 150 includes dogs 152 that are 
?tted through openings in the running tool housing 162 to 
engage slots 154 formed in a nipple 156 connected to the 
liner hanger 16. Torque can be applied to the running string 
for transmission to the liner if needed. The dogs 152 are 
maintained in position by a locking sleeve 158 in the running 
tool 150. The locking sleeve 158 is capable of translating 
longitudinally inside the running tool housing, but is ?xed in 
position by a shearing mechanism (not shoWn). 

[0042] The running tool 150 also provides a seat 160 for 
a ball that can be dropped from the Well surface. The ball 
sealingly engages the seat 160 so that pressure may be 
increased inside the running tool 150 above the ball. This 
pressure increase creates a differential pressure across the 
locking sleeve 158, Which is equipped With tWo different 
seals 171A and 171B on the tWo sides of a chamber 159. If 
a suf?cient force is applied by the differential pressure, the 
shearing mechanism of the locking sleeve 158 breaks to 
alloW translation of the locking sleeve 158 to free the dogs 
152 into the sleeve groove 157. 

[0043] The ball seat itself 160 may be locked in position 
by a shearing mechanism (not shoWn) having a larger shear 
strength than the locking sleeve 158 shearing mechanism. 
Once a suf?cient force is applied to shear the shearing 
mechanism of the ball seat 160, the ball seat 160 can be 
moved doWnWardly until it impacts an inner shoulder 163 of 
the pulling tool housing 131. At this point, the force applied 
against the ball can push the upper ring 161 of the ball seat 
160 outWardly so that the ball 200 can pass through the ball 
seat 160. Then the ball 200 drops into the pulling tool 130 
to sit in the seat 146, pushed by the differential pressure. In 
another embodiment, the tWo seats 161 and 146 can be 
combined. The seat 146 in this other embodiment can be cut 
in a sliding sleeve locked in place by a shearing mechanism. 
The translation of this sleeve may open the conduits 148. 

[0044] FIGS. 4A-4I illustrate a sequence of operations 
including installation of the liner string of FIG. 1, a cement 
ing operation, and installation of a completion string inside 
the liner string after the cementing operation. 

[0045] In FIG. 4A, the liner string of FIG. 1 (including 
the liner, liner hanger, liner devices, control line, and con 
nector) along With the tool string of FIG. 3 are run together 
into the Wellbore 10. As shoWn, the running tool 150 is 
connected by the dogs 152 to the nipple 156 connected to the 
liner hanger 16. Once the liner hanger 16 has been set 
against the inner Wall of the casing 12, a ball 200 can be 
dropped to sealingly engage a seat 160 in the running tool 
150, as shoWn in FIG. 4B. An applied elevated pressure 
inside the pipe 170 attached to the running tool 150 creates 
a differential pressure across the locking sleeve 158. If a 
sufficient differential pressure is created, the force applied on 
the locking sleeve 158 causes breakage of the shearing 
mechanism and upWard movement of the locking sleeve 
158. A groove 157 of the locking sleeve 158 alloWs the 
locking dogs 152 to drop aWay from the recess 154 of the 
nipple 156 When the locking sleeve 158 has moved 
upWardly by a sufficient distance. This causes the running 
tool 150 to disengage from the nipple 156, as shoWn in FIG. 
4B. 

[0046] Once the dogs 152 are disengaged, a further 
increase in the differential pressure across the ball 200 sitting 
in the seat 160 may shear the shearing mechanism attaching 
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the ball seat 160 to the running tool 150. The ball seat 160 
then translates doWnWardly to impact the shoulder 163 of 
the pulling tool housing 131. At this point, the force applied 
against the ball 200 can push the upper ring 161 of the ball 
seat 160 outWardly so that the ball 200 can pass through the 
ball seat. The ball 200 drops into the pulling tool 130 to sit 
in the seat 146 of the pulling tool, as shoWn in FIG. 4C. The 
running string including the pipe 170, the running tool 150, 
and the pulling tool 130 is then loWered to engage the 
pulling tool 130 inside the cement protector 100. If the liner 
devices are positioned outside the casing 12 instead of the 
liner 14, then the running tool 150 may be omitted. 

[0047] As shoWn in FIG. 4D, as the pulling tool 130 is 
loWered into the cement protector sleeve 110, the ?ngers 136 
are pushed upWardly and radially collapsed by abutment 
With the upper end of the cement protector sleeve 110. As the 
pulling tool 130 is pushed further into the cement protector 
sleeve 110, the seals 144 carried by the pulling tool 130 are 
sealingly engaged in the seal bore 122 of the cement 
protector sleeve 110, as shoWn in FIG. 4E. Also, the 
protruding portions 142 of the ?ngers 136 are engaged in the 
recess 120 of the locking sleeve 116. 

[0048] When running in, the running string is releasably 
attached to an upper end of the liner string to avoid tWo 
generally concentric tubular structures (the liner 14 and the 
pipe 170) traversing a large distance together, Which may 
greatly increase the Weight of the run-in assembly. Instead, 
according to some embodiments, the running string is 
moved doWnWardly from the upper end of the liner string to 
the loWer end to engage the cement protector 100 after the 
liner hanger 16 is set. 

[0049] More generally, the running string may be replaced 
With any type of run-in tool, and the cement protector 100 
may be replaced With any type of run-in receiver. The 
general concept is that the run-in tool loWers a liner or some 
other doWnhole structure into the Wellbore, folloWed by 
releasing the run-in tool. Next, the run-in tool is loWered into 
the Wellbore until it is received by the run-in receiver or 
coupled to the liner 14. 

[0050] When the pulling tool 130 is engaged in the cement 
protector sleeve 110, ?uid communication is provided 
betWeen the inside of the running string 170 and the inside 
of the cement protector sleeve 110 through the angled 
conduits 148. As further shoWn in FIG. 4E, the cementing 
operation is started, in Which a cement slurry 202 is pumped 
through the angled conduits 148 of the pulling tool 130 into 
the inner bore of the cement protector sleeve 110. The 
cement slurry is pumped by doWnWard movement of a 
cement plug 203 (not shoWn in FIG. 4E but shoWn in FIG. 
4F). As elevated pressure is applied above the plug 203 to 
supply the doWnWard movement. The cement slurry ?oWs 
through the ports 132 of the cement protector 100 and 
conduits 134 of the connector sub 102 into the liner shoe 22 
through the check valve 106. The cement slurry continues 
through liner shoe openings 107 into the annulus region 105 
betWeen the outer Wall of the liner 14 and the inner Wall of 
the Wellbore 10. As shoWn in FIG. 4F, the cement slurry 
continues up an annulus region 174 betWeen the outside of 
the liner 14 and the inside of the casing 12. The cementing 
operation may be stopped once the plug 203 contacts the ball 
200. The cement betWeen the outside of the liner 14 and the 



US 2002/0000317 A1 

inside of the casing 12 provides a relatively good seal to 
prevent leakage of Wellbore ?uids up the annulus region 
betWeen the liner and casing. 

[0051] After the cementing operation has been completed, 
the running string may be pulled out of the Wellbore 10. As 
shoWn in FIG. 4G, an upWard shifting of the running string 
causes the protruding portions 142 of the ?ngers 136 to pull 
upWardly on the locking sleeve 116 of the cement protector. 
UpWard movement of the locking sleeve 116 enables release 
of the locking dogs 114 so that the cement protector 100 is 
released from the liner 14. At this point, the running string 
and cement protector 100 may be pulled out of the Wellbore, 
as shoWn in FIG. 4H. The cement protector 100 may be 
easily retrieved before the cement has dried. As the cement 
protector 100 is retrieved, the cement remains inside the 
cement protector sleeve 110, With the inner Wall of the liner 
14 remaining substantially clear of cement. It is noted that 
some leakage of cement may ?oW into the inner bore of the 
liner 14. HoWever, the amount of such leakage may be small 
enough so that a subsequent cleaning operation is not 
needed. 

[0052] As further illustrated in FIG. 4H, an orienting 
pro?le 210 is provided in the inner Wall of the liner 14 to 
alloW alignment of connector(s) of the completion string 
With the connector(s) of the liner 14. Next, as shoWn in FIG. 
4I, the completion string, including a How control device 
212 (in one example embodiment) and a connector sub 214, 
may be run into the Wellbore. The connector sub 214 is 
oriented by the orienting pro?le 210 to align the connec 
tor(s) 32 to the liner connector(s) 24. 

[0053] In accordance With some embodiments, doWnhole 
components have been described to enable connection 
betWeen devices positioned outside of a liner and compo 
nents inside the liner. This may be accomplished by running 
one or more control lines from the liner devices to one or 

more connectors that provide connection points inside the 
liner beloW the Well surface. The one or more connectors 
may include electrical connectors (e.g., direct contact con 
nectors), inductive connectors (e.g., inductive couplers), 
optical connectors (e.g., ?ber optic connectors), hydraulic 
connectors, or other connectors. The one or more control 

lines may be electrical lines, ?ber optic lines, hydraulic 
lines, or other control lines. 

[0054] In accordance With further embodiments, a cement 
protector may be used during cementing operations to 
protect both the inside of the liner as Well as the one or more 
connectors attached to the liner. The cement protector 
includes a sleeve that isolates cement from the inside of the 
liner during a cementing operation. The cement protector is 
engageable to a pulling tool that is attached to a running tool. 
The running tool in turn is connected to a pipe through 
Which a cement slurry can be pumped. The cement slurry 
pumped through the inner bore of the pipe enters the sleeve 
of the cement protector. One or more ports are provided in 
the cement protector to enable communication of the cement 
slurry to an annulus region betWeen the outer Wall of the 
liner and the inner Wall of the Wellbore. 

[0055] While the invention has been disclosed With 
respect to a limited number of embodiments, those skilled in 
the art Will appreciate numerous modi?cations and varia 
tions therefrom. It is intended that the appended claims 
cover all such modi?cations and variations as fall Within the 

Jan. 3, 2002 

true spirit and scope of the invention. For example, instead 
of using locking dog assemblies in the described attachment 
mechanisms, other releasable attachment mechanisms may 
be used, such as those including collets. Also, instead of 
using a ball dropped from the Well surface to create isolation 
for generating an elevated pressure, a valve (e.g., a ball 
valve) may be used instead. 

What is claimed is: 
1. An apparatus for use in a Well having a Well surface and 

a Wellbore lined With a liner, comprising: 

a device positioned outside the liner; 

a control line connected to the device and extending 
outside the liner; and 

a connector connected to the control line and providing a 
connecting point accessible from inside the liner beloW 
the Well surface. 

2. The apparatus of claim 1, Wherein the liner has a loWer 
end, the connector positioned in the proximity of the liner 
loWer end. 

3. The apparatus of claim 2, Wherein the liner includes an 
inner bore and the connector is positioned to mate With a 
component loWered through the liner inner bore. 

4. The apparatus of claim 3, Wherein the component 
includes a corresponding connector. 

5. The apparatus of claim 3, further comprising: 

another connector positioned in the proximity of the liner 
loWer end; and 

an orienting pro?le to orient the component With respect 
to the connectors. 

6. The apparatus of claim 5, Wherein the component 
includes plural corresponding connectors. 

7. The apparatus of claim 2, further comprising: 

a liner shoe attached to the liner loWer end; and 

a connector sub including the connector, the connector 
sub positioned proximal the liner shoe. 

8. The apparatus of claim 1, Wherein the device includes 
an electrical device. 

9. The apparatus of claim 8, Wherein the device includes 
a resistivity electrode. 

10. The apparatus of claim 1, Wherein the device includes 
a hydraulic device. 

11. The apparatus of claim 1, further comprising at least 
another device positioned outside the liner. 

12. The apparatus of claim 1, Wherein the connector is 
selected from the group consisting of an electrical connector, 
an inductive coupler, an optical connector, and a hydraulic 
connector. 

13. The apparatus of claim 1, further comprising a cement 
protector removeably positioned in the liner and covering 
the connector. 

14. A Well communication system for a Well having a 
liner, the system comprising: 

a device positioned outside the liner; 

a control line extending from the device to a loWer end of 
the liner; and 

a connector connected to the control line and accessible 
from Within the liner. 
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15. The system of claim 14, further comprising a control 
line extending from the connector through the liner to the 
Well surface. 

16. The system of claim 14, further comprising a cement 
protector removeably positioned in the liner and covering 
the connector. 

17. A doWnhole communication apparatus, comprising: 

a liner having a loWer end; and 

a communication connector assembly attached to the 
liner. 

18. The apparatus of claim 17, further comprising the 
communication connector positioned at the loWer end of the 
liner. 

19. The apparatus of claim 18, Wherein the communica 
tion connector assembly includes a connector and a sub 
attached to the liner loWer end. 

20. A method for communicating With a device positioned 
outside a liner, the method comprising: 

routing one or more control lines from the device to an 
internal passageWay of the liner and to the surface. 

21. The method of claim 20, further comprising providing 
one or more connectors in the one or more control lines 

betWeen the outside of the liner and the internal passageWay 
of the liner. 

22. The method of claim 21, further comprising placing 
the one or more connectors proximal a loWer end of the liner. 

23. The method of claim 22, further comprising running 
a tool into the internal passageWay of the liner, the tool 
including one or more connectors adapted to mate With the 
one or more liner connector. 

24. An apparatus for use in a Wellbore having a liner With 
an inner bore, comprising: 

a cement protector to prevent or reduce communication of 
cement into the liner inner bore during a cementing 
operation, the cement protector including a sleeve and 
one or more ports; and 

a running string attached to the cement protector, the 
running string adapted to communicate cement through 
the one or more cement protector ports to a region 
outside the liner. 

25. The apparatus of claim 24, Wherein the cement 
protector further includes a locking device to releasably 
engage the cement protector to the liner. 

26. The apparatus of claim 25, Wherein the cement 
protector further includes a pro?le, Wherein the running 
string is adapted to engage the pro?le to release the locking 
device to enable retrieval of the cement protector. 

27. The apparatus of claim 26, further comprising a 
connector sub including one or more connectors, the cement 
protector de?ning a chamber in communication With the one 
or more connectors to isolate cement from the one or more 

connectors. 

28. The apparatus of claim 27, Wherein the chamber is 
?lled With a ?uid to protect the one or more connectors. 

29. The apparatus of claim 27, Wherein the one or more 
connectors each includes a connector selected from the 
group consisting of an electrical connector, an inductive 
coupler, an optical connector, and a hydraulic connector. 

30. The apparatus of claim 24, Wherein the running string 
includes a running tool releasably engaged to the liner. 
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31. The apparatus of claim 30, Wherein the liner is part of 
a liner string that further includes a liner hanger and a nipple, 
the running tool being releasably attached to the nipple. 

32. The apparatus of claim 30, Wherein the running string 
is moveable longitudinally upon release to engage the 
cement protector. 

33. The apparatus of claim 30, Wherein the running tool 
includes a ball seat to receive a ball, the running tool 
including an inner bore and a locking device to releasably 
engage the liner, the locking device adapted to be released 
by an increase in pressure in the running tool inner bore after 
the ball is sealingly engaged in the ball seat. 

34. The apparatus of claim 33, Wherein the ball seat is 
releasably attached to a housing of the running tool, Wherein 
a further increase in pressure causes the ball seat to be 
released and to enable the ball to drop through the ball seat. 

35. The apparatus of claim 34, Wherein the running string 
further includes a second ball seat beloW the ?rst ball seat, 
the second ball seat adapted to receive the ball after the ball 
drops through the ?rst ball seat. 

36. The apparatus of claim 35, Wherein the running string 
further includes one or more ports to enable ?uid commu 
nication betWeen the inside and outside of the running string 
after the ball has dropped into the second ball seat. 

37. A method of completing a Well having an inner Wall, 
comprising: 

running a liner string including a liner having an inner 
bore into the Wellbore; 

running a cement protector into the liner; and 

introducing a cement slurry into the Wellbore, the cement 
slurry communicated through the cement protector to 
an annulus betWeen the liner and the Wellbore inner 
Wall, 

the cement protector isolating the cement slurry from the 
liner inner bore. 

38. The method of claim 37, Wherein running the liner 
string and running the cement protector are performed in the 
same run. 

39. The method of claim 37, Wherein running the liner 
string includes running the liner string releasably attached to 
a running string. 

40. The method of claim 39, further comprising releasing 
the running string and moving the running string to engage 
the cement protector. 

41. The method of claim 40, Wherein introducing the 
cement slurry includes introducing the cement slurry 
through the running string. 

42. The method of claim 41, further comprising retrieving 
the running string and cement protector after the cementing 
operation. 

43. A method for use in a Wellbore, comprising: 

running a liner string into the Wellbore, the liner string 
including a liner having an inner bore, a device posi 
tioned outside the liner, a control line connected to the 
device and extending outside the liner, and a connector 
connected to the control line and accessible from the 
liner inner bore; and 

running a second string into the Wellbore, the second 
string having a connector; and 

mating the liner string connector With the second string 
connector. 
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44. The method of claim 43, wherein running the second 
string includes running a production string including a 
production tubing. 

45. The method of claim 43, Wherein the liner string 
includes plural connectors and the second string includes 
plural connectors, the method further comprising orienting 
the second string connectors to align With corresponding 
liner string connectors. 

46. A liner running and cementing apparatus, comprising: 

a run-in tool releasably connectable to an upper portion of 
the liner; 

a run-in tool receiver positioned proximal a loWer end of 
the liner; and 

the run-in tool receiver adapted to receive the run-in tool. 
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47. The apparatus of claim 46, Wherein the run-in tool 
receiver comprises a loWer protector sleeve releasably 
attached to a loWer end of the liner. 

48. The apparatus of claim 46, further comprising a 
communication conduit attached to the run-in tool providing 
?uid communication from a Well surface to the run-in tool. 

49. A method for use in a Wellbore, comprising: 

running a liner into the Wellbore on a run-in tool; 

moving the run-in tool to a bottom end of the liner; 

connecting the run-in tool to a structure proximal the liner 
bottom end; and 

?oWing cement through the run-in tool and then through 
the bottom end of the liner. 

* * * * * 


