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METHODS FOR ACTUATING A DOWNHOLE 
TOOL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The subject matter of the present application is 
related to US. patent application Ser. No. [Docket 
No. 2005-IP-0l7260U2 (1391-64001)] ?led and 
entitled “Systems for Actuating a DoWnhole Tool,” Which is 
hereby incorporated herein by reference in its entirety for all 
purposes. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

REFERENCE TO A MICROFICHE APPENDIX 

[0003] Not applicable. 

FIELD OF THE INVENTION 

[0004] The present invention relates generally to apparatus 
and methods of releasing mechanical plugs into a Well bore. 
More particularly, the present invention relates to compress 
ible mechanical plugs that may be released into a Work string 
disposed Within a Well bore to actuate doWnhole tools, and 
methods of releasing the mechanical plugs remotely from the 
Work string. 

BACKGROUND 

[0005] In general, When drilling hydrocarbon Wells, a drill 
bit is disposed at the end of a drill string, and typically, the 
drill string is rotated from the surface utiliZing either a top 
drive unit or a rotary table set in the drilling rig ?oor. As 
drilling progresses, increasingly smaller diameter tubulars 
comprising casing and/ or liner strings may be installed end 
to-end to line the borehole Wall. As the Well is drilled deeper, 
each string is run through and secured to the loWer end of the 
previous string to line the borehole Wall. Finally, the string is 
cemented into place by ?oWing cement doWn the ?oWbore of 
the string and up the annulus formed by the string and the 
borehole Wall. 
[0006] To perform the cementing operation, a cementing 
manifold is usually disposed betWeen the top drive unit or 
rotary table and a Work string extending into the Well. Due to 
its position, the cementing manifold must suspend the Weight 
of the Work string and the casing string, contain pressure, 
transmit torque, and alloW unimpeded rotation of the Work 
string. The cementing manifold is designed to alloW ?uids, 
such as drilling mud or cement, to ?oW therethrough While 
simultaneously enclosing and protecting from ?oW one or 
more darts that are released on demand and in sequence to 
perform various operations doWnhole, including Wiping pipe 
surfaces, separating ?uids, and actuating doWnhole tools. 
Thus, as ?uid ?oWs through the cementing manifold, the darts 
are isolated from the ?uid ?oW until they are ready for release. 
[0007] Within the borehole, the Work string, With one or 
more cementing plugs disposed at a loWer end thereof, 
extends into and connects to a casing running tool that sus 
pends the casing string to be cemented. Thus, the Work string 
is positioned upstream of the casing string. The Work string 
runs the casing string into the borehole to the desired depth, 
and the casing string ?lls With drilling ?uid or other ?uid in 
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the Well as it is being run in. When the casing string is 
positioned at the desired depth, cement is pumped doWnhole 
through the Work string. As the cement is pumped, a dart or 
other device is released from the cementing manifold and 
propelled doWn the Work string ahead of the batch of cement. 
The dart lands in a seat in one of the cementing plugs at the 
loWer end of the Work string, and the pres sure behind the dart 
causes the cementing plug to be released as the cement pushes 
the plug doWn. Thus, the cementing plug is released by the 
dart ahead of the cement batch. This cementing plug main 
tains a separation betWeen the cement slurry and the drilling 
?uid, and thereby reduces contamination of the cement slurry 
as it ?oWs into the casing string. The cementing plug that 
precedes the cement slurry and separates it from the drilling 
?uid is referred to herein as the “bottom cementing plug.” 
This bottom cementing plug also sealingly engages the inner 
surface of the casing string to Wipe the drilling ?uid from the 
Walls of the casing string ahead of the cement slurry. The 
bottom cementing plug then lands on a ?oat collar or ?oat 
shoe attached Within the bottom end of the casing string. 
[0008] When the bottom cementing plug lands on the ?oat 
collar or ?oat shoe attached to the bottom of the casing string, 
a bypass mechanism in the bottom cementing plug is actuated 
to alloW the cement slurry to proceed through the bottom 
cementing plug, through the ?oat collar or ?oat shoe and 
upWardly into the Well bore annulus betWeen the casing string 
and the borehole Wall. When the required quantity of cement 
slurry has been pumped through the Work string, a second dart 
or other device is launched from the cementing manifold to 
folloW the cement batch. This dart is pushed along by a 
displacement ?uid and Wipes cement from the Walls of the 
Work string, then lands in a releasing sleeve of a second 
cementing plug at the loWer end of the Work string. The 
second cementing plug, referred to herein as the “top cement 
ing plug”, is thereby released from the Work string to separate 
the cement slurry from additional drilling ?uid or other ?uid 
used to displace the cement slurry through the casing string. 
The design of the top cementing plug is such that When it 
lands on the bottom cementing plug at the loWer end of the 
casing string, it shuts off ?uid ?oW through both the top and 
bottom cementing plugs, Which prevents the displacement 
?uid from entering the Well bore annulus. 
[0009] The traditional cementing method described above 
involves a cementing manifold that comprises an integral part 
of the Work string, thus requiring ?eld personnel to Work in 
close proximity to the Work string to manually release darts 
during cementing operations. When operating from a drilling 
platform, for example, ?eld personnel may be Wenched into a 
harness and suspended from a derrick Within reach of the 
cementing manifold so that such personnel may manually 
manipulate valves to release darts into the Work string at 
desired times. This manual method of releasing darts creates 
the risk of injury to ?eld personnel, especially When operating 
from an offshore ?oating platform, for example, Where Wind 
and Waves create additional haZards to personnel suspended 
in a harness. Therefore, such manual methods of releasing 
darts from conventional cementing manifolds are not permit 
ted in some countries, such as NorWay, for example. Thus, an 
alternative method of releasing darts from the cementing 
manifold Was developed Wherein the cementing manifold 
valves are remotely actuated rather than manually actuated. 
Although such remote actuation methods address the concern 
about ?eld personnel Working in close proximity to the Work 
string, the cementing manifold must still be capable of sus 
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pending the Weight of the Work string and casing string, 
containing pressure, transmitting torque, and rotating the 
Work string. In addition, remote actuation of the cementing 
manifold valves to release darts adds complexity to the sys 
tem, and therefore more cost and less reliability as compared 
to the traditional manual method using ?eld personnel to 
manipulate the valves. 
[0010] Thus, a need exists for apparatus and methods to 
remotely release actuating, Wiping, and/or separating 
devices, such as mechanical plugs, into the Work string during 
cementing operations, While reducing design complexity of 
the cementing manifold, reducing manufacturing costs, and 
increasing operational reliability. 

SUMMARY OF THE INVENTION 

[0011] Disclosed herein is a method of servicing a Well 
bore comprising positioning a launching apparatus at a loca 
tion remote from a Work string, routing a ?rst mechanical 
plug through the Work string and a tubular, actuating a ?rst 
cementing plug Within the tubular via the ?rst mechanical 
plug, and pumping a cement slurry into the Well bore. 
[0012] Also disclosed herein is a method of servicing a Well 
bore comprising disposing a doWnhole tool Within a Work 
string in the Well bore, positioning a launching apparatus 
remote from the Work string, Wherein the launching apparatus 
comprises a ?rst device operable to actuate the doWnhole tool, 
and launching the ?rst device into the Work string to actuate 
the doWnhole tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more detailed description of the present inven 
tion, reference Will noW be made to the accompanying draW 
ings, Wherein: 
[0014] FIG. 1 schematically depicts a representative 
cementing operation in Which a remote launching apparatus 
may be utiliZed instead of a conventional cementing manifold 
disposed in the Work string; 
[0015] FIG. 2A is a cross-sectional vieW of one represen 
tative remote launching apparatus, Wherein mechanical plug 
reloading preempts ?uid ?oW through the remote launching 
apparatus; 
[0016] FIG. 2B is a cross-sectional vieW of one represen 
tative remote launching apparatus, Wherein mechanical plugs 
may be reloaded While ?uid continues to ?oW through the 
remote launching apparatus; 
[0017] FIG. 3 is a cross-sectional vieW of one representa 
tive cementing sWivel; 
[0018] FIG. 4 schematically depicts one embodiment of a 
mechanical plug; and 
[0019] FIG. 5 schematically depicts another embodiment 
of a mechanical plug. 

NOTATION AND NOMENCLATURE 

[0020] Certain terms are used throughout the folloWing 
description and claims to refer to particular assembly com 
ponents. This document does not intend to distinguish 
betWeen components that differ in name but not function. In 
the folloWing discussion and in the claims, the terms “includ 
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ing” and “comprising” are used in an open-ended fashion, and 
thus should be interpreted to mean “including, but not limited 
to... . 

DETAILED DESCRIPTION 

[0021] A remote launching apparatus and mechanical plugs 
that may be released into a Work string to actuate doWnhole 
tools Will noW be described With reference to the accompa 
nying draWings, Wherein like reference numerals are used for 
like features throughout the several vieWs. There is shoWn in 
the draWings, and herein Will be described in detail, one 
embodiment of a remote launching apparatus and tWo 
embodiments of mechanical plugs With the understanding 
that this disclosure is representative only and is not intended 
to limit the invention to the speci?c embodiments illustrated 
and described herein. One skilled in the art Will readily appre 
ciate that the remote launching apparatus is not limited to a 
design that launches any particular number of devices, but 
may be designed to launch one, tWo, or more devices, such as 
mechanical plugs. Moreover, one skilled in the art Will under 
stand that the mechanical plugs are not limited to the shapes 
disclosed herein but may assume many other shapes. Further 
more, the embodiments of the apparatus and methods dis 
closed herein may be used not only in a cementing operation, 
but in any Well bore operation. 
[0022] FIG. 1 schematically depicts a representative 
cementing system in Which a remote launching apparatus 200 
may be utiliZed. A drilling rig 100 is depicted that includes a 
derrick 132 With a rig ?oor 126 at its loWer end having an 
opening 128 through Which a Work string 146 extends doWn 
Wardly into a Well bore 134. The Work string 146 may be 
driven rotatably by a top drive drilling unit 108 that is sus 
pended from the derrick 132 by a traveling block 106. The 
traveling block 106 is supported and moveable upWardly and 
doWnWardly by cabling 104 connected at its upper end to a 
croWn block 102 and actuated by conventional poWered draW 
Works 124. Connected beloW the top drive unit 108 is a kelly 
valve 112, a pup joint 114, and a cementing sWivel 300. A ?ag 
sub 130, Which provides a visual indication When a mechani 
cal plug passes therethrough, is connected beloW the cement 
ing sWivel 300 and above the Work string 146. A drilling ?uid 
line 110 routes drilling ?uid to the top drive unit 108. A ?uid 
delivery line 122 routes drilling ?uid, cement, and/or dis 
placement ?uid from a remote launching apparatus 200 
located on the rig ?oor 126 to a valve 120 connecting betWeen 
the ?uid delivery line 122 and the cementing sWivel 300. 
[0023] In the cementing operation shoWn in FIG. 1, the 
remote launching apparatus 200 replaces the standard 
cementing manifold that is typically disposed betWeen the 
sWivel 300 and the Work string 146 to form an integral part of 
the system supporting the Weight of the Work string 146 
extending into the Well bore 134. As illustrated in FIG. 1, the 
launching apparatus 200 is positioned at a location remote 
from the Work string 146, such as the rig ?oor 126, for 
example, Which may be some distance aWay from the Work 
string 146. Thus, in contrast to a standard cementing mani 
fold, the launching apparatus 200 is not positioned in sub 
stantial vertical alignment With the Work string 146 to form an 
integral part thereof, and the launching apparatus 200 is also 
not load bearing, nor does it support the Weight of the Work 
string 146, nor does it transmit torque, nor does it rotate the 
Work string 146. Operationally, by positioning the launching 
apparatus 200 remotely from the Work string 146 (eg on the 
rig ?oor 126) operating personnel may manually release 
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mechanical plugs from the launching apparatus 200 Without 
Working in close proximity to the Work string 146 and Without 
being suspended from a harness connected to the derrick 132. 
One skilled in the art Will readily appreciate that the remote 
launching apparatus 200 may be positioned at any desired 
location remote from the Work string 146 to provide safe and 
convenient access to operating personnel. 
[0024] While the representative cementing operation of 
FIG. 1 depicts a stationary drilling rig 100, one of ordinary 
skill in the art Will readily appreciate that such cementing 
operations may also be conducted from mobile Workover 
rigs, Well servicing units, and the like. In addition, While the 
representative cementing operation of FIG. 1 depicts a land 
based environment, one of ordinary skill in the art Will readily 
appreciate that such cementing operations may also be con 
ducted from an offshore platform in connection With a subsea 
Well bore. Further, While FIG. 1 and the description that 
folloWs refers to a cementing operation, one of ordinary skill 
in the art Will understand that the apparatus and methods 
disclosed herein are equally applicable for use in other opera 
tions to actuate doWnhole tools. 

[0025] Referring noW to FIG. 2A, one embodiment of a 
remote launching apparatus 200 con?gured to release tWo 
mechanical plugs 410, 420 is depicted. The remote launching 
apparatus 200 comprises a housing 440, an inlet port 445, an 
outlet port 450, a throughbore 435 With a ?rst launching valve 
408 and a second launching valve 407 disposed therein, a ?rst 
by-pass loop 425 With a ?rst by-pass valve 405, and a second 
by-pass loop 430 With a second by-pass valve 406. A ?uid 
supply line 123 is connected betWeen a supply pump 500 and 
the remote launching apparatus 200 at the inlet port 445, and 
the ?uid delivery line 122 is connected betWeen the remote 
launching apparatus 200 at the outlet port 450 and the valve 
120 connected to the cementing sWivel 300. 
[0026] In operation, ?uid 600 is conveyed by the supply 
pump 500 through the ?uid supply line 123 into the inlet 445 
of the remote launching apparatus 200. Depending upon the 
positions ofvalves 405, 406, 407, and 408, the ?uid 600 then 
?oWs through the remote launching apparatus 200 along one 
or more of three paths: the throughbore 435, the ?rst by-pass 
loop 425, and/or the second by-pass loop 430. The ?uid 600 
then exits the remote launching apparatus 200 at the outlet 
port 450 Where it ?oWs through the ?uid delivery line 122 
toWards the cementing sWivel 300. TWo mechanical plugs 
410, 420 are shoWn positioned Within the throughbore 435 of 
the remote launching apparatus for release into the ?oWing 
?uid 600. These mechanical plugs 410, 420 may be released 
and transported by the ?uid 600 to the Work string 146 
through manipulation of valves 405, 406, 407 and 408, either 
manually by ?eld personnel, or by automated means. The 
mechanical plugs 410, 420 may be released either one at a 
time or simultaneously. Further, the dual mechanical plug 
con?guration of the remote launching apparatus 200 shoWn in 
FIG. 2A may be recon?gured to accommodate a single 
mechanical plug or a plurality of mechanical plugs. To ease 
the process of recon?guration, in an embodiment, all of the 
valves 405, 406, 407, and 408 are identical and interchange 
able. 

[0027] In an alternative embodiment, as depicted in FIG. 
2B, valves 405, 406, 407, 408, and the third by-pass valve 
409, the access cap 441, and by-pass loops 425,430 alloW for 
either or both mechanical plugs 410, 420 to be reloaded While 
the ?uid 600 continues ?oWing through the remote launching 
apparatus 200 such that additional mechanical plugs may be 
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launched from the dual mechanical plug con?guration. For 
example, the ?rst mechanical plug 410 and the second 
mechanical plug 420 may be launched either sequentially or 
simultaneously, then another ?rst mechanical plug 410 and/or 
another second mechanical plug 420 may be loaded and 
launched, all While ?oWing ?uid 600 through the launching 
apparatus 200. As one of ordinary skill in the art Will readily 
appreciate, many other variations are possible. 
[0028] Turning noW to FIG. 3, one embodiment of a 
cementing sWivel 300 is shoWn in cross-sectional side vieW. 
The cementing sWivel 300 comprises a tubular mandrel 310, 
a housing 304, upper cap 340 and loWer cap 341, With upper 
and loWer sealing assemblies 320, 322, respectively, disposed 
above and beloW a ?uid channel 325 in the mandrel 310, and 
betWeen the mandrel 310 and the caps 340, 341. The cement 
ing sWivel 300 also comprises a ?uid delivery line connection 
350 and tie-off connections 302, 306 (shoWn in FIG. 1). 
Tubular mandrel 310 comprises a throughbore 305, the ?uid 
channel 325, a plurality of ?uid apertures 327, an upper 
threaded connection 307 for connecting the mandrel 310 to 
the top drive unit 108, and a loWer threaded connection 309 
for connecting the mandrel 310 to the Work string 146. The 
housing 304 comprises one or more radially projecting inte 
gral conduits 345 With a ?uidport 330 extending through both 
the integral conduit 345 and the housing 304. The integral 
conduit 345 forms a threaded connection 332 With a connec 
tor 335 on the end of the ?uid delivery line 122. When the 
tubular mandrel 310 is rotationally positioned as shoWn in 
FIG. 3, the ?uid port 330 extends betWeen the ?uid delivery 
line 122 and the ?uid channel 325, Which is in ?uid commu 
nication With the mandrel throughbore 305. The ?uid channel 
325 Within the mandrel 310 may be angled so that as ?uid 600 
?oWs through the ?uid connection 350, it enters the through 
bore 305 of the mandrel 310 generally in the doWnWardly 
direction. This alloWs the ?uid 600 to impinge on the Wall of 
the throughbore 305 at an angle to minimize erosion of the 
?uid channel 325 and the mandrel 310. When the tubular 
mandrel 310 is rotationally positioned such that the ?uid 
channel 325 is out of alignment With the ?uid port 330, then 
?uid communication is provided betWeen the ?uid port 330 
and the throughbore 305 of the mandrel via ?uid apertures 
327. 

[0029] Referring again to FIGS. 1-3, during normal opera 
tion, drilling ?uid ?oWs through drilling ?uid line 110 doWn 
into the Work string 146 While the top drive unit 108 rotates 
the Work string 146. The housing 304 of the cementing sWivel 
300 is tied-off to the derrick 132 via lines or bars 116, 118 
connected to tie-off connections 302, 306 such that the sWivel 
housing 304 cannot rotate and remains stationary While the 
mandrel 310 of the sWivel 300 rotates Within the housing 304 
to enable the top drive unit 108 to rotate the Work string 146. 

[0030] Many different operations may be performed by 
launching one or more mechanical plugs 410, 420 from the 
remote launching apparatus 200, through the sWivel 300, and 
into the Work string 146 to actuate one or more doWnhole 
tools. One such operation comprises actuating a liner hanger 
138 to suspend a neW casing string 148 from existing and 
previously cemented casing 144. To perform this operation, 
the ?rst mechanical plug 41 0 may be released from the remote 
launching apparatus 200 as Will be described in more detail 
herein. In this case, the mechanical plug 410 is launched by 
pumping drilling ?uid 600 via supply pump 500 for delivery 
through ?uid delivery line 122. Before releasing the ?rst 
mechanical plug 410, the top drive unit 108 is deactivated so 
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that the mandrel 310 inside the cementing swivel 300 ceases 
to rotate. In an embodiment, the cementing swivel 300 com 
prises a locking mechanism (not shown) that enables the 
mandrel 310 to be locked into a position where the ?uid 
channel 325 and the ?uid port 330 align to maintain a ?ow 
path through which the ?rst mechanical plug 410 may pass as 
it travels through the cementing swivel 300 and into the work 
string 146. After the ?rst mechanical plug 410 passes through 
the cementing swivel 300 and down the work string 146 past 
the ?ag sub 130, the mandrel 310 may be unlocked, and the 
top drive unit 108 reactivated to resume rotating the work 
string 146. As the mandrel 310 is rotating, drilling ?uid may 
be supplied through the drilling ?uid line 110, or through the 
?uid delivery line 122 via the ?uid apertures 327 in the 
mandrel 310. 

[0031] To begin the cementing operation, the remote 
launching apparatus 200 is ?rst reloaded with another ?rst 
mechanical plug 410 so that both mechanical plugs 410 and 
420 may be launched during cementing. As will be described 
in more detail below, the embodiment of the remote launching 
apparatus 200 depicted in FIG. 2A does not allow for the 
reloading of mechanical plugs 410 and 420 while ?uid 600 
continues to ?ow through the apparatus 200, whereas the 
embodiment of the remote launching apparatus 200 depicted 
in FIG. 2B allows for the dynamic reloading of mechanical 
plugs 410 and 420 while ?uid 600 continues to ?ow through 
the apparatus 200. 
[0032] As depicted in FIG. 2A, the ?ow of ?uid 600 deliv 
ered by the supply pump 500 to the remote launching appa 
ratus 200 must be preempted to allow for the reloading of 
mechanical plugs 410 and 420 into the remote launching 
apparatus 200 via ingress through the inlet port 445. 
[0033] As shown in FIG. 2B, the ?ow of ?uid 600 may 
continue to be delivered by the supply pump 500 to the remote 
launching apparatus 200 while a ?rst mechanical plug 410 
and/ or a second mechanical plug 420 are loaded into the 
remote launching apparatus 200. The ?rst mechanical plug 
410 may be loaded while ?uid 600 continues to ?ow through 
the remote launching apparatus 200 via the second by-pass 
loop 430 by opening the second by-pass valve 406, closing 
valves 405, 408 and 409, opening the second launch valve 
407, and accessing space 437 to load another ?rst mechanical 
plug 410 via removal of access cap 441. The second mechani 
cal plug 420 may then be loaded while ?uid 600 continues to 
?ow through the remote launching apparatus 200 via the 
second by-pass loop 430 by continuing to keep second by 
pass valve 406 open while valves 405, 408, and 409 remain 
closed and by closing second launch valve 407 and inserting 
the second mechanical plug 420 into space 435 through the 
opening created by the removal of access cap 441. 
[0034] With the remote launching apparatus 200 loaded 
with mechanical plugs 410, 420, the cementing operation can 
commence. The kelly valve 112 is closed to block off the 
drilling ?uid line 110, and the delivery valve 120 to the ?uid 
delivery line 122 is opened, thereby opening a pathway for the 
?rst mechanical plug 410 propelled by the ?uid 600, in this 
case cement, to ?ow through the swivel 300 and down into the 
work string 146. Again, the top drive unit 108 is deactivated 
and the mandrel 310 of the cementing swivel 300 is aligned 
and locked in place until the ?rst mechanical plug 410 passes 
through. Downhole, the ?rst mechanical plug 410 actuates the 
bottom cementing plug 150, which releases to land on the 
?oat collar 142 at the bottom of tubular 148. Thereafter, it is 
preferable to rotate the work string 146 during cementing to 
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ensure that cement is distributed evenly around the new cas 
ing string 148 downhole. More speci?cally, because the 
cement is a thick slurry, it tends to follow the path of least 
resistance. Therefore, if the new casing string 148 is not 
centered in the well bore 140, the annular area 140 will not be 
symmetrical, and cement may not completely surround the 
tubular 148. Thus, in an embodiment, the mandrel 310 is 
unlocked and the top drive unit 108 is reactivated to continue 
rotating the work string 146 through the cementing swivel 
300 while cement 600 is introduced from the ?uid delivery 
line 122 into the throughbore 305 of the mandrel 310 via ?uid 
apertures 327. 
[0035] Referring to FIG. 2A, to launch the ?rst mechanical 
plug 410, the second launch valve 407 and second by-pass 
valve 406 are closed and ?rst launch valve 408 and ?rst 
by-pass valve 405 are opened. While the supply pump 500 
pumps ?uid 600, namely cement, through the ?uid supply 
line 123 into the remote launching apparatus 200, the cement 
600 is forced to ?ow into the ?rst by-pass loop 425 where the 
?rst by-pass valve 405 is open to permit the cement 600 to 
?ow into the portion 437 of the throughbore 435 behind the 
?rst mechanical plug 410. The ?rst mechanical plug 410 is 
pumped ahead of the cement 600 as the cement 600 exits the 
remote launching apparatus 200 at the outlet 450 and ?ows 
towards the cementing swivel 300 carrying the ?rst mechani 
cal plug 410 along with it. Thus, the ?rst mechanical plug 410 
separates the drilling ?uid already in the work string 146 from 
the cement 600 that follows. After the ?rst mechanical plug 
410 has been released, the ?rst by-pass valve 405 may be 
closed and the second by-pass valve 406 may be opened, 
thereby causing the cement 600 to ?ow through the second 
by-pass loop 430. 
[0036] Referring to FIG. 2B, to launch the ?rst mechanical 
plug 410, second launch valve 407, second by-pass valve 406, 
and third by-pass valve 409 are closed, and ?rst launch valve 
408 and ?rst by-pass valve 405 are opened. While the supply 
pump 500 pumps ?uid 600, namely cement, through the ?uid 
supply line 123 into the remote launching apparatus 200, the 
cement 600 is forced to ?ow into the ?rst by-pass loop 425 
where the ?rst by-pass valve 405 is open to permit the cement 
600 to ?ow into the portion 437 of the throughbore 435 
behind the ?rst mechanical plug 410. The ?rst mechanical 
plug 410 is pumped ahead of the cement 600 as the cement 
600 exits the remote launching apparatus 200 at the outlet 450 
and ?ows towards the cementing swivel 300 carrying the ?rst 
mechanical plug 410 along with it. Thus, the ?rst mechanical 
plug 410 separates the drilling ?uid already in the work string 
146 from the cement 600 that follows.After the ?rst mechani 
cal plug 410 has been released, the ?rst by-pass valve 405 
may be closed and the second by-pass valve 406 may be 
opened, thereby causing the cement 600 to ?ow through the 
second by-pass loop 430. 
[0037] When the appropriate volume of cement has been 
pumped into the work string 146, a second mechanical plug 
420 may be released from the remote launching apparatus 
200 to wipe cement from the inner wall of the tubular 148 and 
launch the top cementing plug 152 to land on the bottom 
cementing plug 150 disposed on the ?oat collar 142. Before 
the second mechanical plug 420 is released from the remote 
launching apparatus 200, the top drive unit 108 is again deac 
tivated, and the mandrel 310 inside the cementing swivel 300 
is aligned and locked into position so that the ?uid channel 
325 and the ?uid port 330 align. This opens a ?owpath 
through which the second mechanical plug 420 may pass as it 
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travels through the cementing swivel 300 and into the Work 
string 146. In one embodiment, the second mechanical plug 
420 is propelled by drilling ?uid. Once the second mechanical 
plug 420 has passed through the cementing sWivel 300, the 
mandrel 310 may be unlocked and the top drive 108 reacti 
vated to resume rotating the Work string 146 and continue 
supplying drilling ?uid, either through the drilling ?uid line 
110, or through the ?uid supply line 122 and into the through 
bore 305 of the sWivel 300 via ?uid apertures 327 in the 
mandrel 31 0. To resume normal operations, the delivery valve 
120 to the ?uid delivery line 122 is closed, and the kelly valve 
112 to the drilling ?uid line 110 is opened to supply drilling 
?uid to the Work string 146. 
[0038] Referring to FIG. 2A, to release the second 
mechanical plug 420, the ?rst by-pass valve 405 is closed, the 
second by-pass valve 406 is closed, the ?rst launching valve 
408 is opened, and the second launching valve 407 is opened, 
forcing the ?uid 600, in this case displacement ?uid, to travel 
along the throughbore 435 of the remote launching apparatus 
200. As the displacement ?uid 600 ?oWs along this path and 
exits the remote launching apparatus 200, it propels second 
mechanical plug 420 ahead of it. Thus, the displacement ?uid 
600 that ?oWs into the Work string 146 folloWs the second 
mechanical plug 420 and is thereby separated from the 
cement by the second mechanical plug 420. 
[0039] Referring to FIG. 2B, to release the second 
mechanical plug 420, the ?rst by-pass valve 405 is closed, the 
second by-pass valve 406 is closed, the third by-pass valve 
409 is opened, the ?rst launching valve 408 is opened, and the 
second launching valve 407 is opened, forcing the ?uid 600, 
in this case displacement ?uid, to travel along the throughbore 
435 of the remote launching apparatus 200. As the displace 
ment ?uid 600 ?oWs along this path and exits the remote 
launching apparatus 200, it propels second mechanical plug 
420 ahead of it. Thus, the displacement ?uid 600 that ?oWs 
into the Work string 146 folloWs the second mechanical plug 
420 and is thereby separated from the cement by the second 
mechanical plug 420. 
[0040] As stated previously, the remote launching appara 
tus 200 may be positioned on the rig ?oor 126 or another 
location remote from the Work string 146, thus alloWing 
manual release of mechanical plugs 410, 420 by ?eld person 
nel Without placing those personnel in close proximity to the 
Work string 146, and Without requiring such personnel to be 
suspended from a harness connected to the derrick 132, for 
example. Also, by locating the launching apparatus 200 
remote from the Work string 146, it need not be designed to 
handle the Weight of the Work string 146 and the casing string 
148, nor to transmit torque, nor to alloW rotation there 
through. Positioning the launching apparatus 200 remotely 
from the Work string 146 does, hoWever, necessitate a differ 
ent design for the mechanical plugs 410, 420 as compared to 
traditional darts used to Wipe pipe surfaces, separate ?uids, 
and/ or actuate doWnhole tools. 

[0041] Because conventional cementing methods use a 
cementing manifold installed in substantial vertical align 
ment With the Work string 146 to form an integral part thereof, 
the darts released from a conventional cementing manifold 
are designed for travel along an essentially straight path 
doWnWardly through the Work string 146. Such conventional 
darts are not designed to traverse a tortuous path, such as the 
?oWpath provided by the ?uid delivery line 122 betWeen the 
remote launching apparatus 200 and the sWivel 300. As 
shoWn in FIG. 1, to connect betWeen the launching apparatus 
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200 on the rig ?oor 126 and the sWivel 300 suspended from 
the derrick 132, the ?uid delivery line 122 presents a tortuous 
path that includes changes in elevation and a variety of con 
strictions, such as corners, bends, valves, pipe diameter 
changes, ?ange connections, ori?ces, and the like. Because 
conventional darts are designed for essentially straight-path 
travel, these conventional darts are not suited for traversing 
such a tortuous path become they may become stuck and/or 
damaged due to the changing elevations, the changing direc 
tions, and the various constrictions in the ?oW path. 
[0042] Thus, in contrast to conventional darts that only 
travel along an essentially straight-line path, the mechanical 
plugs 410, 420 disclosed herein are released from a launching 
apparatus 200 located remotely from the Work string 146, 
such as the rig ?oor 126 or another remote location, to travel 
through the tortuous path provided by the ?uid delivery line 
122 into the sWivel 300. By the time these mechanical plugs 
410, 420 reach the sWivel 300, they may have traversed a 
?oWpath that changed elevation, diameters, and direction a 
number of times. Because this ?oWpath is a tortuous path 
comprising multiple obstacles, the use of conventional darts 
Would be unsuitable for the methods disclosed herein because 
such conventional darts Would become stuck inside the tor 
tuous path presented by the ?uid delivery line 122 and/or 
become damaged by traversing the obstacles presented 
therein. 

[0043] To address such limitations, FIG. 4 illustrates one 
embodiment of a spherical mechanical plug 400 designed to 
actuate a doWnhole tool, Wipe pipe surfaces, and/or separate 
?uids, and be launched from the remote launching apparatus 
200. The spherical mechanical plug 400 is operable to 
traverse the tortuous ?oWpath from the remote launching 
apparatus 200, along the ?uid delivery line 122, through the 
valve 120 and the cementing sWivel 300, and to its ?nal 
destination inside the Work string 146. The spherical 
mechanical plug 400 can traverse this tortuous ?oWpath With 
out becoming stuck in route due to constrictions, corners, and 
bends, and Without becoming so damaged that it fails to 
perform its intended task of actuating a doWnhole tool, such 
as cementing plugs 150, 152. 
[0044] The spherical mechanical plug 400 comprises a 
spherical solid core 460 surrounded by a concentric ?exible 
layer 470. The solid core 460 is constructed from any material 
suitable for use in a Well bore environment, including, but not 
limited to plastics, phenolics, composite materials, high 
strength thermoplastics, Wood, glass, metals such as alumi 
num or brass, or combinations thereof. If the spherical 
mechanical plug 400 is intended to actuate a particular doWn 
hole tool, the siZe ofthe solid core 460 is designed to seat on 
that doWnhole tool and also pass through any constrictions in 
the tortuous ?oWpath, such as the interior of valves as Well as 
corners and bends. The thickness of the ?exible layer 470 is 
determined based upon the internal diameter of the Work 
string 146 and tubular 148 such that the ?exible layer remains 
substantially in contact With the surrounding pipe Wall as the 
spherical mechanical plug 400 travels. The ?exible layer 470 
may be constructed from any ?exible material having su?i 
cient density, ?rmness and resilience to resume approxi 
mately its original shape after passing through a constriction. 
Such ?exible materials include, but are not limited to, natural 
rubber, nitrile rubber, styrene butadiene rubber, polyurethane, 
or combinations thereof. As the spherical mechanical plug 
400 travels along the ?oWpath from the remote launching 
apparatus 200 to its ?nal destination inside the Work string 
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146, the mass of the solid core 460 prevents the spherical 
mechanical plug 400 from becoming stuck When the ?oWpath 
changes direction, While the ?exible layer 470 repeatedly 
compresses and expands through constrictions to remain in 
contact With the surrounding pipe Wall. Substantially regular 
contact betWeen the ?exible layer 470 and the surrounding 
pipe Wall surfaces permits the spherical mechanical plug 400 
to effectively Wipe the pipe Wall surfaces and/ or separate the 
?uid ahead of the spherical mechanical plug 400 from the 
?uid folloWing the spherical mechanical plug 400. Upon 
arriving at its ?nal destination, the mass of the solid core 460 
permits the spherical mechanical plug 400 to exert su?icient 
force to actuate a doWnhole tool. 
[0045] FIG. 5 illustrates another embodiment of a teardrop 
shaped mechanical plug 700. Like the spherical mechanical 
plug 400, this embodiment also comprises a solid portion 710 
and a ?exible portion 720. In this embodiment, hoWever, the 
?exible portion 720 is not concentrically disposed about the 
solid portion 710. Instead, the ?exible portion 720 is disposed 
at the loWer end of the plug and comprises the “fat” end of the 
teardrop shape. Once released by the remote launching appa 
ratus 200, the teardrop-shaped mechanical plug 700 travels 
along its ?oWpath With the ?exible portion 720 leading and 
pulling the solid portion 710. Although the teardrop-shaped 
mechanical plug 700 is shaped differently than the spherical 
mechanical plug 400 of FIG. 4, the function of the teardrop 
shaped mechanical plug 700, as Well as the functions of the 
solid portion 710 and the ?exible portion 720 may be the 
same. The material compositions of the solid portion 710 and 
the ?exible portion 720 may be the same or different than the 
solid core 460 and the ?exible layer 470, respectively. Unlike 
the spherical mechanical plug 400, hoWever, the teardrop 
shaped mechanical plug 700 has a length, indicated by the 
letter “A” in FIG. 5, Which if not properly designed may cause 
the teardrop-shaped mechanical plug 700 to become unstable 
or stuck. To prevent this from occurring, the length “A” of the 
teardrop-shaped mechanical plug 700 must be greater than 
the internal diameter of the largest constriction through Which 
the teardrop-shaped mechanical plug 700 Will pass, but not so 
long that the teardrop-shaped mechanical plug 700 Will get 
stuck as it traverses comers and bends. In an embodiment, the 
length “A” of the teardrop-shaped mechanical plug 700 is at 
least 1.25 times greater than the diameter of the internal 
diameter of the largest constriction through Which the tear 
drop-shaped mechanical plug 700 Will pass. Appropriately 
siZing length “A” Will prevent the teardrop-shaped mechani 
cal plug 700 from becoming inverted and stuck inside the 
?uid delivery line 122 or the Work string 146. 
[0046] While various embodiments have been shoWn and 
described, modi?cations thereof can be made by one skilled 
in the art Without departing from the spirit or teaching of this 
disclosure. The embodiments described herein are exemplary 
only and are not limiting. Many variations and modi?cations 
of the apparatus and methods are possible and are Within the 
scope of the disclosure. Accordingly, the scope of protection 
is not limited to the embodiments described herein, but is only 
limited by the claims that folloW, the scope of Which shall 
include all equivalents of the subject matter of the claims. 

What We claim as our invention is: 

1. A method of servicing a Well bore comprising: 
positioning a launching apparatus at a location remote 

from a Work string; 
routing a ?rst mechanical plug through the Work string and 

a tubular; 
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actuating a ?rst cementing plug Within the tubular via the 
?rst mechanical plug; and 

pumping a cement slurry into the Well bore. 

2. The method of claim 1 further comprising: 
launching a second mechanical plug from the launching 

apparatus after the cement slurry; 
routing the second mechanical plug through the Work 

string and the tubular; and 
actuating a second cementing plug Within the tubular via 

the second mechanical plug. 
3. The method of claim 1 Wherein the ?rst mechanical plug 

comprises a ?exible portion and a solid portion. 
4. The method of claim 1 Wherein the remote location is on 

or adjacent a rig ?oor. 

5. The method of claim 3 further comprising: 
routing the ?rst mechanical plug along a tortuous path from 

the launch device to the Work string; and 

injecting the ?rst mechanical plug into the Work string. 
6. The method of claim 5 Wherein injecting comprises 

routing the ?rst mechanical plug through a sWivel that pro 
vides a mechanical plug pathWay betWeen the tortuous path 
and the Work string. 

7. The method of claim 6 further comprising: 
aligning the sWivel to establish the mechanical plug path 

Way; and 

locking the sWivel to maintain the mechanical plug path 
Way. 

8. The method of claim 7 further comprising: 
unlocking the sWivel after the ?rst mechanical plug passes 

therethrough; and 
rotating the Work string. 
9. The method of claim 8 further comprising: 
?oWing a ?uid from the tortuous path through the sWivel 

and into the Work string While rotating the Work string. 
10. The method of claim 3 Wherein routing the ?rst 

mechanical plug through the Work string and the tubular 
comprises expanding and contracting the ?exible portion 
through constrictions to maintain substantially constant con 
tact With a surrounding pipe Wall. 

11. The method of claim 5 Wherein routing the ?rst 
mechanical plug through the tortuous path comprises expand 
ing and contracting the ?exible portion through constrictions 
to maintain substantially constant contact With a surrounding 
pipe Wall. 

12. The method of claim 3 Wherein actuating the ?rst 
cementing plug comprises seating the solid portion on the 
?rst cementing plug. 

13. A method of servicing a Well bore comprising: 
disposing a doWnhole tool Within a Work string in the Well 

bore; 
positioning a launching apparatus remote from the Work 

string, Wherein the launching apparatus comprises a ?rst 
device operable to actuate the doWnhole tool; and 

launching the ?rst device into the Work string to actuate the 
doWnhole tool. 

14. The method of claim 13 further comprising: 
launching one or more additional devices from the launch 

ing apparatus into the Work string to actuate one or more 
additional doWnhole tools. 
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15. The method of claim 13 further comprising routing the 
device along a tortuous path from the launching apparatus to 
the Work string. 

16. The method of claim 13 further comprising: 
reloading another ?rst device into the launching apparatus; 

and 
launching the another ?rst device into the Work string to 

actuate another doWnhole tool. 
17. The method of claim 15 Wherein the ?rst device com 

prises: 
a ?exible portion that expands and contracts to maintain 

substantially constant contact With a surrounding Wall as 
the device traverses the tortuous path; and 

a solid portion siZed to pass through the tortuous path and 
actuate the doWnhole tool. 

18. The method of claim 17 Wherein the ?rst device further 
comprises a spherical or teardrop shape. 

Aug. 14, 2008 

19. The method of claim 15 Wherein the launching appa 
ratus comprises: 

a throughbore that houses the ?rst device; 
a launch valve having a hold position that prevents the ?rst 

device from launching and a release position that alloWs 
the ?rst device to launch into the tortuous path; 

a by-pass loop that extends around at least a portion of the 
throughbore; and 

a by-pass valve having a closed position that prevents a 
?uid ?oW through the by-pass loop and an open position 
that alloWs a ?uid ?oW through the by-pass loop. 

20. The method of claim 13 Wherein the ?rst device is 
launched from a rig ?oor and passes into the Work string via 
a selectively lockable, rotatable sWivel. 

* * * * * 


