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[57] ABSTRACT 

Apparatus and method for cementing a liner in a well 
bore in which the apparatus may comprise: a setting 
tool having a tubular mandrel connected in a pipe 
string for extension through the liner; a liner wiper re 
leasably disposed within the liner near one end of the 
mandrel; a plug member for effecting a movable seal 
behind cement as it is pumped through the pipe string 
into the liner; a seal assembly sealingly engaging the 
exterior of the mandrel and the interior of the liner 
above the liner wiper; and a latch assembly releasably 
connecting the seal assembly to the liner so as to per 
mit limited axial movement of the mandrel without 
disturbing the axial position of the seal assembly. In 
the method of cementing a liner using the apparatus, 
the force due to pressure applied to the seal assembly, 
during pumping of cement, is transferred to the liner 
without transfer to the mandrel. 

19 Claims, 9 Drawing Figures 
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APPARATUS AND METHOD FOR CEIVIENTING 
WELL LINERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to apparatus and 

methods for cementing liners in well bores. More spe 
ci?cally, it pertains to apparatus which permits cement~ 
ing of liners in well bores without some of the attendant 
pressure problems of the prior art. 

2. Brief Description of the Prior Art 
A liner is a section of easing or tubing which is sus 

pended in a well without normally extending to the sur 
face. Cemented liners are utilized for a number of rea 
sons: providing well control, reducing initial cost of 
easing, more rapid installation than full casing strings, 
etc. Liners may be installed entirely within outer casing 
strings or partially in an open hole. 
Conventionally, a liner is set and cemented by ?rst 

lowering the liner and a setting tool, connected to an 
operating string, into the well bore. The liner is hung, 
usually on slips, and the setting tool is released from the 
liner. Then cement is pumped through the operating 
string, into the liner, and displaced from the liner, usu 
ally through a foot valve, into the annular space be 
tween the liner and the surrounding casing or well bore. 

Usually, at least one plug is introduced into the liner 
string immediately behind the cement in order to sepa 
rate the cement from the displacing ?uid and to wipe 
cement from the liner surface as the cement is pushed 
out of the liner into the surrounding annular space. It 
is also conventional to utilize at least one additional 
plug for introduction into the operating string to sepa 
rate the cement from the displacing ?uid and to wipe 
the cement from the operating string as cement is 
pumped into the liner. In more recent cementing oper 
ations, the plug which is to wipe the operating string is 
pumped behind the cement until it engages the liner 
wiper plug and then both plugs are forced downwardly 
together in the liner string so as to displace cement 
therefrom and to wipe the liner walls. Such apparatus 
may be seen in US. Pat. No. 3,364,996 — C. C. Brown 
and US. Pat. No. 3,635,288 -—- Lebourg. 

In such cementing operations, it is also necessary to 
provide some sort of seal in the annular space between 
the setting tool and the surrounding liner since fluid 
pressure must be maintained in the operating string 
during the cementing operation. It has been common 
to provide this seal by attaching a chevron type seal as 
sembly to the setting tool mandrel for sealing engage— 
ment with the surrounding liner at some point above 
the liner wiper plug. However, once the pumpdown 
plug has engaged the wiper plug and both plugs are 
forced downwardly through the liner to displace the ce 
ment therein. the pressure applied thereto acts against 
the lower end of the mandrel and the chevron seal as— 
sembly applying an upwardly directed force tending to 
force the operating string out of the well. Therefore. a 
substantial amount of weight must be maintained on 
the operating string to prevent this from occurring. In 
addition, upon removal of the setting tool from the 
liner. after cementing, a substantial amount of force 
may be required to overcome the hydraulic head due 
to ?uids surrounding the operating string above the set 
ting tool. I ‘ I 

Chevron type seals have sometimes been replaced by 
inverted swab cups (one-way lip-type seals) to elimi 
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2. 
nate the problems associated with lifting an operating 
string against the hydraulic head created by ?uids sur 
rounding the operating string. Since the inverted swab 
cups seal against pressure in one direction only (pres 
sure from below the seals) there is no problem in pick 
ing up the operating string and setting tool. However, 
this does not eliminate the forces acting upwardly on 
the operating string due to pressures applied to the plug 
seal and wiper plug as they move downwardly through 
the liner. Thus, the inverted swab cup still necessitates 
the maintaining of a substantial amount of weight on 
the operating string to prevent it from being forced out 
of the well bore. 

In recent years, a seal assembly has been developed 
which reduces the forces tending to force the operating 
string out of the well as well as eliminating the prob 
lems associated with lifting the operating string against 
the hydraulic head created by ?uids surrounding the 
operating string. Such assemblies are directly con 
nected in the liner string and provided with a central 
opening and seal for engagement by a “slick” stinger or 
mandrel of the setting tool. The forces acting upwardly 
on the seal assembly are transferred directly to the liner 
string. However, once cementing is completed, such a 
seal assembly must be drilled out. This requires addi 
tional time and money. 

SUMMARY OF THE INVENTION 

The cementing apparatus of the present invention in 
cludes a setting tool having a tubular mandrel con 
nected in a pipe string for extension through the liner 
which is to be set. A wiper seal or plug is releasably dis 
posed within the liner near one end of the mandrel and 
may have a central opening through which cement may 
be pumped. A pumpdown plug or seal is provided for 
sliding and sealing engagement with the interior of the 
pipe string and mandrel, effecting a movable seal be 
hind the cement as it is pumped into the liner. The 
pumpdown plug is engageable with the wiper plug and 
movable therewith, upon release of the wiper plug, to 
effect a movable seal behind the cement as cement is 

displaced from the liner into the surrounding well bore. 
Like in other cementing apparatus, a seal assembly is 

disposed in the annular space between the mandrel and 
the liner. However, unlike the prior art, such a seal as 
sembly, which sealingly engages the interior of the liner 
and the exterior of the mandrel, is releasably connected 
to the liner by a latch assembly and permits limited 
axial movement of the mandrel without disturbing the 
axial position of the seal means. 
Since the seal assembly is initially connected to the 

liner, any pressure acting against the seal, in either di 
rection, is transmitted to the liner and not to the setting 
tool and operating string as is the case in the prior art. 
Thus, it is necessary to maintain only enough weight on 
the operating string to overcome the pressure acting 
directly on the end of the mandrel. Furthermore. there 
is no resistance due to hydraulic heads within the space 
surrounding the operating string when the operating 
string and setting tool are lifted upwardly relative to the 
liner. 
These are substantial improvements over the prior 

art. In broad terms, the apparatus of the present inven 
tion keeps cement inside and below the setting tool, 
keeps drilling mud out of the liner while circulating cc 
ment through the liner and up the annular space there 
around and allows axial movement of the setting tool 
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without disengaging the sealing member. If the mandrel 
and seal are disengaged from the liner seal bore. it can 
be reinserted easily. All this is made possible by provid 
ing a seal which isolates the interior and exterior of the 
liner during circulating and sealing operations. 
These objects are accomplished by apparatus which 

is relatively easy to manufacture and operate and is re 
movable without having to drill it out. Many other ob 
jects and advantages of the invention will become ap 
parent from a reading of the description which follows 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation view, partially in section, show 
ing a setting tool, liner string and associated apparatus 
in a well bore in which the liner string is to be ce 
mented; 
FIG. 2 is an elevation view, partially in section, show 

ing the apparatus of FIG. 1 after cement has been 
pumped into the annular space between the liner and 
the well bore; 
FIG. 3 is a longitudinal quarter-sectional view of the 

setting tool and liner of the present invention, showing 
the setting tool and associated seal assembly in the ini 
tial running in position; 

FIG. 4 is a longitudinal quarter-sectional view of the 
setting tool and liner of FIG. 3, in which the setting tool 
has been released from the liner and in which cement, 
followed by a pumpdown plug, has been pumped into 
the liner; 
FIG. 5 is a longitudinal quarter-sectional view similar 

to FIGS. 3 and 4, in which the pumpdown plug and 
liner wiper plug have been released and pumped down 
wardly through the liner displacing cement into the an 
nular space between the liner and well bore; 
FIG. 6 is a longitudinal quarter-sectional view similar 

to FIGS. 3 — 5, showing the setting tool upwardly dis 
placed prior to removal from the well or to indicate 
that the setting tool has been released from the liner; 
FIG. 7 is a longitudinal quarter-sectional view similar 

to FIGS. 3 — 5, showing the setting tool picked up suffi 
ciently to allow release of the latching mechanism of 
the associated seal assembly; 
FIG. 8, taken along line 8—8 of FIG. 3 is a cross 

sectional view illustrating the disposition of the latches 
of the associated seal assembly in the latched in posi 
tion; and 
FIG. 9 is a cross—sectional view, taken along line 9—9 

of FIG. 7, illustrating the disposition of the latches of 
the seal assembly in the released or unlatched position. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring ?rst to FIG. I of the drawings, there is 
shown a liner string 1 disposed near the bottom of a 
well bore 2. The well bore 2 may or may not be lined 
by a casing string 3 which may extend to the surface of 
the well. In any event, there is an annular space 4 be 
tween the liner string and the surrounding well bore 2. 
The liner string 1 may include a liner hanger 5, liner 

extension 6, landing area 7 and cementing shoe 8. In 
addition, a liner packer (not shown) may be attached 
to the liner string above the liner hanger 5. 
Most of the components of the liner string are not 

materially different from liner components of the prior 
art. The liner hanger 5 may be provided with slips 9 and 
a setting cone 10 by which the liner string is supported 
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4 
in the well bore. Such construction is well known in the 
industry and will not be described in detail herein. The 
landing area 7 is provided with a seat and latch engag 
ing pro?le 11 for receiving a liner wiper plug as will be 
more fully understood hereafter. The cementing shoe 
8 is provided with a back pressure or check valve 12 
which permits passage of cement from within the liner 
into the annular area 4 via ports 13. 
One material difference in the liner string is the pro 

vision of an annular recess 14 by which a liner wiper 
plug 15 may be initially maintained at a predetermined 
level within the liner string. In addition, the liner string 
may be provided with an internal latch profile 16 for 
engagement by latches of a seal assembly, generally 
designated by the numeral 17 to be more fully de 
scribed hereafter. 
The liner string 1 is initially attached by rotatably re 

leasable connector means 18 to a setting tool generally 
indicated by the numeral 19. The setting tool 19 is in 
turn connected to an operating pipe string 20 which ex 
tends to the surface of a well. 

Referring also to FIG. 3, the setting tool 19 comprises 
a tubular mandrel 21, the internal diameter of which 
may be substantially uniform throughout its length. The 
external diameter of the mandrel 21 may be reduced at 
22 for a purpose to be more fully understood hereafter. 
Lugs 23 may be attached to the reduced diameter por 
tion 22 of the mandrel to act as a centralizer and as a 

stop means, as will be seen hereafter. Space is provided 
between the lugs 23 so that they do not disturb fluid 
flow in the annular space 24 between the mandrel 21 
and the surrounding liner hanger 5. 
The upper portion of the setting tool 19 is provided 

with an annular shoulder 25 and ring 26 forming races 
for ball bearings 27. This permits the setting tool and 
operating string 20 to be rotated, without axial dis 
placement, relative to the liner string. The bearing ring 
26 is adapted to engage a portion of the liner string to 
remain stationary during such rotation. 
As previously stated, the liner hanger may be pro 

vided with an internal latch pro?le 16 for engagement 
by the latches of seal assembly 17. Sometimes this latch 
pro?le 16 may be located in a setting sleeve 28 which 
may be‘ attached at the lower end to the liner hanger 5 
andkat the upper end to a liner packer 29 (only a por 
tion of which is shown). 
As previously mentioned, the liner string is initially 

attached to the setting tool 19 by rotating connector 
means 18. The rotating connector means 18 may take 
the form of a lefthand threaded nut 30 which engages 
coarse lefthand threads 31 on the interior of the hanger 
setting sleeve 28. The interior of the nut 30 may be pro 
vided with longitudinal slots for engagement with cor 
responding splines 32 on the setting tool 19. Thus rota 
tion of the setting tool 19 in the righthand direction will 
cause the nut 30 to move upwardly on the splines 32 
and to eventually disengage the threads 31 and the set 
ting sleeve 28, effectively releasing the setting tool 
from the liner string. 
As previously mentioned, a liner wiper plug 15 may 

be releasably disposed'within the liner string near one 
end of the tool mandrel 21. Such a plug may comprise 
a tubular body 33 having a central opening 34 there 
through. The body 33 may have an upwardly and out 
wardly ?aring portion 35 creating a guide funnel into 
the central opening 34. A resilient lip-type seal 36 may 
be attached to the body by a seal retainer 37 for sliding 
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and sealing engagement with the internal walls of the 
liner string. External latches, which may be slip-like 
members 38, may be provided around the lower por 
tion of the body 33. The central opening 34 may be 
provided with a frictionally engageable surface such as 
downwardly directed teeth 39. The liner wiper plug 15 
may be initially maintained at a predetermined level 
within the liner string by a frangible projection 40 
which engages the annular recess 14 provided in the 
liner string. It will be noted that the central opening 34 
is engaged by the lower end of the mandrel 21 and is 
in ?uid communication with the interior thereof. In 
fact, the liner wiper plug 15 may, alternatively, be con 
nected to the mandrel 21 rather than the liner string. 
As previously mentioned, a sealassembly 17 is dis 

posed in the annular space 24 between the setting tool 
mandrel 21 and liner string. This seal assembly 17 may 
comprise a tubular body or sleeve 41 at the lower end 
of which is provided annular seals 42 and 43 sealingly 
engaging the interior 5a of the liner string and the exte 
rior of the mandrel 21, respectively. The longitudinal 
distance between seals 42 and the latches 44, to be de 
scribed hereafter, is critical. This dimension should be 
greater than the distance between the upper end of the 
threads 31 and the lower end of latch pro?le 16, for 
reasons to be explained hereafter. 
The seal assembly 17 is initially held in position by a 

latch assembly, including a plurality of latches 44 
which engage the corresponding latch pro?le 16 and 
the surrounding liner string. The latches 44 may be dis 
posed in radial apertures 45 (see FIG. 8) for movement 
between extended positions, such as is shown in FIGS. 
3 and 8, and retracted positions. such as shown in 
FIGS. 7 and 9. As disposed is FIG. 3, the latches 44 
cannot be retracted due to the outside diameter of 
mandrel 21. The latches 44 may be maintained‘ in the 
apertures 45 in any suitable manner. As shown in the 
drawings, this is accomplished by holes 46 of elongated 
cross-section and retainer rods or pins 47 disposed 
therein. It is important to notice that although the seal 
assembly 17 is attached to the liner string and may not 
move axially relative thereto, there is nothing in the 
seal assembly to prevent the setting tool mandrel 21 
from moving axially relative to the seal assembly 17. 
As seen in FIG. 1 and better shown in FIG. 4, a 

pumpdown plug 48 may also be utilized with the inven 
tion. Such a pumpdown plug might be provided with 
lip-type seals 49 for sliding and sealing engagement 
with the interior of the operating string 20 and the set 
ting tool mandrel 21. The pumpdown plug 48 is also 
sized and adapted to engage the central opening 34 of 
the liner wiper plug 15. A latching device such as slips 
50 may be provided for frictional engagement with the 
friction surfaces 39 provided in the central opening 34 
to latch the pumpdown plug 48 to the liner wiper plug 
15. An annular seal 51 may be provided for sealing be 
tween the pumpdown plug 48 and liner wiper plug 15. 

STATEMENT OF OPERATION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIGS. 1 - 9 of the drawings, opera 
tion" of the preferred embodiment of ‘ the invention 
would proceed as follows. The Iiner'string l, liner wiper 
plug 15, seal assembly 17 and setting tool 19 would be 
assembled as is shown in FIG. 3 and lowered on operat 
ing string 20 into the well bore 2. After reaching the 
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6 
hung in a conventional manner. Circulation would be 
established by pumping circulating ?uid down through 
the operating string 20, the setting tool 19, the [liner 
string 1 and through the liner shoe 13 into the annular 
space 4 surrounding the liner string 1. 

After circulation is established, the setting tool 19 is 
then released from the liner string 1 by rotating the op 
.erating string 20 in the righthand direction to release 
the splined nut connector 18 as shown in FIG. 4. The 
operating string 20 may be lifted a few inches, such as 
in FIG. 6, to be sure that this release has been effected. 
There is a possibility that the operating string would 

be lifted too much, releasing the seal assembly and dis 
placing it upwardly so as to break the seal between the 
interior 5a of the liner string and seal member 42. This 
seal could be reestablished by again lowering the oper~ 
ating string until the seal member 42 reengages the 
liner string interior 5a. There is also a possibility, in this 
reengagement, that the latches 44 would hang on the 
threads 31. However, this would create no problem, 
since, as previously mentioned, the distance between 
latches 44 and seal 42 is greater than the distance be 
tween the upper end of threads 31 and the lower end 
of pro?le 16. 
A properly measured amount of cement is then 

pumped into the operating string 20. At this point, the 
pumpdown plug 48 is placed in the operating string 20 
effecting a movable seal behind the cement as it is 
pumped through the operating string 20, setting tool 19 
and the central opening 34 of the liner wiper plug 15 
into the liner string. A displacing ?uid is pumped be 
hind the pumpdown plug 48 forcing the pumpdown 
plug 48 intothe central opening 34 and into engage 
ment with the liner wiper plug 15 as seen in FIG. 4. 
Further pressure, induced by pumping a displacing 

?uid behind pumpdown plug 48, will cause the frangi 
ble connection 40 between the liner wiper plug 15 and 
the liner string to break, releasing both the pumpdown 
plug 48 and liner wiper plug 15 for further movement 
down the liner string. The pumpdown plug and liner 
wiper plug are movable together, upon release of the 
liner wiper plug, to effect a movable seal behind the ee 
ment asthe cement is displaced from the liner through 
the shoe 13 into the annular space 4 surrounding the 
liner'string 1. (See FIGS. 1 and 2) Upon reaching the 
landing area 7, the liner wiper plug 15 lands and seats 
in the latch pro?le 11 and the latching mechanism 38 
latches the liner wiper plug 15 and pumpdown plug 48 
in the position shown in FIG. 2. At this point, cement 
should have been pumped upwardly into the annular 
space 4 surrounding the liner string to the desired level. 
The relative position of the setting tool 19 and sea] as 
sembly 17 upon termination of pumping cement is 
shown in FIG. 5. 

It should be noted that during cementing, the force 
applied to the seal assembly 17 as a result of pressure 
within the annular space 24 is transferred to the liner 
string 1 and not to the setting tool 19 or operating 
string 20. Thus, unlike in cementing methods of the 
prior art, it is not necessary to maintain a great deal of 
weight on the operating string 20 to prevent this pres 
sure from forcing the setting tool 19 and operating 
string 20 out of the liner string. ~ 
Since the seal assembly 17 is not connected directly 

to the mandrel 719, the mandrel 19 may be lifted or axi 
ally displaced by a limited amount without interrupting 
the seal between "seal member 43 and the exterior of 
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the mandrel 19. See, for example, FIG. 6 in which the 
setting tool 19 has been lifted a substantial amount. 
This may‘be done to check whether or not the setting 
tool 19 has been released from the liner hanger by dis 
engagement of the connector means 18. 

It will be noted that in either theposition of FIG. 5 
or FIG. 6, the seal assembly 17 is maintained in a 
latched in condition since the external diameter of the 
mandrel 21 prevents retraction of the latches 44. To 
release the latches 44 so that the setting tool 19 and 
seal assembly 17 may be removed from the liner string, 
the setting tool 19 is lifted still further until the reduced 
diameter portion 22 lies behind latches 44, allowing the 
latches 44 to be retracted into the released position. It 
will also be noted that once the reduced diameter por 
tion 22 is in registration with the seal member 43, the 
seal between the sealing assembly 17 and the mandrel 
is broken and any liquid contained in the annular space 
24a above the seal assembly 17 will be dumped. 
Once the latches 44 are retracted, the seal assembly 

17 is free to move upwardly with the setting tool and 
in fact so does when it is engaged by the centralizer lugs 
23. When the seal between the seal assembly 17 and 
the setting tool 19 is broken, reverse circulation can be 
conducted, if so desired, to remove excess cement from 
the liner string. 
After cementing is completed, the setting tool 19 and 

seal assembly 17 can be completely removed from the 
well. However, if a liner packer is utilized with the liner 
string, the packer would be set prior to the removal of 
the setting tool 19. In fact, depending upon the type of 
liner packer used, the setting tool 19 may be utilized in 
setting such a packer. There are many types of liner 
packers suitable for use with the present invention and 
since they are well known in the industry, no further 
discussion of liner packers will be given. 

CONCLUSION 

As can be seen from the description of the preferred 
embodiment of the invention, the apparatus and 
method thereof are improvements over the prior art 
and offer distinct advantages thereover. Probably the 
most apparent advantage is the removal of pressure 
forces which would normally be transferred from the 
seal assembly to the operating string. With the unique 
design of the present invention, these forces are trans 
ferred to the liner string and have no effect on the oper 
ating string. Thus, maintenance of great weights on the 
operating string during cementing is eliminated and 
pressure heads normally encountered in many of the 
prior art designs when the operating string is lifted are 
also eliminated. In addition, the resistance to lifting the 
operating string and setting tool due to the hydraulic 
head in the space surrounding the operating string is 
eliminated. 
Although only one embodiment of the invention has 

been described herein, many variations may be made 
by those skilled in the art without departing from the 
spirit of the invention. It is therefore intended that the 
scope of the invention be limited only by the claims 
which follow. 
We claim: 
1. Apparatus for cementing a liner in a well bore 

comprising: 
I a. a setting tool having a tubular mandrel connected 

in a pipe string for extension through said liner; 
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b. seal means releasably attached to said liner and 

sealingly engaging the exterior of said mandrel and 
the interior of said liner permitting at least limited 
axial movement of said mandrel without movement 
of said seal means; . 

c. latch means included with said seal means engage 
able with corresponding groove means within said 
liner to releasably hold said seal means against 
axial displacement therein; and 

d. said mandrel comprising a ?rst portion and an axi- ' 
ally spaced second portion of less diameter than 
said ?rst portion, said ?rst portion when in registra 
tion with said latch means preventing disengage 
ment of said latch means from said groove means, 
said second portion when in registration with said 
latch means allowing disengagement of said latch 
means from said groove means. 

2. Apparatus as set forth in claim‘l in which said seal 
ing engagement between said seal means and said ?rst 
mandrel portion is interruptable upon axial displace 
ment of said mandrel to a position in which said seal 
means surrounds said second mandrel portion. 

3. Apparatus as set forth in claim 1 in which said seal 
means comprises tubular body means, having apertures 
in which latch members of said latch means are 
mounted for radial movement between extended posi 
tions, in which said latch members engage said groove 
means, and retracted positions, in which said latch 
members are not in engagement with said groove 
means, said mandrel being movable between a first po 
sition engaging and holding said latch members in said 
extended positions, and a second position permitting 
said latch members to move to said retracted positions. 

4. Apparatus as set forth in claim 1 in which said 
mandrel is provided with a plurality of radially project 
ing lug members for centralizing said mandrel within 
said liner. 

5. Apparatus as set forth in claim 4 in which said lug 
members are engageable with said seal means upon 
predetermined axial displacement of said mandrel to 
permit removal of said mandrel and seal means from 
‘said liner. 

6. Apparatus as set forth in claim 1 in which said seal 
means comprises a sleeve member carrying a first an 
nular seal for sealing engagement with said liner and a 
second annular seal for sealing engagement with said 
mandrel. 

7. Apparatus as set forth in claim 6 in which said 
latch means comprises a plurality of latch members ra 
dially movable between extended positions, in which 
said latch members engage said groove means, and re 
tracted positions, in which said latch members are not 
in engagement with said groove means. 

8. Apparatus as set forth in claim 7 in which said ?rst 
annular seal is disposed below said latch members a dis 
tance greater than the distance between said groove 
means and any upwardly facing shoulder in said liner 
above said groove means capable of engagement by 
said latch members. 

9. Apparatus as set forth in claim 7 in which said 
mandrel is initially attached to said liner by connector 
means operable upon rotation of said mandrel to re 
lease said mandrel for said limited axial movement rela 
tive to said liner. - 

10. Apparatus as set forth in claim 9 in which said 
connector means comprises threads in said liner en 
gageable with a nut member carried by said mandrel. 
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11. Apparatus as set forth in claim 10 in which said 
?rst annular seal is disposed below said latch members 
a distance greater than the distance between said 
threads and said groove means. 

12. Apparatus for cementing a liner in a well bore 
comprising: 

a. a setting tool having a tubular mandrel connected 
in a pipe string for extension through said liner cre 
ating an annular space therebetween; 

b. connector means carried by said setting tool for 
releasably connecting said liner thereto; 

c. wiper means releasably disposed within said liner 
near one end of said mandrel and having a central 
opening through which cement may be pumped 
into said liner through said pipe string and mandrel; 

. plug means adapted for sliding and sealing engage 
ment with the interior of said pipe string and man 
drel effecting a movable seal behind said cement as 
it is pumped into said liner, said plug means being 
engageable with .said wiper means and movable 
therewith, upon release of said wiper means, to ef 
fect a movable seal behind said cement as said ce 
ment is displaced from said liner into said sur 
rounding well bore; 

e. seal means disposed in said annular space compris 
ing a sleeve member carrying ?rst and second an 
nular seals for sealingly engaging the interior of 
said liner and the exterior of said mandrel, respec— 
tivcly; and i 

f. latch means releasably connecting said seal means 
to said liner permitting limited axial movement of 
said mandrel without disturbing the axial position 
of said seal means. 

13. Apparatus for cementing a liner in a well bore as 
set forth in claim 12 in which said connector means is 
operable by rotation of said mandrel to release said 
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mandrel for said limited axial movement relative to said 
liner. 

14. Apparatus as set forth in claim 12 in which said 
latch means comprises a plurality of latches carried by 
said seal means for movement from extended positions, 
engaging corresponding surfaces carried by said liner, 
to retracted positions not engaging said corresponding 
liner surfaces, said latches being held in said extended 
positions by the exterior of said mandrel preventing 
axial movement of said ‘seal means relative to said liner. 

15. Apparatus as set forth in claim 14 in which said 
?rst annular seal is disposed below said latches a dis 
tance greater than the distance between said connector 
means and said corresponding liner surfaces. 

16. Apparatus as set forth in claim 14 in which said 
mandrel is provided with a reduced diameter portion 
which upon registration with said latch means by pre 
determined axial movement of said mandrel permits 
movement of said latches to said retracted positions to 
permit removal of said seal means from said liner. 

17. Apparatus as set forth in claim 16 in which the 
sealing engagement of said seal means with said man 
drel is interruptable by said reduced diameter mandrel 
portion upon less than said predetermined axial move 
ment of said mandrel. 

18. Apparatus as set forth in claim 16 in which said 
mandrel is provided with stop means engageable with 
said seal means upon further axial movement of said 
mandrel to remove said mandrel and seal means from 
said liner. 

19. Apparatus as set forth in claim 18 in which said 
stop means comprises a plurality of radially projecting 
lug members centralizing said mandr'el within said 
liner. 

* * * * >|< 



Notice of Adverse Decision in Interference 
In Interference No. 99,681, involving Patent No. 3,910,349, J. R. Brown, 

C. B. Cochran and J. W. Montgomery, APPARATUS AND METHOD FOR 
CEMENTING WELL LINERS, ?nal judgment adverse to the p-atentees was 
rendered Apr. 25, 1980, ‘as to claims 1, 6, 7 , 9, and. 10. 

[Oy?az'al Gazette J'unw 10, 1980.] 



REEXAMINATION CERTIFICATE (382nd) 
United States Patent [191 
Brown et a1. 

[54] APPARATUS AND METHOD FOR 
CEMENTING WELL LINERS 

Joe R. Brown; Chudleigh B. Cochran; 
James W. Montgomery, all of 
Houston, Tex. 

Hughes Tool Oil Co. 

[75] Inventors: 

{73] Assignee: 

Reexamination Reqsat: 
No. 90/000,497, Feb. 6, 1984 
No. 90/000,647, Oct. 12, 1984 

Reexamination Certi?cate for: 
Patent No.: 3,910,349 
Issued: Oct. 7, 1975 
Appl. No.: 521,346 
Filed: Nov. 6, 1974 

[51] Int. Cl.3 E2113 33/14; E21B 43/10 
[52] US. Cl. 166/153; 166/208; 

66/290; 285/302; 285/305 
[58] Field of Search ...................... .. 166/381, 290, 11s 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2,343,075 2/1944 Otis ................................... .. 166/119 

2,735,493 2/1956 Munhausen 166/144 
2,798,559 7/1957 Fredd ................ .. 166/125 

2,894,586 7/1959 Schramm et a1. 166/125 
2,972,381 2/1961 Raulins .............. .. 166/125 

2,980,185 4/1961 Daf?n ............................... .. 166/211 

[11] B1 3,910,349 
[45] Certi?cate Issued Sep. 10, 1985 

3,109,490 11/1963 Baker 166/114 
3,171,490 3/1965 States .. . 166/124 

3,227,218 1/1966 Fisher, Jr. et a1 . 166/216 
3,291,220 12/1966 Mott .................. .. .. 166/208 

3,346,050 10/1967 Brown . . . . . . . . .. 166/128 

3,364,996 1/1968 Brown ....... .. 166/120 

3,608,634 9/1971 Cochran 166/208 
3,920,075 11/1975 Braddick et a1. 166/290 
3,934,652 l/1976 Cochran 166/285 
4,281,711 8/1981 Braddick et a1. ................. .. 166/118 

Primary Examiner-James A. Leppink 
Assistant Examiner-William P. Neuder 

[57] ABSTRACT 
Apparatus and method for cementing a liner in a well 
bore in which the apparatus may comprise: a setting 
tool having a tubular mandrel connected in a pipe string 
for extension through the liner; a liner wiper releasably 
disposed within the liner near one end of the mandrel; a 
plug member for effecting a movable seal behind ce 
ment as it is pumped through the pipe string into the 
liner; a seal assembly sealingly engaging the exterior of 
the mandrel and the interior of the liner above the liner 
wiper; and a latch assembly releasably connecting the 
seal assembly to the liner so as to permit limited axial 
movement of the mandrel without disturbing the axial 
position 01' the seal assembly. In the method of cement 
ing a liner using the apparatus, the force due to pressure 
applied to the seal assembly, during pumping of cement, 
is transferred to the liner without transfer to the man 
drel. 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS 
BEEN DETERMINED THAT: 

Claims 1, 4-7, 9, 10, 12 and 13 are cancelled. 

Claims 2, 3, 8, l1 and 14 are determined to be patent 
able as amended. 

Claims 15-19, dependent on an amended claim, are 
determined to be patentable. 

2. [Apparatus as set forth in claim 1 in which] Appa 
ratus for cementing a liner in a well bore, comprising.‘ 

a setting tool having a tubular mandrel connected in a 
pipe string for extension through said liner,‘ 

seal means releasably attached to said liner and seal 
ingly engaging the exterior of said mandrel and the 
interior of said liner permitting at least limited axial 
movement ofsaid mandrel without movement ofsaid 
seal means," 

latch means included with said seal means engagable 
with corresponding groove means within said liner to 
releasabl y hold said seal means against axial displace 
ment therein; and 

said mandrel comprising a first portion and an axially 
spaced second portion of less diameter than said first 
portion. said ?rst portion when in registration with 
said latch means preventing disengagement of said 
latch means from said groove means, said second 
portion when in registration with said latch means 
allowing disengagement of said latch means from said 
groove means, said sealing engagement between said 
seal means and said first mandrel portion being 
interruptable upon axial displacement of said man 
drel to a position in which said seal means sur 
rounds said second mandrel portion. 

3. [Apparatus as set forth in claim 1 in which] Appa 
ratus for cementing a liner in a well bore, comprising.‘ 

a setting tool having a tubular mandrel connected in a 
pipe string for extension through said liner,‘ 

seal means releasably attached to said liner and seal 
ingly engaging the exterior of said mandrel and the 
interior of said liner permitting at least limited axial 
movement ofsaid mandrel without movement ofsaid 
seal means," 

latch means included with said seal means engagable 
with corresponding groove means within said liner to 
releasably hold said seal means against axial displace 
ment therein; 

said mandrel comprising a ?rst portion and an axially 
spaced second portion of less diameter than said first 
portion, said first portion when in registration with 
said latch means preventing disengagement of said 
latch means from said groove means. said second 
portion when in registration with said latch means 
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allowing disengagement of said latch means from said 
groove means; and 

said seal means [comprises] comprising tubular body 
means, having apertures in which latch members of 
said latch means are mounted for radial movement 
between extended positions, in which said latch 
members engage said groove means, said mandrel 
being movable between a ?rst position engaging 
and holding said latch members in said extended 
positions, and a second position permitting said 
latch members to move to said retracted positions. 

8. [Apparatus as set forth in claim 7 in which] Appa 
ratus for cementing a liner in a well bore, comprising.‘ 

a setting tool having a tubular mandrel connected in a 
pipe string for extension through said liner; 

seal means releasably attached to said liner and seal 
ingly engaging the exterior of said mandrel and the 
interior of said liner permitting at least limited axial 
movement of said mandrel without movement of said 
seal means, said seal means comprising a sleeve mem 
ber carrying a first annular seal for sealing engage 
ment with said liner and a second annular seal for 
sealing engagement with said mandrel,‘ 

latch means included with said seal means engagable 
with corresponding groove means within said liner to 
releasably hold said seal means against axial displace 
ment therein, said latch means comprising a plurality 
of latch members radially movable between extended 
positions, in which said latch members engage said 
groove means, and retracted positions, in which said 
latch members are not in engagement with said groove 
means, and said ?rst annular seal [is] being dis 
posed below said latch members a distance greater 
than the distance between said groove means and 
any upwardly facing shoulder in said liner above 
said groove means capable of engagement by said 
latch members; and 

said mandrel comprising a first portion and an axially 
spaced second portion of less diameter than said first 
portion, said first portion when in registration with 
said latch means preventing disengagement of said 
latch means from said groove means, said second 
portion when in registration with latch means allowing 
disengagement of said latch means from said groove 
means. 

11. [Apparatus as set forth in claim 10 in which] 
Apparatus for cementing a liner in a well bore, comprising.‘ 

a setting tool having a tubular mandrel connected in a 
pipe string for extension through said liner,‘ 

seal means releasably attached to said liner and seal 
ingly engaging the exterior ofsaid mandrel and the 
interior of said liner permitting at least limited axial 
movement ofsaid mandrel without movement ofsaid 
seal means, said seal means comprising a sleeve mem 
ber carrying a first annular seal for sealing engage 
ment with said liner and a second annular seal for 
sealing engagement with said mandrel,‘ 

latch means included with said seal means engagable 
with corresponding groove means within said liner to 
releasably hold said seal means against axial displace 
ment therein. said latch means comprising a plurality 
of latch members radially movable between extended 
positions, in which said latch members engage said 
groove means, and retracted positions, in which said 
latch members are not in engagement with said groove 
means, 

said mandrel comprising a first portion and an axially 
spaced second portion of less diameter than said ?rst 
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portion, said first portion when in registration with 
said latch means preventing disengagement of said 
latch means ?'om said groove means, said second 
portion when in registration with said latch means 
allowing disengagement of said latch means from said 
groove means; 

said mandrel being initially attached to said liner by 
connector means operable upon rotation of said man 
drel to release said mandrel for said limited axial 
movement relative to said liner, said connector means 
comprising threads in said liner engagable with a nut 
member carried by said mandrel; and 

said ?rst annular seal [is] being disposed below said 
latch members a distance greater than the distance 
between said threads and said groove means. 

14. [Apparatus as set forth in claim 12 in which] 
Apparatus for cementing a liner in a well bore. comprising: 

a setting tool having a tubular mandrel connected in a 
pipe string for extension through said liner creating an 
annular space therebetween; 

connector means carried by said setting tool for releas 
ably connecting said liner thereto; 

wiper means releasably disposed within said liner near 
one end of said mandrel and having a central opening 
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through which cement may be pumped into said liner 
through said pipe string and mandrel,‘ 

plug means adapted for sliding and sealing engagement 
with the interior of said pipe string and mandrel to 
e?ect a movable seal behind said cement as it is 
pumped into said liner, said plug means being engage 
able with said wiper means and movable therewith, 
upon release of said wiper means, to effect a movable 
seal behind said cement as said cement is displaced 
from said liner into said surrounding well bore; 

seal means disposed in said annular space comprising a 
sleeve member carrying first and second annular seals 
for sealingly engaging the interior of said liner and the 
exterior of said mandrel, respectively; and 

latch means releasably connecting said seal means to 
said liner permitting limited axial movement of said 
mandrel without disturbing the axial position of said 
seal means, said latch means [comprises] compris 
ing a plurality of latches carried by said seal means 
for movement from extended positions, engaging 
corresponding surfaces carried by said liner, to 
retracted positions not engaging said correspond 
ing liner surfaces, said latches being held in said 
extended positions by the exterior of said mandrel 
preventing axial movement of said seal means rela 
tive to said liner. 

ll * t * i 


