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[57] ABSTRACT 

A method and apparatus for positioning and bonding a 
liner in a casing in a well bore wherein a pack off 
bushing is provided between the liner and the well 
string on which the liner is lowered into the well bore 
for discharge of a bonding agent through the well 
string and around the liner in the well bore. 

-The seal or pack off bushing is constructed and 
arranged , so that it may be‘ retrieved after the ' 
positioning and bonding operations are completed 
along with the well string upon which the liner is 
initially lowered into the well bore. 

6 Claims, 1 1 Drawing Figures 
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METHOD FOR POSITIONING A LINER ON A 
TUBULAR MEMBER IN A WELL BORE WITH A 

RETRIEVABLE PACK OFF BUSHING 
THEREBETWEEN 

SUMMARY OF THE INVENTION 

The practice of setting liners in a casing in a well bore 
is well known and has been utilized for many years. 
There are several generally accepted arrangements for 
accomplishing such purpose. 

In one arrangement, a liner is secured on a tubular 
member forming part of a well string and a hanger is 
mounted on the outside of the liner. The tubular mem 
ber includes an extension which extends downwardly 
into the liner and in one arrangement a plurality of 
downwardly facing swab cups are positioned between 
the tubular member and the liner. 
The liner is supported on the tubular member in a‘ 

well known manner to enable'them to be separated 
upon relative rotation after the liner has been posi 
tioned in the well bore. The liner hanger in turn is sup 
ported on the liner in a well known manner and the well 
string including the tubular member with the liner and 
hanger is lowered to the desired location in the casing 
in the well bore. The hanger is unlocked from the liner 
by relative rotation between the well string and the 
liner with the hanger thereon in a manner well known 
in the art. The hanger includes bow spring means which 
engage the casing and after the hanger has been un 
locked from the liner, the bow springs restrain the 
hanger upon downward movement of the well string. 
This causes slip segments carried by the hanger to 
move up on a tapered, outwardly projecting surface on 
the liner so that the slip segments expand radially out 
wardly to engage and lock against the adjacent casing. 
This locks the hanger and liner in position in the casing. 
Thereafter rotation of the well string causes relative 

rotation between the well string and the liner so to dis 
engage the well string from the liner. To assure that the 
liner and well string have been disengaged the well 
string is generally lifted upwardly a, suitable distance in 
the well bore and the weight noted on the weight indi 
cator at the earth’s surface so that it may be instrumen 
tally or visually determined that the liner has actually 
been disengaged from the well string and supported on 
the casing in the well bore. The well string extends 
within the liner a suitable extent so that the well string 
may be lifted a desired amount without withdrawing 
the downwardly facing swab cup packers of the prior 
art from the interior of the liner. The well string is then 
set down against the liner. 
Thereafter a bonding agent such as by way of exam 

ple only, an epoxy resin or cement may be discharged 
down the well string, and out the lower end thereof and 
around the liner between the liner and the well bore 
and between the liner and casing a predetermined or 
desired vertic'al extent. . 

This type setting arrangement has several disadvan 
tages. First of all, if the cement discharged down the 
well string creates a differential pressure such that in 
ternal pressure at the setting tool swab cup packers is 
‘less than pressure in the annulus, drilling ?uid may be 
sucked into the liner in a manner so as to comingle with 
the cement which is undesirable. Additionally, if the 
hydraulic pressure acting upwardly againstthe swab 
‘CUPS becomes excessive, this may cause cork screwing 
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2 
of the tail pipe or extension of the well string within the 
liner which is also undesirable. 
To overcome some of the above objections, a sealing 

arrangement between the well string and liner is em 
ployed in some situations comprising a drillable bush 
ing which is threadedly secured in position in the liner 
and is left in the liner after the cementing operations 
have been completed. This causes some difficulty in 
that when it is necessary to drill out the liner, that is, to 
deepen the well bore, then the bushing must be drilled 
by methods well known in the art which is time con 
suming and expensive. Additionally, in such arrange 
ments a drillable seal bushing is not reuseable. 
Even in those situations where a swab packer ar 

rangement is employed, the swab packers may be dam 
aged either during use, or upon withdrawal from the 
well bore so as to render them undesirable for further 
use. 

Also, the swab cup packers, being formed of an elas 
tomer are not useable where the well temperatures are 
in excess of what the elastomer may withstand, or if the 
combination of temperature and pressure is in excess of 
the cup’s rating. 7 _ 

In operations where a device (such as a multiple plug 
mechanism) must be attached to the setting tool tail 
pipe, it is desirable, if not mandatory that means be 
provided for pulling the connector for such device out 
with the setting tool. This precludes use of drillable 
pack-off bushing and makes a retrievable pack-off 
bushing necessary. 

In some instances, a liner is set in a well bore without 
hanging it in a casing. In this event, subsequent opera 
tions carried out as described hereinabove encounter 
similar objections to those encountered where the liner 
is hung in the casing, as described. 
The present invention 7 provides an apparatus and 

method for attempting to overcome the above and 
other problems encountered in setting a liner in a cas 
ing in a well bore. 
Yet a further object of the present invention is to pro 

vide a method of retrieving a seal bushing located be 
tween a liner and a well string, or setting string after the 
liner has been set in the well bore and as the setting 
string, or well string, is retrieved from the well bore. 

Still another object of the present invention is to pro 
vide a retrievable seal bushing for locking and sealing 
between a liner and a well string on which the liner is 
supported for conducting bonding operations in a well 
bore, which seal bushing may be retrieved from the 
well bore along with the well string as the well string is 
withdrawn after bonding operations are completed. 
Other objects and advantages will become more ap 

parent from a consideration of the following descrip 
tion and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view illustrating a well 
string being lowered into a well bore with a liner and 
hanger supported thereon with one form of a seal bush 
ing of the present invention positioned between the 
well string and the liner; 

FIG. 2 illustrates schematically the relative position 
of the well string to the liner, and the liner to the 
hanger, after the well string has been rotated to disen 
gage the hanger from the liner and the hanger engaged 
with the casing in the well bore upon further downward 
movement of the well string and liner relative to the 
hanger; 
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FIG. 3 illustrates the relative position of the well 
string to the liner, after the well string has been rotated 
for disengagement from the liner and ready to receive 
a bonding agent from the earth’s surface; and 

FIG. 4 is an enlarged detail of FIG. 3 illustrating a 
form of the retrievable pack off or seal bushing em 
ployed in the method and apparatus of the present in 
vention. 

FIG. 5 is a schematic view showing a liner positioned 
in a casing in a well bore without a hanger; 

FIG. 6 is a schematic view showing a liner positioned 
in a casing in a well bore with a hanger; 

FIG. 7 shows a liner being set with another form of 
seal bushing of the present invention; 

FIG. 8 is an enlarged partial sectional detail view of 
FIG. 7 showing in greater detail a form of seal bushing; 
FIG. 9 is similar to FIG. 8, but shows the relationship 

of the components of the seal bushing of FIG. 7 when 
it is released and for retrieving it from the well bore; 
FIG. 10 is a sectional view on the line 10—10 of FIG. 

8 and shows the relationship of the components of the 
seal bushing of FIG. 8 setting string and liner when the 
seal bushing is locked in sealing position in the liner; 
and 

FIG. 11 is a sectional view on the line l1—-l1 of FIG. 
9 and shows the relationship of the components of the 
seal bushing of FIG. 8 setting string and liner when the 
setting string has been moved to unlock the seal bush 
ing for retrieval from the well bore. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1 the earth's surface is illustrated by the nu 
meral l0 and the well bore generally by the numeral 
12. A casing 13 is shown as extending from the earth's 
surface downwardly into the well bore a suitable ex 
tent, and if desired several diameters of easing may be 
concentrically positioned one within the other in a 
manner well known in the art. 

A well string or setting string referred to generally at 
20 is shown as being lowered into the well bore 12 from 
the earth's surface, and the well string has supported 
thereon a liner 14 with a hanger schematically illus 
trated at 18 carried on the liner. 
The well string 20 and liner are secured together by 

means well known in the art, schematically illustrated 
at 25 so that they may be separated when desired by 
relative rotation as will be described with regard to 
FIG. 3. To accommodate such rotation, a suitable bear 
ing race schematically illustrated at 26 is provided be 
tween the well string 20 and the liner 14 in a manner 
well known in the art. 
The liner 14, when it is to be hung in the casing 13 in 

the well bore 12, includes a conical surface 15 on the 
outer surface thereof and the hanger 18 is carried on 
the liner 14 by suitable means such as a .l-slot and lug 
arrangement well known in the art, so that when the de 
sired elevation is reached in the well bore 12 at which 
it is desired to connect the liner 14 to the casing 13, the 
well string 20 may be rotated to disengage the J-slot 
and lug arrangement in a manner well known in the art. 
As previously mentioned, the hanger 18 has bow 
springs 17 thereon which drag against the casing 13 and 
retard movement of the hanger l8 whereupon further 
downward movement of the well string 20 and liner 14 
as illustrated in FIG. 2 of the drawings causes the liner 
hanger 18 to force the slip segments 16 thereon up 
wardly on the conical surface 15 thus expanding the 
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4 
slip segments 16 radially outward into locking engage 
ment with the casing 13. This position is schematically 
illustrated in FIG. 2. ' 

Prior to the time that the liner 14 is cemented or oth 
erwise bonded in place in the casing, it is desired to dis 
connect the well string 20 from the liner 14 so that 
should some malfunction occur during cementing or 
bonding operations, the drill string may be quickly 
withdrawn or retrieved from the well bore, thereby 
avoiding loss of the well string or setting string 20. 
The arrangement referred to generally 25 forming a 

threaded connection between the well string 20 and 
liner l4 enables the well string 20 to be rotated after 
the slip hanger 18 has been engaged with the casing 13 
as previously described with regard to FIG. 2 so as to 
unlatch the well string 20 from the liner 14. 

It will be noted that the well string 20 extends down 
wardly into the liner a suitable distance, and normally, 
it is desirable to elevate the well string 20 after disen 
gaging it from the liner 14 and before further opera 
tions are conducted to assure that the liner 14 has been 
disconnected from the well string 20 and hung in the 
casing. To accomplish this, the well string 20 is ele 
vated at the earth’s surface a suitable extent to accom 
modate for any stretch in the well string 20 and by visu 
ally or instrumentally noting the weight indicator at the 
earth’s surface, and by a knowledge as to the length of 
the well string, the weight of the well string can be de 
termined so that it can thus be ascertained whether or 
not only the well string 20 is supported at the earth’s 
surface, and if the liner 14 has been properly discon 
nected therefrom and engaged with the casing 13. 
After it has been ascertained that the drill string or 

well string 20 is disconnected from the liner l4, and the 
liner 14 suspended by the hanger 18 on the casing 13, 
cement, or other suitable bonding agent, may be dis 
charged down the well string 20 from the earth’s sur 
face and out the lower end of- the well string and liner 
14 and into the space 28 between the liner 14 and the 
well bore wall. The cement or other bonding agent is 
permitted to extend a desired vertical extent in the well 
bore upwardly between the casing 13 and liner l4 and 
between the liner 14 and adjacent well bore to assure 
that the liner 14 will be properly positioned and re 
tained in the casing 13 and the open well bore below 
the casing and in which the liner extends. 

Heretofore, various types of packing arrangements 
have been provided between the well string 20 and 
liner 14 in an endeavor to assure proper sealing there 
between as noted previously herein. 
One form of the device of the present invention is re 

ferred to generally at 30 in each FIGS. 1, 2 and 3 and 
is shown in greater detail in FIG. 4 of the drawings. 
The form of the retrievable pack off assembly 30 is 

shown in FIG. 4 and includes an annular hollow body 
31 of suitable longitudinal extent and having inner and 
outer surfaces as illustrated in FIG. 4 of the drawings. 
Adjacent one end 32 of the tubular body 31, suitable 
packing means as illustrated at 33 and 34 is provided, 
the packing 33 is adapted to engage the inner periphery 
14a of the liner 14 and the packing 34 engages the 
outer periphery 20a of the well string 20. If desired, the 
annular hollow body 31 may be formed by the pair of 
portions 31a and 31b which may be threadedly engaged 
to accommodate the packing means 33 and 34 as 
shown. 
The portion 31b is provided with a recess 31d and 

31e formed by the circumferential surfaces 3lfand 31g 
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and radially extending end surfaces 31h and 31i respec 
tively. The other portion 31a includes end surfaces 31j 
and 31k which are spaced from the surfaces 31b and 
31i when 31a and 31b are threadedly connected. The 
ends 31]‘ and 31k engage the packing members forming 
packing means 33 and 34 and aid in retaining them in 
position. 

It will be further noted that the packing 33 comprises 
two portions 33a and 33b which face in opposite direc 
tions as shown and similarly the packing 34 comprises 
packing rings 34a and 34b which face in opposite direc 
tions to aid‘in preventing flow of drilling ?uid in either 
direction between the liner 14 and well string 20. Pref 
erably the packing 33 and 34 is of a type that can with 
stand substantial temperatures without deleterious ef 
fects thereto. 
The retrievable pack off bushing 30 also includes co 

operating surface means referred to generally by the 
numeral 40 which are engageable to lock the body 31 
in position between the liner 14 and well string 20 dur 
ing lowering of the liner l4 and during cementing or 
bonding operations to inhibit improper flow of drilling 
?uids or bonding agent. In addition, lock ring means as 
referred to generally at 41 is positioned adjacent the 
cooperating surface means 40 of the FIG. 4 form to re 
tain the cooperating surface means in engaged relation 
during the lowering and bonding operations. Releas 
able means referred to generally at 42 are provided for 
retaining the lock ring means in position during the 
lowering and cementing operations in the well bore and 
enabling the lock ring 41 to be moved when desired. 

It will be noted that the cooperating surface means 
40 includes a collet 45 formed by a plurality of longitu 
dinally extending and circumferentially spaced slots 
formed adjacent the end 47 of the body 31, and if de 
sired each slot 46 may have at its end an enlargement 
48 as shown. Such collet 45 also includes an annular 
projecting surface 49 formed between each of the 
grooves 46 on the outer surface 50 of the body 31 and 
a plurality of inwardly projecting surfaces 51 on the 
inner surface 52 of the body 31 as shown in FIG. 4 of 
the drawings. The projecting surfaces 49 are adapted to 
engage in the annular recess 55 formed in the liner 14, 
and it will be noted that the lock ring means 41 includes 
an enlargement 56 on its end which, when positioned 
by the releasable means 42 in the position shown in 
FIG. 4 of the drawings will engage the enlargements 51 
and thus maintain the enlargements 49 engaged in the 
recess 55. This locks the retrievable pack off or seal 
bushing 30 in position between the well string 20 and 
liner 14 as the well string 20 and liner 14 are lowered 
into the well bore and during cementing or bonding op 
erations. , 

It can be appreciated that the releasable means 42 of 
the FIG. 4 form comprises a shear pin of suitable 
strength which may be sheared upon engagement by 
the collar 20b on the lower end of well string 20 in a 
manner as will be described. v 

When the well string 20 and collar 20b thereon is 
moved upwardly to engage the end 41a of the lock ring 
41, the pin 42a is sheared whereupon continued up 
ward movement of the well string 20 and enlargement 
20b moves the lock ring 41 into the recess 60 formed 
immediately adjacent the collet 45 within the body 31. 
After the lock ring 41 has been moved away from the 

cooperating surface means 40, continued upward 
movement of the well string 20 and enlargement 20b 
causes the portions of the collet 45 to ?ex inwardly so 
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6 
that the enlargements 49 may disengage from the annu 
lar recess 55 to enable the bushing 30 of the FIG. 4 
form to be retrieved to the earth’s surface along with 
the well string 20. 

FIG. 5 illustrates a well bore 12 having a casing 13 
bonded therein by cement or other suitable bonding 
agent as represented at 12a. The portion 12b represents 
an extension of the well bore 12 and shows a liner 14 
positioned therein with suitable bonding agent 12c po 
sitioned between the liner l4 and the extension 12b of 
the well bore 12 as well as between the lower portion of 
the casing 13 and the liner 14 therein. It will be noted 
that in FIG. 5, the liner 14 is not hung on casing 13, but 
rests on the bottom of the well bore extension 12b. 

In FIG. 6 the well bore is again shown at 12 with a 
casing 13 positioned therein by suitable bonding such 
as cement as illustrated at 12a, and again the well bore 
is shown as extended at 12b with a liner 14 therein with 
suitable bonding agent as shown at 12c therebetween 
and between the upper portion of the liner 14 where it 
is surrounded by the casing 13. 
FIG. 6 illustrates the arrangement where the liner 14 

is hung in the casing 13 by means of the wedge 15 on 
the outer surface of the liner 14 and the slip segments 
15 on the hanger 18. 

In FIG. 7 the well bore is again illustrated at 12 with 
the casing 13 therein and a suitable bonding agent 12a 
between the casing 13 and surrounding well bore 12. 
The extension 12b is shown as being provided with a 
liner 14 which is to be hung in the casing 13 by the set 
ting string or well string 20, and an alternate form of 
the seal bushing is illustrated generally at 30a. 
The means for securing the well string 20 and the 

liner 14 releasably together are illustrated generally at 
25. 
After the bonding agent has been discharged out the 

lower end of the tubular member to surround the liner 
14 and the adjacent wall of well bore extension 12b and 
between the liner 14 and casing 13, the seal bushing 
30a may be unlocked from sealing engagement be 
tween the liner and well string and retrieved as the well 
string 20 is withdrawn from the well bore extension 12b 
and well bore 12. 
FIGS. 8 and 9 are enlarged partial vertical sectional 

views of FIG. 7 showing in greater detail the alternate 
form of seal bushing 30a of FIG. 7. In FIG. 8 the seal 
bushing 30a, well string 20 and liner 14 are illustrated 
in their relative position when the seal bushing is in 
locked position therebetween. 

In FIG. 9 the seal bushing 30a, the liner l4 and the 
well string 20 are illustrated in their position when the 
seal bushing 30a has been unlocked from the liner and 
is being retrieved along with the well string. 20 to the 
earth’s surface. 
The form of the retrievable pack off bushing 30a in 

cludes an annular hollow body 31 constructed in a 
manner as described with regard to pack off bushing 
form 30 illustrated in FIG. 4. The body 31 includes the 
portions 31a and 31b which are adapted to be thread 
edly secured together as shown in FIG. 4 and FIGS. 8 
and 9. The arrangement of the recesses on the portion 
31b of the pair of portions is as described with regard to 
FIG. 4 as is the arrangement of the packing means 33 
and 34. 
The retrievable pack off bushing 30a also includes 

cooperating surface means referred to generally by the 
numeral 40 which are engagable to lock the body 31 in 
position between the liner 14 and well string 20 during 
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lowering of the liner 14 and during cementing or bond 
ing operations to inhibit improper ?ow of drilling ?uids 
or bonding agent. The cooperating surface means 40 
includes an annular recess 55a on the inner surface of 
the liner 14 similar to the surface 55 ofthe FIG. 4 form. 
Also. the body 31 includes a plurality of annular pro— 

jecting surface means 49a which are adapted to seat in 
the circumferential recess 55a of the liner 14 to lock 
the seal bushing 30a therein as shown in FIG. 8 of the 
drawings. The projections means 49a is formed on the 
members 70 shown in greater detail in FIGS. 10 and 11. 
As shown. there are four of such members 70 provided, 
with each member 70 being slidably arranged in a pas 
sage which extends laterally through the body 31. 
Suitable means as illustrated generally at 75 are pro 

vided for accommodating movement of the member 70 
in the passages 71 while retaining such members 70 in 
position on the body 31, such means 75 including an 
opening 76 extending through each of the members 
with a pin 77 extending through the opening and into 
the adjacent sides of the body 31. 

It will be noted that the width of the pin 77 is smaller 
than the extent of the opening 76 through each of the 
members 77 to accommodate movement of the mem 
ber 70 laterally relative to the body 31. 
When the members 70 are extended outwardly be 

yond the body 31 as shown in FIG. 10 of the drawings, 
the surface 20c of the well string 20 engages the inner 
end of the members 70 and maintains their projecting 
surfaces 490 in engagement in the recess 55a to lock 
30a in sealing position as previously described. 
The surface 20c on well string 20 is of suitable longi 

tudinal extent so that after the hanger 14 has been hung 
on the casing 13, the well string 20 may be moved up 
wardly relative to the liner to assure that such liner 14 
has been disengaged from the well string 20. 
The well string 20 includes an annular recess 20d ad 

jacent the end of surface 20c, and when the well string 
20 is moved upwardly a sufficient amount, the surface 
of such recess 20d is positioned adjacent the members 
70 to enable them to move inwardly out of the recess 
550 as shown in FIG. 9 of the drawings upon continued 
upward movement of the well string 20. Immediately 
adjacent the circumferential recess 20d there is pro 
vided suitable projection means as in the form ofa col 
lar 20b to engage the lower end of the body 31 of the 
seal bushing 30a and withdraw it to the earth‘s surface 
along with the well string 20. 

DESCRIPTION OF OPERATION 

By way of further ampli?cation and description, it 
can be appreciated that the liner 14 is initially secured 
with the hanger l8 thereon on the well string 20 by first 
of all positioning the hanger 18 and its J-slot arrange 
ment in engagement with the lugs on the liner 14 in a 
manner well known in the art. 

The seal bushing 30 may be positioned between the 
well string 20 and the liner 14 so that the cooperating 
surface means 40 positions either the bushing 30 or the 
form 30a and locks it in position between the liner 14 
and well string 20. 

[t can also be appreciated that the well string 20 is 
threadedly engaged with the liner 14 at the earth’s sur 
face by reason of the threaded connection 25 so that 
they may be threadedly disengaged upon relative rota 
tion. 

Thereafter the well string 20, liner 14 and hanger 18 
along with the bushing 30 or 30a positioned between 
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8 
the liner 14 and well string 20 is lowered into the well 
bore to a desired elevation or position. 
The hanger 18 is expanded by first rotating the well 

string 20 a partial turn to the left to disengage the .I-slot 
and lug arrangement on the hanger l8 and liner 14 re 
spectively. Since the hanger 18 includes bow springs 17 
thereon, after the hanger 18 has been disengaged from 
the liner 14 further downward movement of the well 
string 20 and liner 14 will cause the hanger 18 to force 
the slips 16 thereof onto the conical surface 15 on the 
outside of the liner 14. This causes the slip segments 16 
to seat against the casing 13 and position the liner 14 
on the casing 13 within the well bore 12. 
Thereafter the well string 20 is disengaged from the 

liner 14 by relative rotation so that the threaded por 
tion 25 between the liner l4 and well string 20 disen 
gages, however, it is to be noted that such disengage 
ment does not cause any relative movement of the seal 
bushing of either form relative to either the liner 14 or 
the well string 20. Thus, any damage to the packing 
carried by the packing bushing is lessened. The well 
string is set down on the liner for further operations. 
Thereafter ?uids such as cement may be discharged 

down the well string 20 from the earth’s surface and 
pumped around the liner 14 in the well bore a suitable 
vertical extent to assure proper cementing or bonding 
thereof in the well bore. 
Since the well string 20 has been disconnected from 

the liner 14, prior to the time that the cement or other 
bonding agent is discharged downwardly therethrough, 
after the bonding operation is completed, the ' well 
string 20 may be lifted vertically whereupon the en 
largement 20b on the lower end thereof is moved up 
wardly to engage the lower end 410 of the lock ring 41 
and shear the pin 42 and then move the lock ring 41 
into the recess 60 as previously described with regard 
to the FIG. 4 form. 
This enables the cooperating surfaces 40 to disen 

gage whereupon the seal bushing 30 by reason of its en 
gagement with the coupling 20b may be moved up 
wardly through the liner and retrieved at the earth’s 
surface along with the tubular member. 

Similarly, if the form of seal bushing 30a shown in 
FIGS. 8-11 is used, when the coupling or enlargement 
20b engages the seal bushing 30a, the annular recess 
20a enables the members 70 to disengage or unlock 
from recess 55a so that the seal bushing 30a may then 
be retrieved with well string 20 from the well. 
The foregoing disclosure and description of the in 

vention are illustrative and explanatory thereof, and 
various changes in the size, shape, and materials as well 
as in the details of the illustrated construction may be 
made without departing from the spirit of the inven 
tion. 
What is claimed is . 

l. A method of positioning a liner on a well string in 
a well bore comprising the steps of: 

a. securing the liner on the well string; 
b. locking a seal bushing in position between the liner 
and the well string to seal off therebetween; 

c. lowering the well string and liner to a desired posi 
tion in the well bore; 

d. rotating the well string relative to the liner to dis 
engage the liner from the well string; 

e. discharing a bonding agent from the well string and 
into the well bore around the liner; and 

f. thereafter moving the well string longitudinally of 
the liner to unlock the seal bushing, and 



3,920,075 
, 9 > 

g. retrieving the well string and seal bushing from the 
well bore. ' 

2. A method of positioning a liner on a well string in 
a well bore comprising the steps of: 

a. securing the liner on the well string; 
b. locking a seal bushing in position between the liner 
and the well string to seal off therebetween; 

c. lowering the well string and liner to a desired posi 
tion in the well bore; _ 

d. rotating the well string relative to the liner to dis 
engage the liner from the well string; 

e. discharing a bonding agent from the well string and 
into the well bore around the liner; and 

f. thereafter withdrawing the well string longitudi 
nally of the liner to unlock the seal bushing, and 

g. retrieving the well string and seal bushing from the 
well bore. . _ . 

3. A method of sealing between a liner and well string 
during bonding operations in a well bore and thereafter 
retrieving the seal fromthe well bore comprising the 
steps of: - 

a. locking a seal bushing in position between the well 
string and liner to seal off therebetween; 

b. lowering the well string and liner into the well 
. bore; ' _ - 

c. disengaging the well string from the. liner by rela 
l tive rotation therebetween while maintaining the 
seal locked in position therebetween; 

d. discharging a bonding agent through the well string 
and into the well bore around the liner to bond it in 
the well bore; and ' _ 

e. thereafter moving the well string longitudinally of 
the liner to unlock the seal bushing and retrieve it 
along the well string from the well bore. 

4. A method of sealing between a liner and well string 
during bonding operations in a well bore and thereafter 
retrieving the seal from the well bore comprising the 
steps of: ' 

a. locking a seal bushing in position between the well 
string and liner to seal off therebetweem. 

b. lowering the well string and liner into the well 
bore; 

0. disengaging the well string from the liner by rela 
tive rotation therebetween while maintaining the 
seal locked in position therebetween; 

d. discharging a bonding agent through the well string 
and into the well bore around the liner to bond it in 
the well bore; and ' 

e. thereafter moving the well string longitudinally of 
the liner to engage and unlock the seal bushing and 
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10 
retrieve it along with the well string from the well 
bore. 

5.. A method of positioning a liner with a hanger 
thereon in a well bore casing comprising the steps of: 

a. securing the liner with the hanger thereon on a tu 
bular member whereby the liner and tubular mem 
ber may be disconnected from each other upon rel 
ative rotation therebetween; 

b. locking a ‘seal bushing in position between the tu 
bular member and liner to seal off therebetween; 

c. lowering the tubular member, liner and hanger 
thereon in the well bore to a desired position; 

d. expanding the hanger into locking engagement 
with the well bore casing to support the liner 
thereon; 

e. disengaging the tubular member from the liner by 
relative rotation therebetween while maintaining 
the seal locked in position therebetween; 

vf. discharging a bonding agent through the tubular 
member and into the well bore around the liner; 
and ' 

g. thereafter moving the tubular member longitudi 
nally of the liner to unlock the seal bushing and re 
trieve it'along' with the tubular member from the 
well bore. 

6. A method vof positioning a liner with a hanger 
thereon in a well bore casing comprising the steps of: 

a. securing the liner with the hanger thereon on a tu 
bular member whereby the liner and tubular mem 
ber may be disconnected from each other upon rel 
ative rotation therebetween; ’ 

b. locking a seal bushing in position between the tu 
bular member and liner to seal off therebetween; 

c. lowering the tubular member, liner and hanger 
thereon in the well bore to a desired position; i 

d. expanding the hanger into locking engagement 
with the well bore casing to support the liner 
thereon; 

e. disengaging the tubular member from the liner by 
relative rotation therebetween while maintaining 
the seal locked in position therebetween; 

f. discharging a- bonding agent through the tubular 
member andiinto the well bore around the liner; 
and 

g. thereafter moving the tubular member longitudi 
nally of the liner to engage and unlock the seal 
bushing and retrieve it along with the tubular mem- > 
ber from the well bore. 

* * * >l= * 
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[57] ABSTRACT 
A method and apparatus for positioning and bonding u 
liner in a casing in a well hore wherein a pack off bush‘ 
ing is provided between the liner and the well string on 
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charge of ti bonding agent through the well string and 
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The seal or pack off bushing is constructed and ur 
ranged so that it may be retrieved after the positioning 
and bonding operations are completed along with the 
well string upon which the liner is initially lowered into 
the well bore. 
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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 1-6 are determined to be patentable as 
amended. 

1. A method of positioning a liner on a well stringfor 
bonding in a well bore comprising the steps of: 

a. 

b. 

g. 

2. 

securing the liner on the well string; 
releasably locking a seal bushing to the liner in posi— 
tion between the liner and the well string to seal off 
therebetween[;] to accommodate axial movement 
of the well string relative to the seal bushing while 
avoiding communication between the inside and out 
side of the liner throughout the length of the liner 
below the seal bushing and above where bonding agent 
is discharged from the liner into the well bore; 

. lowering the well string and liner to a desired posi 
tion in the well bore; 

. rotating the well string relative to the liner to dis 
engage the liner from the well string; 

. [discharing] discharging a bonding agent from the ’ “ 

well string and into the well bore around the liner; 
[and] 

. thereafter moving the well string longitudinally of 
the liner and the seal bur/ting to unlock the seal 
bushing L] : and 
retrieving the well string and seal bushing from the 
well bore. 
A method of positioning a liner on a well stringfor 

cementing in a well bore comprising the steps of: 
a. 

b. 

gv 

3. 

securing the liner on the well string; 
releasably looking a seal bushing to the liner in posi 
tion between the liner and the well string to seal off‘ 
therebetween[;] to accommodate axial movement 
of the well string relative to the Seal bushing while 
avoiding communication between the inside and out 
side of the liner throughout the length of the liner 
below the real bushing and above where cement is 
discharged from the liner into the well bore.‘ 

. lowering the well string and liner to a desired posi 
tion in the well bore; 
rotating the well string relative to the liner to dis 
engage the liner l'rom the well string; 

. [diseharing] discharging [a bonding agent] ce 
ment from the well string and into the well bore 
around the liner; [and] 
thereafter withdrawing the well string longitudi 
nally oi'liner and the seal bushing to unlock the seal 
bushing [J ,' and 
retrieving the well string and seal bushing from the 
well bore. 
A method of sealing between a liner and well string 

during bonding operations in a well bore and thereafter 
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2 
retrieving the sea] from the well bore comprising the 
steps of: 

4. 

releasably looking a seal bushing to the liner in posi 
tion between the liner and the well string to seal off 
therebetween [J to accommodate axial movement 
of the well string relative to the seal bushing while 
avoiding communication between the inside and out 
side of the liner throughout the length of the liner 
below the seal bushing and above where bonding agent 
is dirchargedjrom the liner into the well bore.‘ 

; lowering the well string and liner into the well 
bore; 

. disengaging the well string from the liner by rela 
tive rotation therebetween while maintaining the 
seal locked in position therebetween; 

. discharging a bonding agent through the well 
string and into the well bore around the liner to 
bond it in the well bore; and 

. thereafter moving the well string longitudinally of 
the liner and the seal bushing to unlock the seal 
bushing and retrieve it along with the well string 
from the well bore. 
A method ofsealing between a liner and well string 

during [bonding] cementing operations in a well bore 
and thereafter retrieving the seal from the well bore 
comprising the steps of: 

b. 

C . 

d. 

C. 

5. 

releasably locking a seal bushing to the liner in posi 
tion between the liner and the well string to seal off 
therebetween[;] to accommodate axial movement 
of the well string relative to the seal bushing while 
avoiding communication between the inside and out 
side of the liner throughout the length of the liner 
below the seal bushing and above where cement is 
(iivcharged from the liner into the well bore.‘ 
lowering the Well string and liner into the well 
bore; 
disengaging the well string from the liner by rela 
tive rotation therebetween while maintaining the 
seal locked in position therebetween; 
discharging [a bonding agent] cement through 
the well string and into the well bore around the 
liner to bond it in the well bore; and 
thereafter moving the well string longitudinally of 
the liner and the real bushing to engage and unlock 
the seal bushing and retrieve it along with the well 
string from the well bore. 
A method of positioning a liner with a hanger 

thereon in a well bore casing comprising the steps of: 
‘ti. securing the liner with the hanger thereon on a 

tubular member whereby the liner and tubular 
member may be disconnected from each other 
upon relative rotation therebetween; 

h, releasablv locking :1 seal bushing to the tubular 

C. 

member in position between the tubular member 
and liner to seal off therebetween[;] to accommo 
date axial movement of the tubular member relative 
to the seal bushing while avoiding communication 
between the inside and outside ofthe liner throughout 
the length of the liner below the seal bushing and 
above where bonding agent is discharged from the 
liner into the well hare.‘ 
lowering the tubular member. liner and hanger 
thereon in the well bore to a desired position; 

d. expanding the hanger into locking engagement 
with the well bore casing to support the liner 
thereon; 
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e. disengaging the tubular member from the liner by 
relative rotation therebetween while maintaining 
the seal locked in position therebetween; 

f. discharging a bonding agent through the tubular 
member and into the well bore around the liner; 
and 

g‘ thereafter moving the tubular member longitudi 
nally of the liner and the seal bushing to unlock the 
seal bushing and retrieve it along with the tubular 
member from the well bore. 

6. A method of positioning a liner with a hanger 
thereon in a well bore casing comprising the steps of: 

a. securing the liner with the hanger thereon on a 
tubular member whereby the liner and tubular 
member may be disconnected from each other 
upon relative rotation therebetween; 

b. releasably looking a seal bushing t0 the tubular 
member in position between the tubular member 
and liner to seal off therebetween [;] to accommo 
date axial movement of the tubular member relative 
to the seal bushing while avoiding communication 
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between the inside and outside ofthe liner throughout 
the length of the liner below the seal bushing and 
above where cement is discharged from the liner into 
the well bore; 

c. lowering the tubular member, liner and hanger 
thereon in the well bore to a desired position: 

(1. expanding the hanger into locking engagement 
with the well bore casing to support the liner 
thereon; 

e. disengaging the tubular member from the liner by 
relative rotation therebetween while maintaining 
the seal locked in position therebetween; 

F. discharging [a bonding agent] cement through the 
tubular member and into the well bore around the 
liner; and 

g. thereafter moving the tubular member longitudi 
nally of the liner and the .real bushing to engage and 
unlock the seal bushing and retrieve it along with 
the tubular member from the well bore. 

* * it * ll‘ 


