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(57) A packing assembly, which may be 1n the form of a bridge plug (10) or a packer, 1s connectable to reeled tubing
and can be 1nserted 1n and pushed through a wellbore tube by the reeled tubing. The packing assembly 1s hydraulically
set 1n a locking and sealing position 1n the wellbore by fluid introduced from the reeled tubing and, after use, can be
hydraulically released and removed from the wellbore. An actuating apparatus 1s provided for hydraulically actuating
the packing assembly and can be converted in a manner to pull the packing assembly from the wellbore. Prior to the
removal of the packing assembly from the wellbore, the wellbore fluid pressure 1s equalized across the packing
assembly.
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PACKING ASSEMBLY FOR USE WITH REELED TUBING

AND METHOD OF OPERATING AND REMOVING SAME

ABSTRACT OF THE DISCLOSURE

A paCking assémbly,which may be in the form of
a bridge'plug (lO) or anpacker,~is cohnectable to reeled
tubing and'cah be'insefted in and pushed through a
| wellbore tube'by'the reeied tubing. Thepacking assembly
"is hydrauliCally set.iﬁ a loCkihg'aﬁd Sealihg position in
'-the Wellboreijfluid?ihtroduced from the reeled tubing
ang, afterusé,,can'be hydraulicélly'released and removed
from the weilbdre. An‘actuating-apparatus:is:provided for
hYdraﬁlicallyactuating the packing'assembly énd can be
cOnverted'in a manner to pull the packing assémbly from
the wellbore.  Prior.to'the'removal of the packing
assembly from the wellbore, the wellbore fluid pressure is

equalilzed acCToss the padking assembly.

(Fig. 1lA-E)
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PACKING ASSEMBLY FOR USE WITH REELED TUBING

AND METHOD OF OPERATING AND REMOVING SAME

The_present invention relates to a packing

'aSSembly andga methodfof operating and removing same from
- a.downholefwellboreftube,and, more particularly, to such
‘an assembly and‘method‘Which can be used with reeled

 tubing.

- In the operatlon of subterranean oil or gas

wells ‘1t 1s often necessary to use a packlng assembly,_

| lthe form of a brldge plug or packer for locklng 1n the

'wellbore tube and provzdlng a seal so that other

operatlons can-be-performed 1n.the-tube.* The packing

’assembly lS usually desxgned to be removed from the

wellbore tube when the Operatlons are complete and the

seal 1s.no longer.necessary

Prior art techniques involved in these type of

'operatlons have often utllized wirelines or threaded

remedial tubing which are inserted through the wellbore
tubing for running in and setting the packing assembly and
then remouing.same when the operation is completed.

' Reeled tubing has recently been used in place of’

wmrellnes and threaded tublng 1n some general appllcatlons :

'S1nce the.reeled tublng;has-several advantages For

"example lt can be more rapldly lnserted 1nto the well and

may be more eas1ly passed through the production tubing

and related downhole equlpment._ Also, it can be used to
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convey flulds into the wellbore tube for cleaning and

" other operations associlated with the particular

application. Also, reeled tubing can traverse highly
deviated wélIS-which could otherwise not be transversed
with wirelines'or threaded remedial tubing in a controlled
matter. ‘

- Reeled tubing has been used with packing

assemblies in certain applications. In these arrangements

,the-packing.asSembly.is-"set” in the wellbore tube by

inflating a seal member with'fluid.which produces a seal

~that is less than completely satisfactory. Also, when it

is desired.to fem6vethe'packingassembly'from the
wellbore‘tube:a:canentional'wirélinetoOl has been used
which requireé aseparatecohnection'to the.packing
asSemblY.‘[' - '

In*one Of itsfaspects, the present invention

provides a packing assembly and method for operating same

in a wellbore tube which can be used with reeled tubing,
and in particular in which the reeled tubing can be used
to push the packing assembly into the wellbore tube.

In another aspect, the invention provides an

‘assembly and method‘as_tYpified above in which the packing

assembly can be hydraulically set in a locking and sealing

position in the wellbore tube and thereafter can be

- hydraulically released and-rembved.

:The apparatus and method of the above type may
also be SO OQérable'as to permit washing fluid to be

introduced into the wellbore tube.

uuuuu
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In one form of the invention, apparatus for
operating in a tube in a well containing flulid comprises

two members adapted for relative movement, means
responsive to said relative movement for engaging gsaid
tube, hydraulically operated actuator means for receiving

pressurized fluid and causing said relative movement in

'response to a predetermined pressure of said fluid for

actuating said engaging means, means for locking said
engaging means in said'tube-engaging position, and means

for permitting flow of said well fluid through said

apparatus before Said.actuating of the engaging means and

_for;prevehting.said flOw after,said.locking.'

| ,Preferably; the'apparatus of the invention

includes an actuating apparatuS whicnh can function as a

. pushing thl and Can*bé easily converted into a pulling

tool.

;The'apparatus and the method are preferably soO
opérable that the pressure.of the wellbore fluid Can be
equalized across thé pécking assembly for insertion and/or
removal. . .

A‘paCking.assembly-conhectable to the reeled
tubing in accordance with the preéent invention can be
inserted in and pushed through the wellbore tube by the
tubing. The packing.assémbly can‘be adapted to receive
fluid fromuthe reeledtubing fof washing thé wellbore tube
and for hydraulicalIY-sefting-and releasing the packing

assembly in and from a 1bcking and sealing'positiOn,

respectively. The packing assembly may include actuating
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apparatus for setting the packing assembly and pulling it
from the wellbore, and can be so arranged that, prior to
the removal of the packing assémbly from the wellbore, the

wellbore fluid pressure can be-equglized across the

packing assembly.

The above brief description, as well as many of

the,objects, features and advantages of the present

invention will.be.moreifully'appreciated by reference to

the following detailed description of the presently

preferred but nonetheless illustrative example of an
assembly acCording to3the.invention when taken in

conjunction with the accompanying drawings wherein:

_Figs; 1A-1E are longitudinal sectional views of

the*packingfassembiy'of.the,present invention set for

 insertion into a wellbore tube, with Fig. 1B being an

upward continuation-of'Fig.'lA, Fig.'lC being an upward

continuation of Fig,'lB,'Fig. 1D being an upward

continuation of Fig. 1C and Fig. lE being an upward
continuation of Fig. lD;'and'

Figs. 2A~2D, Figs. 3A-3D and Figs. 4A~4D are
views similar to Figs. 1A-1D, but depicting the packing

assembly in different operating modes.
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The packing assembly is shown and described, by

way of example, in the form of a bridge plug referred to

in general by the'reference numeral 10 in Figs. 1A-~1D of

the drawings which depict the bridge plug ready for

insertion into a'wellbore tube. Referring specifically to

Figs. 1A and 1B, the bridge plug 10 includes an inner

mandrel lz'extending for the length of the assembly and

having an‘enlarged'lower'end_portion 12a to define a
shoulder 12b. A longitudinal slot 12c, a recess 12d and

Six angularly;spaced longitUdinal SlOts{IZe (one of which

' vis shown) are'formed in,the'lowér portion'of the inner

'mandrel 12 for reasons to be described. The outer surface

of the innér:mandrel 12 inCludeS_a raised portion 12f

(Fig.'18) which receives a seal_ring 14. A top sub 16 is

threadedly connected to the upper end portion of the inner

mahdrel 12 for cdnnecting'the latter mandrel to other
components thét.will be déscribed.

A tubular.outer mandrel 20 extends around the
inner mandrel 12 in‘a coaxial, slightly spaced relation,
with the seal ring'l4 in'engagement with the corresponding

inner surface of the outer mandrel. The upper end portion
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of the outer mandrel 20 has a reduced outer diameter which

defines a shoulder 20a (Fig. 1B). Four angularlyespaced
rad1a11y~extend1ng equallzlng passages 20b (one of Wthh
is shown) are formed through the reduced diameter upper
end portzon of the outer mandrel which normally,are
axially'spaced'downwardlytfrom-the seal ring 14.

‘ Allongitudinel-slotZOC (Fig 14) 1s formed through
the outer mandrel 20 near its lower end, and four
.angularly-spaced radlal w1ndows 204 (one of which is
»,shown) extend through the outer mandrel between the slot
20c¢ and 1ts lower end. Four lugs 24 are respectlvely
‘disposed in the w1ndows 20d for reasons to be described.
The slot 120 1s shown in allgnment wlth the lugs 24 in
.Flg lA for the convenlence of presentatlon, it belng
understood that the slot is actually ' spaced from
the lugs. The outer surface of an 1ntermed1ate portion ‘of
the outer mandrel 20 is slightly stepped to form a
shoulder 20e and a C ring 26 (Fig. 1B) is located in a
circular groove formed'in_the-outer surface of the outer
mandrel 20 in a slightly Spaced relation to the shoulder
20a for reasons to. be described

As shown 1n Flg 1B, an'upper wedge assembly'BO

extends over the upper portlon of the outer mandrel 20 in
a coaX1al relatzonﬁhlp therewzth anad 1ncludes a retainer

memoer 32 whose inner surface extends over a corresponding
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outer surface of the'ppper end portion of the mandrel 20.
One or more angularly spaced shear pins 34 (one of which
is shown) extend through corresponding openings in the
retainer member 32 and into a recess formed in the outer
surface of the outer mandrel 20, The pins 34 are adapted
to shear in response to a predetermined shear force |
thereon to break the connection between the retainer
member 32 and the outer mandrel'zo under conditions to be
described."a tapered counterbore is formed in the upper
end of the-tetaiher member 32 and receives a plurality of
slip segments 36 (one of whiCh is shown) and a wave spring
38. Thelocking slipsegments 36 and the wave spring 38
operate in a conventional manner to permit axial downward..
. ﬁovement of.the retaining member 32 relative to the outet
mandrel 20, while locking againSt any upward movement
thereof. An end cap,40 extends over the upper end of the
retainer member 32 and is threadedly engaged therewith to
retain the locking slip segments 36 and the wave spring 38
in the counterbore 32a.

The outer surface of the lower. end portion of the
retainer member 32 1is stepped .to define a shoulder 32a and
a longitudinal slpt 32b is formed in the retainer member
which receives a.radiaily'extending bolt 42 projecting
radially outward f¥om the upper:énd of a tubular upper

wedge member'44 (Figs. 1A and 1B). The inner surface of

!



the wedge member 44 is in close proximity to a
corresponding outer surface'of the outer mandrel 20, and
the wedge member nas a stepped inner surface to define a
shoulder 44a whlch is engaged by the lower end of the C
ring 26. The lower end portlon of the wedge member 44 is
enlarged to deflne a shoulder'44b (Flg 1A) and is tapered
radially 1nwardly as shown by the reference numeral 44c

for reasons to be descrlbed The 1nner surface of the

‘ enlarged1lewer end.pertlon of the_wedge~under_44 is

,stebped to define a.ehOUIder'44d One or more angularly

' 'spaced shear plns 45 (one of Wthh is shown in Fig. 1B)

extend through correspondlng openlngs in the retalnlng
member 32_and:the upger wedge_member 44 to normally X
prevent relative movement therebetween. '

A pair of seal rings 46a (Fig. 1B) and 46b (Fig. 1A)
are defined‘incorresponding,slightly spaced annular
recesses formed in the inner_SUrface of the wedge member
44 and in engagement with the outer surface of the outer
mandrel 20{” A stack of seaiingelements 48, of a
resilient material surrounds the outer surfade of the
wedgelmember 44 and is conflned between the lower end of

the retalner member 32 and the shoulder 44b of the upper.

wedce‘member 44

As shown“ln fﬁg..lA;fafldwer tubular wedge member 50

extends around- the lower end'pOrtion.of the outer mandrel
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20 in a slightly spaced relation thereto. The upper end

- portion of the wedge member 50 is enlarged to define a

downwardly .facing' shoulder 50a and is tapered upwardly and.
inwardly as Shown by the teference numeral 50b. An
annular groove SOc is formed in. the lower portien of the
bore of t;he wedge member S50 which receives the '1ugs 24 to
normally retain the wedge member against'axial movement
relative-'to' the outer mandrel 20. A longitudinal slot 50d

is formed _th_rcugh the.'upper 'portion_ of the wedge member 50

'in, alignment'with'the'slotzoc 0of the outer mandrel 20 and

the slot 12c of the inner mandrel 12. An end cap 52

extends over', and is in threaded engagement with, the

lower end portion of.the wédge membe: 50.

A Slip sleéve 60 éxtends over. a portion of the wedge
member 50 and the outer mandrel 20. The sleeve 60 has a
stepped inner bore defining an internal shoulder 60a
normally butting against the shoulder 50a of the wedge
member 50. One or more angularly spaced pins 62 (one of

which is shown) extend thrdugh corresponding openings in

the slip sleeve 60 and in the wedge member 50 and are
adapted to shear -in response to a predeterrﬁined shear
force thereon to‘,:break the connection betweer_i the sleeve
60 and theVedge member S0. '
The outer. .su?f;ﬂaée of the lower end portion of the

sleeve 60 is stepped to define a shoulder 60b and a



p':ar“""\\

-1 O

counterbore 60c¢ 1s provided in the lower end of the sleeve
60 to define an internal shoulder 60q. A radial opening
is formed through the wall of the sleeve 60 which receives

a retalning bolt 64. The bolt 64 extends'through the

'*aligned siots SOd,‘ZOc.and 12c @f the wedge member 50, the
.outer mandrel 20 and the 1nner mandrel 12, respectlvely,
to secure the latter members agalnst relative angular
.rotatlon and,to llmlt_thelr.axral:movemeat. A helical

.i_HCOmDression spring.ssfextends.between the shoulder 60d and

‘;the uoper end of the end cao 52

Two sets each of four angularly sPaced slots 60d and 60e (two of

each_ of wh.mch are shown ln_ F:Lg. 1A) are formed in the slip

- _sleeve 60 for. .respec;t‘ive‘ly receiv'ing four slip members 68, ..

three of whieh‘eanbeseehin Fig. 1A.

‘The inner surface of each slip member 68
rests againsr'a,corresponding portion of the outer surface
of the outer mandrel 20, and the outer surface of each
slip member is provided with a plurality of teeth é68a.

The elip members 68 initially extend within the slip
sleeve 60'with their teeth 68a extending outwardly but not
beyond the Outer surface of the sleeve’ The slip members

68 are adapted to expand.radlally outwarary SO ‘that the

~ teeth 68a engage the 1nner wall of a welloore tube (not

shown). as Wlll be descrlbed

iiiiii
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An end cap sleeve 70 extends over the lower ends of
the outer mandrel 20, the wedge member 50 and'the slip
"sleeve 60. The upper end portion of the cap sleeve 70
extends over the lower end portion of the slip sleeve 60
ewith theupper endof the oapsleeve 70 abuttinq_the'
shoulder.SOb' One or more:angular1Y~spaced set screws 72
(one of thCh is shown) extend through angularly~spaced
'_threaded openlngs in the cap sleeve 70 and engage ‘the
 jouter surface of the Sllp sleeve 60 to secure the cap
 sleeve in place" The dlameter of the outer surface of the
end cap 52 1s sllghtly less than the dlameter of the bore
of the castleeve 70 so that the latter prov1des guldlng
'suooort for slldlng movement of the wedge member 50 as
will be descrlbed ' '
' The 1nterna1 bore of thellower end portlon of the
cap sleeve 70 is tapered'radlally inwardly to a diameter
slightly greaterthanlthe outer diameter of the enlarged
lower end portion of the ihner mandrel 12. One or more
angularly-spaoed pins 74 (one of which is shown) extend
through angularly spaced openings formed in the lower end
portion of the cap sleeve 70 and into oorresponding flat
bottom.holes 1n the enlarged end portlon 12a of the inner
'~manorel 12. One‘or more angularly~ paced.olns 76 (one of
which 1s shown) are'sllghtly spaoed,upwa:dly from the pins

74 and extend throuqh.oorresponding anqularly spaced
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openings formed in the lower end portion of the cap sleeye
70 and into the corresponding aligned slots 12e in the
outer surface of the.enlarged lower end portion of the

‘inner mandrel-lz | A plurallty of radial slots 70a are

- provzded 1n the end portion of the cap sleeve 70 through

which the-plns_74 and.76'are inserted during
‘installation. ‘

Theipins 74_are adapted to shear in response to a

'predetermined-shear foroe'thereon to break“the'conneotion
between the cap sleeve 70 and the inner mandrel 12, under

_condltlons to be descrlbed to permlt relatlve movement

herebetween; Durlng thls movement the pins 76 rzde in
he slots 12e untzl they'engage the lower ends of these
slots to stop the relatzve movement between the cap sleeve
;0 and the inner mandrel 12 untll the fluid pressure
ozlds up to a value sufflcment to shear the pins, as also
will be described. '

The paoking assembly of the present ineention
includes anactuating apparatus 78, shown in general by
the reference numeral 78, for-connectino the bridge plug
10 to a seotlon of reeled tublng, for 1nsert1ng the brldge
plug in a wellbore tube, for setting the.brldge plug in a

looklng and seallng p031t10n and for removing the bridge

' plug from the wellbore tube. .The-actuat:ng'apparatus 78

is depzcted in Flgs 1B-1D and includes z drive sleeve 80
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1,open1ngs 1n the sleeve 82 and the mandrel 20. The pins 84
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and a pulling sleeve 82 extending in a coaxial spaced

- relationship. The lower end of the drive sleeve 80

exnends over the outer surface of the retainer member 32
'1nclud1ng the end cap 40 (Flg 1B), and the lower end
portlon of the pulllng sleeve 82 extends over the upper

end portlon of the outer mandrel 20 and is connected

. thereto by six angularly spaced shear pins 84 (one of

' wn*ch is shown) extendlng through corresnondlng allgned |

are acapted to shear 1n resoonse to a precetermined shear

force thereon.to release the pulllng sleeve 82 from the

| mancrel 20 under condltlons to be descrlbed

As shown.ln Flg 1c, the upper end “ortlon of the

drive sleeve 80 1s threadedly connected te a rlng adapter

90 wnlch in turn, 1s threadedly connectec to the lower
end portion of a-two~plece drlve cylinder 92 (FIG. 1C and
1D). The:cylinder 92 includes a lower cylindrical portion
922 in threaded engagement with the ring adapter 90 and an
uprer cylindrical portion 92b threadedly connected to the
lower cylindrical portion 92a. An~annular drive piston 94
(Fig } lD) 1s formed 1ntegrally WIth the unner cyllndrlcal
portlon 92b and progects radlally'lnwardly An annular
dr've plston.96 also projects radlally'lnsardly'from an
1nrermed1ate portlon of the drlve cylinder 92 and is

secured in a recess defined between the urper end of the

S22
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lower cylindrical portion 92a and an internal shoulder
formed in the lower end portion of the upper cylindrical
portion 92b.

Thepulling'sleevesz hés a longitudinal, open-—ended
slot 82aformedtherethtough which receives a rectangular
pin 83 extending_through an appropriaté opening formed in
the-sub‘is, to éngularlyalign the sleeve 82.

As shown in Fig. 1C, the upper end portion of the

- pull sleeve 82”is'connected; by an intermediate sleeve 100
~ and an adapter-sleeve“IOZ,*to an upper sleeve 104. The
'connectiOns between'the pull sleeve 82, the intermediate

sleeve 100, the adapter sleeve 102 and the upper sleeve

104 are all made by cooperating internal and external
threads formed on corresponding end portions of the
respective sleeves, in a conventional manner. The adapter

sieeve 102 is stepped to define a downwardly facing

'shoulderﬁloza against which the upper end of the sleeve

100 abutts, and an upwardly facing internal shoulder 102b
against which the lower end of the upper sleevé 104
abutts. .

A ringseat105’(Fig.1C) 1s diSposed in the bore of'
the upper sleeve 104 and 1is connedted-thereto‘by four
anqularly'spaced'shear'?ins 106 (only one'of which is
shown in Fig. 1C) which respectively extend through

angularly spaced openings formed in the ring seat and the
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sleeve. The upper end of the ring seat 105 is formed w@th
a seat surface 105a to define a seat for a ball valve 107
which is_dropped onto the seat to seal the bore of the
sleeve 104 'under.conditions to be described. The pins
106 are adapted to shear under a predetermlned.shear force
-~ to break the connection between the ring seat 105 and the
sleeve 104 and release the ring seat for axzallmovement
As'shown 1n,wlg lD an annular plston 108 1is formed
on the outer ‘surface of the sleeve 104 The outer
dlameter of the plston 108 1s sllghtly 1ess than the inner
dlameter of the cyllndrlcal portlon 92b and, 1n the
pos1tlon-of-F1g 1D -the plston 108 1s in a closely spaced
relatlonsth to the plston 96 of the drive cyllnder 92.

i One or more radlally'extendlng, fluid passages 104a
are formed througn the drive sleeve 104 Wlth one such
passaqe being shown 1n Fmg 1D. The passages l04a permit
fluid to pass from the bore of the sleeve 104 into a
chamber defined between the confronting surfaces of the
pistons 96 and 108,  A plurality of angularly-spaced,
radiallyﬁextending'0penings 104c extend through the lower
end portlon of the sleeve 104 Just below the ring seat 105 '
for reasons to be described '

Referrlng to F1g 1D the inner'surface cf a ring
adaoter 109 is .in fhreaded engagement'wlth the outer

surface of the upper end portlon of the upper sleeve 104.

(I LI
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The lower end of the ring adapter 109 is in a slightly
spaced relation to the upper end‘of the piston 94. One or '
more angularly-spaced, radially extending fluid passages
104b, one of'which 1s shown, are fo;med through the upper
end portion of the sleeve 104.hetween the_ring,adapter.109
and the piston94 to permit fluid to pass into a chamber
defined between'the'confrontinq faces of the ring adapter
and the pistonQ

o The ‘upper end-portion of'an outer sleeve 110 (Fig.

1D) is 1in threaded engagement Wlth the outer surface of

- the adapter.109. The 1nner surface of the sleeve 110

extends over the outer-surface.of the piston 94 and the

'cylindrical.portion.QZh in close proximity thereto. Four.:

‘shear pins'lll, one of ehich'is shown, extend through

correspondlng, angularly spaced allgned openlngs in the
lower end portlon of the sleeve 110 and cyllndrlcal ‘
portion 92b to prevent_relatlve axial movement
therebetween in the absenoe of a predetermined shear force
therebetween. '

The lower end portion of an upper sleeve 112 is in
threaded engagement with the upper end of fhering adapter
109 and, as shOwn in Fig. 1E, the sleeVe llz.is connected
to a sub 114 by four anoularly spaced shear pins 116 (one

of which 1is shown) extendlng through corresponding a llgned

openings formed in the sleeve 112 and the sub 114. The
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pins 116 are adapted to shear in resPOnee to a

r r R

predetermined shearing force between the sub 114 and the

.sleeve 112 to release the sub from the sleeve under

'condltrons that W1ll be descr1bed The sub 114 is formed

w1th an enlarged lower end port;on 114a WhICh carrles a

seal rlng 115 and w1th a reduced dlameter upper end

,portlon whzch is 1nternally threaded for rece1V1ng a

- correspondlng.threaded-lower end-portlon of 4 sectlon of

'reeled tublng 118

A r1ng seat 120 51m11ar to seat 105 but hav1ng a

 ”bore larger than the dzameter of ball 107, 1s provided in

the upper end portlon of the bore of the sleeve 112 and is

- .formed w1th a'seat surface 120a whlch ls adapted to

Jrecezve a ball valve 122 the dlameter of whzch is greater

than that of the ball valve 107 for seallng the bore of

the sleeve Lmzunder oondltlons that will be described.

Two lugs 124.are.provided on the outer surface of sleevé

112 and are.spaoed180°apart,'forreasone to be ‘described.
.Inoperation, the bridge plug 10 is inserted into .

the wellboro'tube'in the position shown in.Figs. lA-lE

i.e., with the actuatlng apparatus 78 connected between it

and the reeled tubrng 118 The-brldge plug 10 is lowered

and/or pushed to a desrred p051t1on 1n the wellbore tube

by the reeled tublng 118 and the actuatlng apparatus 78.

Durlng thlS movement through the wellbore tube, any fluid
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in the latter tube enters the lower end of'the bridge plug
10 through the slots 70a, passes through the annular space
between the inner mandrel 12 and the outer mandrel 20 and
exits through the slots 20b in the outer mandrel and the
slots 32b in the retaining member 32 to equalize the fluid
_ pressﬁre across tﬁe bridge plug. ‘
When the bridge plug 10 reaches the desired position
 in the wellbore tube,the'ball'valve 107 is dropped
 through thé reeled,tubihg 118 and passes through the
actuatinqépparatus'78,untilit rests on the seat surface
105a of the ring seat 105 (Fig. 1C). Also, a fluid is
iht:oduced,'vialthe.reéled tubing 118 to the sub 114 and
thus passes into aﬁd~through the sleeve 112, the ring
adapter 109.andthe.ﬁppérsleeve 104 df the actuating
apparaﬁus?B. Since-the,ball'valve 107 seals agalnst any
further downward‘flowiof the'fluid, the fluid volume and
pressure build up in the sleeve 104 and the fluid flows -
into and through ﬁhe passages 104a and 104b (Fig. 1D)
formed through the sleeve 104. Thus fluid pressure builds
up in the annular chamber defined between the pistons 96
and 108 and the annular chamber defined between the piston
94 and the lower end qf'thé ring adapter 109. This fluid
pressure'drives éhe-pistons 96 and 108 in opposite
directionsrelativé‘td;each other (Fig.'lD) and drives the

piston 94 and the ring adapter 109 in opposite directions
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(Fig. 1C). This shears the pins 111 (Fig. 1D) and, due to
the lesser resistance to movement encountered by the drive

sleeve 80, it moves downwardly while the puil sleeve 82

remains relatively stationary. Downward movement of the

drive sleeve 80 continues until.the lower end thereof

‘engages the.shoulderSZa of the retainer member 32 and

forces it“doanardly-to shear the.pins 34 (Fig. 1B) and

release the retalner member from the outer mandrel 20.

| zurther downward movement of the drlve sleeve 80, and
' '. therefore the retalner member 32, forces the wedge member
 .44 agalnst the locklng SllpS 68 to urge the slips radially
"outwardly unt11 thelr teeth 68a engage the inner wall of
the wellbore tube and'the bolt 42 nears’the-uoper end of
 the slot. 32b of the retalner member 32 as shown in Figq.
'2B. During thlS movement ‘the sllp segments 36 in the

'retalner member 32 prevent upward movement of the upper

wedge assembly 30 relative to the outer mandrel 20.

By virtue of the teeth 68a of the locking slips 68

engaging the inner-wall'of the wellbore tube the bridge

plug 10 is in its locking position and the drive sleeve 80

is locked against further downward movement. Additional

shear forces thus build up on the shearipin5-45'causing them to shear

and permlt dovmward nbvehent of the retainer member 32' relative to the

upper'wedge:member 44 and.the:slot 32b relatlve to the bolt 42. This

axially compresses the sealmg elements 48 and causes them

/
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to expand radially outwardly against the inner wall of the
wellbore tube and thus seal against the passage of well
fluid upwardly through the bridge plug. The force
impartedbetweenthe.drive sleeve 80 and the pulling
sleeve 82 as described above 18 then transferred in the
form of anupwatdly'directed force, to the pulling sleeve
82. Thus, an upwardlyedlrected, pulllng force is applled
to the outer mandrel 20 causing it to move upwardly

'telatlve to the 1nner mandrel 12 and both wedge members 44
'"and 50 to the p081t10n of Flgs 2A-2D. Due to the
engagement of the lugs 24 in the recess S0c (Fig. 2A) the
lower wedge member 50 is also pulled uowardly'wlth the
outer mandrellzo,wh;cn_compresses the spring 66 .

This upwardmovement'of the outer-mandrel 20 and the
lower wedge member 50 continuee'until the latter wedge
member engages the slip members 68 as shown in Fig. 2A to
lock the slip members in their wellbore tube-engaging
position, The bridge plug 10 is thus locked in its "set"
position with the seal elements 48 and the slip members 68
engaging the'inner wall of the wellbore tube. It is noted
that, in the set,position of'Figs 2A-2D, the equallzlng
passages 20b (Flg' 2B) extend above the seal rlng 14,

Thus, flow of well fluld from the wellbor e through the

bridge plug 10 as descrzbed above, is prevented
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Further build up of fluid pressure in the actuating
apparatus 78 in the above-described manner continues untll '
a sufficient force is created to shear the pins 84 which
disconnects the actuating apparatus 78 from the bridge

plug assembly l0'.‘. Before the 'a,ctuating apparatus 78 1is

 removed from the wellbore tube, additional fluid is

introduced into the acttiating apparatus 1n the manner

described above. The fluid pressure is allowed to build

- up in the sleeve 104 unt11 a suff1c1ent
. downwardly-dlrected force is exerted on the oall valve 107

‘and therefore the rlng seat 105 to shear the plns 106

(Flg 2C) The force of the fluld pressure then drives
the ball valve 10‘7 and the rlng seat 105 downwardly u:ntll
the lower end of the r:lng seat engages the shoulder 102b

of the adapter r:lng 102 Thls exposes the openings 104c

ano oermlts fluld from the reeled tubing 118 to flow

through the latteropemngs and relieve the fluid

pressure. Then the reeled tubing 118 can be mechanically
pulled up'wardly,. SO that it, along with the actuating
apparatus 78 oan' be 'pulled from the wellbore.

The ring seat 120 is for the purpose of
dlsconnecting the’ reeledtubing from the actuating

apparatus 78 in emergency situations such as for example,

- when the pins 106'¥prematurely shear before the pins 84

thus releasing the fluid pressure and renderlng it
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impossible to hydraulically shear the latter pins. 1In
these situations a ball valve 122 (Fig. 1E) is dropped
through the reeled tubing 118 and into the sub 114 where
it engages'the seat surface 120a on the ring seat 120.

Pressure thusbﬁilds,up against, the lower end'ogxthe sub

114, forcing it upwardly until the pins 116 shear,

permitting removal of the reeled tubing 118 from the

wellbore tube. Snubbing equipment, or the like, may'then

' be used to lower into the wellbore»tubefa strlng of plpe,
~on the lower end'of whlch is carried a suitable fishing

“tool Wthh w111 engage the lugs 124 to enable the

actuating apparatus 78 and the brldge plug to be pulled
from the wellbore tube

If 1t later becomes necessary‘to retrieve the bridge
plug 10 from its set position in the wellbore tube, the
actuating apparatus 78 is cOnverted for pulling by
repiacing the sleeve 82 with an overshot 130 as shown in
Figs. 3B and 3C. The reeled tubing 118 and the converted
actuating apparatus'78 is lowered into the wellbore tube
in the position shown in Figs. 3A-3D, which eorresponds to

the position of Figs. 1A~-1E, with the exceﬁtien that the

overshot 130 is 1n engagement with the upper end portion

of the top sub 16 Altheugh not clear from the drawings,

it is understand that the overshot 130 includes a grasping

- mechanism, such as slip sleeves or the like. which, when
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lowered into the wellbore tube over the upper end portion
of the sub 16, engage same. . )
To initiate the retrieval operation fluid is
introduced, via the reeled tubing 118, into the chambers
deflned between the pistons 96 and 108 and between the
piston 94 and the end of the rlng adapter 109 to drive the
' pistons 96 and 108 as-well as the piston 94 and the ring
adapter 109 in opp051te dlrectlons as prev1ously
deSCtlbed Slnce the Sllp members 68 are in locking
engagement WIth the wellbore tube, the resulting forces
will be an upwardly~d1rected force applled to the overshot
130 the sub 16 and therefore the inner mandrel 12. Upon
a predetermlned amount of uowardlymdlrected force applled
1n_tnlS manner, the,p;ns 74.(F1g.,AA) break, permrttlng
‘the inner mandrei 12 to move upwardly relative'to the end
cap 70 and the othercomponents of the.bridge plug 10,
while the pins 76 ride 1n the longitudinal slots 12e in-
the inner mandrel “When the pins 76 reach the end of the
slots l2e as shown in Fig. 4A, uoward movement of the
inner mandrel is temporarily stopped and the seal ring 14
is positioned upstream from the equalizer passages 20b to
expose thelatter.slots.Thisestablishesawellbore
fiuid flowopath'throughbthe plug 10 and allows'any' N
pressurlzed fluid in:the wellbore below the bridge plug 10

to pass upwardly through the bridge plug via the
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equalizing passages 20b as described above to equalize the
pressure across the bridge plug 10 and thus make it safe
to unlock the brldge plug before 1t is removed in the
manner described.

As the fluid pressure in the actuating apparatus 78
increasee-as described above, the upward pulling movement
on the 1nner mandrel 12 contlnues until the pins 76 shear
whlch permlts further upward movement of the 1nner mandrel
12 relative to-the end cap-?o until the shoulder 12b on'
the;enlarged.inner mandtel portion 1l2a engages the lower
end of the outermandrel.zo (Fig. 4A). At this position,
the recess 12d'formed in the lower end portion of the
inner'mandrei 12 aligns with the lugs 24 and thus permits,,
the lugs to retract inte the recess and thus release the ‘
lower wedge member‘so from the outer mandrel 20. The
fcrce of the sprieg 66 then forces the wedge member 50
downwardly out of engagement with the slip members €8 to
the‘positien shown in Fig. 1A.

Referringto Figs. 4A and'4B, further upward
movement of the inner mandrel 12 forces the outer mandrel
20 upwardly until the shoulder 20a (Flg 4B) on the outer
mandrel engages 1nternally dewnwardly facing shoulder 32c

near the unper end of the retalner 32 and forces it,

along with the upper wedge member 44, upwardly. This

movement continues until the shoulder 20e (Fig. 4A) on the
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outer mandrel 20 contacts the shoulder 44d on the wedge

member 44. Further upward movement in this manner forces

the wedge member 44 out of engagement with the slip member

. 68 and relaxes the bridge plug assembly 10. 'I‘his relative upward

movement of the inner mandrel 12 and the outer mandrel 20
is terminated with engagement of the lower ends of the
slots 12c and 20c¢c with the bclt 64 (Fig. 4A), The bridge

plug 10 is,thus_returnedvto the position of Fig. 1A and

1B wizh the exception‘that the inner mandrel 12 and the

outer mandrel 20 are p031t10ned uowardly from the p051t*on

'fof Flg. 1A. The reeled tublng 118, the actuating

apparatus 78, and the brldqe plug 10 can then be pulled

f£rom the wellbore tuhe

Several~advantages result from‘the foregoing. For
example, in the case of:a.deviated wellbore, the
structural integrity and strength of the reeled tubing
enables the!bridge'plug and the actuating apparatus to be
pushed to the desired position in the wellbore. Also, the
bridge plug can be hydraulically actuated, set and removed
as described above. Further, the reeled tubing can be
used to introduce.fluids into the wellbore tube for

various purposes,'such as washing, etc., and the actuating

‘apparatus 78 descrlbed above can e3511y be converted from

a pushing-toel to a pulllng tool, and visa versa, by

changing one component.
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It 1s understogd'the several variations can be made
in the foregoing without departing from the scope of the
present invention. For example, thepadking assemb1y'
described above can be in the form of a packer, which
permits the flow of production fluid therethrough, rather
than a'bridge'plug.as described:_which does natfbermit
such fiow..: . ' .

A latitude bfmodification, change and substitution
is intendedinthe'fOregoingdisclosureand ih sdme'
.instances somefeatutes of the invention will,be.employed
~without a¢otresponding use ofotherfeétures. '
_Acddrdingiy; it'is'app#opriatethat the appended claims be
'construedbroadly and'ih'amaﬁnerconsistent with the

L "

scope of the invention. .
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CLAIMS

1. Apparatus for operating in a tubé in a well
containing fluid, said apparatus comprising:
two members-adapted for relative movement;
means responsive to said relative movement for
\engaging-said-tube:
hydraﬁlically operatedaCtuator means for
recéiving-presSurized fluid and'causing said
relativémovementin reSponse to a predetermined
pressure of said fluid for actuating said
\engégihg'meahéf ' 
'Jméahé for'lCCkiansaid ehgagingmeans in said
tube-engaéiﬁgposition:and .
. meansifbfpérmittingflow of said well fluid
é, h'. . . throughéaidapparatusbefore said actuating of
'the.enéaging'meahs:and for preventing said flow

-_after said lOcking.

2. ' The apparatus of‘claim 1 where sald actuator
means operates in response to a first predetermined
pressure of said pressurized fluid and wherein said
locking means operates in fesbonse to a second
predetermined pressure'of said pressurized fluid.

;3.' | The.apparatus bf claim l'further comprising
means for.equalizing the'preSSUre of said well fluid

across said members.
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4, The apparatus of any one of claims 1 to 3

further comprising means responsive to a predetermined

pressure of said pressurized fluid for relieving said

fluid pressure.

S, | The apparatus of any one of claims 1 to 3
wherein said actuator means is connected to said members
and further comprising means responsive to a predetermined

assure of said preSsurized.fluid for disconnecting said

p_

%

actuator means from said members.

6. TheHapparatus of'any one of claims 1 to 3
further compriSing an'inner~mandrel, said two members
exténding over said inner méndrel'in a coaxial
rélationship and adapted for axial movement relative

thereto.

7. The apparatus of claim 1 wherein said engaging
means comprises slip lock means adapted to be engagéd by

one of said members and forced into an engagement with

said tube.

8. - The apparatuSIOf claim 7 wherein one of said
members includes a wedge portion for engaging said slip

lock means and forcing it into engagement with said tube.
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9. The apparatus of claim 7 or claim 8 wherein said

locking means comprises a wedge member and means

responsive to an additional amount of said relative
movement for forcing said wedge member into engagement

with said slip lock means.

10. The apparatus of claim 1 further comprising seal

means dissted_betWeen said two members, said relative

‘movement expanding said seal means into engagement with

salid tube.

11. The apparatus of claim 10 wherein said seal

means is responsive to an additional amount of said

relative movement.for'engaging said tube, said actuator

means causing said additional relative movement in

response to a second predétermined pressure of said fluid.

12. The apparatus of any one of claims 1 to 3
further comprising reeled tubing connected to said
actuator means for supplying said pressurized fluild to

sald actuator means and for pushing said members through

gsald tube.

13. The apparatus of any one of claims 1 to 3
further comprising means for converting said actuator
means to a pulling assembly for pulling said members from

said tube.
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14. Apparatus for operating in'a tube in a well
containing fluid, said apparatus comprising:
a mandrel; .
a wedge assembly adapted for movement relative
to said mandrel:
said wedgeassembly chprising a first and a
seeond member édapted for relative movement ;
first engaging means responsive to a
predetermined,amOuntof movemenf of'said wedge
assembly reletive'to'said mandrel for engaging a
.firStpertien.ef Said‘tube}
second.engagihg meene responsive to a
predetermihed'emountOf relative movement of
'eaid memberS'of said wedge.aseembly for engaging
'en‘additional portion Of said tube; and
'hYdraulicallyeOperated actuetor means for
receiVing pressurized fluid and causing said
predetermined amount of movement of said wedge
assembly in response to a first predetermined
pressure of said pressurized fluid for actuating

said first engaging‘means, said actuator means

causing said predetermined amount of relative
movement of said members of said wedge assembly
in reeponee to a second predetefmined pressure
of said'pressurized.fluid te actuate said second

engaging means.
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15. The apparatus of claim 14 further comprising
means for equalizing the pressure of said well fluid

across sald wedge assembly and said mandrel.

16. The apparatus of claim 14 wherein said members
of said wedge assembly extend over said inner mandrel in a
coaxial relationship and~are'adapted for axial movement

relative thereto.

.17; o The apparatUs Of,claim 16 whereiﬁ'said'first'
..éngaging meahs'comprises slip lock means_adapted to be
, engagedfbyfonéiof”éaid members-of said wedge assembly and

.forced-intd engagemént with.said tube.

18. The apparatus of claim-l7.wherein said one of
- said membersvof said Wédge}éssembly.includes a wedge
'portioh for engaging-said~slip lock means and forcing it

into engagement with said tube.

19. The apparatus of claim 17 further comprising
means respbnsive to a'predetermihed pressure of saildd
pressurized fluid for locking said first engaging means in

‘said tube-engaging position.

- 20. The apparatus.of-claim'lQ wherein said locking
means'COmprises_a.wedge'member and means resp0nSive to a
predeterminéd_amOUnt of said movement of said mandrel

relative to séid wedge aSSembly for forcing said wedge
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member into engagement with said slip lock means.

21. ' The apparatus of claim 17 or claim 18 further
comprising means for permitting the flow of said well
fluid through said apparatus before said first engaging
means is actuated and for preventing said flow after said

first engaging means is locked.

22. | _The apparatus.of ény oné of claims.l4 to 16
Wherein salid second éngaging meansxcompriées seal means
diS§osed betwéen said'twéfmembers of said wedge assémbly,
saidadditionalrelafivemovement of'said'members‘

expanding said seal.means,into engagement with said tube.

23. The apparatus of any one of claims 14 to 16
further'compriSes means'responsive to a predetermined
pressure of said pressurized fluid for relieving said

fluid presSure.

24. The apparatus of any one of claims 14 To 16
wherein sald actuator means is connected to said wedge
assembly and to said mandrel and further comprising means
responsive to-a,predetermined‘pressure:of said fluid for

disconnecting said actuator means.

25. The apparatus of any one of claims 14 to 16
further comprising reeled tubing connected to said

actuator means for supplying said.pressurized-fluid'to,
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salid actuator means and for pushing said members through

said tube.

26. The apparatus of any one of claims 14 to 16
further comprising means for converting said actuator

means to alpulling asSembly,for pulling sald members from

‘said tube.'

27. Apparatus for operating in a tube in a well

containing fluid, séid apparatus COmpriéing:

‘two mémberSadapted_for-relativemoVement:
imeéhs_résponSiVetosaid'relative.movement for
.éngaging'said'tubef

:hydraulicailyoperated actﬁator means for
recéiving'pre55urized fluid and causing said
'reiative movement in response to a first
prédetermined’pressure ofsaid-pressurized fluid
for.actuating sald engaging means; aﬁd

means reéponsi;e to a_second predétermined

pressuré of said pressuriZed fluid for relieving

said fluid pressure.

28.  The apparatus of claim 27 wherein said actuator

means is connected to said members and further comprising

means responsive to a predetermined pressure of said

pressurized fluid for disconnecting said actuator means

from said members.
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29, The apparatus of claim 27 further comprising
means for equalizing the pressure of said well fluid

across said members.

30. The apparatus of claim 29 further comprising
means for permitting the flow of said well fluid through
said apparatos before said actuating_and'for preventing

said flow after'said locking.

31. '~ The apparatus of any=one.of claims 27 to 29
further oomprlslng an 1nner mandrel said'two members
extending over sald 1nner mandrel in coax1al relatlonshlp

and adapted for axral movement relatlve.thereto.

32. The apparatUS of claim 27 wherein said engaging

means 00uprises sllp lock means adapted to be engaged by
one of sald members and forced into engagement Wlth said

tube.

33. The apparatus of claim 32 wherein one of said

members include a‘wedge portion’for engaging said slip

lock means and forcing it into engagement with said tube.

34. ‘The apparatus of claim 27 further comprlslng
means respon31ve to a predetermlned pressure of said
pressurlzed fluid for_locklng said engaglng means in said

tubewengaging'positiOn;
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35. The apparatus of claim 34 wherein said locking
means comprises a wedge member and means responsive to
said third predetermined pressure for forcing said wedge

member into engagement with said slip lock means.

36. The apparatuS‘of claim 27 further comprising
seal means disposed between said two members, said

relative movement expanding said seal means into

engagement.with_said'tUbe.

37. The.apparatuS of claim 36_wherein said seal

- means is responsive to an additional amount of said

relative movement for engaging said tube, said actuator
means causing said additional relative movement in

response to a predetermined pressure of said pressurized

- fluid.

38. The apparatus of any one of claims 27 to 29

'further comprising:reeled.tubing connected to said

actuator means for supplying said pressurized fluid to
sald actuator means and for pushing said members through

said tube.

39. The apparatus cf.any one of claim3'27 to 29

further comprising means for converting said actuator

means to_a.pulling aSSembly for pulling said members from

said tube.
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Apparatus for operating in a tube in a well

containing fluid, said apparatus comprising:

41.

two members adapted for relative movement;
means responsive to said relative movement for
engaging said tube;

hYdrauliCally operated actuator means for

receiving pressurized fluid and causing said

 relative movement to actuate said engaging

means;

first locking means for locking a first portion

of said engaging means in said tube-engaging

position; and

second loCking means for locking a second

portion Qf-said engaging means in said tube-~

engaging poSition.

The apparatus of claim 40 wherein said actuator

means operates in response to a first predetermined

pressure of said pressurized fluid, wherein said first

locking means operates in response to a second

predetermined pressure of said ptessurized fluid and

wherein said second locking means operates in response to

a third predetermined pressure of said pressurized fluid. .

42.

The apparatus of claim 41 further comprising

‘means responsive to a predetermined pressure of said

pressurized fluid forfrelieving said fluid pressure.
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43, The apparatus of claim 41 wherein said actuator
means is connected to said members and further comprising

means responsive to a predetermined pressure of said

pressurized fluid for disconnecting said actuator means

from said members.

44. "The appafatus of any_one of claims 40 to 42

further comprising means for permitting the flow of said

well fluid through said,apparatus before said actuating

and for'preventing'said flcw after said locking.

-

_45}_, " The abparatus_Of”anyyOne,of claims 40 to 42
- further comprisingfméans for eqﬁalizihg,the pressure of

said well.flUid achSS éaid members.

46. | 'The,apparatUS of any'cne of claims 40 to 42
further compriSing an inner mandrel, said two members
extending over said inner mandrel in a coaxial

relationship and adapted for axial movement relative

thereto.

47. The apparatus of claim 40 wherein said engaging
means comprises slip lock means adapted to be engaged by

one of said members and forced into engagement with said

'tube.

48. The apparatus of ciaim 47 wherein said first

locking means is in the form of a first wedge extending
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from one of said members for engaging said slip lock
means, and wherein said second locking means 1is in the

form of a second wedge extending over said inner mandrel

for engaging said slip lock means.

- 49, - The apparatus of claim 40'further comprising

seal means disposed between said two members, said
relative movement expanding said seal means into

engagement'with_said"tube;

50. The apparétus of clalm 49 whereln said seal
means 1s'respon51ve to ah addltlonal amount of said
relatlve moveméntfor engaging‘sald tube;‘sald actuator
means céusing Said additibhal relative movement in
responsé to|a predetermined pressure of salid pressurized

fluid.

51. The apparatus of any one of claims 40 to 42
further comprising reeled tubing connected to said

actuator means for supplying said pressurized fluid to
sald actuator means and for pushing said members through

said deviated wellbore.

52. - The apparatus,of ahy one of claims 50 to 52
further comprising meaﬁs_for converting said actuator
means to a-pulling assembly for pulling said members from

,séid tube.
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53. Apparatus for operating in a tube in a well
containing fluid, said apparatus comprising:
two members adapted for relative movement:;
means responsiVe to said relative movement for
engaging said'tube: ‘
hydraulicallyoperated actuator means for
reCeiVingpressurized'fluid and causing said
relative_movemeht in response to é predetermined
pressure-of said pfessurized fluid.for actuating
saidfengaging_meanS: - ‘
means‘for'lodkihQVSaid engagihg-meansin said
.meansfdrcon&érfing,éaid'actuator means to a
pulling'aséehbly for'pulling séidmembers from
‘said tube; and | i
meahs reépoﬁsive'toa'predetermined amount Of
said pulling movement for equalizing the

pressure of said well fluid across gaid members.

54, The'apparatus of claim 53 further comprising
means responsive to an additional amount of said pulling

movement for releasing said locking means.

- 55. | The.apparatus Qf,claim53~Whefeinsaidactuator
meéns Operatéé in'responseto.a'first predetermined
pressure of said'presSurizéd fluid and whereiﬁ said
locking means operates in response to a secOnd

predetermined pressure of said presSurized fluid.
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56 . The apparatus of claim 53 further comprising an
inner mandrel, said two members extending cover said inner

mandrel in a eoaxial relationship and adapted for axial

movement relative thereto.

57.‘ | The;apparatus of claim 56 further comprising
means responsive te.e predetermined amount of pulling
movement for permitting movement of said inner mandrel
relative te'seid members,iahd means fesponsiveto said
relative movement of'eaidinﬁer mandrel relative te said

‘members for releasing said locking means.

58. | The:apparatue.of'claim'53 wherein said engaging
'means compriSes'slip lock means adapted to be engaged by
one of said members and forced into engagement with said

tube.

59. The apparatus of'claim 58 wherein one of sald

members includes a wedge portion for engaging said slip

lock means and forcing it into engagement with said tube.

60. The appafatus of any one of claims 53 to 55
wherein saidlocking'meane cOmprises a wedge member and
means responsiveto‘an additional amouht of'said relative
movement fOr'forcing eaid'wedge member into engagement

with said slip lock means.
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6l. The apparatus of any one of claims 53 to 55
further comprising seal means disposed between said two
members, said relative movement expanding said seal means

into engagement with said tube.

62. Theapparaius of any one of claims 53 to 55
further comprising reeled'tubing connected to said
actuator meah§ for suppiyingsaid pressurized fluid to
‘said actuatorméané and for_puéhing said members throUgh

said tube.

_63, ; | Appéfatus fdf dperating in a tube in a well
containing.fluid,.said‘épparatus.comprising:"

. two.@embers adapted fdr_relative movement;
means responsive to said relative movement for
engaging said tube; .

hYdraulicaliy cperéted actuatbr means for
receiving pressuriZed‘fluid and causing said
zrelative-movement in:tesponse to a predetermined
pressure cf Qaid fluid for actuating saild
engaging meané;

'means for locking éaid engaging means in said
tubeeengagingpdsition:'

means for convérting said actuator means to a
pUlling.assemblyfor pulling séid members from
.said tubé:'and. .

means reSpohsivetd.a predetermined-amount of

said pulling movement for releasing said locking
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means.

64. The apparatus of claim 63 wherein said actuator
means operates in response to a first predetermined
pressure of said pressurized fluid and wherein said
locking means bperatés inrespohse to a second

predetermined preSSUre of said pressurized fluid.

65. . Thelapparatus of claim 63 further comprising an
inner mandrel,:said.twormembérs extending over said inner
mandrel in_cOaxial rélationShip and adapted for axial

movement relative thereto.

66.. | The apparatué ofc1aim 65 further comprising
meansrespoﬁsivetoapredetermined amount of pulling
mdvement for permittihg'movemenf of said inner mandrel
relative to'said'members,'and means responsive to said
relative movement of said inner mandrel relative to said

members for releasing said locking means.

087, The apparatus of claim 63 wherein said engaging
means cOmprises slip lock'means'adapted to be engaged by
one of said.memberS'and forced into engagement with said

tube.

68. The apparatus'ofjclaim-67 wherein one of said
members includes a wedge portion for engaging said slip

lock means and forcing it into engagement with said tube.
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69. The apparatus of any one of claims 63 to 65

wherein said locking means comprises a wedge member, and
further comprising means responsive to an additional
amount of said relative movement for forcing said wedge

member into engagement'With'Said slip lock means.

70. The apparatus of any one of claims 63 to 65

further comprlslng seal means dlsposed between said two

members, said relatlve movementlexpandlng sald seal means

into engagemeﬁt7with.said tube.

71. Tﬁe'apparatus of,any:one of claims 63 to 65
fufther comprising reeled tubing'connected‘to said
actuator means.for supplying said pressurized fluid to
said actuator means and for'pushing said members through

said tube.

72, A method for operating in a tube in a well
containing fluid,'said nethod comprising the steps of:
connecting an expandable wellbore tool to reeled
'.tubing;'
using saidreeled'tubing-to'insertsaid tool
,into saidtube;.
ihtrOducing'pressurized fluid to said tool via
- said reeled‘pubing:'
| actuatingsaid‘tool te expand-a portion of said

tool into'engagement with said tube in response



I S IOR

44

to a predetermined pressure of said pressurized

fluid;

lockiling said tool in,said tube~engaging
position;
'permitting.flOW ef”said well fluid through said
tool before said actuating; and ‘ ‘
préventingfIOWIef,said well fluid after said

locking.

73.  The method of claim 72 wherein said step of

actuating is in response to a first predetermined pressure

L said'preseurizedfluid“and;WhereinSaid.StGPOflQCking

is“in,reSQOnsesto'a.seCOnd7predetermined pressure of said

pressufizedefluid.

74. ” fThe'method of cleim'72 further comprising the

~ step of relieVing said fluid pressure in response to

predetermined preseﬁre of said pressurized fluid.

75, The method of any one of claims 72 to 74 wherein

an actuator.ie connected to said tool for actuating the

- tool and'further comprising the step of disconnecting said '

actuator from said-tOol in;respense to a predetermined

pressure of“said'preSSurizedffiuid.

e | 'rThe.method of:eny one of claims 72 to 74 wherein

said step of permittihg'flOW'of sald well fluid comprises

the step Of-expOSing,pQrts-in said tool in response to a
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predetermined pressure of said pressurized fluid.

77 . The method of any one of claims 72 to 74 further

comprising the step of equalizing the pressure of said

well fluid.across-said tool .

- 78. The method Of_any one of claims 72 to 74 further

comprising the step of actuating said tool again to expand

‘another portion of said tool into engagement with said

- tube.

79. .A3methed'f0r operating in a tube in a well

'.containing,fluid, said_method comprising the steps of:

connectiﬁg‘eﬁ expandable wellbore tool to reeled
tubing:' . .
-USing said'reeled-tubing to insert said tool
into said tube;
introducing pressuriied fluid to said tool via
‘said reeledrtubing:
responding to a first predetermined pressure of
gsald fluid in saild toel for moving a'wedge
assembly to expand a portion of said todl into
engagement.with a portion of said tube; and
responding to'a'second predetermined preSSUre of
said fluid in said tool for moving a portion of
said wedge aesembly'relative to another portion
thereOfto'expand another portion of said tool

into engagement with another portion of Said,
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tube.

80. The method of claim 79 further comprising the
step of relieving said fluid pressure in response to a

predetermined pressure of.said pressurized fluid.

81. fThe method'of claim 79 further comprising the
- step of locklng the flrst mentloned tool portion in the
tube engaglng pos1tlon in response to a predetermlned

"'pressure of:sa;d_pressurrzed-fluld.

'82;='- ‘?Théfméthod Of?any one of claims 79 to 81 wherein
an . actuator 1s connected to sald tool for actuatlng the

same and further comprrsmng the step of dlsconnectlng said.

'ractuator from sald tool in response to a predetermlned

.pressore.of-sald-pressurized flnid.

83.  The method'Of any one of claims 79 to 81 further
compriSing the.step of equalizing the pressure of gaid

well fluid across said tool.

84. A method for operating in a tube in a well

contalning fluid, ,saidrmethod comprising the steps of:
Vconnectlng an expandable wellbore tool to reeled
tublng;"n' y | |
-usingsaid.reeled‘tubing.to insert said tool
.‘into said tube; ' ' ' '

introducing pressurized fluid to said tool via
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said reeled tubing;

actuating said tool to expand a portion of said
tool into engagement with said tube in response
to a first predetérmined pféssure of said
*pressurized fluid; and

reliéviﬁg said fluid'pfessure in response to a
Second predetermined pressure of said

pressurized fluid.

85. -'Thefmethod{of.claim.84.furthér'cbmpriéing the
steps of pérmitting fiow.of said_well'fluid through said

appératus befOre Said actuating and”preventing flow of

said well fluid.after.Said locking.

. 86. | The”methOd of claim 85 further comprising the
step of equalizing'the préséUre of said well fluid across

SN

said tool.

87. The method of any one of claims 84 to 86 further
comprising the step of locking said tool portion in said
tube-engaging position in response to a third

predetermined pressure of said pressurized fluid.

88. | The method of any one of CIaims 84 to 86 further
comprising'theistep_of relieving Said.flUid pressure in
-response.to.afpredeterminedipréssure.of said'pressurized

f£luid.
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89. The method of any one of claims 84 to 86 wherein

an actuator is connected to said tool for actuating same
and further comprising the step of disconnecting sald

actuator from said tool in response to a predetermined

pressure of Said pressurized fluid.

90. '~ The method of any one of claims 84 to 86 wherein
said step of'relievihg comprises the step of exposing

ports in said tool. -

- 91. :ThefmethOd of-aﬁy one of claims 84 to 86 further

COmprising:the.step.of actuating said tool again to expand

another portion of said tool into engagement‘With said

tube.

92. fA'method for operating.iﬁ a tube in a well
containing fluid,:said method COmprising the steps of:
connecting an expandable wellbore tool to reeled
tubing;' - ' .
using said reeled tubing to {nsert said tool
info said tube; '
introducing-pressurized fluid to'said tool via
said reeled tubing; '
_expanding'a portion.of said tool'into engagement
.with said tube in response to a predeterhined
'pressure'of‘said pressurizéd fluid;
locking'a'first portion of said expanded tool

portion in said tube-engaging position; and

L . +
iiiii
4 4 e ~
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locking a second portion of said expanded tool

portion in said tube-engaging position.

93. The method of claim 92 further comprising the
step of permitting,flow of said well fluid through said
apparatus before said expanding and preventing flow of

said well fluid after said locking.

94. The method of claim 92-wherein-said step of

expanding is in response to a first predetermined pressure

of said pressurizedfflUid, wherein the first step of

locking is in response to a second predetermined pressure
of said'pressurized fluid,_and wherein the second step of
locking 1is in respdnse to a third predetermined pressure

of said fluid;

95. The method of any one of claims 92 to 94 further
comprising the step of relieving said fluid pressure in

response to a predetermined pressure of saild pregsurilzed

fluid.

96. The method of any one of claims 92 to 94 wherein
an actuator is.connected to said tool for expanding same

and further comprising the step of disconnecting said

- actuator from said tool in response to a predetermined

pressure of said preSSUfized_fluid.

Q7. The method of any one of claims 92 to 94 wherein
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said step of expanding and the second step of locking each
comprises the step of driving a wedge member into

engagement with said tool portion.

98. The method,of any onie of claims 92 to 94 further
comprisingnthe step of equalizing the pressure of said

well fluid across”said tool.

99, The method of any one of claims 92 to 94 further

comprising‘the step ofxexpanding another portion of said

- tool intoiengégemeﬁt with'said tube.

100. A metﬁod for bperating'in_a tube in a well
containing fluid,said methdd comprising the steps of:
'connécting anexpahdable wellbore tool to réeled
étubing; .
using said reeled‘tubing to.insert said tool
info'said tube;
connecting an actuator to said tool;
introducing pressurized £fluld to sald actuator
via sald reeled tubing to actuate said actuator
and expand a'portion of said tool into
engagémentwith said tube in response to a first
predétermined pressure of said'preSSurized
fldidf‘ .
-locking said tool 1in said tube-engaging
position: '

disconnecting said actuator from said tool in

—?
o
A%
".,‘-‘ -
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response to a second predetermined pressure of
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said pressurized fluid;

connecting a pulling assembly to sald tool for
pulling said tool from said wellbore tube; and
equalizing the pfessure of said well fluid
across said tool in response to a predetermined

pulling'force,

- 101. - The method of claim 100 further comprising the

steps of pérmittingiflow'of said well fluid through said

-apparatusibefore‘said introdUCing and preventing flow of

.Said”well fluid_after éaid'locking.

102. The methOd:of claim 100 wherein said step of
locking'isriﬁ response to a.third predetermined pressure

of said_pr@Ssurized fluid}

103. The method of any one of claims 100 to 102
further comprising the step of relleving said fluid

pressure in response to a third predetermined pressure of

sald pressurized £luid.

104.  The method of any one of claims 100 to 102

further comprising the Step of,expanding.another portion

of said tool iﬁto~engagement'with said tube.

105. Thé method of any one of claims 100 to 102

further comprising.the step of unlocking said tool from



. - . ..
- - - . . * .
. . . . ’ . 5
- —ant . Sy iy L, eemedaan L e

52

said tube~engaging position before the second~mentioned

step of connecting.
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