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RETRIEVABLE WELL PACKER

This invehtion relates to tools and eguipment
for -completing subterranean wells,.and in particular to
retriévable well packers for releasaﬁly seaiing the
annulﬁs between a tubing string and the bore of the
surrounding well casing.

-In'the course of treating and preparin
subterranean wells for production, a well packer is run
into the well on a work sfring or a production tubing.
The purpose of the packef is to support production tubing
and other completion equipment such as a screen adjacent
to a producing formatioh and to seal the_annulus between
the outside of the production tubing and the inside of the
well casing to block movement of fluids through the
annulus past the packer location. The packer is provided
with.- anchor slips having oppgggd camming surféces which
cﬁoperaté with complementary épposed wedging surfaces,
whereby the anchor slips are radially extendible into
gripping engagement against the well casing bore in

response to relative axial movement of the wedging

surfaces. The packer also carries annular seal elements

which are expanda%%§;f§dially into sealing engzgement
against the bore oﬁgtﬁe well casing in response to axial
compression forces. Longitudinal movement of the packer
components which set the anchor slips and the sealing

elements may be produced either hydrauiically or
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RETRI EVARLE, VIELL PACKER ' This invention relates to tools and
eqU|pnent for conpl eting subterranean wells, and in particular to
retrievable well packers for rel easably seallng t he annul us between a
tubing string and the bore of the surrounding well casing. I n our
UK di vi sional patent application no. 9517211.0 there is clainmed a well
packer for use in packing a well having a well casings conprising a tubul ar
body mandrel, an anchor slip assenbly, a seal elenent assenbly novably
mounted for longitudinal travel along a seal elenent support surface of
sai d body mandiezthandedlifiptce transmitting nmeans coupled to said anchor slip
assenbly and said seal elenent assenbly for radially expandi ng-said seal

el enent assenbly into séﬁt%ﬁgﬁyéﬁﬁwﬁeagaﬁﬁsbe%% sef andalseadpfargaist he

well casing, a_cover _sl eeve bein un n said
g the well casing bor 'E% shoul mafhtafﬁ ééaling

engagement upon removal of the hydraulic or mechanical

5 setting force. Moreover, it is essen;ial that the packer
remain locked in its set and sealed configuréfion while
withstanding hydraulic pressures applied externally or
internally from the formation and/or manipulation of the
tubing string and service toois without unsétting the

10 packer or interrupting the seal. This is made mbre
difficult in deep wells in which the packer and its
components are subjected to high downhole temperatures,
for example, as high as 600°F, and high downhole
pressures, for example, 5,000 psi. Moreover, the packer

15 should be able to withstand variation of externally
applied hydraulic pressures at levels up to as much as
10,000 psi in both directions, and still be retrievable
after exposure for long periods, for example, from 10 to
15 years or more. After such long periods of extended

20 service under extreme pressure and temperature conditions,
it is desirable that the packer Be retrievable from the-
well by appropriate manipul§tion of the tubing string to
cause the packer to be released and unsealed from the well
bore, with the anchgr sllps and seal elements being

25 retracted suffzcxently to avold seizure against well bore
restrictions that are smaller than the retracted seal
assembly, for example, at a makeup union, collar union,

nipple or the like.
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mandr el , for .l ongi tudi nal novenent from an extended position in which said
seal glehent support surface is covered by said sleeve, to a retracted
position in which the seal elenent support surface is uncovered; at |east
one shear .pin rel easably securing said cover sleeve to said body mandrel at
sai d extended position; and stop neans di sposed on said body mandrel

adj acent said seal elenent support surface, said cover sleeve being
engageabl e agai nst said stop neans at the 3inmit of its travel to the
retracted position, wherein said cover sleeve has a tubul a ' and an

| d | |
annul ar head radi al |y of F4EFeR¥lgm §&Fﬂa§?ﬂ*€v%‘l‘cl”fe:§aia(feaHﬁﬁ{:a?éﬁ%gb'ei ng

di sposed in slidabl e_engage t . w i .
Thig is the rexﬂ%ﬁ?eﬁéﬁ?gggﬂigqh H@g%htg%bgrature, high pressure wells.

Conventional permanent packers are designed in such a way

that they become perﬁanently fixed to the casing wall and
5 that helps in the sealing of the element package.

However, permanent packers must be miiied f&f removal.

One of the major problems involved in removing a permanent

packer is that its element package normally has large

metal backup rings or shoes that bridge the gap between

10 thé packer and the casing and provide a support structure
for the seal element to keep it from extruding out into
the annulus. The problem with that arrangement is that
the large metal backup shoes act like a set of slips and
will not release from the casing wall.

15 Present retrievable high pressure packers use
multiple C-ring backup shoes that are difficult to retract
when attempting to retrieve the packer. A further
limitation on the use of higﬁ;pressure retrievable packers
of conventional design, for example, single slip packers,

20 is that if there is any slack in setting of the packer, or
any subsequent movement of the packer, some of the
compression force on the element package is relieved.

This reduces the total compression force exerted on the
seal elements betn%e;*the mandrel and the casing,
. 25 therefore permittigg a leakage passage to develop across
the seal package. |
Conventional high pressure retrievable packers

utilize backup shoes on the top and bottom seal elements.
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-2- seal: elenment support surface, and said cover sleeve head being
engageabl e agai nst said stop neans when said sleeve is noved to the
retracted position, and wherein said cover sleeve is intersected by a

| ongi tudi nal slot, and including a radially projecting guide |ug nounted on
said body nmandrel, said guide lug being received within said slot.

In our UK divisional patent application no. 9517212.8 there is clainmed a
wel | packer for use in packlng a wel | havﬂng a well ca5|ng, conpr|5|ng a

t ubul bod dr el t

movabl y mount SdoRERaY @f&yﬁﬂﬁ. 2%?*%?? e et 5B B5F R R sBBRepY Y

surf.ace of salg %% géﬁg@e{ RSkt b@gtﬁ%§%£@ehob§a' d
and sald S

anchor slip as
the metal backup shoes. That is, during set engagement,

the slip carrier moves and the seal elements drag against
S the well casing bore until anchor slip bite against the
casing bore is achieved. It will be éppreci;ted that a
substantially greater external setting force, either
hydraulic or mechanical, will be required to overcome the
'drag imposed by the metal backup shoes on the top and
10 bottom elements.

The metal backup shoes which prevent extrusion
of the seal elements in permanent packers also interfere
with retrievability. That is, during compression of the
seal elements in a permanent packer, the seal elements are

15 compressed'longitudinallj,.with the coméressed seal
material filling the annulus between the mandrel and the
casing wall ané the backup shoes preventing extrusion of
tﬁe seal elements out of the:eStablished compression zone.
In such permanent packers, the seal elements are removed

20 by milling, since the seal elements and backup shoes
cannot be fully retracted within the drift dimension.
Consegquently, the radially projecting seal elements drag
against the casing bore, ana the backup shoes act somewhat
like anchor slips as.they bite into the well casing.

25 ' : Accordlng to one aspect of the present
invention, there is provided a well packer having a
tubular body mandrel, an anchor slip assembly, a seal

.element assembly movably mounted for longitudinal travel
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el ement, assenmbly for radially extending said'anchor slip assenbly and

radi al | y’ expandi ng said sea

an int

el emrent assenbly into set engagenent agai nst
ernal surface of the well casing, an annul ar backup shoe nounted on
said body mandrel adjacent said seal elenent assenbly, said backup shoe

defining a radial bridge between said body mandrel and the well casing when
eal elenent assenbly is expanded i nto engagenent against the interna
surface of the well casing, a seal el ement® ret ai ner sl eeve sl i dably nmount ed

said s

for | ongitudinal novenent along said bo ma
retai ner coIIaPlﬁBQa%I?eﬁbdﬂF@g X

novenent from

col | ar

and ret

a_seal el enent

B GnSWRR T T |
girrﬁ%&g%g:gge%%%ws' 8Qu%fea%/|“écp haidcnedl sl st AlRar

er are engage

ext ended posi tikgnehonghddinRalehy sesamshy P saiddahagkepteding the

the course of treating and preparing subterranean wells for production, a
wel | packer i sahdRotréDip lssembllyosnd vadialdtyr iexpandiagptiveluskdalon t ubi ng.
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element assembly into set engagement against the internal
bore sidewall of a2 well casing. Seﬁiing céﬁébilities are
enhanced by prop means disposed on the packer body mandrel
which is engageable by the seal eiement assembly. The
prop means may comprise a seal element prop surface which
is radially offset with respect to the seal element
support surface of the body mandrel. In this spiit level
seal support arrangement, at least one of the seal
elements rides on the elevated prop 'surface and is
subjected to a radial squeeze compression force in the set
configuration, even though the lowermost outside seal
element may be subject to longitudinal separation as a
result of internal slack during setting, or as a result of
externally applied pressure ﬁlgctuations. Moreover, the
split level seal element support arrangement provides an
annular pocket into which the seal elements are retracted
upon release and retrieval of the packer, thereby
providing clearance for unobstructed retrieval.

According to another aspect of the present
invention, a lowen%9££§ide seal element of a well packer
seal element assembi}-is reinforced with a metal backup

shoe which defines a radial bridge between the body

mandrel and the well casing when the seal element assembly

is expanded into engagement against the internal bore

- T T
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pur pose, of ghe packer is to support production tubing and other conpletion
equi pnent’ such as a screen adjacent to a producing formati on and to seal

t he annul us between the outside of the production tubing and the inside of
t he well -3- casing to block
novenent of fluids through the annul us past the packer |ocation. The packer
is provided with anchor slips having opposed camming surfaces which
cooperate with 6

sidewall of the well casing. The force transmitting means
which applies the setting force to the seal element
assembly include an annular setting sleeve, an element
_ retainer collar, and stop'appnratus coupled to the setting
5 sleeve and the retainer collar for limiting extension of
the element retainer collar relative to the setting
sleeve. According to this arrangement, upon release of
the packer, the retainer collar is shifted away from the
metal backup shoe, thereby providing an annular pocket

10 into which the metal backup shoe is folded as the packer
is retrieved. This is, the metal backup shoe is deflected
out of the annulus between the packer and the well casing,
and into the receiver pocket so thaé'it does not obstruct
the drift clearance as the packer is retriéved.

15 Desirably, the packer comprises setting
apparatus for centering the seal element assembly within
the well casing during the settlng operation, thereby
prov1d1ng uniform compression and expansion of the seal
elements in the annulus between the packer mandrel and

20 well casing, thus avoiding the formation of uneven
extrusion Qaps.

According to yet another aspect of the present
invention, an annular.garter spriné assembly is embedded
within the upper oﬁ¥§;d; seal element for preventing

25 extrusion during setting. Additionally, the annular
garter spring assembly helps to center the seal assembly

for uniform compression and expansion, thereby avoiding

the formation of uneven extrusion gaps. In the preferred

T




conpl erent ar,y 'opposed wedgi ng surfaces, whereby the anchor slips are
radially extendi ble into gripping engagenent agai nst the well casing bore
in response to relative axial novenent of the wedgi ng surfaces. The packer
al so carries annul ar seal elenents which are expandable radially into
seal i ng engagenent agai nst the bore of the well casing in response to axial
conpression forces. Longitudinal novenent @f the packer conponents which
set the anchor slips and the sealing el enments may be produced either

hydraulically Ofmbodiment, the garter spring assembly includes a helical
wound coil which is filled with deformation resistant
reinforcing material, for example, a second helical wound
coil, spherical balls or elongated pellets.

5 According to a further aspect of the present
invention, the packer comprises a seéi'eleméht assembly
including a plurality of longitudinélly compressible,
radially expandable seal elements, with one of the seal
elements being compressed against the seal element support

10 surface of the packer mandrel, and one of the seal
elements being compressed agaipst a seal element prop
surface when the seal element assembly is expanded into
sealing engagement against a well casing. In the
preferred embodiment, the seal element assembly includes a

| 15 central seal element, an upper outside seal element, and a
lower outside seal element. The longitudinal dimensions
of the seal elements and the prop surface are selected so .
that the upper outside seal glgment and central seal
element_are compressed against.the seal element prop

20 surface, and the lower ocutside seal element is compressed
against the seal element support surface of the packer
mandrel when the seal element assembly is expanded into
sealing engagement agaipst-a well casing. According to
this arrangement,ggéaf?l compression of the upper outside

25 seal element and cé%tral seal element, which are
compressed against the prop surface, will be maintained at
all times, even though the lowermost seal element may be

subject to separation because of internal slack or

_—
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8
externally applied pressure fluctuations. That is, the
upper outside seal e;ement which is supported by the prop
surface has a constant squeeze force exerted on it at all
times regardless of how much force may be exerted on the
lowermost outside end element.

According to yet a further aspect ;f the
invention, a cover sleeve is movably mounted on a body
mandrel of the packer for longitudinal movement from an
extended position in which a seal eiement prop surface is
covered by the sleeve, to a retracted position in which
the prop surface is uncovered. The cover sleeve is
releasably secured to the body mandrel at the extended
position in which it engages an upﬁé} outside seal element
of a seal element assembly. According to this
arrangement, the seal element assembly undergoes
longitudinal compression by the force transmitting means
until a predetermined amount of compression and expansion
have been achieved. At that ﬁoint, the cover sleeve is
released from the mandrel and the prop surface is injected
under the upper outside seal element and a central seal
element. Preloading of the seal element package provided
by the cover sleeve can supply the initial radial movement
of the seal elements which make it easier to get the
elements up onto fh%lp;op surface without damaging the
elements. A furthef éavantage is that by preloading the
seal elements on the packer mandrel, and then moving the
elements from the lower 0.D of the packer mandrel to the

upper 0.D of the prop, the seal elements are forced to

Iliiiflalimlllgfim
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expand into the annulus uniformly and the formation of
uneven extrusion gaps is avoided.

By the use of the present'invention it is
possible to provide a retrievable packer, either
hydraulically set or méchanically set, which will hold up
+o about 10,000 psi pressure differeﬁtial iﬁ'both
directions across its seals at elevated temperatures, for
example, from about 2d0°F to about 400°F, and which will
remain retrievable at the end of a long service period,
for example, 10-15 years.

It is simiiarly possible to provide a
retrievable packer of the charaqtér described, which will
hold up to about 10,000 psi pressure differential in both
directions across its seals at relatively low
temperatures, for example, from about 140°F to about
200°F.

Furthermore, the packer can be so arranged that
a reliable seal is maintained under high temperature and
high pressure conditions for long service periods, where
the lower outside element of a seal element assembly is
subjected to high differential pressure fluctuations which
may cause it to move relative to other seal elements of

-

the assembly.

Advantageously, the packer can be arranged to
continue to hold pressure when the well is treated by
pumping fluid into it, for example, during fracturing or
other forms of stimulation that would result in cooling

the packer due to pumping cold fluids through it, with the
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Current]y, permanent packers are used-for |ong- term pl acenent in high

t enperat ure, high pressure wells. Conventi onal pernmanent packers. are
designed in such a way that they become permanently fixed to the casing
wal I and that helps in the sealing of the el ement package. However,
per manent packers nust be mlled for renoval. One of the major problens
I nvol ved in renoving a pernmanent packer is that its el enent package
normal |y has | arge met al backup ringstmr shoes that bridge the gap

bet ween

packer still being able to hbld.the pressure. Similarly,
it is possible to arrange that a reliable seal is
maintained between the packer mandrel and the well casing,
in spite of any component slack encountered during the

5 setting of the packer, or any subsequent movement of the
packer mandrel, for example, because of preséﬁre
differential variations, which tend to relieve the
compression forces applied to the seal element package in
the set position.

10 The invention will be described in more detail
by way of example, with reference to the accompanying
drawings, in which:

Fig. 1 is a longitudinal view in elevation and
section of a retrievable well packer embodying the

15 features of the present'invention set in the dasing of a
well bore to provide a releasable seal with the casing
wall and a tubing étriﬁg extending to the packer:;

Figs; 2 to 6,_inclusive and taken together, form
a longitudinal view in section of the retrievable well

20 packer and seai assembly of the invention showing the seal
assembly relaxed and the packer slips retracted as the
packer is run into a well b9re;

Fig. 7 is a longitudinaI'view in quarter section
of a well packer shew;ng the relaxed position of seal

25 elements in the run p081t10n,

Fig. 8 is a view similar to Fig. 7 showing the
compressed, expanded position of the seal elements in the

set position;
-
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t he packer and the casing and provide a support structure for the seal
el ement to keep it fromextruding out into a the annulus. The probl em
with that arrangenent is that the large netal backup shoes act like a
set of slips and will not release fromthe casing wall.

Present retrievable high pressure packers use mul tiple Cring backup
shoes that are difficult to retract . en attenpting to retrieve the
packer. A further limtation on the use of high pressure retrievable

packers of conventiedgl desd AN ~ikQr seX8RE 6co FiDl & shoRipgcles s,
seal elements in the relaxed, released pbsition;

Fig. 10 is a longitudinal view in quarter
section of a well packer constructed according to the

5 present invention showing the relationship of the seal
elements, force transmitting apparafﬁé'and'éhchor slips in
the run position;

Fig. 11 is a longitudinal view in quarter
section, similar to Fig. 10, showing the relative position

10 of the seal elements, force transmitting apparatus and
anchor slips in the set position: |

Fig. 12 is a longitudinal view in quarter
section of a well packer showing the relative positions of
the seal elements, force transmitting apparatus and slip

15 elements in the released position:

Fig. 13 is a crdss-éection view of the improved
seal element of the present invention, taken along the
line 13-13 of Fig. 2, showing a single coil of reinforcing
wire in the outside upper elemént, with reinforcement

20 means enclosed within the coil:;

Fig. 14 is a sectional view similar to Fig. 13,

and partially broken away, showing spherical reinforcement

balls enclosed within the core of.a dual reinforcement

spring; e

25 Fig. 15 i% a view similar to Fig. 14 in which
the deformation resistant reinforcing material is
elongated pellets having radiused end portions:;

Fig. 16 is a view similar to Fig. 15 in which
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Is that, if there is any slack in settlng of the packer, or any
subsequent novenent of the packer, sone of the conpression force on
the el ement package is relieved. This reduces the total conpression
force exerted on the seal elenents between the nmandrel and the casing,
therefore permtting a | eakage passage to devel op across t he seal
package. Conventional high pressure retrievabl e packers
utilize backup shoes on the top and bottes seal elenents.

the elongated pelléts have truncated end portions;

Fig. 17 is an elevational view of the top wedge
removed from the packer mandrel;

Fig. 18 is a top plan view of the top wedge

5 removed from the packer mandrel; |

Fig. 19 is a sectional view of a segmented lock
ring assembly taken along the lines 19-19 of Fig. 4:

Fig. 20 is a sectional view of the slip carrier
and lower wedge assembly takeﬁ along the line 20-20 of

10 Fig. 3:

Fig. 21 is a sectional view of a relesasable lock
ring assembly taken along the line 21-21 of Fig. 5; and

Fig. 22 is a sectional viéé, partially broken
away, which illustrates the radially stepped seal element

15 support surfaces of the preéent invention.

In the description which follows, like parts are
marked throughout the specification and drawings with the
same reference numerals, respééfively. The drawings are
not necessarily to scale ahd the proportions of certain

20 parts have been exaggerated to better illustrate details
and features of the invention. As used herein, the
designation "S" refers to internal and external O-ring
seals and the designagioﬁ non refeés to a threaded union.

Referrinﬁﬁgoﬁ;to Fig. 1, a well packer 10 is

25 shown in releasably seé, sealed engagement against the
bore 12 of a well casing 14. The tubular well casing 14
lines a well bore 16 which has been drilled through an oll

and gas producing formation, intersecting multiple layers

«
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-5-  Consequently, it takes nore force to set the seal elenment package in
such a packer because of the drag produced by the metal backup shoes. That
is, during set engagenent, the slip carrier noves and the seal elenents
drag against the well casing bore until anchor slip bite against the casing
bore is achieved. It will be appreciated that a substantially greater
external setting force, either hydraulic or nechanical, will be required to
over cone the . , 13

. of overburden 18,20 and 22, and then intersecting a
hydrocarbon producing formation 24. The mandrel of the
packer 10 is connected to a tubing string 26 leading to a
wellhead for conducting produced fluids from the

5 hydrocarbon bearing formation 24 to the surface. The
lower end of the casing which intefseﬁts thélproducing
formation is perforated to allow well fluids such as oil
and gas to flow from the hydrocarbon bearing formation 24
through the casing 14 into the well bore 12.

10 The packer 10 is releasably set and locked
against the casing 14 by an anchor slip assembly 28. A
seal element assembly 30 mounted on the packer body
mandrel is expanded against the well casing 14 for
providing a fluid tight seal between the packer mandrel

15 and the well casing so that formation pressure is held in
the well bore below the seal assembly and formation fluids
are forced into the bore of the packer to flow to the
surface through the production tubing string 26.

The packer 10 is run into the well bore and set

20 by either a mechanical running tool or by hydraulic means..
The anchor slips of the anchor slip assembly 28 are first
set against the well casing, followed by expansion of the
seal element assembly. The packer includes force
transmitting apparatus with a ratchet lock assembly which

25 maintains the set condltlon after the mechanical setting
force or hydraulic setting pressure is removed. The
packer 10 is readily retriewved from the.well bore with the

assistance of a retrieving tool and by a straight upward
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drag inposed by the nmetal backup shoes on the top and bottom el enents.

The netal’ backup shoes which prevent extrusion of the seal elenents in

per manent packers also interfere with'retrievability. That is, during
conpression of the seal elenents in a permanent packer, the seal elenents
are conpressed longitudinally, with the conpressed seal material filling

t he annul us between the mandrel and the casing wall and the backup shoes
preventing extrusion of the seal elenentd4out of the established
conpression zone. In such permanent packers, the seal elenents are renoved

by milling, sipwdd whéchehs emnduaies ZRECBIRKRS IRESTCHARGTShe I |1y
Seal "l onent s XALAG ROAPTRI AL ALY BOPL 't HPBACROGY shbes ot
somewhat |ike aRchak ShiPendSsddieLiRhbRchtS tdaMelhuca8t8Ging the
packer for retrieval to the surface.
5 Referriﬁg now to Figs. 1-6, the anchor slip
assembly 28, the seal element 30 and release.éssembly 32
are mounted on a tubulér body mandrel 34 having a
cylindricai bore 36 defining a longitudinal production
flow passage. The lower end of the packer bddy mandrel 34
10 is releasably coupled to a lower production tubing string
38 by the release assembly 32. The lower tubing string 38
is continued below the packer within the well casing for
supporting a sand screen, poliéhed fiipple, tail screen and
sump packer, for example; fhe central passage of the
15 packer bore 36 as well as the polished bore, bottom sub
bore, polished nipple, sand screen and the like are
concentric with and form a continuation of the tubular
bore of the upper tubing string 26.
In the preferred embodiment described herein,
20 the packer 10 is set by a hydraulic actuator assembly 40
(Fig. 4) which includes force transmitting assembly 42 for
applying setting forces to Fhe anchor slip assembly 28 and
seal element assembly 30.. The hydtaulig actuator assembly
40 is concentricalxg;gdﬁnted about and onto the packer
25 mandrel body 34 bet&:eﬁ.the release assembly 32 and the
anchor slip assembly 28. The setting forces are coupled
to the anchor slip assembly by a lower force transmitting

assembly 44 and an upper force transmitting assembly 46.
_—

————————
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Referring now to Fig. 2, the seal element
assembly 30 is mounted directly onto an external support
surface 48 of the packer mandrel body 34. The seal
element assembly 30 includes an upper outside packing end
element 30A, a center paeking element 30B and a lower
outside packing end element 30C. The upper-end seal
element 30A is releasably fiked against axial upward
movement by engagement against a cover sleeve 50. The
cover sleeve 50 is movably mounted on the body mandrel 34
for longitudinal movement fron an extended position, as
shown in Fig. 2, in which the cover sleeve engages the
upper outside seal element 30A, to a retracted position
(Fig. 8) which permits the seal element assembly to travei
upwardly along the external surface of the packer mandrel
body 34. The cover sleeve 50 is releasably secured by one
or more shear pins 52 to the body mandrel 34 at the
extended position at which it engages the upper outside
seal element 30A. In this arrangement the seal element
assembly undergoes longltudlnal compression by the upper
force transmitting assembly 46 until a predetermined
amount of compression and expansion have been achieved.

According to another important feature of the
invention, improved sealing engagement is provided by prop
means 54 which is mounted on the packer body mandrel 34.
In the preferred ;andiment, the prop apparatus is a
radially stepped shoulder member 54 which is integrally
formed with the body mandrel, with the prop surface 56

being radially offset with respect to the seal element
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- 6- ., . . *According to the present invention, there is provided a well
packer for use in packing a well having a well casing, conprising a tubular
body mandrel, an anchor slip assenbly, a seal elenent assenbly novably
mounted for longitudinal travel along a seal elenent support surface of
said body mandrel, and force transmtting nmeans coupled to said anchor slip
assenbly and said seal elenent assenbly for radially extendi ng said anchor
slip elenent assenbly and radially expand?ﬁg sai d seal el enent assenbly

into set engaggenl AUl Fle.20g! Nt &L NAl: & Wl ARGeREnt NocN®! drgAST NG,
| apparatus 54 forms a part of the tubular body mandrel 34.
The seal element prop surface 56 is preferably
substantially cylindrical, and the seal element support
5 surface is also preferably substantially cylindrical. Aas
can be seen in Fig. 2, the seal elemeht propJSurface 56 is
substantially concentric with the seal element support
surface 48.
As the shear pins separate in response to the
10 application of setting force  through the force
transmitting assembly 46, the radially offset prop surface
56 is injected under the upper outside seal element 30A
and also under the central seal elem&ént 30B, substantially
as shown in Fig. 8. Preloading of the seal element
15 assembly 30 provided by the cover sleeve 50 supplies the
initial radial movement of the seal elements which make it
easier to get the elements up onto the prop surface 56
without damaging the elements.  Radial deflection and
transition movement of the seal elements from the lower
20 0.D of the packer mandrel surface 48 to the upper 0.D of
the prop surface 56 is assisted by an annular ramp member
58 which is disposed intermgdiate the mandrel 34 and the
prop apparatus 54. )
The rampigéhﬁgr 58 has an external surface 60
25 which slopes transvgisély with respect to the seal element
support surface 48 and the seal element prop surface 56.
Preferably, the slope angle as measured from the seal

element support surface 48 to the external surface 60 of
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prop neans dj sposed on said body mandrel and engageabl e by said seal

el enent assenbly, said prop neans having a seal elenent prop surface: which
is radially offset with respect to the seal elenent support surface of said
body mandrel, the arrangenent being such that when the seal elenent is
noved longitudinally to engage the prop surface it is expanded radially by
sai d engagenent with the prop surface so at all tinmes to be conpressed
bet ween the prop surface and the internal "'surface of the well casing.

In this split lgyel 58AheaHBPOsE & HANGREEREngdlof EBTn @BBUEEESS el efrent
rides on the elevated prop surface and is subjected to a radial squeeze
conpr essi on f orgwout 1E5e . serthe anfrpgiseabif ohhe evanp thafi@icea isoter posyidnit si de
seal elenent may be subject to |ongitudinal separation as a result of

i nternal slack algradyadetrengitiom 4o arewsntidapage to the upper seal

eiement 30A as it is deflected onto the radially offset
5 prop surface 56.

Referring to Fig. 22, a transitional radius R1
is provided between the packer mandrel surface 48 and the
sioping ramp surface 60, and a second radius R2 is
provided between the ramp surface 60 and the radially

10 offset prop surface 56. The two radius surfaces R1l,R2
complement each other so that there is a smooth movement
of the upper end element seal 30A from the packer mandrel
surface 48 to the radially offset prop surface 56 without
damage to the seal element material. For a slope angle A

15 of 135°, a relatively small radius of transition Rl of
.06 inch radius is provided, and the second, relatively
large radius is approximately 0.5 inch radius. Accor&ing
to this arrangement, a gentlxisloping ramp surface 60
provides an easy transition fo¥ the preloaded upper end

20 seél element 30A to be deflected onto the radially offset
prop surface 56. As the slope angle is increased, it
becomes more important to radius the corners of the
transition, and the speqific iadius values are determined

- based primarily ogﬁfﬁezsize of the packer.

25 Referringinéw to Figs. 7, 8 and 9, the
longitudinal dimensions of the sealing elements 30A,30B
and 30C, and the length of the prop surface 56 are so

selected that the upper outside end seal element 30A and
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the central seal element 30B are cdmpressed against the
seal element prop surface 56 and the lower outside seal
element 30C is compressed against the body mandrel support
surface 48 when the seal element assembly is expanded into
5 sealing engagement against a well casipg, as shown in Fig.
8. | |
In this split level seal support arrangement, at
least one of the seal elements, the upper end seal element
' 30a, is supported on the elevated prop surface 56 and is

10 subjected to a radial squeeze compression force in the set
configuration, even though the lowermost outside seal
element 30C may be subject to longitudinal separation as a
result of internal slack during setting, or as a result of
externally applied pressure fluctuations.

15 Another advantége of the split level seal
element support arrangement is that the radially reduced
support surface 48 of the packer mandrel provides an
annular pocket 62 (Fig. 9) inpb:which the seal elements
are retracted upon release and retrieval of the packer.

20 That is, upon release, the seal elements 30A,30B are
pushed off of the prop surface 56 and slide onto the lower
mandrel seal support surface 48 within the annular pocket
62. Thus the seal elements-are permitted to expand |
longitudinally thrqgéﬂ‘%he annular pocket 62, and away

25 from the drift cleagznéé thereby permitting unobstructed
retrieval.

As shown in Fig. 2 and Fig. 7, the upper ocutside

seal element 30A has a substantially shorter longitudinal
—_—
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-7- . external 'y applied pressure fluctuations. Mreover, the split |evel
seal el enent support arrangenent provides an annul ar pocket into which the
seal elenents are retracted upon release and retrieval of the packer,

t her eby providing clearance for unobstructed retrieval .’

Desirably, the packer further conprises setting apparatus for centering the
seal elenent assenbly wthin the well casifeg during the setting operation,

t her eby providing uni form conpression and expansi on of the seal elenents in
t he annul us betilmensite ok dhengeutxdl matlvellenenti 388 andistheydiowierg t he
formati on of uneven extrusion gaps. Pr ef er abl yé1 an annul ar garter

spring assenbl putsideperrie @IFREREN3IGH: u e loneditudinal| denmhmn Py

preventing the prop surface 56 is selected so that both the uppér
outside seal element 30A is fuily supported and the
S central seal elemeht 30B is at least partially supported
on the radiélly offset prop surface 56 in the. set,
expanded position, as shown in Fig. 8. Even though the
lower outside seal element 30C and the central seal
element 30B may be subjected to longitudinal excursions as
10 a result of pressure fluctuations, the sealing engagement
of the upper outside seal element 30A is maintained at all
times.
The lower outside seal e;gment is reinfdrced
with a metal backup shoe 64. The metal backup shoe 64
15 provides a radial bridge between the body mandrel 34 and
the well casing 14 when the seal element assembly is
expanded into engagement against the internal bore
sidewall of the well casing, as shown in Fig. 8. The
purpose of the metal backup éhéé 64 is to bridge the gap
20 between the packer mandrel and the casing and provide a
support structure for the lower outside seal element 30C
to prevent it frdm extruding into the annulus between the
packer mandrel and the wglI:casing.
The dimeqsibgg.Of the seal elements and the prop
25 surface 0.D are se}§6tga to provide a minimum of 5%
reduction in fadially compressed thickness to a maximum of
30% reduction in radially compressed thickness as compared '

with the lower outside seal element 30C when compressed in
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extrusion duri'ng setting. Additionally, the annular garter spring assenbly
hel ps to center the seal assenbly for uniform conpression and expansi on,

t hereby avoiding the formati on of uneven extrusion gaps. In the preferred
enbodi ment, the garter spring assenbly includes a helical wound coil which
Is filled wwth deformation resistant reinforcing material, for exanple, a
second helical wound coil, spherical balls or elongated pellets.
Preferably, said seal elenment assenbly ca@gorises a plurality of

| ongi tudinally conpressible, radially . expandabl e seal el enents, wherein
one of said sedie dedgnpasitioncofnr exeaplagas nshowniih Fagl- 8Fenent support
surface and one of said seal elenents i s conpressed _agai nst sai d_ seal

el ement prop surface whdhesBREERAPE Efrefit RETERARTY SOBFFENGER it o
seal i ng engagqgﬁp%o%%abgsgnghf§¥lmé%%i'QQSCS, with the inside disc

being made of brass and the outer metal disc being made of
.5 Type 1018 mild steel. Both metal disqs are malleable and
ductile, which is necessary for a tight conf;fming fit
about the lower edge of the outside end seal elément 30C.
Additionally, the ductile feature is desired to permit the
backup shoe to.déflect and fold over as shown in Fig. 9 in
10 the released position.
The force transmitting assembly 46 which applies
the setting force to the seal element package includes a
lower element retainer ring 66 moun%éd for longitudinal
sliding movement along the seal element support surface 48
15 of the packer mandrel 34. An element retainer collar 68
is movably mounted on the external surface of the retainer
ring 66 for longitudinal shifting movement from a
retracted positicn (Fig. 7) iﬁ1Which the element retainer
collar 68 and retainer ring 66 are engageable against the
20 backup shoe 64, to an.extended position longitudinally
spéced from the outer backup shoe (Fig. 9) in the released
position. )
The retaine; ring 66 and element retainer collar
68 have mutually ehggéééble shoulder portions 66A,68A,
25 respectively, for li;i{ing extension of the element
retainer collar along the external surface of the retainer
ring. A split ring 70 is received within an annular slot

72 which intersects the external surface 48 of the packer
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mandrel 34. The split ring 70 limits retraction movement
of the lower element retainer ring 66, thus indirectly
limiting retraction movement of the element retainer
collar 68, as shown in Fig. 9.

5 According to this arrangement, during a release
operation, the shoulder 66A of the reféinef }ing 66
engages the split ring 70 and prevents further retractioﬁ
movement. The element retainer collar 68 continues moving
until its stop shoulder 68A engages the stop shoulder 66A.

10 This opens an annular pocket 74 into which the metal
backup shoe 64 is folded (Fig. 9) as the packer is
retrieved. Upon release of the packer, the retainer
collar 68 is shifted away from the ‘mktal backup shoe, thus
opening the annular pocket 74. The metal backup shoe 64

15 is then deflected out of the annulus between the packer
and the well casing, and into the receiver pocket 74 so
that it will not obstruct the drift clearénce as the
packer 10 is retrieved. _

Referring again to Figs. 2-6, the hydfaulic

20 actuator assembly 40 is coupled to the force transmitting
assembly 42 for radially extending the anchor slip
assembly 28 and seal elemenﬁ assembly 30 into set
engagement against the well bore.- Referring to Fig. 4,
the hydraulic actungffincludes a tubular piston 76 which

25 carries annular segisés for sealing engagement against the
external surface of the packer mandrel 34. The piston 76
is also slidably sealed agéinst the.inside bore of a

tubular release sub 78. Hydraulic pressure is applied

This Sheet Has Been Re'ilaced

[T




- 8- .. . - Mre preferably, said seal elenent assenbly conprises first,
second and third longitudinally conpressible, radially expandabl e seal
el enents, wherein the |ongitudinal dinmensions of said sealing elenents and
said prop surface are so selected that the first and second seal elenents
are conpressed agai nst said seal elenent prop surface and the third sea
el ement is conpressed agai nst said seal g%fnent support surface when said
seal elenent assenbly is expanded into s i ng engagenent agai nst a wel |
casi ng. Accordi.n o thi : 4%¥y J sion of the
first and secomFgay =8 éﬂ’g?i ,p?/#l %h%éé'gﬂg%%%%?e a%g"l %gm%%z prop
surface, wl| é}?ang{&mse'.neﬁsa&n@'dhahb%Siseaf&éJﬁm,t kel pYBESDSg Seal
el ement nmay be subject to separation because of internal slack or
external |y appid etipeasshte érgmjarmnitonsth Thadlirs, tuldec 82pphichutsi de seal
el ement which is supported by the prop surface has a

slidably mounted about the packer body mandrel 34. The

5 slip tube 82 is releasably coupled to the release sub 78
by a shear screw 84 and lock ring 86. A paiflof annular
slots are formed in the surface of the slip tube 82, and
as the shear screw 84 separates, shoulder portions of the
lock ring 86 are received within the annular slots,

10 thereby transmitting the setting force to the lower
tubular wedge 88. ' |
Referring again to Fig. 3, the lower tubular
wedge is connected to a lower spreader cone 90 which is
positioned between the packer mandrel external surface-and
15 +the internal bore of the slip carrier 92. The lower
spreader cone 90 is formed in two complementary half
sections 904, 90B.
The slip anchor assembly 28 includes a plurality
of slip anchors 28A which are mounted for radial movement
20 through windows 94 férmed in the tubular slip carrier 92.
While the number of anchor slips 28A may be varied, the
tubular slip carrier 92 is Qrovided within an appropriate
corresponding number of windows 94, with four anchor slips
being preferred. q§§ifbf the anchor slips includes uppexr
25 and lower gripping gﬁrfaces positioned to extend radially
through the slip carrier windows with the wall of the slip

carrier between the paired windows confining a leaf spring

which resides in a recess of the anchor slip assembly.
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constant _sqyeeze force exerted on it at all tines regardless of how nuch
force may be exerted on the | owernost outside end el enent. - I'n one
enbodi.ment, a cover sleeve is novably nounted on a body nandrel of the
packer for |ongitudinal nmovenent from an extended position in which a seal
el enent prop surface is covered by the sleeve, to a retracted position in
whi ch the. prop surface is uncovered. The ggver

The leaf spring biases the anchor slips radially inwardly
relative to the wall of the slip carrier 92, thereby
maintaining the gripping surfaces retracted in the absence
of forces displacing the anchor slips radially outwardly.

5 Each of the gripping surfaces has horizontally oriented
gripping edges which provide gripping contact in each
direction of longitudinal mdvement of the packer 10. The
gripping surfaces including the horizontal gripping edges,
are radially curved to conform with the  cylindrical

10 internal surface of the well casing bore against which the
slip anchor members are engaged in the set position.

The lower spreader cone 90 is positioned between
the external packer mandrel surface .and the lower bore of
the slip carrier and features an upwardly facing frusto-

15 conical wedging surface which is generally complementary
to the downwardly facing cam surface on the slip member
28A. The lower cone is connected to the tubular wedge 88
by a threaded union T. Retr§ption movement of the lower
tubular wedge 88 is limited by“the ratchet coupling 96.

20 In the run in position as illustrated in Fig. 3, the
tubular bottom wedge 88 and spreader cone 90 are fully
retracted, and are biocked against further downward
movement relative to the siip carrier by the stop ring
assembly 96. ;@_} ﬂ_.

25 The slipgéa;rier is releasably coupled to the
spreader cone 90 by anti-preset shear screws. According
to this arrangement, as the piston 76 is extended in

responsé to pressurization through the port P, the lower
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sl eeve i3 releasably secured to the body mandrel at the

24
wedge 88 and slip carrier, together with the anchor slip
assembly is extended upwardly toward the seal element
assembly 30. The element retainer collar 68 is coupled to
the upper wedge 98 and upper spreader cone 100 by a
5 tubular setting cylinder 102.

As the element retainer coliér Gsnié dri§en into
engagement with the backup shoe 64, the résilient seal
elements 30A,3OB and 30C undergo longitudinal compression
ﬁntil a predetermined amount of radial expansion'has beeﬁ'

10 produced. Longitudinal movement of the seal elemenf
asseﬁbly 30 is oppoéed by the cover sleeve 50 until the
shear pins 52 separate. When a predetermined amount of
compression and expansion have beenféchieved, the shear
pins separate and the upper outside seai element is

15 deflected along the sloping surface 60 of the transition
member 58 and rides upon the radially offset prop surface
56. The seal element aésembly 30 undergoes further

. compression and expansion astfhe head 50H of the cover
sleeve 50 engagés a radially offset shoulder 104 on the

20 packer mandrel. |

As the seal elements continue to expand into
engagement with the well cgsing 14, the top portion of the
anchor slips will ride up.on the ubper spreader cone and
drag against the weil ca31ng, thereby causing the anti-

25 preset pins on the Sllp housing 92 to separate. At that
point, the lower spreader cone 90 is driwven into

engagement with the anchor slips. The anchor slips are

then driven radially into gripping engagement with the
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ext ended: posistion in which it engages an upper outside seal elenent of a
seal elenent assenbly. According to this arrangenent, the seal el enent
assenbly undergoes | ongitudi nal conpression by the force transmtting neans
until a predeterm ned anount of conpression and expansi on have been
achieved. At that point, the cover sleeve is released fromthe mandrel and
the prop surface is injected under the uppge outside seal elenment and a
central seal elenment. Preloading of the seal el enent package provided by

the cover sleev@ecancadipy.y chatinbéd PrdsiirahgmeypeResé e d1emeadk

el ements which nmake it easier to get the elenments up onto the prop surface
wi t hout damagi ngigheer|aminhe. satf is tiatraiaddabyagbei segumattddy Coréhgadi ng
the seal elenents on the packer mandrel, and then noving the el enents from
the lower O D. b#6the packer mandrel to the upper O D. of the prop, the

seal elenents are forced 5% ex ang into the annglgg uni form y and the
formation of uneven extr Uk oﬁegﬁb Ve PARARES. © e anchqg, slfps ;8Rdof { he

present invgntiggﬁiteiéhéﬂ%éskglghe.run, set and release positions are

indicated in Figs. 10, 11 and 12, respectively. The
radially offset prop surface 56 is pfotected, and the seal
elements 30 are shielded from engagement against
obstructing surfaces by the coﬁef sleeve 50 in the run

10 position. The cover sleeve thus protects the seal element
package when running ihto the well bore as the tubing
string 26 is manipulated up and down, which is normally
carried out while making up and breaking tubing string
connections. The cover sleeve 50 also protects the

15 element package, as shown in Fig. 12, when the packer has
been released and is being retrieved from the well.

As shown in Fig. 11, the bacéup shoe 64 bridges
thé annulus between the packgr mandrél 34 and the well
casing 14. The primary purpasé of the backup shoe 64 is

20 to prevent extrusion of the lower outer seal element 30C
into the annulus. The backup shoe 64 is deflected and
retracted into the receiver pocket 74 as shown in Fig. 12
as the packer is retrieyed: Because of the tendency of
the backup shoe t%;é&tﬂas an anchor slip, a garter spring

25 assembly 106 is emgédﬁed in the upper 6utside.seal element
30A to prevent extrusion into the annulus. The annular
garter spring_assembly 106 helps to centre the seal

element assembly 30 for uniform compression and expansion,
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to provide a fetrievabl e packer, either hydraulically set or. nechanically
set, which will hold up to about 10,000 psi (69 MPa) pressure differential
in both directions across.its seals at el evated tenperatures, for exanple,
from about 200[err]F (93[err]C) to about 400F (204[err]C), and which w |
remain retrievable at the end of a long service perlod for exanple

10- 15. years. '

26

thereby avoiding the formation of uneven extrusion gaps.

To_provide reliable service at high differential
pressure levels, for example, at 10,000 psi, it was
necessary to provide a reinforced garter spring assembly

5 106 as shown in Fig. 13,.and in the a}ternative

embodiments as shown in Figs. 14, 15 and 16..-The failure
mode of a non—reinforced end seal elemeﬁt is extrusion of .
the element past the containment means provided by the
packer body. Adding a_conventional garter spring,

10 reinforces the seal element and prevents extrusion until
the garter spring collapses and moves into the gap. The
seal element is then free to extrude into the gap behind
the failed portion of the garter spi{ng.

It has been determined that a substantially

15 improved gartér spring assembly 106 can be achieved by
enclosing a deformation resistant reinforcing material 108
within the garter spring. Referring to Fig. 13, the
garter spring is formed by a=§ihgle metal wire which is
wound in a helical coil lld which is embedded within the

20 seal element 30A near the outside corner. That is, the
deformation resistant reinforcing material 108 is

_ completely enclosed within the helical turns of the garter
spring coil 110.
Accordiﬁ@%tofone effective arrangement, the

25 deformation resistaét';einforcing material is enclosed
within a second helical wound coil 112, which is enclosed
within the outer garter spring coila}lo, as shown in Fig.

14. 2adding one or more concentric garter springs to the
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It is simlarly possible to provide a retrievabl e packer of the character

descri bed, which will hold up to about 10,000 psi (69 MPa) pressure
differential in both directions across its seals at relatively |ow
tenmperatures, for exanple, from about 140[err]F (60[err]C) to about

200[err]F (93[err] Q. 27
inside of the primary gérter spring 110 reinforces the
assembly and increases the pressure at which the pa&ker
element fails. However, more than two concentric coils
are difficult to deploy.. The unsupported inside diameter

5 of the smaller garter spring 112 allows the gérter spring
combination to collapse and failure will occur, but at a
proportionally higher pressure.

Further reinforceﬁent is provided, as shown in
Fig. 14, by spherical balls 114. According to one

10 alternative embodiment, the deformation resistant
reinforcing material is in the form of elbngated pellets
116, as shown in Fig. 15. In that embodiment, the pellets
116 preferably have radiuéed end pqrtions 116A. Yet
another reinforcement embodiment is shown in Fig. 16, in

15 which the elongated pellets 116 have truncated end
portions 116B. The length of the pellets 116 is
preferably in the range of from about 2 to about 3 times
the cross sectional diameterspf the pellets. Preferably,
the cross sectional diameteerf the pellefs 116 and the

20 balls 114 is slightly less than the inside diameter of the
innermost garter spring 112.

The reinforcing material 108, whether it be in
the form of the spherical Salls 114 or the pellets 116, is
preferably constructed?of a deformation resistant material

25 such as poly—ether:ketone polymer, ceramic or a metal such
as tungsten carbide.

Referring to Figs. 4, 5 and 6, the seal assembly

30 is removed with the tubing string prior to releasing
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Furt hernore,, the packer can be so arranged that a reliable seal is

mai nt ai ned under hi gh tenperature and hi gh pressure conditions for long.
service periods, where the | ower outside elenment of a seal elenent assenbly
is subjected to high differential pressure fluctuations which may cause it
to nove relative to other seal elenments of the assenbly.

Advant ageousl y, the packer can be arranged to continue to hold pressure
when the well is treated by punping flui@8into it, for exanple, during

(raeL g of guner form £ ST ond 1 g pesyl Lol sgel 110 (e
string and run to depth. The retrieving tool is latched
into the latch profile located on the upper end of the
packer 10. ﬁpward pull on the retrieving toél causes lugs

5 on the retrieving tool to engage a shifting sleeve 117 in
the packer. Further upward pull sheafs the.égear screws
119 on the shifting sleeve 117 allowing the release sleeve
to move up aligning the recess 120 in the shifting sléeve
117 with the lock ring 118. The lock ring 118 is then

10 free to disengagé the mandrel 34. Continued upward pull
shears screws 119 in the retrieving tool allowing the dogs
to retract. Continued upward pull is transferred to the
packer through the packer mandrel 34." The upper split
ring 70 shoulders on the retainer ring 66. Its shoulder

15 66A shoulders on the retainer shoulder 68A, thereby
opening the pocket 74 for the shoe 64 to retract.
Continued upward pull draws the upper wedge 98 out from
under the top portion of the slip 28H. The upper wedge
picks up the slip carrier 92. The slip carrier 92 then

20 pulls the slip from the lower wedge 90.

Pressure loading is applied to the tubular
column presented by the lowgr'tubular wedge 88 when
pressuring from below7 To prevent’buckling collapse of
the lower tubular w%g;éiaa, it is desirable to provide

25 radial support alonékité length. This is accomplished by
a split support assembly 134 consisting of a split support
ring 136, which is split into three segments, and an

- internal slip assembly 138. The lower tubular wedge 88
N
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has a tubular, rgduced diameter extension 88A which rides
on a tubular 140, which is concentrically mounted on the
packer mandrel 34. The ¢olumn loading is relieved by the
support assembly 134, with the load forces being conducted
through the split ring assembly 136 through the release
sub 78, through a threaded union T to the cylindrical
housing 132 to the bottom connector sub 126. The lower
tubular wedge extension 88A has helical threads 142 which
bear against non-helical threads 144 carried bf a C-ring
146. The C-ring 146 has ratchet threads which mate with
ratéhet threads formed on the in;ide bore of the internal
slip assembly 138.

The load carrying capabi%ixy of the anchor slips
28A is increased by increasing the cross sectional area of
engagement between the slips and the upper spreader cone
100. Refe:ring to Fig. 17 and Fig. 18, this is carried
out by flat surfaces 146,148,150 and 152 which are
machined externally on the sgrgader cone. That is, the
load forces are transmitted %6:the slips across the flat
surfaces and onto the sloping face of the anchor slips
rather than on the conical diaméter of the slip and cone.
If contact wés on the conical diameter of the slip and
cone as found in conventioﬁal packers, the load forces
would be transmit;sdfgg.contact of the slips against the
cone. Full force‘%}anémitting contact is provided by such
conventional packers only at one diameter. However, by
transmitting the forces through the flats on the surface

of the cone and mating flats on the slips, the contact

T
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area is substantially increased. Moieover, in addition to
providing increased load caﬁability, the fiats also
improve the centralizing capébility.

While certain preferred embodiments of the

invention have been set forth for purposes of disclosure,

modification of the disclosed embodiments of the invention

as well as other embodiments thereof may occur to those
skilled in the art. Accordingly, the appended claims are
intended to cover all embodiments of the invention and
modifications to the disclosed embodiments which do not

depart from the scope of the invention.

am

T
-t
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paéker still being able to hold the pressure. Simlarly,

It is possible

arrange tﬂm ﬁ mai nt ai ned between the packer mandrel a
t he wel | Imm II,ﬁ ”m of any conponent sl ack encountered during the

setting of*the . pacler § or any subsequent novenent of the

for exanple, because of pressure differential variations,

packer mandrel,
which tend to

relieve the conpression forces applied to ?ihe seal elenent package in

set position. The invention wiIT be described in nore detai
CLAIMS
1. A well packér having a tubular body mandrel, an

anchor slip assembly, a seal element assembly movably

mounted for longitudinal travel along a seal element

5 support surface of said body mandrel;'and force

transmitting means coupled to said anchor slip assembly

and said seal element assembly for radially extending said

anchor slip element assembly and radially expanding said

seal element assembly into set engagement against the

10 internal bore sidewall of a well casing, prop means

disposed on said body mandrel and engageable by said seal

element assembly, said prop means having a seal element

prop surface which is radially offset with respect to the

seal element support surface of said body mandrel.

15 2. A well packer as defined in claim 1, wherein

said prop means comprises a radially stepped shoulder

member which is integrally formed with said body mandrel,

said prop surface being defined by the external surface of

said shoulder member.

20 3. A well packer as defined in claim 1, wherein

said prop means comprises a tubular body member, sald seal

da

element prop surface.being defined by the external surface

of said tubular body member.

4. A well packer as defined in any one of claims 1
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by way of. exarpl e, with reference to the acconpanying draw ngs, in which:

Fig. 1is a al viewin elevation and section of a retrievable
wel | packer enbg features of the present invention set in the
casi ng of ﬂm‘mm ‘\‘Iﬁ ovide a releasable seal with the casing wall
and a tubi endi ng to the packer; Figs. 2 to 6,

i ncl usi ve and taken together, form al(ngatudinal view in section of the
retrievabl e well

to 3, wherein said seal element prop surface is
substantially cylindrical and said seal element support

surface is substantially cylindrical.

5. A well packer as defined in claim 4, wherein
5 said seal element prop surface is subsfantiaily concentric

with said seal element support surface.

6. A well packer as defined in any oné of the
preceding claims, including an annular ramp member
disposed on said body mandrel intermediate said mandrel
iO_ and said prop means, said ramp member having an external
surface which slopes transversely with respect to said
seal element support surface and said éeal element prop

surface.

7. A well packer as defined in claim 6, wherein the
15 slope angle as measured from Fhe seal element support
surface to the external surface of said ramp member is in

the range of from about 135° to about 165°.

8. A well packer assembly as defined in any one of
the preceding claims _wherein said seal element assembly

20 comprises a pluralxty of longitudinally compressible,
radially expandable seal elements, and wherein one of said
seal elements is compressed against said seal element |
support surface and one of said seal elements is

compressed against said seal element prop surface when

This Sheet Has Been Reﬂlaced
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packer anﬁdiﬁgl_§§§gﬂpL¥,oL—%he i nvention show ng the seal assenbly

rel axed a € packer SllpS retracted as the packer is run into a well
bor e; ﬁ“\ﬂmﬁ\ml_ongl tudinal view in quarter section of a
wel | packer H‘mm ed position of seal elements in the run
posi ti on; Mg 8is aviewsimlar to Fig.. 7 showing the
conpressed, expanded position of the seal é% enents in the set position;

said seal element assembly is expanded into sealing

engagement against a well casing.

9. A well packer assembiy as defined in claim 8,
wherein said seal element assembly comprises first, second

5 and third longitudinally compressiblé; radiéily expandable
seal elements, and wherein the longitudinal dimensions of
said sealing elements and said prop surface are so
selected that the first and second seal elements are
compressed against said seal element prop surface and the

10 third seal element is compressed against said seal element
support surface when éaid seal element assembly is

expanded into sealing engagement against a well casing;

10. A well packer assembly as defined in any one of
the preceding claims, including a cover sleeve movably

15 mounted on said body mandrel for 1ongitudina1 movement
from an extended position in:w§ich said prop surface is
‘covered by said sleeve, to a retracted position in which
the seal element prop surface is uncovered, and at least
one shear pin releasably securing said cover sleeve to

20 said body mandrel at said extended position.

1. A well ggé;é: is defined in claim 10, including
stop means disposeghoﬁ'said body mandrel adjacent said
prop surface, said cover sleeve being engageable against
said stop means at the limit of its travel to the

25 retracted position.

This Sheet Has Been Reﬁ
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- 12 - b Fig. 9is aviewsimlar to Fig. 7 showing the seal
el enments in the rel axed, re| eased position; Fig. 10 is a

R 1T e

34

12. A well packer as defined in claim 11, wherein
said cover sleeve has a tubular sidewall and an annular.
head radially offset from said sidewall, said annular head
being disposed in slidable engagement with said seal

5 element prop surface, and said cover éleeve'ﬁéad being
engageable against said stop means when said sleeve is

moved to the retracted position.

13. A well packer as defined in claim 11 or claim
12, wherein said stop means comprises an annular shoulder
10 formed on said body mandrel, said annular shoulder

projecting radially with respect to-.said prop surface.

14. A well packer as defined in any one of claims 10
to 13, wherein said cover sleeve is intersected by a
longitudinal slot, and including a radially projecting

15 guide lug mounted on said body'mandrel, said guide lug

being received within said slot.

15. A well packer as defined in any one of the

- preceding claims, wherein said seal element assembly

includes an outside seal -element and an annular backup

20 shoe mounted on saég:éd?side seal element, said backup
shoe defining a radéglfbridge between said body mandrel
and a well casing when said seal element assembly is
expanded into engagement against the internal bore
sidewall of the well casing, said force transmitting means

__ﬂ____________———ﬁ
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present.|pvan%ron—gﬁﬁﬁfﬁﬁ—fﬁ€~7glatlonshlp of the seal elenents, force
transmtting a “mmmm‘)r slips in the run position;

Fig. 11 is a | m“mm“ n quarter section, simlar to Fig. 10,
showi ng the rel'ak | «e posﬁtlﬁn of the seal elenents force transmtting
apparatus and anchor slips in the set position; Fig. 12 is a

| ongi tudinal viewin quarter section of aswell packer showing the relative

positions of the seal elenments, force transmtting apparatus and slip
" includes a lower element retalner sleeve slidably mounted

for longitudinal movement along said body mandrel, an
upper element retainer collar is movably mounted on said
setting sleeve for longitudinal movement from a retracted
5 position in which said element retainer collar and setting

sleeve are engageable against said béékup shoe to an
extended position longitudinally spaced from said backup
shoe, and stop means are mounted on said body méndrel for
limiting retraction movement of said setting ;leeve

10 relative to said body mandrei, said setting sleeve and
said retainer colla: having mutually co-acting stop
members for limiting extension of said element retainer

collar relative to said setting sleeve.

16. A well packer as defined in any one of the

15 'precéding claims, wherein said seal element assembly
includes an outside seal element and an annular garter
spring assembly embedded w1th1n said seal element, said
garter spring assembly comprising a hellcally wound coil
and deformation resistant reinforcing material disposed

20 within said helically wound coil.
17. A well packer as-defined in claim 16, wherein

) said deformation resxstant reinforcing material comprises

m.a

spherical balls.

18. A well packer as defined in claim 16, wherein

25 said deformation resistant reinforcing material comprises

_—
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enments in the rel eased ﬁ Fig. 13 is a cross-section

VI ew of t ﬂlll Itm “ Is“a el errent of the present invention, taken al ong
the 1line

showing a single coil of reinforcing wre in
the outsidé upper el enent, with reinforcenent mneans enclosed within the
coil; Fig. 14 is a sectional viewsimlar to Fig. 13, and
partialfy br oken away, show ng spheri cal Eeinforcenent bal I s encl osed
within the core of.a dual reinforcenent

elongated pellets.

19. A well packer as defined in claim 18, wherein

said elongated pellets have radiused end portions.

20. A well packer as defined in claim is, wherein

5 said elongated pellets have truncated end portions.

21. A well packer as defined in any one of claims 18
to 20, wherein the length of said pellets is in the range
of from about one and one-half to about three times the

cross-sectional diameter of said pellets.

10 22. A well packer as defined in any one of claims 16
to 21, wherein said deformation resistant reinforcing
material comprises poly-ether-ketone polymer or ceramic or

metal or tungsten carbide.

23. A well packer having a tubular body mandrel, an

15 anchor slip assembly, a seal element assembly movably
mounted for longitudinal travel along a seal element
support surface of said body mandrel, and force
transmitting means coupled ;o saild--anchor slip assembly
and said seal elemgg?:assembly for radially expanding said

20 seal element assembf% into set engagement against the
internal bore sidewall of a well casing,

a cover sleeve being mounted on said body

mandrel for longitudinal movement from an extended
____________________
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spring; Wa viewsimlar to Fig. 14 in which the
def ormat i ol iStant reinforcing material is elongated pellets having
radi used end ' ‘“W“‘“““ Fig. 16 is a viewsinilar to Fig. 15 in
whi ch \“ﬁ‘ mn This is the replacenent
sheet x ¢ oL w5
37
position in which said seal element support surface is
covered by said sleeve, to a retracted position in which
the seal element support surface is uncovered; and
at least one shear pin releasably securing said
5 cover sleeve to said body mandrel at said extended

position.

24. A well packer as defined in claim 23, including
stop means disposed on said body mandrel adjacent said
seal element support surface, said cover sleeve being

10 engageable against said étop means at the limit of its

travel to the retracted position.

25. A well packer as defined in claim 24, wherein
said cover sleeve has a tubular sidewall and an annular
head radially offset from said sidewall, said annular head
15 being disposed in slidable engagement with said seal
element support surface, andﬁsgid cover sleeve head being
engageable against said stop méans when said sleeve is

moved to the retracted position.

26. A well packer as defined in claim 24 or claim

20 25, wherein said stop means comprises an annular shoulder
formed on said boﬁx-ﬁandrel, said annular shoulder

" projecting radiallewith respect to said seal element

support surface.

27. A well packer as defined in any one of claims 23

—_—
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- 13 - . _the €l ongated pell ets have truncated end portions; Fig.
17 is an elevational view of: the top wedge renoved fromthe packer

mandr el ; umllllluuﬂlmnlm is atop plan view of the top wedge renoved
fromthe p : Fig. 19 is a sectional view of a

segmented | 6ck® rlind adsefibly taken along the lines 19-19 of Fig. 4;

38
to 26, wherein said cover sleeve is intersected by a
longitudinal slot, and including a radially projecting
guide lug mounted on said body mandrel, said guide lug

being received within said slot.

5 28. A well packer having a tubuiér bodfnmandrel, an
anchor slip assembly, a seal element assembly movably
mounted for longitudinal travel along a seal element
support surface of said body mandrel, and force
transmitting means coupled to said anchor slip assembly

10 and said seal element assembly for radially extending said
anchor slip element assembly and radially ex?anding said
seal element assembly into set engagelment against the
internal bore sidewall of a well casing, an annular backup -
shoe mounted on said body maﬁdrel adjacent said seal

15 elemeht assembly, séid backup shoe defining a radial
bridge between said body mandrel and a well casing when
said seal element assembly is.éxpanded into engagement
againsf the internal bore sidewall of the well casing, a
seal element retainer sleeve slidably mounted for

20 longitudinal moveﬁent along said body mandrel, and a seal -
element retainer collar movgbly mounted on said retainer
sleeve for longitudinal movement from a retracted position

in which said seal -glemient retainer collar and retainer
B3

e

sleeve are engageablé igainst said backup shoce, to an

25 extended position longitudinally spaced from said backup

shoe.
Thlisilsiiiﬁ|iiili3itin|ie{iliced .



Fig. 20+is a sect ional viewof the slip carrier and |ower wedge assenbly
t aken al ong -20 of Fig. 3; Fig. 21 is a sectiona
view of a rel Hﬂﬂﬁle | ock ring assenbly taken along the line 21-21 of Fig.

5; and _ H 'mﬂm, I sectional view, partially broken away,
whi ch |IIustr Il"stepped seal elenent support surfaces of
t he present |nvent|on In the q§§cription which follows, I|ike
parts are

29. A well packer as defined in claim 28, including

a stop means mounted on said body mandrel for limiting
retraction movement of said setting sleeve relative to
said seal element assembly, said setting sleeve and said
5 retainer collar having mutually engageable stop members
for limiting extension of said elemeﬁt retainer collar

relative to said setting sleeve.

30. _ | A well packer having a tubular body mandrel, a
seal element mounted on said body mandrel, and means

10 coupled to said seal element for radially expanding said
seal element into set engagement against the internal bore
gidewall of a wéll casing, the improwvement comprising:

an annular garter spring assembly embedded

within said seal element, said garter spring assembly

15 comprising a helically wound coil and deformation
resistant reinforcing material disposed within said

helically wound coil.

31. A well packer as defined in claim 30, wherein
said deformation resistant reinforcing material comprises

20 spherical balls.

: 32. A well packer as defined in claim 30, wherein

L
b1

said deformation resistant reinforcing material comprises

elongated pellets.

33. A well packer as defined in claim 32, wherein

TN




mar ked t hr
nuneral s, BHB
proportions 0!

c

ut the specification and drawings with the sanme reference
i’j ’u’mmnm drawi ngs are not necessarily to scale and the
s have been exaggerated to better illustrate

details ‘and feature$ of tthe invention. As used herein, the desi gnati on
"S" refers to internal and external O-ring seals and the designation "T"

refers to a threaded uni on.

packer 10 is
12 of a well

10

15

20

shown in rel easably set, sé&8 ed engagement agai nst the
i_ng_ 14, '

%gid glongaglgagéﬁfé%%rhggélrééguégﬁ %%d poxrtions.

34. A well packer as defined in claim 32, wherein

said elongated pellets have truncated end portions.

35. A well packer as defined in any one of claims 32
to 34, wherein the length of said pellets is in the range
of from about one and one-half to about three times the

cross-sectional diameter of said pellets.

36. A well packer as defined in any one of claims 30
to 35, wherein said deformation resistant reinforcing

material comprises poly-ether-ketone polymer.

37. A well packer as defined in any one of claims 30
to 36, wherein said deformation resistant reinforcing

material comprises ceramic or metal or tungsten carbide.

38. A well packer having a tubular body mandrel, an
anchor slip assembly, a seal element assembly movably
mounted for longitudinal travel along a seal element
support surface of said body mandrel, and force
transmitting means couplgd_éo said anchor slip assembly
and said séal elemggfréssembly for radially extending said

anchor slip elementaéséembly and radially expanding said

seal element assembly into set engagement against the

“internal bore sidewall of a well casing,

This Sheet Has Be

prop means disposed on said body mandrel and

.

Referrings nowto Fig. 1, a well

bor e



lines a:well. bore 16 which has been drilled through an oil and gas
produci ng formatien—intersecting multiple | ayers
- 14 - of ove

10

15

20

25

il < e

41

engageable by said seal eiement assembly, said prop means
having a seal element prop surface which is fadially
offset with respect to the seal element support surface of
said body mandrel; said seal element assembly including
first and second longitudinally compressible, radially
expandable outside seal elements, and a third seal element
disposed intermediate the first and second outside seal
elements, and wherein thé longitudinal dimensions of said
sealing elements and said prop surface are so selected
that at least the first outside seal element is compressed
against said seal element prop surface and the second
outside seal element is compressed against said seal
elgment support surface when said seal element assembly is
expanded into sealing éhgagement against a well casing,

an annular backup shoe mounted on said body
mandrel adjacent said seal element assembly, said backup
shoe defining a radial bridge between said body mandrel
and a well casing when said ggal element assembly is
expanded into engagement againét the internal bore
sidewall of the well casing, and

a seal element retainer sleeve slidably mounted
for longitudinal movement along said body mandrel, a seal
element retainer collar mo%ably mounted on said retainer
sleeve for longitgdiha% movement from a retracted position
in which said sea£E%lgment rétainer collar and retainer
sleeve are engageable against said backup shoe to an
extended position longitudinally spaced from said backup

shoe, thereby defining a pocket for feceiving said backup

-
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hydr ocakbon producing formati on 24. The mandrel of the packer 10 is
connect ed g 26 leading to a well head for conducting
produced f1l,mi"l" Ilﬁmimurhydrocar bon bearing formation 24 to the surface.

| ower* hes Casi ng which intersects the producing formation is
perforated to allow well qurds such as oil and gas to flow fromthe
hydr ocar bon bearing formation 24 through the casing 14 into the well bore
12. The packer 10 i s rel easablyyset and | ocked against the

casing 14 by an anchor slip assenbly 28. A
shoe as it undergoes deflection during retrleval of said

packer.

39. A well packer as defined in claim 38, including
stop means mounted on said body mandrel for';imiting

5 retraction movement of said setting sleeve reiative to
said body maﬁdrel, said setting sleeve and said retainer
collar having mutually engagéable stop members for
limiting extension of said element retainer collar

relative to said setting sleeve.

10 40. A well packer having a tubular body mandrel, an
anchor slip assembly, a seal element assembly movably
mounted for iongitudinal travel along a seal element
support surface of said body mandrel, and force
transmitting means coupled to said anchor slip assembly

15 and said seal element assembly for radially extending said
anchor slip element assembly wand radially expanding said
seal element assembly into set engagement against the
internal bore sidewall of a well casing, the improvement
comprising:

20 prop means disposed on said body mandrel and
engageable by said seal element aééembly; said prop means
having a seal elemégp~5%op surface which is radially
offset with respect.;o;the seal element support surface of
said body mandrel;

25 said seal element assembly including first and

second longitudinally compressible, radially expandable

This Sheet Has Been Reﬂlaced




seal el enent assenb 30 nounted on the packer body nandrel is expanded
agai nst nu Hﬁn 4 for providing a fluid tight seal between the
packer casing so that fornmation pressure is held in

the wel I bore beIOM/the seal assenbly and formation fluids are forced into
t he bore of- the packer to flow to the surface through the production
tubing string 26. The packer 1Qy4s run into the well bore and
set by either a mechanical running tool or by hydraulic means.

outside seal elements, and a third seal element disposed

intermediate the first and second outside seal elements;
and wherein the longitudinal dimensions of said sealing
elements and said prop surface are so selected that at
5 least the first outside seal element is compressed against

said seal element prop surface and the second ocoutside seal
element is compressed against said seal element support
surface when said seal element assembly is expanded into
sealing engagement against a well casing;

10 a cover sleeve mounted on said body mandrel for
longitudinal movement from an extended position in which
said prop surface is covered by said sleeve, to a
retracted position in which the seal, element prop surface
is uncovered; and |

15 . at least one shear pin releasably securing said
cover sleeve to said body mandrel at said extended

position.

41. A well packer as défined in claim 40, including
stop means disposed on said body mandrel adjacent said

20 prop surface, said cover sleeve being engageable against
said stop means at the limit of its travel to the

retracted position.

-
42. A well packer as defined in claim 41, said cover
sleeve having a tubular sidewall and an annular head

25 radially offset from said sidewall, said annular head

.being'disposed in slidable engagement with said seal

I‘hls Sheit Has Been R
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The anchor slip assenbly 28 are first set against the
wel | casing nsion of the seal elenent assenbly. The packer
i ncludes fo Gﬂlmmgml'j apparatus with a ratchet | ock assenbly which
mai nt ai ns -t after the nechanical setting force or
hydraulic setting pressure is renpved. The packer 10 is readily retrieved
~fromthe well. bore with the assistance of a retrieving tool and by a

strai ght upward 44 This is the

repl acenent sheet
element prop surface, and said cover sleeve head being

engageable against said stop means when said sleeve is

moved to the retracted position.

43. A well packer as defined in claim 41 or claim
5 42, wherein said stop means comprises an annular shoulder
formed on said body mandrel, said annular shoulder

projecting radially with respect to said prop surface.

44. A well packer as defined in any one of claims 40
-to 43, wherein said cover sleeve is intersected by a

10 longitudinal slot, and including a radially projecting
guide lug mounted on said body mandiél, said guide lug

being received within said slot.

45. A well packer constructed and arranged for use
and operation substantially as described herein with

15 reference to the accompanyinggdrawings.
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- 15 - pul I which is conducted through the balckers frandrel to-a " bFeisEt
assenbl'y 32 which pernits the upper slip to letract and the seal elenents

%’.relax thus freeing the packer for retrieyal to the surface. _

45

RETRIEVABLE WELL PACKER

ABSTRACT
A retrievable packer for service at high
temperatures and pressures has sealing provided by a seal
5 element prop surface (56) of larger diameter than the seél
element support surface (48) of a body mandrel (34). At |
least one element (30A) of a seal assembly (30) is
supported on the prop su}face and is subjected to a radial
squeeze in the set configuration, even though a lowermost
10 seal element (30C) may be subject to longitudinal
separation. The split level support arrangement'proéides
an annular pocket (62) into which the elements can be
retracted upon release of the packer, thereby providing
clearance for retrieval. In releasing the packer, a
15 retainer collar (68) is shifted away from a metal backup
shoe (64), thereby providing an annular pocket into which
the shoe is deflected, so that it does not obstruct the
drift clearance during retrieval. The seal element-
assembly is preloaded by a cover sleeve (50) which
20 réleases when a predetermined compression has been
achieved. The controlled preloading of the seal elements
assists movement of the elements to the 1argér diameter
prop surface, and the seal elements are fo:;ed to expand
into the annulus uniformly to prevent the formation of

25 uneven extrusion gaps.

(Fig. 1)
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Referring now'to Figs. 1-6, the anchor slip assenbly 28, the seal elenent
30 and rel ease assenbly 32 are nounted on a tubul ar body nmandrel 34 having
a cylindrical bore 36 defining a |ongitudinal production flow passage.
The | ower end of the packer body mandr el 34i is releasablir coupled to a

| ower production tubing string 38 by the ] Qpase assenbly 32. The | ower
tubing string 38 is continued below the paCcker within the well casing for

supporting a sand screefi,;<Spoté shed hipple, tail screen and
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sunp packer, for exanple. The central passage of the packer bore 36 as
wel |l as the polished bore, bottomsub bore, polished nipple, sand screen
and the like are concentric with and forma continuation of the tubul ar
bore of the upper tubing string 26. . In the preferred enbodi nent
descri bed herein, the packer 10 is set by hydraul i ¢ actuator assenbly 40
(Fig. 4) which includes force transmtting assenbly 42 for applying

setting forces tao- sl ip assenbly 28—andykeal ~eﬁeq82assenbly
© 30. The hydraulic factuat o fassenbly [
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40 is congentrically nounted about and onto the packer nandrel body 34
bet weeu the rel ease assenbly 32 and the anchor slip assenbly 28. The
setting forces are coupled to the anchor slip agssenbly by a | ower force
transmtting assenbly 44 and an upper force t®a §ﬁitting assenbly 46.
This is the replacenent sheet : :
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Referring nowto Fig. 2, the seal elenent assenbly 30

I's nounted directly onto an external support surface 48 of the packer
mandr.el body 34. The seal elenment assenbly 30 includes an upper outside

packi ng end

el enment 30A, a center packing el%ﬂ? 308 and a | ower outside

packi ng end el ement 30C. The upper-end seal
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el enent 39A‘+§ rel easably flxed agai nst axial upward novenent by
engagenent aga haﬂve 50. The cover sleeve 50 is novably

nount ed on the for |ongitudinal novenent from an extended
posi tion, in_mhich the cover sleeve engages the upper

out si de seal eI errent 30A, to a retracted positjon (Fig. 8) which permts

the seal elenent assenbly to travel upmard&i/égong the external surface of
t he packer mandrel body 34. The cover slee is releasably secured by

one or nore shear pins 52 to the body mandrel 34 at the
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- &
ext ended _,pog“'r\t”i dhiS§heeu!ﬁscBhenineile@gages t he upper outside seal elenment 30A

In this arrangeng | ement assenbly undergoes | ongitudi na
conpressi on by t
predeterm ned anount 0

transmtting assenbly 46 until a

ssion and exppasi on have been achi eved.
According to another inportant feature of d@? I nvention, inproved sealing
engagenent is provided by prop neans 54 which is nounted on the packer
body mandrel 34. In the preferred enbodi nent, the prop apparatus is a

o8
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r adi al | y-stdPped shoul der TWERDET—54 which is integrally formed with the
body mandrel , M‘hihSHeEteIapB&}?RTﬂcgcfice 56 being radially offset with respect
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'support sur-face 48. In thi.s arrangenent, the prg

prefera
surface
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RETRIEVABLE WELL PACKER

This invenfion relates to tcols and eguirment
for -completing subterranean wells, aﬁd in particular to
retrievable well packsrs for rgleasably seaiing the
_annﬁlus between a tubing string and the bore of the
surrounding well casing.-

In the course of treating and preparin
subterranean wells for production, a well packer is run
into the well on a2 work string or a production tubzng.
The purpose of the packer is to support production tubing
and other completion equipment such as a scrsen Adjacent
to a producing fcrmation and to seal the annulus between
the outside of the production tubing and thé inside ¢ the
well casing to blcck movement of fluids thr rough the
annulus past the packer location. The packer is provided
with.- anchor slips haviﬁg opppéed camming surfaces which
cooperate with complementary'oééosed wedging.surfaces( B
whereby the anchcr slips are radially extendible into
gripping engagement égainst the well casing bore in
response to relative axial movement of the wedging
surfaces. The packer a;so'carries annular seal elements
which are expandable radially into sealing engagement
against the bore of the well casing in response to axial
compression forces. Longitudinal movement of the packer
components which set the anchor slips and the sealing

elements may be produced either hydraulically or
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application of setting force through the force transmtting assenbly 46,
the radially offset prop surface 56 is injected under the upper outside
seal elenent 30A and also under the central seal el enent 30B, :
substantially as shown in Fig. 8 Preloading of the seal elenent assenbly
30 provided by the cover sleeve 50 supplies the initial radial novenent of
the seal elenents which make it easier to get the elenents up onto the
prop surface 56 w thout damaging the el egents; Radial deflection and
transition novenent of the seal elenents fromthe | ower '

mechanically.

After the packer has been set and sealed against
the well casing bore, it should maintain sealing
engagement upon removal of fhe hydraulic or mechanical
setting force. Moreover, it is essential that the packer
remain locked in its set and sealed conflgura tion while
withstanding hydraulic pressures applied externally or
internally from the formation and/or manipulation of the
tubing sfring and service tools without unsetting the
packer or interrupting the seal. This is made more
difficult in deep wells in which the packer and its
compﬁnents are subjected tc high downhole temperatures,
for example, as high as 600°F, and high downhole
pressures, for example, 5,000 psi. Moreover, the packer
should be able to withstand variatién of externally
applied hydraulic pressures at levels up to as much as
10,000 psi in both directions, and still be retrievable
after expésure for long periods, for example, from 10 to
15 years or more. After such long periods of extended
service under extreme pressure and temperature conditions,
it is desirable that the packer.be retrievable from the
well by appropriate manipulation of the tubing string to
cause the packer to be reléaséd and unsealed from the well
bore, with the anchor siips and seal elements being
retracted sufficiently;to avoid seizure-against well bore
restrictions that are smaller than the retracted seal
assembly, for example, at a makeup union, collar union,

nipple or the like.

i i v
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O D of the packer mandrel surface 48 to the upper O D of the prop surface
56 is assisted by an annular ranp nenber 58 which is disposed internediate
the mandrel 34 and the prop apparatus 54. The ranp nmenber 58.
has an external surface 60 which slopes transversely with respect to the
seal elenent support surface 48.and the seal elenent prop surface 56
Preferably, the slope angle as neasured fromthe seal” elenent support
surface 48 to the external surface 60 of

Currently, permanent packers are used for long-
term placement in high temperature, high pressure wells.
Conventional permanent packers are designed in such a way
that they beccme permanently fixed to the casing wall and
that helps in the sealing of the element package.

However, permanent packefé must be milled f&r removal.

One of the major prcblems involved in rémoving a permanent
packer is that.its element package normally has large |
metal backup rings or shoes that bridge the gap between
the packer and the casing and provide a support structure
for the seal element to keep it from extruding ocut into
the annulus. The problem with that érrangement is that
.fhe large metal backup shoes act like a set of slips and
will not release from the casing wall.

Present retrievable high pressure packers use
multiple C-ring backup shoes that are difficult to retract
when attempting to retrieve the packer. A further
limitation on the use of high pressure retrievable packers
of conventional design, for example, single slip packers,
is that if there is any slack in setting of the packer, or
any subsequent movement of the packer, some of the
compression. force on the e}ement package is relieved.

This reduces the total compréssion force exerted on the
seal elements between the mandrel and the casing,
therefore peimitting a leakage passage to develop across
the seal package.

Conventional high pressure retrievable packers

utilize backup shoes on the top and bottom seal elements.
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- 18 - the ranp nmenber 58 is in the range of from about 135[err] to about
165. The purpose of the ranp surface is to provide a gradual transition
to prevent danmage to the upper seal elenent 30A as it is deflected -onto
the radially offset prop surface 56. ' :
4
Consequently, it takes more force to set the seal element
package in such a packer because of the drag prcducéd by
the metal backup shoes. That is, during set engagement,
the slip carrier moves and the seal elements drag against
the.well casing bore until anchor slip bite against the
casing bore is achieved. It will be éppreci;ted that a
subétantially greater external setting force, either
hydraulic or mechanical, will be required to overcome the
drag imposed by the metal backup shoes on the top and
bottom elements.

The metal backup shoes which prevent extrusion
of the seal elements in permanent packers aléo interfere
with retrievability. That is, during compression of the
seal elements ih a pefmanent packer, the seal elements are
compressed longitudinally, with the compressed séal
material f£illing the annulus'between'the mandrel and the
casing wall and the backup shoes preventing extrusion of
the seal elements out of the established compression zone.
In such permanent packers, the seal elements are removed
by milling, since the seal elements and backup shoes'
cannot be fully retracfed within the drift dimension.
Consequently, the radially projecting seal elements drag
against the casing bore,jané'the backup shoes act scmewhat
like anchor slips as-thgy bite into the well casing.

According to-one aspect of the present -
invention, there is provided a well packer having a
tubular body mandrel, an anchor slip assembly, a seal

element assembly movably mounted for longitudinal travel

\
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Referring to Fig. 22, a transitional radius Rl is provided between the
packer mandrel surface 48 and the sloping ranp surface 60, and a second
radius R2 is provided between the ranp surface 60 and the radially offset
prop surface 56. The two radius surfaces R,R2 conplenent each other so
that there is a snooth novenent of the upper end el enent seal 30A fromthe
packer mandrel surface 48 to the radially_offset prop surface 56 w thout
damage to the seal element material. . For 3 sl ope angle A of 135 a

relatively small, radiug of L{gRSi{! sq;buﬁl.-togurface, and force

transmitting means coupled to the anchor slip assembly and
to the seal element assembiy for radially extending the
anchor slip éssembly_and radiélly expanding the seal
-element assembly into set engagement against the internal
bore sidewall of a well casing. _Sealing caﬁébilities are
enhanéed by prop means disposed on the packer body mandrel
which is engageakbie by the seal element assembly. The
prop means may comprise a seal element prop surface which
is radialiy offset with respect to the seal element
support surface of the body mandrel. -In this split level
seal supportﬁéfféﬁéeﬁent, at least one of the seal
elements rides on the elevated prop'surface and is
subjected to a radial squeeze coﬁpression force in the set
configuration, even though the lowermost outside seal.
element may be-spbject to longitudinal separation as a
result of internal slack during setting, or as a result of
externally applied pressure fluctuations. Moreover, the
split level seal element support arrangement provides an
annular pocket into which the seal elements are retracted
upon release and retrieval of the packer, théreby
providing cléarance for unobstructed retrieval.

According to another aspect of the present
invention, a lower cutSide seal element of a well.packer
seal element assembly-is reinforced with a metal backup
shoe which defines a.rédial bridge between the body
mandrel and the well casing when the seal element assembly

is expanded into engagement against the internal bore
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.06 inch (1.5m radi us S provi ded, "and the second,

relatlvely | ar ge radi us I S approxi mately 0.5 I nch (12. 7mm

r adi us. According to this arrangenent, a gently sloping ranp surface 60
provi des an easy transition for the prel oaded upper end seal elenment 30A
to be deflected onto the radially offi'set prop surface 56. As the slope
angle is increased, it becones nore inportant to radius the corners of the
transition, and the specific radius values are deternined based primarily
on the size of the packer. Referring nowto Figs. 7, 8 and 9,
t he sidewall of the well casing. The force transmitting means

which applies the setting force to-the seal element
assembly include an annular setting sleeve, an element
retainer collar, and stop apparatus coupled to the setting
sleeve and the retainer collar for limiting e;ténsion of
the element retainer collar relative to the setting
sleeve. According to this arrangément, upon release of
the packer, the retainer.collar-is shifted away from the
metal backup shoe,ltherebj providing'an annular pocket
into which the metal backup shoe is folded as the packer
is retrieved. This is, the metal backup shoe is deflected
out of the annulus betwéen the packer and the well casing,
and into the receiver podket so tha%‘it does not obstruct
the drift clearance as the packer is retriéved.-

Des;rably, the packer comprlses setting
apparatus for centering the seal element assembly within
the well casing during the setting operation, thereby
providing uniform compressioninnd-expansion of thé seal
elements in the annulus between the packer mandrel and
well casing, thus avoiding the formation of uneven
extrusion gaps.

According to yet another.aspect of the present
invention, an annular garter ébring assembly is embedded
within the upper outside seal element for preventing
extiusion during setting. Additionally, the annular
garter spring assembly helps to center the seal assembly

for uniform compression and expansion, thereby avoiding 

the formation of uneven extrusion gaps. In the preferred
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| ongi t udi nal di mensions of the sealing el enents 30A 30B and 30C, and the
| ength of the prop surface 56 are so selected that the upper outside end
seal el ement 30A and _ : : - 19 -

7
embodiment, the garter spring assembly includes a helical
wound coil which is f£illed with deformation resistant
reinforcing material, for example, a second helical wound
coil, spherical balls or elongated pellets.

According to a further aspect of the present
invention, the packer comprises a seél elemént assembly
including a plurality of longitudinally compressible,
radially expandable seal elements, with one of the seal
elements being compressed against the seal element support
surface of the packer mandrel, and one of the seal
elements being compressed against a seal element prop
surface when the seal element assembly is expanded into
sealing engagement against a well casing. In the
preferred embodiment, the seal element assembly includes a
central seal element, an upper outside seal element, and 5
lower outside seal element. The longitudinal dimensions
of the seal elements and the prop surface are selected so
that the upper outside seal element and central seal
element are comprassed against'the seal element prop
éurface, and the lower outside seal element is compressed
against the seal element support surface of the packer
mandrel when the seal element assembly is expanded into
sealing engagement against a.well casing. According to
this arrangement, radial compression of the upper outside
seal element and central seal element, which are
compressed against the prop surface, will be maintainea at
all times, even though the lowermost seal element may be

subject to separation because of internal slack or
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the central seal elenent 30B are conpressed agai nst the seal eleneht prop
surface 56 and the |ower outside seal elenent 30C is conpressed agai nst
t he body mandrel support surface 48 when the seal elenment assenbly is
expanded into sealing engagenent against a well casing, ‘as shown in Fig.
8. In this split |level seal support arrangenent, at |east one
of the seal elenents, the upper end seal elenent 30A, is supported on the
el evated prop surface 56 and is subjectedto a radial squeeze conpression
force in the set . '

externally applied pressure fluctuations. That is, the

upper outside seal e;ement which is supported by the prop

surface has a constant squeeze force exerted on it at all

times regafdless oz hbw much force may be exerted on the

lowermost outside end element.

According to yet a further aspect of the -

invention, a cover sleeve is movably mounted on a body

mandrei of the packer for longitudinal movement from an

extended position in which a seal element prop surface is

covered by the sleeve, to a retracted position in which

the prop surface is uncovered. The cover sleeve is

releasably secured to the body mandrel at the ekfended

position in which it engages an upper outside seal element

of a seal element assembly. According to this

arrangement, the seal elemeﬁt assembly undergoes

longitudinal compression by the force transmitting means

until a predetermined amount of compression and expansion

have been achieved. At that point, the cover sleeve is

released from the mandrel and the prop surface is injected

under the upper ocutside seal element and a central seal

-element. Preloading of the seal element.package provided

bf the cover sleeve can supply the initial radial movemént

of the seal elemeﬁts which make it easier to get the

elements up onto the pfop surfacé without damaging the

eleménts. A further éavantage is that by preloading the

_seal elements on the packer mandrel, and then moving the

elements from the lower 0.D of the packer mandrel to the

upper 0.D of the prop, the seal elements are forced to
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configuration, even though the |owernost outside seal elenment 30C may be
subject to longitudinal. separation as a result of internal slack during
setting, or as a result of externally applied pressure fluctuations.

Anot her advantage of the split |level seal elenent support arrangenent is
that the radially reduced support surface 48 of the packer nandrel
provides an annul ar pocket 62 (Fig. 9) intp which the seal elements are
retracted upon rel ease and retrieval of the packer.

expand into the znnulus uniformly and the formation of
uneven extrusion gaps is avoided.

By the use of the present invention it is
possible to provide a retrievable packer, either
hydraulically set or mechanically set, which will hold up
to abbut 10,000 psi preésuré differeﬁtial iﬁ both
directions across its seals at elevated temperatures, for
‘example, from about 200°F to about 400°F, and which will
remain retrievable at the end of a long service period,
for example, 10-15 years.

It is similarly possible to provide a
retrievable packer of the character described, which will
hold up to about lO,dOO psi pressure differential in both
directions across its seals at relatively low
temperatures, for example, from about 140°F to about
200°F.

Furthermore, the pécker can be so arranged-that
a reliable seal is maintaiﬁed under high temperature and
high preésure conditions for long service periods, where
the lower outside element of é seal element assembly is
subjected to high differential pressure fluctuations which
may cause it to move relative to other seal elements of
the assembly. -.

Advantaggous;y, the packer can be arranged to
continue to hold preséure'when the well is treated by
pumping fluid into it, for example, during fracturing or
other forms of stimulation that would result in cooling

the packer due tc pumping cold fluids through it, with the
—
‘hi - I
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That is, upon rel ease, the seal elenments 30A 30B are pushed off of the
prop surface 56 and slide onto the |ower nmandrel seal support surface 48
within the annul ar pocket 62. Thus the seal elements are permitted to
expand |ongitudinalry through the annul ar- pocket 62, and-away fromthe

drift clearance thereby permtting unobstructed retrieval. As
shown in Fig. 2 and Fig. 7, the upper outside seal elenment 30A has a
substantially shorter |ongitudinal 10 :

packer still being able to hold the pressure. Similarly,
it is possible to arrzange that a reliable seal is |
maintained between the pédker mandrel and the weLl casing,
in spite of any component slaék encountered during the
sefting of the packer, or any subsequent movement of the
packer mandrel, for example, because of_preséﬁre
differential variations, which tend to relieve the
ccmpression forces applied to the seal element package in
the set position.

The invention will be described in more detail
by way of example, with reference to the accompanying
drawings, in which:

Fig. 1 is.a longitudinal view in elevation and
section of a retrievable well packer embodying the
- features of the present invention set in the casing of a
well bore to provide z releasable seal with the casing |
wall and a tubing string extending to the packer;

Figs. 2 to 6, inclusive and taken togethef, form
a longztudlnal view in section of the retrievable well
packer and seal assembly of the invention show1ng the seal
assembly relaxed and the packer slips retracted as the
packer is run into a well bore:;

Fig. 7 is a longitbdinal view in quarter section
of a well packer showing the relaxed position of seal
elements in the run positiqn;

Fig. 8 is a view similar to Fig. 7:showing the
compressed, expanded position of the seal elemeﬁts in the

set position;
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di mensi on than the central seal elenent 30B and the | ower out si de sea

el ement 30C. The | ongitudinal dinension of the prop surface 56 is

sel ected so that both the upper '

11

Fig. 9 is a view similar to Fig. 7 showing the
seai elements in the relaxed, released position:

Fig. 10 is a longitudinal view in quarter
section of a well packer constructed according to the

.presenf invention showing the relationship of the seal
elements, force transmitting apparatﬁé and anchor slips in
the.run.position:

- Fig. 11 is a longitudinal view in quarter
section, similar to Fig. 10, showing the relative position
of the seal elements, force transmitting apparatus and
anchor slips iﬁ the set position:;

Fig. 12 is a longitudinal view.ih quarter
section of a well packer showing the relative positions of
+the seal elements, force transﬁitting apparatus and slip
elements in thé raleased positidn;

- Fig. 13 is a cross-section view of the improved
seal element of the present invention, taken along the
line 13-13 of Fig. 2, showing1a single coil of reinforcing
wire in the outside upper'elemént, with reiﬁforcement
means enclosed within the coii;'

Fig. 14 is a sectional view similar to Fig. 13,
and partially broken away, showing spherical reinforcement
balls enclosed within the éore of.a dual reinforcement
spring;

Fig. 15 i5 a view similar to Fig. 14 in which
the deformation resistant reinforcing material is
elongated pellets having radiused end portions:

Fig. 16 is a view similar to Fig. 15 in which

i e—
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outside seal element 30A is fully supported and the central seal. el enent
30B is at least partially supported on the radially offset prop surface
56 in the set,. expanded position, as shown in Fig. 8 Even though the-

| ower outside seal element 30C and the central seal - elenment 30B may be
subj ected to | ongitudi nal excursions as a result of pressure

fluctuations, the sealing engagenent of -t he upper outside seal el enent
30A is maintained at all tinmes. 12

the elongated pellets have truncated end portions;

Fig. 17 is an elevational view of the top wedge
femoved from the packer mandrel:

Fig. 18 is a top plan view of the.top wedge
removed from the packer_mandrel; _

.Fig. 19 is a sectional view of a segmented lock
ring assembly taken aloﬁg the lines 19-19 of Fig. 4:

Fig. 20 is a sectional view of the slip carrier
and lower wedge assembly takeﬁ élong the line 20f20'of
Fig. 3:

Fig. 21 is a sectional view of a releasaple lock
ring assembly taken along the.lihe 21-21 of Fig. 5; and

Fig. 22 is a sectional viéw; partially broken
away, which illustrates the radially stepped seal element
support surfaces of the present invention.

In the descriptioﬁ which follows, like parts are
marked throughout the specification and drawings with the
same reference numerals, reSpéétively. The drawings are
not necessarily to scale and the proportions of certain
parts have been exaggerated té‘better illustrate details
and features of the invention. As used herein, the
designation "S" refers to internal and external O-ring
seals and the designation "T"-refeis'to a threaded union.

Referringinéw”to Fig. 1, a well packer 10 is
shown in releasably set, sealed engagement agéinst the
bore 12 of a well casing 14. The tubular well casing 14
lines a well bore 16 which has been drilled through an oil

‘and gas producing formation, intersecting multiple layers
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The | ower outside seal elenent is reinforced with a metal backup shoe 64.
The netal backup shoe 64 provides a radial bridge between the body mandr el
34 and the well casing 14 when the seal elenment assenbly is expanded into
engagenent against the internal bore sidewall of the well casing, as shown
in Fig. 8 The purpose of the metal backup shoe 64 is to bridge the gap
bet ween the packer nmandrel and the casing and provide a support structure
for the | ower outside seal elenment 30C td3prevent it fromextruding into

t he annul us between the
of overburden 18,20 and 22, and then intersecting a

hydrocarbon producing formation 24. The mandrel of the
packer 10 is connected to a tubing string 26 leading to a
wellhead for conducting produced fluids from the
hydrocarbon bearing formation 24 to the surface. Tﬁe
lower end of the casing which interseﬁts thé.producing
formation is perforated to éliow well fluids such as oil
and gas to flow from the hydrocarbon beafing formation 24.
through the casing 14 into the well bore 12..

The packer 10 is releasably set and locked
against the casing 14 by an anchor slip assembly 28. A
seal element assembly 30 mounted on the packer body
mandrel is expanded against the well casing 14 for
prov;ding a fluid tight_éeal between the packer mandrel
and the well casing so that formation pressure is held in
the well bore below the seal assembly and formation fluids
are forced into the bore of the packer to flow to the
surface through the production tubing.strihg 26.

The packer 10 is run into the well bore'and set
by either a mechanical running tool or by hydraulic means.
The énchor slips of the anchor slip assembly 28 are first
set against the well casing followed by expansion of thel

-éeal element assembly. The packer includes forde
transmitting apparatus with a ratchet lock assembiy which
maintains the set condition after the mechanical setting
force or hydraulic setting pressure is removed. The
packer 10 is readily retfieved from the well bore with the

assistance of a retrieving tool and by a straight upward
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packer mandrel and the well casing. The di nensi ons of the seal
el ements and the prop surface O D are selected to provide a m ni num of 5%
reduction in radially conpressed thickness to a nmaxi mum of 30% r educt i on
in radially conpressed thickness as corrpared ‘with the | ower outside seal
el ement 30C when conpressed in
This is the replacenent sheet
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pull which is conducted through the packer mandrel to a
release assembly 32 which permits the upber slip to
retract and the seal elements to relax, thus freeing the
packer for retrieval to the surface.

Referriﬁg now to Figs. 1-6, the anchor slip
assembly 28, the seél'element 30 and releaseiassembly 32
are mdunted on a tubular body_méndrel 34 having a
cylindricai bore 36 defininé a longitudinal procduction
flow ﬁassage. The lower end of.the packer bddy méndrél 34
is releasably coupled to a lower production tubing string
38 by the release assembly 32. The iower tubing string 38
is continued below the packer within the well casing for
supporting a sand screen, polished fiipple, tail screen and
sump ﬁacker, for example. The.central passage of the
packer bore 36 as well as the polished bore, bottom sub
bore, polished nipple, sand screen and the like are
concentric with and form a continuation of the tubular
bore of the upper tubing string 26.

In. the preferred embodiment described herein,
the packer 10 is set by a hydraﬁlic actuator aséembly 40
(Fig. 4) which includés force transmittiné.asseﬁbly 42 foxr
applying setting forces to ?he ancho; slip assembly 28 and
seal element assembly 30. The hydraulic actuator assembly
40 is concentrically mounted about and onto the packer
mandrel body 34 betweeﬂ the release assembly 32 and the
anchor slip assembly 28.' The setting forces are coupled
to the anchor slip assembly by a lower force transmitting

assembly 44 and an upper force transmitting assembly 46.
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- 21 - the set position, for exanple as shown in Fig. 8. The
backup shoe 64 is preferably constructed in the formof annular netal
discs, with the inside disc being made of brass and the outer metal disc
bei ng made of Type 1018 mild steel. Both netal discs are nalleable and

15

Referring now to Fig. 2, the seal element
aésembly 30 is mounted directly onto an external support
surface 48 of the packer méndrel body 34. The sezal
eleﬁent assembly 30 includes an upper outside packing end
element 30A, a center packing element 30B and a lower
outside packing end element 30C. The uppe:~énd seal

B element 30A is releasably fixed against axial upward

movement by engagement.against a cover sleeve 56. The
cover sleeve 50 is mcvébly mounted on the body mahdrel.34
for longitudinal movement from an extended position, as
shown in Fig. 2, in which the cover sleeve engages the
upper outside seal element 30A, to a retracted position
(fig. 8) which permits the seal element assembly to travel
upwardly along the external surface of the packer mandrel
body 34. The cover sleeve 50 is releasably secured by one
or more shear pins 52 fo the body mandrel 34 at the .
extended position at which it engages the upper outside
seal element 30A. In this arrangement,'the seal element
assembly undergoes longitudinal compression by the upper
force transmitfiﬁg asseﬁbly:46 ﬁntil a predetermined
amount of compression and expansion have been achieved.

According to another imporfant feature of the
invention, improved sealing_engagement is provided by prop
méans 54 which is mounted on the packer body mandrel 34.
in the preferred eﬁquiment, the prop apparatus is a
radially stepped shoulder member 54 which is integrally
formed with the body mandrel, with the prop surface 56

being radially offset with respect. to the seal element
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ductile, which is necessary for a tight conformng fit about the |ower
edge of the outside end seal elerment 30C. Additionally, the ductile-
feature is desired to permt the backup shoe to deflect and fold over -as
shown in Fig. 9 in the rel eased position. ' The force
transmtting assenbly 46 which applies the setting force to the seal

el ement package includes a | ower elenenisretainer ring 66 nounted for

| ongi tudi nal sliding novenent along the Seal elenent support surface 48

of the packergaggustelsuzachnagl enBiteHi airk@hgenbhs] €% prop
apparatus 54 forms a part of the tubular body mandrel 34.
The seal element prop surface 56 is preferably
substantiélly cylindrical, and the seal element suppor<t
surface is also preferably substantially cylindrical. As
can be seen in Fig. 2, the seal elemeﬁt prprSurface 56 is
substantially concentric with the seal element support
surface 48.

As the shear pins separate in response to the -
application of setting force through the force
trahsmitting assembly 46, the radially offset prop surface
56 is injected under the upper outside seal element 30A
and also under the central seal elemént 30B, substantially
as shown in Fig. 8. Preicading of the seal element
assembly 30 provided by the cover sleeve 50 supplies the

~initial radial movement of the seal elements which make it
easier to get the elements up onto the prop surface 56
without damaging the elementg; Radial deflection and
transition movement of the seal elements from the lower
0.D of the packer mandrel surface 48 to the upper OD of
the prop surface 56 is assisted byran'annular ramp member
58 which is disposed intermediate the mandrel 34 and the

- prop apparatus 54. .

The ramp”méﬁbgr 58 has an external surface 60
which slopes transversely with respect to the seal element
support surface 48 and the seal element prop surface 56.
Prgferabiy, the slope angle as measured from the seal

element support surface 48 to the external surface 60 of
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i s movably nounted on the external surface of the retainer 'ring_66 for
| ongi tudi nal shifting novenent froma retracted position (Fig. 7) in which
the elenment retainer collar 68 and retainer ring 66 are engageabl e agai nst
. the backup shoe 64, to an extended position longitudinally spaced from
| the outer backup shoe (Fig. 9) in the released posi'tion. The
retainer ring 66 and el enent retainer collay 68 have mutually enageable
shoul der portions 66A, 68A,

+he ramp member 58 is in the range of from about 135° to

about 165°. The purpose of the ramp surface is to provide

a gradual transition to prevent damage to the upper seal

element 30A as it is deflected onto the radiallj offset

_ prop surface 56.

Referring to Fig. 22, a transitiorial radius R1
iS'provided between'the.packer mandrel surface 48 and the
sloping ramp surface 60, and a second radius R2 is
provided between the ramp surface 60 and the radizlly
offset prop surface 56. The two radius surfaces R1,R2
complement each other so that there is a smooth movement
of the upper end element seal 30A from the packer mandrel
surface 48 to the radially offset prop surface 56 without
damage to the seal element material. For a slope angle A
of 135°, a relatively small radius of transition Rl of
.06 inqh radius is provided, and the second, relatively
large radius is approximately 0.5 inch radius. According
to this arrangement, a gently. sloping ramp surface 60
provides an easy transition for the preloaded upper end
seal element 30A to be deflected onto the radially offset
prop surface 56. As the slope angle is increaséd, it
becomes more important to radius the corners of the
transition, and the specific radius valués are determined
based p;imarily on the- size of the packer.

Referring now to Figs. 7, 8 and 9, the
longitudinal dimensions of the sealing elements 30A,30B
and 30C, and the length of the prop surface 56 are so

sélected that the upper outside end seal element 30A and

\
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respectively, for limting extension of the ‘elenent retainer collar al ong
Ehe external surface of the retainer ring. Asplit ring 70 in received
Wi thin an annular slot 72 which intersects the external surface 48 of the

packer - 22 -
18
the central seal element 303 are compressed against the
seal element prop surface 56 and the lowér outside seai
element 30C is compressed against the body mandrel support
surface 48 when the seal element assembly is expanded into
sealing engagement against a well casing, as shown in Fig.
8. |
In this split level seal support arrangement, at
- least one of the seal elements, the.upper end seal element
' 3OA,Iis supported on the elevated prop surface Sé.and is
subjected to a radial squeezé compression force in the set
configuration, even though the lowermost outside seal
element 30C may be subject to longitudinal separation as a
result of internal slack during setting, or as a result of
externally applied pressure fluctuatibns.

Another advantage of the split level sezl
element support arrangemént is that the radially reduced
support surface 48 of the packer mandrel pﬁovides an
annular pocket 62 (Fig. 9) into which the seal elements
are retracted upon release and retrieval of the packer.
That is, upon release, the seal elements 30A,30B are .
pushed off of the prop sufféce 56 and slide onto the lower
mandrel seal support surface 48 within the annular pocket
62. Thus the sesal elements-are permitted to expand
longitudinally thrqugh %the annular pocket 62, and away
from the drift clearance thereby permitting unobstructed
retrieval.

As shown in Fig. 2 and Fig. 7, the upper outside

seal element 30A has a substantially shorter longitudinal
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mandrel 34. The split ring 70 limts retraction novenent of the |ower

el enent retainer ring 66, thus indirectly linmiting retraction noverment of
t he el enent retainer collar 68, as shown in Fig. 9. Accordi ng
to this arrangenent, during a rel ease operation, the shoul der 66A of the
retainer ring 66 engages the split ring 70 and prevents further retraction
movenent. The el ement retainer collar 68 dé&ntinues noving until its stop

shoul der 68A engages the stop shoul der 66A.
dimension than the central seal element 30B and the lower

outside seal element 30C. The longitudinal dimension of
the prop surface 56 is selected so that both the upper
ocutside seal element 3bA is fully supported and the
central seal element 30B is at least partially supported
on the radially offset prop surface 56 in the set,
expanded position, as shown in Fig. 8. Even though the
lower outside seal element 30C and the central seal
.element 30B may be subjected to longitudinal excursions as
a result of pressure fluctuations, the sealing engagement
of the upper outside seal element 30A is maintained at aill
times.

The lower outside seal element is reinforced
with a metal backup shoe 64. The metal backup shoe 64
provides a radial bridge between the body mandrel 34 and
the well casing 14 when the.seal element assembly is
expanded into engagement against the internal bore
sidewall of the well casing, as shown in Fig. 8. The
purpose of the metal backup shoe 64 is to bridge the gap
between the packer mandrel and the casing and provide a
support structure for the lower outside seal element 30C
to prevent it from extruding into the annulus between the
packer mandrel and the wgll gasing.

The dimensions of the seal elements and the prop
surface 0.D are éeléttgd to provide a minimum of S%l
reduction in radially compressed thickness to a maximum of
30% reduction in radially compressed thickness as compared

with the lower outside seal element 30C when compressed in
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Thi s opens an annul ar pocket 74 into which the netal backup shoe 64 is
folded (Fig. 9) as the packer is retrieved. Upon rel ease of the packer,
the retainer collar 68 is shifted away fromthe nttal backup shoe, thus
openi ng the annul ar pocket. 74. The netal backup shoe 64 is then deflected
out of the annulus between the packer and the well casing, and into the

receiver pocket 74 so that it wll not obstruct the drift clearance as the
packer 10 is retrieved. Referr2®g again to Figs. 2-6, the
hydraul i c

the set position, for example as shown in Fig. 8.

The backup shoe 64 is preferably censtructed in
the-form of anmnular metal discs, with the inside disc
being made of brass and the outér metal disc being made of
TYpe 1018 mild steel. Both metal discs are malleable and
ductile, which is-neéessary for a tight confsrming £fit
about the lower edge of the outside end seal element 30C.
Additionally, the ductile feéture is desired to permit the

_ baékup shoe to deflect and fold over as shown in Fig. 9 in
the released position.

The forcs tranémitting assembly 46 which applies
the setting force to the sgal element package inéludes a
lower element retainer ring 66 mounted for lcngitudinal
sliding movement along the seal element suppcrt surface 48
of the packer mandrel 34. An element retainer collar 68
is movably mounted on the external surface of the retainer
ring 66 for longitudinal Shiftin§ movement from a
retracted position (Fig. 7) in which the element retainer
éollar 68 and retainer ring 66 are engageable against the
backup shoe 64, to an extended position longitudinally
spaced from the outer backup shoe (Fig. 95 in the released
position. |

The retainer ring 66 and element retainer collar
68 have mntually engagedble shoulder portions 664,683,
respéctively, for limiting extension of the element
retainer collar along the external surface of the retainer
ring. A split ring 70 is received within an annular slot

72 which intersects the external surface 48 of the packer
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actuator assenbly 40 is coupled to the force transmtting assenbly 42 for
radially extending the anchor slip assenbly 28 and seal el enent assenbly
30 into set engagenent against the well bore. Referring to Fig. 4, the.

- hydraulic actuator includes a tubular piston 76 which carries annul ar
seals S for sealing engagenent against the external surface of the packer
mandrel 34. The piston 76 is also slidably, sealed against the inside bore
of a tubular release sub 78. Hydraulic pressure is applied

mandrel 34. The split ring 70 limits retraction movement
of the lower element retainer ring 66, thus indirectly
limiting retraction movement of the element retainef
collar 68, as shcwn in Fig. 9.

According to ﬁhis'arrangement, during a release
operation, the shoulder 66A of the refainer finé 66
engages the split ring 70 and prevents further retraction
‘movement. The element retainer collar 68 continues moving
until its stop shoulder 68A engages the stop shoulder 66A.
This opens an annular pocket 74 into which the metal
backup shoe 64 is folded (Fig. 9) as the packeg is
retrieved. Upon release of the packer, the retainer
collar 68 is shifted away from the ‘metal backup shoe, thus
opening the aenular pocket 74. The metal backup shoe 64
is then deflecteé out of the ahnulus between the packer
and the well casing, and into the receiver pocket 74 so
that it will not obstruct the drift clearance as the
packer 10 is retrieved. |

Referring again to Figs. 2-6, the hydraulic
-actuator assembly 40 is coupled to the force transmitting
assembly 42 for radially extending the anchor slip -
assembly 28 and seal element assembly 30 into set
engagement against the well bore. Referring to Fig. 4,
the hydraulic actuator . includes a tubular piston 76 which
carries annular seals-S for sealing engagement against the
external surface of the pecker mandrel 34. The piston 76
is also slidably sealed against the inside bore of a

tubular release sub 78. Hydraulic pressure.is applied
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- 23 - through an inlet port P mhich.pressurizes an annul ar chamber 80
As the chanber is pressurized, the piston 76 is driven into engagenent
wth a slip tube 82 which is slidably nmounted about the packer body
mandrel 34. The :
22

through an inlet port P which pressurizes an annular

chamber 80. As the chamber is pressurized, the piston 76

is driven into engagement with a slip tube 82 which is

slidably mounted about the packer body mandrel 34. The

slip tube 82 is releasably coupled to the release sub 78

by a shear screw 84 and lock ring 86, A paif of annular

slots are formed in the surfazce of the slip tube 82, and

as the shear screw B4 separates, shoulder portions of the

lock ring 86 are feceivéd within the annular slots,

thereby transmitting the setting force to the lower

“tubular wedge 88.

Referring again to Fig. 3, the lower tubular
wedge is connected to a lower spreader cone 90 which is
positioned between the packer mandrel external surface and
the internal bore of the slip carrier 92. The lower
spreader cone 90 is formed in two complementary half
sections 90A,90B.
| " The slip anchor assembly 28 includes a plurality
of slip anchors.ZBA which are mounted for radial movement
through windows 94 formed in the tubular slip carrier 92.
While the number of anchor-slips.ZBA may be varied, the
tubular slip carrier 92 is provided within an appropriate
corresponding number of windows 94, with four anchor slips
being preferred. Each of the anchor slips includes upper
and lower gripping surfaces positioned. to extend radially
through the slip carrier windows with the wall of the slip
carrier between the pairéd windows confining a leaf spring

which resides in a recess of the anchor slip'assembly.
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slip tube 82 is releasably coupled to the rel ease sub 78 by a shear screw
84 and lock ring 86. A pair of annular stots are forned in the surface. of
the slip tube 82, and as the shear screw 84 separates, shoul der portions
of the lock ring 86 are received within the annular slots, thereby
transmtting the setting force to the | ower tubular wedge 88.
Referring again to Fig. 3, the lower tubulgg wedge is connected to a | ower
spreader cone 90 which is

The leaf spring- biases the anchor sllps radially inwardly

relative to the wall of the slip carrier 92, thereby
maintaining the gripping surfaces retracted in the absence
of forces displacing the anchor slips radially oﬁtwardly.

. Each of the gfipping surfaces has horizontally oriented
gripping edges which provide gripping contact in each
direction of longitudinal movement of the packer 10. The
gripping surfaces including the horizontal gripping edges,
are radially curved to conform with the cylindrical
internal surface of the well casing bore against which the
slip anchor members are engaged in the set position. |

The loﬁer spreader cone 90 is positioned between
thé'external packer mandrel surface and the lowef bore of
the slip carrier and features an upwardly facing frusto-
conical wedging surface which is generally complementary
to the downwardly facing cam surface on the slip member
28a. The lower cone is connected to the tubﬁlar wedge 88
by a threaded unicn T. Retrggtion movement of the lower
tubular wedge 88 is limited byﬁthe ratchet coupling 96.
In the run in position as illustrated in Fig. 3, the
tubular bottom wedge 88 and spreader cone 90 are fully
retracted, and are blocked against further downward
movement relative to the slip carrier by the stop ring
assembly 96. |

The slip ¢arrier is releasably coupled to the
spreader cone 90 by anti-preset shear screws. Ad;ording
to this arrangement, as the piston 76 is extended in

response'to pressurization through the port P, the lower
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positioned between the packer nmandrel external surface and the internal
bpre,of the slip carrier 92. The lower spreader cone 90 is forned in two
conpl ementary half sections 90A, 90B. ' The slip anchor assenbly
28 includes a plurality of slip anchors 28A which are nmounted for radial
movenment through windows 94 formed in the tubular slip carrier 92. Wile
t he nunber of anchor slips 28A may be varjed, the tubular slip carrier 92
is provided within an appropriate corresﬁﬁnding nunber of w ndows 94; with

four anchor slips . -
wgdge 88 and slip carrier, together with the anchor slir

assembly is extended upwardly toward the seal element
assembly 30. The element retainer collar 68 is coupled to
the upper wedge 98 and.upper spreader cone 100 by a
tubular setting cylinder 102.

As the elemenﬁ retainer coliar 68'is driven into
engagement with the backup shoe 64, the resilient seal
elements 30A,30B and 30C undergo longitudinal compression
until a predetermined amount of radial expansion.has been
p:oduced. Longitudinal movement of the seal element |
assembly 30 is opposed by the cover sleewve 50 until the
shear pins 52 separate. When a predetermined amount of
compression and expansion have beenféchieved, the shear
pins separate and the upper outside seal elemeqt is
deflected alcng fhe sloping surface 60 of the transition
member 58 and rides upoﬁ the radially offset prop surface
56. The seal element assembly 30 undergoes further
compression and expansion as the head 50H of the cover
sleeve 50 engagés a'radialiy offset shoulder 104 on the
padker mandrel.

As the seal elements continue to expand into
engagement with the wgli c;;ing 14, the top portion of the
anchor slips will ride up on'the upper spreader cone and
drag against the well casing, thereby causing the anti-
preset pins on the slip housing 92 to separate. At that
point, the lower spreader cone 90 is driven into
engagement with the anchor slips. The anchor slips are

then driven radially into gripping engagement with the
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bei ng preferred. Each of the anchor slips includes upper “and | ower
gripping surfaces positioned to extend radially through the slip carrier
wi ndows with the wall of the slip carrier between the paired w ndows
confining a | eaf spring which re3|des in a recess of the anchor ‘slip

assenbl y.
25

well casing. Continued pressuring cinches the elements
tighter and thé set is retained by the segmented C-ring
146. |

The relative positions of the anchor slips and |
seal elements in the run, set and rglease positions are
indicated in Figs. 10, 11 and 12, respectively. The
radially offset prop surface 56 is protected, and the seal
elements 30 are shielded from engagement against
obstructing surfaces by the cover sleeve S50 in the run
poéition._ The cover sleeve thus protects the seal element
package when running into_the well bére as the tubing
string 26 is manipulated up and down, which is normally
carried out while making up and breaking tubing string
connections. The cover sleeve.so also protects the
element package, as shown in Fig. 12, when the packer has
been released and is being retrieved from the well.

As shown in Fig. 11, the backup shoe 64 bridges
- the annulus between the packer ﬁandrel 34 and the well
casing 14. The primary purpssé of the backup shoe 64 is
to prevent extrusion of the lower outer seal element 30C
into the annulus. The backup shoe 64 is deflected and
retracted into the receiver pocket 74 as shown in Fig. 12
as the packer is retrieved. . Because of the tendency of -
the backup shoe to act as an anchor slip, a garter spring
~assembly 106 is embédded in the upper outside seal element
30a fo prevent extrusion intc the annulus. The annular
garter spring assembly 106 helps to centre the seal -

element assembly 30 for uniform compression and expansion,
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- 24 - The | eaf spring biases the anchor slips radially inwardly

relative to the wall of the slip carrier 92, thereby maintaining the
gripping surfaces retracted in the absence of forces di spl aci ng the anchor
slips radially outwardly. Each of the gripping surfaces has horizontally
oriented gripping edges which provide gripping contact in each direction
of | ongitudi nal -novenent of the packer 10. The gri pping surfaces including
t he horizontal gripping edges, 26

thereby avoiding the formation of uneven extrusion géps.

To provide reliable service at high differential
preséure levels, for example, at 10,000 psi, it.was
Aecessary to provide a reinforced garter spring assembly
106 as shown ih Fig. 13, and in the a;ternative
embodiments as shown in Figs. 14, 15 and 16. The failure
mode of a non-reinforced end seal element is extrusion of
the element past the containment means provided by the
packer-body. Adding é conventional garfer,spring,
reinforcés the seal element and prevents extrusion until
the garter spring collapses and moves into the gap. The
.seal element is then free to extrude into the gap behind
the failed portion of the garter springQ

It has been determined that a substantially
improved garter spring assembly 106 can be achieved by
enclosing a deformation resiétant reinforﬁing material 108
withiﬁ the garter spring. Referring to Fig. 13, the
garter spring is formed by a'éingle metal wire which is
wound in a helical coil 110 which is embedded within the
seal element 30A near the outside corner. That is, the
deformation resistant reinforcing material 108.is
completely enclosed within the helical turns of the garter
spripg coil 110. .

According. to one effective arrangement, the
deformation resistant reinforcing material is enclosed
within a second helical wound coil 112, which is enclosed
within the outer garter spring coil 110, as shown in Fig..

14. Adding one or more concentric gafter springs to the
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are radially curved to conformwi th the cylindrical internal surface of
the well casing bore against which the slip anchor nenbers are engaged in
the set position. The | ower spreader cone 90 is positioned
between the external packer mandrel surface and the | ower bore of the
slip carrier and features an upwardly facing frusto- conical wedging

surface which is generally conpl enentary the downwardly facing cam
surface on the slip nmenber 28A. The | ower ‘cone is connected to the tubular
wedge 88 inside of the primary garter spring 110 reinforces the

assembly and increases the pressure at which the pécker_
element fails. However, more than two concentric coils
are difficult to deploy. The ‘unsupported inside dlameter
of the smaller garter spring 112 allows the garter spring
combination to ccllapse and failure will occﬁr, but at a
proportionally higher pressure.

Further reinforcement is provided, as shown in

| Fig. 14, by spherical balls 114. According to cne
alternative embodiment, the deformation resistant
reinforcing material is in the form of elongated pellets
116; as shown in Fig. 15. In that embodiment, the pellets
116 preferably have radiused end pqrtions 116A. Yet
another reinforcement embodiment is shown in Fig; 16, in
which the elongated pellets 116 have txruncated end
portions 116B. The length of the peilets 116 is
'preferably in the range of frcm-about 2 to about 3 times
the cross sectional diameter_of the pellets. Preferably,
the cross sectional diameter.of the pellets 116 and the
balls 114 is slightly less than the inside diameter of the
innermost garter spring 112.

The reinforcing material 108, whether it be in
the form of the spherical Salls 114 or the pellets-lls, is
preferably constructéd[of a deformation resistant material
such as poly-ether-ketone polymer, ceramic or a metal such
as tungsten carbide._ |

Referring to Figs. 4, S5 and 6, the seal assembly

30 is removed with the tubing string prior to releasing
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by a threaded union T. Retraction novenent of the |ower

is limted by the ratchet coupling 96. .In the run in position as
Fllustrated in Fig. 3, the tubular bottom wedge 88 and spreader cone 90
are fully retracted, and are bl ocked agai nst further downward novenent
relative to the slip carrier by the stop ring assenbly 96.

slip carrier

in

t ubul ar wedge 88

The

is releasably coupled to the spreader cone 90 by anti - preset
shear screws. According to this arrangéﬂ%nt, as the piston 76 is extended

the packer. A retrieving tool is attached to the work
string and run to depth. The retrieving tool is latched
into the latch profile located on the upper end of the
packer 10. .Upward pull_on'thé ret:ieving tool causes lugs
on the retrieving tool to engage a shifting sleeve 117 in
the packer. ~Further upward pull shears the.éhear screws
119 on the shifting sleeve 117 éllowing the release sleeve
to move up aligning the recess 120 in the shifting sleeve
117 with the lock ring 118. The lock ring 118 is then .
free to disengage the mandrel 34. Continued upward pull
shears screws 119 in the retrieving tool allowing the dogs
to retract. Continued upward pull is transferred to the
packer through the packer mandrel 34. The upper split

ring 70 shoulders on the retainer ring 66. Its shoulder

66A shoulders on the retainer shoulder 68A, thereby

opening the pocket 74 for the shoe 64 to retract.

Continued upward pull draws the upper wedge 98 out from '
under the top portion of ;he slip 28H., The upper wedge
picks up the slip carrier 92. The slip carrier 92 then
pulls the slip froﬁ the lower. wedge 90.

Pressure loading is applied to the tubular
column presented by the lower tubular wedge 88 when
pressuring from below. To prevent’buckling collapse of
the loweﬁ tubular wedge 88, it is desirable to provide
radial support along its length. This is accomplished by
a split support assembly 134 consisting of a split support
ring 136, which is split into three segments, and an

internal slip assembly 138. The lower tubular wedge 88

[
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response to pressurization through the port P, the |ower
-:25 - - wedge 88 and slip carrier, together wwth the anchor slip
assenbly is extended upwardly toward the seal elenent :
29
has a tubular; reducéd diameter extension 88A which rides
on a tubular 140, whiéh is concentrically mounted on the
packer mandrel 34. The column loading is relieved by the
support assembly 134, with the load forces being conducted
through the split ring assembly 136 through fhe release
sub 78, through a threaded.union T to the cylindrical
housing 132 to the bottom connector sub 126. The lower
tubular wedge extension 88A has helical threads 142 which
bear against non-helical threads 144 carried by a é-ring
146. The C-ring 146 has ratchet threads which mate with
ratchet thread$ formed on the iﬁside bore of the internal
slip assembiy 138.
| The load carrying capability of the anchor slips
28A is increased by increasihg the cross sectional area of
engagement between the slips and the upper spreader cone
100. Referring to Fig. 17 and Fig. 18, this is carried
out by flaf surfaces 146,148,150 and 152 which are
machined externally on the_sgreader cone. That is, the
load forCes are transmitted fo the slips across the flat
surfaces and onto the sloping face of the ancho: slips
rather than on the conical diameter of the slip ahd cone.
If contact was on the conical diameter 6f the slip and
cone as found in conventioﬁa} packers, the load forces
would be transmitted by contact of the slips against the
cone. Full force'fiansmitting contact is provided by such
‘conventional packers only at one diameter. However, by
transmitting the forces through the flats on the surface
_ of the cone and mating flats on the slips, the contact
-
Sheet Has Been Re laced 'I

BT — RIS ——

1 4 MAR 1997

Dﬁe:



assenbly 30. The elenent retainer collar 68 is coupled to the upper wedge
98 and upper spreader cone 100 by a tubular setting cylinder 102.

As the elenment retainer collar 68 is driven into engagenent with the
backup shoe 64, the resilient seal elenents 30A 30B and 30C undergo

| ongi tudi nal conpression until a predeterm ned anount of tadial expansion
has been produced. Longitudinal novenent of the seal elenent assenbly 30
i s opposed by the cover sleeve 50 until t8@ : '

area is substantizlly increased.. Moreover, in addition to
providing increased load capability, the flats also
improve the centralizing capability.

While certain preferred embodiments of the
inventieon have been set forth for purposes of disclosure,
modification of the disclosed embodiménts of'fhe iﬁvention
as well as other embodiments thereof may occur to those
ékilled.in'the art. Accordingly, the appended claims are
intended to cover all embodiments of the invention and
modifications to the disclosed embodiments which do not

depart from the scope of the invention.
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shear pins 52 separate. When a predeterm ned anount of conpression and
expansi orThisSheet Hes Been®eplaiceyed, the shear pins separate and the upper

outside s I defl ected al ong the sloping surface 60 of the
transitio
el emen

d rides upon the radially offset prop surface 56.
The seal asse y 30 undergoes further conpression and expansion
as the head 50H of the cover sleeve 50 engﬂges a radially offset shoul der
104 on the packer mandrel . As e seal elenents continue to
expand into :

CLAIMS

1. A well packer having a tubular body mandrél, an
anchor slip assembly, a seal_element assembly movably
mounted for longitudinal travel along a seal element
support surface of ‘said body mandrel; and force
transmitting means coupled to said@ anchor slip assembly
and said seal element assembly for radially extending said
anchor slip element assémbly and radially expanding said
seal element assembly into set engagement against the
internal bore sidewall of a well casing, prop means
diéposed on said body mandrel and engageable by said seal
element assembly,.éaid prop means having a seal element
prop surface which is radially offset with respect to the.

seal element support surface of said body mandrel.

2. A well packer as defined in claim 1,.whefein
said prop means comprises a radially stepped shoulder
member which is 'intégrally forﬁed ﬁith said body mandrel,
said prop surface being defined'by the external surface of

said shoulder member.

3. A well packer as defined in claim 1, wherein
said prop means comprises a tubular body member, said seal
élement prop surface being defined by the external surface
qf said tubular body member.

b
&

4. Agﬁgll packer as defined in any one of claims 1
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gagement with the wel | ca5|n he top portion of the anchor slips
vm II ride uﬁ‘“ﬂlﬂ“ﬁl mlll nl eader cone and drag against the well casing,
thereby cau eset pins on the slip housing 92 to separat-e,

At that point %he | Ower spreader cone 90 is driven into engagenent wth
t he anchor sllps The anchor slips are then driven radially into gripping
engagenent with the 32

to 3, wherein said seal element prop surface is
substantially cylindrical and said seal element support

surface is substantially cylindrical.

5. A well packer as defined in claim 4, wherein
said seal element prop surface is substantially concentric

with said seal element support surface.

6. ! well packer as defined in any one of the
preceding claims, including an annular ramp member
disposed on said body mandrel intermediate éaid mandrel
and said prop means, said ramp member having an external
surface which slopes transversely with respect to said
seal element support surface and said seal element prop

surface.

7. A well packer as defined in claim 6, wherein the
slope angle as measured from thé seal element support
surface to the external surface of said ramp member is in

the range of from about 135° to about 165°.

8. A well.packer assembly as defined in any one of
the preceding claiﬁs, wherein said seal element assembly
comprises a plurality of longitudinally compressible,
radially expandable seal elements, and wherein one of said
seal elements is compressed against said seal element
support surface and one of said seal elements is
compressed against sa%é seal element prop surface when

R
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- 26_-__ well casing. Continued pressuring ci nches the.elenents tighter

and the set is retained by the segnmented C-ring 146. The
reIatJﬂﬂ“ﬂj jlﬂ“ﬂuﬂ he anchor slips and seal elenents in the run, set
and r . _

33

said seal element assembly is expanded into sealing

engagément against a well césing.

9. A well packer assembly as defined in claim 8§,
wherein said seal element assembly compriées first, second
~and third longitudinally compressiblé; radiéily expandable
seal elements, and wherein the longitudinal dimensions of
said sealing elements and said prop surface are so
selected that the first and second seal elements are
compresséd against said seal element prop surface and the
third seal element is compressed against said seal-element
" support surface when said éeal element assembly is

expanded into sealing engagement against a well casing.

10. A well packer assemﬁly as defined in any one of
the preceding claims, including a cover sleeve movably
mounted on said body mandrel for lcngitud;nal movement
from an extended position in_which said prop surface is
covered by said sleeve, to a retracted position in which
‘the seal element prop surface is uncovered, and at least
one shear pin releasably securing said cover sleeve to
said body mandrel at said extended position.

11. A well égéké; is defined in claim 10, including
stop means disposed on said body mandrel adjacent said
prop surface, said cover sleeve being engageable agalnst
said stop means at the limit of its travel to the

retracted position.

 This Sheet Has Been R

) A

This is the replacement sheet

l’ ﬂll Date: 1} 4 MAR 1997




indicated in Figs. 10, 11 and 12, respectively. The radially offset prop
surface 56 is protected, and the—seal elenents 30 are shielded from
engagenent agai urf aces by the cover sleeve 50 in the run
position. The. cmmm,mmmm,l m rotects the seal elenment- package when
running into the*wekl bore as e;tubing string 26 is manipul ated up and
down, which is normally carried out whil e, making up and breaking tubing

string connections. The cover sleeve 50 so protects the elenent
package, as shown in Fig. 12, when the packer has :

12. A well packer as defined in claim 11, wherein
said cover sleeve has a tubular sidewall and an annular
heed radially offset from said sidewall, said annular head
being diSpoéed in slidable engagement with said seal
element prop surface, and said cover sleeve heéd being
engageable against said stop means when said sleeve is

moved to the retracted position.

13. A well packer as defined in claim 11 or claim
12, wherein said stop means comprises an annular shoulder
formed on said body mandrel, said annular shoulder

projecting radially with respect to-.said prop surface.

14. A well packer as defined in any one of claims 10
to 13, wherein said cover sleeve is intersected by a
longitudinal slot, and including a radially projecting
guide lug mounted on said body mandrel, said guide lug

being received within said slot.

15. A well packer as defined in any one of the
preceding claims, wherein said seal element assembly.
includes an outside seal element and an annular backup
éhoe mounted on said outside_seal element, said backup
shoe defining a radial’ bridge between said body mandrel
and a well casing when said seal element assembly is
e#panded into engagement against the internal bore

sidewall of the well casing, said force transmitting means
—_—
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been reIeased and is being retrieved fromthe well. As shown in

FLg. 11, \e\Lﬂﬂ"ﬂﬂ” mgrmﬂﬁmrl dges the annul us between the packer nmandrel
34 and the he primary purpose of the backup shoe 64 is
to prevent exfru8ion df the*l ower outer seal element 30C into the annul us.

The backlp shoe 64 is deflected and retracted into the receiver pocket 74

as shown in.

Fig. 12 as the packer is retiseved. Because of the tendency

of the backup shoe to act as an anchor slip, a garter spring

includes a lower element retainer sleeve slidably mounted

for longitudinal movement along said body mandrel, an

- upper element retainer collar is movably mounted on said

setting sleeve for longitudinal movement from a retracted

. position in which said element retainer collar and setting

sleeve afe engageable against said baekup shoe to an
extended position longitudinally Spaced from said backup
shoe,;and stop means are mounted on said body mandrel for
limiting retraction movément of said settiﬁg ;leeve
relative to said body mandrel, said setting sleeve and
said retainer collar having mutually co-acting stop
members for limiting extension of said element retainer

collar relative to said setting sleeve.

16. ' A well packer as defined in any one of the
preceding claims, wherein said seal element assembly
includes en outside seal element and an annular garter
spring assembly embedded wifhin said seal element, said
garter spring assembly comprising a helically wound coil
and deformation resistant reinforcing material disposed

within said helically wound coil.

17. A well packer as defined in claim 16, wherein
said deformation resistant reinforcing material comprises

spherical balls.

18. A well packer as defined in claim 16, wherein.

said deformation resistant reinforcing material comprises -

This Sheet Has Been Replaced

This is the replacement sheet

Ill Date: 1 4 MAR 1997




assenbl y 106—+s—enbedded_Ln_Lhe upper out si de seal el ement 30A to prevent

To contre t Eéﬁm |||||1 Hﬁﬁ Hﬂgi‘inﬁwuégr f o?aLLﬂ orm conpression and -
B

expansi on, " 27 - thereby avoi ding the
formati on of uneven ex rusi on gaps.

36

elongated pellets.

19. A well packer as defined in claim 18, wherein

- said elongated pellets have radiused end portionms.

~ 20. A well packer as defined in claim 18, wherein

said elongated pellets have truncated end portionsQ

21. A well packer as defined in any one of claims 18
to 20, wherein the length of said pellets is in the range
of from about one and one-half to about three times the

cross-sectional diameter of said pellets.

22. A well packer as defined in any one of claims 16
to 21, wherein said deformation resistant reinforcing
‘material comprises poly-ether-ketone polymer or ceramic or

metal or tungsten carbide.

23. A well packer having a tubular body mandrel, an
anchor slip assembly, a seal element asseﬁbly movably
mounted for longitudinal'travel along a seal element
support surface of seid body mandrel, and force
transmitting means coupled-to.saidvanchof slip assembly
and said seal elemenf-assembly for radially expanding said
seal element assembly into set engagement against the
internal bore sidewall of a well casing,

a cover sleeve being mounted on said body

mandrel for longitudinal movement from an extended
—_—
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To provi de reliable-setvit rel] e at high d|fferent|al pressure |evels, for

exanple at 10, 000 9 NPa) It was necessary to provide a reinforced
garter ungnni 06 as shown in Fig. 13, and in the alternative .
errbodl m igs. 14, 15 and 16.. The failure node of a

non-r ei nfor ¢ed “en seal el enent is extrusion of the elenent past the
contai nnment neans provided by the packer f30dy. Adding a conventional
garter spring, reinforces the seal elenent and prevents extrusion until

the garter sprigkGQldnfReeshatl FOMESabt 818hEnEaduppdt®: surface is
covered by said sleeve, to a retracted position in wﬁich
the sesal element support surface is.uncovered; and
at least one éhear pin releasably securing said

cover sleeve to said body mandrel at said extended

position.

24. A well packer as defined in claim 23, including
stop means disposed on said body mandrel -adjacent said
seal element support surface, said cover sleeve being
engageable against said stop means at the limit of its

travel to the retracted position.

25. : A well packer as defined in claim 24, wherein
said cover sleeve has a tubular sidewall and an annular
head radially offset from said sidewall, said annular head
being diéposed in slidable engagement with said seal
element support surface, and said cover sleeve head being
engageable against said stop méans when saidisleeve is

moved to the retracted position.

26. A well packer as defined in claim 24 or claim
25, wherein said stop meaﬁé comprises an annular shoulder
formed on said body mandrel, said annular shoulder
pfojecting radially with respect to said seal element

support surface.

27. A well packer as defined in any one of claims.23
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seal element is then free to extrude into the gap behind ‘the failed

portlo lmlll Iﬂﬁlmnlﬂmrrl ng. It has been determined that a
substa garter spring assenbly 106 can be achi eved by
encl osing & defotmatidn resistant reinforcing material 108 within the
garter spring. Referring to Fig. .13, the garter spring is fornmed by a

single metal wire which is wound in a hg élcal coil 110 which is enbedded
within the seal elenent 30A near the ow%ide corner. That-is, the

+o 26, wherein said cover sleeve is intersected by a

longitudinai slot, and including a radially projecting
guide lug mounted on said body mandrel, said guide lug

being received within said slot.

28. A well packer ha?ing é tubuiar bodflmandrel, an
anchor slip assembly, a seal element assembly movably
mounted for longitudinal_travsl along a seal element
supﬁort-sﬁrféce of said body mandrel, and force
transmitting means coupled to said anchor slip asseﬁbly
and said seal element assembly for radially extending said
anchor slip element assembly and radially expanding said
seal element assembly into set engagehlent against the
internal bore sidewall of a well casing, an annular backup
shoe mounted on said body mandrel adjacent said seal
element assembly, said backup shoe defining a radial
bridge between said body mandrel and a well casing when
said seal element aésembly is.expanded into engagement
against the internal bore sidewall of the well casing, a
seal element retainer sleeve slidabiy mounted for
longitudinal movement along said body mandfel, and a seal
element retainer collar mofgbly mounted on said retainer
sleeve for longitudinal movement from a retracted position
in which said seal element retainer collar and retainer
sleeve are engageabie ﬁgainst'said backup shoe, to an

extended pcsitioh-longitudinally spaced from said backup

shoe.
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def or mat+ rcing material 108 i's conpl etely encl osed

wi thin th f.the garter spring coil 110.
Accor di ng ﬁ ! Hﬂﬂﬁ arrangenent, the deformation resistant .
r ei nf origi closed wthin a second helical wound coil " 112,

which is enclosed wthin the outer garter spring coil 110, as shown in
Fig. 14. Adding one or nore concentric gagger springs to the

29. A well packeﬁ as defined in claim 28, including
a stop means mounted on saidlbody mandrel for limitihg
retraction movement of said'setting_sleeve relative to
said seal element assembly, said setting sleeve and said
retainer collar having mutually éngageable stop members
for limiting extension of said element retainer collar

relative to said setting sleeve.

30. A well packer having a tupular body mandrel, a
seal element mounted on said body mandrel, and means
coupled to said seal eiement for radially expanding said
seal element into set engagement againstlthe internal bore
sidewall of a well casing, the improvement comprising:

an annular gartér spring assembly embedded
within said seal element, said garter spring assembly
comprising a helically wound coil and deformation
resistant reinforcing material disposed within said

helically wound coil.

31. A well packer as defined in claim 30, wherein
said deformation resistant reinforcing material comprises

spherical balls.
32. A well packer as defined in claim 30, wherein
said deformation resistant reinforcing material comprises

elongated pellets.

33. A wel} packer as defined in c;aim 32, wherein
M Re iac;.d | N .
T \|\\il\ e e
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- 28 = inside of the primary garter épring 110 reinforces the assenbly
and I ncreases the pressure at which the packer elenent fails. However,

fror e t MEMIM“MH"”“F coils are difficult to deploy. The unsupport ed
|nsyde smal ler garter spring 112 allows the garter spring

40

said elongated pellets have radiused end portions.

34. A well packer as defined in claim 32, wherein

said elongated pellets have truncated end portions.

35. A well packer as defined in any one of claims.32
to 34, wherein the length of said pellets is in the range
of from about one and one-half to about three times the

cross-sectional diameter of said péllets.

36. _ A well packer as defined in any one of claims 30
to 35, wherein said deformation resistant reinforcing

material comprises poly¥ether-ketone polymer.

37. A well packer as defined in any one of claims 30
to 36, wherein said deformation resistant reinforcing

material comprises ceramic or metal or tungsten carbide.

38. . A well packer having a tubular body mandrel, an

" anchor slip assembly, a seal element assembly movably
mounted for longitudinal travel along é seal element
support surface of said body mandrel, and force
transmitting means coupled to'said'anchor slip assembly
and said seal elemeqt.éssembly for radially extending said
anchor slip element aséembly and radially expanding said
seal element assembly into set engagement against the
internal bore sidewall of a well casing,

prop means disposed on said body mandrel and
'\
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conbi nati on"to cottapse—and—fa+-lure will occur, but at a proportionally

hj gher pressyj rther reinforcenent is provided, as shown in
Fig. 14, by qmulllml””'ﬂﬂm#‘ﬂh According to one alternative enbodi nent,
the deformati on rests s nforcing material is in the formof el ongated
pellets "116, as shown in Fig. 15. In that enbodi nent, the pellets 116
preferably have radiused end portions 116A. .Yet another reinforcenment
enbodi ment is shown in Fig. 16, in which e el ongated pellets 116 have

truncated end engageable by said seal element assembly, said prop means
Ihaving a seal element prop surfaée thch is radially'
coffset with fespect to the seal element support_surface of
said body mandrel; sazid seal element assembly including
. first and second longitudinally compressible, radially |
- expandable outside seal elements, and a third seal element
disposed intermediate the first and second outside seal
elements, and wherein the iongitudinal dimensions of said
sealing elements and_said prop surface are so selected
that at least the first éutsidé seal element is compressed
against said seal element prop surface and the second
. outside seal element is compressed against said seal
element support surface when said seal_e;ement assembly is
- expanded into.séaling engagément against a well casing,
én annular backup shoe mounted on said body
mandrel adjacent said seal element assembly, said backup
shoe defining a radial bfidge between said body mandrel
and a well casing when said geal element assembly is
expanded ihto engagement againét-the'internal bore
sidewall of the well casing, and |
" a seal element retainer sleeve slidably mounted
for longitudinal movement along said body mandrel, a seal
element retainer collar mo;ably mpounted on said retainer
éleeve for 1ongitudinal movement from a retracted position
in which said seal element retainer collar and.retainer
sleeve are engageable agéinst said backup shoe to an
extended position longitudinally spaced from said backup

shoe, thereby defining a pocket for receiving said backup

U



pOFtIOﬁs—iiﬁB~_ID§_L§D%£?*Of the pellets 116 is preferably in the range of

from ab 2 to about ifmes the cross sectional dianeter of the pellets.

Pr eferag I!!u "ﬁjmw ctional dianmeter of the pellets 116 and the balls
o o ’Hﬁ the inside dianeter of the innernost garter

114 is
spring 112. *The reinforcing material 108, whether it be in the

formof the spherical balls 114 or the pellets 116, is preferably
constructed of a deformation resistant nahgrial

shoe as it undergces deflection during retrieval of said

packer.

39. A well packer as defined in claim 38, including
stop means mounted on said body mandrel for limiting |
., retraction movement qf said setting sleeve réiative to
said body mandrel, said setting sleeve and said fetainer
collar having mutually engageabie stop members for
limiting extension of said elemént retainér collar

relative to said setting sleeve.

40. | A well packer having a tubularlbody mandrel, an
anchor .slip assembly, a seal element assembly movably
mounted for longitudinal travel along a seal element
supporf surface of saiq body mandrel, and force
transmitting.means coupled to.said anchor slip assembly
" and said seal element assembly for radially extending said
anchor slip element assembly and radially expanding said
seal element assembly into set engagement against the
internal bore sidewall of a well casing, the improvement
comprising:
prop means disposed on said body mandrel énd
engageable by said seal element assembly, said prop means
having a seal element prop surface which is radially
offset with respect to.the seal element support éurface of
said body mandrel;
said seal element assembly including first and

second longitudinally compressible, radially expandable
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such as poty-ether-ketone polynmer, ceramc or a netal such as tungsten
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outside seal elements, and a third seal element disposed
intermediate the first and second outside seal elements,
and wherein the ldngitudinal dimensions of said sealing
eleﬁents and said prop surface are so selected that at
least the first outside seal element is compressed against
said seal element prop surface and the secornd outside seal
element is compressed against said seal element support
surface when said seal element assembly is expanded into
sealidg engagement.against'a well casing;

| a cover sleeve mounted on said body mandrel for
1ongi£udinal movement from an extended position in which
said prop surface is covered by said sleeve, to a
retracted position in which the seal, element prop surface
is uncovered; and

at least ohe shear pin releasably securing said-

cover sleeve to said body mandrel at said extended

position.

41. A well packer as defined in claim 40, including
stop means disposed on said body mand?el adjacent said
prop surface, said cover sleeve being engageable against
said stop means at the limit of its travel to the

retracted position. .

42. A well packer as defined in claim 41, said cover
sleeve having a tubular sidewall and an annular head
radially offset from said sidewall, said annular head

being disposed in slidable engagement with said seal
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- 29 - t he packer. A retrieving tool is attached to the work string and
run to depth. The retrieving tool is latched into the latch profile .

4 ocated on _" H Elthe ~packer 10. Upward pull on the retrieving

t ool causestl' nwmm"m“ Iﬂ) Iri eving tool to engage a shifting sleeve 117 in
t he packer. *Fufthkr Wpward pull shears the shear screws 119 on the

shifting sleeve 117 allow ng the rel ease sleeve to nove up aligning the
recess 120 in the shifting sleeve 44 '

element prop surface, and said cover sleeve head being
engageable against said stop means when said sleeve is

moved to the retractad position.

43. A well packer as defined in claim 41 or claim
42, wherein said stop. means compriseé an annular shoulder .
formed on said body mandrel, said annular shoulder

projecting radially with respect to said prop surface.

44. A well packer as defined in any one of claims 40
to 43, wherein said cover sleeve is intersected by a
longitudinal slot, and including a radially projecting
guide lug mounted on said body mandiél, said guide lug

being received within said slot.

45. A well packer constructed and arranged for use
and operation substantially as described herein with

reference to the acccmpanying'drawings.
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117 with the | otk ring 118. The lock ring 118 is then 'freé to di sengage

the mandrel 34. Continued upward pull shears screws 119 in the retrieving
«tool allowing the dogs to retract. Continued upward pull is transferred to
t he packer through the packer mandrel 34. The upper split ring 70

shoul ders on the retainér ring 66. Its «goul der 66A shoul ders on t-he

retai ner shoul der 68A, thereby opening the pocket 74 for the shoe 64 to
retract. -Continued upward pulRETREEWABLE WBLEBrPAEKBR 98 out from under
the top portion of the slip 28H The upper wedge

ABSTRACT

A retrievable packér for service at h;gh
temperatures and pressures has sealing provided by a seal
element prop surface (56) of larger diamétér than the_séal
element support surface (48) of a body mandrel (34). At
least one element (30A) of a seal assembly (30) is-
supportea on the prop sﬁiface and is subjected to a radial
squeeze in the set configuration, evén thoﬁgh a lowermost
seal eleﬁent (30C) may be subject to longitudinal
'separation. The split level support arrangement provides
an annular pocket (62) into which the elements can be
retracted upon release of the packer, thereby providing
clearance for retrieval. 1In releasing the packer, a
retainer collar (68) is shifted away from a metal backup
sh_oé (64), thereby providing an annular pocket into which
the shoe is deflected, so that it does not obstruct the .
drift clearance during retrieval. The seal element:
assembly is preloaded by a cover sleeve (SOj which
releases when a predetermiﬁed.compression has been
achieved. The controlled preloading of the seal elements
assists movement of the elemen%s to the larger diameter
prop surface, and the seal eléments are forced to expand |
into the annulus uniformly to prevent thé formatioﬁ of

uneven extrusion gaps.

(Fig. 1)
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p'i_cks up the slip-carrier 92. The sl |p carrier 92 then RN het AR BesR ge(riom

t he | oner wedge 90.. Pressure | oading is applie ar

¢olum presented by the | ower tubul ar wedge 88 when - pres wlﬂ Em | ow.
[

To prevent buckling collapse of the lower tubul ar wedge
desirable to provide radial support along its length. This is _
acconplished by a split support assenblyl 134 consisting of a split support

ring 136, which is split into three segnents, and an
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internal slip assenbly 138. The |ower tubul ar wedge 88 This Sheet Has Been Repla
This is the replacenent sheet "!il'
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packer mandr el
134, with the | oad forces being conducted
36 through the rel ease sub 78,

cylindri cal
t ubul ar wedge extensi on 88A has heli cal
non-helical threads 144 carried by a Gridg
ratchet threads which mate with
of the interna

34. The colum loading is relieved by the
t hrough t hé

heedt Has Begn
t hrough a threaded um
housing 132 to the bottom connector sub 12
t hreads 142 whi c e

'suppoft assenbly

T

146. The C-ring 146 has
ratchet threads formed on the inside bore
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slip assenbly 138. - The l'oad carrying capabil ity of the—anchor__
slips 28Ais increased by increasing the cross sectional 1y

engagenment between the slips and the upper spreader cone - Picedo
Fig. 17 and Fig.- 18, this is carried out by flat surfaces ,” - d-
152 which are nachined externally on the spreader cone. TF _ ad

forces are transmtted to the slips acros4 the flat surfaces and onto the
sl oping face of the anchor slips rather than on the conical dianmeter of
the slip and cone. '

FIG._.7'RUN"
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If contact was on the conical diameter of the sli p and cone as f ound |n
conventional packers, the load forces would be transmitted d
the slips against the cone. Full force transnitting cont ac I y

such conventional packers.only at one diameter. However,
the forces through the flats on the surface of the cone and natlng flats

on the slips, the contact 5 Thi s
is the replacenent sheet :
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-31- area is substantially i ncreased. Moreover, in addijion to pr0\7i di ng

increased | oad capability, the flats also inprove the ce Tﬁmﬁﬁiwmﬁh&d
' O

capability. The invention may be nodified within
appended cl ai ns.
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RETRIEVABLE WELL PACKER

This invention relases to tools and equipment for
completing subterranean wells, and in particular to
retrievable well packers for releasably sealing the annulus
between a tubing string and the bore of the surrounding well
casing.

In our UK dlvxsional patent applicatxon no.
9517211.0 there is claimed a well packer for ‘use in packing
a well having a well casing, comprising a tubular body
mandrel, an anchor slip assembly, a seal element assembly
movsbly mounted for iongitudinal travel along a seal element
support surface of said body mandrel, and force transmitting
means coupled to said anchor slip asseﬁbly and.said.seal
element assembly for radially expanding said seal element
assembly into set engagement against an internal surface of
the well casing, a cover sleeve being mounted on said body
mandrel for longitudinal movement from an extended position
in which said seal element support surface is covered by
said sleeve, to a retracted position in which thé seal
element support surface is uncovered; at least one shear pin
-releasably securing said cover sleeve to said body mandrel
at said exteided position; and stop means disposed on said
"bodi mandrel d&jacent said seal element sspport surface,
said cover sleeve being engageable against said stop means’
at the limit of its travel to the retracted position,
wherein said cover sleeve has a tubular sidewall and an
annular head radially offset from said sidewall, said

annular head being disposed in slidable engagement with said
' ~ This is the replacement sheet
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seal element support surface, and said cover sleeve head
being engageable againsﬁ said stop means when said sleeve is’
moved to the retracted position, and wherein said cover
sleeve is intersected by a longitudinal slot, and including
a radially projecting guide lug mounted on said body

mandrel, said guide lug beihg received within said slot.

In our UK divisional patent application no.
9517212.8 there is claimed a well packer for use in packing .
a well having a well Easing. comprising a tubular body
mandrel, an anchor slip assemﬁly. a seal element assembly
movably mounted for longitudinal travel along a seal element
support surface of said body mandrel, force transmitting.
means coupled to said anchor slip assembly and said seal
element assembly for radially extending said anchor slip
assembly and radially expanding said seal element assembly
into set engagement against an internal surface of the well
casing, an'annular backup shoe mounted on said body mandrel
adjacent said seal element assembly, said backup shoe
defining a radial bridge between said body mandrel and the
well casing when said seal element assembly is expanded into
engagement against the internal surface of the well casing,
a seal element retainer sleeve slidably mounted for
longitudinal movement along said body mandrel, and a.seal
element retainer collar movably mounted on said retainer
sleeve for longitudinal movement from a retracted position
in which said seal element retainer collar and retainer
sleeve are engageable against said backup shoe, to an
extended position longitudinally spaced from szid backup
shoe.

Inthe course of t;éating and preparing
subterranean:wéils for production, a well packer is run into
the well on a work string or a production tubing. The
purpose of the packer is to support production tubing and
other completion equipment such as a screen adjaceht to a
producing formation and to seal the annulus between the

outside of the production tubing and the inside of the well
' ' This is the replacement sheet
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CLAI MVB: 1. A wel | packer for use in packing a well having a well
casing, conprising a tubular body mandrel, an anchor slip assenbly, a seal
el enent assenbly novably nounted for |ongitudinal travel along a seal

el ement support surface of said body mandrel, and force transmtting neans
coupled to said anchor slip assenbly and said seal el enent assenbly for
radi al |y extending said anchor slip elemnt assenbly and radially expanding
said seal elenent assenbly into set engagenment against an internal surface
of the well casing, prop nmeans di sposed on said body mandrel and engageabl e
by sai d s&alSidgefdnd locde makement @ forihit itk rRigthotBe sappubi @t prop

surface wWhiheh pagwieadiidldat ff Setryi tfhdiesPend gy ftte &0l tigl Sa@Rér SUppor t
surface of said _body mandrel, the arran eqfnt bei .ng such that when_ the seal

el enent i $1ABPedAVdRG APRIEA] Fanpidg A Hriht Yhr 1ERP G with

complementary opposed wedging surfaces, whereby the anchor
slips are radially extendible into gripping engagement
against the well casing bore in response to relative axial
movement of the wedging surfaces. The packer also carries
annular seal elements which are expahdable radially into
sealing engagement against the bore of the well casing in
response to axial compression forces. Longitudinal movement
of the pécker components which set the anchor slips and the
seal;ng elements may be produced either hydraulically or
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expanded radially by said engagenent with the prop surface so as at al
times to be conpressed between the prop surface and the internal surface of

the well

casi ng. 2. A wel |l packer as defined in claiml, wherein

said prop neans conprises a radially stepped shoul der nenber which is
integrally formed with said body mandrel, said prop surface being defined
by the external surface of said shoulder_ngqper. 3. A wel | packer
as defined in claim1, wherein said prop neans conprises a tubul ar body

nmenber,

said seal e]enment prop surface being defined by the externa

surface cﬁm%ﬁﬂiPiﬁﬂﬁﬂ¥h’ body nenber. 4. A wel | packer as defined in
any -one of clainms 1 After the packer has been set and sealed against

the well casing bore, it should maintain sealing engagement
upon removal of the hydraulic or mechanical setting force.
Moreover, it is essential that the packer remain locked in
its set and sealed configuration while withsianding
hydraulic pressures applied externally or internally from
the formation and/or manipulation of the tubing string and
service tools without unsetting the packer or interrupting
the seal. This is made more difficult in deep wells in
which the packer and its components are subjected to high
downhole temperatures, for example, as high as 600°F
(316°C), and high downhole pressures, for example, 5,000 psi
(34.5 MPa). Moreover, the packer should be able to
withstand variation of extérnally applied hydraulic
pressures at levels up to as much as 10,000 psi (69 MPa) in
both direciions, and still be retrievable after exposure for
long periods, for example from 10 to 15 years or more.

After such long periods of extended service under extreme
pressure and temperature conditions, it is desirable that
the packer be retrievable frdm_the well by appropriate
manipulation of the tubing string to cause the packer to be
released and unsealed from the well bore, with the anchor
slip; and seal elements being retracted sufficiently to
avoid seizure against well bore restrictions that are
smaller than the retracted seal assembly, for example, at a
makeup union, collar union, nipple or the like.
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This is the replacenent sheet _
- 33- to 3, wherein said seal element prop surface is

-5~

Consequently, it takes more force to set the seal element
package in such a packer because of the drag produced by the
metal backup shoes. That is, during set engagement, the
slip carrier moves and the seal elements drag against the
well casing bore until anchor slip bite against the casing
bore is achieved. It will be appreéiated that a
substantially greater external setting force, either
hydraulic or mechanical, will be required to overcome the
drag imposed by the metal backup shoes on the top and bottom
elements. | '

The metal backup shoes which prevent extrusion of
the seal elements in permanent packers also interfere with
retrievability. That is, during compression of the seal
elements in a permanent packer, the seal elements are
compressed longitudinally, with the compressed seal material
filling the annulus between the mandrel and the casing wall
and the baﬁkup shoes preventing extrusion of the seal
elements out of the established compression zone. In such’
permanent packers, the seal elements are removed by milling,
since the seal elements and backup shoes cannot be fuily
retracted within the drift dimension. Consequenély. the .
radially projecting seal elements drag against the casing
bore, and the backup shoes act somewhaf like anchor slips as
they bite into the well casing.
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substantially cylindrical and said seal elenent support surface is

substantially cylindrical. 5. A wel | packer as defined in claim
4, wherein said seal element prop surface is substantially concentric
with said seal elenent support surface. 6. A wel | packer as
defined in any one of the preceding clains, including an annular ranp
menber - -6 -

According to the present invention, there is
provided a well packer for use in packing a well having a
well casing, comprising a tubular body mandrel, an anchor
slip assembly, a seal element assembly movably mounted for
longitudinal travel along a seal element support surface of
said body mandrel, and force Eransmitting means coupled to
said anchor slip assembly and said seal élément assembly for
radially extending said anchor slip element assembly and
radially expanding said seal element assembly into set
engagement against an internal surface of the well casing,
prop means disposed on said body mandrel and engageable by
said seal element assembly, said prop means having a seal
element prop surface which is radially offset with respect
to the seal element support surface of said body mandrel,
the arrangement being such that vhen the seal element is
moved longitudinally to engage the prop surface it is
expanded rédially by said engagement with the prop surface
so as at all times to be compressed between the prop surface
and the internal surface of the well casing.

In this split level seal support arrangement, at
least one seal element rides on the elevated prdﬁ surface
and is subjected to a radial squeeze compression_force in
the set configuration, even though a lowermost outside seal
element may be subject to 1ongitudina1 separatidn as a
result of internal slack during setting, or as a result of
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di sposed on said body mandrel internmediate said mandrel and said prop
means, said ranp nmenber having an external surface which sl opes .
transversely with respect to said seal elenent support surface and said
seal elenent prop surface. 7. A wel | packer as defined in claim
6, wherein the slope angle as neasured fromthe seal el enment support
surface to the external surface of said Lam menber is in the range of
from about 135[erre] to about 165[err] .

exterﬂally applied pressure fluctuations. Moreover, the
split level seal element support arrangement provides an
annular pocket into which the seal elements are retracted
upon release and retrieval of the packer, thereby providing
clearance for unobstructed retrieval.

Desirably, the packer further comprises setting
apparatus for centering the seal element assembly within the
well casing during the setting operation, thereby providing
uniform compression and expansion of the seal elements in
the annulus between the packer mandrel and well casing, thus
avoiding the formation of uneven eitrusion gaps.

Preferably, an annular garter spring assembly is
embedded within an upper outside seal element for preventing
extrusion during Setting. Additionally, the annular garter
spring assembly helps to center the seal assembly for
uniform compression and expansion, thereby avoiding the
formation bf uneven extrusion gaps. In the preferred
embodiment, the garter spring assembly includes a helical
wound coil which is filled with deformation resistant -
reinforcing material, for example, a second helical wound
coil, spherical balls or elongated pellets.

Preferably, said seal element assembly comprises a
plurality of longitudinally compressible, radially
expandable seal elements, wherein one of said seal elements
is combressed against said seal element support surface and

~one of said seal elements is compressed against said seal
' element prop surface when said seal element assembly is
expanded into sealing engagement against a well casing.
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8. A well packer assenbly as defined in any one of the preceding
clainms, wherein said seal elenent assenbly conprises a plurality of

| ongi tudinally conpressible, radially expandable seal elenents, and
wherein one of said seal elenents is conpressed agai nst said seal elenent
support surface and one.of said seal elenments is conpressed agai nst said
seal elenent prop surface when . -.g-

More preferably, said seal element assembly
comprises first, second and third longitudinally
compressible, radially expandable seal elements, wherein the
longitudinal dimensions of said sealing elements and said
prop surface are so selected that the first and second seal -
elements are éompressed against said seal element prop
surface and the third seal element is compressed against
said seal element support surface when said seal element
assembly is expanded into sealing engagement against a well
casing. |

According to_this arrangement, radial compression
of the first and second seal element, which are compressed
against the prop surface, will be maintained at all times,
even though the lowermost seal element may be subject to
separation because of intermal slack or externally applied
pressure f}uctuations. That is, the upper outside seal
element which is supported by the prop surface .has a
constant squeeze forée exerted on it at all times regardless
of how much force may be exerted on the lowermost outside
end element. S

In one embodiment, a cover sleeve is .movably
mounted on a quy mandrel of the packer for longitudinal
movemenﬁ from an extended position in which a seal element

"prop surface is covered by the sleeve, to a retracted
positibn in which the prop surface is uncbvered. -The

cover

| This is the replacement sheet

Date: {§ 3 DEC 1897



- 34 -
agai nst a
claim 8,

said seal elenent assenbly is expanded into sealing engagenent
wel | casi ng. 9. A wel | packer assenbly as defined in

-0 -

sleeve is releasably secured to the body mandrel at the
extended position in which it engages an upper outside seal
element of a seal element assembly. According to this
arrangement, the seal element assembly undergoes
longitudinal compression by the force transmitting means

_untii a predetermined amount of compression and expansion:

have been achieved. At that point, the cover sleeve is -
released from the mandrel and the prop surface is injected
under the upper outside seal element and a central seal
element. Preloading of the seal element package provided by
the cover sleeve can supply the initiai radial movement of
the seal elements which make it easier to get the elements
up onto the prop surface without damaging the elements. A
furthér advantage is that by preloading the seal elements on
the packer mandrel, and then moving the elements from the
lower 0.D. of the packer mandrel to the upper 0.D. of the
prop, the éeal elements are forced to expand into the
annulus uniformly and the formation of uneven extrusion gaps
is avoided.

By the use of the present invention it is possible
to provide a retrievable packer, either hydraulically set or.
mechanically set, whiéh will hold up to about 10,000 psi (69
MPa) pressure differential in both directions across. its
seals at elevated temperatures, for example, from about
200°F (93'0) to about 400°F (204°C), and which will remain
retrievable at the end of a long service period, for example

10-15. years.
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wherein said seal elenment assenbly conprises first, second and third

| ongi tudi nal |l y conpressible, radially expandable seal elenents, and
wherein the | ongitudinal dinmensions of said sealing elenments and said prop
surface are so selected that the first and second seal elenents are
conpressed agai nst said seal elenent prop surface and the third sea

el enent is conpressed against said seal. ghenent support surface when said
seal elenent assenbly is expanded into sealing engagenent agai nst a well
casi ng.

It is similarly possible to provide a retrievable
packer of the character described, which will hold up to
about 10,000 psi (69 MPa) pressure differential in both
directions across its seals at relatively low temperatures,
for example, from about 140°F (60°C) to about 200°F (93°C)."

Furthermore, the packer can be so arranged that a
reliab}e seal is maintained under high temperature and high
pressure conditions forllong service periods, where the
lower outside element of a seal element assembly is
subjected to high differential pressure fluctuations which
may cause it to move relative to other seal elements of the
assembly. '

Advantageously, the packer can be arfanged to
continue to hold pressure when the well is tre;ted by
pumping fluid into it, for example, during fracturing or
other forms of stimulation that would result in cooling the
packer dué to pumping cold fluids through it, with the
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10. A wel | packer assenbly as defined in any one of the preceding
clainms, including a cover sleeve novably nounted on said body mandrel for

| ongi tudi nal novenment from an extended position in.which said prop surface
is covered by said sleeve, to a retracted position in which the seal

el ement prop surface is uncovered, and at |east one shear pin releasably
securing said cover sleeve to said bogylfﬁndrel at sai d extended position.

packer still being able to hold the pressures. Similarly,
it is possible to arrange that a reliable seal is
maintained between the packer mandrel and the well casing,
in spite of any component slack encountered during the
setting of the packer, or any subséquent movement of the
packer mandrel, for gxample, becauée éf preséﬁre
differential variations, which tend to relieve the
ccempression forces applied to the seal element package in
the set position.

Tﬁe invention wili be described in more detail
by way of example, with reference to the accompanying
drawings, in which:

'.Fig. 1 is a longitudinal view in elevation and
section of a retrievable well packer embodying the
features of the present invention set in the casing of a
well bore to provide =z releasable seal with the ;asing
wall and a tubing string extending to the packer:

Figs. 2 to 6, inclusive and taken together, form
a longitudinal view in section of the retrievable well
packer and seal assembly of the invention showing the seal
assembly relaxed and the packer slips retracted as the
packer is run into a well bore; |

E}g. 7 is a longitudinal view in quarter section
of a welllbiqker showing the'relaxed position of seal
elements in the run posiﬁion;

Fig. 8 is a view similar to Fig. 7 showing the
compressed, expanded position of the seal elements in the

set position;
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11. A wel | packet is defined in claim 10, including stop neans
di sposed on said body mandrel adjacent said prop surface, said cover
sl eeve bei ng engageabl e against said stop means at the limt of its travel

to the retracted position. -Thi s
I's the repl acenent sheet _
=12 -

Fig. 9 is a view similar to Fig. 7 showing the
seal elements in the relaxed, released position;

Fig. 10 is a longitudinal view in quarter
section of a ﬁell packer constructed according to the
present invention showing the relationship of the seal
elements, force transmitting apparatﬁé and anchor slips in
the run position:

| Fig. 11 is a longitudinal view in quarter
section, similar to Fig. 10, showing the relative position
of the seal elements, force transmitting apparatus and
anchor slips in the set position: |

Fig. 12 is a longitudinal view in quarter
section of a well packer showing the relative positions of
the seal elements, force transmitting apparatus and slip
elements in the rzleased position;

Fig. 13 is a cross-section view of the_improved
seal element of the present invention, taken along the
line 13-13 of Fig. 2, showing-a single coil of reinforcing
wire in the outside upper elemént, with reinforcement
means enclosed within the coil;

| Fig. 14 is a sectional view similar to Fig. 13,
and partially broken away, showing spherical reinforcement
balls enclosed within the core of.a dual reinforcement

~

spring; .

Fié. 15 {5 & view similar to Fig. 14 in which
the deformation resistant reinforcing material is
elongated pellets having radiused end portions:

Fig. 16 is a view similar to Fig. 15 in which
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- 35 - 12. A wel | packer as defined in claim1ll, wherein said
cover- sl eeve has a tubular sidewall and an annular head radially offset
fromsaid sidewall, said annular head being disposed in slidable
engagenent with said seal elenment prop surface, and said.cover sleeve head
bei ng engageabl e agai nst said stop neans when said sleeve is

-13 -

the elongated pellets have truncated end portions;

Fig. 17 is an elevational view of the top wedge
removed from.the packer mandrel:;

Fig. 18 is a top plan view of the top wedge
removed from the.packer mandrel;

Fig. 19 is a sectional view of a segmented lock
ring assembly taken along the liﬁes 19-19 of Fig. 4:

Fig. 20 is a sectional view of the slip carrier
and lower wedge.assemb;y takeﬁ ;long the line 20-20 of
Fig. 3;

Fig. 21 is a sectional view of a releasaple lock
ring assembly taken along the line 21-21 of Fig. 5; and

?ig. 22 is a sectional'viéw, partially broken
away, which illustrates the radially stepped s2al element
support suffaces of the present invention.

In the description which follows, like parts are
marked throughout the specification and drawings with the
same reference numerals, respééfively. Thé drawings are
not necessarily to scale and the proportions of certain
parts have been exaggerated to better illustrate details
and features of the invention. As used herein, the
designation "S" refers to internal and external O-ring
seals and t?g designation “T“_refeés to a threaded union.

Référringﬂhow‘to Fig. 1, a well packer 10 is
shown in releasably set, sealed engagement agairst the
bore 12 of a well casing 14.. The tubuiar well casing 14
lines a well bore 16 which has been drilled thfough an oil

and gas producing formation, intersecting multiple layers
" This is the replacement sheet
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noved to the retracted position. -13. A well packer”as defined in
claim1l or claim 12, wherein said stop means conprises an annular
shoul der formed on said body mandrel, said annul ar shoul der -projecting

radially with respect to said prop surface. 14. A wel | packer  as
defined in any one of clains 10 to 13, wherein said cover sleeve is
I ntersected by a - 14 - -

of overburden 18,20 and 22, and then intersecting a
hydrocarbon producing formation 24. The mandrel of the
packer 10 is connected toc a tubing string 26 leading to a
wellhead for conducting produced fluids from the
hydrocarbon bearing formation 24 to the surface. The
lower end of the casing which interseﬁts thé producing
formation is perforated to allow well fluids such as oil
and gas to flow from the hydrocarbon bearihg formation 24
through the casing 14 into the well bore 12.

The packer 10 is releasabiy set and locked
against the casing 14 by an anchor slip assembly 28. A
seal element assembly 30 mounted on the packer body
mandrel is'expanded against the well casing 14 for
providing a fluid tight seal between the packer mandrel

) and the well casing so that formation pressure is held in
the well bore below the seal assembly and formation fluids
are forced into the bore of the packef to flow to the
surface through the production tubing string 26.

The packer 10 is run into the well bore and set
by either a meéhanical running tool or by hydraulic means.
The énchor slips of the anchor slip assembly 28 are first
set against the well casinq followed by expansion of the
seal element assembly. The paqker includes force
transmittiﬂb\gpparatus}with a'ratchet lock assembly which
maintains the set condition after the mechanical setting
force or hydraulic setting pressure is removed. The
packer 10 is readily retrieved from the well bore with the

assistance of a retrieving tool and by a straight upward
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| ongi tudi nal slot, and including a radially projecting gUide | ug nount ed
on said body mandrel, said guide lug being received within said slot.
15. A wel | packer as defined in any one of the. preceding clains,
wherein said seal element assenbly includes an outside seal elenent and an
annul ar backup shoé nounted on said outside seal elenent, said backup
shoe defining a radial.bridge between sqjq5dey mandrel ~and a well casing
when said seal elenent assenbly is

.pull which is conducted through the packer mandrel to a

release assembly 32 which permits the upper slip to

retract and the seal elements to relax, thus freeing the

packer for retrieval to the surface.

Referriﬁg now to Figs. 1-6, the anchor slip

assembly 28, the seal element 30 and release.assembly 32

are mounted on a tubular body mandrel 34 having a

cylindrical bore 36 defining a longitudinal production

£flow ﬁéssage. The lower end of the packer bddy mandrel 34

is releasably coupled to a lower préduction tubing string

38 by the release assembly 32. The lower tubing string 38

is continued below the packer within the well casing for

supporting'a sand screen; polished hipple, tail screen and

sump packer, for example. The central passage of the

packer bore 36 as well as the polished bore, bottom sub

bore, polished nipple, sand screen and the like are

concentric with and form a continuation of the tubular

bore of the upper tubing string 26.

In the preferred embodiment describedl herein,

the packer 10 ié set by a_hydraulic actuator assembly 40

(Fig. 4) which includes force transmitting assembly 42 for

applying setting forces to Ehe anchor slip assembly 28 and

seal elemenE assembly 30.. The hydraulic actuator assembly

40 is concéﬁ%gicaliy mounted about aﬁd onto the packer

mandrel body 34 betweer the release assembly 32 and the

anchor slip assembly 28. The setting forces are coupled

to the anchor slip assembly by a lower force transmitting

assembly 44 and an uppér force transmitting assembly 46.
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expanded into engagenent against the internal bore sidewall of the well
casing, said force transmtting neans
This is the replacenent sheet - 36 -

- 16 -

Réferring now toc Fig. 2, the seal element
assembly 30 is mounted directly onto an external support
surface 48 of the packer mandrel body 34. The seal
element assembly 30 includes an upper outside packing end
element 30A, a center packing element 30B and a lower
outside packing end elemenf 30C. Theée upper-end seal
element 30A is releasably fixed against axial upward
movement by engagement against a cover sleeve 50. The
cover sleeve S0 is movably mounted on the body mandrel 34
for longitudinal movement from an extended position, as
shown in Fig. 2, in which the cover sleeve engages the
upper outside seal element 30A, to a retracted position
(Fig. 8) which permits the seal element assembly to travel
upwardly along the external surface of the packer mandrel
body 34. The cover sleeve 50 is releasably secured by one
or more shear pins 52 to the body mandrel 34 at the
extended position at which it engages the upper outside
seal element 30A. In this arrangement, the seal element
assembly undergoes longitudinal compression by the upper
force transmitting assembly 46 until a predetermined
amount of compression and expansion have been achieved.

According to another important feature of the
invention, improved sealing engagement is provided by prop
means 54 which is moupted on the packer body mandrel 34.
In the prefeired eﬁquiment, the prop apparatus is a
radially'stepped shoulder member 54 which is integrally
formed with the body mandrel, with the prop surface 56

being radially offset with respect to the seal element
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I ncludes a | ower el enent retainer sleeve slidably nounted for |ongitudinal
novenent al ong said body mandrel, an upper elenent retainer collar is
novably nmounted on said retainer sleeve for |ongitudinal novenent from a
retracted position in which said elenment retainer collar and retainer-

sl eeve are engageabl e agai nst sai d backup shoe to an extended position

| ongi tudinally spaced from sai d backup shoeg,7 and stop neans are nounted on
said body mandrel for limting retraction novenment of said retainer sleeve
relative to said body mandrel, said retainer sleeve and said retainer

col lar havi ggpRutdaddyeds a@li NgnSERDs s dfenieart, | kRt pA@p ext ensi on of
said element retainer collar relative to said retai ner sl eeve. 16. A

wel | packer appatdetuscilt iformsaanpabt ¢of cthalithdpudizep bodgnsandeel &d.on sai d
body ‘mandrel for limting retraction novenent of said | ower elenent
retai ner sl Fbeeseal element prop surface 56 is preferably
substantially cylindrical, end the seal element support
surface is alsc preferably substantially cylindrical. As
can be seen in Fig. 2, the seal elemeet prop:5urface 56 is-
substantially concentric with the seal.element support
surface 48.

As the shear pins separate in response to the-
application of setting force through the force
transmitting assembly 46, the radially offset prop surface
56 is injected under the upper outside seal element 30A
and also under the central seal elemént 30B, substantially
as shown in Fig. 8. Prelocading of the seal element
assembly 30 provided by the cover sleeve 50 supplies the
initial radial movement of the seal elements wh;ch make it
easier to get the elements up onto the prop surface 56
without damaging the elemente; Radial deflection and
transition movement of the seal elements from the lower
0.D of the packer mandrel surface 48 to the upper 0.D of
the prop surface 56 is assisted by an annular ramp member
58 which is disposed intermediate the mandrel 34 and the
prop apparatus 54.

The ramp member 58 has an external surface 60
which slopes éransvefsely with respect to the seal element
support surface 48 and the seai element prop surface 56.
Preferably, the slope angle as measured from the seal

element support surface 48 to the external surface 60 of
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relative to said body mandrel, said |ower elenent retainer sleeve and said
upper el enment retainer collar having nutually engageabl e stop nenbers for
limting extension of said upper elenment retainer collar relative to.said
| ower el enent retainer sleeve. 17. A wel | packer as defined in any
one of the preceding clains, wherein said}§e§I el ement assenbly includes -an

out 1 00 SEhe, SheRrRbeRRy 38, 10T Lerori HeRe B Vet TR S9SN
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element 30A as it is deflected onto the radially offset

prop surface 56. |

Referring to Fig. 22, a transitional radius Rl

ié provided between_the'packer mandrel surface 48 and the

sloping ramp surface 60, and a.second radius R2 is

provided between the ramp surféce 60 and the radially

offset prop surface 56. The two radius surfaces R1,R2

complement each other éo that there is a smooth mqvement-

of the upper end element seal 30A from the packer mandrel

surface'48 to the radially offset prop surface 56 without

damage to the seal element material. For a slope angle A

of 135°, a relatively small radius of transition Rl of

.06 inch (1.5mm) radius is provided, and

the second, relatively large radius is
approximately 0.5 inch .(12.7hﬁ) radius._' According
to this arrangement, a gently sloping ramp surface 60

provides an easy transition for the preloaded upper end
seal element 30A to‘be deflected onto the radially offset
prop surface 56. As the slope angle is increaséd, it
becomes mofe important to radius the corners of the
transition, and the specific radius values are determined
based primar;{y on the size of the packer.

Refer£ing now to Figs. 7, 8 and 9, the
longitudinal dimensions of the sealing elements 30A,30B
and 30C, and the length of the prop surface 56 are so

selected that the upper outside end seal element 30A and
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19. A wel |l packer as defined in claim17, wherein said deformation
resistant reinforcing nmaterial conprises elongated pellets. 20. A
wel | packer as defined in claim19, wherein said

- 19 -

the central seal element 30B are compressed against the
seal element prop surface 56 and the lower outside seal
element 30C is compressed against the body mandrel support
surface 48 when the seal element assembly is expanded into
sealing engagement against a well casing, as shown in Fig.
8. | |

In this split level seal support arrangement, at

least one of the seal elements, the upper end seal element

' 304, is suppofted on the elevated prop surface 56 and is
subjected to a radial squeeze compression force in the set
configuration, even though the lowermost outside seal
element 30C may be subject to longitudinal separation as a
result of ‘internal slack during setting, or as a result of
externally applied pressure fluctuations.

Another advantage of the split level seal
element support arrangement is that the radially reduced
support surface 48 of the packer mandrel provides an
annular pocket 62 (Fig. 9) into which the seal elements
are retrécted upon release and retrieval of-fhe packer.
That is, upon release, the seal elements 30a,30B are
pushed off of the prop surface 56 and slide onto the lower
mandrel seal support surface 48 within the annular pocket
62. Thus the seal elemegts.are petrmitted to expand
longitudinaliy.thrqgghi%he annular pocket 62, and away
from the drift clear;ﬁée thereby permitting unobstructed
retrieval.

As shown in Fig. 2 and Fig. 7, the upper outside
seal element 30A has a substantially shorter longitudinal
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el ongat ed pel |l ets have radi used end portions. 21. A wel | packer as
defined in claim 19, wherein said elongated pellets have truncated end
portions. 22. - A well packer as defined in any one of clains 19 to
21, wherein the length of said pellets is in the range of from about one
and one-half to about three tinmes the cross- sectional dianmeter of said
pel | et s. 23. A wel | packer as defi2led in any one of clainms 17 to 22,
wherein said deformation resistant reinforcing material conprises
pol'y-ether- k%[i%ggsggllyggarn OtrheC %regg:nracl Osreanfteilem%:ntt gg S;r?c? ‘gl'?é b]!o?vee'r
cutside seal element 30C. The longitudinai dimension of
the prop surface 56 is selected so that both the upper
outside seal element 30A is fully supported and the
central seal element 30B is at least partially supported
on the radially offset prop surface.56 in the set,
expanded position, as shown in Fig. 8. Even though the
lower outside seal element 30C and the central seal
element 30B may be subjected to longitudinal excursions as
a result of_pressure fluctuations, the sealing engagement
of the ubper outside seal element 30A is maintained at all
times.
_-The lower outside seal element is reinforced
with a metal backup shoe 64. The metal backup shoe 64
provides a radial bridge between the body mandrel 34 and
the well casing 14 when the seal element assembly is
expanded into engagement against the internal bore
sidewall of the well casing, as shown in Fig. 8.  The
purpose of the metal backup shoe. 64 is to bridge the gap
between the packer mandrel and the casing and pfovide a
support structure for the lower outside seal element 30C
to prevent it from extruding into the annulus between the
packer mandrel and the wglI casinq.
?Qg dimensions of the seal elements and the prop
surface 0.D ééé selécted to provide a minimum of 5%
reduction in radially compressed thickness to a maximum of

30% reduction in radially compressed thickness as compared

with the lower outside seal element 30C when compressed in
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24.

A wel |

acconpanyi ng draw ngs. - 38 -

A wel |

packer as defined in claim?24, wherein

- 21 -

the set position, for example as shown in Fig. 8.

The backup shce 64 is preferably constructed in
the form of annular metal discs, with the inside disc
being made of brass and the outer metal disc being made of
Type 1018 mild sfeel. Both metal disgs are malleable and
ductile, which is necessary for a tight conférming £it
about the lower edge of the outside end seal elément 30C.
Additionally, the ductile feature is desired to permit the
hadkup shoe to deflect and fold over as shown in Fig. 9 in
the released position. .

The force transmitting assembly 46 which applies
the setting force to the seal element package includes a
lower eleﬁent retainer ring 66 mounted for longitudinal
sliding movement along the seal element support surface 48
of the packer mandrel 34. An element retainer collar 68
is movably mounted on the external surface of the retainer
ring 66 for longitudinal shifting movement from a
retracted position (Fig. 7) in which the element retainer
collar 68 and retainer ring 66 are engageable against the
backup shoe 64, to an extended position longitudinally
spaced from the outer backup shoe (Fig. 9) in the released
position.

The retainer ring 66 and element retainer collar
68 have mutually engageable shoulder portions 66A,68A,
respectively, for limiting extension of the element
retainer collar along the external surface of the retainer
ring. A split ring 70 is received within an annular slot

72 which intersects the external surface 48 of the packer

packer constructed and arranged for use and operation
substantially as described herein with reference to and as shown in the

25.
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sai d cover

sl eeve has a tubul ar sidewall and an annular head radially

offset fromsaid sidewall, said annular head being disposed in slidable
engagenment with said seal elenent support surface, and said cover sleeve

head bei ng

engageabl e agai nst said stop neans when said sleeve is noved

to the retracted position. 26. A wel | packer as defined in claim 24
or claim 25, wherein said stop neans coff®2 ses an annul ar shoul der forned
on said body mandrel, said annul ar shoul der

mandrel 34. The split ring 70 limits retraction movement
of the lower element retainer ring 66, thus indirectly
limiting retraction movement of the element retainer
collar 68, as shown in Fig. 9.

According to this arrangement, during a relezse
operation, the shoulder 66A of the refainer fing 66
engages.the split ring 70 and prevents further retraction
movement. The element retainer collar 68 continues moving
until its stop shoulder 68A engages the stop shoulder 66A.
This opens an annular pocket 74 into which the metal
backup shoe 64 is foléed (Fig. 9) as the packer is
retrieved. Upon release of the packer, the retainer
collar 68 is shifted away from the ‘metal backup shoe, thus
opening the Annular pgcket 74. The metal backup shoe 64
is then deflected out of the annulus between the packer
and the well casing, and into the receiver pocket 74 so
that it wili not obstruct the drift clearance as the
packer 10 is retiieved. .

Referring again to Figs. 2-6, the hydraulic .
actuator assembly 40 is coupled to the force transmitting
assembly 42 for radially extending the anchor slip
assembly 28 and seal element assembly 30 into set
engagement against the well bore. Referring to Fig. 4,
the hydrauiiq.actugtof"includes'a tubular piston 76 which
carries annular seals-S for sealing engagement against the
external surface of the packer mandrel 34. The piston 76
is also slidably sealed against the inside bore of a

tubular release sub 78. Hydraulic pressure is applied
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projecting radially with respect to said seal elenent support surface.

27. A wel | packer as defined in any one of clains 23 to 26, wherein
said cover sleeve is intersected by a |longitudinal slot, and including a
radially projecting guide |lug nounted on said body mandrel, said guide |ug
being received wthin said-slot. 28. A wel | packer having a

t ubul ar body nandrel, an - 23 - : '

through an inlet port P which pressurizes an annular
chamber 8Q0. As the chamber is pressurized, the piston 76
is driven into engagement with a slip tube 82 which is
slidably mounted about the packer body mandrel 34. The
slip tube 82 is releasably coupled to the release sub 78
by a shear screw 84 and lock ring 86. A pair of annular
slots are fbrmed in the surface of the slip tube 82, ard
as the shear screw 84 separates, shoulder portions of the
lock ring 86 are received within the annular slots,'
thereby transmitting the setting force -to the.lower
tubular wedge 88.

Referring again to Fig. 3, the lower tubular
wedge is connected to a lower spreader cone 90 which is
positioned between the packer mandrel external surface and
the internal bore of the slip carfier 92. fThe lower
spreader cone 90 is formed in two complementary half
sections S0A,S90B.

The slip anchor assgmply 28 includes a plurality
of slip anchors 28A which are mognted for radial movement
through windows 94 formed in the tubular slip carrier 92.
While the number of anchor slips 28A may be varied, the
tubular slip carrier 92 is grovided within an appropriate
correspondigg number of window; 94, with four anchor slips
being preféifgd. zacﬁ’of the anchor slips includes upper
and lower gripping sﬁrfaces positioned to extend radially
through the slip carrier windows with the wall of the slip
carrier betwgen the paired windows confining a leaf spring

which resides in a recess of the anchor slip assembly.
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anchor slip assenbly, a seal elenent assenbly novably nounted for

| ongi tudinal travel along a seal elenent support surface of said body
mandrel, and force transmtting neans coupled to said anchor slip assenbly
and said seal elenent assenbly for radially extending.said anchor slip

el ement assenbly and radially expanding said seal elenent assenbly into
set engagenent agai nst the - 24 - - Thi s
is the repl acenent sheet

The leaf spring biases the anchor slips radially inwardly
relative fo the wall of the slip carrier 92, thereby
maintaining the gripping surfaces retracted in the absence
of forces displacing the an¢hor slips radiélly outwardly.
'Each of the gripping surfaces has horizontally oriented
gripping edges which provide gripping contact in each
direction of longitudinal movement of the packer 10. The
grippihg surfaces including the horizontal gripping edges,
are radially curved to conform with the  cylindrical
internal surface of the well casing bore against which the
slip anchor members are engaged in the set position.

The lower spreader cone 90 is positioned betweén
the external packer mandrel surface and the lower borxe of
the slip carrier and features an upwardly facing frﬁsto-
conical wedging surface which is generally qompleméntary
to the downwardly facing cam surface on the slip member
28A. The lower cone is connected to the tubulaf wedge 88
by a threaded union T. Retrgction movement of the lower
tubular wedge 88 is limited syﬂthe ratchet coupling 96.

In the run in position as illustrated in Fig. 3, the
tubular bottom wédge 88 and spreader cone 90 are fully
retracted, and are blocked against further downward
movement relative to the slip carrier by the stop ring
assembly 96; |

Thé slip éarrier is releasably coupled to the
spreader cone 90 by anti-preset shear screvs. According
to this arrangement, as the piston 76 is extended in

response to pressurization through the port P, the lower
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- 39 - internal bore sidewall of a well casing, an annul ar backup shoe
nmount ed on said body nmandrel adjacent said seal elenent assenbly, said
backup shoe defining a radial bridge between said body mandrel and a well
casing when said seal elenent assenbly is expanded into engagenent

agai nst the internal bore sidewall of the well casing, a

- 25 -

wedge 88 and slip carrier, together'with the anchor slip
assembly 1s extended upwardly toward the seal element
éssembly 30. The elemeht retainer collar 68 is coupled to
the upper wedge 98 and upper spreader cone 100 by'é
tubular setting cvlinder 102.

As the element retainer coliar 68 is driven into
engagement with the backup shoe 64, the resilient séal
elements 30A,30B and 30C undergo longitudinal compression
until a predetermined amount of radial expansion.has been
produced. Longitudinallmovement of the seal element
assembly 30 is opposed by the cover sleeve 50 until the
shear pins 52 separate. When a predetermined amount of
compressioh and expansion have been?échieved, the shear
pins separate and the upper ocutside éeal element is
deflected along the sloping surface 60 of the transition
member 58 and rides upon the radially offset prop surface
56. The seal element assembly 30 undergoes further

. compression and expansion as,éhe head SOH of the cover
sleeve 50 engages a radially offset shoulder 104 on the
packer mandrel.

| As the seal elements continue to expand into
engagement with the well cgging 14, the top porfion of <the
anchor slips will ride up on the upper spreader cone and
drag againéf‘;he well casing,.thereby causing the anti-

'preset pins on the slip housing 92 to separate. At that
point, the lower épreader cone 90 is driven into
engagement with the anchor slips. The anchor slips aré

then driven radially into gripping engagement with the ‘
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/

seal element retainer sleeve slidably mounted for | ongitudinal novenent
al ong said body mandrel, and a seal elenent retainer collar novably -
nmounted on said retainer sleeve for |ongitudinal novenent froma retracted

position

in which said seal elenent retainer.collar and retainer sleeve

are engageabl e agai nst said backup shoe, to an extended position
| ongi tudi nally spaced from said backup -~ hoe. 29. A wel | packer as
defined in claim 28, Including '

well casing. Continued'pressuring cinches the elements
tighter and the set is retained by the segmented C-ring
146. '

The relative positions of the anchor slips and
seal elements in the run, set and release positions are
indicated in Figs. 10, 11 and 12, respectively. The
radially offset prop.surface 56 is protected, and the seal
elements 30 are shielded from engagement against
obstructing surfaces by the cover sleeve 50 in the run
position. The cover sleeve thus protects the sezl element
package when zunning into the well bore as the tubing

string 26 is manipulated up and down, which is normaily

.carried out while making up and breaking tubing string

connections. The cover sleeve 50 also protects the
element package, as shown in Fig. 12, when the packer has
been released and is being retrieved from the well.

As shown in Fig. 11, the backup shoe 64 bridges
the annulus between the packgr mandrel 34 and the well
casing 14. The primary purposé of the backup shoe 64 is
to prevent extrusion of the lower outer seal element 30C
into the annulus. The backup shoe 64 is deflected and
retracted into the receiver pocket 74 as shown in Fig. 12
as the packer is retrieved. Because of the tendency of
the backuﬁfshqe to .act as an énchor slip, a garter spring
assembly 106 is emﬁéqged in the upper outside seal element
30A to prevent extrusion into the annulus.' The annular

garter spring assembly 106 helps to centre the seal

element assembly 30 for uniform compression and expansion,
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a stop nmeans nounted on said body mandrel for limting retraction novenent
of said setting sleeve relative to said seal elenent assenbly, said
setting sleeve and said retainer collar having nutually engageabl e stop
menbers for limting extension of said element retainer collar relative
to said setting sleeve. 30. A wel | packer having a tubul ar body
mandrel, a seal elenent nounted on sa 87body mandrel, and neans

thereby avoiding the formation of uneven extrusion gaps.

To provide reliable service at high differential
pressure levels, for example, at 10,000 psi (_69 MPa), it was
necessary to provide a reinforced garter spring assembly
106 as shown in Fig. 13, and in the.alternative.
embodiments as shown in Figs. 14, 15 and 16. The failurg
mode of a non-reinforced end seal element is extrusion of
the element past the containmenf means providéd by the
packer body. Adding a conventional garter spring,
reinforces the seal element and prevents extrusion unfil
the gafter spring collapses and moves into the gap. The
seal element is then free to extrude into the gap behind
the failed portion of the garter spring.

It has been determined that a substantially
improved garter spring assembly 106 can be achieved by
enclosing a deformation resistant reinforcing material 108
within the garter spring. Referring to Fig. 13, the
garter spring is formed by a single metal wire which is
wound in a helical coil 110 which is embedded within the
seal element 30A near the outside corner. That is, the
deformation resistant reinforc;ng material 108 is
completely enclosed within the helical turns of the garfer

;spring coil 110.

~ .

According to one effective arrangement, the
deformation resistant reinforcing material is enclosed
within a second helical wound coil 112, which is enclosed
within the outer garter spring coil 110, as shown in Fig.

l4. Adding one or more concentric garter springs to the
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coupled to said seal elenent for radially expanding said seal elenent into
set engagenent against the internal bore sidewall of a well casing, the
| mprovenent conpri sing: : Thi s
Is the repl acenent sheet Dat e:

- 28 -

inside of the primary gafter spring 110 reinforces the
assembly and increases the pressure at'which the packer
element fails. However, more than two concentric coils
are difficult to deploy. The unsupported inside diameter
of the smaller garter spring 112 allows the garter spring
combination to collapse and failure will occﬁr, but at a
proportionally higher ptessure;

Further reinforcement is provided, as shown in
Fig. 14, by spherical balls 114. According to one
alternative embodiment, the deformation resistant
reinforcing material is in the form of elongated pellets
116, as shown in Fig. 15. In that embodiment, the pellets
116 preferably have radiused end pqrtions 116A. Yet
another reinforcesment embodimenf is shown in Fig. 16, in
which the elongated pellets 116 have truncated end
portions 116B. The length of the pellets 116 is
preferably in .the range of from about 2 to about 3 times
the cross sectional diameter:of the pellets. Preferably,
the cross sectional diameter.of the pellets 116 and the
balls 114 is slightly less than the inside diameter of the
innermost garter spring 112.

The reinforcing material 108, whether it be in
the form of the spherical balls 114 or the pellets 116, is
preferabljléoqstrucféd;of a déformation resistant material
such as poly-ether;kepone polymer, ceramic or a metal such
as tungsten carbide.

Referring.to Figs. 4, S and 6, the seal assembly

30 is removed with the tubing string prior to releasing
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- 40 - an annul ar garter spring assenbly enbedded w thin said
seal elenent, said garter spring assenbly conprising a helically wound
coil and deformation resistant reinforcing material disposed within said

helically wound coil-. 31. A wel | packer as defined in claim:30,
wherein said deformation resistant reinforcing material conprises
- 29 -

the packer. A retrievihg +ool is attached to the work
string and run to depth. The retrieving tool is latched
into the latch profile located on the upper end of the
packer 10. Upward pull on the retrieving tool causes lugs
on the retrieving tool to engage a shifting sleeve 117 in
the packer. Further upward pull sheafs the éﬁear screws
118 on the shifting sleeve 117 alloﬁing the release sleeve
to move up aligning the recess 120 in the shifting sleeve
117 with the lock ring 118. The lock ring 118 is then
free to disengage the mandrel 34. Continued upward pull
shears screws 119 in the retrieving tool allowing the dogs
to retract. Continued upward pull is transferred to the
packer through the packer maﬁdrel 34. The upper split

- ring 70 shoulders on thé retainer ring 66. Its shoulder
66A shoulders on the ratainer shoulder 68A, thereby.

. opening the pocket 74 for the shoe 64 to retraét.
Continued upward pull draws the upper wedge 98 out from
undar the top pcftion of the sl;p 28H. The upper.wedge
picks up the slip carrier 92. The slip carrier 92 then
pulls the slip from the lower wedge 90.

Pressure loading is applied to the tﬁbular
column presented by the lower tubular wedge.sa when
pressuring from below. To prevent‘buckling collapse of
the lower tﬁgh}ar wedge 98, if is. desirable to provide
radial support along its length. This is accomplished by
a split support assembly 134 consisting of a split support
ring 136, which is split into three segments, and an
internal slip assembly 138. The lower tubular wedge 88
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spherical balls. 32. A wel | packer as defined in claim30, wherein
said deformation resistant reinforcing material conprises elongated

pell ets. 33. A wel | packer as defined in claim32, wherein said
el ongated pell ets have radi used end portions. .
_30..

has a tubular, reduced diameter extension 88A which rides
on a tubular 140, which is concentrically mounted on the
packer mandrel 34. The column loading is relieved by the
support assembly 134, with the load forces being conducted
through the split ring asseﬁbly 136 through the release
sub 78, through a threaded union T to the cylindrical
housing 132 to the bottom cohngctor sub 126. The lower
tubular wedge extension 882 hés helical threads 142 which
bear against non-helical threads 144 carried by a C-ring
146. The C-ring 146 has ratchet threads which mate with
ratchet threads formed on the inside bore of the internal
slip assembly 138.

. The load carrying capability of the anchor slips
28A is increased by increasing the cross sectional area of
engagement between the slips and the upper spreader cdne
100. Referring to Fig. 17 and Fig. 18, this is carried
-oﬁt by f£lat surfaces 146,148,150 and 152 which are
machined externally on the sgreader cone. That is, the
load forces are transmitted %o'the slips across the flat
.surfaces and onto the sloping face of the anchor slips
rather than on the conical diameter of the slip and cone.
If contact was on the conical diameter bf the slip and
cone as found in conventioﬁal packers, the.load forces
would be F:gnsmittedﬁpg contact of the slips against the
cone. Full f;rce ﬁianémitting contact is provided bf such
conventional packers only at one diameter. However, by
transmitting the forces through the flats on the surface

of the cone and mating flats on the slips, the contact
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34. A wel |l packer as defined in claim32, wherein said el ongated
pell ets have truncated end portions. 35'". A wel | packer as defined
in any one of clains 32 to 34, wherein the length of said pellets is in
the range of from about one and one-half to about three tines the
cross-sectional dianeter of said pellets. 36. A wel] | packer as
defined in any one of clains 30 to 35, whed3ki~n said deformation resistant
rei nforcing

area is substantially increased. Moreover, in addition to
providing increased load capability, the flats also improve
the centralizing capabilitj._

The invention may be modified within the scope of

the appended claims.
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materi al conprises-poly-ether-ketone polyner.
- 41 - 37. - A wel | packer as defined in any onemmﬁI"ﬂ"m ﬁﬁ , 36,
wherein said deformation resistant re[nforC|ng " I"lm

_32-
CLAIMS:
1. A well packer for use in packing a well having a.

 well casing, comprising a tubular body mandrel, an anchor
slip assembly, a seal element assembly movably mounted for
longitudinal travel along a seal element support surface of
said body mandrel, and force transmitting means coupled to
said anchor slip assembly and said seal element assembly
for radially extending said anchor slip element assembly and
radially expéndins said seal élement assembly into set
engagement égainst an internal surface of the well casing,
prop means disposed on said body mandrel and engageable by
said seal element assembly, said prop means having a seal
element prop surface which is radially offset with respect
to the seal element support surface of said body mandrel,
the arrangement being such that when the seal element is
moved longitudinally to engage the prop surface it is
expanded radially by said engagement with the prop surface
so as at all times to be compressed between the prop surface
and the internal surface of the weli casing.

2. - A well packer as defined in claim 1, wherein said
prop means comprises a radially stepped shoulder member
which is integrally formed with said body mandrel, said prop
surface being defined by the external surface of said
shoulder member.

3. A well packer as defined in claim 1, wherein said
prop means comprises a tubular body member, said seal
element prop - surface being defined by the external surface
of said tubular body member.

4, A well packer as defined in any one of claims 1
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material conprises ceramc or netal or tungsten carbide. —— 38——A—

wel | packer having a tubular body mandrel, an anchor S|Ip s
el enent assenbly novably nounted for Iongi tudi nal travel “HHﬂ‘ﬂﬂ ‘
el ement  support surface of said body mandrel, and force:

means. coupl ed to said anchor slip assenbly and said seal elenent assenbly
for radially extending said anchor slip-e3®ment assenbly and radially

expanding said seal elenent assenbly into set engagenent against the

to 3, wherein said seal element prop surface is
substantially cylindrical and said seal element support

surface is substantially cylindrical.

5. A well backer as defined in claim 4, wherein
said seal element prop surface is substantiaily concentric

with said seal element support surface.

6. * A well packer as defined-in'any one of the
preceding claims, including an annular ramp member
disposed on said body mandrel intermediate said mandrel
and said prop means, said ramp member having an external
surface which slopes transversely with respect to said
seal element support surface and said seal element prop

surface.

7. A well packer as defined in claim 6, wherein the
slope angle as measured from the seal element support
surface to the external surface of said ramp.member is in

the range of from about 135° to about 165°.

8. A well packer assembly as defined in any one of
the preceding claims, wherein said seal element assembly
comprises aié%qrality of longiéudinally‘compressible,
radially expandable seal elements, andlwherein one of said
seal elements is compressed against said seal element
support surface and one of said seal elements is |

compressed against said seal element prop surface when
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I nternal bore sidewall of a well casing, - prop neans di Sposedon

sai d body nmandrel and engageable by said seal el enent asse '
means having a seal element prop surface which is radiall y[mmnnmwﬂn",
respect to the seal elenent support surface of said body mandrel ;L sands '«
seal elenent assenbly including first and second |ongitudinally
conpressible, radially expandable outs+® seal elenents, and a third sea
el enent disposed internediate the first and second outside sea

said seal element assembly is expanded into sealing

engagement against a well casing.

9. A well pécker assembly as defined in claim 8,
wherein said seal element assembly comprises first, second
and third 16ngitudinall§ compressiblé; radiéily expandahlé
seal elements, and wherein fheflongitudinal dimensions of
said sealing elements and said prop surface are so
selected that the first and second seal elements are
compressed against said seal element prop surface and the
third seal element is compressed against said seal element
support surface when said seal element assembly is

expanded into sealing engagement against a well casing.

10. A well packer assembly as defined in any one of
the preceding claims, including a cover sleeve movably
mounted on said body mandrel for longitudinal_movement
from an extended position in,wyich said prop surface is
covered by said sleeve, to a retracted position in which
the seal element prop sﬁrface is uncovered, and at least
one shear pin releasably securing said cover sleeve to

said body mandrel at said extended position.

-
- .

11. A well packey is aéfined in claim 10, including
stop means disposed on said body mandrel adjacent said
prop sdrface, said cover sleeve being engageable against
said stop means at the limit of its travel to the
fetracted position.
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el ements, and wherein the |ongitudinal dinensions of s Hﬂﬂusealln el enent s

and said prop surface are so selected that at |east t ﬂﬂ"! mwxmreal

el enment is conpressed against said seal element prop
second outside seal element is conpressed against said seal elenent*
support surface when said seal elenent assenbly is expanded into sealing
engagenent agai nst a well casing, - 35 -

This is the replacenent sheet

12. ﬁ well packer as defined in claim 11, wherein
said cover sleeve has a tubular sidewall and an annular
head radially offset from said sidewall, said annular head
being disposed in slidable engagement with said seal
element prop surface, and said cover éieeve head being
engageable against said stop means when said sleeve is

' moved to the retracted position.

13. A well packer as defined in claim 11 or claim
12, wherein said stop means comprises an annular shoulder
formed on said body mandrel, said annular shoulder

projecting radially with respect to-.said prop surface.

14. A well packer as defined in any one of claims 10
to 13, wherein said cover sleeve is intersected by a
longitudinal slot, and including a radially projecting
guide lug mounted on said body mandrel, said guide lug

being received within said slot.

15. A well packer as defined in any one of the
preceding claims, wherein said seal element assembly

includes an outside seal element and an annular backup
shoe mouhté&‘gn said outside seal element, said backup
shoe defining a radial:bridge between said body mandrel
and a well casing when said segl element assembly is
expanded into engagement against.the.internal bore

sidewall of the well casiﬁg, said force transmitting means
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-42- an annul ar backup shoe nounted on said 65&;__7ﬁiﬁﬁ?ﬂ*““——-
adj acent said seal elenent assenbly, said backup shoe d Jmu” |

bri dge between said body mandr el and a well casing when. mmglm
assenbly is expanded | nto engagenent against the internal®bdret ® s &

_36_

includes a lower element retainer sleeve slidably mounted’
for longitudinal mo#ement along said body mandrel, an upper
element retainer collar is movably mounted on said retainer
sleeve for longitudinal movement from a retracted position
in which said element retainer collar and retainer sleeve
are engageable against said'backdp shoe to an extended
position longitudinally spaced from said'backup shoe, and
stop means are mounted on said body mandrel for limiting
retraction movement of said retainer sleeve relative to said
body mandrel, said retainer sieeve and said retainer collar
having mutually co—-acting stop members for limiting
extension of said element retainer collar relative to said

retainer sleeve.

16. A well packer és defined in claim 15, including
.stop meansﬁmounted on said body mandrel for limiting
retraction movement of séid lower element retainer sleeve
relative to said body mandrel, said lower element retainer
sleeve and said upper element retainer collar having
mutually engageable stop members for limiting extemsion of
said upper element retainer collar relative to.said lower

element retainer sleeve.

17. . A well packer as defined in any one of the
preceding claims, wherein said seal element assembly
includes an outside seal element and an annular garter
spring assembly embedded within said seal element, said
garter spring assembly comprising a helically wound coil and
deformation resistant reinforcing material disposed within

said helically wound coil.

18. A well packer as defined in claim 17, wherein said
deformation resistant reinforcing material comprises
spherical balls.
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sidewal | of the well casing, and a seal el enent Fetainer sleeve
slidably nount ed for |ongitudinal novenent along said bo ‘“ |HM“““““
seal el ement retainer collar novably nounted on said ret jmmr“ u

for longitudinal novenent froma retracted position in whith tsaitd 8eaf

el ement retainer collar and retainer, sleeve are engageabl e agai nst said
backup shoe to an ext ended p05|t|on Ion@?%udlnally spaced from sai d

backup shoe, thereby defining a pocket for receiving sald backup shoe

as it undergoes deflection during retrieval. of said
19, A well packer as defined in claim 17, wherein said

deformation resistant reinfdrcing material comprises

elongated pellets.

20. A well packer as defined in claim 19, wherein said

elongated pellets have radiused end portions.

21. A well packer as defined in claim 19, wherein said
elongated pellets have truncated end portions. '

22. A well packer as defined in any one of claims 19
to 21, wherein the length of said pellets is in the range of
from about one and one-half to about three times the cross-
sectional diameter of said peilets.

23. . . A well packer as defined in any one of claims 17
to 22, whereln said deformation resistant re1nforc1ng
material comprises poly- ether-ketone polymer or ceramic or
metal or tungsten carbide.

24, A well packer constructed and arranged for use and
"operation substantially as described herein with reference

to and as shown_in the accompanying drawings.
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packer . 39. A wel | packer as defined in cIa|n13;\\\\\\\\rﬁ§\“\\\\\

stop neans nounted on said body mandrel for limting ret. ﬂz
of said setting sleeve relative to said body mandrel, said s

and sai d retainer col l ar having nutual |y engageabl e stop nenbers for
limting extension of said el enent retainer collar relative to said

setting sl eeve. ' - 38 ~

25. . A well packer as defined in cléim 24, wherein
said cover sleeve has a tubular sidewall and an annular
head radizlly offset from said sidewall, said annular head
being disposed in slidable engagement with said seal
element support surface, and;said cover sleeve head being
engageable against said stop méans when said sleeve is

moved to the retracted positibn.

26. A well packer as defined in claim 24 or claim
25, wherein said stop means comprises an annular shouldex
formed on said body mafdrel, said annular shoulder
projecting radially ﬁith respect to said seal element

support surface.

27. A well packer as defined in any one of claims 23

o 26, wherein said cover sleeve is intersected by a
longitudinal slot, and including a radially prcjecting
guide lug mounted on said body mandrel, said guide lug

being received within said slot.

28. A well packer having a tubuiar bodf'mandrel, an
anchor slip assembly, a seal element assembly movably
mounted for longitudinal téayel along a seal element
support surface of said body mandrel, and force
transmitting means coupled to said anchor slip assembly
and said seal element assembly for radially extending said
anchor slip element aésemhly and radiaily expanding said
seal element'assembly into set engagement against the
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40. A wel | packer having a tuburér body mandrel,
assenbly, a seal elenent assenbly novably nounted for IHM ”@]m mﬁ”ﬂ'

al ong a seal elenent support surface of said body nandrel*

- 39 -

internal bore sidéwall of a well casing, an annular backup
shoe mounted on said body mandrel adjacent said seal
element assembly, said backup shoe defining 2 radial
bridge béetween said body mandrel and a well casing when
said seal element assembly is,expanded into engagement
against the internal bore sidewall of the well casing, a
seal eiement retainer sleeve slidably mounted for
longitudinal movement along said body mandrel, and a seal
element retainer collar mov§bly'mounted on said retainer
sleeve for longitudin;l mqvemént from a retracted position
in which said §ealaglement refainer collar and retainer
sleeve are engageab.e iéainst said backup shce, to an
-extended position longitudinally spaced from said backup

shoe.

29. A well packer as defined in claim 28, including
‘a stop means mounted on said body mandrel for limiting
retraction movement of said setting sleeve relative to
éaid seal element assembly, said setting sleeve and said
retainer collar having mutﬁally engageable stop members
for limiting extension ¢f said eleméht retainer collar

. relative to said setting sleeve.

30. A well packer having a tuhulaf body mandrel, a

- seal elemént mounted on said body mandrel, and means
coupled to said seal eleﬁent for radially expanding said
seal element into set engagement against the internal bore

- sidewall.of a well casing, the improvement comprising:
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- 43 - transmtting nmeans coupled to said anchor slip a;%\\\\\\\\gﬁa\EETd~\
seal elenent assenbly for radially extending said anchar ﬁng l
assenbly and radially expandi ng said seal el enent assenbly intd ’”MW
engagenent agai nst the internal bore sidewall of a well casing, the % =+

I mpr ovenent conpri si ng: prop neans di sposed on said body

mandr el and engageabl e by said seal elef#ent assenbly, said prop neans
having a seal elenent prop surface which is radially

an annular garter spring assembly embedded
within said seal element, said garter spring assembly
comprising a helically wound coil and deformation
resistant reinforcing material disposed within said

helically wound coil.

31. A well packer as defined in claim 30, wherein '
said deformation resistant reinforcing material comprises

spherical balls.

32. ‘A well packer as defined in claim 30, wherein
said deformation resistant reinforcing material comprises

elongated pellets.

33. A well packer as defined in claim 32, wherein

said elongated pelléts have radiused end poftions.

34. A well packer as defined in claim 32, wherein

said elongated pellets have truncated end portiomns.

35. A well packer as defined in any one of claims 32
to 34, wherein the length'of said pellets is in the range
of from about one and one-half to about three times the

cross-sectional diameter of said pellets.

-~

-

36. A well packer as defined in any one of claims 30
to 35, wherein said deformation resistant reinforcing

material comprises poly-ether-ketone polymer.
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offset wwth respect to the seal elenent support surface-o sat-d—body

mandr el ; sai d seal elenent assenbly including nd second
| ongitudinally conpressible, radially expandabl e out5|de” m ,ﬂt"""
and a third seal elenment disposed- internmediate the first

outsi de seal elenments, and wherein the |ongitudinal dinensions of sai d
sealing elenents and said prop surface-afdle-so selected that at |east the
first outside seal elenent is conpressed agai nst

37. A well packer as defined in any one of claims 30
to 36, wherein said deformation resistant reinforcing

material comprises ceramic or metal or tungsten carbide.

38. A well packer having a tubular body mandrel, an
anchor slip assembly, a seal element assembly movably
mounted for longitudinal travel along a seal element
support surface of said bodg mandrel, and force
trensmitt;ng means coupled to said anchor slip assembly
and said seal element assembly for radially extending said
anchor slip element assembly and.radially expanding said
seal element assembly iﬁto set engagement against the
internal bore sidewall of a well casing,

prop means disposed on said body mandrel and

engageable by said seal eiement assembly, said ﬁéep meeﬁs"
having a seal element prop surface which is radially
offset with respect to the seal element support surface of
said body mandrel; said seal element assembly including
first and second longitudinally compressible, radially
expandable outside seal elements, and a third seal element
disposed intermediate the first and second outside seal
elements, and wherein the longitudinal dimensions of said
sealing elements and said prop surface are so selected
that at least the first outside seal element is compressed
against said.eeal element prop surface and the second
outside seal element is compressed against said seal
element support surfece when said seal element assembly'is

expanded into sealing engagement against a well casing,
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said seal elenent prop surface and the second outside seal elenen

conpressed agai nst said seal elenment support surface V\hﬁmmm
el ement assenbly is expanded into sealing engagenment ag "l"""
casi ng; a cover sleeve nounted on said body mahdrel 4 om *

| ongi tudi nal novenment from an extended position in mhlch ~said prop surface
is covered by said sleeve, to a retractdd position in which the seal
el enent prop surface is uncovered; and at | east one shear pin

rel easably §ecuring Saidan annular backup shoe mounted on said body
ﬁandrel adjacent said seal element assembly, said backup
shoe defining a radial bridge between said body mandrel
and a weli casing when said eeal element assembly is
expanded into engagement againet the internal bore
sidewall of the well casing, and .

a seal element retainer sleeve slidably mounted
for longitudinal movement along said body mandrel, a seal
element retainer collar mo;ably mpunted on said retainer
sleeve foi longitudinal movement feom a retracted position
in which saiﬁ seal element retainer collar and retainer
sleeve are engageable against said backup shoe to an
extended position longitudinally spaced from said backup
shoe, thereby defining a pockaet fer receiving said backup

shoe as it undergces deflection during retrieval of said

packer.

39. A well packer as defined in claim 38, including
stop means mounted on said body mandrel for limztlng
retraction movement of said setting sleeve relative to
said body mandrel, said setting sleeve and said retainer
collar having mutually engageable stop members for
‘limiting extension of said element retainer collar

relative to said setting sleeve.

~—
-~

40. A well packer having a tubular body mandrel, an
anchor slip assembly, a seal element assembly movably
mounted for longitudinal travel along a seal element

support surface of said body mandrel, and force
This is the replacement sheet
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-44- cover sleeve to said body nandrel at said extended 'Wﬁf

g

transmitting means coupled to said anchor slip assembly
and said seal element assembly for radially extending said
anchor slip element assembly :and radially expanding said
seal element assembly into set engagement against the
internal bore sidewall of-a well casing, the improvement
comprising:

prop means disposed on said body mandrel ;nd
engageable‘bf said seal eleﬁent assembly, said prop means
having a seal element prop surface which is rédially
offset with respect fo.the seal element support surface of
said body mandrel;

said seal element assembly including first and
second longitudinally compressible, radially éxpaﬁdable
outside seai elements, and a third seal-;iement disposed
intermediate the first and second ocutside seal elements,
and wherein the longitudinal dimensions of said sealing
elements and said prop surface are so selected that at
least the first outéide seal element is compressed against
said seal element prop surface and the secorid outside seal
element is compressed againét said.seal element support
surface when said sezl elemént assembly is expanded into
sealing engagement against a2 well casing;

a cover sleeve mounted on said body mandrel for
longitudiﬁal movement from an extended position in which
said prop sdiface.is covered by said sleeve, to a
retracted position in which the seal element prop surface

is uncovered; and

at least one shear pin releasably securing said
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41. A wel | packer as defined in claim40, includi ng—stopreans

di sposed on said body nmandrel adjacent said prop surface | _
sl eeve bei ng engageabl e agai nst said stop neans at -the-l U!ﬂﬂl umlEﬂHIaIH!HI :
S

to the retracted position. 42, " A well packer as
41, said cover sleeve having a tubular sidewall and an annul ar head
radially offset fromsaid sidewall, said gyonrular head being disposed in

sl i dabl e engagenent with said sea

cover sleeve to said bady mandrel at said extended

position.

41. A well packer as defined in claim 40, inciuding
stop means disposed on said body mandrel adjacent said
prop surface, said cover sleeve being engageable against
said stop means at the limit of its travel to the

retracted position.

42. A well packer as defined in claim 41, said cover
sleeve having a tubular sidewall and an annular head
radially offset from said sidewall, said annular head
being disposed in slidable engagement_withlsaid sea;
element prop surface, and said cover sleeve head being
engageable against said stop means when said sleeve is

moved to the retractad position.

43. A well packer as defined in claim 41 or claim
42, wherein said stop means comprises an annular shoulder
formed on said body mandrel, éaid annplar shoulder

projecting radially with respect to said prop surface.

44. ' A well packer as defined in any one of claims 40
to 43, wherein said cover sleeve is intersected by a
loﬁgitudiAaI slot, and including a radially projecting
guide lug mounted on said body mandrel, said guide lug

being received within said slot.
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el ement prop surface, and said cover sleeve head being en ﬂﬂabl e again

sai d stop neans when said sleeve is noved to the retracte ”Mﬂ"ﬂ#ﬂ””w

43. A wel | packer as defined in claim4l or claim 42,
stop neans conprises an annul ar shoul der forned on said body fanbr e, sais
annul ar shoul der projecting radially with respect to said prop surface.

45. A well packer constructed and arranged for use
and operation substantially as described herein with

reference to the accompanfing arawings.

4
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44. A wel |l packer as defined in any one of clains 40 to 43, wherein
said cover sleeve is intersected by a Ilongitudinal slot, and including a
radially projecting guide |lug nounted on said body mandrel, said guide |ug
being received within said slot. ' :
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RETRIEVABLE WELL PACKER

ABSTRACT

A retrievable packer for service at high
temperatures and pressures has sealing provided by a seal
element prop surface (56) of larger diameter than the seal
element support surface (48) of a body mandrel (34). At '
least one element (30A) of a seal assembly (30) is
supported on the prop su}face and is subjected to a radial
squeeze in the set configuration, even though a lowermost
séal element (30C) may be subject to longitudinal
separation. The split level support arrangemeht'provides
an annular pocket (62) into which the elements c¢an be
retracted upon release of the packer, thereﬁy providing

' clearance for retrieval. In reieasing the packer, a

retainer collar (68) is shifted away from a metal backup
shoe (64), thereby providing an annular pocket into which
the shoe is deflected, so that it does not obstruct the
drift clearance during retrieval. . The seal element-
assembly is preloaded by a cover sleeve (50) which
releases when a predetermined compression has been
achieved. The controlled preloading of the seal elements
assists movemgpt of the elements to the 1arge£ diameter
prop surface,'éné the seal elements are forced to expand
into the annulus uniformly to prévent the formation of

uneven extrusion gaps.

(Fig. 1) ' -mmbmemNWQMMSma
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- 45- 45. A wel | packer constructed and arranged for use and
operation substantially as described herein with reference to the

acconpanyi ng draw ngs. :
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Currently, permanent packers are used for long-
term placement in high temperature, hzgh pressure wells.
Conventional permanent packers are designed in.suchfa way
that they become permanently fixed to the casing wall.and
that helps in the'sealing of tﬁe element - package.

However, permanent packers must be milled for removal.

One of the major problems involved in removing a permanent
packer is that its element package normally has large
metal backup rings or shoes thet bridge the gap between
the packer and the casing and provide a support structure

for the seal element to keep it from extruding out into"

the annulus. The problem with that arrangement is that

the large metal backup shoes act like a set of slips and

will not release from the casing wall.

Present retrievable high pressure packers use
multiple C-ring backup shces that are difficult to retract

when attempting to retrieve_the packer. A further

limitation on the use of high pressure retrievable packers

“qf‘conventional design, for example, single slip packers,

is\tgat if there is any slack in setting of the packer, or

\‘.

any subsequent movement of the packer, some of the

N

compressibQ force on the element package is relieved.
This reduces*tpe total compression force exerted on the
“ _
seal elements beétween the mandrel and the casing,
N

therefore permittihgxa leakage passage to develop across
the seal package. '

~

\ L .
Conventional high pressure retrievable packers

utilize backup shoes on the-top and bottom seal elements:

~



