ZH\8994 WELL PACKER This invention relates to a well packer for forning a
fljul d barrier between the interier of a casing string and the exterior of(a
Eﬁﬁgpg string. 5 Vel | packers for directing formation fluid flow

t

-0ugh a tubing string have been used for nmany.years in the of
rndustry. velY packers have been designed to acconodate one, tggigﬂgﬁggg

tubing strings. Exanples of prior dual 10 string well packers are shown in
U S. Patent. 3,167,127 to P.S. Sizer; U S Patent3, 381,752 to T.L. Elliston;
and U.S. Patent 3,391,741 to T.L. EIIistoni_T?Q§e patents are i-ncorporated
by reference for all purposes within this application. 15° one obj ect
of the present invention is to provide a dual string packer which does not
require -2- relative novenent between its primary string nmandrel and
secondary string mandrel whil'e setting the packer. Another object of the
present invention is - - .

WELL PACKER

‘ Phis invention relates to a well packer for
forming a fluid barrier between the interior of
a casing string and the exterior of a tubing

. string.

5  weil packers for directing formation fluid
flow through a +tubing string have been used for
many Jears in the oil and gas industry. Well
packers have.been designed to accommodate one, two
or more tubing strings. Examples of prior dual.

10 string well packers are shown in U.S. Patent
3,167,127 to P.S. Sizer; U.S.Patent3,381,752 to
T.L. Elliston; and U.S. Patent 3,391,741 to
®.L. Elliston. These patents are_incorporated by
reference for all purposes within this application.

1S One object of the present invention is to

provide a dual string vacker which does not require



5 to provide a well packer, either single or dual string, which can be é%g
rel eased fromits downhol e set position by cutting the mandrel neans below:.,
the packing elenents. A further object of the present invention is 10 7~
p%eﬁide a dual string well packer which is hydraulically set and has o,
opposi ng slips on opposite ends of the packing elenent(s). An additional

obj ect of the present invention is to provide a dual string hydraulically

.set 15 packer which does not require noving,seals on either the primry or
secondary mandrel while setting the packerr iatth the exception of the

setting piston. A still further object of the present invention 20 is to
provide a dual string well packer which has continuous primary spring
“mandrel and secmmyl%ermugemﬂrbbtmbmmmpﬁmmm dtwinpachangrel

el ements. Another object of the present invention is 5 to provide a dual
string well packand véectndary stringl mandsied: whitlle tseistiiong asie conpr essi on
forces wwthin the tubing strings. A. further object of the present

fnvention packer. :

Anothei object of the present invention is

5 %o provide a well packer, either single or dual
string, which éan be released from its downhole
set position by cutting the mandrel means below

the packiﬁg elements.

v | ~ A further object of the present invention is
10 to provide g dual string well packer which is
hydraulically set and has opposing slips on

opposite ends of the packing element(s).

' An.additional object of the present invention
is t0 provide a dual string hydraulicallf set
15 packer which does.not require'moving seals on either
the primary or secondary mandrel while setting the

packer with the exception of the setting piston.

A still further object of the present invention

20 is to provide a dual string well packer which has



L0 provide a dual string well packer which has 10 the operati onal
aAhacteristics of a permanently set packer but can be renoved fromthe .
“bore without having to mll or grind up the packer. with these objeo&_)
iew, the present invention provides a well packér conprising a 15 pair
‘paral l el mandrel neans, each having a passageway extendi ng therethrough,;
upper and | ower body means carried on the exterior of the nmandrel neans and
slidable longitudinally with respect to each other over the mandrel neans;
20 anchoring neaps..carried by each ‘body nmeang and -4- radially

expandabl e relative to each body neans between a retracted position and an

~expanded position whereby each anchoring neans is engageable with the

acsoci at ed bidii‘?ls%%ﬁ?ﬁiﬂ?ﬂ AT opk g hifedsh, WECRHoR' (3 oo

on the exterior 4 ' e %13! wer body
means; piston neans carrle by sal%gﬁémg Phggaﬁgg a% ng the body -

‘means Iong|tudlgi%5£nﬁgpard 10 each other in response to f|UId pressure in

one of

Another object of the present inveqtion is
5 +to provide a dual string well packer which when
set will resist both tension and compréssion

forces within the tubing'strings.

A further objecf of the present invention
is to provide a dual string well packer which has . A
10 the Qperationai characteristics of a permanently
set packer but can be removed from the well bore

without having to mill or grind up the packer.

With these objects in view, the present
invention vrovides a well packer comprising a
15 pair of paxrallel mandrel means, each having é
passageway extending therethrough; upper and
lower body means carried on the exterior of the
mandrel means and slidable longitudinally with
respect to‘each other over the mandrel means;

20 anchoring means carried by each body means and



ald passageways; the longitudinal novenent of the body means causi ng
conpressi on of the packing neans and radi'al expansion thereof to forma J?/
fIU|ﬂ barrier between the exterior-of the mandrel nmeans 15 and the inte ior
, he casing string; the sane |ongitudinal novenent causi ng radi al
expansion.of t he anchoring nmeans; neans for |ocking each body neans to the
mandrel neans after conpletion of the |ongitudinal novenent whereby the
packi ng nmeans. .20 are nmi ntai ned conpressed and t.he anchoring neans are '
mai nt.ai ned radial |y expanded; each anchoring nmeans conprising a plurality
of slip elements; each body means further =cdnprising a slip carrier and a
slip expander mhlch are novable | ongitudinally towards. each other to
radi al |y expand the associated slip elenments; nmeans for rel easing the

nandrel neans fr%u&bm{yoekbaaaaaaas:aiatwelweéam%&?%i&n@mtw for ™
moving the slip expander of the upper body.means |ongitudinally away from

its associated shi pe¢@abited posikiow heyr af! expadtiedhpostitn ot WiRY¥ Dy
carried by the upper body neans after-thelocking neans for the Iomer body
means has been 1@athl aachdring means is engageable with the interior
’ - of a casing string to prevént longitudinal movement-.
5. of its associated body means relative to the casing
string; packing méansncérried on'the e#teriof_of
$he mandrel means between thé.upper and lower body
means; piston means, carried by said mandrel means, | )
for mdving'the_body means longitudinally tdward' |
10 each other in resﬁonse $0 fluid pressure in one of
said passageways; the longitudinal movement of
the body means causing édmpression of the packing
means ﬁnd.radial'expansidn'thereof 40 form a £luid
barrier between the exterior of the mandrel means
15 and the interior of the casing string; +the same
longitudinal movement causing radial expansion of
the anchoring meang; means for locking each body -
means o the mandrel means after completion of the
- 1ongitudina;.movemént whereby'the packing means
| 20 are maintained compressed and the anchoring means
are maintained radially expanded; each anchqring

‘means comprising a plurality of slip élements; each

' body means further comprising a slip carrier and a



W 5 partially in section and el evati on.showi ng two parall el upper
Ings of production tubing coupled with two paralrel I'ower strings of
production tubing supported froma well packer set in-a casing string;

n ention wl| be descri bed further, by way of exanpl e, with reference
e acconpanying drawi ngs, in whichs. Fig. 1is a | ongi t udi nal .schemati.c

’,

Pigs.-- 2A, B, Cand D are drawings in elevation 20 with portions broken

~away showing the exterior = of a well packer incorporating the present

invention; Figs. 3A, B, C, D, B and F areedranings partially in section and

el evation with portions 5 broken away showi ng the well packer of Figs.

are drawi ngs, pgripabkianderontichidiaid nfAdbIgh fﬁ@aﬁﬁammffwith 10

. porti.ons broken amay, of the packer shown in Pigs. 3A-F. The
section is genefshardshenbhr etaeed t90 réaiIay fé:@p’a.nd henéoassbusiaméh

section shown .in Figs.. 3A-F. However, in irregular
slip elements, means for releasing the mandrel
means frcﬁ the.locking means of fhe lower bddy meanss;
5 and meéns_for moviﬁg the slip expander 6; the uppér

body'means longitudinally away frqm its.associated
%slip carrier 1o ailow':etraction of the slip

elements carried_ﬁj the upper body ﬁeans.after fhe
locking means fér_tﬁé lower body iéans haé been

10 released.

~ The invention will be described further, by
way of example, with reference to the accompanying

drawings, in whichs

Fig. 1 is a longitudinal schematic view
15 partially in section and elevation showing two
parallel upper strings of.production_tubing coupled
with two parallel lower strings of production tubing

supported from a well pécker set in a casing string;

Plgs.-- 24, B, C and D are drawings in elevation

20 with portions broken away showing the exterior

2A-D

" incorporating one enbodi nent of the present invention; Figs. 4A, B, Cand D

ongi t udi nal



section is shown in the vicinity of the upper and 15 | ower external slips
-and the hydraulic pistons connecting tube. Fig. 25 denonstrates how the
iﬂiggular section was taken at these three locations. Fig. 5is a ' /
~fragnmentary drawing in section taken generally along line 5-5 of Fig. 3§
Fig. 6 is adraning in section along line 6-6 of Figs. 3E and 4C, Fig. 7 is
~a plan view of the retaining cylinder which blocks the first and second
cylinders of 5 the upper body neans fromtel escoping relative to each
other; Fig. 8 is an enlarged fragnentary v+efv+n section show ng the
threads on the exterior of the retaining cylinder which rel easably engage
~matching 10 threads on the interior of the second cylinder; Fig. 9is a
‘drawing in section taken_along line 9-9 of Pigs.-BC and 4A; Fig. 10 is a
~drawi ng parti al | yofnaswediloPagken|incarperatingcthecrragestceve used in
the upper 15 body _neans; Fig. 11 is a drawing in |ongitudinal section of
the slip expanderiBYeRfdopswer body neans; . )

g _ FPigs. 34, B, Cy, D, E and P are drawings
| 'partially in section and.elevation with portions
> broken away showiné the well paéker of Figs.
2A-D incorporating one embodiment of the present

invention;

Figs. 4A, B, C and Dare drawings, .partially
- - im longitudihal séction.and elevation with
| ‘10 portions broken away, of the=packer showa in
Figé.'3ArF. The longitudinal section_is generally
 shown rotated 90 degﬁees from the longitudinal

secfion shown in Figs; 3ArF. However, an irregular
section is shown in the vicinity of the uppef and

15 lower external slips and the hydraulic piston's
connecting tube. PFig. 25 demonstrates how the

- _' : _ irregular section was taken at these three locations.

Fig. 5 is a fragmentary drawing in section

taken generally along line 5-5 of Fig. 3B;



2 is adramng in section taken along line 12-12 of Fig. 11; Pig. 13
drawi ng in |ongitudinal section of the portion of the mandrel neans
can 5 be cut to release the | ower body neans; Pig. 14 is a drawi ng \(n
JiA udi nal section of the | ower body neans adapter sub; Pig. 15 is a pla
_-V|em10f the | ower body means adapter sub shown in Pig. 14; 10 Fig. 16
Is a schematic drawing partially in section with portions broken away
showi ng a well packer sinmlar to the packer of Figs. 3A-F being l.owered
through a casing string; Fig. 17 is a schenfitec drawing partially 15 in
section with portions broken away showi ng the well|l packer of Fig. 16 set
within the casing string; Pig. 18 is a schematic drawing partially in

itor the mntrel nEHE Mt hebrraroHs P fest ol e hE H0g reans,

6~6 of PFigs. 3E and 4C;

Fig; 7 is a plan view of the retaining cylinder
which blocks the first and second cylinders of
5 the upper body means from telescoping relative to

each other;

Fig. 8 is an enlarged fragmentary view in
section showing the threads on the exterior of the
retaining cylinder which releasably engage matching

10 threads on the interior of the second cylinder;

Fig. 9 is a drawing in section taken along

‘line 9-9 of Pigs. 3C and 4A;

Fig. 10 is a drawing partially in section and
elevation of the locking sleeve used in the upper

15 body means;

Pig. 1l is a drawing in longitudinal section

of the slip expander of the lower body means;



Fig. 19 is a schematic drawing partially in section with ‘portions broken -
away showi ng the 5 well packer of Fig. 16 after the mandrel means has begens
raised to shift -the Iocklng sl eeve or cylinder of the upper body means;
Ff@“fZO is a schematic drawing.partially in section with portions br oken
away- showi ng the 10 wel| packer of Fig. 16 after the mandrel neans has been
lowered to disengage the retaining cylinder; Fig. 21 is a schematic draw ng
partially in section with portions broken amag showi ng the 15 wel | packer
of Fig. 16 being renoved fromthe casing stri Rg= Figs. 22A, B, C and D are
drawi ngs in section with portions broken away showi ng a well packer
I ncorporating the present invention with an - 10- alternative enbodi nent
for releasing the |ower body neans fromits | ocked or set position; Fig. 23
is a schematic drawi ngd@r tfl’éliqf 2 izawingnini secpdon dedken alamavay

showi ng the 5 Iower bozylréear:lfs 1_gf thflwell packer of Figs. 22A-D
of Fig. ;- . .

"

Fig. 13 is a'drawing_in longitudinal section
of the portion of the mandrel means which can

5 be cut to release the iower body means;

Fig. 12 is a drawing in longitudinal section

of the‘lower body:means'adapter sub;

Pig. 15 is a plan view of the lower body

means adapter sub shown in Fig. 14}

10~ Fig.16 is a schematic drawing partially in
section with pdﬁions broken away showing a well

packer similar to the packer of Figs. 3A-F being
lowered through a casing string;

Fig. 17 is a schematic drawing“partially
15 in sectlon with nortlons broken away showiug the

- - well packer of Pig. 16 set within the casing st”lng

- Pig. 18 is a schematic drawing partially

in section with portions broken away showing the



rel eased fromits | ocked position; Fig. 24 is a schematic draw ng
rtifally in section with portions broken away show ng the well packer of
‘23 being renoved fromthe casing 10 string; and Fig. 25 is a dramnnq_/
in radial section taken along line 25-25 of Fig. 4A' In"Pig. 1 a well
conpl etion is shown using dual production tubing strings 40 and-41. A 15
production packer 60 is set to seal with the interior of a casing 42 and to
"~ direct formation fluid flow through the tubing strings 40 and 41 to the
wel | surface not shown). The |ower portéops=of the tubing strings 40 and
41 are suspended from 20 the packer 60.. The upper portions of the tubing
“--strings 40 and 41 are attached to an orienting head assenbly 43. An
orienting body 44 is attached to the packer 60. ~ The orienting head
-assenbly 43 andwélh: packetri of Bigy 446 mitericike Smasgretnméansrel easably
coupling the upper portions of the tubing strings 40 and 41 t'o the packer
60. This coupl ibgssheennciud fiol neldese ithel lower Dodptimeand; 236, 734 by -
- Mansour Ahangar zadeh.
Fig. 19 is a schematic drawing partially
in section with portions booken away show1ngthe
5 well packer of Flg. 16 after the mandrel means
has been raised to shift the locking sleeve or

cylinder of the upper body means;

Fig. 20 is a schematic drawing partially
in section wifh poftions broken away showing the
10 well packer of Pig. 16 after the mandrel means
has been lowered to disengage the retaining

cylinder;

Pig. 21 is a sohematic drawing partially
in section with portions broken away showing the
15 well packer of Fig. 16 being removed from the

qasing string;

FPigs. 22A, By, C and D are drawings in section
with portions broken away showing a well packer

incorporating the present invention with an



Al ternatively, the upper portions of the tubing 10 strings 40 and 41 coul
be directly attached to the packer 60 by suitable threaded connections.
‘However, the use of the orienting head assenbly 43 and the orienting bod
44 prOV|des for greater fFeX|b|I|ty in operating the well. 15 ~ The _
- packer 60 i's built around a pait of parallel nandrel means 61 and 62 which-
have passageways 63 and 64 extendi ng respectively therethrough. The mandrel
“nmeans 61 and 62 include several sections of hollow tubing which are
attached 20 to each other by matching thread® 3. Orings 144 are used to
~prevent fluid | eaks through threaded connections 143. O her sections of the
“rmandr el -12- neans 61 and 62 are designated as 6la, 61b, 61c, 62a, 62D,

o2 nd 2. <SPEEbLE e THRRBRARARS TS AL Ys BOahT"or ot 0

-t her et hr ough ang, qﬂ¥ﬂk t S H# respectively. A
| ocat or recess o#ﬁgro | ga%§°¥giﬁﬁogﬁﬁggai%&§ac boréqﬁg)ahd 46 for use in

Tel easing the packer 60 fromits set p05|t|on

'; ' | Pig. 23 is a schematic drawing'partially
in section with portions broken away showing the
§ lower body means of the wel;'packer of Figs. 22A-D

being released from its_locked position;

Fig. 24 is a scnematic drawing partlallx in
~gection with portlons broken away showing the well -
o ‘packer of Flg._23 being removed from the casing
ld strihg; and - B |

Fié.;25 is a drawing in radial section taken
alorig line 25-25 of Fig. 4A.

In Pig. 1 a well completion is shown using
dual produﬁtion tubing strings 40 and 41. A
15 producfion packer 60 is set to seal with the
interior of a casing 42 and to direct formation N
£luid £low through the tubing strings 40.and 41 %o
the well surface {not shown). The lower portions
of the tubing:strings 40 and 41 are suspended from

20 the packer 60. The upper portions of the tubing



The recesses 47 may al so be used for other well 10 control purposes.

Qads 50 are provided within the bores 45 and 46 to connect the orienti&g
assenbly 43 with the upper portion of the respectlve tubi ng strings
.~ aRd“Al. Upper body neans 65 is rel easably secured to 15%7and surrounds the
exterior of the nandrel means 61 and 62. The upper body means 65 incl udes
several subassenblies which are generally cylindrical and slidable with
respect to each other and the mandrel means 61 and 62. An upper slip
carrier 66 is formed 20 by the portion ofjypper body neans 65 i medi ately
. adjacent to the orienting body 44. Co-acting threads 48 are provi ded on
“the extrenme end of the mandrel - 13 - means 61 and 62 and within the
bores 45 and 46 to attach the orienting body 44 to the packer 60. |If

desired, suitagkeihgseadds aa@ilql herel obtieRedt €6 axt bedentAteof the mandrel
nmeans 61 and 5 62 to allow direct attachment to the tubing strings 40 and

41 respectivel jeadnaadenidly 3 OrAr drtentingdbbéyugedign place of the -
orienting body 44 to provide a suitahl e shoul der to abut

attached to the packer 60. The orienting head

assembly 43 and the orienting btwody 44 provide a
5 system for releasablyncoupling the upper.portions
of the tubing strings 40 and 41 to the packer 60.
ihis coupling system is fully described in U.S.
.patent 4,236,734 by Mansour Ahangarzadeh.
Alternatively, the upper portlons of the tublng
ld strings 40 and 41 could be directly atﬁached to
the packer 60 by suitable threaded connections.
However, the use of the origntlng hgad.assemhly
43 and the orienting body 44 provides for greater

flexibility in operating the well.

15 The packer 60 is built around a pair of
parallel mandrel means 61 and 62 which have
passageways 63 and 64 extending respectively
therethrough. The mandrel means Gl-énd 62 include
several sections of hollow.tubing which are attached

20 to each other by matching threads 143. O—nings 144

are used to prevent fluid leaks through threaded

connections 143. other_seétions of the mandrel



the slip carrier 66.. 10 The slip carrier 66 has a plurality of
external slip elenents 67 attached thereto by conventional T-handles 68
~dovertailed slots 69. A plurality of screw holes 70 is provided through
exterior of the slip carrier 66 to allow 15 insertion of shear screws 71
therei'n. Suitable annular grooves ‘72 are provided in the exterior of both
mandrel nmeans 61 and 62 adjacent to screw holes 70 to receive the extrene
end of shear. screws 71. As shown in Fig. 5, the shear screws 20 71

rel easably secure the upper slip carrier 66 18 #he nandrel neans 61 and 62.
The threads 48 and 'the orienting body 44 prevent |ongitudi nal novenent of

- 14 - the mandrel neans 61 and 62 W th respect'to each other in the

enbodi nent of t LEBaN §g§¥§?é hegqki.enting body
.44 is not used, ﬂ@ e ug%e%ug ip carrier and tﬂg ég E%B sg?eﬁs 71\M||

al so prevent Ioagat uewaa' s%vaﬂantozﬁ * 4G eBRLY €Ly TPanRe 64 raRa 1§20 th

respect to each ot until after the screws 71 have been sheared.

head assembly 43 and the orienting body 44 have
parallel longitudinal bores 45 and 46 which extend

5 therethrough and communicate with the passageways
63 and 64 respectively. A locator recess or
profile 47 is provided in each bore 45 and 46 for
use in releesing the packer 60 from its set position.”
The recesses 47 may also be used for other well

lO controi purposes. Threads 50 are provided within the

o "~ bores 45 and 16 to eonnect the orienting nead
o aSsembly 43 with the ‘upper portion of the respective

tubing strings 40 and 4l.

Upper bo&y means 65 .is feleasably'eecufed'to
}S‘and surrounds the exterier of the mandrel means
" 61 and 62._ The upper body means 65 1ncludes several
subassemblles which are generally cyllnurlcal and
slidable with respect to each otner and the mandrel
means 61 and 62. 'An upper-siip earrier-66 is~formed.
- - - 20 by the portion of unper body means 65 1mmed1ately
adaacent_to the orienting body 44. cO-actlng threads

48 are provided on the exfreme end of the mandrel



or

@ gpper slip carrier 66. also carries an. 10 internal “slip ring or c-ring
§ "adjjacent to each nmanddrel nmeans 61 and 62. Beveled camsurfaces are
vi‘ded on the interior of the slip carrier 66 to activate the internal “w/.

slip rings 73 causing themto ride against or contact the adjacent 15

mandrel neans 61 or 62. Teeth .74 are forned on each slip ring 73 to engage
the exterior of the adjacent mandrel neans 61 or 62 allow ng | ongitudi nal
means in only one direction with respect to the
internal slip rings 73. As 20 will be expl a ne¥ Tater, the internal sli
rings 73 performan inportant function in the rel ease of the upper -body
means 65 fromits set position. - 15 - A slip expander.- 75 i s rel easably

secured by shear scre 76 ta.the _exteri.or t.he mandr el s 61 and 62
spaced | ongiti FReREE YO+ gg W%%q% b?ﬁ?%hgéna?agg

. and 4A, 5 this-defi flrs ret a ed osition for the anchorlng
means of the uﬁB%r'ggﬁﬁﬁngﬁﬁs og&e rhia XBQ é SK®Zpered surfaces

novement of the mandr el

77 adjacent to ggch sbipgelement o %t;@& sidd Iegguld be placed

10

on the extreme end of the mandrel means 61 and

62 to allow direct attachment to the tubing
strings 4d_and 41 réspecfively. An adapter sub
or collar could be used in place of the orienting
body 44 to provide a suitahle shoulder to abut -

the slip carrier 66.

The slip carrier 66 has a plurality of
external 31ip elements 67 attached thereto by

jconventionél T-handles 68 and dove-tailed slots 69.

A plurality of screw holes 70 is prov1ded through

15

20

the exterior of the glip carrier 66 to allow -
insertlon of shear screws 71 therein. Sultable_

annulgr grooves 72 are provided in the exterior

‘of both mandrel means 61 and 62 adjacent to screw

holeg 70 to receive the extreme end of shear
acrews.7l; As shown in-Fig. 5, the shear screws

Tl releasably secﬁre.the uypef slip carfier §6 tb:
the mandrel meﬁns 61 and 62{ The threads 48 and the

orienting body 44 prevent longitudihal movement of

3B, 3C



e

force is applied to the slip expander 75, the 10 screws 76 will shear .};/
allomﬁng the slip expander 75 to nove longitudinally towards the slip
cainLi er 66. The .tapered surfaces 77 cause the slip elenments 67 to radially-
“expand during the | ongitudinal novenent and to engage the interior 15 of
‘the casing string 42 as. shown in Fig. 17. The slip elements 67, the slip
carrier 66 and the slip expander 75 cooperate to provide an anchoring means
carried by the upper body means 65 which is engageable with the interior of
the casing string 20 42 to prevent Iongltudlgil novenent of the body neans
65 relative thereto. Bolts 78 are provided f Use during assenbly of the
packer 60 and to define the maxi mum | ongitudinal distance the slip 16
: expander 75 can nove away fromthe slip carrier 66. The bolts 78 also
assi st with the ridreomendrel megekel 80dablewifth respeedn teleamcded from
"its set position. Bevel ed cam surfaces 50 are provided 5 on the interior of
the slip expandeothm@radimdem embQﬁﬁmenthfethﬁeawssegtaﬁ@waptnmm sur f aces
. 50 are sized to receive the internal S|I§ ring
shown in Fig. 3B. e orzentlng body 44 is
= not used, the upper slip carrier 66 and the shear
5 screws 71 will also prevent longitudinal movement
of the mandrel means 61 and 62 with respect to
each other until after the screws 71 have been

Sheared.

The upper slip carrier 66 also cariies an.
10 internal élip.ring or c;ring'73 ad jacent tb each
mardrel méans 61 and 62;- Beveled cam surfaces
are provided on the interior of the slip carrier
66 to ac#ivate the~internal'slip.rings 73.9ausing
then fo ride against or contact the adjacent
'15. mandrel means.6l_or 62. Teeth 74 are formed on
each slip ring 73 to enggge the exterior of the
adjacent mandrel means 61 or 62 allowing longitudinal
. | . movement of the mandrel.meaﬁs in only one direction
|  with respect to the internmal slip rings 73. As
20 will be explained later, the internal slip rings
73 perform an important function in the release

of the upper body means 65 from its set positionm.



‘Elip carrier 66 and the c-ring configuration of the slip rings 73 hold

|nternal sliprings 10 73 in contact with the mandrel neans.61 and 62.
Wife the packer 60 is lowered into the casing string 42 and set at a v/

desired downhol e | ocation. The slip expander 75 via the surfaces 50 holds
the internal slip rings 73 in contact with the.mandrel 15 neans 61 and 62
during the rel ease of the packer 60 fromits set position if dowward force
must be applied to the slip expander 75. A first cylinder 80 surrounds the
mandrel neans 61 and 62 and abuts the slipéﬁgpander 75. 20 A flange 82 is
formed on the exterior of the.first cylind 80 to provide a shoul der for
the slip -17- expander 75 to rest on. A second cylinder 81 surrounds the
mandrel means 61 and 62 adjacent to the first cylinder 80. The outside
di ameter of theAfslip expander §6 iis siedsmhsablylsecupedvbyhshealre inside
di aneter of the second cylinder 81. A retainer plate 83 is provided at
the end of .t he serewmd T§| taddhesexderisin of Hth¢ imandrelimeanss0. The
retainer plate 83 is basically K
61 and 62 spaced longitadinally from the slip
carrier 66. As shown in Pigs. 3B, 3C and 44,
5 +this defines the first or retracted position for
the anchoring.means of the upper body means 65.
The slip expander 75 has tapered surfaces 77
ad jacent to each slip element 67. When sufficient
force is applied to the slip expander 75, the |
10 screws 76 will shear allowing the slip expander
75 %o move longitudinally towards the slip
carrier 66. The tapered surfaces 77 cause the
' slip elements 67 to radially expand during the
-longitudinal movement and to engage the interior
15 of the casing string 42 as shown in Fig. 17.
The slip elements 67, the slip carrier 66 and the
slip expander 75 cooperate %o provide an anchoring
means carried by the upper body means 65 which is
engageable with the interior of the casing string
20 42 to prevent longitudinal movement of the body
means 65 relative thereto. Bolts 78 are provided
for use during assmmbly of the packer 60 and to

define the maximum longitudinal distance the slip



a solid disc with two openings 85 and 86 for the 10 nmandrel -neans 61 and 264?
to respectively slide through. A circunferential rim84 is provided on the:*>
~ext®¥ior of the plate 83 to receive the end of the second cylinder 81. '
Teeth or grooves 87 are formed on the inside 15 dianeter of the second :
cylinder 81 near the end which receives the first cylinder 80. A retaining
cylinder 88 is disposed within the second cylinder 81 and has natching
teeth or grooves 89 to engage the teeth 87. A portion of the retaining
cylinder 20 88 is cut away as best shown in.Eig. 7 which allows the
cylinder 88 to function in a manner S|n1lar]t @ snap ring or c-ring. Al so,
the pitch of the  -18- teeth 87 and 89, as best shown in Fig. 8, .is
‘selected so that when force is applied to end 90 of the cylinder 88, the

fﬁ%?d?; N 89 #Hméﬁt ggeaaav eg\?%m Clg’t .E?%&ofsﬁ. oneolg be we-‘iéﬁg gnrrgnd];lalex
eans 61 and GzTﬁé‘dbéfEsr?Baﬁbaggﬁﬁh's%d‘%{it% {1 VeGP | SPaghe ! exing -
packer 60 after it has been released from its set |
position. Beveled cam surfaces 50 are provided
5 on the interior of the slip expander 75 adjacent
%0 each mandrel means 61 and 62. The surfaces
50 are sized to receive the internmal slip ring 73.
The slip carriér 66 and the c-ring configuratibn
of fhe slip rings 73 hold the internal slip rings
10 73 infgontaét with the mandrel means. 61 and 62
while the packef 60 is lowered into the casing
string'42.éﬁd set at a desired downhole _Location.
The siip expander 75 via the surfaces 50 holds the
- internal slip rings 73 in contact with tﬁh.mandrel
15'ﬁeans 61 and 62_during the release of the packer
60 from its set position if downward force must be

applied: %o the slip expander 75.

A first cylinder'SO surrounds the mandrel
means 61 and 62 and abuts the slip e xpander 75.

20 A flange 82 is formed on the exterior of the first

cylinde* 80 to prov:de a shoulder for the slip



0 e cylinder'88. Shear pins 92 are provided 10 to réleasably secure the

I ng sleeve 91 to the first cylinder 80 and to maintain the |ocking

s e 91 positioned bethind the retaining cylinder 88. As best shown in's
PNg” 3C, the retaining cylinder 88 prevents the first cylinder 80 from

telescoping 15 relative to the second cylinder 81 as long as the teeth 87

- and 89 are engaged. Snap rings 93 are secured to the exterior of each

mandrel means- 61 and 62 in appropriately sized grooves adjacent to the
| ocki ng sl eeve 91. 20 Shoul ders 94 are pr&? ed on the interior of the
| ocki ng sl eeve 91 adjacent to the snap rings 93. - 19 - As wll be

“explained later, the snap rings 93 engage the shoulders 94 to lift or

renmove the |ocking sleeve 91 from behind the retaining cylinder .88. The
first cylinderexander (T tecoedt coninddr secondc eyddmaer t&L provi de a
support for the slip expander 75 and prevent the slip expandér 75 fom

novi ng | i ngi t stinRgundsnkiye fmgadred Beapscfdr aad 62 @ddiacentter the

retaining cylinder 88 has been releagsed fromthe teeth 87.
" %o the first cylinder _O. The Qutslde diameter

of the first cylinder 80 is sized %o telescope
5 within the inside diameter of the second cylinder
8l. A retainer.plafe 83 is provided at the end
_of the sécond_cylinder 81 opposite the first”
eylinder 80. .The retainer plate 83 is basically
a solid disc with two openings 85 and 86.for the
10 mandrel means él and 62 4o respectively slide
'~ through. A circumferentiai rim 84 is provided on
the exterior of the plate 83 to receive the end
of the secornd cylinder 81. |

Teeth or grooves 87 are formed on the inside
15 diameter of the second cylinder 81 near the end
which receives the first cylinder 80. A fetaining_
cylinder 88 is disvosed within the second cylinder
81 and has matching teeth or grooves 89 to engage
the teeth 87. A portion of the rétaining cylinder
oo 88 is cut away as best shown in Pig. 7 which allows
the cylinder 88 to function in é mgrner similar to

a snap ring or c-ring. Also, the pitch of the



10- = packing neans 97 are carried on the exterior of the mandrel neans
61 qg% 62 between the upper body neans 65 and | ower body neans 110. The
packihg neans 97 are preferably nolded fromelastoneric material. Wen the
upper body nmeans 15 65 and the | ower body neans 110 are noved | ongitud-
inally towards each other, this |ongitudinal novenent causes conpression
and radi al expansion of the packing neans 97 to forma fluid barrier with
the interior of the casing string 42 as shown in Fig. 1. 20 For the packer
- 60, the packing means 97 consists of.three_§ﬁﬁﬁrate el astoneric elenents.
However , - 20 other configurations of pac g means 97 can be readily
‘used. The | ower body neans 110 is carried on the exterior of the mandrel
means 61 and 62 and is 5 rel easably secured thereto. The | ower body neans
110 includes several subassenblies which are génerally cylindrical and
slidable with respeetht87ca88 8Bhemrsabeatnshnmirin MensBsliand 62.

Various conponents of the |ower body nmeans 110 are 10 interchangeable W th-
conponents of the®¢kgRiedodg that when force is applied to end 90

of the cylinder 88, the teeth 87 and 89 will

ratchet over each other if the cylinder 88 can

5 flex inwardly.

Normally; a locking sleeve 91 is positioned
between the mandrel means 61 and 62 and the
retaining cylinder 88 to prevent inward flexing
of the cylinder 88. gShear pins 92 are provided.

10 to releasably secure the locking sleeve 91 to the
first cylinder 80 and %o maintain the locking sleeve
.91 ﬁositioﬁed bethind.thé retaining cylinder 88.
As.hest_shown in Pig. 3C,; the retaining cylinder 88

~ prevents the first éylinder 80'fram telescoping

15 relative to the second cylinder 81 as long as the

 teeth 87 and 89 are engaged. | |

- - .- Snap rings 93 are secured to the exterior

| of each mandrelxmeans 61 and 62 in appropriately
‘8ized grooves adjacent %o the locking sleeve 91.

20 shoulders 94 are'prévided on the interior of the

locking sleeve 91 ad jacent to the snap rings 93.



sas Q5 and have the sanme reference nunerals, e.g. slip elenents 67. A
ﬁ%f slip expander 111 is fornmed by the portion of the |ower body neans
Jmmedi ately 15 adj acent to the packing means 97. Parallel bores 113 awf

Jextend longitudinally through the slip expander 111 to receive nandrel
means 61 and 62 respectively therein. A shoulder-or rim112 is formed on

" the interior of each bore 113 and 114 20 near the end adjacent to the
packi ng means 97. Shoul ders 112 are used to support the wei ght of -21-

t he | ower body neans 110 and the | ower pes@9ors of the tubing strings 40
~and 41 while renoving the packer 60 fromthe casing 42. As best shown in
‘Fig. 12, surface 77 on 5 the lower slip expander 111 actually consi sts of

Lo par el LR 4 6 4R tatgh, Gl A 4 .”n“e§| oo
he peticor bo- i e HRSEN 8870 o 0 e RIS Lt e

locking sleeve 91 from behind the retaining cyllnder '

88. The first cylinder 80 and the second cylinder

5 81 cooperate to provide a support for thg slip
expander 75 and prevent the slip expander 75 ffem
moving lingitudinally away from the slip::arrier
66 until after the retaining cylinder 88 has

been reieased from the teeth 87.

10 . - Packing means 97 are.carried on the exterior | >
of the mandéel means 61 ' and 62 between the upﬁer
body means 65 and lower body_means3110. The
packing means 97 are prefdrably molded from
elastomeric ﬁaterial. When the upper body means .

15 65 and the lower body means 110 are moved longitud-
inglly towards each éther, this longitudinal movement -
causes compression and radial expansion of the |
packing means 97 to form a fluid barrier w1th the
interior of the caslna string 42 as shown in Fig. 1.

20 FPor the packer 60, the packing means 97 consisis

of three separate elastomeric elements. However,



the upper slip expander 75 has a simlar configuration. Teeth 101 are

formed on the exterior of each slip elenment 67 to engage the inner wal J
‘thend5 casing 42. The pitch or angle of the teeth 101 is sel ected such ;
the slip elenments 67 carried by the | ower body neans 111 will prevent the -
packer 60 from noving downwardly (one direction) relative to the casing 42.
The slip elements 67 of the 20 upper body neans 65 are carried wth their
teeth -22- 101 oriented to prevent the packer 60 from novi ng upwardly
"(the other direction) relative to the casing, 62 when the upper slip '

el enents are expanded. A slip carrier 117 ﬁag a“plurality of external 5
'slip elements 67 attached thereto- by conventional T-handles 68 and :
dove-tailed slots 69. Separation cylinders 119 and 120 are di sposed around -

h drel | i d d
the Sf‘i”prﬁar?FZP%%?%??&%&%%@%% PAGRRER REERR O BTN of the

- expander 111 t owg ? (% i é% 117. The cylinders 119 and 120 are sized’
to be received respec W %nn t he bores 113 and 114 of the expander
111,

“ - The lower body means 110 is carried onm the
exterior of the mandrel means 61 and 62 and is
5 'releasably secured thereto. The lower body means
110 includes several subassemblies which are
generally cyllndrlcal and slidable with respect to
‘each other and the mandrel means 61 and 62.
_ Various components of the lower body means 110 are
“ ' 10 interchangeable with components of the upper body
imeans 65 and have the same reference numerais, .8

sl&p.elementé'67.

A lower slip expaader 111 is formed by the
'portion of the lower body means 110 immediately
15 adjacent to the packlng means 97. Parallel bores
113 and 114 exwend longltudinally through the slip
expander 111 to recelye mandrel means 61 and 62
respectively therein. A shoulder or rim 112
; - is formed on the interior of each bore 113 and 114
20 near the end adjacent to the packing means 97.

- Shoulders 112 are used to support the weight of



L)

Al ity of screw holes 121 is provided 15 through the exterior of the
sligy@xpander 111 into each bore 113 and 114 to allow insertion of: shear
screé 122 therein. Suitable annular grooves 123 are provided in the o’
ext-erior of each separation cylinder 119 and 120 to receive the extrene and
of 20 the shear screws 122. As shown in Fig. 3D, the -23- shear screws
122 rel easably secure the cylinders 119 and 120 to the slip expander 111.
The cylinders 119 and 120 prevent longitudinal novenent of the slip
expander 111 and the slip carrier 117 towards 5 each other until after the
‘screws 122 have been sheared. The separati-oRlyinders 119 and 120 are al so
rel easably secured to their respective nmandrel neans 61 and 62 by shear
screws 124, Snap rings 125 and 10 126 are carried on the exterior of the

 Cpposi ng shou 3@4@“@8 s 045 Ghakasy 110, Bl e, THHGE dr et e L e
119 and 120 rese e%%k}n%pgg%%ggsnguggar aggﬂgygzyéibéﬁhéhoulder 129

-and opposi ng shom
. the packer 60 from the casing 232.

As best shown.in Fig. 12, s urface 77 on
5 the Lower sllo expander 111 actually consists of
two parallel tapered surfaces 77a and 77b.
channels 98 are formed. between surfaces 77a and
77b to gu;de the sllp element 67 and to retain
close contact between fhe slip elements Y and
10 the lower ezpander 111l while the packer 60 ;e
| being both set_and released. The surface 77 on
the upper slip expander 75 has s similar configuration.

Teeth 101 are formed on the exterior of each -
~8lip element 67 to engage_the inner wall of the
15-casing 42. The pitch or angle of the teetn 101
is selected such that the slip elements 67_carried
Ey the lower body means 1lll will prevent the packer
60 from moving downwardly (one direction) relative
to the casing 42. The slip elements 67 of the

20 upper body means 65 are carried with their teeth



shoul der 130 when the packer 60 is renoved fromthe casing 42. \Wen -
sufficient force is applied to the slip carrier 117, the screws 122 wl I,
shear allowing 20 the cylinders 119 and 120 to slide within their
‘respective bores 113 and 114. The slip carrier 117 can then nove
| ongi tudinally towards the - 24 - slip expander 111.to radially expand
~the slip. elenents 67. The slip expander 111, the slip elenments 67, and the
slip carrier 117 cooperate to provide an anchoring neans carried by the 5

| ower body neans 110 which is engageabl e wi b Lthe interior of the casing
string 42 to- prevent |ongitudinal novenent of the body neans 110 rel ative
~thereto. The first or retracted position for the anchoring neans of the

| ower body Weansl@100¥add%éﬂ“¥ﬂ1ﬂﬂbﬁ%ﬁﬁ-tﬁ@’ﬁ@éké?-GOTQQOBthﬁéigi-are

used for the sanme function within the | ower body nmeans 110 as | e upper

“body means 65. Apped@alr (the bihdrs dizesbtDosPnpeTtatibe keWghes! ip carrier
2117 to a release support cylinder 140. 15 The adapter sub 133 is forned -

froma rel ativel gasing 42 when the upper slip elements are expanded.

A slip caPpier 117 has a plurality of exfernal
5 slip elements 67 attached thereto by coﬁventional
T-handles 68 and dove-tailed slots 69. ‘Separation
cylinders 119 and 120 are disposed around the
mandrel means 61 and 62 respectively between the
‘8lip expander 11l and the slip carrier 117 to prevent
w 10 undesired 1ongitudin#l movement of the expander 111
foward the.éarrier Il7r The cylinders 119 and 120 .
are sized to be received respectively within the

bores 113 and 114 of the expander 111.

A plurality of screw holes 121 is provided
15 through the exterior of the slip expander 111 into
each bore 113 and 114 to allow insertion of shear
screws 122 therein. Suitable annular grooves 123
are providéd:iﬁ:the e#terior'of eﬁch separafion
- cylinder 119 and 120 to.receive the extreme end of

20 the shesar screws 122; As shown in Fig. 3D, the



_solid cylinder by machining parallel bores 135 and 136 therethrough.

_ amndrel neans 61 and 62 are slidably di sposed wthin the respective
‘bqres 135 and 136. A counter bore 134 is machined 20 in one end of the .
adgptegr sub 133 to receive a portion of the slip carrier 117 therein. Holes’

137 extend through the exterior of the adapter sub 133 and - '
comunicate with-the counter bore 134. "Shear’ screws 138 are positioned
‘wi thin each hole 137- to secure the attachment of the expander 5 117 to the
adapter sub 133. Matching threads 141 on the exterior of the adapter sub
133 and the interior of a release support cylinder 140 are used.to attach -

“these two conponents to each othher. The Cylithr 140 is a 10.relatively
| ong hol | ow steeve with a single bore 142 therethrough. The inside di aneter

. of the bore 142 is larger than the sum of the-outside diameters of the

~mandrel neans 61 ghvdr6dcrevd U2 dliddlilp| sdcurs Khie GECidsedy Snap

rings 132 to the mandrel 15 nmeans 61.and 62 bet ween t he adapter sub 133 and
mandrel sections 1A%a andd l@xhtoﬂ'lﬂmmpdee:mmmemrlll. The cylinders

-

119 and 120 prevent longitudinal movement of the
slip expander 11l and the slip carrier 117 towards
5§ each other uwatil after'fhe screws 122 have been
sheared. | | -
The separafion cylinders 119 and 120 are also
releasably secured to their respective mandrel means
61 and 62 by shear screws 124, Snap rings 125 and
10 126.ere carried on the exterior of the mandrel N
| .means 61 and 62 respectively tb provide shoulders
127 and 128. Opposing shoulders 129 and 130 are
formed on the interior of the cylinders 119 and
120 respectively.. Opposing shoulder 127 contacts
15 shoulder 129'and opposing shoulder 128 contacts
shoulder_l30 when the packer 60 is removed from

the casing 42.

When sufficienf force ie applied to the slip
carrier-li?, the screws 122 will shear alloﬁing
20 the cylinders 119 and 120 %o slide within their
respective bores 113 and 114. .The slip carrier
117 can then move_longitudinally towards the



of a danpening plate 131 is slightly less than the inside dianmeter of th
bore 142. Therefore, the danpening plate 131 restricts fluid flow withisf
the\bore 142 whenever the mandrel neans 61 and 62 nove | ongitudinally
‘relative to the rel ease support - "~ - 26 - cylinder 140. The nandrel
sections 6la and 62a are di sposed within the rel ease support cylinder 140
and are critical conponents for releasing the packer 60 5 from the casing
striong. 42. A stop plate 145 is positioned within the rel ease support
cylinder 140 and rests on an internal flange 146. The plate 145 has
bores. 147 and 148 with the mandrel sectioms2&lle and 62b slidably dlsposed
therethrough. 10 Shoul ders 149 and 150 are forned by the upsets at threaded
connections 143 between the mandrel sections 6la and 61b and the nmandrel

sections 62a and FEPVELY - 40T é¥§1 sized to
prevent the shom%¥%b 1§%11g°f?§%%§?i ng t (ﬁgﬁou " Shoul ders
151 and 152 are fgr ﬁe e¥he 52 pOkxblRaEeNdng!, rgﬁgn%fypand 62 by -

t he upsets at the t rea ed connections
elements 67, and the slip carrier 117 cooperate

to provide an anéhoring means carried by the
5 lower body means 110 which is engageable with the-
interior of the casing striﬁg'42 t0 prevent
'longitudinal movement of.the body means 110
relative thereto. The first or retracted position
. for the anchoring means of the lower body means 110
10 is shown in Figs. 3D and 4B. The bolts 78rare
~used for the same'functidn within the lower body

means 110 as in. the upper body means 65.

- An adépter sub 133 is used to connect the‘lower

| slip carrier 117 tp;a release support cylinder 140.
15 The adapter sub l33 is formed from a relatively
short solid cylinder by machining parallel bores
135 and 136 therethrough. The mandrel means 61 and
62 are slidably disposed within the respective
bores 135 anq'l36. A counter bore 134 is machined
in one end of the adapter sub 133 %o receive a

20
portion of the slip carrier 117 therein. Holes



-

et ween the mandrel sections 61 and 6la and the nmandrel sections 62 and
2g3yThe shoul ders 149, 20 150, 151-and 152 are inportant conponents for -
el@agi ng the packer 60 fromthe casing 42, A lower internal slip housi ngw
R4 surrounds - 27 - the mandrel nmeans 61 and 62 adjacent to the rel ease
support cylinder 140.- A plurality of internal slip segnents 173 is carried
Wi thin the housing 154 adjacent to each mandrel neans 61 and 5 62. Bevel ed
cam surfaces 172 provided on thé interior of the housing 154 activate the
internal slips 173 causing themto.ride against or contact the adjacent
mandrel nmeans 61 or 62. Teethl74 are fofn2%l en each slip 173 at an angle
- which 10 all ows novenent of the mandrel neans 61 and 62 in only one .
direction-relative to the slips 173. A .lower spring housing. 155 surrounds
the mandrel neans 61 and 62 addacent to the slip housing 154. Springs 156
‘are di sposed thd3%i axiendl Shaough tthe fxtemhorcvf nthesadapded 62. The
'springs 156 contact the slip segnents 173 and hi as them agai nst the cam -
surfaces 172. Vewloh3d31snd gemmunicate with the counter bore

134. Shear screws 138 are positioned within each
hole 137 to secure the attachment of the expander
5 117 to the adapter sub 133. '

‘Matching threads 141 on the exterior of the
adapter sub 133 and the interior of a release
| support cylinder 140 are used to attach these two
~ components to each other. The eylinder 140 is a - . ;;
10.r§13tivel;'long hollow sleeve with a single bore
142 therethrough. The inside diameter of the bore
. 142 is.larger than the sum of the outside diameters
of the mandrel means 61 and 62. A fluid dampendig:
plate 131 is secured by snap rings 132 to the mandrel
15 means 61 aﬁd 62 between the adapter sub 133 and
mandrel sections 6la and 62a. The outside diameter
of'a dampening plate 131 is slightly less than the
ingide diameter of the bore 142. Therefore, the
dampening plate 131 restricts fluid flow within
20 the bore 142 whenever the mandrel means 61 and 62

move longitudinally relative to the release support




‘'shown in Figs. 2C and 4C, are machined partially through the exterior of
the spring housing 155. 20 Bolts 158 are inserted through the wi ndows 15
to ‘secure the spring housing 155 to a piston 159. - -28- The piston 1§
and its piston housing 160 are carried on the mandrel nmeans 61 and 62 &
cooperate to provide a piston neans for noving the | ower body neans 110
longitudinally 5 towards the upper body neans 65 in response to
fluid-pressure in the passageway 64. This |ongitudinal novenent causes
radi al expansion of the slips 67 and conprggsLon of the packing neans 97.
The internal slips 173, the springs 10 156 and the.slip housing 154 provide.
means for |ocking the | ower body neans 110 to the mandrel neans 61 and 62
after conpletion of the |aongitudinal novement whereby the packing neans 97
are maintained cO¥RASILTY 1M the slips 67 on both the upper body 15 neans
.65 and the | ower body nmeans 110 are maintained radially expanded. ports 161
extend radially through the mandrel section 62c and a sleeve 162 which '

surrounds the . The mandrel sections 6la and 62a are disposed
within the reiease support cylinder 140 and are
_ critical.eompogents for releasing the packer 60
5 from the casing string 42. A stop platé 145 is
positioned within the;telease support cylinder 140
and rests on an internal flange 146. The plate
145 has bores. 147 and 148 with the mandrel sections
| 61b and 62b slidably disposed therethrough. |
w 10 Shoulders 149 ;nd 150 are formed by the upsets at
threaded comnections 143 between the mandrel
- sections 6la and 61b and the mandrel sections 632
and.szg' respectifely. -Thet bores 147 and 148
are sized'tb,yievent the shoulders 149 and 150
15 fram-sliding:therethrough._ shoulders 151ﬂand 152
are formed on the exterior of the mandrel means 61
and 62 by the upsets at the threaded comnnections
143 between”the mandrel sectioms 61 and 6la and the
mandrel éegtioﬁs.SZ and 62a. The shoulders 149,
. ' 20 150, 151 and 152 ame important compaents for
| - releasing the packer 60 fraﬁ~the casing 42.

A lower intermal slip housing 154 surrounds



';r'or f the mandrel section 62c. The sleeve 20 162 is secured to the
7 q@{G c by the engagenent between the sections 62c and 62d. A boss 163
- attached to the exterior of the sleeve 162 to comrunicate

ween ports 161 and a connecting.tube or conduit 164. The
cO nectlng tube 164 is forned fromtwo hall ow tubes 164a 5.and 164b which
-can telescope within each other. The tube 164a is attached to the piston
housi ng 160. The tube 164b is attached to the boss 163. Knockout plugs ‘165
are threadedly engaged with each port 1812¢o-prevent fluid fl ow
“therethrough 10 until after a knockout sleeve 166 has been shifted. Various
well tools are readily avail able which can engage the sl eeve 166 to shear

th d of th th ts 161
e he o st breotandtr BARR df e RATRALERRRENSBRET 110 PO
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168 cooperate §g+ptaR5" ¢ I WUIMNER!173 is carried within the

housing 154-adjacent'to each mandrel means 61 and

5 62. Beveled cam surfaces 172 provided on the
intérior of the housing 154 activaie the internal
slips 173 causing them to ride against or contact
the-adjaceﬁt mandrél means 61 or 62. Teeth174

“are formed on each slip 173 at aﬁ angle which
10 adlows movement of the mandrel means 61 and 62 in

‘only one direction relative to the slips 173. “J_

A lower sprlng hou51ng 155 surrounds the
mandrel means 61 and 62: addacent to the slip
housing 154. SQrings 156 are didposed therein and

'15-surround each mandrel means 61 and 62. -The-spring§
156 contact the.slip segments 173 and bias them
againSt the cam surfaces 172. Windows 157, as

.shown in'Figs. 2C and 4C, are machined partially
throﬁgh the éxterior of the spring housing 155.
20 Bolts 158 are inserted through the windows 157 to

secure the spring housing 155 to a piston 159.



20 novenent of the piston 159 to the | ower body neans 110. -30- Threads
169 are provided on the extrene end of the mandrel sections 61c and 62d- .o
corlmect the |l ower portions of the tubing strings 41 and 40 thereto. 5 !
"Figs. 16 through 21 show the operati ng sequence of the various conponents\
wthin the packer 60 as it is |lowered through the casing 42, set or
anchored at a desired downhol e | ocation, and then rel eased fromthe casing
42. The 10 conponents shown in Pigs. 16 through 21 are in schematic form
~only. The sane nunerical designations are.gged_to all ow correl ati on between
the schenatic representation of a conponent and its nore detailed
construction shown in the other figures. Only the 15 mandrel neans 62 and
its associated conponents w|

I scusse Pi. 16 thro
denonstrate that the p?l%%ePﬂ-s'F?HeJng oo dfte Eé- %%ﬂnﬁgp]a%‘ier having a

single mandrel means as wel acker vi ng _dual, mandr means. 20
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and cooperate %o provide a piston means for
- moving the lower body means 110 longitudinally
5 towards the up§er body means 65 in response
o fluid.pressufe in the passageway 64. This
longitudinal movement causes radial expansion
of the slips 67 and_campression of the packing
‘means 97. The internal siipS'l73, the springs
10 156 gnd the'slip housing 154 provide means for
~ locking the lower body means 110 %o the mandrel :
. meané 61 and_62 after cqmpletidn of the longitudinal
movement whereby the packing means 97 are m;intained
compressed and the slips'67_on both the upper body

15 means 65 and the lower body means 110 are maintained

radially expanded.

Ports 161 extend radially through the mandel
. section 62¢c and a sleeve 162 which surrounds the
exterior of the mandrel.section 62c. The sleeve
20 162 is secufed_to the section 62¢ by the engagement
between the sections 62¢ and 62d. A boss 163‘is



£ 3own as t hey woul d appear whi | e t he packer 60 -31- was | owered-
the bore of the casing string 42. A suitable running tool (not
@3&) woul d be attached.to the orienting body 44. The shear ‘screws 71 are/

76 refeasably secure the upper slip 5 carrier 66 and the slip expander 75
an

e exterior of the mandrel nmeans 62 spaced longitudinally from each
other with the slip elenents 67 retracted. The |ocking sleeve 91 is

rel easably positioned behind the retaining cylinder 88 by the shear pins
92. 10 The retaining cylinder 88 in turn prevents the first cylinder 80

fromtel escoping within the second cyllndEr2%1° The packing neans 97 are

rel axed. The lower slip carrier 117 is rel easably spaced fromthe | ower
slip expander 111 by the 15 separation cylinder 120 to maintain the slip

el ements 67 retagehedied e whcarxtertos d22th6CHLeeBe16R der 120 to the
slip expander 111, and the shear screws 124 secure the cylinder 120 to the

mandr el means 63ommﬁhgcah@aEluﬁammbfﬁkbnwpwfﬁg ﬁSliaﬁﬂ a0 rel easabl e neans
for securing the | ower body neans 110 to-'the nmandrel means 62. The adapter
sub 133 connecting tube or conduit 164. The connecting
tube 164 is formed from two hallow tubes 164a
5 and 164b which can telescope within each other.
The-tube:164g is attached to the piston housing
160. The tube 164b is attached to the boss 163.
'EKnockout plugs 165 are tihreadedly engaged with
each poft.lGI to prevent fluid flow therelfihrough
10 until after a knockout sleeve 166 has been shifted.
- Various well tools are readily avéiiahle_Which can
engagé the Sleeve 166 to shear the end of the plugs
165 %o open fluia communication between the ports

161 and the piston 159.

15 Bolts 168. which extend through the spring

housing.lss, the slip housing 154, the support

cylinder 140 and the stop plate 145 securely

abut these components to each other. The bolts
158 and 168 cooperate to transfer longitudinal

20 movement of the piston 159 to the lower body means

110.



- 32 - and the rel ease support cylinder 140 (shown as a single conponent i
Figs. 16-21) are attached to the lower slip carrier 117 by the shear scre STFT/
138~ 5 - After the packer 60 has been |owered to the desired ' '
downhol e. l ocation, a suitable wireline tool can be used to shift the sleev
166, thereby opening a fluid comrunication path fromthe passageway 64 to
"~ the piston neans 159 via the 10 ports 161. Fluid pressure within the
.passageway 64 can then be increased to apply greeto the | ower body neans -
110 by the piston 159. The shear screws 124 are.selected to rel ease the
l'ower body nmeans 110 fromthe mandrel neans 62 when fluid 15 pressure
acting upon the piston 159 exceeds a first preselected value. After the

screws 124 are shear edEh&.difsoigg_ %Wﬁ@@dtm %gtggtmgs 159 is

“transnitted to the packing neans 97 an upper - body nmeans 65 via the

| oner body nmeans ¢fgldf $Ad hBRGRRAKIGURHRMY Slc JiE §8&agoSCrews 76 can
‘he selected to have a shear value greater than = - _ _
connect the lower portions of the tubing strings

41 and 40 thereto.

5  Pigs. 16 through 21 show the operéting
sequence of the various components within the
packer 60 as it is lowered through the casing
42, sét or_anchdréd at a desired downhole location,
and then released from the casing 42. The _

R - - 10 componenté shown in Figs. 16 through 21 are in

| sehematié form oply.'.The gsame numerical deéignétions
are used to allow correlation between the séhematic
representgtioﬁ-of:a compbnent and its more detailed
construction shown in the chér figures. Only the

15 mandrel means 62 and i%s associated components
will be-discuéseé. -Figs. 16 through él demonstrate
that the present invention could be used with s
. packer ﬁaving a single mandrel means as well'as

a packer having dual mandrel means.

20 In Pig. 16, the componenta of the packer 60

‘are snown as they would appear while the packer 60



- . S _ .
N he shear val ue of the shear screws 124. Thus, fortce generated by the
pis 159 will shear the screws 76 to release the upper slip expander 75
fr the mandrel neans 62 after the screws 124 5 have been sheared. This
sane force causes the slip expander 75to nove longitudinally towards the
slip carrier 66 and radially expand the slip elenents 67 until. they engage
the casing string. .42. During this radial expansion of the 10 slip

el enents 67, the slip carrier 66 is firmy abutted against the orienting

~~body 44 which is threadedly engaged wth e mandrel neans 62. Prior to the

slip elenents 67 on the upper body. neans being engaged with the interior

.15 of the casing string 42,.fLuid pressure acting on the piston 159 tends

to conpress and radially gxpahd t he packing nmeans 97 between the upper body
means 65 and twes| bowereddfhrongh khe bore dRabtheataeing shzingear screws

122 is selected to al low 20 the fluid acting on the piston 159 to exceed a
~second presel e42ed Aasuytpbiler rvanime ol t(rot cekeown ) owoutdi besecond

presel ected fluid pressure L _
attached. to the. orienting body 44. The shear

screws 71 and 76 releasably secure the upver slip

5 carrier 66 and the slip expander 75 an the exterior
of the mandrel means 62 spaced longitudinally from
each other with the_slip eléments 67 retracted.
The locking sleeve 9L is'releasably positioned 5ehind
the retaining-cjlinder'SS by the shear pins 92.

10 The retaining_eilinaé:-ss in turn prevents the
first cylinder: 80 ffam telescpping within the second

cylinder 8l. The packing means 37 are relaxed.

The lower slip carrier 117 is releasably
spaced from the lower slip expander 11l by the
15 separation eylinder 120 to maintain the slip elements
67 retracted. 'The_shear screws 122 secure the
cylinderx 120_to'the slip expander 111, and the shear :
screws 124 secure the cylinder 120 to the mandrel
means 62. The shear screws 124 provide a first |
20 releasable means for securing the lower body meaﬁs

110 to the mandrel means 62. The édapter sub 133



-34- corresponds to the force required to-conpress the packing nmeans 97 to/”~
forma fluid tight barrier between the exterior of the mandrel neans 62 a qg%?
the-interior of the casing string 42. After.the screws 122 have been : /
sheared, the lower slip carrier 117 can slide longitudinally towards the o
| ower slip expander 111 to radially expand the slip elenents 67 and engage .
“themwith the interior of the casing.string 42 as shown in Pig. 17. Thus, -
10 the |l ower body neans 110 is anchored to the casiing string 42 to hold the
packi ng means 97 conpressed and radially expanded. 1In the alternative, the
.| ower- body neans 110 can be anchored'to.tﬁefnging string 42 prior to the
upper body means 65 15 or concurrent therewith. 1f fluid pressure within

the passageway 64 continues to.increase above this- second - :
presel ect ed. val u AT I Lo 0L . t A5t aeans 159
"causes the slip g?%dmhﬁ%f%i%%?hse& o&v\g? gjgyﬁnégngy%iggﬁlg*éogﬁoﬁ securely -

bo
engage the casi ngsigid% dhtponeerid gﬁigssi.ckﬁs-@ﬂ) | Sr gy eled o5 he

i'nterior of the casing string 42 as own-in Fig. 17, the packer 60 wil|
resist both tensifie AskePFLES ddrri@F CEET by the shear screws

138.

5 | After the packer 60 has been lowered to the B
deSired'downhole location{ a suitable wireling tool
can be used to shift the sleeve 166; thereby : )
opening a f£luid communication path froﬁ.fhe_

: paséagéway 64 to the'pistpn means 159 via the

10 ports 161. 'Fluid.preésure within the passageway
64 can then be increasednto apply. force to the
lower.body megns 110 by the piston 159. The.éhear
screws 124 are selected to release the_lowef body
means 110 from the mandrel means 62 when fluid

15 Pressure acting upon the piston 159 exceeds a
first preselected value. After the screws 124
are sheared, the force generated by the piston

means 159 is transmitted %0 the packing means 97

FO

and the upper body means 65 via the lower body means
ao“llo-and the packing means 97. The shea:'screws 76

can be selected to have a shear value greater than



-13p-) fromthe tubing strings 40 and - 41.. The packing means 97 wll also
Jaal ‘against differences in fluid pressure in either direction within the.

cagli ng 42. The packer 60 can remain in this 5 p05|t|on indefinitely. As t¥é
wel I conditions change, it may be necessary to 'renpove the packer 60 from

. its downhol e |l ocation. A standard wreline |ocking mandrel or well tool

- Wth a tubing cutting tool 10 attached (not shown) can be | owered through

‘the tubing string 40 and secured within the | ocator recess or profiles 47
of the orientingtead assenbly 43. A | oeki3dg~mandrel satisfactory for

- engagenent with the profiles 47 is shown in Conposite catal ogue 15 of O
" Field Equi prent and Services 34th Revision (1980-81) Vol une 4 page 5972.

P OB R RS BT 2
 SELPELET SO GRSy Bty 199 YR 4R (e
serews 76 to release the gppe:_sllp expander 75
from the mandrel means 62 after ‘the screws 124
5 have been sheared. This same force causes the
slip expander 75 %0 move longitudinallj towards
fhe slip carrier 66 and radiallj expand the
sii§ elements 67=ﬁnﬁil_fhey engage the éasing
string 42. During this radial expansion of the .
10 slip elements 67, the slip carrier 66 is firmly
abutted against the oriemting body 44 which is
 $hreédéd1y'eﬁgaged with the mandrel ﬁeaﬁs 62.

Prior to'the-slip elements 67 on the.upper '
body means 65 beiﬁg engaged with the interior
15 of the casing etring 42, fluid pressure acting on'
the piston 159 tends'toicompress and radially
expand the packing means 97 between the upper body
means 65 and the lowef body means 110. The shear
value of:the gshear screwz 122 is selected to allow
20 the fluid acting on the piston 159 %o exceed a
seffond preselected wvalue prior %o shearing the

screws 122, This second preselected fluid pressure



- 36 the locking mandrel is positioned within the profiles.47. Various
“mechani cal, chenical, and explosive tubing cutters are comercial l'y
avait abl e for use with .t he present. invention. The profiles 5 47 and the
‘mandr el sections 6la and 62a cooperate to provide means for releasing the
mandrel means 61 and 62 fromthe internal slips 173. Wen the nmandrel
section 62a is cut, the l-ower portions of the tubing strings 40 and 41 10
-drop, causing the shoul ders 150 and 145 to contact each other. This
transfers the weight of the |ower portion of 8#e =t ubi ng strings 40 and 41
"to.the screws 138-which are designed to shear, allomnng the lower slip

~.carrier 117 to separate 1 ro ter su 3., The | ower pqrtion of
the tubing string® H%ﬁﬁf’%{l v&n ‘l‘:&f‘ﬁeﬁ 8er ﬁ'@ i iCOMBRESH AHRSr sub-

LSO TR BB iy L5 RO, FSOED SR T
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the interior of the casing string 42. After the

5 screws 122 have been sheared, the lower slip
carrier 117 can slide longitudinally towards the
lower SIip expander 1lll to radially expand the
slip elements 67 and engage them with the interior
of the éasing string 42 as shown in Fig. 17. Thus,

10 the iowerlﬁody means 110 is anchored to.the casing
string 42 %o hold the-pacging meané.97 compreésed
and radially expanded. 1In the alternative, the
llower'body means 110 can he'aﬁchoréd 0 the

_ casing-striﬁg 42 prior %o the'upper body means 65
.15 or concurrent thefewith. If £luid pressure within
the passageway 64 continues to increase ahove thls
‘'second preselected value, the additional force
- generated by the piston means 159 causes fhe
slip elements 67 of the 1ower body means 110 to '

20 more securely engage the casing strlng 42. TWaen
the packer-60~15-anchored %o the 1nterior of the
casing string=42-as_shown in rig. 17,.the.paeker

60 will resist both tension and compression-forces



‘mandrel section 62a is shown in Pig. 18. Prior to this, the
dl slips 173 prevent the mandrel neans 62 frommnoving upwards with
s to the other conponents of the packer 60. After the mandrel v/
section 62a has been cut (mandrel section 61a would al so have to be cut in
a simlar manner), upward tension can be applied to the tubing strings 40
~and 41 to |ift the orienting body 44 and the portion of the 10 mandr el
means 62 attached thereto. Thi's upward tension will shear the screws 71 and
92 allow ng the mandrel neans 62 to nowe3Sorgi tudinally upward with respect
'to the packing neans 97. The. teeth 74 on the internal slip 73 all ow

snap ring 63 p?atﬁ?%?éﬂ;ttﬁélt% PR TER R M AR T o
| ongi t udi nal tg'Pf ]t_i'f gr §§§F$%§19§3| If)lost',ﬁi o "lt X g sleeve 91

from behi nd the retai’ni ng cyI e | ocking

sleeve 91 is s% :Féé?srﬂl@; iﬁtfég{%%?edh_?g@ﬂgmsl W]tﬂé lifted, the

retaining cyli can X 1 nwar I'ng di sengagenent of t he
- teeth 87 and B%aslng 42. The packer 60 can remain in this

5 position indefinitely.

As the well conditions change, it may be

necessary to.TEmOVe the packer 60 from its
downhole location. A standard wireline locking
mandrel or well tool with a tubing cutting tool

10 qttaehede(not shown) .can be lowered fhrough:the
tuhiﬁg string;40_aﬁd secured within the locator
recess or profiiés'47 of the ofienting head assemblye
43. A locking mandrel satisfactory for engagement.
with the proflles 4T is shown in Composite Cdalogue

15 of 011 Field Equipment and Services 34th Revision
(1980-81) Volume 4 page 5972. Various types of
ftubing cutting tools are shown in this same catalogue
-on page 6085. The l'engths of the lociing mandrel
and the tubing cutting tool is selected such that

20 the cutiing tool will be disposed within the mandrel

section 6&5 between the shoulders 152 and 150 when



- 38 - The upward novenent of the mandrel nmeans.62 results in the .interng
slips 73 engagi ng the exterior of the mandrel nmeans 62 at a new | ocation

‘By Weéxt lowering the mandrel means 62,. 5 the internal slips 73 contact the
bevel ed cam surfaces 50 of the slip expander 75. Continued | owering of the
mandrel means 62a transmts force via the internal slips 73 to the slip
expander 75 to renove the sl'ip expander 75 from behind the 10 upper slip

- elements 67. The internal slips 73 and the canm ng surface 50 cooperate to
provi de neans for-moving the slip expander ¥536ongitudinally away fromthe
slip carrier 66. The channels 98 on the expander 75 cause the slips 67 to
retract and 15 thus disengage the upper body nmeans 65 fromits anchored
position with thethet dorking mapdnedsiky pesiwioned whtbinatbeengagenent
bet ween the mandrel neans 62, the internal slips 73, and_ the camm ng
surfaces 50 causeBTPR&1lepi ATexpdaadous; Reshanicake ohenieal, coninder 80
which in turn contacts the end,. 90 of the retaining cylinder 88 and

‘di sengages the re®EPAPHEVEYLIRIRE entrieRd ake (euMNendiallyhavallable

for use with the present invention. The profiles

5 47 and the mandrel sections 6la and 62a cooperate
40 provide means for releasing the mandiel means

61 and 62 from the internal slips 173.

When‘the méndrel section 532.15 cﬁt, the
" lower portions of the tubing stringé 40 and 41
S 10 drop, causing the shoulders 150 and 145 to.contact
| each other#}_This transfers the ﬁeighf.of the
lower pqrfion'qf the tubing strings 40 and 41
%0 the:scfewé 138*which are designed to shear,
allowi@g the lbwer_slip carrier 117 to ééparate
15 from the,adapfér sub 133. The lower portion of
the tubing sf}ings 40 and 41 will then drop further
until the adapter sub 133 contacts the shoulder 152
on the mandrel;means 62;._To slow down or cushion
_fhe impacf of the édapter.sub'l33'wifh-the shoulder
. . 20 152, the dampening plafe 131 restricts £luid £low
- within the support ¢y1inder 140. .

The configuration of the paéker 60 after cutting



cylinder 81. Thus,the first cylinder 80 can now tel escope within the
se% nd cylinder 81 and -39 - renove all support for the slip expander
\75. T e above described position for the packer 60 is shown in Fig. 20.
s/configuration, the upper body neans 65 has been released fromits 5
~anchored position, and the packing neans 97 is no |longer held in
conpression.. Follow ng rel ease of the upper body neans 65, upward tension
is next applied to the nmandrel means 62 via the orienting.body 44. The
mandrel 10 nmeans 62 is now free to nove upwgrd This upward novenent causes
the internal slip elenents 73 to re-engage the slip carrier 66 lifting it
upwards. The slip ring 126 on the nandrel neans 62 wll contact the '
separation cylin 120 h 15.in t n Cont cts the | ower, sl i'p expander
111. Thus,Iiftl?#}ﬁlﬂ?qé§k£e$eﬁﬁéﬂ§ S| S %&ﬁn%ﬁng the | ower
slip expander fron1be nd th -%BEE|E he chanhel s 98 cause

the slip el _errent r@"PIE t PEBR a@é’ I’t“shé"7 W'E)ody nmeans -
110 fromits ?ncmﬂé(ﬁéﬁé¥éicﬁbans 62 from moving upwards with

respect to the other components of the packer

5 60. After the mandrel section 62a has been
cut (mandrel section 61§.would als0-ha§e to be
cut in-_'a.'-. similar manner), upward tension can be
applied %o the tubing strings 40 and 41 to 1if%
fhe-d?ienfing body 44 and th;'portion of $he

10 mandiel means 62 attached thereto. This upward

' tension iiillshear"fhe screws 71 and 92 allowing

the.mandfel'méans 62.to ﬁove longitudinally upward
.w1th respect to the packing means 97. The teeth
74 on the 1nternal slip 73 allow longltudlnal

15 movement of the mandrel means 62 in this direction.
The snap ring-93'provides a shoulder on the mandrel
means 62 whereby this longitudinél ﬁovement of
the mandrel means 62 lifts the locking sleeve 91
from behind the-retainihg cylinder 88. This

20 position for the locking sleeve 91 is shown in
Fig. 19. After the locking sleeve 91 is lifted,
the retaining cylinder 88 can flex.inwardly allow-

ing disengagement of the teeth 87 and 89.



be wi thdrawn fromthe casing string 42. The weight of the | ower portion g
“the~tubing strings 40 and 41 is carried by the shoul ders 150 and 152 and
. the rel ease support cylinder 140. 5 The configuration of the various
conponent.s-of the packer 60 as it is withdrawn fromthe casing string 42 is
shown in Fig. 21. In summary, the packer 60 is hydraulically set at a
downhol e | ocation by applying fluid pressure 10 to the piston 159. The

- packer 60 is released fromits set-position, the cutting nmandrel section

' 62a. The.mandrel neans 62 is first lifted toTree the cylinder 88 fromthe

| ocki ng sl eeve 91. The nandr el neans 62 is next lowered to tel escope the 15.

first cylinder 80 into he seco lin nd t o- di sengage the upper
body neans 65 from thel ﬁtEPWGF °§ﬁ?qgi;¢é é%? xg?ﬁ%ﬁlly, t he

-~ mandrel neans 62a_js raised to e.the slip pan 111 .upward and to -
retract the_Iome?sél?ﬁsﬁigﬁeﬁ?sngﬁ q H£ €an continue -

oving the exterior of the mandrel means 62 at a new

with the interior of the casing stri Hg 42. The - 40 - packer 60 can no

. o location. By next 1owerihg the mandrel means 62,
| 5 the internal sllps 73 contact the beveled cam
surfaces 50 of the sllp expander 75. Continued
'lowerlng of  the mandrel means 62a transmits force
via the 1nte rnal slips 73 to the slip e xpander 75
%o remove the slip expander 75 from behind the
10 upper slip.eieﬁents 67. The internal slips 73
" and tﬁe camming surface 50 cooperate to provide
means for mh#iﬁg the slip expander 75 longitudinally
away from_the-slip carrier_66; The channels 98 on
-the.expander.75 cause the slips 67 to retract and
15 +thus disengage fhe-upper body means 65 from its
anchored position with the interior of the casing
string 42. This same-engagnment between the ﬁandrel
means 62, $he internal slips 73, and the camming
'_}_.' surfaces 50.cauaes_the'slip expander 75 to abut the
20 first cylinder 80 which in turn contacts the end
.90 of the retaining cylinder 88 and disengages-the.
retaining c&linder 88 from the teeth 89 of the
second cylinder 81. Thus;,the first cylinder 80

can now telescope within the second cylinder 81 and



A

pwards to withdraw the packer 60 fromthe Qasing string 42. A

n of a well packeT 200 incorporating an alternative embodi ment of the
esent invention 5 is shown in Pigs. 22A-D. Sone conponents are s
s changeabl e between the packer 6Q and the packer 200. These conponents

~have the sanme nunerical designation. Gt her conponents of the packer 200,
whi ch-function in a simlar manner to conponents 10 within the packer 60
but are slightly different in design, have the sane nunerical designation

followed by a prine ('). The packer 200 uses

he same upper body nmeans 65

as previously described for the packer 60. 1@ herefore,. only | ower body
means 201 is shown in Pigs. 22A-D. The maj or difference between the well
- packer 200 and the well packer 60 is that fluid pressure within the

passageway 64' amemdwe skl sumpertafertﬁheladnmngxmanﬁﬁﬁcﬂ5the | ower body

10

20 neans 201 rather than the cutting mandrel neans 62

The above described p091tion for the packer 60
is shown in Fig. 20. In this configuration, the
upper body means 65 has been released from its
anchored position, and the packing means 97 is no

longer held in éomﬁresSion.

Followzng release of the upper body means 65,

upward ten31on is next applied to the mandrel

means 62 via the orienting body 44. The mandrel

means 62 is now free to move upward. This upward

'mdvement‘causes-the internal slip-elemenfs 73

to re-engage the slip carrier 66 lifting it

' upwards{ The slip ring 126 on thé mandrel means

15

20

62 will contact the separation cylinder.lZOiwhich_

in turn contac%s'the lower slip expander 1ll. |
Thus, 1ifting the mandrel means 62 will result in
removing the lower Qlip expander 111 from behind
the slip elements}67g The channels 98 cause the
slip elements 67 to retract.which disengages the
lower body means 110 from its anchored position

with the interior of the casing string 42. The



61' and 62' between the upper body neans 65 and the | ower body neans 201.
“Wheéw/t he upper body neans 65 and the |ower 5 body neans 201 are noved
| ongi'tudi nally towards each other, this |ongitudinal nmovenent causes
conpressi-on and radi al expansion of the packing neans 97 to forma fluid
barrier with the interior of the casing string 42 as shown in Fig. 22A .
For 10 the packer 200, the packing neans 97 consists.of three separate
el astonmeric el ements. However, other configurations for the packing neans
97 can be readily used. The | ower body neant“201 is carried on the exterior
of . the mandrel neans 61' and 62' and is 15 rel easably secured thereto. The -
| ower body neans 201 includes several subassenblies which are generally
cylindrical and ghpdall 60Wceh HRMWGE Wwitkbsdwe!eomabHet Basimpdr el nmeans
61' and 62'.  Various 20 conponents of the [ower body neans 201 are
i_nter changeabl e siktringodgonemhe ofeildies |afveshdcllyweraportibnand kaee the
same nunber, e.g. slip elenments 67.

tubing strings 40 and 41 is carried by the shoulders .

-42- The packing nmeans 97 are carried on the exterior of 'the mandrel rreané

- 150 and 152 and the release support cylinder 140.
5 The configuration oi the various components of the
packer 60 as it is withdrawn from the casing

string 42 is shown in Fig. 21.

In summary, the packer 60 is hydraulleally
set at a downhole locatlon.by applying fluld pressure
10 %0 the piston 159. The packer 60 is released from
1ts set-position by the cutting mandrel section
62a. The mandrel means 62 is first lifted to free
the éylinder'88 £rom the locking sleeve 91. The
mandrel means 62 is next lowered to telescope the
15 first cylinder 80 into the second cylinder 81 and
" %o disengage'the uppér body means 65 from the
interior of the casing string 42. Finally, the
.  mandrel means 62a is raised %o move the slip expander
| | 111 upward and to retract the lbwer slip elements

oo 67. The mandrel means 623 can continue moving



means 61' and 62' respectively therein. A shoulder or rim112 is -
formed on the interior of each bore 113 and 114 near the end addacent to

t he packing nmeans 97. The shoul ders 112 are used to support the weight 10

of the | ower body neans 201 and the | ower portions of the tubing string

(not shown) while renoving the packer 200 fromthe casing 42. As previously
expl ai ned, the channels 98 are forned on-t&4® kower slip expander 111 to '
retain close contact with the 15 slip elements 67 while the packer 200 is

- both being set and rel eased. The slip carrier 117 has a plurality of

and dove- tal | ediBBEAR,30 S R 8ol b CORMEhETlarfginnC o0 OF

di sposed arounds%ggngaqgﬂel means 61 and_QZ'.respectiver-

A portion of a well packer 200 incorpﬁrating-
an alternative embodiment of the present invention
5 is shown in Pigs. 22A-D. Some componenfs are |
interchangeable between the packer 60 and the
packer 200. These companents have the same numerical
designation.  Other components of the packer 200,
| -which function in a similar manner to components
10 within the packer 60 but are slightly different in 4
design, have the same numerical designation

followed by a prime (').

The packer 200 uses the same upper body means
65 as previousiy_described for the packer: 60. .
15 Theréfore,.only.lowef body means 201 is shown in
Pigs. 224-D. The major_difference between the .
well_packér-zoo and the well packer 60 is that
fluid pressure within the passageway 64'_can_be

used to release the locking means for the lower body

oo Reans 201 rather $han the cutting mandrel means 62'.



-44- between the slip expander 111 and the slip carrier 117 to prevent
undesired | ongi tudi nal novenent of the expander ‘111 towards the carrier { .
" 11A~ The cylinders 119 and 120 are sized to be reieived respectlvely Wi t hi™
the bores 113 and 114 of the expander 111. A plurality of screw holes 121
is provided through the exterior of the slip expander 111 into each bore
113 and 114 to allow insertion of the 10 shear screws 122 therein. Suitable
-annul ar grooves 123 are provided in the exterior of each separation .
~cylinder 119 and 120 to receive the extreng g d_of shear screws 122. - The
shear screws 122 rel easably-secure the cylindérs 119 and 120 to the slip
expander 15 Il1.The cylinders 119 and 120.prevent |ongitudi nal novenent of
the slip expander 11l ‘and the slip carr|er 117 towards each other until
after the screws 122 The Panicing Heeard. ITharseparziedn o8y htders 119 and .
120 are al so 20 rel easably secured to their ective mandrel neans 61

and 62' by the SASRTINT &fs e mapprel aIBe?Pﬁgggizﬁnﬁ-né 2fobedmeatyrri ed on

‘t'he exterior of
the upper body means 65 and the lower body means

.- 201. when. the upper body means 65 and the lower
5 body means 201 are moved longitudinally towards
each other, this-lon'gitudinal movement causes
compression and radial expansion of the packing
ﬁeans-97 20: form a fluid barrier with thé'lnterior
of the casing string 42 as shown in Fig. 224. For
10 the-packef_zoo, the packing means 97 éénsists of
three separaﬁe elastomeiié'élements. Hbﬁever,
other conflguratzons for the packing means 97 can
be readily used.
'-The'lower-body'means 201 is carried on fhe
15 exmerip:.of the mandrel means 61' and 62' and is
releasably secured thereto. The lower body means
201 includes several subassemhlles Whlch are generally
: : cyllndrlcal and slldable with respect to each other
| and the mandrel megns 61' and 62°'. Various
20 dampdnenté'of the lower-body meané 201 are interchangeable
with components of the lower body means llO and have

the same number, e.g. slip elements 67.



mandrel means 61' and 62' respectively to provide shoulders 127 and

~ Opposi ng shoul ders 129 and 130 are formed on the interior of the
A1/nders 119 and 120 respectively. Opposing shoulder 127 5 contacts

hotil der 129 and Opposing shoul der 128 contacts shoul der 130 when'the
packer 200 is renoved fromthe.casing 42. Wen suffieient force is applied

to.the slip carrier 117, the pins 122 will shear, allowing the 10 cylinders
119 and 120 to slide within their respective bores 113 and 114. The slip
carrier .117 can then nove longitudinally towards the slip expander |1l to

‘radially expand the slip el ements 67 as=s#3dwT in Figs. 22A and 23. The slip
~expander 15 11, the slip elenents 67, and the slip carrier 117 cooperate to
provi de an anchoring nmeans carried by the | ower body neans 201 which is

- .engageable with the interior of: the casing stting 42 to prevent
| ongi t udi nal rmverrgﬁ}h%ﬁ'-‘l"f?e" bﬂ:&?n%ﬁﬁ%négf ﬁ-@haﬁﬁé%ﬂ%’é{% A support
P uarer 207 1% POY Wt Yome oddy MéafiS b01' MinedtBhely Rdfidet 17 TN

to the packing means 97. Parallel bores 113 and

114 extend longitudinally through the slip expander
5 111 %o re¢eive the mandrel means 61' and 62°
respéctiveiy therein. A shoﬁlder or rim lizzis
formed on the interior of.each bore 113 and li4
near the end adjacent to the packing means 97,

- The shoulders 112 are used to support the weight

10 of the lower body means 201 and the lower portions . )

of the tubing string (not shown) while removing the

packer 200 from the casing 42. As previously

explained, the channels 98 are foﬁmed'oﬁ the lower

Qlip ézpanﬁer lil tb retain close contact with the
15 slip éleménts 67 while the packer 200 is both

being set and released.

‘he slip carrier 117 has a plurality of
external slip elements 67.aftachedlthereto by the
conventional T-héndles 68 and dove-tailed slots 69.

20 The'separatiéh cylinders 119 and 120 are disposed

around the mahdrel_means'sl' and 62* respectively



-46- plate 202 has bores 203 and 204 with mandrel sections 61' and 62
slidably disposed therethrough. For ease of assenbly, the support plate
. is a7 separate conponent. In Figs. 23 and 24 the slip 5 carrier 117 and
t he ‘support plate 202 are shown as a single. conponent. A piston 20.5 and
the piston-housing 206 are carried on the exterior of nandrel neans 61'
and 62' adjacent to the 'support plate 202. One end of the piston 205 10 is
-slidably di sposed within the housing 206. The other end of the piston 205
abuts the support plate 202. Ports 207.as shown, n Figs. 23 and 24 extend
radially through mandrel neans 62' to communitat® Tith a passageway 208
“through the 15 piston housing 206. The ports 207 and the passageway 208

cooperate to comunjicate fluid.pressure fro ssage ._to_act upon the
pi ston 205. The Pf Yﬁﬁsﬁgeaﬁ&aph%’%&gﬁﬁ? m;?r@ﬁﬂ?ig@gcggﬁgrﬁfﬁr?ﬁrpr ovi de
.a piston neans f LN .0 : ' ppally
towards the uppe?i})’ggybnggégggé :ﬂ%‘&re %g%rég%ﬁﬁg@%%gﬁﬂ t he

47 B ' " of the expander 11l towards the carrier 117.

- The cylinders 119 and 120 are sized %o be redeived

5' respectively within the bores 113 and 114 of the
expander 1lll. |

A plurality of screw holes 121 is provided
through the exterior of %he slip expander 11l into
each bore 113 and 114 to _alléw. insertion of the

- 10 shear screws 122 therein. Suitable annular grooves
-lé3 are'profided'in fhe exterior of eaéh separation
'eylihdér'll9 and 120 to receive the extreme end of
shear screws 122. The shear screwé 122 releasably
| éecu&e'the'eylinders 119 and 120 to the slip expander
' 15 111;;.The cylinders 119 and 120 prevent iongitudinal
‘movement of the slip expander 111 and the slip
carrief 117 towards éach other until after the screws

- s ' 122 have been sheared.

The separation cylinders 119 and 120 are also

w

20 releasably secured to their respective mandrel means
61' and 62' by the shear screws 124. The snap

rings 125 and 126 are carried on the exterior of



b

geway 64'

Thi s | ongi tudi nal novement causes radi al

67 and conpreSS|on of the packing neans 97.

t he upper body

slips 173

A plurality of slip segnents
housi ng 209 adj acent to the 15 piston 205 as shown in Figs.

expansi on of the

Internal slips 173,

¥I ngs 240, and slip housing 209 provide a 5 portion of the neans for.
I ocki'ng the lower body nmeans 201 to the mandrel
conpl eti on of -the | ongitudi nal

means 61' and 62' after
nmovenent of the | ower body neans 201 towards

means 65. The | ower internal 'slip housing 209 surrounds 10

the piston 205 and is a continuation of the pi ston housi ng 206. The cross

section of the packer 200 used in Figs. A?% does not show the internal
3

is carried within the
23 and 24.

Bevel ed cam sur ng@&@seANthedifs G | rmd%@-aeésﬁa&efvbeyswoo%%de Teeth

are fornmed on each slip 173" at an angle whic

of the piston 2@houddeds 1T 4hd €28 on gg%aé.wg bAodd dleha maYdr el

rests upon a support cylinder

- 61' and 62
;_206a.

-48- The pi ston housi ng

al I ows | ongit udi nal

novement
neans

I'n PIgS-aﬁa_aB¢ ate foruddtiaw the interior of the cylinders

10

15

20

119 and 120 respectively. Opposing shoulder 127
contacts shoulder 129 ani'appeeing shoulder 128

contacts shoulder'I30 when the packer 200 is

removed from the'casing 42,

When suffieient force is applied %o the slip
carrier 117, theupins 122 will shear, allowing the

cylindere 119 and 120 to slide within their

respective bores 113 and 114. The slip carrier
117 can then move longitudinally towards the slip
expander 111'to-radially expand the slip elements

67 as shown in Figs. 224 and 23.

cooperate to provide an anchoring means carried by
the lower body means 201 which is engageable with

the interior of the casingfetring 42 %o prevent

The slip expander
‘111, the slip elements 67, and the slip carrier 117

longitudinal ‘movement of the body means 201 relative

thereto.-

A support plate 202 is positioned next to and

abuts the lower slip carrier 117.

The support




housi ng 206 and the support cylinder 206a are shown as a 'single unit. Pg
ease of manufacture 5 and assenbly, they are two separate conponents as L?
shown in Fig. 22B. The support cylinder 206a is releasably secured to th; _
mandrel neans 61' and 62' by a snap ring 210. The mandrel neans 61' and
..include several sections of hollow 10 tubing which are threadedly attached
‘to each other. Sections 6la' and 62a' have exterior grooves 211 to receive
the snap ring 210. A backup ring 212 surroundi the snap ring 210 and hol ds

it engaged with the grooves, 211. . The snap Tl 210 traps 15 a flange 213

of the support cylinder 206a agalnst shoul ders 215.and 216 on the exterior
~of the mandrel sections 6la’ .and 62a' respectively. 'Wen the flange 213.is

S nmorPRed. L0°, SN, A0 [ 9EF pGRRY 209 RS A" Wi R "D 20
D I 210, ‘th 1 6

fpﬁg r2|12gprow dfa %n ﬁ'gar&? @flﬁﬁée%%??g%gﬁéplﬁhgl%‘%%ﬁ eas%up

f‘°°k'“9 the 'OWerﬂ%¥“@d§¥”§f%¥&s&ﬂbi§e £RECELRDoYs PiBte 202 is a

- separate component. In PFigs. 23 and 24 the slip

5 carrier 117 and thglsupport plate 202 are shown
as a single céﬁpdnent. A pistbn 205 and the
piston housing 206 are carried on the exterior
of_man&rel means 61' and 62' adjacent to the.
Support plate 202; One end of the piston:ZOS

_ 10 is.slidab;y disposed within the housing 206.
S’_J | The other énd of the piston 205 abuts the support

| "plate 2@2._;Porfé 207 as shown in Pigs. 23 and 24.
exfend iédially.through mandrel means 62°' %o

-. commﬁnicate.with'a'passageway 208.thiough-the

15 pzston housing 206. The ports 207 and the passageway

' 208 cooperate to communicate fluid pressure from
‘passageway 64' to act upon the piston 205. The
piston 205-and the piston housing 206 cooperate to

prov1de a piston means for moving the lower body -

oo Weans 201 1ongitud1nally towards the upper body

means 65 in response to fluid pressure in the



e rgg means 61' and 62'. A sliding sleeve 220 i's attached to the 5 backup
ri ng\212) by threads 221 and surrounds the exterior of nmandrel section 62a
bel‘ow tjfe ring 212. The sl eeve 220 consists of two sections designated 2284
and’ b. Seal rings 217 and 218 are disposed between the exterior of the -

~mandrel 10 sections 62a and the interior of the sliding sleeve section
220a. First ports 219 extend through the wall of the nandrel section6 62a

and conmmuni cate fluid pressure fromthe passageway 64' to a variable volune
- chanber 230 fornmed between seal rings 217 and 218. Second ports 221 extend
- through the wall of the mandrel section 62ajgyapnd comunicate fluid pressure
fromthe passageway 64' to the side of the seal-ring 218 .opposite the first
ports 219. when both first ports 219 and second ports 221 are open 20 and

(he passagovey S0, 2 1Pl epked et Pebeegy (L1 S BLggal s, Sppaopoot e
Ting 217 ThererHEAEERHnEtoh O QI8 alfpd'6Y Sa bdhpRenslod"® ot
of the packing means 97. Internal slips 173!,
springs 240, and slip housing 209 provide a
5 portion of the_megn§ for 1ockiﬁg-fhé lower bbdj
' means 201 to the mandrel means 61' and 62' after
completion of .th.e 1ongifudinal' movement 6‘£_ tﬁe lower

body means 201 towards the upper body means 65. E

The lower ihteinél.slip'housing:zqg surrounds
10 the piston 205 and'is a continuation of the piston
housing 206. The crosé.sectioﬁ.of'the packer
200 ﬁsed in Pigs. 22A-C does not show the internal
" slips 173'. A plurality of slip segments 173'
is carried within the housing 20§ adjacent to the
15 piston 205 as shown in Figs. 23 and 24. Beveled
cam surfaces and the springs 240 activate the
slips_173'. Teeth are formed on each slip.l73'
at an ahgle which allows longitddinal movement of
the piston 205 in only one direction relative to

20 the mandrel means 6l1' and 62'.



frohwthe first ports 219. A guide sleeve 223 is disposed around the
exterior of the mandrel section 62a' adjacent to the sliding sleeve sectl
220b. The outside 10 di aneter of the guide sleeve 223 is sized to

tel escope within the inside diameter of the sliding sleeve section 220b.
Shear screws 224 releasably attach the sleeve sgction 220b and the gui de
sl eeve 223 to each other in their extended pos#Pions A seal ring 225 is
provided on the exterior of mandrel section 62a' abutting the extrenme end
~of the guide sleeve 223 within.the sliding sleeve section 220b. The seal

ring 225 prevents fluid co ni_ cation, bet n_the second 20 ports 221 and
the exterior of the sh&& R -qagh95§&95Tﬁ@ggﬁ?ﬂgssPBB9eaQ§§ POTIpport ed -
by a collar 226 e _ex i_or t M el segiiop. 62a, _The mandrel
negans 62' inc|ud§§1§ﬂS§§AE@@Er (¥éngé%uggéiﬁn&a%%’a@PSnBFﬁa°ﬁipple 62c'
attached by housing 206 and the support cylinder 206a are

fluid pressure is increased Within the variabl e vol une chanber 130, t hee—
shoulder 222 |lim.ts the 5 |ongitudinal novenment. of the seal ring. 21.
on

_ shown as a single unit. Por ease of manufacture
5 and aSsembly, they are.two separate éomponents
as showa in Fig: 22ﬁ. The support cylinder 206a
is releasably secured. to th¢ mandrel meéns 61"
~and 62' by a snap'ring 219. ‘The mandrel means
61' and 62' include several sections of hollow
10 tubing which are-threade&ly_attached %0 each other.
Sections 6la' and 62a' have exterior grooves 211
o receive the smap ring 210. A backup Ting 212
surrounds thé snap ring 210.and-holds:it engaged
with the.grooves_211. The snap ring 210 traps
15 a flange 213 o:'the;Sﬁpport eylinder 206a against
shoulders 215 and 216 on the exterior of the mandrel
sections 6la' and 62a‘* respectively. 'When;the
flange 213 is so trapped, $he .support cylinder 206a
o | and thus the piston housing 206 cannot move
20 longitudinélly relﬁtive to mandrel means 6l' and 62'.
- The snap ring 210, the grooves 211, the shoulders 215

‘and 216 and $he backup ring 212 provide another



rel eased fromthe a5|ng é The co onents sho
“schemati ¢ for nPBREEOATR

ds 231 to the mandrel section 62a'. The |'anding ni pple 62c' has
nal |ocator- recess or profile 232 for securing various well tools 5
in. Well tools.(not shown) can be | anded or | ocked into the nipple \
/ for use in setting the packer 200 at a desired downhol e | ocation and
for use in releasing the packer 200 fromthe downhole | ocation. The
| .andi ng ni ppl e 10 62c' can be considered as either a part of the mandrel.
means 62' or as part of the |lower tubing string which would be attached to
the mandrel neans 62' bel ow the. packer 208. 49Frgs. 23 and 24 show the
operating sequence 15 of the various conponents within the packer 200 as
it is set or.anchored at a downhole |ocation within the casing 42, and then
23 and 24 are in
%ﬁi%ﬁ%ﬁmﬂﬁtieﬁg e¥8%cd to al I ow

correl ati on bet ween _schenatl resentatjon,of a,c onent and -52-
its more detai +8Y® Boh?ﬁ?ﬂ@ﬁﬁ&?ﬁgﬁiéiﬁrﬁh?mf%*ﬁﬁ?p?l %Hgnly t he mandr el

means 62'. and ﬁagd%gEOEhghs 61' and 62'.

A sliding sleeve 2Q0 is attached to the
5 backup ring 212 by threads 221 and sunounds the
exterior of mandrel section 62a' below the ring
212." The sleeve_zzo'éonsists of twe sections
designated 220s and 220b. Seal rings 217 and 218
are disposed between the exterior of the mandrel :
10 sections 62a' and the interior of the sllding
sleeve section 220a. Pirst ports 219 extend through
_ the wall of the mandrel sectiom6 62a' and communicate
'fluid ‘pressure .from the pas/sageway 64' %o ‘a variable
volume chamber 230 formed between seal rings 217
" 15 and 218. Second ports 221 extend through the wall
“of the mandrel section 62a' and communicate fluid
~pressure from the passageway 64' to the side of the
seal ring 218 opposite the first.ports.219._ When | .
both first ports 219 and second ports 221 are open
20 and the passageway 64' is not blocked therebetween,
fluid pressure on opposite sides of the seal ring

218 is equalized. A shoulder 222 is provided on the



conponents will be discuSsed.” Figs. 23 and 24 denonstrate that the presenp
invention could be 5 used with a packer having a‘'single nmandrel neans as
wel ~as a packer having dual mandrel neans. After the packer 200 has bee
| onered to the desired downhole location, a suitable wireline tool can be
| ocked into the nipple 62c' to block the 10 passageway 64'. An anple of
such a tool is shown in Gis Wreline Subsurface Plow Controls & Rel at ed
Servi ce Equi prent Catal ogue (OEC 5121c) page 17. - fluid pressure within the
. passageway 64' can then be increased via Lh§ gy t-207 and 15 the passageway
208 ‘to.apply force to the |ower body neans Z01 by the piston 205. During
this tinme the sanme fluid pressure is present at both the first ports 219
and the second ports 221. The 'shear screws 124 are selected to rel ease the
20 | ower body neangx€§2ibr06Tt bReNBAAGTINRATHIOH SN £6 UpSowigesure
“acting upon the piston 205 exceeds a first preselecté&d value. "After the
screws 124 are sheargﬂoptﬂorfoheesgaaegangzmﬂ THekref de, pkhéan 205 is -
transn1tted to the upper body _
fluid pressure is increased withln the variable

- volume chamber 130, the shoulder 222 limits the
5 16ngituainal movementy of the seal ring-217 away
from the first ports 219.

' A-guide-sleeve 223 is diSposed around the
~exterior of the mandrel section 62a' adjacent
%o the sliding sleeve eection 220b. The_outeide
10 diameter of the guide sleeve 223 is sized %o
"-telescope within the ineide.diamete: of the
sliding sleeve section 220b. Shear screws 224
releasablyeattach the sleeve section 220b and
the gulde sleeve 223 to each other in their
15 exmendeﬁ pos;tion. A seal ring 225 is provided on
the exterior of mandrel section 62a' abutting the
| exxreme end of the guide sleeve 223 within the
- . sliding sleeve ‘section 220b. The seal ring 225
" | prevente fluid communication between the second
oo PoTts 221 and the exterior of the sliding sleeve
220. The guide sleeve 223 is supported by a
collaf 226 on the exterior of the mandrel section

62a*. The mandrel means 62' includes an edapter~_



Eﬁar val ue of the shear screws 92 or- 122. Thus, force generated 5 by
‘ gton 205 will shear the screws 76 to rel ease the upper slip expandew’
75« rom the mandrel neans 62' after the screws 124 have been sheared. This
sane force causes the slip expander 75 to nove longitudinally towards the
slip carrier 66 and radially | Oexpand the slip elenents 67 until they

" engage the casing string.42. During this. radial. expansion of the slip

el ements 67, the slip carrier 66 is firmy abutted against the orienting
body 44 which is threadedly engaged wth thedkendrel neans 62'. 15

After the slip elements 67 on the upper body neans 65 have engaged the

| LQEELL‘){ nor e%QEdﬁﬁﬁlgﬂai ' Bl amadini TS0 -cI%fJ 355, 8RRAORAS BiLki ng moans
- 97 ' 0 65 : b 201. Th
ohear value of {FRTeRSH, L34, G0 Vhe, ReiEALcedh Ton Fokl - 2R84 - 1no.

fluid acting on {1¢,ph5!88:29% BB e AAGaY PASEEbECLEderd v PTiOr

01. The shear screws 76 are selected to have a shear value l.ess than

or profile 232ffor_securing various well tools

5 there;n; Well tools (not shown) éan bq landed
or locked intd the nipple 62¢' for use'in
setting the packeE 200 at a desired downhole
location and_fér'use.in releasing the packer 200

.from the downhole location. The landing nipple

10 62c can be considered as either a part of the
mandrel meéhs'62' or as part of .the lower tubing
string which would be attached to the mandrel
means 62 beldﬁ the paecker 200..

Figs{.23*and 24 show the operating sequenée
15 of the vgribus components within the packer 200 .
- as it is sét,or.anchored at a downhole location
within the casing‘42; and then releaéed\from the
casing 42. The éomponents shown in PFigs. 23 and
24 are in schematic form only. The same numerical
20 designations afe uséd %0 allow correlation between

the schematic representation of a component and



screws 122. This second presel ected fluid pressure corresponds to the -
force required to conpress the 5 packing neans 97 to forma fluid tight/
bar¥¥er bet ween the exterior of the mandrel neans: 62' and the interior o
~ the caS|ng string 42. After the screws 122 have been sheared, the |ower
slip carrier 117 can slide longitudinally towards the | ower sllp 10
expander 111 to radially expand the slip elenments 67 and engage themw th
the interior of the casing string 42 as shown in Fig. 23. Thus, the | ower
body neans 201 is anchored to the casing strigeg42 to hold the packlng
means 97 conpressed and radially is expanded” The internal slips 173
engage the exteriaqr, of tr B'ttgﬂ?§05 to hoI% t he pi ston 205 extended. from

‘the piston housindg tﬂ)@‘ %P‘E§§EF€ HOPH SR oMK %%%%4
decreases, the sI| 173 e the ton 205 from ret 20 to [ts
N nitt'i al pofsi ti 03 I 'ongmglé' oﬂ??‘ﬁa g@é Pf’:arﬂ"rﬁnraégﬁ I
exterior of mandre \. e.sna g in slips -
173" and the snap ﬂn}?é’ t%a 1‘:@ égt?@sfz a l.‘ 929 %:szm 201 to
the exterior of t%%dEﬂE%éite that the present invention could be

5 used w1th a packer hav1ng a single mandrel means

as well as a packer having dual.mandrel means.

Aiter the packer 200 has been lowered %o the
desired downhole locatlon, a suitfiable w1re11ne tool
| .can be locked into the nlpple 62¢' %o hlock the
e .' 10 passage_way 64'. An Mple of such a ‘tool 1s shown
in Otis Wireline Subsurface Flow Controls &
Related Service Equipment Catalogue (OEC 51218)
page 17. Fluid pressure w1thin the passageway
64" can then be increased via the port 207 and )
15 the passageway 208 to .apply force to the lower
1 body means 201 by the piston 205. Durlng this time
the same fluid pressure 1s present at both the
.flrst ports 219 and the second ports 221. The
shear screws 124 are selected to release tne
','. | o0 lower body means 201 from the mandrel means 62!
. when.fluid.pressure acting upon the plston 205
exceeds a.first preselected value.. After the

screws: 124 are sheared, the force generated by



nmeans 62' .. \Wen the packer 200 is anchored to the interior of the casing
spr ‘2 as shown in Fig. 23, the packer 200 will resi'st both 5 tension
and pression forces fromthe tubing strings 40 ‘and 41. The packi ng meané
97 ¥ al so seal against differences in fluid pressure in either direction
“within the casing 42. The packer 200 can remain in this position
i ndefinitely. 10 As the well conditions change, it may be necessary to
renove the packer 200 fromits downhole |ocation. A standard wireline
| ocking mandrel or well tool with a tub;ng3packoff tool attached (not
shown) can be | owered through the tubing string 15 40 and secured within
the locator recess or profiles 232 of the nipple 62c'. The length of the

%‘JE_Ei that t ﬂ%%%%%ﬁ 38 A5 0¥ Prenhlstd 4 'tt%%ntvthn%%eeal R ot ?Stn:‘éza-
' 20 19

b cne, pRERRRLE0S” ¥ GidadlERERS T°KEAT TR g%%ﬂe'ts%ﬂ?iiéli{‘?y .'
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shear Screws 92 er 122.° Thusg force generated

5 by the piston 205 wiil'shear fhe sScrews 76;to release
the upper slip expendér 75 fiam fhe mandrei means
62° after.the screws 124 have been sheared; This
same force causes the iip expander 75 to Imove
_longitudinally towards fhe slip carrier 66 and radially
'10expand the slip elements 67 until they engage the
casing string 42ﬂ Durlng this radlal expanslon of
the slip-elements-G?, the slip carrier 66 is firmly
abutted against the orienting body 44 whlch is threadedly

engaged with the mandrel means 62°'.

15 i Afte; the slip elements 67 on the upper body
means 65 hafe engaged the interior of the caéing
string 42, £luid pressure action on the piston 205
can be increased further to comp}ess and radially
expand the packing means 97 between the upper body

pgleans 65 and the lower body means 201. The shear

value of the shear screws 122 is selected to allow



are shown in Ois Wrelihe Siubsurface Flow Controls & Related Service
~Equi pnent Cat al ogue (OBC 5121C) pages 14, 25 and 119:. The profiles 232

t he\vtandrel section 62a' cooperate to provide means for releasing the

| ocki ng neans for the |ower body neans 201 fromthe nmandrel neans 61' any
62'. Wth the packoff positioned between the 10 first ports 219 and the
second ports 221, fluid pressure can be i-ncreased within the variable

vol ume chanber 230 creating a difference .in pressure across the seal ring
-218. When this pressure difference reaches -a Ptesel ected value, the 15
screws 224 will shear allowing the sliding sleeve 220 to tel escope
~downwardly over the exterior of the guide tube 223. This novenent renoves

the backup ring 212 h k0 e 43R i %kﬁ ] kth the grooves
211 as shown in ﬁ#é.£;§£h28L§%9ge§% inesggﬁgaﬁ%he gg%ggﬁggéét%on for the
backup ring 212 j h- t P 238 P En renoved
<§77.fronlthe sd%%%g%?ngggﬁggg%?ﬁg g%&?&fﬁgﬂﬁ%%ggél neans %gfﬂgan slide
bongitudinal |y rglpékye1d9. This second preselected fluid pressure

. correspoﬁds to the force required to compress the
5 packing means 97 to’ form a fluid tight barrier
.bétWeen the exterior of the mandrel meané 62' and the
interior of the.éasing'stfing 42. After the screws
122 ﬁgve been sheared, the lower slip carrier 1;7
can slide lonéifudinally_towards the lower slip
10 expander 111 to' radially expand the slip elements
"\%'ﬂ o . 67 and engage fhem with the interior of the casing
| string 42 as shown in Pig. 23. Thus, the lower body
means 201 is anchored %o the casing string 42 to |
' hold_the’packing'means 97 compressed and radially
15 expanded.- The internal slips 173' engage the
‘ "eitéi:‘ibz} of the piston 205 to hold the piston 205
exteﬁded:frqm  the piston housing 206. When fluig
pressure within the_paSségeway 64 decréﬁses, the
slips 173 preveat the piston 205 from returning
20 to ité initial position.' As long as fhe piéton
 nousing 206 isfancﬁored %o the exterior of mandrel
 means 62' via the snap‘ring 2i0, ¥he internal

slins 173' and the'snap-ring 210 can lock'the_lower



s 173

éggg 206 which was in turn | ocked to the mandrel

upper housi ng means 65 énd ‘the | ower housing neans-201. Prior to

retained 5 the piston 205 | ocked relative to the pisto

of \the/snap ring 210 with the grooves 211. Upward tension can now be

app

_thereto. This upward tension will shear the screws 71 and 92 al |l ow ng
- mandrel neans 62" td nove |ongitudinally upward with respect -to the p
means 97. The mandrel neans 62' is manipulated in the sanme nanner as

previously 15 described for the packer 604 g9 el ease the upper body neans
65 fromthe casing 42. Follow ng rel ease of -the upper body nmeans 65,

tension i s nexty

causes the int gidiig 620, el wheat $hé3phekes @0Padss tdreisdred chori er 66
“lifting it upwards. The snap .-58- ring 126 on the nmandrel neans 62
contact the sepgiatimteriybdrndfr thaOcelsing isprtimen 42 as shown in

10

- 15

20

Pig. 23, the packer 200 will resist both

tension and compression forces from the tubing
strings 40 and 41. - The packing means 97 will also
seal against differences in fluid pressure in
either direction within the casing 42. The packer

200 can remain in this position indefinitely.

" A8 the well conditions ehange, it may be
necessary o remove the packer 200 from its downhole
locatlon. A.standard w1reline locking mandrel or
well tool w1th a tubing pac&off tool attached
(not shown) can be lowered through the tubing string
40 .and secured within the locator recess or profiles
232 of the-nippie 622'. The length of the locking
mandrel and tubing packoff tool extending thereabove
is selected such that thé packoff tool will be
disposed within the mandrel section 62a’ between
the ports 219 and 221 when the locking mandrel is
positioned wifhin the profiles 232. Various packoff

this'
n

means 62' by engagenéﬁt

ed to |ift the orienting body 44 and the mandrel 10 neans 62' attached'

t he
acki ng

upwar d

P héghs 020D et ortdecke xteaivrb JL ke ndwent i ng body 44.

- The mandrel nmeans 2062 is now free to nove upward. This upward novenent

wil |

-

I



“will result in5 renoving the |ower slip expander 111 from behind the- sl
el daents 67. The chapnels 98 cause the slip elements 67 to retract which
- di sengages the | ower body nmeans 201 fromits anchored position with the-
i'nterior of the casing string 42. The 10 packer 200 can now be withdrawn
fromthe casing string 42.. The configuration of the various conponents of
t he packer 200 as it is withdrawn fromthe casing string 42 is shown in
Fig. 24. In sunmary, the packer 200 is hydragg cally 15 set at a downhol e

| ocation by applying fluid pressure to the piston 205. The packer 200 is
rel eased fromits set position by pressurizing the variable volune chanber
230 .and rel easi ngtobbs sanp compeztdalliye avaidredlerctors WPe withir st
20lifted to free the cylinder 88 fromthe |ocking sleeve 91. The mandr el
nmeans 62 is next thecpresentt invensionthe Hxamples | othdamelBotools the second
cylinder 81 and to di sengage the upper body neans 65 fromthe interior of -
tthe casing strin@ne shown n Otis Wireline Subsurface Flow Controls

contacts the |l ower slip ‘expahder 111. Thus, lifti n'g“'-f*”ft%‘he‘-""?r'randrel means 62
P&

& Related Service Equipment Catalogue (O0BC 5121¢)
5 pages 14, 25 and 119. The profiles 232 and the

Imandrél section 62a' cooperate %o provide means

for‘releasing the locking means for the lower body

means 201 from the mandrel means'Gl' and_62'.

| | With the paékoff positioned befween the
;J : | 10 first'poftsileIand thé.second pbrts 221;.f1uid_
| _pfessure can Ve incregséd-within the.variable
_volume.chaﬁbef 230 creatiﬁg a difference in
pressure across the seal ring-218. When this
ﬁreséuﬁe difference.féaches a preselected value, the
15 screws 224 will shear allowing the eliding sleeve
. 220 %o telescope doﬁnwaidlj ovér the éxterior
| of the guide tube 223. This movement femoves the -
backup ring 212 from holding the snap ring 210
| engaged with the.grodves 2l1 as shown in Fig. 23.
- o0 Dotted lines show the locked position for the backup
| ring 212 in Pig. 23. |

- After the backup ring 212 has been'removed



rd and to
criptions o
vodi ments of
See other alte

ally, the nmandrel neans 62' is raised to nmove the slip expander 111

rel ease the lower slips 67 fromthe casing 42. The previous

f the packers 60 5 and 200 are representatiyve of only two

the present invention. Those skilled in the art will readily
rnative changes and nodifications w thout departing fromthe

scope of the invention which is defined in the clains. - 60 - CLAIM 1.

A wel | packer-

- a passageway e

‘on the 5

with respect t

carried by eac
~means bet ween

anchori ng nmean

10

' 15

conprising: a. a pair of parallel mandrel neans, each having
xt endi ng therethrough; b. upge§7agd | ower body neans carried
exterior of the nmandrel neans and slidable |ongitudinally
o each other over the mandrel neans; c. anchori ng neans

g g s ohhsa Xbaply; aleatniy eoc) o0y 10
S meBn@ GO HUE diide tD6nkDtRELRRIY Felative fo

the_uppef housihg ﬁeéns 65 and the lower housing

means 201. Prior to this, the slips 173' retained

the piston 205 locked relative to the piston |
housing'ZOS which was in turn locked tqjthe mandrel

means 62! ﬁy engagement of the snap ring 210 with

‘the grooves 211. Upward tension can now be

applied to 1if% the orienting body 44 and the mandrel
means 62! attached thereto. This upward tension

_ﬁill shear.the screws !i and 92 ailowing the mandrel
means 62' to move longitudinally upﬁard with respect
to the packing means 97. The mandrel means 62°

is mgni?ulated'in the same manner as previously
déscribed for the packer 60 to release the upper body

means 65 from thé casing 42.

Following release of the upper bbdy means 65,

upward tension is next applied to the mandrel means

62' via the orienting body 44. The mandrel means

20

'62 is now free to move upward. This upward movement
causes the internal slip elements 73 to re-engage

the slip carrier 66 lifting it upwards. . The snap




relative to the 15 casing string; d. packing neans carried on the
ext®rior of the frandeel meagns between the upper and | ower body neans; e. .
pi ston neans, carried by said mandrel neans, 20 for noving the body.
means longitudinally toward each other in response to fluid pressure in one
-of the passageways; - 61 - f. t he |.ongi tudi nal novenent of the body
means causi ng conpression of the packing nmeans_and radi al- expansi on t her eof
to forma fluid barrier between the exteriofl 88 rhe mandrel 5 ‘means
and the interior of the casing string; g. t he sane | ongitudinal novenent

causi ng radi al expansi f thege anchoting neans; .h. Jteans for | ocking
each body neans t&ﬁfﬁéqgﬁgdpﬁl dﬂ%né??grmﬁﬁﬂﬁLégfoﬂ @R 5asi t udi nal
10 - novenent er eby the packing. neans e_mai nt gi ned _conpressed and
the anchoring nea eal‘seé%ﬁﬁ%ﬁg?q\ewn?ﬁﬁ?l }aéxﬂgsrﬁg‘dm $urn

- contacts the lower slip expander 11l. fThus,

casing string to prevent |ongitudinal novenent of its associated body neanfzgii

1ifting the ‘mandrel means 62' will result in
5 .removing the lower slip expander 111 from behind
‘the slip elements 67. The channels 98 cause the
slip elements 67 té retract whibh disengageé the
lowé? body means 201 from its anchdred posiﬁion
 with the interior of the casing string-42...The
| lolﬁackerlZOOIOan now be withdrawn from the éasing7
o 'étring 42. . The configuration of the various
componenfs of the packer.zoo as it ié withdrawn

' from the casing string 42 is shown in Fig; 24.

in sﬁmméry, the packér 200 is hydraulically
15 set at a downhole location by applying fiuid |
pressure to the piston 205. The packer 200 is
-réleased from its set position by pressurizing
the variable volume chamber 230 and releasing the
-shap ring 210. The mandrel means 62 is first |
| o0 lifted to ffee'the cylinder 88 from the locking
sleeve 91. The mandrel means 62 is next lowered
to telescope the first cylinder 86 into the second

cylinder 81 and to disengage the upper body meaﬁs

- 65 from the interior of the casing string 42.



(I each anchoring neans conprising a plurality of slip elenments; 15 j.

Y\ body neans further conprising a slip carrier and a slip expander which
pvabl e | ongitudinally towards each other to radially. expand the v/
¢gi ated slip elenments; k. means for releasing the mandrel neans from
e /20 | ocki ng means of the | ower body neans; and 1. means. for _
movi ng the slip expander of the upper body neans |ongitudinally away from

its associated slip carrier to allow retraction of - 62 - the slip

- elenments carried by the upper body neans afggr_the | ocki ng means for the

| ower body neans has been rel eased. 2. A W8l | packer as clained in claim
1, further 5 conprising:. a. rel easabl e neans for securing the |ower

body means to the mandrel means until fluid gressure.mﬁthin the piston.
means exceeds aFipadd¥pr &he &andred meangb2h is raisedadsbl e neans

for.preventing | ongitudinal novenent of. the sligdexpander of 't he upper

move the slip expander 111 upward and to rdease

the lower slips 67 from the casing 42.

The previbus descriptions of the pgckers 60
5 and 200 are.repfeséntative'ofjonly two embodiments
of fpe.pfesent inventidn. Thbse ékilled_in the art
'will.readily see other alternative changés and
modifications without departing_from the scope of

the invention which is'defined in the claims.



~ body neans relative to i'ts associated slip carrier until fluid pressure
. Within the piston neans exceeds the first preselected 15 "~ val ue; ar|
c.\~ Teleasable means for preventing |ongitudinal movenment' of the slip..:
expander of ‘the lower body neans relative to its associated slip carrier
~until fluid pressure within the 20 pi ston nmeans exceeds a second,
hi gher preselected value. 3. ~ A well packer ~as clainmed in claiml or 2
wherein the | ocking nmeans further conprises: - 63 - a. slip segnents
di sposed between the exterior of the mandrel neans and the interior of the
| ower body neans; b. teeth projecting fr each slip segnent at 5. =
an angl e relative to the mandrel nmeans wh by the sli.p segnents all ow

| ongi t udi nal novenment of the :lower body nmeans towards the upper body neans
and . prevent | ongi hnal nmovenent of the body neans away from each ot her;
10 and _d__ﬂiﬂ_? _ : ) ’ .

N

K

1. A wei;.packer comprisings

. - a. a pair of parallel mandrel means,'each having
a passageway extending therethrough;
b. upper and lower body means carried on the
5 o -exterior of the mandrel means and slidable
longitudinally with respeet %o each other
over the mandrel means;
¢. anchoring means carried-by each body means
and radlally expandable relative t0 each body
1os " means between a retracted p031tion and an
- expanded position whereby each anchorlng
means is engageabie with the'interior of a
casing string to prevent 1onéitudinel movenment
of its assooiated'body means relative to the
15  casing string; |
d. packing meahs cariied on the exteriof of the
mandrel means between the upper and lower body
means; | |
| é. pistonqmeans, carried by said mandrel means,
20 for moving the body.heans longitudinglly
toward each other in response to fluld pressure e

in one of the passageways,

-

T



.Cc. . a cammng surface forned on the-interior of the | ower body neans to’
siect the slip segments adjacent thereto into contact with the nandreI\J
gny. 15 4. A wel | packer as clained in claim1, 2 ofr 3 wherein the
body neans further conprisess a. first arnd second concentric .
ders surroundi ng the mandrel neans bétmeen'the_slip expander far the -

3 body means and the packing nmeans;. 20 b. - the outside dianeter of
the first cylinder selected to telescope wi thi.n .the inside diameter .of the
second cylinder; c. . a retaining cyl i.nder releasably di sposed 11111111

111111 1111111211112211 . C L M i -64- between the
exterior of the mandrel neans and the |nS|§ di aneter of the second

- cyli'nder; d. the retaining cylinder abutting.-the first 5

cylinder and thereby bl ocking the first and second cyllnders from

telescoping relgtivegg iﬂﬁgi%hﬁihal movement of the body means

_eausing compression -of the packing means and
radial expansion thereof to form a fluid
barrier between the exterior of the mandrel
5 means and the 1nterior of the casing string;
&«  the same.longitudinglemevement causing radial
eipansion of the anchoring means; |
h. means for locking each body means to the mandrel
means after completiep of the longitudinal
lQ , movement whereby the'packing means are maintained
compressed and the anchoring means are maintained
radially expanded;
i. each anchoring means comprising a plurality
of slip elementss |
15 j. each body means further comprising a slip
| carrier and a slip expander which are movable
longltudlnally towards each other to radially
expand the associated slip elements,
k. .means for releasing the mandrel means from the
20 locking means of the lower body means; and
1. means for moving the slip expander of the upper
body means longitudinalLy aﬁay frqm its

associated slip carrier to allow retraction of

-\
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e. a | ocking sl eeve di sposed between the mandrel means and the retaining

éylinder; 10 and f. a shoul der carried on the exterior of the -
nanH{qL means W thin.the seoond cylinder adjacent to the |ocking sleeve
‘whereby | ongi-tudi nal novenent of the mandrel neans 15 in one

direction relative to the second cylinder will cause the shoulder to
contact the locking sleeve and rel ease the engagenent between the mandrel
nmeans, | ocking sleeve, retaining cylinder and second cylinder 20
allowing the first and second cylinders to tel-ggcepe relative to each

ot her. 5. A wel | packer as defined in claim4, wherein the fi-rst and
second cylinders prevent the slip - 65 - expander of the upper body.

means from novi ng rongitughgaghﬁgﬁﬁgégggeglEE§F§§ﬁog&a§ﬁg6&553£F§éﬁ&er

until after the retaining cylin een release packer

as clained in any precedi fgafbabfyedhene! 1obREngCheaa"gopeans for the

| .ocki ng. ' . _
lower body means has been released.

2, A well packer as claimed iniclaim_l, further

5 comprising:’ -

S releasable means for_sécuring the lbwer body
means to the mandrel means until fluid
. . pressure wiﬁhih the.piston means exceeds
" a first presélected-valde;
e 10 b. releasable means for. preventing longitudiﬁal
| | movement of the slip expander of the upper
- body means relative to its associated slip
carrier until fluid pressure within the
piston means exceéds the_first.p:esélécted
15 _ “value; and
C. releasable means for preventing lohgitudinal
movement of the slip expandex: 91" .the lower
body means relafive to its-aésociated-slip.
carrief_until fluid pressure within the |
- 20 piston means exceeds a second, higher

preselectedIVaiue.

3, - A well packer as claimed in claim 1 or 2

wherein the locking means further éomprises:
-

M A



ans of the | ower body means further conprises: “a. *~ a locator recess in
er the passageway of one of the mandrel neans or the tubing 10 .
ng attached to the mandrel neans; b. a well tool releasably - /
engageable with the | ocator recess; c. a tubing cutting tool attached to
the well tool and extending longitudinally therefrom 15 - and d. the
di stance between the cutting tool and the well tool selected to equal the
di stance fromthe |ocator recess to a preselected location within the
“mandrel neans. 20 7. A wel | packer as & @3med in any preceding claim
~further conpri sing: - 66 - a.- a port extending radially through one
of .the mandrel neans; b. a conduit for comunicating fluid fromthe port

of the mandrol  ReansIaPaserhery=RisHRiR ReTHREY 3R Harielne

of the mandrel means and the interior of
' the lower body means; o
b. teeth projecting from each slip éegment at
5 an angle relative to the maﬁdrel means
| whereby the slip segments sllow longitudinal

movement of th;Tlower body means towards the
upper body means and prevent longitudinal
movement of the body means away fvom each other;

10 and '

(3]

Ce a_camming:surface formed on the interior of _ o

the lower body means %o project the slip -
segments adjacent thereto into contact with
the mandrel means. '

15 4. A well packer as claimed in c¢laim 1, 2 or 3

wherein the upper body means further comprisess-

a. first and second concentric cylinders sﬁrrounding
the mandrel means between the slip expander
" for the upper body means and the packing means;
20 b. the outside diameter of the first cylinder
selected to telescope within the inside
diameter of the second cylinder;

C. a retaining cylinder releasably disposed

IR



8. A wel | packer as clainmed in any preceding claim wherein 10 a.

pi ston nmeans includes a piston slidably disposed within a piston housi ng;
b. ™ slip segnents are di sposed between the piston and the piston housi
c. . teeth project fromeach slip segment at an 15 ~angle relative t
the piston whereby the slip segnents allow fluid pressure to extend the
pi ston fromthe piston housing and prevent the piston fromreturning to its
initial position; and 20 d. ~a snap ring rel easably secures the piston
‘housing to the mandrel neans. ~ - 67 - 9. A ¢gl L packer as clainmed in
any preceding-claim further conprising an orienting body di sposed above
~the upper body neans and each mandrel neans securely: engaged with the
orienting body preventingpetweeat the extesdotr bft thenmhhdrednteansreans.
10. A wel | packer which can be attached to a tubing string for the
purpose of forming a flui dnBatheeinwitlei diamedsrngfstihengecondpri si ng:

K.

cylinder;
. - d. the retaining eylinder abutting the first
5 eylinder and thereby blocking the first

and secbnd.cylinders from telescoping
" relative to each other; . |
e; a locking.sleeve disposed between the
mandiel means and the fetaining cylindér;
10 and |
e -t a shoulder-earriéd on the exterior of the
| mandrel‘ﬁeans_withiﬁ the seobnd cylinder:
adjacent to the locking.sleeve whereby
longitﬁdinal movement of the mandrel means
15 | in one direction relative to the second
ceylinder will cause the shoulder o contact
the locking-sleeve and releaée the engagement
between the mandrei means, locking sleeve,
rétaining cylinder ﬁnd second.éylinder .
20 allowing the first and second cylinders %o

- _telescope relative %o each other.

5. - A well packer as defined im claim 4, wherein

the first and second cylinders prevent the slip

AR o



a. mandr el neans havi ng a passageway extending 10 ‘. - t her et hr ough; b.
per and | ower body neans carried on the exterior of the mandrel neans and
indabl e longitudinally with respect to each other over the mandrel means”
. anchoring neans carried by each body neans and novable relative to
body neans between.a retracted position and an expanded position
eby each anchoring neans is engageable with the interior of. the casing
5Tring to prevent 20— i tudi nal novenent of its associated body
means relative to the casing strimg_d. packi ng neans carried on the
ext'erior of the mandrel neans betwee e_uggeg and | ower body neans; 25

e. piston neans, carried by the mandre ns, - 68 - -for noving the
body neans longitudinally toward each other in-response to fluid pressure
in the passageway; f. . longitudinal novement of the |ower, body neans 5.

t owar ds t he uppeexpsadereafis thauypPpgr bpdy”means from moving
longitudinally away from its associated slip - .
carrier until after the retaining cylinder has

.been released.

5 6. A well packer as claimed in any precéding
claim; wherein the releasing megns for the locking

means of the lower body means further comprises:

2 a locator recess in either the:passageway
of one of the mandrel means or the tubing
10 string.gttached to tbe mgndrel means;
b. & well tool releasably engageable with the
| 1ocator.recesé; - | |
¢c. a tubing cutting 300l attached to the well
tool and extending longifudinally therefrom;
15 and | |
d. the distance between the cutting tool and the
well tool séiected %o equal the distance from ®
the locator reééss t0 a preselected location |

within the mandrel.meaus.

20 7. | A well packer as claimed in any preceding

claim, further comprising:

-



conp¢e55|on of the packing neans and radi al expansion thereof to formthe

fluid.barrier;. g. t he sane | ongi tudi nal novenent causi ng expansion of t
anchertng neans'rlo h. neans for. locking the | ower body nmeans to the

manndrel means; i. - nmeans for releasing the mandrel’ means framthe lock
means of the | ower body neans; j. neans for noving the slip expander of

7

t he upper 15 body neans longitudinally away fromits associated slip
carricer to-retract the slip elements tarried by the upper body neans after

t he |.ocking nmeans for the |l ower body neans has been rel eased; 20 k.

rel easabl e means securing the | ower. body. neans to the nmandrel nmeans until
fluid pressure within the piston neans exceedsO® rirst presel ected val ue;

- 69 - 1. rel easabl e neans preventing | ongitudi nal nmovenent of the slip'
expander of the upper body neans relative to its associated slip carrier

until-fluid pressurg “‘thhnpbgﬁ extending radlally through one of
} ‘the mandrel means;
\' | “ D a conduit for communicating Iluid from the
| | port to the piston means, and
5 C. . _the plston means secured to the exterlor
of the mandrel means adjacent %o and

- abutting the lower body means.

8. A well packer as claimed in’any preceding

-~ ' claim, wherein =

" 10 a. the piStoh means-includes a ﬁiston-slidebiy
' disposed within a piston hou51ng, |
| b. slip segments are disposed tetween the piston .
andsthe piston housing;
Ce teeth project ffem each.slip seguent at an
15 angle relative to the pistoh wherepy the
slip segments allow fluid pressure to extend
the piston from the_pisteh housing and
prevent the piston from retuﬁhing to its’
. . _ initial position;- end | | |
20 d. a snap rlng releasably secures the piston

housing to the mandrel means.

'\
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ress
wel |
the change |
" second presel

12. A well packer as clainmed in claim1l or

pi ston neans exceeds the first presel ected value; and m
abl e means preventing |ongitudinal novenent of the slip expander of
r body nmeans - relative to its associated slip 10 |, < carrier unt¥l

n nmeans exceeds a second presel ected val ue.

inclaim2 or 10, further conprising: 15 a.
mEMlEm! i thin the piston neans between the first and
mor éssi ng the packi ng neans; and b. the

-1 ocking neans for the | ower body neans naintaining the packing neans
- conpressed w thout 20 regard to flug? pressure in the piston neans.
0,

wherein the neans for

rel easing the | ower body nmeans conprises: a. a first and a second

shoul der forne

slip carrier

. on Lhﬁell ngk@*tﬁé'@ltheHhQn”§ﬁ9r9&e€3§&§gbet“Ben the
of "the | ower.

ody means and

claim, further compr131ng an orlentlng body dlsposed

above the upper body means and each mandrel means

seeureiy engaged with the orienting body preventing

relative movement between the mandrel means.

10.-

A well packer which can be attached to a

| tubihg stringlfor the purpdée_of forming a fluid

10

15

20

25

barrier within a éasing string, comprising:

S

Coe

d.

- &.

mandrel means having a passageway extending
therethrough; .

. upper and lower body means carried on the

exterlor of the mandrel means and slidable
longitudinally with respect to each other cyér

the mandrel means;

~ anchoring means carried by each body means

‘and movsble relative to each body means between

a retracted position and an expanded position
whereby each anchorlng means is engageable with
the interior of the caslng strlng to prevent
longitudinal movement of its associated body
méans relative to'the casing string;

packing means éarried bn the exterior of the
mandrel means between thelupper and lower body .
means; |

piston.means, carried by the mandrel means,



Its associ ated | ocki ng neans; b. t he shoul ders spaced longitudinally -

from.each 5 - other; c. - first and second shoulders carried by th ﬁ?"
- |l ower hody neans; d.. ~ the first and second shoul ders of the | ower body“~—
- means spaced Iongltudlnally fromeach 10 ot her; e. t he shoul ders
of the mandrel neans positioned between the shoulders of the | ower body
nmeans; and f. the shoulders of the mandrel neans sized to 15 engage
t he shoulders of the | ower body neans.- 13. A wel | packer, carried by a -
tubing-string, for forming a fluid barrler mnthé a casing string,
conprising: a. a mandrel neans having a pass gemay ext endi ng 20
| ongi.tudi nally therethrough and each end of the nmandrel neans engageabl e,
with the tubing string; - -71- b. upper and | ower body means carried on

the exterior of the,api &)z "BROSHAEY HLaAEPL Sagitudinally toward
" each other in response to fluid pressure in the

passageway; o ' - .

f. longitudinal mevement of the lower body means.
5 towards the upper body means causing
compression of the packing means and radial
.. expansion ¥hereof %o form the fluid barrier;
g the_same Iongitudinal movement Eausing expansion
of the anchoring means; : | |
= - 10 h. means for locking the lower body means to the
mandrel means; |
i. means for relea31ng the mandrel means frnm
" $he locking means of the lower body means;
Jo means for moving the slip expander of the upper.

body means longitudinally away from its

15
associated slip carfier %0 retract the slip
elements carried by the upper bedy means
after the locking weans for the loﬁer body
i means has been released° “
- 20 k. releasable means eecurlng the lower body

ieans to the mandrel means until fluid
pressure within the plston means exceeds a

“flrst preselected value,

\
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.Iongitudinally{over the exterior of the nmandrel nheans;-5 c. anchoring

ans carried by each body neans and novable relative to the respective’ k/
nmeans between a retracted position and an. expanded posi ti o wher eby
anchoring neans i s engageable with the interior of the 10 casing-

“A\stri/ng to prevent |ongitudinal novenent of its associated body neans

tive thereto; d. packi ng .means carried on the exterior of the mandrel
means between the uppér and. | ower body means; 15 c. pi'ston neans, carried

by the mandrel neans, for noving the body neans Iongltudlnally tomard each -

other in response to fluid pressure in the passageway; f. | ongi t udi nal .
movenent of the body neans 20 - toward each ot her cau5|ng conpreSS|on
of the packing means and radial expansion thereof to forma fluid barrier’
bet ween the extksi orreledsabharmesis nprevertiog hbongitudinabf the caS|ng
string; g. t he sane Iongltudlnal novenent ca5|ng

movement of -the slip expander of the upper

body means reletive_to its aseecieted alip.

carrier until fluid pressure within the

5 piston means exceeds the first preselected:
value; and
m. Treleasable means preventing longitudinal
movement of the slip erpander of the lower -,

body means relative to its associated slip

10 carrier until fluid pressure within the
piston means exceeds a second preselected : o =4
value.

1l. .A well packer as claimed in'elaimré.or 10,
further comprisings ' |
15 a. the change in £luid pressure within the piston
| means between the first and second preselected
-value-eompressing the packing means; and
b. the locking means for the lower body means
maintaining the packing means compressed without

20 regard 1o fluid pressure in the piston means.

12. A well packer as claimed in claim 1 or 10,
wherein the means for releasing the lower body means

comprises:

Be a first and a second shoulder formed on the

* c L L] s *




radi al expansion of the anchoring neans; h. means .for | ocking the Io
body neans to the exterior of the nandrel nmeans after 5 . conpl et )
of VWhe | ongi tudinal .novenment whereby the packi ng means are maintai ned
conpressed and the anchorlng means are maintained radially expanded; i .
each anchoring.means conprising a plurality 10 of slip elenments; j.- = each
body neans further conprising a slip carrier and a slip expander whi ch are
. novabl e longitudinally towards each other to radially expand the slip

el ements; 15 k. a first and a second shoul der formed on the exterior of
t he nandrel means between the-slip carrier of 7h@ tower body means and its
associ at ed | ooki ng neans; 1. t he shoul ders spaced |ongitudinally from
each 20 other; m first and second shoul ders carried by the | ower

body means proj ecting ragkdbkyobnyar fnbon@adrbiengRAd BbtHBEASthe - 73 -

slip cariier of the lower body means and

its associated locking means;
b. the shoulders spaced longitudinally from each
5 . other;-:
c. first and second shoulders carried by the
‘lower body meané;' -
d. = the first and second shoulders of the lower
body means spaced 1ongitudihally from each
10 other; | .
~ " e.  the shoulders of the mandrel means positioned
between the shoulders of the lower body
| means; and
£.~ the shoulders of the mendrel means sized to -

15 engage the shoulders of the lower body means.

- 13. A well packer, carried by a tubing string,

for forming a fluid bawrier within a casing string,

comprisings
8 a mandrel means having a passageway extending
- 20 _ longitudinally therethrough and each end of

. the mandrel means engageable with the tﬁbing

- strings

[
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the first and second shoulders of the | ower body'néans spaced

|'ongi tudinally fromeach other; o." the shoulders of the mandrel neans
@%~jtioned 5 bet ween the shoul ders of the | ower -body neans; and._pF/
the¢ Shoul ders of ‘the mandrel neans sized to engage the shoul ders of the

er body means. 14. A well packer as clained in claimi3, ‘10 whérein
means for releasing the | ooking neans of the |ower body neans conprises: a.
a profile in either the passageway of the mandrel neans or the tubing

string attached to the nandrel nmeans; 15 b. a well tool releasably
" engageable with the profile; c. a tubing Cu?liﬂg tool attached to the
wel | tool and extending longitudinally therefrom and 20 d. t he di stance

bet the cutting tool and the well tool selected to. e the di st
romthe profi 1o ARTEEchEt LoMeEcapfEmenne, SEaras PRoE st and -

second shoul ders of g, (RIJECbe A0 nandrel means and slidable

longitudinally over: the exfe:ior of the
mandrel méans; _ | 5

5 ¢Ce anéhoring meané carried b# each body means
and movable relative to the respective
body means betweeh'a ietracted position and
an expanded position whéreby each anchoring
means is engageaﬁlé with.the.interior of the

10 - casing string to prevent longitu&inal movement

. of its associated body means relative thereto; nut
d. packing means carried on the exterior of the

mandrelimeans.between.the upper and 19wer body
means; | ‘ |

15 6. 'P_is'kOi’l megns, carried by the mandrel means,
for moving the body means longitudinally toward
eacﬁ other in response to fluid pressuré in the
passageways |

f. longitudinal.. movément of the body méans

20 toward each other causing compregsion of the
packing means and radial expansion thereof =
to form a fluid 5arrier betweea the exterior
of the mandrel means and the tmterior of the

casing string;

' AT R



- 74 - 15. A wel | packer as clained inclatm13, wherei'n the mandrel

means conprises: a. . a pair of paraIIeI mandr el s, each ‘having a '
paseageway extending |ongitudinally there- t hrough; b. a- port extendi ng
radi-al'l y through one of the mandrel neans; c. . a conduit for - ,
comuni cating fluid fromthe port to the pi ston neans; and 10 d. the .

pi ston neans secured to the exterior.of the nandrel means adj acent to and
abutting the | ower body neans. 16. A wel | packer -as clained in claim1l or
10, wherein the neans for releasing the Iocking means 15 of the | ower body
means further conprises: a. a_snap ring rel gsably secured to the -

~exterior of the mandrel neans bel ow t he.pi ston means; b. .~ a backup rlng

whi ch normal |y na nta|n§Pghgaﬁga ﬁégguagﬁgieﬂfygﬁgae QPE nmeans; cd .

the snap ring and~a shoul der.on e exterror o nmeans

cooperating to |ock thera&iﬁi Qﬂﬂ¥n§§6ﬂ5o?othﬁeaﬁﬁﬂﬁighgnﬁﬁﬂﬁm;

4

‘h.  means for locking-the lower body means 1o
. " . the exterior of the mandrel means after
5 completion of the longitudinal movement
| whereby the éacking means are maiﬁtained
_eompressed_and the anchoring means are
maintained radially expandedj | o,

i. each anchoring means comprising a plurality

10 of slip elements, _ “

L jo  each body means further comprising a slip

| | carriar and a_slip‘expaade: which are

'movable longitudinally towards each other

o radially expand the slip elements, '

15 k. a first and a second shoulder formed on the
exterior of the mandrel means between the
slip eafrier of the lower body means and its-
associalted looking means;

1. the shouldera spaced longifudinally from each

Other,
m. first and second shoulders carried by the

20

lower body means projecting radially inward

toward the mandrel means;

| OO



-.75 - d. a hydraulically actuated sliding sleeve surrounding the nmandrel
- 5 .and attached to the backup.-ring; and e. means for comunicating

_pressure 5 fromthe passageway to the sliding,sl eeve whereby \/
"pressure above a preselected - value will nove the sliding sleeve
itudinally to release the snap ring from.the mandrel neans. 10 17. A

_wel | packet substantially as hereinbefore described with reference to and
as illustrated in Figs. 3 to 21 and 25 or in Flgs 22 to 24 of the
_acconpanylng dr awi ngs. . : -

- 73 -

n.  the fifét ahd secoﬁd'shbuiders-of‘the.lower
body meéns spacedliongitudinaliy-from each
" others |
6. the shoulders of the mandrel means positioned
5 ~ between- the shoulders of the lower body means;
and, |
D. " $he shoulders of the mandrel means sized to

engage the shoulders of the lower body means.

14. A well packer as claimed in claim 13,.

10 wherein means for releasing'the locking means of
'the lowér bddy means comprises:

a. a prdfile in either the passageway of the
mandrel means or the tubing string attached
to the mandrel means,

15 b. a well tool releasably engageable_with‘thé

' profile; '

Ce. | a tubing cutting'tobl attached to the well

| ~ to0l and extendihg longitidinally therefrom;
and |

20 d. the distance betwgen the cutting tool and
the well fooi selected to equal the distance
from the profile to.a preselected location
intermediate the first and second shoulders |

of the mandrel mesns,

* c L L S *
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15. A well'packer as claimed in claim 13,
wherein- the mandrel meénswcomprisesz
‘8. = & pair- of-parallel'mandrels,_each having a
passageway extending lonéitudinally there-
5 throughj ' '
be. a port extending radially through one of
. the mandrel means; . |
c. a conduit for communicating fluid from the
port to the piston means; and
10 Qe ~the piston means secured to the'extérior :
. of the mandrel means ad jacent %o and abutting

the lower body_means'

16. A well packer as claimed in claim 1 or 10,
wherein the means for releasing the locking means

15  of the lower body means further comprises:

Qe a snap ring releasably secured to the exterior
of the mandrel means below the piston ﬁeans;'
b. a backup ring which noﬁmally maintainslthé,
snap ring secured to the ﬁandrel means;
20 C. the snap ring and a shoulder.on the exterior
_ of ‘the mandrel means cooperating to lock the

lower'body means to the mandrel means;

W
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de & hydraulically a#ttated.sliding sieeve
surrounding the mandrel means and attached
to0 the backup ring; and

€. means for communicating fluid pressure

5 - from the pgssgéeway to the sliding sleeve

whefeby fluid-pressureaabove a preselected
value will move the sliding sleeve
longitudinally to release the snap ring from

the mandrel means.

10 17. A well packei substantially as hereinbefore
described with reference to and as illustrated in
Figs. 3 t0 21 and 25 or in PFigs. 22 to 24 of the

accompanying drawings.
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