-1- HYDRAULI C SET PACKER This invention relates generally to petrol eum pro-
duction.equi pnent, and in particular to a hydraulic actuated rettie qiLﬁ
wel | ﬁ;‘a,cker for securely sealing the annulus between dual pr@@cgﬂlé upi ng
strings'5 and the bore of a surrounding well casing. In the course of
treating and preparing subterran- ean oil and gas welis for production, a
wel | packer along with production equipnent are run into the well on a
tubing string, with the packer being set. against a casing bore. 10 well
packers have been designed to accommodate one, two or nore production
tubing strings. Exanples of prior dual string well packers are shown in

U S. Patent 4,413,677 to Perkins; U S Patent 3,167,127 to Sizer,;

U S Patent 3,391,741 to Eliston; and, US. Patent 3,381,752 to
-2- Elliston. These patents are incorporated herein by refer- ence for

all purposes. The purpose of a dual zone packer is to seal the annulus

bet ween the outside of both production tubing 5 strings and the inside of
the well casing to prevent nove- nment of fluids through the annul us past
that | ocation. The packer is provided with slip anchor nenbers having
opposed canmi ng surfaces. which cooperate with conpl enentary opposed wedgi ng
surfaces, whereby the slip anchor nenbers are
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HYDRAULIC SET PACKER

This invention relates generally to petroleum pro-
duction equipment, and in particulaf to a
hydraulic actuated retrievable well packer for securely
sealing the annulus between dual production tubing strings

5 and the bore of a surrounding well casing.

In the course of treating and preparing subterran-
ean oil and gas wells for production, a well packer along
with production equipment are run into the well on a tubing

W - string, with the packer being set against a casing bore.
10 Well packers have been designed to accommodate one, two or

more production tubing strings. Ekamples of prior dual

string well packers are shown in U.S. Patent 4,413,677 to

Perkins; U.S. Patent 3,167,127 to Sizer; U.S. Patent

3,391,741 to Elliston: and, U.S. Patent 3,381,752 to
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- 10 extendable radially into gripping engagenent agai nst the well casing
bore in response to relative axial novement of the wedging surfaces. ..The
packer also carries annular resilient seal elenents which expand radﬁ@}ly o
into sealing engagenment against the bore of the well casing in response 15
to axial conpression forces. Longitudinal novenent of the packer

conponents which set the anchor slips-2d the sealing el enents may be
effected either hydraulically or nmechani- cally. During run-in, the packer
is mechanically |ocked in the unset condition by shear pins. 20 In
a dual prBdLESESR.zorEheRe | PakenEferrgedngrunoitad rhorein ahyexpdedabl e

sealing plu n?é be iet by an electric wire line for isolation of the | ower
zone afte?ngﬁr Fafilhg PRY&9R8Si*e wor ki ng on the upper zone. Af ter
perforating the upper zone, the upper production packer is 25 installed.

Wth th f I | AgL h | 4 - d
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arrangenent, oil or gas fromthe upper production zone iS produced through
one of thgeptodfctfluidsibiitowdh | tligs, amiel s | past Jehatr Qdchikeohowerrneone is

pro- duced through the other tubing string.
packer is provided with slip anchor members having opposed
camming surfaces which cooéerate with complementary opposed 'LJ'
wedging surfaces, whereby the siip anchor members are
10 extendable radially into gripping engagement against the
well casing bore in response to relative axial movement of
the wedging surfaces. The packer also carries ahnular
resilient seal elements which expand radially into sealing
engagement against the bore of the well casing in response
15 to axial.compression forces. Longitudinal movement of the
packer components which set the anéhor slips and the sealing
elements may be effected either hydréulically or mechani--
cally. During run-in, the packer is hechanically locked in -/

the unset condition by shear pins.

20 In a dual production zone well, a lower permanent
packer with an expendable sealing plug may be set. by an
electric wire line for isolation of the lower zone after
perforating and while working on the wupper 2zone. after
perforating the upper zone, the upper production packer is

25 installed. With the use of a dual string hydraulic packer

and a pressure-operated circulating sleeve, the completion



Conventional dual string packers include a pair of 10 tubular mandrels on
whi ch_a .packing seal elenent is nmounted and on which an anchor slip
assenhby is carried. The dual bore packer is prepared for setting by
closing one of the mandrels, for exanple with a drop ball plug or pressure-
responsi ve circul ation plug. The packi ng seal elenents and 15 anchor slips
are extended by a hydraulic actuator in response to hydraulic
pressurization of the closed mandrel. Setting forces are applied to the
annul ar seal elenments and the anchor slips by a setting cylinder which is
nmounted for sPAddBREAtscadidg &hGagawehineddi ngewn hpacisstaddedel  befrre0
by a piston which_is seal ed agai nst. the packer nmandrel and agai nst the bore

of the setrél i nsiéplliaﬁé@ﬁ dFHleuPW ﬁ@r%ifGﬁéeS&F*p'nped;agai%lhtmepiB@@Eexés
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set engagenent agai nst” the casing we ore. egoi ng arrange

the packer napgodueticH zofEbii&Clprdducé®! kaRAghaond N6 RHE aptdduction

pressure is increased and nore setting force is applied to the piston.

This causes t habidlchetrigds 404! 668 orghgay , fremdth8elower zone is pro-
duced through the other tubing string.

b.

Conventional dual string packers include a pair of
10 tubular mandrels on which a packing seal element is mounted
and on which an anchor slip assembly is carried. The dual
bore packer is prepared for setting by closing one of the
mandrels, for example with a drop ball plug or pressure-
responsive circulation plug. The packing seal elements and
15 anchor slips are extended by .a hydraulic actuator in
response to hydraulic pressurization of the closed mandrel.
Setting forces are applied to the annular seal elements and
(N the anchor slips by a setting cylinder which is mounted for
| -. slideable sealing engagement against the packer mandrel, and
20 by a piston which is sealed against the packer mandrel and
against the bore of the setting cylinder..

The hydraulic force applied against the piston is
transmitted to the anchor slips through a tubular wedge
which is attached to the piston. The tubular wedge has a

25 camming surface which is driven into engagement with ramped

surfaces of the anchor slips. 1In one prior art dual bore



radi al conponent of the |ocking force may pinch or collapse the tubul ar
mandrels. Coll apse is even nore likely to occur 10 for dual bore hydraulic

- packers having thin walled mandrel s which” provide increased diameter y
. production bore. For such packers in which external ratchet slips engage

t he dual mandrels, the mandrel- wall thickness nmust be increased and/or the
hydraulic setting pressure nust be liJjgted to 15 avoid collapse or other
failure. One prior art arrangenent which attenpts to avoid the collapsing
mandrel problem is shown in US. Patent 4,754,812. |In that dual bore

packer dpacker f arirdnyenrnt,e ratapRiti eglipsdraye ambiftadl isnbousing and a
| ower cone to 20 set anchor slips into engagenent with a well casing bore.
The set poabuliamn ipackswur edndred spaite oSekaeki npheodsnehbeh s £pérapped in
tension by a unidirectional ratcheting connection. |In that arrangenent, a
pai r of exdlendéidynetedr enghgament againisin thaimasine wekcdomsl. wthin
separate 25 cylindrical pressure chanbers and engage the | ower cone for

driving an annul ar megge upwar dl y agai nst anchor slips in response to
the application oflfhyBRau PGeﬁpéﬁﬁﬂQ£raqge@¢R?saﬁﬁetmﬁﬁk%ﬁlmﬂﬁé;eh%using
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This causes the ratchet slips to lock tighter, and the
radial component of the locking force may pinch or collapse QJ
the tubular mandrels. chlapse is even more likely to occur
10 for dual bore hydraulic packers having thin walled mandrels
which provide increased diameter production bore. For such
packers in which external ratchet slips engage the dual
mandrels, the mandrel wall thickness must be increased

and/or the hydraulic setting pressure must be limited to

15 avoid collapse or other failure.

One prior art arrangement which attempts to avoid

the collapsing mandrel problem is shown in U.S. Patent \;)
4,754,812. In that dual bore packer design, fluid pressure
is applied to drive a hydraulic housing and a lower cone to
20 Set anchor slips into engagement with a well casing bore.
The set position is secured.by a pair of locking rods which
are .trapped in tension by a unid;rectional ratcheting
connection. In that arrangement, a pair of small diameter
hydraulic piston cups are received within separate
25 cylindrical pressure chambers and engage the lower cone for

driving an annular wedge upwérdly agéinst anchor slips in



bore of* the hol | ow pi stons and agai nst the | ower cone, thereby preventing
retraction after the expandabl e seal ele- 10 nents have been expanded and
t Re angHor slips have been set. By this arrangenent, the reaction forces
transmtted through the anchor S|IpS onto the | ower cone induce tension
within the | ocking rods and within the packer nmandrels. Accord- ingly,
the |l ocking rods and the nmandrels are trapped in ten- 15 sion during the
time that the packer is set, which nay be for a period of two years or

nmore. Alimtation on e fore n is . that the | ocking rods and the
mandr el s, eﬁe%%ﬁﬁn:tl"y tha; g@ﬁgc?ﬁf?‘gngfoﬁyp&é&% Eﬁ%ﬁfg"f% | i R&l Eheo
fail downhol e becagie of 20 the cq?blned effect€ i cgrros 2 (gl , i n_H2S
formations) and"St el M HRRRT qu§%PQh7??%B able &ft RuAled, Sowawardlys

Zigéﬁd%ﬂfe' OOty "drien et Fﬁgadiﬁeﬁ Ehe T d e Ryl 1 g el hc?s!rhﬁw
That the ef f cdownuazdly! Neh S?%%%ﬁh%?teg&?s Predfur PSRRI S8 L LTtk

smal | di angt egpRhBbpR.CUPS, so that a relatively large hydraulic pressure,
for exanple as nuch as 4,000 psi (275x [err] Pa), nmust be applied to the
tubing string to inltlate the setting action,- and as much as 5 5,000 psi

(345x [err] Pa) may berhequiscking @@y ekripha:istﬁmn nghepetdbuDar PiWton
hi gh hydraulic pressure |levels

cups, and their ratchet surfaces bite against the inside

v bore of the hollow pistons and against the lower cone,'

thereby preventing retraction after the expandable seal ele-

10 ments have been expanded and the anchor slips have been set.

By this arrangement, the reaction forces transmitted through

the anchor slips onto the lower cone induce tension within

the locking rods and within the packer mahdrels. Accord-

ingly, the locking rods and the mandrels are trapped in ten-

15 sion during the time that the packer is set, which may be

for a period of two years or more.

A limitaticn on the foregoing design is that the

~ locking rods and the mandfels, when constantly subjected to
tension loading, are more likely to fail downhole because of

20 the combined effects of corrosion (e.g., in H,S formations)
and stress. Moreover, it is difficult to obtain a reliable
seal about the locking rods which are extended longitudi-
nally through the expandable seal elements in addition to

sealing the primary and secondary mandrels.

25 Another limitation on the fofegding'arrangement is
that the effective cylinder piston area is limited by the



may damage thin walled tubing and pressure seals. According to one aspect
of the present invention, there is provided a hydraulic well packer 10-
conprising, in conbination a tubular body'nangrel havi ng a | ongi t udi n¥/ ;
fl ow passage, a seal element assenbly fovably mounted on said tubul ar body
mandr el , an _anchor  sli senbly suppqerted by said tybular body mandrel, a
hydr aul i cS4&Buf th§s§@ﬁgiysﬁBWé§F§ E&ﬁ%?&dcéﬁﬁo §8i§gf§ 2 tubul ar body
mandr el , ' ul i ct S Lacl gdin ' d ond
movanl e’ 1 EoREtEVERT 1 poRy b L 3RS BN RE, BT Rph T B8 R el
and sai d sgal, abe"BRL 995%RbIPa§ SSRGSt INE! AppPikd {6 Ehe "PYBPAG fOr Ce
transmtting neans having an axial slip pockeg, a 20 | ocking Tod slidably
recei ved wkthhg %o dnskiBtBo¢ke! setdidg! aekibg, addbaisnguennaacted to said
second novabl e force transmtting neans, and a ratchet slip assenbly -

recei sed i 0bOnpsai ¢345kA0fPe k ahayrice ersqul red sto dcdmpketg thd, said
ratchet slip assenbly having teeth engaging the 25 external surface of

sai d | ocksegting eperdtiposedSuchabigb hydraiudikopkesgured leyelsernitting
extension of said |ocking rod out of said slip pocket, while preventing
-retracti ohagf dampgel §bkpnyalded fubing gnd| pregsure: sealswth nore
particular reference to the existing dual string packer problens referred

to above, the invenfFGRTPLBT; §8sORe AsPeSt: PhgthPdPEEEER  backer which 5 has

a hydraul L ¢ agtyahor (A238™LY pXBY24ed B°hYERRuR3E a91 packer

10 comprising, in combination a tubular body mandrel having a

S

longitudinal flow passage, a seal element assembly movably e
mounted on said tubular body mandrel, an anchor slip
assembly supported by said tubular body mandrel, a
hydraulic actuator assembly movably mdunted onto said
15 tubular body mandrel, said hydraulic actuator aSsembly
including first and second movable force tiansmitting
means engageable with said anchor slip assembly and said
seal element assembly, respectively, said first movable
force'transmitting meéns having an axial slip pocket, a
20 locking rod slidably received Qithin said slip pocket, W,
said locking rod being connected to said second movable
force transmitting meahs,'and a ratchet slip assembly
received within said slip pocket and engaging said locking
rod, said ratchet slip assembly having teeth engaging the.
25 external surface of said locking rod and disposed relative
to said locking rod for permitting extension of said

locking rod out of said slip pocket, while preventing

retraction of said locking rod into said slip pocket.



seal elenents and anchor slips, with the packing seal elenents and
hydraukic actuator assenbly being nmounted for sliding novenent al ong

pri mary="and secondary packer mandrels. Eqdai setting forces are applied to
t he packing 10 seal elenments and the anchor slips by a setting cylinder
which is mounted for slidable sealing engagement against the primry and
secondary packer mandrels, and by a piston which is seal ed agai nst the

pri mary and secondary puekhrmnundperslan&aagaeﬁerenne toasithe existtiog bore
of the 15 settin | i nder, respectively. A tubular wedge portion of the
pi st on engage@u?gesgﬁéﬁerp§PF§§ Péﬁﬂl?ﬂﬁ 6§§ﬁFﬁ§ds§3IaéPEﬁenF§eare engaged
by the head of t

and 20 hydr autPESRFEDD PEOBINBBGS, AEL: RECTasBACRRNG S| PARHCFS“paFhed 1 nt o
2 variabl g volyleaPeasuLe1SNBINGE.U2' hOSdaRSLVRBIALES HERUeBl PARKRLE! O

and the héad 0 ng cy e se ng cy ton

are initiallysea1! 08kRAntLOGRANERCHBY $30B8] withoUhe packlAl sa@dl i cation

of hydraulic pressure into vari a vol une pressur anber, the
pressure forcesembRtsNah@an§drHAlLiL h&eu§E6§ra§§éﬁ89§hbéinbhﬂoﬁheéa §OCWS
I S overcone. As the shear 5 screws separate, the setting cylinder is

rel eased and exianflg mgeemnehtt BRopgchrigaseabndl seeoh@aryhphaekele pi ston
drives the top wedge into engagenent with the anchor slips.
mandrels.  Equal setting forces are applied to the packing
10 seal elements and the anchor élips by a setting cylinder
. which is mounted for slidable sealing engagement against
tﬁe primary and secondary packer mandrels, and by a piston
which is sealed against the primary and secondary packer
mandrels and against the inside diameter bore of the
15 setting cylinder, respectively. A tubular wedge portion
of the piston engages the anchor slips, and the packing
seal elements are engaged by the head of the setting
cylinder.
One of the packer mandrels is plugged, and
20 hydraulic fluid is pumped into the closed mandrel énd is
ported into a variable volume pressure chamber defined
between the head of the piston and the head of the setting

cylinder. The setting cylinder and the piston are

- initially
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The set condition is maintained and retraction of the piston relative to

the setting cylinder is prevented by 10 a pair of |ocking rods and . .
segnented ratchet slips. In this arrangenent, the piston head has a psis of;
cylindrical pock- ets in which the |ocking rods are received. The | ocki ng
rods are nechanically fastened to the underside of the set- ting "cylinder
head by a threaded ©bolt fastener.<. The 15 segnented ratchet slips are
recei ved within counterbore pockets and pernit extension while preventing
retraction of the locking rods relative to the piston. The | ocking rods are
carri ed Bpcked s&ogetdiery| bydesheazd sfgewse retPpencdapplitatiiont af the

pi ston pockets _as the variable volunme 20 pressure chanber is pressurized.
Upon achh¥@rayld& cPERFureendnde t Hhanchariablps selumen pressuxe, the

cyl 1 noer HATbRTe EARCRFERSPERCEATCHA (ars FRETPOERANGAtINs U SheApr sosed
Chrough PHESREE oPEC B oPPRRE" el 195 VofePRe’ To ke e GEEEY
L setting ST SRATIRETC Mo MR Al Ryl Mer | B el P S e
A L R R o R S
Forcos vhian maht ciae ol apes b J R ment ALERIn6! AREREE SELDS N0
The set condition is maintained and retraction of
the piston relative to the setting cylinder is prevented by
10 a pair of locking rods and segﬁented ratchet slips. 1In this
arrangement, the piston head has_a.péir of cylindrical pock-
ets in which the locking rods are received. The lockiﬁg
rods are mechanically fastened to the underside of the set-
ting cylinder head by a threaded bolt féstener. The
15 segmented ratchet slips are réceived within counterbore
pockets and permit extension while preventing retraction of
the locking rods relative to the piston. The locking rods
are carried by the setting cylinder head and are retracted
axially out of the piston pockets as the variable volume
20 pressure chamber is pressurized. Upon achieving set engage-
ment of the anchor slips and seal elements, the locking rods
are traéped in cbmpression between the head of the setting
cylinder and the segmented ratchet.slips.' The locking rods
are compressed by the reactiod forces' imposed by the
25 expandable seal elements through the head of the setting
cylinder, and by the reaction forces transmitted through the

anchor slips and piston.



packer mandrels. Because the packer mandrels are not |oaded radially, the
pri mary and secondary mandrels can be provided with relatively |arge bores
aphd repatively thin sidewalls. 10 Moreover, because the set condition is

| ocked internaldy by the |ocking rods, auxiliary mandrels are not required,
and the packing seal elenents are required.to seal only the pri- mary and
secondary mandrels. ‘Since the | ocking actidn is achieved internally 15

wi thin the piston head, the primary and secondary mandrel s are not

subj ected to continuous tension |oading after set- ting is conpleted which
m ght cause premature Bechuwse thet ipdsivendeods settBogawyd ioiderh adentmaundled
| ocki ng arrangenent and_the |ocation of the hydraullc actuator piston and
setting 20 cygiﬁﬁdéliééﬁ'b’éﬁenls@aﬂ-ﬁ-m PRgRgemenite éqh@rm:@aem ange sec-

e St o 00 g et Sl 9 1202 v
d I d wth h apl h

Soveloped 1 DhRchl, Wi n@mnp%%é%r% R
‘clainms. Theg :Nﬁ}é%%k: NaWd Is e%?xtdar redddeld aod f d Ad ¢4 lly

deseri pti on when re dwth rence 1o the acconpanyl ng draw ngs, ere|n
Figure 1 is agsi-apkiel el SE{EGRIFoT cEsAGHRIBLS NAYGRE %aﬁ%@%él?é‘p%' bf the

i ntersecting two hydrocarbon producing 5 formations, wth the |'ower
produci ng for gatker RRNATd1s)- Because the packer mandrels are not loaded
radially, the primary and secondary mandrels can be provided
N\ with relatively largé_bores and relatively thin sidewalls.
10 Moreover, because the set condition is locked internally by
the locking fods, auxiliary mandrels are not required, and

the packing seal elements are required to seal only the pri-

mary and secondary mandrels.

- Since the locking action is achieved internally

15 within the piston head, the primary and secondary mandrels

are not subjected to continuous tension loading after set-

ting is completed which might cause premature failure of the

N~ mandrels. Because of the internal locking arrangement and
_ the location of the hydraulic actuator ﬁiston and setting

20 cyiinder componenté intermediate the seal elements and thé

anchor slips, substantially the entire piston head area and

setting cylinder head area are available for transmitting

the setting force developed within the variable volume

hydraulic pressure chamber.

25 ' The novel features of the invention are set forth

with particularity in the claims. The invention will best



1

| ated by a single string bottom packer, and with the upper formation being
I sol ated by a dual string hydraulic produc- tion packer; Figure 2 is an

el evation view, partly in section, 10 of the dual string production paeker ¢
shown in Fi,gure 1; Figures 3A and 3B taken together forma |ongitudi- nal
view in half section of the dual string hydraulic set packer of the present
i nvention shown in a configuration to run in a tubular well casing; 15
Figures 4A and 4B taken together forma'longitudi- nal view in half section
of the dual string hydraulic set packer of the present invention show ng

the vari pegs upddrstdod herdmckRe FolleWahpvdereriptaon alHel rdied SPALh NY
el ements and anchor slips have been expanded and extended in the set 20

posi ti onrefeteneis W Whe igpuompdny iyl dfav g, twluetddn: form a | ongi t udi -

nal view in half section of the dual string packer assenbly of the present

I nvention show ng the various parts of the packer in relative positions

after the sealingRignments dsda simpdidied| ischematddetiagram ashewing

preparation for retrieval of the packer fromthe bore of a well casing;

Fi gure 6ai sprodustional welkw lgtterseridng twe | Avdnecaghopopreducingen

-along the lines 6-6 of Fjgure 8, 5 Figure 7 js a sectional view of
the I oekFREMASH-ATF 1 hEiEht g:ﬁ’(?ed?@?EF ;?5&%%%99 F{"gﬁr‘%@%‘s iag-ti3fml view

of the pi%%%% %%9 gegingle string bottom packer, and with the upper

formation being isolated by a dual string hydraulic produc-

tion packer; _ : QJ

Figure 2 is an elevation view, partly in section,

10 of the dual string prbduction packer shown in Figure 1;

Figures 3A and 3B taken together form a longitudi-
nal view in half section of the dual string hydraulic set
packer of the present invention shown in a configuration to .

be run in a tubular well casing;

15 Figures 4A and 4B taken together form a longitudi-
nal view in half section of the dual string.hydraulic set gj
packer of the present invention showing the varioué parts of
the packer in relative positions after the sealing elements
and anchor slips have been.expanded and extended in the set

20 position, respectively:;

Figures SA and SB taken together form a longiﬁudi—
pal view in half section of the dual string packer assembly
of the present invention showing the various parts of the

packer in relative positions after the sealing elements and



tfng cylinder assenbly taken along the lines 8-8 of Figure 11; 10

Figure-9 is a sectional view of the piston assenbly taken along the |ines
9: 9 ofi~Figure 11; Figure 10 is a sectional view of the mandrel and anchor
slip assenbly taken along the lines 10-10 of Figure 11; 15 Figure
11 is a sinplified sectional view of the hydraulic -actuator and | ocking
assenbly of the present invention; and, Hijgure 12 is an expl oded '
perspective view of the dual string hydraulic packer assenbly of the
present 20 invention. In the description which follows, |like parts . are

mar ked t hr ougitelion heskipai f heaei orbesnd drebragkedi t hnt h@raparatdfoay enfer
nuneral s, respectively. The draw _ngs are not 12 necessarily to scale and

the proporti &@Frdevadr af EhrBacker L the Rere AP twebkt¢asing? ustrate

details and fea- tures of the invention. As used herein, the designation
"S" refers to internal_and external Ori seal s,and the 5_designation "T"
refers to a threaded JHPBIFe p&lsat%ss%‘f)ﬁg?‘?ﬁﬁt 8&eﬂc&£r]d?n&°f:gi?‘ﬁe rﬁ‘ﬂsﬁ‘ht

i nvention in_the formof du [ |4 I 0 _is,shown in
.releasably s e I &?%’h@aﬁé%ﬂ?éég%gq{%tﬂ% jb%?%lé‘%?gée%b%‘bf%ramel I
;casing 14. The tubul ar casing
| 5 Figure 7 is a sectional view of the locking rod in

the extended, set position:

Figure 8 is a seétional view of the piston and set-

ting .cylinder assembly taken along the lines 8-8 of Figure
11;
10 Figure 9 is a sectional view of the piston assembly
taken along the lines 9-9 of Figure 11;
Figure 10 is a sectional view of the mandrel and
anchor slip assembly taken along the lines 10-10 of Figure
11;
Y 15 Figure 11 is a simplified sectional view of the

hydraulic actuator and 1ocking assembly of the present

invention; and,

Figure.lz is an exploded perspective view of the
dual string hydraulic packer assembly of the presént

20 invention.

'In the description which follows, like parts are
marked throughout the specification and drawings with the

same reference numerals, respectively. The drawings are not



10 string 14 extends through multiple |ayers of overburden 16, traversing a
first hydrocarbon formation 18, intersects one or nore |ayers of

under burden 20 and then intersects a sec- ‘ond hydrocarbon formation 2251
The tubul ar, casing sections which intersect the hydrocarbon formations 18
and 22 are 15 perforated by multiple openings 24, 26, respectively, fornmed
t hrough the casing sidewall to permt try of formation fluids fromthe
produci ng formations 18, 22, respectively. The well is sealed by a bottom
packer 28 with an expendabl e sealing plug in place, which is set by

el ectri c ndtegsarilye tborscale ahhdn tie t peoporeions OdCi dgr E1e arﬂét er
perforating and while working on the upper producing zone 18. Af

per f or at ihaye Heeempexaggedatedg toore titar tidukiataty ddatails panﬂelfeéfl IS
i nstal |l ed. The expendabl e sealing plug in the bottom packer 28 is pushed
out as a furemrgfptke Puvemtionn sdsiwgedoheselandblle deskgohtppnddsti on
zone 18, 22 _is separately produced through an |ndependent primary tubing
strlngimf%ﬂﬁF skR- brEdFyel upRRg s?FFﬁ533é nElfgal SER&GUCENEn thBi ng

string exjepnded.to_a surf l.head assenbly (not 5
-|IIustraI %5£%$é§£b?ln nbRFEhS Fau?e 8dzun¥ﬂﬂ *dual string hydraulic

packer 10 includes an expandabl e seal assenbly.34 and a slip anchoring
ST 1 ok hchBghEAGhesiLeSERLECER CRREELREo ek LERRE dhpoRieise
dual strifivention in the form of a dual string hydraulic well packer
10 is shown in releasably set, sealed engagement against the Q-i
bore 12 of a tubular well casing 14. The tubular casing
10 string 14 extends through multiple layers of overburden 16,
traversing a first hydrocarbon formation 18,'intersecté one
or more layers of uhderburden 20 and then intersects a sec-
ond hydrocarbon formation 22. The tubular casing sections
which intersect the hydrocarbon formations 18 and 22 are
15 perforated by multiple openings 24, 26, respectively, formed
through the casing sidewall to permit entry of formation

fluids from the producing formations 18, 22, respectively.

The well is sealed by a bottom packer 28 with an
expendable sealing plug in placé, which is set by electric
20 wire line for isolation of the lower p;oducing zone 22 after
perforating and while working on the uppef producing zone
18. After perforating the upper producing zone 18, the dual
hydraulic packer 10 is installed. The expendable sealing
plug in the bbttom packer 28 is pushed out as a primary pro-

25 duction string 30 is landed.



packer 10 includes a hydraulic actuator assenbly 38 (Figure 11) slideably
mount ed i n sealing engagenment onto a primary packer mandrel 40 and a
seconcary packer mandrel 42. The dual production tubing strings 30, 32 are
connected to the 15 primary and secondary packer body nmandrels 40, '
42, respectively. The primary and seﬁggdary packer body mandrels
40, 42 have |l ongitudinal flow passages 41, ; respectively, connected in
fl ow communi cation with the dual production tubing strings 30, 32. The

hydraul i ¢ actuator 20 assenbly 38..i.s di sposed be n the annul.ar seal
assembly 34 and the sli c&cﬁ%?dg%tsjé?%I 1'3%.]%2& é%?gﬁgsﬁ&ﬁ ey Rredusesh g
12, the seal bl y. 34 } d di tly.onto th xternal surface of
the primary gﬁggmggc%}ja%aépp%@{ée}i@' nﬁﬁ%‘ﬁ%ﬁ% tﬂgfngﬁ_grgng-rﬁ@ 551% a sec-
expandabl e se I '4§%?g&r' a AR AN ' el t a
center packi nghg?gxﬁ%w% and a é%;er ‘Il;gfaéck- 21 q’lt%g e%‘?f’é‘n_tt _ g Ss%gs
packing el emedps 44 4P edfenaed W' & ablyraRd 1R bbsBhoRg! Y(IRIL ©
material and are stacked in concentric alignnent about a | ongitudinal axis
between an Bppgnueite@Ed)y.etai ner 44 and the head 46H of a 5 setting.
cylinder 46. The shape, nunber and nmet hod of nmount- ing the seal elenents

I ncl uded in seal assenbly 34 may be varied as known in the art while stil
provi ding a seal asseniRefearnrdngrmowetexfigucesr adiand y21 othel dualveitring

engage a well bore surrounding the packer 10. 10 Referring now to
Figure 2, Fighvdraglig @acker Mhdincludes an expandable seal assembly 34

: and a slip anchoring assembly 36, both radially extendable
N as described hereinafter to engage the bore 12 of the sur-
10 rounding well casing 14. Additionally, the dual strihg
packer 10 includes a hydraulic actuator assembly 38 (Figure

11) slideably mounted in sealing engagement onto a primary

packer mandrel 40 and a secondary packer mandrel 42. The

dual production tubing strings 30, 32 are connected to the

15 primary and secondary packer body mandrels 40, 42,
respectively. The primary and secondary packer body

mandrels 40, 42 have longitudinal flow passages 41, 43,

(Y ' respectively, connected in flow communication with the dual
production tubing strings 30, 32. The hydraulic actuator

20 assembly 38 is disposed between the annular seal assembly 34

and the slip anchor assembly 36.

-

Referring now'to Figures 2 and 12,'the seal assem-
bly 34 is mounted directly onto the external surface of the
primary and secondary packer mandrels 40, 42. The

25 expandable seal assembly 34 comprises a lower end packing

‘element 34A, a center packing element 34B and an upper pack-



Figure 12, the slip anchor assenbly 36 includes a plurality of anchor slips
- 48 which are nounted for radial novenent through rectangul ar wi ndows 50.
formed in a tubular slip carrier 52. Wil e the nunber of anchor slips/48 -
may be 15 varied, the tubular slip carrier 52 is provided with an )
appropriate correspondi ng nunber of w ndows 50, with four anchor slips 48
being preferred. Each of the anchor 9dlfips 48 includes | ower and upper
gripping surfaces 48A, 48B, respectively, positioned to extend radially

t hrough the win- 20 dows 50 with the wall area 52Wof the slip carrier 52

bet ween tilmg pelemente@4thgul Sthen packindgOetembnbsnB4A COBABSPriaqy &de Whi ch
resides in a pocket 48P of the anchor slip 48. The coil spring 54 biases

t he anch@reflanably 2@adediafl | § iresdddentr qpelymerio mbtevdbl =W odré he
slip carrier 52, thereby maintaining the gripping surfaces 48A, 48B
retract estackead ibsarancentric t phignvesss ahayl agi Apndidudictedr sxips
radially outwardly. Each of the gripping surfaces 48A 48B has

hor i zont RGEFERT AR cHPEREp SLRfeRigdLtHingr 44 09ndethgr hesdh 6B g ment
in eagh direction ., pf .5 |ongitydinal novenent of the packer 10. The

. gri ppi gﬁﬁﬁﬁigguiy}ikﬁiﬁIggtur#%% g%ﬁ%%nf% ?ﬁt?P%%@£€§? et i Bt er na
surface qf Il _gasi RS lch t or .slips 48 are
set. Ref gﬁ# @%Kgaglenaﬁt oé%%?{égli,a??ﬁgégxégn%aeoﬁ gggﬁg]q@gyelagnéﬁﬁ% %ﬁA,
34B, 34CHued | bS! BGwRCAY ey 1Y I gRl1e still providing a seal

assembly that may be expanded radially to selectively engage

a well bore surrounding the packer 10. A

10 - Referring now to Figure 2, Figure 10, Figure 11 and
Figure 12, the slip anchor assembly 36 includes a plurality
of anchor slips 48 which are mounted for radial movement
through rectangular windows 50 formed in a tubular slip
carrier 52. While the number of anchor slips 48 may be

15 varied, the tubular slip carrier 52 is provided with an
appropriate corresponding number of windows 50, with four
anchor slips 48 being preferred. Each of the anchor slips
48 includes 1lower and upper gripbing surfaces 48A, 48B,
respectively, positioned to extend radially through the win-

20 dows 50 with the wall area 52W of the slip carrier 52
between thé paired rectangular _'windows 50 confining a coil
spring 54 whic;h resides in a pocket 48P of the anchor slip

g 48.

The coil spring. 54 biases the anchor slip 48
25 radially inwardly 'relative' to the wall 52W of the slip

carrier 52, thereby maintaining the gripping surfaces 48A,



bores 56, 58 in which the primary and secondary mandrels 40, 42 are
received in slideable, sealing engagenent therewith. Likew se, the seal
el:enmentar et ai ner 44 has first and second cylindrical bores 44A, 44B through
which the primary and 15 secondary mandrels 40, 42 are extended,
respectively. Referring nowto Figure 2, Fi e 11 and Figure 12, the
hydraul i ¢ actuator assenbly 38 includes thégigtting cyl - inder 46 and a

pi ston 60. The setting cylinder 46 has a cylindrical bore 46A in which the

[ [ ived i | i bl . I f f
the. Si”slf Sn;éoiﬁée's%% warigd e R ARERAE S%?Pé%@?%&ét pokar G laning
the pi st EEGR S . g
oyl Tndr 1 cal i %@,ﬂ%zlsﬁféﬁgﬁaﬁﬁ??%@{ Rk 45?352%?%%5%&@%
Second eyl | nabTSr oo kTA” oae B o HPELEHIELL Ry BALR] it {addl

| ocking [0S %@ich?. peWA®E | Yeliping RehGabLABNROALA t8aER0UdLrddtibhe of
pi ston 60 is received in tel escoping engagenent within the bore 46A o t%e
setting cyl$ndengi®udimlpimdwamdit hof thecpdckaee160F wWie hyeigipiing ddwes

| ower boundary of a variable volune pres- 5 sure chanber 74. e top
boundary of t laerevaadidld w adumnred rias scoef amviokcth he scyleindweticdl fmternal
internal face 46F of the setting cylinder 46. Hydraulic fluid enters the
pres- sure chswrdiaces affirthewehk casingebbrewlomgaingtt iwhichecthie canguor s

76, 78 and 80 being shown in the draw ngs. The
slips 48 are set.

~ Referring'again te Figure 12, the expandable seal
10 elements 34A, 34B, 34C have first and second cylindrical
bores 56, 58 in which the primary and secondary mandrels 40,
42 are received in slideable, sealing engagement therewith.
Likewise, the seal.element retainer 44 has first and second
cylindrical bores 44A, 44B through which the primary and

15 secondary mandrels 40, 42 are extended, respectively.

Referring now to Figure 2, Figure 11 and Figure 12,
the hydraulic'actuatorhassembly 38 includes the setting cyl—'
inder 46 and a piston 60. The setting cylinder 46 has a
cylindrical bore 46A in which the piston 60 is received in

20 slideable engagement. The ekﬁernal surface of the piston 60
is sealed againet the inside diameter bore 46A of the set-
ting cylinder by O-ring seals S. The piston 60 has first
and second cylindrical bores 62, 64 through which the
mandrels 40, 42 are extended in slideable, supporting

25 relation. The piston 60 also includes first and second
eylindrical pockets 66, 68 for receiving a pair of
cylindrical locking rods 70, 72, respectively.



10 flow ports are small radial bores which radially intersect the secondary
mandrel 42. According to this arrangement, the secondary mandrel 42 js
closed by a plug P such as a drop ball which is dropped through the befe of.
t he secondary mandrel 42. After nmandrel 42 is closed, the mandrel bore™ 42

15 is pressurized with hydraulic quiadgfnped t hrough the sec- ondary

tubing string 32. Hydraulic fluid flo .hrough the setting ports 76, 78,

80 into the hydraulic pressure chanber 74, thereby applying pressure

agai nst the piston face 60F and . the, setting cylinder face 46F. 20
In the run positi &?%s‘%maﬂﬁipi gtiP e FiigURShe 1det - thenpighamdé0 4ts and

pi ston 6Q are.rel easahl y restr.ai ned agai nst, extensi on novenent by threaded
shear scF«?\ﬁ?%'é'ffad gl %%eéﬁgﬁin&r%ggwe,%ﬁ Hrig?‘liﬁ'r R dbPERO 46 RB bor es

f d i h t ' d | | nt |ind b 5 f d

an annul 5P S ARGV LIANE 467", BR0ETRoR 6B, Han e 4o, R SR he |
tti ' | t ' | dabl
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pi st 05 ceRgeSWhambeti kawi Serké 0ekpd Hamdaly eafee%owar% WD oRYRL d the
-anchor slips 48. Moreover, the primary and secondary mandrel s are

prevent egpriessurd | ghamberel7at ide dofened pyhemn dimtagnale raee mm¥3€% shap
rings 79, 81. Snap ring 79 pre- vents an i.nadvertent set condition ile

runni ng itheo sefting ecyiinded e | dipdraelije €hgdde entedld dherpesder
tight bore structure. Snap ring 81 prevents an inadvertent set

sure chamber 74 through one or more flow ports, with three

flow ports 76, 78 and 80 being shown in the drawings. The QJ

10 flow ports are small radial bores which radially intersect

the secoﬁdary mandrel 42. According to this arrangement,

the secondary mandrel 42 is closed by a plug P, such as a

drop ball which is dropped through the bore of the secondary

mandrel 42. After mandrel 42 is closed, the mandrel bore 42

15 1s pressurized with hydraulic fluid pumped through the sec-

ondary tubing string 32. Hydraulic fluid flows through the

setting ports 76, 78, 80 into the hydraulic pressure chamber

74, thereby applying pressure against the pistod face 60F

and the setting cylinder face 46F.

20 In the run position as shown in Figure 11, the set-
ting cylinder 46 and piston 60 are releasably restrained
against extension movement by.threaded shear screws 82, 84.

/ The shear sérews 82, 84 are threaded into tapped bores
formed in the setting=cylindér, and project into blind bores

25 formed in an annular setﬁing plane.shoulder H. According to

this arrangement, the setting cylinder 46 is blocked from



10 condition which might ari.se during a run-in operation in which it
becones necessary to tenporarily retract the tubing strings through a tight
col | ar>or other tight bore areaimhibh woul d cause the setting cylinder 46
to be engaged and pushed downwardly. The snap ring 79 is set in an
annul ar 15 slot 42G fornmed in the external,sdidewal |l of the secondary
mandrel 42, and the snap ring 81.is Iikemﬁg ‘received within an annul ar

sl ot 42H. Thus, the setting piston 60 and the setting cylinder 46 are

T AR o AT 5 AL ASF e
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.threaded bore 88. The counterbore 90 is threaded and is seal ed by an
pressure 5 pldgrfRg tReerthrmede by shepNPIngkugo92saie BhappednBy 79 pre-

pressure resistant tape which effectively seals the counterbore 90
with respect tentse anydimadversenti setpreawsidttion while running into the
hole, should the lower wedge engage a collar or other tight
Y bore structure. Snap ring 81 prevents an inadvertent set
10 condition which might arise during a run-in operation in
which it becomes necessary to temporarily retract the tubing
strings through a tight collar or other tight bore area
which would causé the sefting cylinder 46 to be engaged and
pushed downwardly. The snap ring 79 is set in an annular
15 slot 42G formed in the external sidewall of the secondary
| mandrel 42, and the snap ring 81.is likewise received within
an annular slot 42H. Thus, the setting piston 60 and the
setting cylinder 46 are mechanically locked against exten-
sion movement which would tend to prematurely set the pack-

20 ing seal elements 34 and the anchor slips 48.

-The locking rods 70, 72 are securely fastened to

the setting cylinder face 46F by threaded bolt fasteners 83,

4 85, respectively. As shown in Figure 11, the locking rod 72
has a threaded bore 86 in which the threaded bolt fastener

25 85 is threadedly secured. The threaded bolt fastener 85 is

| confined within a threaded bore 88 formed in the setting
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The hydrauli.c actuator assenbly 38 is nmechanically 10 coupled to the slip
anchor assenbly 36 by a top wedge spreader cone portion 60C of the piston
60. The piston 60 and spreader cone 60C extend downwardly within theMslip -
carrier bore 52A The piston spreader cone 60C has a downwardly sl oping,
frustoconi cal wedgi ng surface 60Wwhich 15 is generally conplenentary to
the upwardly sloping camsur- face 48d%Bf. the anchor slip 48. A |ower,
spreader cone 92 is received within the slip carrier bore 52A bel ow t he

anchor slips 48. The spreader cone 92 has an upwardly facing _

f r ust ocordykin@®r wduead g 46t.f aceTio@ Wheladch858 gefiertiie y thamsadedenbaly to a
downwardly facing cam surface 48D fornmed on the anchor slip 48. The | ower
spr eader ner i 85cdsngecedved widdilinom veybinduicghecountenbardgs0o4 is

rel easably connected to_a rel ease sl eeve 96 through a doubl e detent coll et
coupl i ng Wial is farmed coppdaddyowiftddacL£he Shysaded bereudd.t hBhenchor

hedge 04 GIEHEBPEP 30 o) Soreaded And s Raled dacoBGNPT PerssvaBly

The prie BEH Hre o NSl oBERRRRGRS FHB) 0081 BY A eetped B o8 r e
ae 11 otPEatate ) Fes Rkdhe 2 Fagl” I 18 seck el 3RS n¥sacicer

mandrel s cé@ntefBoPe® 90 with respect to the hydraulic setting
pressure. o
_ . N

| The hydraulic actuator assembly 38 is mechanically

10 coupled to the slip anchor assembly 36 by a top wedge

spreader cone portion 60C of the piston 60. The piston 60

and spreader cone 60C extend 'downward.ly' within the slip

carrier bore 52A. The piston spreader cone 60C has a

downwardly sloping, frusi:oco_nic_al wedging surface 60W which

15 is generally complementary to the upwatdly sloping cam sur-

face 48C of the anchor slip 48.

A lower spreader cone 92 is received within the
slip carrier bore 52A below the anchor slips 48. The
spreader cone 92 has an upwardly facing frustoconical

20 wedging surface 92w which is generally complementary to a
downwardly facing cam surface 48D formed on the anchor slip
48. The lower spreader cone 92 is connected to a bottom
wedge 94. The bottom wedge 94 is releasably connected to a
release sleeve 96 through a aouble'detent collet céupling

25 98.



10 extended, respectively. As the piston 60 is driven dowwardly in
response to pressurization of the variable volune pressure chanber 74,
‘reactior forces are transnmitted through the anchor slips 48 onto the |ower
spreader cone 92 and bottonlmedge 94. The 15 conpression forces are .
transmtted through the | ower spreader cone 82, the bottom wedge 94 and

rel ease sl eeve 96 through the double detent ollet 98. The conpression
forces are reacted through the shear screws 100 whi ch rel easably secure the
rel ease sleeve 96 to tgﬁirlnar mandr.el

105 if rﬁst{gined gg?l Fﬁséfgalgﬁﬁ &Faﬁfﬂﬁﬁéﬂg%ggggﬁaéﬁt iner
[ 42 -
Gary nanarel  cHaE 'S5 a8BehBEy Mot She FpfRMEr foph” B s eaches
3B and 11, th %%ngg{“ﬁ’}?éiggogéort\lwéE%%ysﬁa t et edy! gls%t 'é’]fee%xpe ' rg]gl?ed

slip assenbly d consequen e anchor 'S |ps are 'y Tet

wi t hin 20 tﬂ&.éﬁéﬁjo‘éﬂe'égebYQEhei§0'r|e9.@a§9mgesétﬁé‘cﬁﬁa' s  2he rirﬁ'ﬁﬁf
coni cal wedge surface 60Wof the piston 60 is driven into engagenent w

t he sl opi ngs wedgrarsll f 4@ cby 8Shebpeserelsr 190i.ps Taiee 1dwad anilk refli the Ypri-
outwardly as the upper and 5 | ower spreader cones 60C, 92 engage and slip
al ong t he sl omany and sedendsryl andtel s r4@pes i aned ytheé\sreleaseuslgeve 96
di scussed, the | ower spreader cone 92 and bottom wedge 94 are restrained
agai nst downwane nstshéhized @ndecalégnad by a lower retainer 102. The

lower retainer 102 has first and second cylindrical bores
A 103, 105 through which the packer mandrels 40, 42 are

10 extended, respectively.

As the piston 60 is driven downwardly in response

to pressurization of the variable volume pressure chamber

74, reaction forces are transmitted through the anchor slips

48 onto the lower spreader coné 92 and bottom wedge 94. The

15 compression forces are transmitted through the lower
spreader cone 92, the bottom wedge 94 and release_sleeve 96

through the double detent collet 98. The compression forces

-/ '~ are reacted through the shear screws 100 which releasably

secure the release sleeve 96 to the primary mandrel 40.

20 The lower retainer 102 is restrained against down-
ward axiai movement by the engagement of a radial shoulder
42S formed on the threaded box connector 42B of the secon-
dary mandrel 42. In the run-in position as 1llustrated in
Figures 2, 3A, 3B and 11, the bottom wedge 94 is fully

25 retracted relative to the anchor slip assembly 36, and
consequently, the anchor slips 48 are fully retracted within



slip carrier 52 by the bottom wedge 94, rel ease sleeve 96 10 and shear
screws 100. Referring again to Figure 11, the cylindrical bores 62, G4yare
seal ed agai nst the external cylindrical surfaces of the primary and ™% -
secondary packer mandrels by Oring seals S. The piston 60 is nounted for
slideable, telescoping 15 novenent through: - the setting cylinder bore
46A. The interface between the piSZdB 60 and the setting cylinder bore
46A is sealed by Oring seals S The axi al space between the piston face
60F and the setting cylinder face 46F defines the variable volunme pressure
chanber thef windowgi 58c byndhey waidied qomprassioySpsingsicsi st tisad and
the setting cylinder head. Hydraulic fluid punped down the sec- ondary

t ubi ng sEPRAGaI2 wadge nFarfacep SOk rofnbiePiFram &0 s ishdnivembirtaol une

Ref or 11 nBARBRAMENE: gt 636 LOR: (YA 10 FYBAPE FURKRGR (AR, 1£A8 HeACkAT ended,
Che "uni BLEBECI BRS) FLARTRR SR, THAAMYG: SUEHRraLY, 8 1 i) vEBsor ARl
botweon HREEE cPBRCBBRE, Fohet) ARG g Foratoe AN B8R STOBREER 106
bet woon TRCPATG: Gt Fe PRy RED, o SFRRRA Yy T BRSO
8, the figistugrddasecknd sewerofsgrdddy €6n€S 920%4and OBoREsm HeRigedsy
are restrained against downward movement relative to the _
slip carrier 52 by the bottom wedge 94, release sleeve 96 o’

10 and shear screws 100.

Referring again to Figure 11, the cylindrical.bores

62, 64 are sealed against the external cylindrical surfaces

of the primary and secondary packer mandrels by O-ring seals

S. The piston 60 is mounted for slideable, telescoping
15 movement through the setting cylinder bore 46A. The
interface between the piston 60 and the setting cylinder
bore 46A is sealed by O-ring seals S. The akial space
between the piston face 60F and the setting cylinder face
46F defines the variable volume pressure chamber 74 for

20 directing hydraulic pressure against the piston head and the
setting cylinder head. Hydraulic fluid pumped down the sec-
ondary tubing string 32 and into the packer mandrel .42
enters the variable volume pressure chamber 74 through the

radial setting port 76, 78.and'80.

25 Referring now to Figure 6,_?igure 7, Figure 8 and N
Figure 11, the -extended, set position of the piston 60 and



within slip pockets 105, 107 having tapered counterbores 10 108, 110,
respectively. The tapered counterbores 108, 110 are concentrically forned
with tRe | ocking rod pocket bores 66, 68, respectively. Each set of
segmented | ocking ratchet slips’is interposed between the sl oping
counterbore surface and the external cylindrical surface of the |ocking
rods. 15 _ Each segnented | ocking 31ip has coarse, upwardly facing
buttress threads BT which engage and bite into the external cylindrical
surface of the |locking rods, thereby permtting upward axial displacenent
of the Iochnﬁﬁttﬁﬂgreﬁaiinéero dife pisst Fedxedutbyr ebheat i ngidénenkdionald
retraction of the |ockin The inwardly facing buttress

t hr eads perm53¥¢hﬁt%%giﬁ&t29§s°fba'ﬁiﬁ%ﬁr%ﬁ%ﬁkﬁ4u@ﬁaﬁﬁgwe&§eﬂheiptgtaﬁl
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respecti s spring 1 npose a bias
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are retained mnthln t he

and second sets of ratchet slips 104, 106 are received

N\ 'within slip pockets 105, 107 having tapered counterbores

10 108, 110, respectively. The tépered counterbores 108, 110

are concentrically formed with the locking rod pocket bores

66, 68, respectively. Each set of segmented locking ratchet

slips is interposed between the sloping counterbore surface

and the external cylindrical surface of the locking rods.

15 Each segmented locking slip has coarse, upwardly

| facing buttress threads BT which engage and bite into the
exfernal cylindrical surface of the locking rods, thereby

-/ permitting upward axial displacement of the locking rods
relative to the piston 60, but preventing downward

20 retraction of the 1ockin§ rods. The inwardly facing
buttress threads permit the locking rods 70, 72 to ratchet
upwardly as the piston and setting cylinder are extended

4 relative to each other, but. downward retraction movement of
the locking rods relative to the piston is prevented by the

25 wedging action and biting engagement as the locking slip is

urged along the sloping counterbore surface.



coni cal counterbores 108, 110, respectively. The | ocking action of the
segnented ratchet slips 10 104, 106 against the |ocking rods 70, 72 . .
prevents downward novenent relative to thé piston 60 since such retraefion -
woul d cause the buttress threads BT to wedge the segnented slips 104, 106
even tighter into biting engagenent agfinst t he | ocki ng rods. :
Consequently, once the setting cylind €15 46 has been driven upwardly an
fully extended into conpressive engagenent agai nst the annul ar seal

el ements 34, the piston 60 is concurrem;%%nnved downwardly, driving the

anchor slips 48 i F® SagMaR%k Ak Fkips HO4wel 106 Rre Tpiased for set
position i ecurely | ocked agai,nst 20 retraction after the_hydraulic
driving Hﬁggj'f}rgemr?yl aSé‘H&/ fie heping FrRtePare rfacesl Mgure 9,
i f Lip h ' 5 ' t ' d.ret ti i
pr ovi ded 8y pPYtofohli oSBT hEds 1oL T3 € FRREREEIVaLY 26 Bheo BiRT over
d ' : : h | & ' 12Q9...1 124 126
nodae JUREds A28, 130, arlesleis GOGA 0Re1 20 pl Sl a1 126 ore
the hend)per thpnsetia19nGly | #Engyt AN [ agigl | )fe‘é?#é:‘t’%v?gﬁ | Sg?xtefh%f’ ; 134,

- 136 and 138, respectively, whiCh are formed in _ bul ar
slip car sipeAing? impddekaitias L1dwRl1my\efoMEs! SF 55 Bt ¢l Spbiisiss 1€§,5ﬁ&§£& roj ect

radially Into axial slots 140, 142 fornmed in the |lower end of the tubul ar
slip carthat 3he segmented slips 104, 106 are retained within the

conical counterbores 108, 110, respectively.

The locking action of the segmented ratchet'slips

10 104, 106 against the locking rods 70, 72 prevents dowhward

movement relative to the piston 60 since such retraction

would cause the buttress threads BT to wedge the Segmented

slips 104, 106 even tighter into biting engagement against

the locking rods. Consequently, once the setting cylinder

15 46 has been driven upwardly and fully extended into

compressive engagement against the annular seal elements 34,
the piston_so is concurrently moved downwardly, driving the N
anchor slips 48 into set engagement against the well bore v

12, and the set position is securely locked against

20 retraction after the hydraulic driving pressure has been

removed.

Refeiring now to ﬁigure 2 and Figure 9, alignment
of the slip housing 52 during extensidn and retraction is
providai'bf piston guide.lugs 120, 122, 124 and 126, and

25 also by lower wedge guide lugs 128, 130. The piston guide
Jugs 120, 122, 124 and 126 are secured‘rédially within the



The slip carrier 52 is rel easably secured to the piston 60 by two or nore

shear -strews 139, 141 which stabilize the slip carrier during run-in. The
shear serews 139, 141 are 10 rated for sequential release upon rel ease of

the piston 60. According to this arrangenment, the slip housing 52 is main-.
tained in coaxial alignment with t-he piston 60 and bottom spreader cone 92
during setting and release.. After the secendary packer mandrel 42 has been
15 plugged, hydraulic fluid is punped into the closed mandrel and is ported
into the variable volune pressure chanber 74 and acts upon the head surface

60F of the pj a t4i ; eqd f . '
oyl i nder 46 BagorePedva b tHiteddod N Lonion”, 43 BES B8Ra Peztatas b

screws 82, 8dachPAudipektendi eadialiydrwthin PaREalr &licHs0 142, vasyablige
vol ume pressure chanber 74, the pressure force is increased until the shear

strength of &ah@ VB sespectivedbyerehdeh ade tfwrmddainsthewsidewald of
separate, the setting cylinder 46 is released and i s extended agai nst the
annul ar 25 phbei ngulsebérelsditgnt c3gaieand2 he shikewise ewdhe3olowdt segige
arate as the piston 60 drives its conical wedge 60C into engagenent wth
t he anchor5 sgnideqdugs »28aAcidPdinrglestaradimkinnintespgialoslots 140,
I nvention, the set condition is_maintained _and retracgtion_of the piston
rel ative to &4 Formed @I?%e:limi’%:pPGQeﬁf-ea‘%ﬁy%Hl?é‘ agc 8P I IEE R
whi ch are tra%ped i n conPrfssign et ween thq)

T rier 52

e slip ca S releasably secured to the-piston 60

by two or more shear screws 139, 141 which stabilize the

~ .élip carrier during run-in. The shear screws 139, 141 are
10 rated for sequential release upon release of the piston 60.
According to this arrangement, the slip housing 52 is main-
tained in coaxiél alignment with the piston 60 and bottom

spreader cone 92 during setting and release.

| After the secondary packer mandrel 42 has been

15 plugged, hydraulic fluid is pumped_into the closed mandrel
and is ported into the variable volume pressure chamber 74
and acts upon the head surface 60F of the piston and the
setting cylinder head surface 46F. The setting cylinder 46

. and piston 60 ére initially locked together by the- shear
20 Screws 82, 84. Upon application of hydraulic pressure into
the variable volume pressure chamber 74, the pressure force

. is increased until the shear strength of the shear screws is
overcome. As the shear screws 82, 84 separate, the setting

| cylinder 46 is released and is extended against the annular
25 packing seal element 34A, and the shear screws 139, 141 sep-
arate as the pistbn 60 drives its conical wedge 60C into

engagement with the anchor slips 48.



5 head 46F of the setting cylinder and the segmented, internal

slips 104, 106, respectively. The |ocking rods 68, 70 are conpressed-bx t he

r at chet

reaction forces inposed by the expandabl e’ seal el enents 34A, 34B, 34C--
through the setting cylinder head 46H, and by the reaction forces
transmtted 10 through the anchor slips 48 and the piston 60. Because the
piston 60 and setting cylinder 46 arepgounted for slideable, sealing
engagenent along the primary and secondary nandrels, and because the

| ocking rods 68, 70 are secured by ratchet engagenent with the segnented

slips 15 within pﬂe&skaiﬁgrasdahnihbs;ahai;%ea%@g_ e ;}'.@.1{?: RSy

recte

secondary mandrels 40, 42 are not subjected to radi al

1%

sgfting

forces vihehset obbndatsoncek! masatafintleanackerraptdodl of %ﬁ%agi‘étbﬁe

packer mandrels 40, 42 are not |oaded radially, the primary an

S

econdary

]

+

mandr el scebat bee28opthei dettinghcytliatercliy peegentedevyarte Qoaikiing ¥ thin
| s. Moreover, because the set condition-is |ocked internall’y by

si dewal

the ratchedssl6igps ZAd whiski ngreodsapped | inr gompmirss iomr betwéesi e qhier ed.

Mor eove
. pi st or?
subj ect
failure
arrange
setting

10

15

20

25

r, since the Iockingtaction is achieved 25 internally within the

heaad 686Ft AE Shenfekting s¥ddndezappdnkher segmented; dndexmal
ed to eétri tensi on JMe150889 | oadi ng whi ch ni& _
FRtEREt B34dPS 104tcig <. FeRRIRILVYY ¢ heThat dPFkAngoaRdsg 68.

"8 Y bR Re¥e by dlI° PUAERYOh° ASILEL O1nBo3ed By e
expandable seal elements 34A, 34B, 34C through the setting
cylinder head 46H, and by the reaction forces transmitted

through the anchor slips 48 and the piston 60.

Because the piston 60 and setting cylinder 46 are
mounted for slideable, sealing engégement along fhe primary
and secondary mandrels, and because the locking_rods 68, 70
are secured by ratchet engagement with the segmented slips
within pockets formed in the piston head, the primary and
secondary mandrels 40, 42 are not subjected to radially
directed setting forces which mightfcause collapse of the

packer mandrels. Because the packer mandrels 40, 42 are not

loaded radially, the primary and secondary mandrels can be.

provided with relatively large bores and relatively thin
sidewalls. Moreover, because the set condition is locked
internally by the ratchet slips and locking rods, auxiliary

mandrels are not required.

MoteoVer, since the locking action is achieved
internally within the piston'head SO,Ithé primary and secon-

dary mandrels 40, 42 are not subjected' to extra tension

ht cause prenmature



cylinder 46 internediate the expandabl e seal assenbly 34 and 5 slip
assenbl:y 36, substantially the entire surface area of the piston head 60F
apd substantially the entire setting cylindel head area 46F are avail abl e
for transmttimg the setting force devel oped within the variable vol une
hydraul i c pressure chanber 74. 10 ,ghe presence of the two | ocking
rods 68, 70 r&¥eted88Re effective pi ston area and setting cylinder area
only by about 3% for a 9-5/8" (245nm dual packer assenbly, assum ng a

Foree |6t omsHr Sintbnsdoht, RN oplRbquERUERTRGKS, o4 30FhaRrer

| ocking 1 0ds ey 141 COBBEARSEOBE! GHERI R S8l £06 H iemeni " Eng

solid Iocking ro mai ntai ne nder conpression, [ess
fail downhol e 1At 6d et WAE ﬁy&ka@gié oglstybtest %gtéﬂbw%&é kttin

tension | oad- ing during the set nobde of operation. Referrin

now t o Fi gur eydAmier H§uittShned heté othe pexpandable t S€all uaksemblﬂgzmash@r
assenbly 10 are shown in the run position. In the run position, t'he packer

seal ele- Berslipzsasbembly 36 ,r alibdtantiballyt tHe endirec sunffawe sares 48
are radially retracted within the slip carrier 52. The 25 piston 60 and

the | ower wedtke 9pistenatheadi HOR sépgr auhsitantsialdah theriephiecs sagting
Figure 11, the piston 60 is fully retracted_wthin the setting cylinder
bore 46A, ancYhinder .- head KRR uAEFp AR R¥aLhakbe, foX i%r%&sm#*gthggn the

vol ume Conditéé%%ingTPgrégcgggglgég&OQitﬁgh_Zﬁeaggrighig v8 ﬁggtﬁgdraulic

W, pressure chamber 74.

10 .The presence of the two locking rods 68, 70 reduces
the effective piston area and setting cylinder area only by
about 3% _for a 9-5/8" (245mm) dual packer assembly, assuming a lock-
ing rod diameter of 1-1/4".(32mm). Most importantly, the setting
force is trapped by the segmented slips 104, 106 which trap

15 the solid locking rods 68, 70 in compression to maintain the
set condition. The solid locking rods, when maintained
under compression, are less likely to fail downhole as com-

\ pared with locking rods which are subjected to tension load-

ing during the set mode of operation.

20 | Referring now to Figure 3A and Figure 3B, the com-
ponents of the dual string packer assembly 10 are shown in
the run position. .In the run position, the packer seal ele-
ment assembly 34 is radially retracted, and the anchor slips
48 are fadially retracted within_the slip carrier 52. The

25 piston €0 and the lower wedge 92 are at maximum separatibn.

As seen in Figure 6 and Figure 11, the piston 60 is fully



within the cylindrical pockets 66, 68. The seal assenbly 34 5 is unexpanded
bet ween the upper centralizer 44 and the set- ting cylinder head 46H. The
hang wei ght of the lower tubing string 30°is transferred to the | ower~
centralizer 102 by snap ring 144 which is engaged on its underside by an
i nter- nal shoul der 102A of the | ower retainer, and by an undercut 10
shoul der 40A fornmed on the primary nepgirel. The snap ring 144 coupl es the
hang wei ght of the | ower tubing string 30" through the |ower retainer 102
and through the secondary packer mandrel 42 to the top el ement retainer 44.
The for aetmsadted vithini thedsettbnghcybindernboyepasker ananghel vag.- 15
thereby utilizing the hang weight to augnent the setting force. The hang
wei ght ilalke wodume tpressure cchamber F4t isrety idwdsnimbmimngodemght of
t he bottom production tubing string 30° to the setting force. Thi s has
t he effétqncg’#t#%theﬂ'heedkﬁq g heistors 3P.hyd ane cfplbysuvebractedred to
20 conplete the setti ration. The piston guide lugs 120, 122, 124 and
126am%aW%ﬁhﬁnéQQ%nﬂﬁﬂgﬂﬁgﬁ?ﬁ tBECE?F5 gﬁrrﬁér sTBesseahjasaembdyesdvedge
gui deglugs 128, 13 re fully retracted within ip carrie ots 140, 142,
- respeéti&el%e@?ﬂaP?ngeﬁg\ﬁ o egﬁpgefA%?f#’ﬁ%{ﬁ%4 , ?’ﬂé ggﬁ} S85-ponent s
of the dyﬂ.% Sdtd d i ack 1 e ' ed, set
posi tion. % %%%fgg ¥p§§?§igﬁ?'thgﬁe H3§§p2§E§$QSES|E§Fe%§%F§ §§k33§48 and

ggrcearl e SOPEEs3Y 284 it dRdial lthe NOwERJRBAPRAN 12931 NBE2 t BG | nsi de
snap ring 144 which is engaged on its underside by an inter- o
nal shoulder 102A of the lower retainer, and by an undercut o/

10 shoulder 40A formed on the primary mandrel. The snap ring
144 couples the hang weight of the lower tubing string 30°
through the lower retainer 102 and £hrough.the secondary
packer mandrel 42 to the top element retainer 44. The force

- 1s then transmitted through the primary packer mandrel 40,

15 thereby utilizing the hang weight to augment the setting
force. The hang wéight is not needed to achieve a set, but
mérely adds the hang weight of the bottom production tubing

. string 30' to the'séttin§ force. This has the effect of \)
further reducing the level of hydraulic'pressure.required to

20 complete the setting operation. The piston guide lugs 120,

122, 124 and 126 are fully extended within the slip carrier
slbts, and the lower wedge guide lugs 128, 130 are'fully

retracted within slip carrier slots 140, 142, respectively.

Referring now to Figure 4A and Figure 4B, the com-
25 ponents of the dual string hydraulic packer 10 are shown in
the fully extended, set position. 1In the set position, the



of the well casing 14. The anchor slips 48 are extended radially against
the bore of the well casing. At the onset 5 of extension, ‘the shear
strengikh of the shear screws is ovefcome, with the result that each shear
screw severs into two pieces, 82A, 82B and 84A, 84B, respectively, thereby
permtting the piston 60 and setting cyli r 46 to extend relative to each
ot her. 10 . Concurrently with extensSion of the piston 60, the piston
gui de lugs 124, 126, 128 and 130 are partially retracted within the slip

i lots 132 134, 136 and,138 i h i
"G does not PRSFETAiSE AT s SHIMEAEE i Ro it (8ot o1 CoRBEFSRel’ iRt
15 wedge 92 | t | '

ol easably sSRERRREED M A EARRE MR e he AR fad hore I
full extensi ggf O{khé hgedRChads Sid pzt}& Phe hAekbRy J10Gss 688 drearéxisnded

ext ended out 0 e piston 20 pockets 66, 68, respectively, thereby rigidly
| ocking the RiagligN 160 Ak st (EHE Bytender thé wellheiasiexy.endeyl, tik@tonset
positions. The forces of conpression transmtted through the setting

cyl i nder ahddfhrexpbnsiienanctive sheax astrergthedibytbenpshsar oscyewshels
soli-d I ocking rods 70, 72. 25 Retraction of the |ocking rods within the

pi st on pocketovea@ionds, iwiph ethat sespltt khagnegiche SheRtal SRR r BRESXF £akQ
BT fornmed on the segnented ratchet slips 104, 106. After, the segﬁ

el enents 34 4WO apéRGESs| i8R 438RBveand 84A, 84B, respectively, ereby

permitting the piston 60 and setting cylinder 46 to extend
U relative to each other.

10 - Concurrently with extension of the piston 60, the
piston guide lugs 124, 126, 128 and 130 are partially
retfacted within the slip carrier slots 132, 134, 136 and
138,. respectively. The lower wedge gﬁide lug does not move
at this time since downward movement of the lower guide

15 wedge 92 is prevented by the bottom wedge and release sleeve
which are releasably secured to the packer mandrel 40 by the

shear screws 100.

Upon full extension of the anchor slips 48, the

locking rods 68, 70 are fully extended out of the piston
20 pockets 66, 68, respectively, thereby rigidly locking the
piston 60 and setting cylinder 46 in their extended, "set
positions. The forces of compression transmitted through
the setting cylinder and through the anchor slips are
reacted by compression of the solid loéking rods 70, 72.
25 Retraction of the locking rods within the piston pockets 66,
68 is prevented by the unidirectional buttress threads BT

formed on the segmented ratchet slips 104, 106.



been set, hydraulic pressure is relieved and the plug P is renoved, for
exanple by wire line tool, or by.pressurizing the secondary mandrel unfil
the plug housing seat is 5 fractured and ‘the plug P is discharged i n™ the -
annul us above the bottom packer 28. The well is then conpl eted and ready
for production. Referring now to Figures 5A and 5B, the relative positions
of the packer conponents are shown upd® rel ease 10 and radial retraction of
t he packer seal assenbly 34 and the anchor slip assenbly 36 which is
acconplished to permt retrieval of the packer 10 fromthe well bore. In
thi s configurati ohfteretBacrenlielementseddeandr anchbe sddpsorBi havati on by
a straight pull of the primry tubing 15 string 30 relative to the
secondarbeeypsal . shydr@udic gEessure nis prekievednpaderkhe splugt Bchsd on

the primary ang secondar acker mandrel s 40, -42 in s]ideabl e engagenent,

t he pridﬁ?§° ke%°ﬁaﬁﬁ?éﬂﬁﬁbkgﬁn3353riﬁpgbﬂEHﬂUpW%dey PEESSHErilgdngo t he
secondar%hgacker ndrel 42 b% an ugﬁ@rd Bull Q_on. .t he grinar prqoducti on
tubing 30 FCERAFAFYgMAEEPE BRhtLd 5BSut PLHE sBOBRARSy F5aker 1fandr el

2 W tghi f | cal_l ith
oyt i nar i EEFCRER SR CeReE WG Pt Qe ISR AT et par
dr el b t t 5 ' | nst
The st eptel € o B R B re 19 ep Mg £ ERa 208

passage p@ady 4£Er prodiction. .

Referring now to Figures SA and 5B, the relative U
positions of the packer components are shown upon release
10 and radial retraction of the packer seal assembly'34 and the
anchor slip assembly 36 which is accomplished to éermit
retrieval of the packer 10 from the well bore. 1In this
configuration, the packer 10 15 released from the set
configuration by a straight pull of the primary tubing
15 string 30 relative to the secondary tubing string 32.
Because the packer components are stacked on the primary and
seconda?y packer mandrels 40, 42 in slideable engagement,
the primary packér mandrel 40 can be retraéted upwardly rel- s
ative to the secondary packér mandrel 42 by-an upward pull
20 on the primary production tubing 30. A snap ring 146 is
mounted about the secondary packer mandrel 42 within a
counterbore pocket  44C formed concentrically with
cylindrical.mandrel passage bore 44B. Upward retraction of
the secondary mandrel 42 is prevented by engagement of the
25 snap ring 146 against the stepped shoulder between the

counterbore 44C and the main mandrel passage bore 44B.



Axial retraction of the primary packer mandrel 40 relative to the secondary
mandret- 42 is limted by the engagenent of a snap ring 148 agai nst an

under ct¥ profil e shoul der 44P forned within the upper el enent retainer. 44.
5 1lnitially, as shown in Figure 4A, the snap ring 148 is sepa- rated from
the profile shoul der 44P by a di stance of several inches (1 inch =2.54mm)
As the primary tubing string 30 is pulled #pmardly;'the packer mandrel 40
is retracted upwardly until the snap ring 148 engages 'the undersi de of the
profile shoul der 44P. 10 As the snap ring 148 engages the profile shoul der

44P, the set screws 1 e ' N el ' o, r :
permtting the packerg%é%rre 1.Zrl'o to % 3&5?’%23‘5&6%% d?%/egmafhh%ggg% %oo
the | ower cepbllakiizel £62.tH¥ Warovdsly Ohah@kB2Ses2 t hg anqhatedl | By ﬁgﬁnd

15 the packer seals 34 are extended into | ocked engagenent wth the

casing bor eengaghmenitheof paciserap Ny eh 484Ggdinstetdmchaderci® Hepeiidg
148 engages the profile shoul der 44P and di spl aces the upper seal “el enent
retai ner 44 shoalderwi44Pr fopmed twilthin paheemuppeal ebawetty ratainEd 44,
permts 20 the packer seal elenents 34 to retract radially and expand
~axial ly i oIndsigddyo fam mhawn doc Biigireh\id hdhe snan nringi s isl sepon
rel ease of the double detent collet 98, the bottom wedge 94 can be

di spl aced do ly%&%jr' afd ke shonlden 4P hicieediftianes ob several
brimary pack%c es r hegl;cr%.u alreyd éu%j:[nhge ﬂrsi:[nogn '3%0 ibgl p%xlsfgé) Jﬁ&gr&ﬂ? .

Accordi ngly, - AS
the packer mandrel 40 is retracted upwardly until the snap

N~ ring 148 engages the underside of the profile shoulder 44P.

10 As the snap ring 148 engages the profile shoulder 44P, the
set screws 100 are stressed until separation occurs, thereby
permitting the packer mandrel 40 to be displaced upwardly

with respect to the lower centralizer 102.

At the onset of release, the anchor slips 48 and

15 the packer seals 34 are extended into locked_engageﬁent with
the well casing bore. As the packer mandrel 40 is
retracted, the snap ring 148 eﬁgages the profile shoulder
44P and displaces the upper seal element retainer 44 axially
"with respect to thé packer seal assembly 34. This permits
20 the packer seal eleménts.34 to retract radially and expand
axially into the space formerly dccupied by the element

retainer 44.

. Upon reiease of the double detent collet 98, the

bot;om wedge 94 can be displaced downwardly relative to the

25 primary packer mandrel 40. The primary packer mandrel 40 is
coupled to the piston 60 by a snap ring 150. Accordingly,



as the primary mandrel 40 is displaced upwardly by the dis- tance L as
shown in Figure. 5A, the piston 60 is |ikew se displaced upwardly by the
di stance L, thereby releasing engagenent with the slips 48. As the™
pi ston 60 ,noves 5 upwardly, the piston guide lTugs 120, 122, 124 and 126
engage the slip carrier 52 and carry it away fromthe |ower spreader
cone 92. Upon conpletion of retracti3h, the piston cone 60 and the
spreader cone 92 are conpletely clear fromthe anchor slips. The anchor
slips are then retracted 10 radially inwardly by the conpression springs
54, and ase|tdées pyimariarpapdrehphet 8. disphacede upwandtiy rhy thescdisti on,

' wll be %gpreciated that the dual string packer 10 can be set
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assenbly ich the piston _ _ 6 are extended 25
bet ween dhi 4@k borfe @ 5, anfpdl oI OEiSh | OF FELFEELLBAE tRel PEston

application of hydraulic pressure in the variable volunme pressure chanber
74. cone 60 and the spreader cone 92 are completely clear from _
the anchor slips. The anchor slips ére then retracted A
10 radially inwardly by the compression springs 54, and release

is thereby completed.

‘'From the foregoing description,‘ it will be
appreciated that the dual .string packer 10 can be set
hydraulically and locked in sealing engagement against a

15 well bore without imposing axial'tension setting forces on
-the packer mandrels 40, 42. Moreove?, the dual string
hydraulic packer 10 is set and locked in sealing engagement
against a well bore without subjecting the primary and sec-
ondary packer mandrels 40, 42 to radially directed compres-

20 sion setting forces which could pinch or otherwise collapse
the mandréls. Setting is maintained without imposing con-
tinuous axial tension or radial compression of the packer
mandrels by the hydraulic actuator and locking assembly 38
'in which the piston 60 and setting cylinder 46 are extended

25 between the packer seals and the anchor slips in response to
the application of hydraulic pressure in the variable volume

pressure chamber 74.



JMe150889 The set condition is maintained wthout inposing radially

di rectgd conpression setting forces on the packer mandrels by the internal

| ocki ng“rods 72 and the segnented ratchet slip assenblies 104, 106. The

| ocking rods 70, 72 5 are trapped in conpression, and not in tension, after
the seal elenents have been engaged and theqanchor slips have been set

agai nst the wif8l5888%. Substantially all of the piston area 60F and the
setting cylinder are 46F is utilized to develop the setting 10 force, since

Tonsm 111 ng. area - Bd BB IASRYR R sl RO lao, iR P Famoging

compari son wigt f%/n.ié?;é?%cﬂhat W o' ey ?%r&%gp%enéﬁe Oia#%i%(r)rlgj

art packers,' t he ul1c pressur l'eve require 0O achnli eve a pos

set in seali HMaRNESOCNBY! the thatdall StddthdYbas! 7 F&fa@EhelOséémented
substantially |ower than that required 1n conventional packers. or
exanpl e, in adediet $Dipmakseémbiees’ 1043 106 NOTHEdL_LKiQgPATE 70, 72
constructed according to the present invention, setting was initiated at
1,000 psi 20 e 9kfappedPdn acomprassiom) eandanct 009 pensibdba,Saftsr | the) -
Since tension stress is not inposed on the mandrels after setting has been
achi eved, anderkaesemealisalhgviencheen eogagedamandivbheedniohorhesligs ohade
hydraul i c setting actuator and | ocki ng assenbly 38, relatively |large bore,
25 thin wal | Regfackel agaimst sthewebl kerey used and the packer can be
safely set and seal ed wi thout danmaging the

o Substantially all of the piston area 60F and the

~ setting cylinder are 46F is utilized to develop the setting

10 force, since the locking fods'occupy a relatively small (3%

total) of the force transmitting area. Because the force

transmitting' areas are large in cbmparison with comparable

piston and setting cylinder components of prior art packers,

the hydraulic pressure level required to achieve a positive

15 set in sealing engagement in the aual string hyaraulic

packer 10 is substantially lower than that required in
conventional packers. For example, in a 9-5/8" (245mm) diameter

W dual string hydraulic packer constructed according to the

present invention, setting was initiated at 1,000 psi

20 (6.9x10%a) and was complete at 2,000 psi (13.8x10%a).

Since tension stress is not imposed on the mandrels
after setting has been achieved, and because radial pinching
forces are avoided by the improved hydraulic setting
actuator and locking assembly 38, relatively large bore,

25. thin walled packer mandrels can be safely used and the.

packer can be safely set and sealed without damaging the



32 thin wall ed mandrel s. Because the mandrel bore dianeter is increased,
production fl ow can be increased correspondingly. Since the hydraul i ¢
setting actuator and | ocking assenbly 38 includes |ocking rods whi ch e
trapped in.conpression by 5 internally nounted segmented ratchet slips, one
piece pri- mary and secondary ‘packer mandrels can be utilized, and
auxiliary mandrels are not required.-’2 Consequently, the packer seal

el enents are only required to seal about the primary and secondary
mandrel s, and not four |ongitudinal 10 conmponents as required by
convent i thin wadled: mang <r sBecause | Yhe bmandreloboriee ddamaterctison of
the hydraulic set- ting actuator and | ocking assenbly, the force devel oped
by the hjaFseasedacPredusyipnsddowsdn ke dacreased sorraspandinglisd
substantially equally to_set the seal elenents and 15 anchor slips. 33
Wat . i s SiBFReipshydraulic getfing actuatpn @nd,dqeking Afsemhly 38 in

ceal of chBntudesen R iR abPRenaUall BRehtanBsiu 1 onpERanarE v o
5 internally mounted segmented ratchet slips, one piece pri-
mary and secondary packér mandrels can be utilized, and
auxiliary mandrels are not requiréd. Consequently, the
packer seal elements are only required to seal about. the
primary and secondary mandrels, and not four longitudinal
10 components as required by conventional dual string packers.
Finally, because of the construction of the hydraulic set-
ting actuator and locking assembly, fhe force developed by
thé hydraulic actuating piston and the setting cylinder is
applied substantially equally to set the seal e;ements and
15 anchor slips. '



an anchor slip assenbly supported by said tubul ar body nandr
a hydraulic actuator assenbly novably nounted onto said tubu
mandr e~ said hydraulic actuator asSenbly i ncl udi ng firs
second movabfe force transmitti ng means engagable with s
assenbly and said seal elenment assenbly, @Eﬁpectively; 15
said first novable force transmtting neans having an axi al

| ocking rod slideably received within said slip pocket, said
bei ng connec{adst 9<Sardineg0qd .movabl e force transmtting me
a ratchet sl ' 3d within said slip pocket and
| ocking rod, said ratchet slip assenbly having teeth engagin

34 permtting extension of sard |0ocking rod out of said slip

e

t* an
aid anchor slip

slip pocket; a
| ocki ng rod
ans; and, 20
engagi ng said
g the externa

poc

surface of said |ockigg rod agd ggaggggqcrebgghve & .dédmﬂgi%%égﬂdle .
A

preventing rebnBshha@Roal: said locking rod into said slip poc
hydraul ic wel| packer as defined in claiml, 5 wherein said

assenbly conprises a plurality of segnmented ratchet slips. 3.

wel | packer as defined in al eiubular nbodyli mandrielahapindggai

ket. 2.
ratchet slip
A hydraulic

NiotigidaAinal

between said first nova- ble force transmtting neans and said ratchet slip

assenbly 3 flow passage;

a seal element assembly movably

said tubular body mandrel;

mounted on

an anchor slip assembly suppdrted by said

tubular body mandrel;

10 a hydraulic actuator assembly movably mounted

onto said tubular body mandrel, said hydraulic actuator

assembly including first and second movable force

transmitting means engagable with said anchor slip assembly

and said seal element assembly, respectively:

having an axial slip pocket;

a locking rod slideably received

15 said first movable force transmitting means

within said

slip pocket, said locking rod being connected to said second

movable force transmitting means; and,

20 a ratchet slip assembly received

within said

slip pocket and engaging said locking rod, said ratchet slip

assembly having teeth engaging the external surface of said

locking rod and disposed relative to said locking rod for



]

-10 for-wrging—sard ratchet slip assenbly for retraction nove- ment rel ative

t - | od within said slip pocket. 4. A hydraulic well packer
aalﬂm Q!MEU m 1, said |ocking rod having a threaded axi al bore,“"‘-ﬁand .
[ ed bolt fastener coupled to said second novabl e 15'erce

transmtting means and secured in saig t hreaded axi al bore thereby
connecting said locking rod to said s éond nov- able force transmtting

nmeans. 5. A hydraulic well packer as defined in claim4, said second
novabl e force, transm tting nmeans having a_20 connecting bore through which
sai d t hreaushtbing n OkxFehdedoskdndred gutonf eFBéi’esénget in

whi ch the head of I d fastener bolt is, receivyed. Q. hydraul i,c ,wel |
packer aBOTES neﬂhiiecpﬁﬁﬂFggiPﬁcFﬁ Fﬁﬁtéophpéaﬁéagp}8§§&P§ ﬁpégiaﬁgposed
in said %5 fgunter oge pocket in seal ed, threaded engagenent with said
second roR® BL{B BR EPAAsnitting means. 7. A hydraulic wel | packer as
defined in claiml, wherein said first novable force transmtting

Means 5 conprises,a piatagaaaqlw@epggg ggkgﬁggﬁgnﬁe 'K%B'idf%g%ﬁm 1,

transmitting meanS conprisés a Set r, sai I'ston being

3; | deal ynbpethVad 1N rat¥natd ﬁw%ﬁbﬁp%&ﬁﬁrw&i AsipdardnawRt g bore

said setting cylinder, the head of said piston defining a first axial
boundar ysegménted aakehé® woipse pressure chamber, and said piston having a
spr eader .
3. A hydraulic well packer as defined in claim 1, _
including a bias spring interposed between said first mova- o/
ble force transmitting means and saild ratchet slip assembly

10 for urging said ratchet slip assembly for retraction move-

ment relative to said locking rod within said slip pocket.

, 4. A hydraulic well packer as defined in claim 1,

said locking rod having a threaded axial bore, and including

a threaded bolt. fastener coupled to said second movable

15 force transmitting means and secured in said threaded axial
bore thereby connecting said locking red to said second mov-

able force transmitting means.

- 5. A hydraulic well packer as defined in claim 4,

sald second movable force trénsmitting means having a

20 connecting.bore through which said threaded bolt fastener is
extended and hav;ng a counterbore pocket in which the head

of said fastener bolt is received.

6. A hydraulic well packer as defined in claim 5,
including a threaded pressure plug disposed in said



cone for engaging said slip anchor assenbly, said setting cyhy m““m“
head povtion di sposed for engagenent against said seal el errér}“ m
and tfe i nside face of said setting cylinder head defining a second aftiaf *
boundary 15 of* the variabl e vol une pressure chanber, said | ocking rod
extending axially through said variable vdbunme pressure chanber. 8. A
hydraul ic well packer as defined in claiml, one of said force transmtting

means having a spreader cone 20 slideably nounted onto said packer mandr el

and engagamd%dﬂﬂékﬁﬁ%&_ﬁbéﬁeﬁciﬂabghlé8§e@Hﬁéad@&jé it opetRf saaad
novabl e force transmtti'ng neans having a setting head engagable with said

seal assenblgeccdhd mdvdbyle afbice VEFangiiLkeingsméahisned in claim1l, 25 said
first and second novable force transmtting nmeans 36 conprising a piston

nounted for slideable sealing engagenent al ong said packer nmandrel and a
setting cylinder nmourted farhgdraehitevekkapackeengsgdefhned| dtngciain 1,
packer mandrel, respectively, said setting cylinder having a bore defining
a 5 pressuroshereirer saidnhi chizstd mevabde pifovpei s tranamidiing s| meaas| e,
seal i ng engagenent, said packer mandrel having a flow port connecting-the
f1 ow passfgecAMPEises packRiskandaad | whersin cSadthi acred Mavpklkg gforce

Sgai nst - 1 ndraRsmt Ching gheds confeifs BoRpFFLARGEYEinale "sata plston
being slideably received in sealing engagement against the
inside diameter bore of said setting cylinder, the head of
said piston defining a first axial boundary of a variable

10 volume pressure chamber, and said piston having a spreader

| coné for engaging said slip anchor assembly, said setting
cylinder having a head portion disposed for engagement
against said seal element assembly; and the inside face of
said setting cylinder head defining a second axial boundary

15 of the variable volume pressure chamber, said locking rod

extending axially through said variable' volume pressure

chamber.

8. A hydraulic well packer as defined in claim 1,

one of said force transmitting means having a spreader cone

20 Slideably mounted onto said packer mandrel and engagable
with said slip acfuator assembly, and the other one of said
movable force transmitting meané. having' a setting head

engagabie with said seal assembly.

9. A hydraulic well packer as defined in claim 1,

25 said first and second movable force transmitting means



conbi nation: a packer mandrel; seal nmeans including at |east one resilient
' novabl e generally radially between a non- 15 interfering;
retract t to an extended positioh in which said seal maansi“!f"r
ﬁam'?m mla wel | casing bore; anchori'ng neans including a
sanehor slips, said anchor slips being novable generally 20
raala |y between a retracted, non-intgefering position and an extended
position in which said anchor slips are engagabl e agai nst a well casing
bore; a hydraulic actuator assenbly nounted onto said packer mandrel, said

hydr aul i gomst LS4 R aS§eabbu mous¥elnebpdsnddbbbik %EQl&ﬁgo@%dagéﬁént
transmttlng nmeans, one of said force transmttlng nmeans “bei ng a settlng

cyli nderamgbéaianpatxedrf manakemeah&ieanwemnﬁ aonaded shoumded f&mndr el
and engagable with said seal neans, and the other 5 force transmtting

means beshideaple} orsealingd engagenieddabbiomgvesabd Pavkersandndreddsr
mandrel and in-sealing engagenent against the bore of said setting cylinder
t her eby wpwtgvelyar!sgbﬂesettmng grédnder bbudbgr af borecdeifidimigdhyadr aul i ¢
fluid; and, 10 | ocking assenbly interposed between said
. pi stoh amaegsmaeséb@mhgrcynuwbéch sald peBrlAy PIs&ep \Is received in

slideable, sealing engagement, said packer mandrel having a
flow port connecting the flow passage of said packer mandrel

in flow communication with said pressﬁre chamber. -

| \o/
10. A hydraulic well packer adapted to be set
10 against the bore of a well «casing comprising, 1in
combination: |
a packer mandrel;
seal means including at least one resilient
seal element, movable generally radially between a non-
15 interfering retracted position to an extended position in
which said seal means is engagable against a well casing - U

bore;

anchoring means including. a . plurality of

anchor 'slips, said anchor slips being movable generally

20 radially between a retracted, ndn;interfering positibn and
an extended position in which said anchor slips are

engagable against a well casing bore;

a hydraulic actuator assembly mounted onto

said packer mandrel, said hydraulic actuator assembly



i'ncluding a solid rod carried by one of said force transm
di sposed in slideable, tel escoping engagenent with said ot m’dﬂ W@Euﬂ[@w
t.ransd-tting means, and 15 including a ratchet slip interposede

other force transmitting neans and said | ocking rod for permtting
extension of the setting cylinder relativg,to the piston, while preventing
retraction thereof, said | ocking rod being trapped in conpression by said
ratchet slip in response to 20 reaction forces transmitted by said anchor

SLips throughingidiAGS PR AN DAY §§¢&1&X98993b5; aﬁE@ELt‘EhﬁgEﬂ{q%n@rr&igé‘ S#l d

setting cyllnder sal and sai i 'nde

extended to shegr fsEcEOSt%QQﬁitHng' nméaﬂ¥drﬁ€i\‘x§p"‘§” p{)lfqé% nd

having 25 a seal el enent -assenb an anchor asse

by a packer mepdbtly fRéuseedi by hg1dgedbls hRdvEREnt al®dg esailakf% Ak
the bore of a well casing, and including a hydraul-ic actuat™or. asse 7

havi ng a setmandre}l iamitrengaghbyemwitiicdsad saall RRsEeRy, naﬁdr@hear&:her
coupled to said seal assenbly and having a piston anany nounted on said 5

packer  maddr §braeed dirgpmmedttingl i meahse, bedalg na enpagtornt neydited tier
bore of said setting cylinder thereby defining a variable volune pressure
chamber for séééeab&g mavementc langl, satd packepi mpodredviang airspseskiog
cone portion for engaging said _anchor slip assenbly, t he i nprovenent

10 conpri si n§REACEERM gaﬂéénﬁﬁuﬁ@@dh&ﬂﬁ)Qﬁmﬁ?iﬁﬂﬁﬁﬁﬁ}ﬂSMQYkkﬂder thereby

defining a variable volume pressure chamber for receiving

W hydraulic fluid; and,

10 a locking assembly interposed between said
piston and said setting cylinder, said locking assembly
including a solid rod carried by one of said force
transmitting means and disposed in slideable, telescoping
engagement with said other force _transrﬁitting means, and

15 1including a ratchet slip interposed between said other force
transmitting means and_ said locking rod for permitting
extension of the setting cylinder relative to the piston,

\U while preventing retraction thereof, said locking rod being
trapped in compression by said ratchet slip in response to

20 reaction forces transmitted by said anchor slips through
said piston and by said expandable seal elements through
said setting cylinder when said anchor slips and said set-
ting cylinder are extended to their set positions

11. In a hydraulic well packer of the kind having
25 a seal element assembly and an anchor slip assembly sup-

ported by a packer mandrel for sealing the annulus between



y through said variable volunme pressure chanber, said
cket i n which said locking rod is received in telesegplng
mwm | ocki ng slip disposed between said piston and said
Sal 15 | ocking slip having ratchet threads engaged agalnst
sald Iocklng rod - for permtting extension novenent of said |ock- ing rod
relative to said piston, while prevent3®ig reversal of said extension
novenent, whereby said |locking rod is captured in conpression between said
pi ston and setting cyl- 20 inder upon extension engagement of said setting
cyl i nder thgaipaekeni dndedihec| boeet ofs @ermgll anasirgendndn ht@hgbi@taof
sai d piston spreader cone agai nst said anchor slip assenbly A
dual st hySFaudiq alacluater| aﬁﬁ@NBlYZShéU#ﬂgim4uls¢¢ttﬁmblﬁﬁlibﬁera

pri mary packer. mandre| haV|n% Iongltudlnal fl ow passage;
secondar%°vﬁ&%ﬂqﬂ°“n dPB| Saidy erdeBﬁﬁﬁ%uéPﬁmcuniFQEE%aﬁéidan

expandatle SorlaShaEY o e PP R I 0
o s ALY, 06 O L ML eRE R BhoBSREERL
against the bore of said setting cylinder thereby defining a
variable volume pressure chamber for receiving hydraulic
fluid, and said piston having a spreader cone portion for
engaging said anchor slip assembly, the. improvement
10 comprising a locking rod mounted onto said setting cylinder
and extending axially through said variable volume pressure
chamber, said piston having a pocket in which said locking
rod 1s received in telescoping engagement; and, a locking
slip disposed between said piston and said locking rod, said
15 locking slip having ratchet threads engaged against said
locking rod for permitting extension movement of said lock-
ing rod relative to said piston, while preventing reversal
of said extension movement, whereby said locking rod is W/
captured in compression between said piston and sétting cyl-
20 inder upon extension engagement of said setting cylinder
~ against said seal element assembly and extension engagement
of said piston spreader cone against said anchor slip

assembly.

12, A dual string hydraulic well packer

25 comprising, in combination:

a primary packer mandrel having a iongitudinal

flow passage;



hydraul i,c actuator assenbly including first and second nova- 10 ble force
transnrtting means engagable with said anchor slip assenbly mmnm“ﬂnm I“|
el eneé~ assenbly, respectively; said first novable force tra

having first apd second axial sl'ip pockets; first and second Fock |ng
rods slideably 15 received within said first and second slip pockets,
respectively, said first and second | ocki 3§ rods being con- nected to said
second novabl e force transmtting neans; and, first and second ratchet
slip assenblies 20 received within said first and second slip pockets,
respectively, and engagi ngasai géeciongdargnd paxker | ochamdrebds, having a
respectively, said first and second ratchet slip assenblies having teeth
engagi ng t helengttudinalr fiowspesseged | ocki ng rods and di sposed rel ative
to said | ocking rods 40 for permtting extension of said | ocking rods

out of said slip pockets, while preventing retraction,of said | ocking,rods
into said slip pockets. 13an expandaple &§eal)geheneat |§,S§@T“Pl¥)a

defined 5 in claim n_each ratchet sI| asse conprises a
plurality of°§£8n§ﬁiédPW2F@F¥ i §§copgary pac ﬁrd n%§¥PFHg hydraul i ¢
wel | packer as defined in cIa|n112, I ncl udi ng bias spring neans interposed

between sg d first movabl e foree Al T HsienBiY Supidrted by said pri-

mary and secondary packer mandrels;

U a hydraulic actuator assembly movably mounted
onto said primary and secondary packer mandrels, said
hydraulic actuator assembly including first and second mova-

10 ble force transmitting means engagable with said anchor slip

assembly and said seal element assembly, respectively;

said first movable force transmitting means

having first and second axial slip pockets;

_ first and second locking rods slideably
15 received within said first and second slip pockets,
respectiveiy, said first and second locking rods beiﬁg con-
nectéd to said second movable force transmitting means;

and,

first and second ratchet slip assemblies

.20 received within said first and second slip pockets,
i respectively, and engaging said first and second locking
rods, respectively, said first and second ratchet slip
assemblies having teeth engaging the external surfaces of

said locking rods and disposed relative to said locking rods



l‘mﬂ‘ @\él ip assenblies for urg| ng sai d ratchet "5l i p assenblies for :
\\ “mﬂ& relative to said |locking rods within said slip pockets.

sai d sec é‘lfll

hydraul i c

A dual string hydraulic wel Lgpacker as defined in claim12, “=hi d
Iocklng rods each having a threaded 15 axial bore, and |nclud|ng a t hr eaded

bolt fast
secur ed |£%§a?

cou

#hrEnaeaioar i6h o el doloukihacTof UF oF ofed S”foé‘f‘?o
o Al L TR b O GRecEon égc%% AR5 or ce

transm t ti b "ERRS ggyang1§€ngg§ﬁéeg bores through which sald t hr eaded bol t

f ast eners extended and coun

. fastener bolts are received. 17. A dual string hydraulic well

erbore pockets in which the heads of said

packer as defined in claim 16, including threaded pressure plugs disposed
I n said c®nt er bor eApdedkt string chyddaul hcewekll pagkgenastdefihedai d second

novabl e force transmtting neans. 5 18.

A hydraulic well packer as

defi reed iincthaim 122, ovkepeina¢ach oratchetinshipt #sgemblyiscomprasepr eader
cone engageable with said slip actuator assenbly, and the other one of said
‘nmovabl e f@drREurahityi of | peonenrRd neeteheh s:iPFng head engageable with said

seal
12,

assenbly. 10 19.

A hydraulic well packer as defined in claim

said first and second novabl e force transnitting means

10

15

20

14.

A dual string hydraulic well packer as defined

in claim 12, including bias spring means interposed

between said first movable force transmitting means and

said ratchet slip assemblies for urging said ratchet slip

assemblies for retraction movement relative to said

locking rods within said slip pockets.

15.

A dual string hydraulic well packer as defined

in claim 12, said locking rods each having a threaded

axial bore, and including a threaded bolt fastener coupled

to said second movable force transmitting means and

secured in said threaded axial bore fhereby connecting \;)

said locking rod to said second movable force transmitting

means.

16.

A dual string hydraulic well packer as defined

in claim 15, said second movable force transmitting means

having connecting bores through which said threaded bolt

fasteners extended and éounterbore pockets in which the

heéds of said fastener bolts are received.



conprising a piston nmounted for slidable sealing engagenent al el
packer-Trandrel and a setting cylinder nounted for slidable, sﬂg'ﬂjgmllj“"""””“l
engagenrent along 15. said packer nendrel gy respectively, said's s
cylinder having a bore defining a pressure chanber in which said annul ar

piston is received in slidable, sealing engagenent, one of said packer

mandrel s having a flow port connecting the fl ow passage of said one packer
mandrel in 2Q7. fl ow coemiuslc attrdmgnrbiydreaild o rasldl ipacieantsy definkd 20. A

dual string hydraulic well packer as defined in claim12, wherein said

first novabl énf @l@dim rifns ningliudng: dityrensiggd ipesssuns lorgsadisgoses nirsai d
second novable 10 force transmtting nmeans conprises a setting cylinder,

sai d piston being slideably received in sealing engagenent agai nst the

i nside di aneter, bore of said setting cylinder,. and sai i ston having first
and second RIS AU HRR% PACHeTH (4L SSRIE P AR SPSRURHATS ar o
extended, saig 45 S8 IG5 iR ed e Bead R en dlisposed f or
engage- nent "agal NSt sal d seal el enent” asse y an aving tirst and second
bores through which said primary and secondary packer mandrels are
extended, said piston having a spreader cone for engaging said anchor slip
assenbl y 5 thaghead of gRiHyRARIR WeldeTiduner ad idetindd aln ROWGRrY, of the
vari abl e vol - une pressuré chanber, and the inside face of said setting
cylinder headmieiofigiid facecrafisiidiinfaeany Hdie a/aljpreader cone

engageable with said slip actuator assembly, and the other
- one of said movable force transmitting means having a

setting head engageable with said seal assembly.

10 19. A hydraulic well packer as defined in claim 12,
said first and second movable force transmitting means
comprising a piston mounted for slidable sealing
engagement along said packef mandrel and a setting
cylinder mounted for slidable, sealing engagement along

15 said packer mandrels, respectively, said setting cylinder
haviné a bore defining a pressure chamber in which saiad
annular piston is received in slidable, sealing
engagement, one of said packer mandreis having a flow port
connecting the flow passage of said one packer mandrel in

20 flow communication with said pressure chamber.



‘

bIe vot-uire—pressure chanber, said first and’ second Iocklng rods extending
Hﬂ“ﬂ,ﬂ hrou h sald variabl e vol ume pressure 25 chamber. 43 21. A dua

£

| I packer as defined i'n claim 12, said anchor sli

a tubular slip carrier and a plurallty of anchor S|IpS
nDunted onto sald slip carrier for radgal shifting novenent relative to 5
said slip carrier, said tubular slip carrier having a plurality of axial
slots for receiving gui de lugs; and, a plurality of guide |ugs nounted onto
said first novable force transmtting neans, said guide |ugs extending
through said axial slots in said slip carrier for 10 stabilizing axial
nmovenent of said second novable force transnmitting neans relative to said
slip carrier. 22. A dual string hydraulic well packer as defined in claim
12, said first novable force transmtting neans 15 conprising a piston
havi ng a spreader cone engagable with said anchor slip assenbly, and
I ncl udi ng a bottom wedge novably nounted onto said prinmary and secondary
packer mandrels, said bottom wedge having first and second cylindrical
bores through which said first and second pri- 20 mary nandrels are
.extended, and having a spreader cone which is engagable with said anchor
slip assenbly; a bottomretainer having first and second

20. A dual string hydraulic well.packer as defined'
in claim 12, wherein said first movable force transmitting
means comprises a piston and wherein said second movable
10 force transmitting means comprises a setting cylinder, said
piston _being slideably received in sealing engagement
against the inside diameter bore of said setting cylinder,
and said piston having first and second bores through which
said first and second packer mandrels are extended, said
15 setting cylinder having a head portion disposed for engage-
ment against said seal element assembly and having first and
second bores through which said primary and secondary packer
mandrels are extended, said piston having a spreader cone
for engaging said anchor slip assembly, the head of said
20 piston defining a first axial boundary of the wvariable vol-
ume pressure chamber, and the inside face of said setting
cylinder head'defining a second axial boundary of the varia-
ble volume pressure chamber, said first and second locking
rods extending axially through said variable volume pressure

25 chamber.



cylindrical bores through which said primary and secondary
are extended; 44 a tubul ar rel ease sl eeve coupled to sai ﬁ‘ﬁmw‘\@m‘“\ﬂ“\
packeﬁﬁnandrel and di sposed internedi ate said bottomretain

bott om wedge; shearabl e connectdr neans rel easably securing 5 said rel ease
sl eeve to said primry.packer mandrel;: anf® a releasable coupling collar

I nt erposed between said rel ease sl eeve and said bottom wedge for

transmtting conpre55|on s&?&aualLg£§3§nh9d§ggfiéhggifbégEgdeggldégﬁggstor

neans. 10 radadl asse

conpri si ng, fxfléfé'ﬁhnitz' Ol%a il de 4 Cﬁéesr?%ﬁwal oy %}Qﬁffgng %ubf%ar

| ongi t udi nal ow passade; a seco ary ing a

| ongi t udi nalgyf{ PWcRRSIRYC arfd BORL rr%tl% fof NaMERSr §11Ys Moshte£Cce
cylindrical Sborlgs t hr ough aWhI ch ?alud pri xr?/ and segondari)tys packer mang?gl S

are extendeda@d SXPpNalthd geator! eEBNb1haNiTe ihig' sovaiibrd) B6T&BIve to
cylindrical bores through which said primary and sec- ondary packer

mandr el s &r eszdd ergletb searkiepandsdi@® deibduldre meili pheicag rdegaghlaivdnggaanst
said top retainer; a setting cylinder having a head portion dis-
plurality of axial slots for receiving guide lugs; and,
a plurality of guide lugs mounted onto said
first movable force transmitting means, said guide 1lugs
\ extending through said axial slots in said slip carrier for

10 stabilizing axial movement of said second movable force

transmitting means relative to said slip carrier.

22. A dual string hydraulic well packer as defined

in claim 12,

salid first movable force transmitting means

15 comprising a piston having a spreéder cone engagable with
said anchor slip assembly, and including a bottém wedge
movably mounted onto said primary and secondary packer

- mandrels, said bottom wedge having first and second
cylindrical bores through which said first and second pri-

20 mary mandrels are extended, and having a spreader cone which

is engagable with said anchor slip assembly;

a bottom retainer having first and second
cylindrical bores through which said primary and secondary

packer mandrels are extended;



—pused—for—engagenent agai nst sai d seal ‘el emght, said séfting cyl i nder

- ' it and second bores through which said primary and secondary

|ﬂgiﬂuﬂﬁmﬂmuﬂﬂare ext ended, and said setting cylinder having an intefnal *
IMi g a& pressure chanber for receiving a piston; 5 a

pi ston having first and second cylindy cal bores through which said primary
and secondary packer mandrels are extended, and having first and second
axi al pockets for receiving | ocking rods, said piston being slideably
received in sealing engagtiillaragfiledsd hsldenwse deodPl ddr €ookagadi drgetting
cylinder, said piston having a spreader cone adapted for engagenent with an
anchor shapy tpgarkemdmahdseld gndtdbspesedi iptermeditateci shidobatsom of a
vari abl e vol ume pressure chanber, and the inside face of said setting
cyl i nder rébatindef andngaddsbostomi $edgeal boundary of the variable vol une
pressure chanber; first and second | ocking rods received within said

vari abl e vol une pressure chanher, said first and second | ocki ng rods being -
attached to said setti S§e8FRPABe CANORFEOr deRATgreteasabdyi $ecurd8dopi ng

engagenent W thin said_ 20 piston ckets; first. and ecqond _ratchet slip
assentl | 8844 cERLORTWFLAFYES 500 SA10, BF HAENC PACKRY BRgAZETY 8% first and
second | ocking rods, respectively, said first and second ratchet slip
assenbl i es each having_tee ipng t - t ernal r f f i d
| ocki ng rods for perni?tinggﬁggg%gig éﬁhg%&ﬁa: dlid’ ‘Tﬂ%iﬁ%og 3
between said release sleeve and said bottom wedge for
transmitting compression setting forces to said shearable <

mandrel connector means.

10 23. A dual string hydraulic packer assembly

comprising, in combination:

a primary packer body mandrel having a

longitudinal flow passage;

a secondary packer body mandrel having a

15 longitudinal flow passage;

a top retainer having first and second
cylindrical bores through which said primary and secondary

packer mandrels are extended;

an expandable seal element having first and
" 20 second cylindrical bores through which said primary and sec-
ondary packer mandrels are extendgd; said expandable seal

element being engagable against said top retainer;

a setting cylinder having a head portion dis-

posed for engagement against said seal element, said setting



46 sion novement of said | ocki ng rods relative to said plston whi | e
preventing reversal of said extension novement; a bottomret tul] mutmnumnlllll
f.i rst \and secormd bores through which said prinmary and second

mandrel s are extended; an anchor slip assenbly di sposed bet weén $ai d plston

and said botton1reta|ner sai d anchor sllp’assenbly having a tubular slip
carrier and a plurality of anchor S|IpS nmount ed onto sai d tubular S|Ip

CTots Tor robdiasty Agkd ) {5"&%1@“ P B8 AR gt Trbughy it
Pvi ng i roro iy gt iz, pid o r.cﬁﬁoreﬂ%ro%% ﬁ%ﬁ%ﬂﬂ%@ y

and secondar gaaackgétﬂmgre&ﬁﬁ{&@xr@wﬁghor Sgnieei:ﬁsﬁ‘ }%ﬁ%yﬁg}giﬂgngul .

| ower spreader cone engagabl'e with the an I ps carr

slip carri er prasputedichamber g6 lerdceisy 1Ay @i sy sai d bott om wedge and
received within axial 20 slots formed in said tubul ar slip carrier; a

tubul ar rel ease sl eeve nmounted onto said primary packer mandr el and
rel easabl y8 connect ed t her et pystbmahabliagnefitst sand seceade &}lgaiar freiing
rel easably cou- pled to said bottom wedge; and,
bores through which said primary and secondary packer
mandrels are extended, and having first and seéond axial
pockets for receiving locking rods, said pisfon being
R, slideably received in sealing engagement against the inside
10 bore of said setting cylinder, said piston having a spreader

cone adapted for engagement with an anchor slip;

the head of said piston defining a first axial
boundary of a variable volume pressure chamber, and the
inside face of said setting cylinder head defining a second

15 axial boundary of the variable volume pressure chamber;

first and second locking rods received within
said variable volume pressure chahber, said first and second
locking rods being attached to said setting cylinder head,
and being received in telescoping engagement within said

20 piston pockets;

first and second ratchet slip assemblies
received within said piston pockets and engaging said first
-and second locking rods, respectively, said first and second
ratchet slip assemblies each having teeth engaging the

25 external surfaces of séid locking rods for permitting exten-



. 47 said secondary mandrel having a radial -
se “mfonnunlcatlon with said variable volune pressure chanbgr
&\“\ ““‘l“ wel | packer constructed and arranged for use and -

Lonnsubstantlally as described herein with reference to the

acconpanyi ng draw ngs. 4%

sion movement of said locking rods relative to said piston,

while preventing reversal of said extension movement;

a bottom retainer having first and second
bores +through which said primary and secondary packer

5 mandrels are extended;

an anchor slip assembly  disposed between said

piston and said bottom fetainer, said@ anchor slip assembly

having a tubular slip carrier and a plurality of anchor

slips mounted onto said tubular slip carrier for radial

10 shifting movement, and having a plﬁrality of 5xial slots for
receiving guide lugs;

a plurality.of guide lugs mounted onto said

piston and received within the slip carrier axial slots;

~a bottom wedge having first and second

15 cylindrical bores through which said primary and secondary
packer mandrels are extended, said bottom wedge'having a
lower spreader cone engagable with the anchor slips carried

by the tubular slip carrier, a plurality of guide lugs
mounted onto said bottom wedge and received within axial

20 Slots formed in said tubular slip carrier;

a tubular release sleeve mounted onto said
primary packer mandrel and releasably connected thereto by
shearable means, said release sleeve being releasably cou-

pled to said bottom wedge; and,
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said secondary mandrel having a radial setting
port in communication with said variable volume pressure

chamber.

24, A hydraulic well packer constructed and arranged
for use and operation substantially as described herein with

reference to the accompanying drawings.




