T
\

TORQUE-RESI STANT, SEAL SETTI NG FORCE- LI,M TED, HYDRAUL CALLY SHTipAterHaaBedn Replaced
PACKER 'STRUCTURE AND ASSOCI ATED METHODS BACKGROUND OF THE | N\/E lm ml ,"

present invention generally relates to well drilling and conpl
a preferred enbodi nent thereof, nore pagticularly relates to packer
structures and assquQdeRgg §@ utsghgegET@IN@IgoﬁégLLtnngﬁd conpl etion
activities. In a éii dE THEEE'WH%S“? R dT@Qkﬁﬁﬁﬁﬂ and
described in the af orerrent I onegdyrs It TaoYg cation serial no.

08/ 296, 941 incorporated herein by reference, a hydraulically settable

t ubul ar packer struct CROSS-REFERENCE:|TO IREUATED: APPLICATION cal wel | casing
and coaxi ally supports an orienting nipple. The nipple has a key-receiving
vertical |ocat Thgspapplicatbomed anconsinuatidnrintphrts off gopendpdg U.S.
additionally has a spiral groove forned on its interior side surface. After
the packeRPRLpERELSH; gerdad ne.s&B8/i296p194de iilest o Augues Rf . d W4 aandr
structure having a drillable corevgéj]?rtlon s |Lowered through the caS|E£Nand

Passed dofARAF4RE t NISFROVER sBrgeEYPe f%%%r|%ﬁB
st uct B?e@ﬁ@iﬁﬁ?% BELL d’?‘ﬁﬁrﬁ%%”@"@ﬁ?#ﬁﬁ#”rOE%‘%%V%%%W% a
"ock ng' 1 AEBYPRL R Che BT REteby T FhoBrplBfidl oA alt Mieteny BT,

above thergggrgﬂgeoﬁekggnpacker/n|pple structure at a predeterm ned
vertical posrtiron wthin the well casing. As the diverter structure passes

~downwardly through the BACKGROUND OF THE INVENTION

The present invention generally relates to well drilling and
completion and, in a preferred embodiment thereof, more
particularly relates to packer structures and associated methods
utilized in well drilling and completion activities.

In a multilateral well formation method illustrated and
described in the aforementioned copending U.S. application serial
no. 08/296,941 incorporated herein by reference, a hydraulically
settable tubular packer structure is operatively installed in a
vertical well casing énd coaxially supports an orienting nipple.
The nipple has a keyépéceiving vertical locating profile formed
on its interior side surface, and additiocnally has a spiral
groove formed on its interior side surface.

After the packer/nipple structure is set in place within the
casing, a diverter structure having a drillable core portion is
lowered through the casing and passed downwardly through the
packer/nipple structure interior. A locating key assembly
carfied by a lower end .portion of the diverter structure snaps
into place within the nipple vertical locating profile in a

manner stopping further downward travel of the diverter structure



packer/ni ppl e structure, and before the diverter |ocating key assenbly
snaps into | ocked engagenent within the nipple vertical locating profile, a
spring-1oaded orienting |lug disposed on the diverter structure enters and

- spirally traverses the nipple interior surface groove to thereby rotate the
diverter structure to a predeterm ned cigcunferential orientation within-
the casing. Using a sloped upper end face of the installed diverter as a

defl ectingng umaﬁenﬁa itUidabige bR{pHle Séh&CfJ.BE:QtiiﬁgF here ussyl éRadbiel lthe
outwardly through the casing, and into the surrounding earth, to establish

a | at er aldpxd £t ostadfuddiraebboker echd hadiewWendf obfedt Haat Padkedyindpplen of
the well is then provided with a concrete-encased |ining structure that

conmuni cadtasuctumwe t it t Aepradetepminédt ert asahgpabbtitonhwitdhiar tbe well
structure. The diverter structure used to facilitate the formati on of the
| at eral veAsingt eds GhebHavRytetf sthuctute magaes idawnnandl ¥ thirough the
packer/nipple structure from the _casing portion below the

packer / niBaftkeninipple estructnner 8B8dr beforgh the SLYRXERE L PEAL bBIWESY

t hese casin ortions it, is pecessary to drill out,the core Qf the diverter
Str uct ur ASFRIRLY |STAPE, dRCo.LaFkRd SHIRTERRNG MR ihithe & LBRE: VRFE 1ee Lset

7" 2 PG AR 0% £ "\ SRR aSTeb B, R e, S By
oo SRR | BUCRLORC Lol D SGH AR LSl Lipne
i ncl udi g 4 ROS iuirFY e gRooiide L8 ¥REFEby SEdtktidIithd BivRetRICLeH BLRRLE
structure and its subsequént use as a boring tool deflection

to a predetermined circumferential orientation within the casing.

Using a sloped upper end face. of the installed diverter as
a deflecting surface, a suitable boring structure is then used
to drill outwardly through the casing, and into the surrounding
earth, to establish a lateral extension of the well bore. The
newly formed lateral extension Qf the well is then provided with
a concrete-encased lining structure that communicates it with the
interior of the casing above the diverter structure. The
diverter structure used to facilitate the formation of the
lateral well extension blocks off the casing portion above the
packer/nipple structure from the casing portion below the
packer/nipple structure. In order to re-establish communication
between these casing portions it is necessary to drill out the
core of the diverter structure.

As will be appreciated, once the packer/nipple structure is
set into place within the casing, in a precise vertical location
and rotational orientation therein, it is critical to maintain
both the vertical position and rotational orientation of the

packer/nipple structure during the balance of the following



gui de devi ce. Conventional packers which are nmechanically or hydraulically
set in place within a well flow conductor such as a casing string are
respectively anchored and seal ed within the conductor using
circunferentially spaced, radially outwardly deflectable toothed netal slip
anchors that are driven into biting engagenment with the interior side
surface of the casing, and an annular resilient seal structure that is

axi ally Qeit@redsedvdll a Rteesicmdi fbinatibd®r nprecédusst Wehdlidingo egal i ng
engagenent with the interi.or side surface of the casing. These

convent i geailtyicodmgy r o€t etheaddarextayre sypucaliky sitbj edtiecdppckerynlippie
axial loads within the casing, and their anchor structures, when properly
set, wor Etapidtune prrdeptsasiubisesiienti upefashs paekiag iadlt ndefidectisong.
However, in the packer application just described, the set packer is

subj ect e@UdHE HEW%i&iS -ous phases of the lateral well portion fornation
procedure to relatively high rotational forces wfhin the casing, B and
convent i onal m@tnts’iqn&qagéﬁb?r&"fm%ﬁé‘? wRrhRricRhY o8 By@:gap\a;glcally
sufficient resisiance t facker ro%;tion Lt hin th%afasing atter
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convent i onal “packers o YPE€ genera escCri above TS the po i al

over stressi Aelila’ esj.d WA ' ' ' of
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seen t hametaleefl igXiatichdr® dHEY Quad DG BPRREIEE tiEn %ﬁ%&%@tﬁﬂ;h
nmet hods, that elimnates or at |east substantially reduces the foregoing
the interior side surface of the casing, and an annular resilient

seal structure that is axially compressed in a manner radially
deforming it outwardly into. sealing engagement with the interior

side surface of the casing. These conventionally constructed

packers are_typically subjected primarily to axial loads within

the casing, and their anchor structures, when properly set, work

well to prevent axial shifting of the packer within the casing.
However, in the packer applicat;on just described, the set

packer is subjected during various phases of the lateral well
portion formation procedure to relatively high rotational forces

within the casing, and conventional packer slip anchor structures

do not tend to provide sufficient resistance to packer rotation

within the casing, after the packer has been set, to prevent

packer rotation relative to the casing in this particular packer
application. Additionally, a potential problem with éonventiona_l

packers of the type generally described above is the potential

overstressing of their annular resilient seal assemblies during

setting of the packer within the casing.



anchoring and sealing problens, Iimtations and di sadvantages which are
typically associated with conventionally constructed packer assenblies. It
is accordingly an object of the present invention to provide such inproved
packer apparatus and associ ated net hods. SUMVARY OF THE | NVENTION In
carrying out principles of the present ijnvention, in accordance with a
preferred enbodi nent thereof, a packer structure is coaxially installable

Within a subt efFeeafe Wehlegblify ONEMEUadiNd, be EBEACEHAE a Hedd ¥xists
resistant to being rotated relative to the well flow conductor. The
packer stfigict improwreludsscicer UApbakabady coRXi abbycpatell ansdthadsy t khatt he
wel | flow conductor and having an axial centerline, and a circunferentially
spaced plairiairnated s paancleast ssppsttatdiadliyyherédineesr dhedy fbaegnddgal
novenent relative thereto between inwardly retracted rel ease positions and
out war dl yarsharidel ardt srglpogi probdemSet tlimitaddiensarand adisadvantages
tubul ar body and are selectively operable to forcibly drive the slip
anchors WHieh MYe Fepiealblyoasseorated vhehrcenvengtenablyt FeRStrHCRARCHh

toot hed outer side syrface portions of the s]ip anchors bitingly engage the
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orientin L s coaxiaII%$secur dto al ortion of the tﬂgular

ni | ower enqk
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| ocat i ng é¥é§éd‘ﬁé¥ﬂ§dﬂ1 axially spiraling groove are forned.
Addi tionally, an annul ar resilient seal structure is coaxially carried

on the tubul ar packer body Powminiy 20 T AsnAkmTGeTPressed and radial |y

outwardly deformed into sealing engagenent with the
In carrying out principles of the present invention, in

accordance with a preferred embodiment thereocf, a packer
structure is coaxially installable within a subterranean well
flow conductor and is thereafter highly resistant to being
rotated felative to the well flow conductor. The packer
structure includes a tubular body coaxially positionable within
the well flow conductor and having an axial centerline, and a
circumferentially spaced plurality of slip anchors supported on
the tﬁbular body for radial movement relative thereto between
inwardly retracted release positions and outwardly extended
setting positions. Setting means are carried on the tubular body
and are selectively operable to forcibly drive the slip anchors
from their release positions to their extended positions in which
toothed outer side surface portions of the slip anchors bitingly
engage the interior side surface of the well flow conductor.
Preferably, a tubular orienting nipple is coaxially secured
to a lower end portion of the tubular packer body portion and hgs
an interior side surface portion in which a locating key profile

and an axially spiraling groove,aré formed. Additionally, an



interior side surface of the well flow conductor in response to the setting
of the slip anchors. According to one packer torque resisting feature of
the invention, the gripping teeth on the outer sides of the slip anchors
have | engths that are sloped relative to the axis of the packer body and
relative to a plane perpendicular to thg packer body axis. This specially
desi gned gri pping tooth arrangenent and orientation provides the installed

packer wahAudabi HesdaGlRft Ofed PSEELARERXEO iBOldb AN A1 ANdafi-i £4TLE efléd al
di spl acenent relative to the well flow conductor. Preferably, each of the

slip anchabudadierpstkier s BIBE epolr@ionpparid ands | aweh139Ct tOMSredbéd tdved
gripping teeth on the upper and | ower sections being sloped in generally
opposi t erddiatiyomutwardigi tdefedthegd déacbh ceadumiceremdagéhentadwdeantthpair
of upper sections have gripping teeth that are sloped in generally opposite
directi ohntepntovr didg surfiacehef phekwell oflpwe caxiwttion icatasponde ttiwe
invention, the slip anchors have sl oped inner side surfaces that are
engaged Bheceebtiingrefit thel §lipaaneherat areas formed on facing end
portions of an ogggsed annul ar setting wedge nmenbers coaxially carried on
the tubul ar pRERRFABEy LoTHG PReken  £2F ML REHEHING iRy Tg of the
interdigitated.wth_arcuat.e quter_side surface rtions.of the _faci wedge
nenber eﬁﬂge?‘ﬂé npr(g'?‘ c ARG to?ﬁtq? n°?a8$§| dg’i FctFoIRE tRint esfqi%ﬂ
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positions. A subsequent rotational force 1 npose
body axis. This specially designed gripping tooth arrangement
and orientation provides the installed packer with a high degree
of resistance to both axial and circumferential displacement
relative to the well flow conductor. Preferably, each of the
slip anchor outer side surfaces has upper and lower sections,
with the gripping teeth on the upper and lower sections being
sloped in generally opposite directions. Additionally, each
circumferentially adjacent pair of upper sections have gripping
teeth that are sloped in generally opposite directions.

According to another packer torque resisting feature of the
invention, the slip anchors have sloped inner side surfaces that
are engaged by circumferentially spaced flat areas formed on
facing end portions of an opposed annular setting wedge members
coaxially carried on the tubular packer body. These flat areas
are circumferentially interdigitated with arcuate outer side
surface portions of the facing wedge member ends that project
farther out in radial directions than the flat areas.

When one of the wedge members is axially driven toward the

other wedge member, the flat areas on the wedge members forcibly



on the packer body and wedge nenbers, which would otherwise tend to rotate
the packer relative to the well flow conductor, is strongly resisted as the
curved portions wedge nmenber surface portions between the flat surface
portions begin to nove into an underlying relationship with the inner side
surfaces of the slip anchors. As this ogcurs, the radially outwardly
directed setting force on the anchors is increased, thereby increasing the

resi stanggigk the Qﬁﬁkeéné&f@wemudlf%haeaaw réBbabé ViSod Pt { Higs &b |

fl ow conductor. According to another feéature of the present invention, the

packer igh8ydradttingl posetiohbe A SUBIONSERY FBENEIHHAL Lﬁdﬂ'délnn'@pcﬁsed
drillable block nenber anchored within an interior portion of the tubul ar

packer bodythe paciet ibufy et wedge metmbersw which waskdget ledtwimks terid t he
bl ock through the top end thereof and then turns outwardly through the

bl ock antcexotage tthreoupghcker | nedatidvepset itdie ofell sflewwsondyegoren iof t he
t ubul ar packer_body. In the first setting step, a pressurized fluid is

f or ced tﬁF593a1¥h€e§a§§&ee aeﬁn&heescamf%ewr'éh%%sw?ﬁgesmﬁg sugface;| i p

anchors and a parti al C e on of the resjlient seal structure. In
the secoRQTELpbs naée‘f%f,n t?}l% f&%ﬂs‘%&cﬂ BeHE L onB obel R LA TS S At
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resistance of the packer to rotational displacement relative to
the well flow conductor.

According to another feature of the present invention, the
packer 1is hydraulically settable in a two step procedure
utilizing a drillable block member anchored within an interior
portion of the tubular packer body in a sealing relationship
therewith. A passage extends into the block through the top end
thereof and then turns outwardly through the block and extends
through an interior portion of a side wall section of the tubular
packer body.

In the first setting step, a pressurized fluid is forced
through the passage and responsively causes the setting of the
slip anchors and a partial axial compression of the resilient
seal structure. In the second setting step, a pressurized fluid
is forced downwardly through the packer body interior ;nd exerts
a downwardly directed pressure force on the top end of the block.
This, in turn, shifts the packer body downwardly relative to the
setting wedges and completes the axial compression of the

resilient seal structure. Finally, the block is drilled out to



packer. According to a further feature of the present invention, during the
second setting step, an annular structure coaxially carried by the tubular
packer body forcibly engages one end of the seal structure and is axially
deformable, to thereby limt the maxi num axi al conpression force exerted on
the seal structure, in response to the gxertion thereon of an axial force
exceeding a predeterm ned maxi num |l evel. Preferably, this axial deformation

i's provi it *e1aNAULAR SE6Y frdwge acHd Ertire HRFReA og02shgthyoEeereved
in one of the setting wedge nenber,. engageable with an end of the seal
struct ur packed .bei ng wedgingly drivable axially into the setting wedge
menber. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a highly schematic
partly el evat Aocarddngs o secfuvbhérvieatubeoodh they aresmit pinvenbion, a
subt erranean well casing structure in which a hydraulically settable packer
st ruct ur duaniingdrihey SRdang et iglg t9tepr aerannhhantsometurp ceaaxial iy

di sposed; FIGS.. 2A - 2E are enlarged scale partial_ quarter sectional views
t hrough F8rTies byortihieofdikirl ath Pasdate bady (kanfid h fAngager Qne g9d of

correspond to vertical packer structure por iéww "A" through "E" if.FlG. 1
i th thePEciE&R tsrqfd{‘i}{‘)’éfeoé% 55 A ‘%ﬁ ‘?Wtﬁr?' r‘?ﬁ"g‘iﬁ’aﬁﬁ% ek eof ;
FIGS 3Ay 3C ats s arged soal baciigl o LLET $5140571 o1 .t hEgu
verti cal BgrtW8ﬁ§m8 t RE packg? g?ruc#ure ?ﬁa respec%lvely correspon% to

vertical spagkelral " Yt PEEpBALL! P8 he exertd I tHdHonCos! AnFhfial £iEéd the
packer structure being 1n a - -
exceeding a predetermined maximum level. Preferably, this axial
deformation is provided by an annular setting force limiting
member coaxially received in one of the setting wedge member,
engageable with an end of the seal structure, and being wedgingly
drivable axially into the setting wedge member.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a highly schematic partly elevational crdss—
sectional view through a vertical portion of a subterranean well
casing ‘structure in which a hydraulically settable packer
structure embodying principles of the present invention is
operatively disposed;

FIGS. 2A - 2E are enlarged scale partial quarter sectional
views through vertical portions of the packer structure that
respectively correspond to vertical packer structure portions "A"
through "E" in FIG. 1, with the packer structure being in an
initial run-in configuration thereof;

FIGS. 3A - 3C are enlarged scale partial quarter sectional
views through vertical portions of the packer structure ﬁhat

respectively correspond to vertical packer structure portions "A"



partially set configuration thereof; FIGS. 4A-4C are enl arged scal e parti al
quarter sectional views through vertical portions of the packer structure
that respectively correspond to vertical packer structure portions "A"
through "C" in FIG 1, with the packer structure being in a fully set
configuration thereof; FIG 5 is an enlgrged scale bottomend el evati onal
view, taken generally along line 5-5 of FIG 2A of a circunferenti al
portion ehreaghnmdrarisefrticng 1jedgiciresher pasker stdhigctinakebe shgudinurg and
having a circunferentially spaced series of uniquely operative mlled flat
areas fopartiiahdtyeset EbafiGhAratian thémegf¢ scal e cross-sectional detai
view of the circled packer area "6A" in FIG 2A, and illustrates a
speci al | y desF§R€d 4dakCsane replarged | sealengastiadt quanten tsequienal
orientation; FIG 6B_is an enlarged scal e cross-sectional detail view of
the circVé@Wpabhgrugtereiicah pperians 2fd the (ReFkeEsSERECEEER ddidt ng

f -limiti truct fter . th ker. has been brought to its full t
or i ent at FBMPSGRAVEL B, COX TESBAPLHPaY GEE Ph AT, SHEYEF BREPRRELRO A de
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subterranean wegl 0 i@XISNHEAMLIdEP $E816UB6EESMH! BAdCR1EFatioBal view,
taken generally along line 5-5 of FIG. 2A, of a circumferential
portion of an annular setting wedge member used in the packer
structure and having a circumferentially spaced series of
uniquely operative milied flat areas formed thereon;

FIG. 6A is an enlarged scale cross-sectional detail view of
the circled_packer area "6A" in FIG. 2A, and illustrates a
specially designed seal setting force-limiting structure in its
run-in orientation;

FIG. 6B is an enlarged scale crogs—sectional detail view of
the circled packer area "6B" in FIG. 4A, and illustrates the seal
setting force-limiting structure after the packer has been
brought to its fully set orientation; and

FIG. 7 is an enlarged, partially developed exterior side
elevational view of a portion of the packer taken aiong_line 7-7
of FIG. 2A and illustrating the specially configured toothed
outer sides of a pair of slip anchor members Qperatively carried
by the packer body.

' DETAILED DESCRIPTION
Schematically illustrated in FIG. 1 is a vertical portion

of a subterranean well 10 extendiné into the surrounding earth



12 and including a well flow conductor in the formof a netal casing string
14 having an interior side surface 16 and being set into a well bore 18
with a suitable” cenment lining material 20 circunscribing the casing 14.
Representatively, the well 10 is an existing well which is to be augnented
by the subsequent formation of at |east gone lateral well bore that extends
generally horizontally outwardly fromthe casing 14 and communi cates with

its interipdrand Thhelsabseasentl 2delbivorontiuatbat amaltiel fopréf oa metkhe

existing well 10 is illustrated and described in copending U S. patent
appl i cat ics iR istlrimg 1@8ha9ind4n interilkas shaensunfaceaated beifgnsby
reference. Still referring to FIG 1, to facilitate this |ateral extension

of the welldtd(a twelbrboreat 1Bnwiirthi @ suidsables cerspuri hidinglesagaeial 20
hydraulically settabl e packer structure 22 that is set in place within the
casi ng l&idaumsqyriddaiehiiensdsing 1dal Repxesentakdvedvat LbRawedli At 48i on
therein, in a manner subsequently descri bed. Packer structure 22 is of a
hol | ow, @Fere¥hseingumeiladr woigh gi® atPoPandugRenteds by tkhsi SRPBSEREPhody

mbly 24 hav | opi d.25, _and d, porti
Conx ol | PRI @ nfh iAo ond LBBERDn BYLE HARA aFRaEi oREFAReS
i ppl e 26 _havi - 3 f Or e K
ct ot ur 993 NET MR Sk B ng® St BECHRe
a predet %rogﬂgﬁ‘xt%fic%%l%tsh Wi ir{by ﬂﬂ:&i‘cﬁé"?? PAIBS Lt addPGh of a

structure hat 1s coaxia secured within an upper end portion of the

packer badtedsgeridiy Fbrtikdm ttebghar e&aauehgr fed? NBYisepleaspiatedehudbe

the anchor latch structure illustrated and described in copendi ng
described in copending U.S. patent application serial no.

08/296,941 which has been incorporated herein by reference.

Still referring to FIG. 1, to facilitate this lateral
extension of the well 10 the present invention provides a
specially dpsignea hydraulically settable packer strucﬁure 22
that is set in place within the casing 14, in a predetermined
vertical location and rotatiénal orientation therein, in a manner
subsequently described. Packer structure 22 is of a hollow,
open-ended tubular cénfiguration and includes a tubular packer
body assembly 24 having a sloping upper end 25, and a lower end
portion coaxially anchored within an upper end portion of a
tubular orienting nipplé 26 having an upper end 28 and a lower
end 30.

Before the packer structure 22 is set within the casing 14
it is lowered into the casing, to a predetermined depth therein,
on a lower end portion of a tubular structure 32 that is
coaxially secured within an upper end portion of the packer bo@y
assembly 24. The tubular structure 35 may representatively be

the anchor latch structure illustrated and described in copending



10 application serial no. 08/380,768 filed on January 30, 1995 and entitled
Decentralizing, Centralizing, Locating and Orienting Subsystens and Mt hods
for Subterranean Multilateral Well Drilling and Conpl etion (Docket No. OIlS
- 940136U1P3) and, while being anchored to the upper end of the packer body
assenbly 24, permts a predeterm ned anmpyint of relative axial novenent

bet ween the tubul ar structure 32 and the packer body assenbly 24 for

pur poses gl alcadaeer ideed alSholclos)y/s sof, 7eBe fRaekesn23atiabeyr 309 1owst andl GS.
2A - 2E, ich cross-sectionally illustrate the hydraulically settable
packer sentdtled Xetentislizingal Centrabieingnt dbicat ingharphc@eiehvilng
assenbly 24 includes upper and | ower main tubular body portions 34,36 which
are thr eftbsystgstsheands MetBedesefoEl GSubBerraneana Melkeilanedradct Wehl of
the | ower main body portion 36 being threaded into the upper end of the

ori enti n§rialggng apdacomplapion cdauket Moy OTFHF 134336V LUPH) epndesehibed,
and according to a feature of the present .invention, a nerally

cyl i ndri 205 dachexegk tor theapPrekantBfi f ER8RasEeH| RATY L AFSHBR1Y g4 op
and botton1en%§ 44 and 46 is ggitabl agch ed.coaXLaHI withip the

'nter i or BAETRRS Baekede (oHynRd AR At (AT v Al hovepent hetyren
bet ween er,.and r I g, b ti 3 l.s, O t he
portion t(‘):?’k %t ;]{:2&618}0 ]'l;rs%g%?t‘luﬂ eglzo(r&g‘gb%\%e tﬁ%éf)%.)fcgg%% if %%q&ba'gap%rtl%%ﬁ of

.t he pack i Lol he bl ock 42. An interior passage 48 is
S g o 408

formed i S an axially extending portion 48a opening’
outwardly through the uppersmz@q,flzgh@mg&%za@gal l'y extending portion
48b conmuni cating with the 1 nner end of the axial portion 48a and opening

out war dl y Referring now to FIGS. 2A - 2E, which cross-sectionally

illustrate the hydraulically settable packer structure 22 in its

"initial run-in orientation, the packer body assembly 24 ‘includes

upper and lower main tubular body portions 34,36 which are

threaded together as at 38 (see FIG. 2B), with a lower end

section of the lower main body portion 36 being threaded into the

upper end of the orienting nipple 26 as at 40 (see FIG. 2C). For

purposes later described, and according to a feature of the

present invention, a generally cylindrical block 42 of drillable

méterial (such as aluminum) héving top and bottom ends 44 and 46

is suitably anchored coaxially within the interior of the packer

| body.assembly 24 (see FIG. 2B), at the juncture between the upper

and lower main body portions 34 and 36 and seals off the portion

of the packer body interior above the block 42 from the portion

of the packer body interior below the block 42.

An interior passage 48 is formed in the block 42 and has an

axially extending portion 48a opening outwardly through the upper

block end 44, and a radially extending portion 48b communicating

with the inner end of the axial portion 48a and opening outwardly



t hrough the side of the bl ock 42. A hydraulic hose 50 is connected at a
| oner end to the upper end of the passage portion 48a and extends upwardly
therefromto the surface via the interior of the packer 22. Turning now to
an upper end portion of FIG 2A, a resilient seal assenbly 52, conprising
.upper, internmediate and | ower annul ar ejfstoneric seal nenbers 54,56 and
58, coaxially circunscribes the upper main packer body portion 34

I medi at alhrdigflowche adtdd abf dVBLEEY faci ngaexipdiauliedaese0 sdergon
and above a radially thickened upper end portion 62 of an annular setting
force | i mdnmertehizdr ab4oweat endptesein suppet Feard fofatthee passtye poeséoh

I nvention. Menber 64 slidably circunscribes a collar 35 extendi ng around
t he packé8adodpdpoextendss upwarddy ahhenefirar dewnkdied sunface adiisd | ghe

i nwardly tapered bottomend portion 66 (see FIG 6A also). Bottom end
portion é@beriqy efhishe &Kagkad 34y a sinilarly tapered annular interior

side surface recess 68 fornmed in an u r end, portjon of _an annul ar ,upper
setting wedge THHHEIE AP% K&t 28, P‘EH%C&E@E@OT{ rbz&dxgrlgooaﬁ'pﬁr FFﬁﬁiéﬁggnd
S axialé%ﬁggvabgewhglaté%e tQ;*eLo” Aﬁ bgst iJIustrq%ﬁg:in F1.G . 6A rthe
Irecess 6 tgﬁ 8 t Far>8t of BT 4892 BP F 1 5 Jrrb’z%’fmee : ellj'gtgnéinnﬁ?‘é{F
ower en e e S

shape, a_nél?;ue%catc}gr %ﬁ'_r?zgét?%nea ants?ryepp\ineﬁ'%gg%_r egg%?@i n%élr%%/i %?1,' [ éBig)%gé?ggd
With a Cidicin@tdl ItheSRRpRE #RinCPalke bbag bbptiBheds {MmédescEIy O)
used for a purpose later descCribed. As illustrated in FIG 5, the mlled

flat areaxelétw ahcahfih®ad] Howtivikdly Favigly exteLicRtlddde ctpaBededr 4RG Of
arcuate outer side surface portions 76 of the outer
above a radially thickened upper end portion 62 of an annular

setting force limiting member 64 that represents another feature
of the present invention. Member 64 slidably circumscribes a
collar 35 extending around the packer body portion 34 and has an
annular downwardly and radially inwardly tapered bottom end
portion 66 (see FIG. 6A also). Bottom end portion 66 is slidably
received in a similarly tapered annular interior side surface
recess 68 formed in an upper end portion of an annular upper
setting wedge member 70 that circumscribes the packer body
portion 34 and is axially movable relative thereto. As best
illustrated in FIG. 6A, the recesé 68 has an annular stop surface
72 at its lower end. |
The annular lower end of the setting wedge member 70 has a
generally frustroconical shape, and, according to a feature of
- the present invention, is provided with a circumferentially
spaced series of milled flat areas 74 (see FIG. 5) used for a
purpose later described. As illustrated in FIG. 5, the milled
flat areas 74 are interdigitated with a circumferentially spaced

series of arcuate outer side surface portions 76 of the outer



12 side surface of the lower end of the upper setting wedge nenber 70.

Rel ative to the centerline of the setting wedge nenber 70, these arcuate
outer side surface portions 76 project radially outwardly a greater

di stance than the flat areas 74. Referring nowto the lower end of FIG 2A
and the upper end of FIG 2B, an annul a1 ower setting wedge nenber 78
circunscri bes the upper packer body nenber 34 and is downwardly spaced

apart frabddeutifirie T tthed 1W@ge efaNBEr the. upﬁlaewsétﬁghgi wedyedgempeiber
78 has a tapered annul ar upper end .portion which, like the | ower end
portion 400.t hRelatdsremtabehe/GeniteclEne of) thessattinguwédgenmeabey 3paced
series of mlled flat areas 74 di sposed on its outer side surface and

i nt er di gitthetsed agreunte couter ssiddessutfacepmoritdons7 a6 Asraiecteradialbgar
the top end of FIG 2B, a circunferentially spaced series of collet fingers
80, havi S tivagsdve Bs @nead@ra djad anege thamd ther €ilaks ageasd@fend from t he
annul ar bottom end surface 84 of the |ower_setting wedge nenber 78. An
annul ar slip &&fereing:mes tgsthgetowey e%)oﬁ)tﬁl\ﬂgr &Py apd; EhAsUPPBEseRECi ng

ond POT {91 L hekPPoL, B LOHEE STLLeR MRS IeTer e 0 a8 oo

o7 o0 Bl 3 3 Bokt Bt el RARBAL I TR FORSTEAIY o

DEPST oo SRR S 9pUROanaTeES L0catiy Gt SaRibar oSl g

radi al magewBhl Weldekl wemble’ 980habaghtapbPednshRnl &P WSer Céhd oebtvisRaced

apart upper and | ower end portions 92,94 that have tapered inner side

sur f aceswiichhatl ikee tdgalyswkr nedd portion of the wedge member 70 (see
FIG. 5) has a circumferentially spaced series of milled flat
areas 74 disposed on its outer side surface and interdigitated
with arcuate side surface portions 76. As can be seen near the
top end of FIG. 2B, a circumferentially spaced series of collet
fingers 80, having transversely enlarged lower end poftions 82,
depend from the annular bottom end surface 84 of the lower
setting wedge member 78.

An annular slip carrier member 86 (see FIG. 2A) outwardly
circumscribes facing end portions of the upper and lower setting
wedge members 70 and 78 and is releasably secured to the lower
setting wedge member 78 by shear pins 88, only one of which is
vigible in FIG. 2A. A circumferentially spaced series of metal
slip anchors 90 are positioned between facing end portions of the
upper and lower setting wedge members 70 and 78 and captively
retained between the carrier member 86 and the upper packer body
member 34 for radial movement relative thereto. Each slip anchor
90 has vertically spaced apart upper énd lower énd.portions 92,94

that have tapered inner side surfaces 96 that are engaged in a



13 ranp-like manner by the mlled flats 74 on the opposing ends of the
upper and | ower setting wedge nenbers 70 and 78, and toothed outer side
surfaces 98, the tooth configurations of which represent another feature of
the present invention. The end portions 92 and 94 of the slip anchors 90
are novable inwardly and outwardly thrqugh openings 100 in the slip carrier
menber 86. A circunferentially adjacent pair 90a,90b of the specially

desi gnedrahmpP1aRehRaan8e Byethk! Meliadeslats Fob o Bite VoEYod 10 dh@s roput er
sides. For purposes |ater described, the | engths of the parallel gripping

t eet h 102héouppdroand hbowei et ins wedige membeslsi poaandors praisd XoShed not
extend transversely to the packer centerline 104 as is the case in

convent i onteky sixé i gurfthads p 98nchohet amdth | gonfaguretioash ofi pelainzinor
90 the lengths of the teeth 102 on its upper and |ower end portions 92 and
94 are gEAPrapepthanctdigry fRapusedof ebhel Breasenthalnegnfiirni t Alkepandr ,
with the |l engths of the anchaor teeth 102 being angled with respect to both
the packBPYE&RREr PRnandof4ard $heemdidhARchrxe Sfoareadnqvahis riavardy Fi G

[ engt s BP0 R HRELHY ROT I DSRIREP Sh0 1o/ ALED GRESLAE HeFoRih A ol
on the <11 p ehcnsresbCrREE ALY adlattne IR (A S AOREE anett BT O
sl ope dogeyscby 3! ntheeEl S0lardhi Bl RIS, tNd Sy a3ge

| ower end tion 94" sl ope downward eft as viewed I
Thus, thenhbekiGatet Widedat FRIMNpuLPoste VAREE ddslcrDMEd, ek PAUHGIH o2, 94

of the slip anchor 90a are of opposite "hands". Additionally, as al so

i | lustrathd par&llel gripping teeth 102 formed on the outer sides 98 of
the'slip anchor ends 92,94 do not extend transversely to the
packer centerline 104 as is the case in conventionally configured
slip anchor teeth. Instead, on each slip anchor 90 the lengths
of the teeth 102 on its ﬁpéer and lower end portions 92 and 94
are generally helidally disposed relative to the length of the
packer, with the lengths of the anchor teeth 102 being angled
with respect to both the packer centerline 104 and a reference
plane 106.

As illustrated in FIG. 7, for each of the representatively
depicted slip anchors 90a, 90b the lengthé of the teeth 102 on its
upper end portion 92 are angled oppositely from the lengths of
the teeth 102 on its lower end portion 94. For example, on the
slip anchor 90a the lengths of the teeth on the upper end portion
92 slope downwardly and to the right, while the lengths of the
teeth on the lower end portion 94 slope downwardly and to the
left as viewed in FIG. 7. Thus, the helical tooth patterns on
the upper and lower end portions 92,94 of the slip anchor 90a are

of opposite "hands". Additionally, as also illustrated in FIG.



14 7, the tooth patterns in each circunferentially adjacent upper slip
anchor end portion 92 (for exanple, the upper end portions 92 of the slip
anchors 90a, 90b) are of opposite hands, and the tooth patterns in each
circunferentially adjacent |ower slip anchor end portion 94 (for exanple,
the lower end portions 94 of the slip gnchors 90a,90b) are also of opposite
hands. Wth reference nowto FIGS. 2B and 2C, the packer body assenbly 24

al so i nchudened tiodhtW Patterrd i TdEdHITE FAME P, GdTdbE | bSSet he

upper and | ower main packer body portions 34,36 and conprises upper and

| ower tubllipr apehbiroeadlP8rtibn 92ThEorperamele, ofthé heppeddred ot Dons
portion 108 outwardly circunscribes and is threaded onto the | ower setting
wedge nefBepf78heasldp Ehthcame dda Aierarencdbiodicait@B)hardst abdviehe he
collet fingers 80. The | ower end of the upper tubular portion 108 is

t hr eadedtiontb tHattens éndesich helrewmfenarsulaklypoadfarent 0 loweratsiip,
just above the drillable block 42 at the | ower end of FIG 2B, A bottom end
section 8RchpE eBdePOrtibona?4 pdiay @xampd & s&berileweycpngd PRk #pys 94 of

circunscrjbes_a tubular stop collar structure 114 which, in turn, outwardly
circunscFP5e§1PReaPSR€FSnﬁPﬁ'BQPkePrﬁoﬂysﬁo?giBﬂp%%?t%‘Pﬁﬁgﬁrly enl ar ged

I ' 116 _of th I t t 114, abut
annul ar . doanfAEH FRASRTSS 25§95 Fistedin aPfe A%hwet PpabREF B0l
Phr cadeqirsefBivy 26 S AREALEEE D0 (Bt BRabeh, EbRLtafe Shnac
enl ar gedout@aradiyled rcumbg itRld ORe ”‘q{’ﬁért Aedl Q.V&l%feé:lrﬂi RAPR PhtkerlUsody

portion 110 is rel easably anchored to e stop co

portions 34,36 and comprises upper and lower tubular portions
108,110. The upper end of the tubular piston porﬁion 108
outwardly circumscribes and is threaded onto the lower setting
wedge member 78, as at 112 (see the uppef end of FIG. 2B), just
above the collet fingers 80. The lower end of the upper tubular
portion 108 is threaded into the upper end of the lower tubuiar
.portion 110, as at 112, just above the drillable block 42 at the

lower end of FIG. 2B.
A bottom end section of the lower tubular portion 110 (see
FIG. 2Q) outwafdly circumscribes a tubular stop collar structure
114 which, in turn, outWardly circﬁmscribes the lower main packer
body portion 36. A radially enlarged upper annular end portion
116 of the stop collar structure 114 abuts an annular, downwardly
facing ledge 118 formed on the lower packer body portion 36, and
a lower end portion of the stop collar structure is threaded to
the body portion 36,’ as at 120, and is radially outwardly
_ enlarged, as at 122. The bottom end of the lower piston
structure portion 110 is releasably anéhored to the stop collar

structure 114 by shear pins 124, only one of which is visible in



structure 114 by shear pins 124, only one of which is visible in 15 FI G
2C. An annul ar, downwardly facing stop surface 126 is forned on the upper
stop collar end portion 116 and faces a correspondi ng upwardly facing
annul ar stop surface 128 di sposed on the inner side of the | ower piston
structure portion 110. Returning now t@gFIG 2B, a tubular |atch nmenber 130
Is coaxially and captively retai ned between the upper packer body portion

34 and thEGUPREY. Pi AhORANMUIYE!, Urowifdidry 19§c1ﬁ% %It'bgi Ngu¥eide Cabsmikement
relative thereto. The | ower end of .the latch nenber 130 is rel easably

anchor edfdrmédecpacitss Bpfyr petbportciddyy afdapoptiionldde camd faeesf avhi ch
is visible in FIG 2B. Axial notches 134 are circunferentially spaced
around té¢ervesponding ofipwiredl ynt Gdac ingriEnula®; stop jsustfacs QRS Idd spotseides
134 the latch menber 130 bears radially inwardly against the enlarged | ower
end por t9mnch@2irter heide| ¢£tthe nkewer qui stomBErugiuge R ¥R sHld der
surfaces 136 on the finger portions 82 agai nst a correspondi ngly sloped
downwar dl y f REFEFRHAG BPWs kOuIERG- s2Bf ade tEPRIGK thatqih MRRPe%HdY2BorltS on

34, thereb ti d t of the | tti 78

ol at i vesobe T asndr cBBETvELY: Ferasaed) habipaf ebhe bUPBRAL RECERF BO% nger
i 82 ' tiald ' . ' . ts 140

Formed | POTHETT AL A G RBE, JGatr THPL SRERCROCR BrFbithel SO By 188052

fluid b : Doy t 4 {gggg%' '

polr“t [ Ony‘g%sg%%g{ h@°%e§§%’3t g]fés on s Lél%%?ﬂé&.;%éogo}%g %ﬁlﬁgpg%%ﬁr glr&% ottom

end 146 pdmpdie 190 Cfls BN saP | shdd|ps 3¢eAERkkedN DoAY ibACRY

annul ar 1 nterior |edge
by shear pins 132, only one of which is wvisible in FIG. 2B.

Axial notches 134 are circumferentially spaced around the upper
‘end of the latch member 130, and just below the notches 134 the
latch member 130 bears radially inwardly againstlthe enlarged
lower end portions 82 of the collet fingers 80. This holds
sloping shoulder surfaces 136 on the finger portions 82 against
a correspondingly sloped downwardly facing annular shoulder
surface 138 on the packer body portion 34, thereby preventing
upward movement of the lower setting wedge member 78 relative to
the packer body portion 34.

Immediately below the collet finger portions 82 are a
circumferentially spaced series of fluid bypass ports 140 formed
in the latch member 130 and aligned with circumferentially spaced
fluid bypass ports 142,144 respectively formed in the upper
packer body portion 34 and the upper piston structure portion
108. The annular bottom end 146 of the latch member 130 is
upwardly adjacent an upwardly facing annular interior 1ledge

surface 148 on the upper piston structure portion 108.



surface 148 on the upper piston structure portion 108. 16 Referring now
to the bottomend of FIG 2B, the outer end of the drillable block interior
passage portion 48b conmunicates with an axially extending slotted portion
38a of the thread joint 38 which, in turn communicates with a | ower end
portion of an annul ar passage 150 di spoggd above the thread joint 38 and
bet ween the packer body nenber 34 and the piston structure outer wall
portions 108, Reéferrifsy indwsid atltsl bot s e, ofvi FIG T heB packer od@ernNentis
run-in orientation the passage 150 is bl ocked above the upper end of the

| oner packertheodyipdabilenbléckyittberionpasyatre pbatlivd aBbt bemnahdbatesber
130 and the upper piston structure portion 108, respectively. Turning now
to FIGS. wiblman agiadkyeewtenditnoradoattied poytgonh28amthy thireadsfofinte of
the orienting nipple 26 is a spiraled groove 154 that termnates just above
a key-redd W ofr | Burnscesmunirateseyifhsa flowesd and prrtinerebran

ni ppl e side surface. After_ the, packer 22 has been qperativyely set in the
Cabtng 1A AR RRERagE b cRi PRSBRACABIBE, B5¢ o AFeat JOINF o bof 80

di devi b [ h i J 26 I d_j I

i vert o RS, TRC DEChBICEes,! R dloy A £ 205300l OGKEN L 1L BlRgE
08/ 296, 94; 1'1”%9&9:[&%&‘11%- g%‘?renﬁﬁ *i‘??ﬁbﬂr’a?ﬁﬁc'ifd CRI&Y. 28S LWHystigLed
and described Tn such copehding application, e I'ower di vertfer devi ce end

may havegacwﬂ % dPaded Qi oY | s drith {6 EE BSs MKk r159S; 8! BIEckba
groove 154 to rotationally orient the diverter device Just before a
| ocati ng albeyeC ahe ebpur tdifl |sHetheli MavdepaieX ool SoPton 8O By 2€Re
lower ends 146,152 of the latch member 130 and the upper piston
structure portion 108, respectively.
| Turning now to FIGS. 2D and 2E, extending downwardly along
the interior side surface of the orienting nipple 26 is a
spiraled groove 154 that terminates just above a key-receiving
profile 156 (see FIG. 2E) also formed in the interior nipple side
surface. After the packer 22 has been operatively set in the
casing 14 in a manner subsequently described, a lower end portion
of a diverter device may be lowered into the nipple 26 and locked
into place therein as generally described in copending U.S.
application serial no. 08/296,941 incorporated by reference
herein.
Specifically, as illustrated and described in such copending
application, the lower diverter device end may have a spring-
loaded orienting lug that enters and rides along the groove 154
to rotationally orient the diverter device just before a locating
key carried by the lower diverter device end snaps into place

within the profile 156 to additionally position the diverter



within the profile 156 to additionally position the diverter 17 devi ce
In a precise predeterm ned vertical orientation within the casing 14.
Qperation of the Packer 22 Wth the packer 22 inits run-in orientation
just described in conjunction with FIGS. 2A-2E, the packer is lowered into
the casing 14, on the lower end of the jtubul ar anchor |atch structure 32
(see FIG 1), to a predeterm ned depth within the casing 14 as illustrated
in FIG deviBeffiird pgekd¥e! préf&beriined, vditidaderdentation @2thint tied
partially set within the casing 14 .by forcing pressurized fluid 158 (see
FI G 3B)cdsingafdl.y t hrough the hydraulic hose 50. The pressurized fluid
158 enters the annul ar packer body chanber 150, via the drill able bl ock
passage 48 and the thread jQpenatilom ofi the Packexa22nd exerts an upwardly
directed pressure force on the bottom ends 146, 152 of the | atch nmenber 130

and the upper WhtBt BResPackeiri2 jat ditenrepsin @xpeREaLEPY Jush JeFREke
directed,fluid, ressure force breaks_%Ee i ston struptqéf shqﬁr, ins 124
(see FI GlHZE?HQEBCEéPﬁ'I Y’%tghglgﬁre%e E { ot RACHRS 11 R r iR rti%ns
. 108 d 110.t hyd | iical Ly dgi ' d_di ' | at.i t
the packEnSbbE, Pt ae 35ver 88 48 hnd CABHIRICAAcREE AL dRSluEe 1 0
to FIGS. ,3B T i Qitial f 1:he .ni .
por 11 ons 1082880 4G nive (e SR ete trIH e B, Withibl T el A
2B) to bggradhaldeyapeidnaid! yrdef hoct e fiaM g B heo aphkar 3ahaw dedhe

surface 138 that previously blocked their upward novenent, and causes the
| ower lowered packer 22 is then partially set within the casing 14 by

forcing pressurized fluid 158 (see FIG. 3B) downwardly through
the hydraulic hose 50. The pressurized fluid 158 enters the
annular packer body chamber 150, via the drillable block passage
48 and the thread joint slot structure 38a.and exerts an upwardly
directed pressure force on the bottom ends 146,152 of the latch
member 130 and the upper piston structure portion 108,
respectively.

This upwardly directed fluid pressure force breaks the
piston structure shear pins 124 (see FIG. 2C) and permits the
threaded-together piston structure portions 108 and 110 to be
hydraulically driven in an upward direction relative to the
packer body portibns 34,36 as may be seen by comparing FIGS. 2B
and 2C to FIGS. 3B and 3C. The initial upward movement of the
piston structure portions 108,110 permits the enlarged collet
finger portions 82 (see FIG. 2Bi to lbe radially outwardly
deflected away from the annular shoulder surface 138‘ that
previously blocked their upward movement, and causes the lower

setting wedge member 78 to be hydraulically driven upwardly to



setting wedge nenber 78 to be hydraulically driven upwardly to 18 its
FIG 3A position, thereby breaking the slip carrier shear pins 88 (see FIG
2A). Upwardly driven novenent of the |ower setting wedge nmenber 78, in
turn, causes the upper and | ower setting wedge nmenbers 70,72 to radially
outwardly ranp the slip anchors 90 intpggripping engagement with the
interior side surface 16 of the casing 14 as shown in FIG 3A The upwardly

driven nuMyTertG of 3Ahpok@vebnsetheRgbyedieakamaeched Sl9 cRpLert BRelpPEr
setting wedge nenber 70 to be upwardly driven relative to the upper packer

body por tgiors 38 asewmyfFI® 29n by conparing FIG 3A to FIG 2A This, in
turn, drives the upper end portion 62 of the setting force |imting nenber
64 toward the Upwandy |ddgenctorenené ofpshepidower Betipipgr wedgeuembaer eby
axially conpressing the resilient seal assenbly 52 and radially outwardly
def or mi ng 8t imteuteal FAYSAgEhEntRPEX @R HOWaR &etdring Jeedye f aeabersof
the casing 14. This rtially sets the packer 22 -wthin the casing l4.
Next, theY%set%ihg o?é)‘f}%i];iécﬁé’ttw?fd\?vyt h #F hé:h(%ls\é\ﬁ'lbpléﬁq‘ U128t etmby
forcing a_secand péessuri zed fLF' d 20 d vmwardI%/.éhrougg ége ack€r
i nt eri or GFERTHEG SHEIITT R n¥t t’ 5P HESRFACFUI T 1900837 5B THE (Festlife of
the fl ui g t i t hgpdri b, i §
intercon%g%t%gogéi%%p%g%g? ggdg&gér?ﬁénsbég,géw%%gggmﬁﬁhrgﬁjﬁéﬁéﬁgn?e?gtive
to the tubdl abyRRC L thidlt hedlyeUnbhbBr37s( 8880 Fbbusds  tROGupSEAt d¥€L {Rgt he
i nterconnected piston structure portions 108,110 as nmay be seen by
conpar i ngredgeS. méoC 70 e 4AphbrdIH Ardewmarsllsfivd | 88 the upper
packer body portion 34 as may be seen by comparing FIG. 3A to
FIG. 2A. This, in turn, drives the upper end portion 62 of the
setting force limiting member 64 toward the annular ledge 60 on
the upper packer body portion 34, thereby axially compressing the
resilient seal assembly 52 and radially outwardly deforming it
into sealing engagement with the interior side surface 16 of the
casing 14. This partially sets the packer 22 within the casing
14.

Next, the setting of the packer 22 within the casing 14 is
completed by forcing a second pressurized fluid 160 downwardly
through the packer interior (see FIG. 3B) externally of the
hydraulic hose 50. The pressure of the fluid 160 on the top side
of the drillable block 42 causes the interconnected main packer
body portions 34,36 to downwardly shift relative to the tubulaf
anchor latch structure 32 (see FIG. 1), and relative to the
interconnected piston strﬁcture portions 108,110 as may be seen
by comparing FIGS. 3A-3C to FIGS. 4A-4C. This downward shifting

of the main packer bédy portions 34 and 36, in turn, downwardly

moves the packer body portion annular ledge 60 (see FIG. 4A)



of the main packer body portions 34 and 36, in turn, dowwardly noves the
packer body portion annul ar | edge 60 (see FIG 4A) 19 toward the upper
end portion 62 of the setting force limting nenber 64, thereby increasing
t he axial conpression force on the seal structure 52 and increasing its
radial sealing force against the interijgy side surface 16 of the casing 14.
According to a feature of the present invention, this additional axial

conpr esskeiaeh e nfsdd: dtid SEett 56 UEEUBE Rhel At tildp ﬁd}.%éjoiﬁﬂii!éﬂigf or

overconpressing it) i's limted by the setting force limting nenber

whi ch i smdewewasdl yeHergby id@reddindlthe 6AiRAScbnpRebBVBhdfbl8e RO 108
position in which the force |imting nenber |ower end 66 wedges agai nst the

upper seseailgstedgtureszand iasdebstihgnit®adigdi setalihg feressagaipst
surface 72. This limted degree of axial "slip" between the setting force
| i mi ti ngthenbateddoandidee sumfaceolésoft thg wedingnbdber side surface
portion against which it wedges advantageously protects the resilient
seal structur Bcs2riing over onpeaturen afur thg mregental 1pYERELCBet tF kS
procedure just described. . After the_ setting, of the packer 22 has_been
conpl et e@39kdopRdcR¥221| soRRrEaBLon P FRY ’6%‘?1,1%\%”? n%?%at%rdr‘{ﬁlt‘flﬁ% Wt t ed
line 162,in.FIG 4 to .establ.ish flow communi cati on .,between.the jnterior
bor i ons (BRd R dche PoEE TR 2AR O TRF SRR FEE B8 L H o8 R ERE B chbusly
ment i one el n ey q@QHQ the al: e '
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force limiting member lower end 66 wedges against the upper
setting wedge member 70 and bo;toms out against the recess stop
surface 72. This limited degree of axial "slip" between the
setting force limiting member 64 and the intérior setting wedge
member side surface portion against which it wedges
advantageously protects the resilient seal structure 52 from

) overcompression during the final paéker setting procedure just
described. After the setting of the packer 22 has been
completed, the block 42 is suitably drilled out, as indicated by
the dotted line 162 in FIG. 4B, to establish flow communication
between the interior portions of the packer 22 above and below
the block location.

As previously mentioned herein, a key advantage of ﬁhe
installed packer 22 is that, wunlike conventional packers
utilizing toothed slip anchor structures, it is highly resistant
to vrotational displaéement relative to the casing 14 caused by
torque imposed on tﬁe packer 22 during subsequent completion
operations, such as the formation of iateral extensions of the

well 10 as illustrated and described in copending U.S.



torque i nposed on the packer 22 during subsequent conpletion operations,
such as the formation of |ateral extensions of the well 10 as illustrated
and described in copending U.S. 20 application serial no. 08/296, 941

i ncorporated by reference herein. This greatly enhanced resistance to
rotational shifting relative to the casjyng 14 is uniquely provided in the
present invention by (1) the previously described flat areas 74 forned on

the faci agpanBukdbonengserPil t R UPBSY 288094 OWaInEidd At R dBY MBEBEFEndd and
G
78 (see F 5), and (2) the spirally patterned gripping teeth 102 forned

on the shegeanchors 90 (see FIG -7). Relative to the flat areas 74 on the
setting wedge nenbers 70 and 78, agai nst which the sloping inner side
surfaces 96 offhtibe gategtIgnchnhan@8dbemsiatasivento nrbk@tidhali tskbfit mgseen
that an attenpted rotation of the packer body relative to the outwardly
ranped skepatpviBots dthevdaging ikdthe npiaupdy drovideds dae tie @resent
casing 14 would tend to rotate the flat areas 74 circunferentiallg awa
from t hetRVeBREigR PYoddlartdey REpvdopsdy dessribiede L@t A6 bf qw§| i p

h : g h ' ' I.ng.
menbors 90, 5B ERGEPEOARBILRE SRERCYE FAS/BREL I AT AL e
t t1i d f Fl .S
ot ar cREnbRER, 18, 4R g AGRCHTCE, B, 3B (4T, . Rl AR

beyond t e, bbhaateasy 028862188 h EilbSe1l r%éﬁsréo?ot 0gear pegt e7pedge

menber s reas /6 to be rotated to un Ing relationships w t he

slip anchor sgdeatyibacsstll R1YEM ¥rda8MPTESSHHE ddt TP e fmdmyrs d
have to be created
70 and 78, against which the sloping inner side surfaces 96 of
the slip anchors 90 bear as shown in FIG. 4A, it can be seen that
‘an attempted rotation of the packer body relative to the
outwardly ramped slip anchors 90 which grip the interior side
surface 16 of the casing 14 would tend to rotate the flat areas
74 circumferentially away from their radially outwardly overlying
inner side surfaces 96 of the slip anchors 90. However, any such
relative rotation of the setting wedge members 70,78 relative to
the anchors is very strongly resisted by the arcuate setting
wedge surface areas 76 (see FIG. 5) disposed between the flat
areas 74 which, as previously mentioned, project radially
outwardly beyond the flat areés 74. Because of this, in order
for the arcuate wedge member surface areas 76 to be rotated to
underlying relationships with the slip anchor side surfaces 96
a very high pressure interference fit would have to be created
| between the wedge and anchor surfaces 76 and 96. This, of
course, is strongly resisted by the already high radial contact
forces between the slip anchors 90 and the casing 14.

Accordingly, . the flat setting wedge surfaces 74 and the anchor



bet ween t he wedge and anchor surfaces 76 and 96. This, of course, is
strongly resisted by the already high radial contact forces between the
slip anchors 90 and the casing 14. Accordingly, the flat setting wedge
surfaces 74 and t he anchor 21 side surfaces 96 uniquely cooperate to
very strongly inhibit rotation of the izstall ed packer 22 relative to the
casing 14. This anti-rotation feature of the packer 22 is greatly augnented
by the preddeousiyfalessr bbedindiqueliyngcdapedat otd| eergf dtheorgliy snkbbice 90
Due to fact that the slip anchor gripping teeth 102 (see FIG 7) are sl oped
rel ati ve nogatdiom wdfe tdentigvsitiald et pamkert B2 pelpensiecttbathpl saeih@t 14t.hey
strongly resist both axial and circunferential displacenent of the packer
22 relative tFhilfe antingotationw Seatuyesiof nbhei mackem 23njighcgreatiwt h
FIG 7, in accordance with a preferred enbodjinent of the slip anchors 90,
the spir &uImsstechlRyt Bhf BReYHeUSHD deaswihes grdprdndotoekbnhpspfplaacpbr is

of 2 Senstal LY cpBgaiie and an hecshlr hal D BELS Lt e doter end
nan O coBRy el ST ) B oS HEGS MO (oo LR Sl e
e sovt 2ast S50 AR RL N LA T R0 et AL dve
end port kgla4andhésrehhesaht D81 add 511 At GfhaeephbRbrSPh rAd141004d
pattern hand reversal facilitates the rotational resistance of the packer
regardl ess ehet basidgsasof the rotational force
' As previously mentioned in conjunction with FIG. 7, in
accordance with a preferred embodiment of the slip anchors 90,
the spiral tooth pattern on the upper end portion 92 of each slip
anchor is of a generally opposite hand than the spiral tooth
pattern on the lower end portion 94 of the slip anchor.
Additionally, the spiral tooth pattern hand on each
circumferentially successive upper end portion 92 is opposite
that of the circumferentially preceding upper end portion 92, and
the spiral tooth pattern hand on each circumférentially
successive lower end portion 94 is opposite that of the
circumferentially preceding lower end portion 94.

This alternating axial and circumferential spiral tooth
pattern hand reversal facilitates the rotational resistance of
the packer regardless of the sense of the :otational force
imposed on the installed packer relative to its centerline 104.
It can be seen that if all of the anchor teeth 102 sloped in the
same direction, this would still resist rotational packer
movement better than conventional slié anchor teeth which are

typically transverse to the packer centerline. However, with all



'inposed on the installed packer relative to its centerline 104. It can be
seen that if all of the anchor teeth 102 sloped in the sane direction, this

woul d still resist rotational packer novenent better than conventional slip
anchor teeth which are typically transverse to the packer centerline.
However, wi th all 22 of the teeth im4he sane direction, the rotationa

resi stance woul d be greater in response to rotational force inposed on the
packer ifa Hhd Stedthiethi @het ke MilFRtdRANSIdite OhdELt iOMabi PESistAnthe
first direction, the teeth could at. | east theoretically be forced to
"thread iwrudd fee graaitey. iW tlespbaskoabhrptatibaalefarcensinppsedhomnthe
FIG 7, though, the rotational resistance of the packer 22 is at a

subst ant Pgidkeredpnat fixgt Iddndctiogatlinssin dfhe loppdisiset doneotiont ainceaal
force inposed on the packer about its centerline. Wiile the illustrated
packer stfudhg £ix8t diggatiqn.arthe igethrenldl abrleast i theoretigabliyl

wel | forg%tion as, illustrated and described in copending U S. application

08/ 296, PP fORGSd GRARNIEEHE HPR e bR SKPHHRT hodb i %L tFO‘?‘FPtl}W%flle
i cul . that, b iLized : t cati
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I ncorporatéd in nechanically settable packer structures as well
foregoin?aegbgih@@uﬁeaggi@bhgarnian be clearly understood as being given

by way of illustration and exanple
While the illustrated packer structure 22 is particularly
well adapted for wuse in multilateral well formation as
illustrated and described in cépending U.S. application
08/296,941 it will readily be appreciated by those of skill in
this particular art that it can be utilized to advantage in other
applications as well. Additibnally, while the illustrated packer
22 has been illustrated as being of a hydraulically settable
configuration, it will be readily appreciated by those of skill
in this particular art that various of its unique structural and
operational features may be advantageously incorporated in
mechanically settable packer structures as well.
The foregoing detailed description is to be clearly
- understood as being given by way of illustré,tion and example
only, the spirit and scope of the present invention being limited
solely by the appended claims.
. WHAT IS CLAIMED IS:



only, the spirit and scope of the present invention being |limted solely by
t he appended clains. WHAT IS CLAIMED | S: 23 1. Torque-resistant well
packer apparatus conprising: a tubular body coaxially positionable within a
subt erranean well flow conductor and having an axial centerline; a
circunferentially spaced plurality of sj{p anchors supported on said
tubul ar body for radial novenent relative thereto between i nwardly.

retracted rel gase ' '-&‘é%i%rﬁuwﬂd?&c&é@'&%ﬁrﬁ%hbi RBmpesistingns, each
of said slip anchors having an outer side surface portion with a spaced

series of paral kebugdairPbbdy ¢6&kialby Bubitimaleand thin agstbpgihaneaat
are sloped relative to said centerline and relative to a pl ane

per pendi owadldr flleows aichdueticar lande haaridtgs ant axjadeaeanteziined on said tubul ar
body and being selectively operable to forcibly drive said slip anchors
from sai d rel @aseiposumfiecenttibddyof specedi dpduralhgypoeft i 8bhipt hanebors?2.
The torque-resistant well packer apparatus of Caim1 wherein: said setting
neans ar SUPPTASS can| Paddertibwlan. body tfaruradial smovempat patreive

apparatus . of Claim 1l wherein: sajd tubul ar body has upper and ] ower engs,
and each t§eTr&LRy gqtﬁ’%{’chdﬁg” & S cere;ajlc?ﬁ$ NP IR 2N

bei ng o1 SHGAREALYe SareRar S, SRSLiAg BorataraRe, | o o oner seerions
each of said slip anchors having an outer side surface
portion with a spaced series of parallel gripping teeth formed
thereon and having lengths that are sloped relatiﬁe to said
centerline and relative to a plane perpendicular to said
centerline; and
setting means carried on said tubular body and being
selectively operable to forcibly drive said slip anchors from
said release positions thereof to said sétting'positions thereof.
2. The torque-resistant well packer apparatus of Claim 1
wherein: |
said setting means are hydraulically operable.
3. The torque-resistant well packer apparatus of Claim 1
wherein: .
said tubular body has upper and lower ends, and
each of said slip anchors outer side surface portions has
upper and lower sections, with the gripping teeth on said upper
and lower sections being sloped in generally opposite directions.
4. The torque-resistant well packer apparatus of Claim 3

wherein:



4. The torque-resistant well packer apparatus of C aim 3 wherein: 24 the
gripping teeth on each circunferentially adjacent pair of said upper
sections are sloped in generally opposite directions. 5. The

torque-resi stant well packer apparatus of C aim4 wherein: ‘all of said
gripping teeth generally spiral about sg@d centerline. 6. The

torque-resi stant well packer apparatus of Caim1 wherein: said tubular
body has a | owdfe @ gifilrld eetM&nS@iadh! eigvamFeskatagt 1yebhijpaeker pair
apparatus further conprises a tubul.ar orienting nipple coaxially secured to
sai d | owerf erciibr upperandeztiionsy axeendiopedowinar gegetratigf r opposdtd
orienting nipple having an interior surface portion in which a |ocating key
profile a&idemtimnsal |y spiraling groove are formed. 7. Torque-resistant

wel | packer apparatus conprising: a tubular body coaxially positionable

wi thin a subt &rrarfén terquetrrsishinnic twellapRokes mprarabial cEchiain fe: a
circunferentially spaced plurality of slip anchors supported on said

t ubul ar MﬁﬁFQQﬁ=radial novenent relative thereto between inwardly

retracted rel egqse positi.ons _and putwardly extend setting,positions;.and
setting means agfy | SRR FGﬁm%ﬁn %wﬁpéﬁgﬁgﬁif%&ﬂﬁaéaip
anchors,é%%e%r,%gg ng neans bei ng operative

6. The torque-resistant well packer apparatus of Claim 1
wherein:

said tubular body has a lower end portion, and

said torque-resistant well packer apparatus further
comprises a tubular orienting nipple coaxially secured to said
lower end portion and axially extending downwardly therefrom,
said.érient;ng'nipple having an interior surface porﬁion in which
a locating key profile and an axially spiraling groove are
formed.

7. Torque-resistant well packer apparatus comprising:

a tubular body coaxially positionable within a subterranean
well flow conductor and having an axial centerline;

a circumferentially spaced plurality of slip anchors
supported on said tubular body for radial movement relative
thereto between inwardly retracted release positions and
outwardly extended setting positions; and

setting means movably carried on said tubular body and
engaging said slip anchors, said setting means being operative
to (1) forcibly drive said slip anchors from said release
positions thereof to said setting positions thereof in response

to axial movement of said setting means relative to said tubular



to (1) forcibly drive said slip anchors fromsaid rel ease positions thereof
to said setting positions thereof in response to axial novenent of said
setting neans relative to said tubular 25 body, and (2) exert a radially
outwardly directed force on said slip anchors in response to an attenpted
rotation about said centerline of said %gbular body and said setting neans
relative to said slip anchors. 8. The t0rque-resistant well packer

appar at uso&iey d 4“0{128)\’\’(-&2%_??@ ‘a a:aalsdétat%.!l:Yg O%Q%Qrdia)g?\ége% g&i ?grE: dioﬁl Is &idnner

si de surface ‘por sal neans i € t1rst and secon

| i o . | oo
annul ar %q@f“ggggggé ghi %@gerfsaer ri&dan atiefhoidly zacrtégﬁ% 28008V is3d

facing a sald facing annul ar ends having radially outer side

surfaces dédritefl idderfid dubhisRatdy 2 Rad saliapseetihgt meaaasrboakBde
t hereon and engaging said radially innér side surface portions of said slip

anchor s igo rsaig |8k ndlesrss. said sloping flat areas on each of said
annul ar ends being circunferentially interdigitated with a series of
arcuat e out er &i deTharr fargueeoresistsanr oyell | packeudi apparatwsactl ¢laeémpodd
the flat areas. 9. The torque-resistant well packer apparatus of Claim38
wher ei n: whareireci ng annul ar ends are tapered radially inwardly and axially

toward one another. 10. The torgue-resistant well Racker apparatus of C aim
7 wherein: said slip anchors have sloping radially inner side surface

portions, and

said setting means include first and second annular wedge
members slidably carried on said tubular body and having facing
annular ends, said facing annular ends having radially outer side
surfaces with circumferentially spaced apart sloping flat areas
formed thereon and engaging said radially inner side surface
portions of said slip anchors in ramp-like manners,

said sloping flat areas on each of said annular ends

being circumferentially interdigitated with a series of arcuate
outer side surface portions projecting radially outwardly beyond
the flat areas.

9. The torque-resistant well packer apparatus of Claim 8
wherein:

said facing annular ends are tapered radiallx inwardly and
axially toward one another.

10. The torque-resistant well packer apparatus of Claim 7
wherein:

said tubular body has a lower end portioh,'and

said torque-resistant well packer apparatus further
comprises a tubular orienting nipple coaxially secured to said

lower end portion and axially extending downwardly therefrom,



said tubul ar body has a |l ower end portion, and said torque-resistant well
packer apparatus further conprises a tubular orienting nipple coaxially
secured to said | ower end portion and axially extendi ng downwardly

t herefrom 26 said orienting nipple having an interior surface portion
in which a locating key profile and an ggially spiraling groove are forned.
11. Wel |l packer apparatus conprising: a tubular body structure coaxially

posi ti onafyiy %&Qh@iﬁﬁsﬂbgﬁlémhq@rﬂ 1htewi6Pnsiet Ake BYLHIVH NG RRiaK al
centerline, said tubular body structure including telescoped first and

second tubuleeapOhgi Wy agratlye bl &nt cull 19nespipahengar-dvard ngre
facing annul ar surtfaces formng with an annul ar outer side surface section
of one offcxaiedi.first and second tubul ar portions an annul ar recess on said
tubul ar body structure; an annular resilient seal structure coaxially
recei ved i n sdild amelllapackess appseiatiusg cosprd sdpgrabl e to force one of
said first and second tubul ar portions toward_the other of said first and
second tubul a@ pathulan, bedy oggrugtprederexirddy fomitign@itdeamithin a

t hereby exert an axial setting force on said_annular resiljent seal

st r uct ur SUbF X LRRAREY WeAlaFLoW SARIUSEPR Anth Ravidda PRy 3R haF BNy BLERR ni ng

it d f 1 tti f .saLd.fi t d bul i
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structur g, ;i -3 {{o%'}fg%forlafaﬂa{ﬁai %\?a;slaé Sl ddd b ST HEEREL LAY en QP 88! d
struc by sai'a firs

resilient "Seal ure
facing annular surfaces forming with an annular outer side

surface section of one of said first and second'tubular portions
an annular recess on said tubular body structure;

an annular resilient seal structure coaxially received in
said annular recess;

setting means operable to force one of said first and second
tubular portions toward the 6ther of said first and second
tubular portions, through a predetermined setting distance, to
thereby exert an axial setting force on said annular resilient
seal structure in a manner axially compressing and radially
outwardly deforming it;'and _

means for permitting one of said first and second tubular
portions to be axially deformed, during axial compression of said
resilient seal structure, in a manner limiting the axial setting
force exertable on said resilient séﬁl structure by said first
and second tubular portions.

12. The well packer apparatus of Claim 11 whérein:

said one of said first and second tubular portions includes:

an annular force limiting member having a body'portion

with a radially enlarged first end portion facing the other of



and second tubul ar portions. 12. The well packer apparatus of Caim 11
wherein: said one of said first and second tubul ar portions includes: an
annul ar force |limting nenber having a body portion with a radially
enlarged first end portion facing the other of 27 said first and second
tubul ar portions and defining said annubar surface of said one of said
first and second tubul ar portions, and a second end portion, and an annul ar

drivabl e seiderirlid \wald eendatdbaehti perotens dwdvalet idinaaidansulaace
of the other of said first and second tubul ar nenbers and having a first

end portisurfistesodpsaid yonecef veafjdsfiigdsseanddseadnfdotubadaef peatdoner,ce
limting nenber body portion, said second end portion of said force

| i miting anshirerserond) ewdighonftionl iantl e further into said drivable menber
in response to a predeternined axial_conpression force exerted on said
resilient seal str@Rurenplasafgivabie aembeacsrdviad@ RY psridosettizg The

wel | packer apparatus of Caiml12 wherein: said anpnul ar drivyabl e nmenber. has
an annu|a?344§l£9%ﬂr fﬁhﬁ(ﬁﬂn HEF o §§Fd°F Ceofi Aringirgkperdand

oper | veado SUBRREY: Dl frbor Sh BB, H g SRRk b,
o | AR el (L, B MOESRT ook 3L 1 RS afEce
sai d annul qf; ity el bR B8y Port3bhP 88%R0secon®l ¥ portion of said
force limiting member being wedgingly drivable further into said
drivable member in response to a predetermined axial compression
force exerted on said resilient seal structure by said first and
sedond tubular portions.
13. The well packer apparatus of Claim 12 wherein:
said annular drivable member has an annular interior
shoulder surface facing said force limiting member and operative
to be engaged by said force limiting member in a manner limiting
the movement of said force limiting member into said drivable
member.
14. The well packer apparatus of Claim 11 wherein: .
said setting means are hydraulically operable.
15. The well packer apparatus of Claim 12 wherein:
said annular drivable member is a slip anchor - setting
wedge member.
16. The well packer apparatus of Claim 11 wherein:
said tubular body structure has a lower end portion, and
said well packer apparatus further comprises a tubular
orienting nipple coaxially secured to said lower end portion and

axially extending downwardly therefrom, said orienting nipple



wedge nenber. 16. The wel | packer apparatus of Claim 1l wherein: said
tubul ar body structure has a | ower end portion, and said well packer
apparatus further conprises a tubular orienting nipple coaxially secured to
said |l ower end portion and axially extending dowmwardly therefrom said
orienting nipple 28 having an interiygr surface portion in which a

| ocating key profile and an axially spiraling groove are forned. 17.

Tor que- r agshgntanelihtBagker APPRIEE UpoeeiBAI SimMUwhachull abchedngstikerst ure
coaxially positionable within a suhterranean well flow conductor and havi ng
an axi al peefigel and, aanazhallgr speeal ingt geeeve saractformedoaxial ly carried
on said tubular body structure; a circunferentially spaced plurality of
slip anchorsl3uppBotrgdeenesastiahtbweédl padiest appavatus ocompriaingvvenent
relative thereto between inwardly retracted rel ease positions and outwardly
ext endi ng set @i tgbpdairt ikndy strudcturerccpaxhally| pogiripagbds wdithimubl ar
body structure and engaging said slip anchors, said setting nmeans being
oper at i vEuPBeFI?nFBPc‘N%ny %Wvoé:og&wtsm pnanBABiBgf B AXEHAH Gantardne;
positions thereof to_sai ositions thereof in,rgigonse t,0 axi a

overent of | <8fid SBBRIRT, TRENL T Reve TOTUCHUTT GARRIaRLY, CerrdecIE (2)
Co an at PAS: BUBPORAl POAY ABEESTS conter | i no of said fubul ar body
et eSO PRRLEy | B PSS BETSID, A
supported on said tubular body structure for radial movement
relative thereto between inwardly retracted release positions and
outwardly extending setting positions;
setting'meanslmovably carried on said.tubﬁlax‘body structure
and' engaging said slip anchors, said setting means being
operative to (1) forcibly drive said slip anchors from said
release positions thereof to said setting positions thereof in
response to axial movement of said setting means relative to said
tubular body structure, (2) exert a radially outwardly directed
force on said slip anchoré in response to an attempted rotation
about said centerline of said tubular body structure and said
setting means relative to said slip anchors, and (3) axially
compress and radially outwardly deform said resilient seal
structure; and
force limiting means associated with said setting means for
limiting the axial compression force.exertablg on said resilient
seal structure created by operation of said setting means.
18. The torgue-resistant well packer apparatus of Claim 17
wherein:

said setting means are hydraulically operable.



structure; and force limting neans associated with said setting neans for
limting the axial conpression force exertable on said resilient seal
structure created by operation of said setting neans. 18. The
torque-resistant well packer apparatus of Claim 17 wherein: said setting
means are hydraulically operable. 29419. The torque-resistant well
packer apparatus of Caim 18 wherein: said tubular body structure has a

side wall porfbon Théfté&??é“f&éfﬁtédd”ﬁeﬁﬁs&%&ﬁe&h85659at§§'éf Claim 18
torque-resistant well packer apparatus further conprises a drillable block
menber swhéraghy di sposed in and bl ocking an interior portion of said

t ubul ar body structure, said drillable block menber having a passage

t her ei n t hr ougaidhtebupaesisedy zerridtiire hmys hesfilevwall porsion witke awal |
portion passage of said tubular body structure, and said setting neans are
oper at i véntaraori ftowspagasage therebhy drive said slip anchors from said
rel ease positions thereof to said setting positions thereof and to axially
conpress and fadflal (Spremerdediptadtor maldi d PRSKeY enfPPaERLYSr uduntdiam
response to flow ng pressurized fluid into said_side wal| portion passage
of said FBEEFéFeBogy }iiakie. bbeck THE SFqﬁ?ﬂ%&ﬂéﬁ%ﬂﬁl%é§$e$a&9e@nd

f.C0aimlo wherein said drillable block member has d
Ul Tace BHACKENG A s e PR b, ¢f BL P Sa8F PRV el o i body

drillable block member having a passage therein through which
pressurized fluid may be flowed into said side wall portion
passage of said tubular body structure, and

said setting means are operative in a first stage to
forcibly drive said slip anchors from said release positions
ﬁhereof to said setting positions thereof and to axially compress
and radially outwardly deform said resilient seal structure in
response to flowing pressurized fluid into said side wall portion
passage of said tubular body structure.

20. The torque-resistant well packer apparatus of Claim 19
wherein:

said drillable block member has an upper end surface and is
anchored within a first tubular portion of said tubular body
structure which is telescopingly received within a second tubular
portion of said tubular body structure for axial movement
relative thereto in response to a downwardly directed fluid
pressure force exerted on said -upper end surface of said
drillable block member,

said setting means are operative in a second stage to

further axially compress said resilient seal structure in

"



structure which is telescopingly received within a second tubul ar portion
of said tubular body structure for axial novenent relative thereto in
response to a downwardly directed fluid pressure force exerted on said
upper end surface of said drillable block nenber, said setting neans are
operative in a second stage to further sgxially conpress said resilient seal
structure in 30 response to fluid-forced relative axial novenent between

sai d firgbsphtssetNde Il forddd 1 +O1St Dve Sakilal URBhamebedbetiwdes! UsLid 21.
The torque-resistant well packer apparatus of Claim 17 wherein: said

tubul ar fedgtsanddeteondaubalagnporenonpost isaid anbdulardbddy BterueSisé ant
wel | packer apparatus further conprises a tubular orienting nipple
coaxi al |y sec@iied The stadxiyueviess bstthipn meldn paciteaxapphyatuseafli @haim 17
downwardly therefrom said orienting nipple having an interior surface
portion WhewRioh a | ocating key profile and an axially spiraling groove are
formed. 22. The torque-resistant wel| packer faratus of Claim17 wherein:
said tubul ar BBd¢ EFPHéﬁﬁrE°ﬁ¥ssE§B6F“5ﬂdh?§mEr |Ye%, eadgPeEekoRs 288d slip

anchors outer S|ae surface ortlo ha§§g£per aﬂd Iomer segtlons mnth t he
gri ppi ng teet fi2d S&QfQHﬁ) t i BASKSEi n§PRRSALHS n TJErdier | y

IR E G NG A i S
parr lower end portion and axially extending downwardly therefrom,

said orienting nipple having an interior surface portion in which
a locating key profile and an axially spiraling groove are
formed.

22. The torque-resistant well packer apparatus of Claim 17
wherein:

said tubular body structure has upper and lower ends, and

each of said slip anchors outer side surface portions has
upper and lower sections, with the gripping teeth on said upper
and lower sections being sloped in generally opposite directions.

23. The torque-resistant well packer apparatus of Claim 22
wherein:

the gripping teeth on each circumferentially adjacent pair
of said upper éections are sloped in generally opposite
directions. |

24. The torque-resistant well packer apparatus of Claim 23
wherein:

all of said gripping teeth generally spiral about said
centerline. |

25. The torque-resistant well packer apparatus of Claim 17

wherein:



of said upper sections are sloped in generally opposite directions. 24. The
torque-resistant well packer apparatus of Caim 23 wherein: all of said
gripping teeth generally spiral about said centerline. 25. The
torque-resistant well packer apparatus of C aim 17 wherein: 31 said slip
anchors have sloping radially inner sidgsurface portions, and said setting
means i nclude first and second annul ar wedge nenbers slidably carried on
sai d tubul ar kedyd sl tanchoasd hasve Blobdagngadialllgr iandg, sddedshiathog
annul ar ends having radially outer side surfaces with circunferentially
spaced apmrticnspi mpd | at areas formed thereon and engaging said radially

i nner side surface portions of said slip anchors in ranp-like manners, said
sloping flat #edss sattiag rganginekude firgtdandi secend cappel ant vafgs
interdigitated with,a series of arcuate Quter side surface portions

proj ect i METREHSAI ByidaPhar FAFTieforRn t AB1A| Hubitars. body ffgucture and
o gue T SR gLl Packen SPPRL AL o AR ED MISLPLT S hactng
27 The LOIfu817P3LebaNk1 48 LuPRCKES AR AL Sm2E EhRi 1 1) UBSEE  "apart
~ sloping flat areas formed thereon and engaging said radially
inner side surface portions of said slip anchors in ramp-like
manners,
said sloping flat areas on each of said annular ends
being circumferentially interdigitated with a series of arcuate
outer side surface portions projecting radially outwardly beyond
the flat areas.
26. The torque-resistant well packer apparatus of Claim 25
wherein:
said facing annular ends are tapered radially inwardly and
axially toward one another.
27. The torque-resistant well packer apparatus of Claim 17
wherein:
said tubular body struéture includes telescoped first and
second tubular portions axially movable toward one another and
having facing annular surfaces forming with an annular outer side
surface section of one of said first and second tubular portions
an annular recess on said tubular body structure,
said annular resilient seal structure is coaxially received
in said annular recess,
said setting means are operable to force one of said first

and second tubular portions toward the other of said first and



sai d tubul ar body structure includes tel escoped first and second tubul ar
portions axially novabl e toward one anot her and havi ng faci ng annul ar
surfaces formng with an annul ar outer side surface section of one of said
first and second tubul ar portions an annul ar recess on said tubul ar body
structure, said annular resilient seal gfructure is coaxially received in
said annul ar recess, said setting neans are operable to force one of said

first andegeaand cubillad RUAYiUHS,! O bUdE O Ngfrédetdimliddd Sts8Pding 32
second tubul ar portions, through a .predetérm ned setting distance, to

t her eby @iethnae,axbathersby Rikdr et 8Ri1ad1 setting PorcRsbinl saAi dS&Mhular
structure to axially conpress and radially outwardly deformit, and said

force | i residdemeanseale spruatuyve tto paxiallynecompsess fandt wadistrynd
tubul ar portions to be axially deformed, during axial conpression of said
resil i enputwakddyr defforas, itn andanner linmiting the axial setting force
exertable on said resilient seal structure by said first and second tubul ar
portions. 28.5?R8 forGife-Yidsitinchimeans peRKEPeRPbAYAt GO FermiL @ney of

rher el (3340 A0 O ol S TPl B0 Second bl SOLLLEIS | L pSeRia o
O e R S AROTh R ASL0RE "R A el s S8t AL eI SEE TSy
first ang 36eenor ifbui Ay R | QRS a18Ndef BRGOELAW BREVLIB12Mn said
resilient seal structure by said first and second tubular
portions.
28. The torque-resistant well packer apparatus of Claim 27
wherein:
said one of said first and second tubular portions includes:
an annular force limiting member having a body portion
with a radially enlarged first end portion facing the other of
said first and second tubular portions and defining said annular
surface of said one of said first and second tubular portions,
and a second end portion, and
an annular drivable member drivable by said setting
means toward the annular surface of the other of said first and
second tubular members and having a first end portion
telescopingly receiving said second end portion of said force
limiting member body portion, said second end portion of said
force limiting member being wedgingly drivable further into said
drivable member in response to a predetermined axial compression
force exerted on said resilient seal structure by said first and

second tubular portions.



an annul ar drivable nmenber drivable by said setting neans toward the
annul ar surface of the other of said first and second tubul ar nmenbers and
having a first end portion tel escopingly receiving said second end portion
of said force limting nenber body portion, said second end portion of said
force limting nenber being wedgingly d§izvable further into said drivable
menber in response to a predeterm ned axial conpression force exerted on
said resiliensealrhet toegueerdyistant fueSl ivkercappdratuy af pLaimoDs.

33 29. The torque-resistant well packer apparatus of C aim 28 wherein: said
annul ar ohersdlne menber has an annul ar interior shoul der surface facing
said force limting nenber and operative to be engaged by said force
limting nenb@aiidh anmudayr drivabhg tmembewed@’ &h sangularceinterieng
menber into said drivable nmenber. 30. The torque-resistant well packer
appar at u$houldes surfagrefariangserid fongad Mtiag BeRpbegepndsoResatpve
anchor - se%tin wedge. nenber. 31. ﬁ{n&thod of 'nstalling a gacter,in a
subt er r af@aRenERFABEIWPY R t FRT FRVE AT T &3 18 eTRARFEcEIMEGI Y

met hod ¢ rising the steps.qf = providing.a packer having a iubuylar y
Tongi t udRE (S etk T BRbg ok e e ek Bgh RREse, A Fand S EvaREfy: <
carried a,d tubular body for radial novement relative thereto between
inwardly retracted and outwardly extended positions and

30. The torque-resistant well packer apparatus of Claim 28
wherein:

said annular drivable member is a slip anchor - setting
wedge member.

31. A method of installing a packer in a subtérranean well
flow conductor having an interior side surface, said method
comprising ;he steps of:

providing a packer having a tubular body longitudinally
extending along an axis, a spaced plurality of slip anchors
carried on said tubular body for radial movément relative thereto
between inwardly retracted and outwardly extended positions and
having outer side surfaces with gripping teeth having lengths
sloped relative to said axis‘and a plane transverse thereto;

coaxially positioning said packer within the well flow .
conductor with said slip anchors in their retracted positions;
and

setting said packer within the well .flow conductor by
forcibly moving said slip anchors from their retracted positions
to their extended positions to drive said gripping teeth into
biting engagement with the interior side surface of the well flow

conductor.



havi ng outer side surfaces with gripping teeth having |engths sl oped
relative to said axis and a plane transverse thereto; _coaxially-pesi-t+ening

said packer within the well flow conductor with said sli e|r
retracted positions; and setting said packer within th M E“‘M&F&ﬂ ctor
by forcibly noving said slip anchors fr9g1the|r retrac

t heir extended p03|t|ons to drive said grlpplng teeth into biting

engagenment wt g, é‘tn?erdfﬁf\&]%fj%lsﬁr eeretl wel |l flow conductor.
Im3 pac

32. The netho erein:. sai ‘urther has an annul ar

resilient. sealsaSM ;ﬂﬁ e ¢Q2khakl Habi 4k WRAIIdY e s3a1idnicuBebar sbedytuzad
said setting step rther i ncl udes axially conpressing said resilient seal

st ruct ur exoaaith Iadi il dountRiGbiingg d4id wukAnldlyy bodyg 2agd | ng engagenent with
the interior side surface of the well flow conductor, in response to

forcibly novi mpishisettling abnepofsrthem incdiudesarcdelldy pomptriessingosahdi r
extended positions. 33. A nethod of installing a packer in a subterranean
wel | fl owesdddissttorseahi stmachetecoapdi sadgad §§é&§mﬁn9pﬁ%vpatwgrdly
packer having a tubul ar body portion |ongitudinally extending alon
axis, a &mrﬁ@mg awqasﬁa%@a mﬁhafzh?y iptezipy e?ﬁ&?or%u’\‘:%}ﬁ yt e
retai ned sali d bod%g$ort|on for radial ative, theret$ bet ween
i nwar di y %ot ForEr anl SGEREPEPY §ktéﬁﬁﬂﬁﬁﬁ' MR 33 ¢8EEP,
anchors VNG '%‘% N9 Has shde authace Bgitigns 2Pd PRLPEY extended
positions.
33. A method of installing a packer in a subterranean well
flow conductor, said method comprising the steps of:
providing a packer ha#ing a tubular body portion
longitudinally extending along an axis, a circumferentially
spaced plurality of slip anchors captively retained on said body
portion for radial movement relative thereto between inwardly
retracted positions and outwardly extended positions, said slip
anchors having sloping inner side surface portions and toothed
outer side surface portions, an axially spaced pair of annular
setting wedge members coaxially carried on said body portion and
having facing end portions with annular outer side surfaces in
which circumferentially spaced series of flattened areas are
formed, said flattened areas facing and engaging said sloping
inner side surface portions of said slip anchors;
coaxially positioning said tubular body portion within the
well flow conductor with said slip anchors in their retracted
positions; and

setting said packer within the well flow conductor by

axially forcing one of said setting wedge members toward the



outer side surface portions, an axially spaced pdir of annular-setting
wedge nenbers coaxially carried on said body porti i I ng end
portions with annul ar outer side surfaces in whi cdmllﬂm“m#mlmfy spaced
series of flattened areas are fornmed, said flattened &reds facs ng and
engagi ng said sloping inner side surfagg portions of said slip anchors;
coaxially positioning said tubular body portion within the well flow
conduct oothetrhseatdngl wpdaec membern tbh€orcibliadrddep@aild aisp antblzatd i ng
sai d packer within the well flow conductor by axially forcing one of said
setti ng ertwardiybefson owded 1t heetragtedt Ipoysiduitarishg twe dybe he st drpled
forcibly drive said slip anchors outwardly fromtheir retracted positions
to thei rpegibhang dodiqduss said taotheduten fidedpoutdens @& gotd idip of
said slip anchors to bitingly engage the interior side surface of the well
flow condERSEs Ba biAngky (ngage &he ARSSTIAE: 8ide UriapaRertheMededr has

an annulgi resilient seal structure coaxially circunscribing said tubular
body, antlQ¥i8°REEEFAG-step further includes axially conpressing said

resilient seal,strycture d radially,def I1ng. it outwardly into sealing
engagenent mﬁ%ﬁ'thgﬁ?n?ngga g%dgigﬁ?f%géwﬁég%ﬂg'mell fl ow conductor, in

response to aé&%'%@géfif%%ﬂﬁ@ﬂﬂkﬁﬂggaﬁﬂééfﬂi 96 P RGN th e d

t he other setting e menber. / Installing a packer in a
subt err ag8aRiNELY &L PMLRSBLALEIAG , s88d I ABATWE WOUP) i gndlg the steps of:

provi di ng a packer having a tubul ar body portion

said setting step further includes axially compressing said
resilient seal structure, and radially deforming it outwardly
into sealing engagement with the interior side surface of the
well flow conductor, in response to axially forcing said one of
said setting wedge members toward the other setting wedge member.

35. A method of installing a packer in a subterranean well
flow conductor, said method comprising the steps of:

providing a packer having a tubular body portion
longitudinally extending along an axis, a spaced plurality of
slip anchors carried on said tubular body for radial movement
relative thereto between inwardly retracted and outwardly
extended positions and having toothed outer side surféces, an
annular resilient seal structure coaxially carried exteriorly on
said tubular body portion, a.drillable block member disposed
within, anchored to, and sealing off an interior portion of said
tubular body, and a hydraulic flow passage having é first portion
extending through said drillable block member, and a second
portion extending through the interior of a side wall section of

said tubular body portion and communicating with said first

portion;



“longitudinally extending along an axis, a spaced plurality of slip anchors

carried on said tubular body for radial novenent relative thereto between

inwardly retracted and outwardly extended positi Hlﬂlﬁﬂﬂul U Ul“ot hed
outer side surfaces, an annular resilient seal s A ¢ty carried

exteriorly on said tubular body portionzga driIIaBIecbIock menber di sposed
wi thin, anchored to, and sealing off an interior portion of said tubular

body, and a hydaidxiy | pyspessadaghadi pabkest wdHirONta%t el Ng £hbkough
said drillable block nmenber, and a.second portion extending through the
interi or cnducticie widl e iglipfarfdialrd dhilltdle irodetredtiedh poEd tions;
comuni cating with said first portion; 36 coaxially positioning said
packer within fillwimed la prewsoeidedt Hiuidtseqmnt = 1ly dhdiongh saidhéirst
retracted positions; flowng a pressurized fluid sequentially through said
first andmskceadonddrhwdraukiowfpays npsgage | partinasr aspybnseepPysivedyng
said slip anchors fromtheir retracted positions to their, extended )

posi t i onEARFING Faichel ipt el FHad tgFéIE Lo ¥acerd iRass BHiansh §oe kg Enent

ith the interj i d f f.th LI fl ductor, and axial |
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seal structure.

interior side surface of the well flow conductor;

flowing a pressurized fluid through the interior of said
tubular body and externally into forcible engagement with said
drillable block member in a manner responsively causing an axial
shifting of said tubular body relative to said slip anchors and
the further axial compression of said resilient seal structure.

36. The method of Claim 35 wherein:

said packer has an annular structure coaxially carried on
said tubular body portion and having an end portion forcibly
engaging an end of said annular resilient sealing structure
during said axial shifting of said tubular body relative to said
slip anchors, and

said method further comprises the step of limiting the
further axial compression of said resilient seal structure by
permitting éaid annular structure to axially deform in response
to an axial force exerted thereon-by said resilient sealing

structure and exceeding a maximum predetermined axial force.



36. The nethod of C aim 35 wherein: said packer has an annul ar _structure

coaxially carried on said tubular body portion and having an end portion
forci bly engagi ng an end of said annular resili ent“mmmm;mﬂmmulle during
said axial shifting of said tubular body relative 14 S¥ors, and
said nethod further conprises the stepsef limting the®f urt Her Saxi*al
conpression of said resilient seal structure by permtting said annul ar
structure to agxi.al ThedptehBdl B €3RVASES t PuBthéX | AdmpPiSEngXEd askdphes£on
by said resilient sealing structure and exceedi ng a nmaxi mum predet erm ned
axi al fodetlling3éul’sallde drillabhlel blloakmmémbay tafterc yhy i serfpideenss ep

of drilling out said drillable block nmenber after the perfornmance of said
fl owi ng ofepaid flowing steps.



