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13/691,014, filed on November 30, 2012, and U.S. Patent Appllcatlon Serial No. 13/706,166,
filed December 5, 2012, which are mcorporated by reference herein in their entlrety.

BACKGROUND

[0002] The present invention relates generally to tieback assemblies and, more
particularly, to hybrid-ticback seal assemblies and associated methods of setting such assemblics.

[0003] Hydrocarbons, such as oil and gas, are commonly obtained from
subterranean formations. The development of subterranean operations and the processes
involved in removing hydrocarbons from a subterrancan formation are complex. Typically,
subterranean operations involve a number of different steps such as, for example, drilling a
wellbore at a desired well site, treating the wellbore to optimize production of hydrocarbons, and
performing the necessary steps to produce and process the hydrocarbons from the subterranean
formation. Controlling the operation of downhole equipment that may be used at each step is an
important aspect of performing subterranean operations.

[0004] Downhole equipment includes any equipment used downhole to perform
subterranean operations. For instance, downhole equipment may include, but is not limi_ted to,
equipment used to set wellheads, liner hangers, completion equipment, and/or intervention

cquipment.
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BACKGROUND [ 0002] The present invention relates generally to

ti eback assenblies and, nore particularly, to hybrid-tieback seal
a¥senbl i es and associ ated nethods of setting such assenblies.

[0003] Hydrocarbons, such as oil and gas, are commonly obtained from
subterranean formati ons. The devel opnent of subterranean operations and the
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methods of mechanical manipulation of downhole equlpment consume precious rig time
rendering them undesirable.

[0006] In ccrtain other instances, setting pistons (or hydraulic pistons) may be
used to set downhole equipment. Specifically, setting pistons may be provided downhole
independently (e.g., a setting tool) or as part of downhole equipment (e.g., internal pistons in a
hydraulically set packer). However, typically the hydraulic pistons are source referenced in that
pressure can be applied to and relieved from the same location in the system. Specifically, the
system is typically pressure balanced at the time pressure is applied to the system. This pressure
balance prohibits the ability to build a pressure differential and displace volumes, limiting the
system’s ability to set downhole equipment.

[0007] It is thcrcfore desirable to decvclop methods and systems to more
efficiently manipulate downhole equipment.

[0008] Current methods used to tie a well back to the surface or subsea wellhead
from an existing downhole liner hanger entail running a tieback string into the well. These
tieback strings typically have seals at their bottom end that stab into a tieback receptacle or
polished bore receptacle of a previously installed downhole system. This typical approach may

be problematic in applications where the existing tieback receptacle of the system has limited



[ 0005] In sone instances, nechanical manipul ati on may be used to control
ogeration of the downhol e equi pnent. Specifically, a setting tool may be

- |'Owered into the wellbore on a work string to mani pul at e downhol e equi pnent

t.o set the device. Alternatively, the setting tool may be | owered downhol e

on the work string as part of a downhole tool and may be retained therein
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second plugging device (e.g.. production hanger) has been installed.

[0011] It is therefore desirable to develop an improved system of tying a well

back to the surface or subsea wellhcad that does not utilize a tubing plug or similar device.



[0010] Typically, hydraulic pressure that is applied to the current system
el astically deforns the tubulars that the conponents nust set against. Once
the pressure is removed, the tubulars relax and a proportion of the setting
| oad may be lost in the conponents, which nay conprom se the quality of the
conponent set. Moreover, once the plugging device is renoved, the current

system cannot be re-presRpitZPsdrRp@OPOY TABDRAAIIKGoONal setting load until a
second pl uggi ng device (e.g., production hanger) has been install ed.
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|Ilustrat|ve ne%hod teps q5500|ated with a setting cycle using the | HSS of
Fi gure Tc]osurc as it extends downho

[0014] Figure 2 depicts illustrative method steps associated with a setting cycle
using the IHSS of Figure 1.

[0015] Figurcs 3A-3D depict a cross-scctional view of an THSS in accordance
with another illustrative embodiment of the present disclosure as it extends downhole.

[0016] Figure 4 depicts illustrative method steps associated with a setting cycle
using the THSS of Figure 3.

[0017] Figures SA-SP depicts a liner hanger system and a Hybrid-Tieback Seal
Assembly (HTSA) in accordance with a first illustrative embodiment of the present disclosure.

[0018] Figurc 6 is a flowchart depicting a method of tying a well back to the
surface using the HTSA of Figure 5, in accordance with an illustrative embodiment of the
present disclosure.

[0019] Figures 7A-10M depict a scquence of method steps associated with tying a
well back to the surface using a Hybrid-Tieback Seal Assembly (HTSA), in accordance with
certain embodiments of the present disclosure

[0020] Figures 11A-110 depicts a liner hanger system and a HTSA in accordance

with a second illustrative embodiment of the present disclosure.



[ 0015] Figures 3A-3D depict a cross-sectional view of an IHSS in accordance
with another illustrative enbodi nent of the present disclosure as it

ext ends downhol e. [0016] Figure 4 depicts illustrative nethod
steps associated with a setting cycle using the IHSS of Figure 3.

[0017] Figures 5A-5P depicts a |iner hanger system and a Hybri d-Ti eback

Seal Assenbly (HBSA) Figuraqeas dammehivt tdbpidtidd 4 setfidd| dfsyingta well @adxoi dent  of
t he present disclosure. [0018] Figure 6 1s a flowchart
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~ [0023] Figurc 14 dcpicts the HTSA of Figurcs SA-5P anchored in a host casing
and setin a receptz;cle of a liner hanger system, in accordance with an illustrative embodiment of
the present disclosure.

[0024] Figure 15 depicts the HTSA of Figures 11A-110 set and secaled within a
host casing, in accordance with an illustrative embodiment of the present disclosure.

[0025] While embodiments of this disclosure have been depicted and described
and are defined by reference to exe;mplary embodiments of the disclosure, such references do not
imply a limitation on the disclosure,; and no such limitation is to be inferred. The subject matter
disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those skilled in the pertinent art and having the bencfit of this
disclosure. The depicted and described embodiments of this disclosure are examples only, and

not exhaustive of the scope of the disclosure.



[0021] Figure 12 is a flowhart depicting a nethod of tying a well back to
the surface using the HTSA of Figure 11, in accordance with an illustrative
enbodi ment of the present disclosure. [ 0022] Figure 13 depicts
a typical well design associated with a nethod of tying a well back to the
sur f ace. [ 0023] Figure 14 depicts the HTSA of Figures 5A-5P

anchored in a host casing andpgghnied PescRaapdacl e of a liner hanger system
in accordance with an illustrative enbodi mrent of the present disclosure.
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connection via other devices and connections. Similarly, the term “fluidically coupled” as used

herein is intended to mean that there is either a direct or an indirect fluid flow path between two
components. The term “upholc™ as used hercin means along the drillstring or the hole from the
distal end towards the surface, and “downhole” as used herein means along the drilistring or the
hole from the surface towards the distal end.

[0028] The present application discloses a method and system for delivering a
pressure charge to a setting piston on a delayed basis. Specifically, a hydraulic volume may be
pre-filled with a compressible fluid. The compressible fluid may be any fluid having a low Bulk
Modulus, such as, for example, silicone oil. The term “Bulk Modulus™ of a substance as used
herein refers to the substance’s resistance to uniform compression as indicated by the ratio of the
infinitesimal pressurc increase to the resulting relative decrcasc of the volume of the substance.
As would be appreciated by those of ordinary skill in the art; having the benefit of the present
disclosure, silicone oil is mentioned as an 1illustrative example only and a number of other fluids
may be used without departing from the scope of the present disclosure. Specifically, any fluid
may be used by adjusting the size of the setting device (discussed below) in proportion to the

fluid’s Bulk Modulus. Moreover, in certain implementations, the different chambers (e.g.,



[ 0026] The present invention relates generally to the setting of downhole
equi prent and, nore particularly, to interventionless setting assenblies
and associ at ed net hods. [ 0027] The ternms "couple"™ or "couples”
as used herein are intended to nmean either an indirect or direct
cennection. Thus, if a first device couples to a second device, that
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implementation goals, which will vary from one implementation to another. Moreover, it will be

appreciated that such a development effort might be complex and time consuming, but would



[0031] Illustrative enbodi ments of the present invention are described in
detail herein. In the interest of clarity, not all features of an actual

i npl enentation nmay be described in this specification. It will of course be
appreciated that in the devel opment of any such actual enbodi nment, nunerous
i apl enent ation specific decisions nust be nmade to achieve the specific

I npl enRAfeahbleR AR oStindMMdeRaMhd For\tRdsy off beIThR ekillTR ienBnhalinOhe thendmaifher .
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a hydramhkﬁnghﬁde@bEGSwuﬁs woul d be appreciated by one of ordinary skill in
the art, specific nonmenclature Used herein to refer to conponents of the
enbodi nents i s n@033]i FiglirenglA-FBr dgxanml dptetvretiérdesn Hipdtaolom Setting Sgstersed

w thout reference to the actual |ocation or position of the conponent
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hydr aU%br?cr&ll—&t\k1ﬂ9rc¥c9§hce-ﬁﬁﬁcﬁpmmﬁhﬁ&&dn@@d&%ﬂoldqous' ng 104 forms an annul ar
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Conpensac;[cllfn cgnomcnglnglrell}szcd ﬂal)ém 0 1c§fu I cgr%pgt%%?s o%tt}?cdcrglbo%lmcnts is not limiting. For
example, the term “bottom sub” is used without reference to the actual location or position of the
component rclative to other components. A communication port housing 104 is coupled to and
extends along an external surface of the bottom sub 102 and the hydraulic tubing 103. The
communication port housing 104 forms an annular space 108 around the bottom sub 102 and the
hydraulic tubing 103 and includes a charge port 106 that provides a path for fluid flow into that
annular space 108. A floating piston 110 is provided in the annular space 108 and separates the
charge port 106 from a compensating volume 112. The compensating volume 112 may be filled

with a compressible fluid 114. The compensating volume 112 may in turn be separated from a



wor ki ng volume 115 in the annul ar space extendi ng al ong the outer
ci,rcunference of the hydraulic tubing 103. One or nore hydraulic control
devices 116 may be provided in a first hydraulic housing 118 between the
conpensating volunme 112 and the working volume 115. The hydraulic control
devices 116 may operate to regulate fluid flow fromthe conpensating vol une
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downhol e equi pnent as it noves in response to changes in pressure in the
wor Ki n@ottsrh wie 1021 ndode Wedaula fubingtl 0P bsivicen fheebutkom sibClODMydasiid ivbing 108 t he
illustrative enbodi nent of Figure 1, the downhol e equipnent is a hold down
body 1264 theRomBRmickistepdrahdudiig QU agid® bistaDéndbfahe Bottom $ubel oboTiek dlewrendody
126 includes a pusher sleeve 128 having an anti-backl ash systemto prevent

nmovenenk tlﬁtboﬁgﬁ 80908 RGcR (h Blednd B2 b%'ttb]lﬂ sllgq 024hidhEs RRARE Ipkdkifie 1o MNet hough

a hoId domn body 126 is depicted in the illustrative enbodrnent of Figure
1, 6 , ein
are nol .h%l%’éaﬂﬁ%@ﬁ.?%%%ﬁﬁatWt%”ﬁﬁ%&%ﬁ%a%(%%dﬁﬁﬁgﬁ2 e

SP™ o Tl Blasttilpihh B0 AU ot e&%@%%&gﬁo f3Paht Lo hom dlifiscope

_accor dance rati.ve e dis us

o n t o Wr&ai’ércgm@s%c erie SOBREUTR A e idipg e PophE £0 H%gqlﬁénag
t ed th t | | HSS 100. Alth
e ghey d\giﬁs‘&ffgtﬂstﬁ% PR pision 20 'Cegért ee BEPIRd S eSiernt BE i BV BRe ©

ordi nary Skl|| in the art, having the benefit of the present di sc] osure,
one or PHEMEDEFCEha fiEicPastipnsindpd Serapd ROSIHPT.NPRRCBASE VAR 1t dBaxaalsh Gt
departing fromthe scope of the present disclosure. Miltiple setting cycles
may be pravpdedite nresent peeseiae lack @ndgliavy fluidalisplaceipery imhd s¥y@nens di scl osed

her ei n. _ [0038] First, at step 202, annular pressure may be
applied to the sWB@hTheAhydrgﬂpmme nae ntdyd»mysedrto stthéownhglet eduipgnagie s dles or
met hods known to those of ordinary skill in the art, having the benefit of
t he pr es®nrt indicgohastdrchangenin fressusen tHeovatking veluma 1fl bevcbinp dug Ipogitien @wnul us
105 between the hydraulic tubing 102 and a casing or the wellbore wall if
the welal Bed gositibRlin GRS BldstraAivt BRBEdinicheoti Hibws [ fikidé@npetbegiipmaiiss aholi gur e
1 and 3 are generally described in conjunction with applying annul ar

pr essur@wnttagy 186 Nadse MOrate tABBditHeRCH UGSt NEHRINdI@WvRbSEH 126 ihdidenent ed
by applying pressure through the hydraullc tubi ng 103 instead of applying

an a””%él{cr RIcER> W having an anti-backlash system to prevent movement at one end and a hold



[0039] The fluid delivered nmay be any suitable fluid, including, but not

| imted to, any conpletion fluid such as, for exanple, conpletion nud or
slurry, cement, gas, or conpletion brine. As fluid is directed into the
annulus 105 it generates hydraulic pressure in the system Specifically, a
pertion of the fluid may be directed into the charge port 106 of the |HSS
100,  a®ph Vi 03 00dt @RSeppesiRning. Afikouigh @adioldi@oviai 5ddgN 26 10dephgediihebslligratise
applied to the floating piston 110, the floating piston 110 noves into its
cont r aghBshiReR JiFechré Nt RIGBRISHY dppRiatddah KARPHRGAEL Ml WolehhBBistbdedHerdifie | HSS
100 at step 204. [ 0040] As the conpensating volune 112 is

pr essupi.zed jinlifedWh hanRSufR BY AP db0E DB LAP NP by WeedlihScRfundlGPwif Bih
Specif?%§ﬁ1yﬁlfﬁe é&m ressg61e ?%u?& 114-a ffdms fron1theﬁ€onpeﬁsatiﬁg

vol une ;112 | -t [ 5 hydraul i c
controﬁoﬁég%%%qu%%t%ﬁﬂégg%%%géyﬁgméﬁgm%ﬁ%gggggg&%$gégggégapplied to the
floating piston he fl ow. of e Lonpressihle.fl ui. 14 into the

wor ki ng vol une 1[Jbé§]7|]n LHeRL tﬂf'leeld;)gr%elso(sbulfleal C%%réatl eéw\}\% raEilﬁugsa\%Yeueﬁ%bof YBRE A

this point, the pressure aof the I 100, t.he gnnul us. 105 .and the hydraulic
t ubi ng“ih3o% ks ¢ uﬁﬁaéHFOWHHd“m‘“ﬂl 18507 ‘Qﬂﬁgﬁgpﬁg'QPgﬁuﬁﬁgFﬂPﬁgt'Fessure

previously appl.ied to the worKki 5 is captured therejn as the

pr essupBOfited Pi‘éthrae%eft“’(gfcyfﬁé“%é{‘]%H¥§% g@&pé%]&gh ‘Sﬁ\é‘gf’?ri ‘gé}eﬁ/ are{epicird n
pressure fromthe rig punp is reduced, the floating piston 110 noves from
its cofigueect.cd vsodd by emprecipted prethasceef @ewpty il in the aichavingghebensfs pt then, t he
conpensating volune is substantially pressure bal anced with the annul ar

pr essupesentidisshosnmy on ot mrane loé thii rastied yicpemay i ¢loningied of gnqsifesgiswithout As t he
pressure of the conpensating volume 112 is reduced in response to the

r educt departing fréve tienscapaof the pssentalischspreeSitipde stittirfeeryeles naly bdampleopstedet ween
the conpensating volunme 112 and the working volune 115. In certain

i mpl emani&iredsng fhe nieyhddantd gsemeidisolosdichereies 116 nay incl ude one or nore
check valves. In this inplenentation, the pressure differential causes the
check valves to [oyg mnt, et shei 102¢ eifubs RROGIBMECEE Spptid 6 thsdyaRid. al Hy

i nst ant aneously seal s the working volunme 115 from the conpensati ng vol une

112, OgaRpih&t sEHREKorVAhaSithAY 83&a3| 8 thdiifls Wbk ROtHeRd SNBrdihdsy JiIPM thee
conpensating volunme 112, the captured pressure is stored in the working

vol urrealjtlﬁzi\vinc the benefit ofbtehkg;gg%]u GscishfP BdhPpe Wh& RARINELS fﬁﬁ@%}ﬁ&}ﬁg%f i(_;}r@ the

wor ki ng vol urfe may I ed to downhol e equl pnent, such as,

a
ey ot SeBRR R BO e [0Sl S RHI, L SERHEEWbT i SPenypeosur e

differen ops between pressure 1*h the annul us
hydraul i c tqgi 1Q§Qﬁa d.the worki.ng vol.yme 115 pressure, a result of
thi s praCedit Alferdy eiaealSs BRboGfignDerilivs ipforBR s Medeliily | oac
i s devel gped. ont. thF.hoId own bod¥ 126 . :

conjunction with applying annular pressure, ‘the methods and systems disclosed herein may also

be implemented by applying pressure through the hydraulic tubing 103 instead of applying an

annular pressure.

[0039] The fluid delivered may be any suitable fluid, including, but not limited to,
any completion fluid such as, for example, completion mud or slurry, cement, gas, or completion

brine. As fluid is directed into the annulus 105 it generates hydraulic pressure in the system.

Specifically, a portion of the fluid may be directed into the charge port 106 of the IHSS 100,

10



[0043] The rate at which pressure differential is devel oped at the
hydraul ic piston 120 depends on the rate of dissipation of rig punp
pressure. For instance, if the rig punp pressure is dissipated in a nmanner
anal ogous to a step function, a hanmer load is applied to the hydraulic
ptston 120 to set the hold down body 126. In contrast, if the rig punp

pr essugglyifig PlesirPaite thesfleitiny pRuar110i HEﬁretshEe Isapdli¢dstodrd flyRimgdhidien t e
hydraulic piston 120 nore snoothly. Such snmooth delivery of the | oad nmay be

appr opfafigting PistéX AP hoved Hto UBEconRa&&L F)i)ﬁﬁbrfjgl\ﬂﬂ P&Jsﬁu@gw HRM®MpehHehpdi ng,
but not limted to, elastoneric and netal-to-netal packers.

[0044] L6913 8f et @@yﬁtg%ggas the hydraulic control devices 116 nay
i ncl ude one or nore hydraulic restrictors. The hydraulic restrictor may

Sl'owly bl eed tNGORASEUTE (LATHLRGS "R 91 8 B2 BRGH (bl he

conpensatlng vol over 'a certain

restrlct juste s desj.r achi eve. . a ime
durat|8ﬂr na%ﬂm ggghfﬁpq%%n§Pg?h“$ﬁehﬁy8?ﬂﬂF¥§ﬂ7é@?fqg%gﬁnm ?nﬂé used
to ensure that the stored ene does. not in the system.| on erm

ALt or neTRRERgineilg B2 Be PREEPE Pl H&yﬁ%égémwrrﬂa?@&ygfa if GOgR rauli
control devices 116 may include a selective check val ve ther

rel i ef dgpagasd) o hesspqnse ?I%them?aa?ﬂ Iére%SBreraéP]é‘f%tottWeﬂWH'ﬂé’éﬂt?‘b1 13» dbe GP% 9 n t he
system When a hydraullc restrictor is utilized, the IHSS 100 may be used
sever afhetdompsestiblestbitid dbfvitHo e watkingniahime 13 bistrases thhareedwd peihs a’fqrh@ovol une
112 has a sufficiently pre-planned reservoir to allow for nmultip

act uat voinme 145t &t thikgoimi thi airdsyure axbtthe BiSHr 0& sthe emivius hES wed Rflcrig/dmllllgne 115
is applied to downhol e equi pnent, the rig punp nmay once agai n apply annul ar
pr essunbingol3prelsdanced.t hr ough the tubing) and repeat the setting operation
in the sanme manner. [ 0045] As the hydraulic piston 120 coupl ed
to the working vobyrmeNestatistepdospthapedsire prattuplyl appBediowhd olotkigg) uolpnent |
the pressure in the working volune 115 reduces. Once the initial

di spl agesendapRired MBrehty & AU Ipr&sitt 34 @t k2GRS sReeN dRGFARTGYadiBehyagdihti onal
cycling of tﬁe system nmay be used to deliver nore pressure, and thus, nore

force, ,ASurdfoRYRY ﬁ«%‘bhrﬁ R el jtgpﬂ@itﬁ@l RESMBOImARS fmwtsb,-%ﬁ@adamdmﬁd
AccordPneg, afirs tlng cycl e of fhe | HSS 100 may di spl ace 't he

hydraulj g, %&hgﬁsﬁ&&) M eeBQ 55%%dndm%'co 8@&%&5@@9@ smmi Y&EM@E 115.

As previ ous tated, a su seq ent, “second setting cycle nay Fiver a
maxi mu sure and | S I'I ng a
conpl e?%lancee? tvxln'lt%lgti]% g meslsure wfngh %%xvl\iin HFH 'E!: le%@/ rgl Feg d@g]%%ﬁ% u?’sg;s-& 3.

depict ,an | HSS 3 in aceor danc ang her . |IIustr e odi mep t of
The. pr SBoRESSaRsEh e e oRelg geﬁ'&eeﬂg. RS i repPrs oéf S o th
enbodlnent t he 1 HSS 300 vi de a del ayed deli ver,

bl eedi ABPHHEPTSRONKi %@rcwreuﬁggfﬁﬁ%ﬁ SRV SeRTE i ORPERTAHBE 49 8@‘63?? A e

sel ectively opens and closes a port that |eads to the stored pressure.

[ 0047] workipg velume| 133t ngertyia igalsaniations the Redraylissontypl Me,cpﬂa&may B4 m sub
302 coupled to a hydraulic tubing 303. A conmmunication port housing 304 is
coupl ed@ng or amde ehecknddveal bndisaimpsnarnson. Serprasureodifferati apssm tBeshesb2 and
the hydraulic tubing 303. The conmuni cation port housing 304 forns an
annul avalypace 308 amtouthdir tdverefpondiog saty Bd2subsdntidily pdn@oddustyt sdalsnthe303
and includes a first charge port 306 that provides a path for fluid flow
into working volume 115 from the compensating volume 112. Once the check valves have sealed the

working volume 115 from the compensating volume 112, the captured pressure is stored in the

working volume 115.



t hat annul ar space 308. A first floating piston 310 is provided in the
apnul ar space 308 and separates the first charge port 306 froma first
conpensati ng vol ume 312. [ 0048] The first compensating vol une
312 may be filled with a conpressible fluid 314. The first conpensating
velune 312 may in turn be separated froma first working volune 316 in the

annul ar space expes]i Astéd ONg thd@aiked préskiire URTIRF QbEEn®oluhR DIGt ineybe
assenbly 302 and the hydraulic tubing 303. One or nore hydraulic control

devi cegy %la {BYWRARIPEANHASH Rek wees: éﬁﬁlpfé,%%%l@&f@?ﬁ&?tfﬁgA‘é%éJﬁE aaag and
the first working volume 316. The hydraul ic devices 315 may operaFe o]

regul ate flujd,fl ow f e Lirsl. ensat g hE St
worki nbsart e Rk RE i enki e GRIREREA! b Brok U FonC iy SRRl EDE
used herein. refers any.devi ce that b dto.r | f1luid £l ow
fromo %(ﬁglglcuﬁ’&m@r l(ﬁ:}ﬁaa etrhetvcv)org(hngt h%‘rjl}qg%rs rﬁgstﬁgghc’c{es, atrﬁg}ﬁt gIrr ?nhlg Wy%jsrglérﬁl ic
control . device" inc|ludes, but.is t lim.ted to, check ,alves,, restrictors
o oBihTnat o s BoreisbR 1 & Wering derdr B G B b bt
‘provided to facilitate filling the first conpensating volune 312 and the
first RﬂhkF%b volunme 316 with a conpressible fluid 314. The first working
vol ume 316 extends downhol e al ong the outer surface of the bottom sub

302/ hydr aul i ¢ t ulfP#Y] Be3atsat which Prosaurp ditfesentialis devdoned @t tsihyeraplinpisgn3o3

and the hydraulic housing 322 and interfaces with a second working vol une
320 acid@slependhiohttheigats|cdalissip@den of g pweppeEsswe-kForginstanagmef B201g pumpr n
interfaces with a second conpensating vol une 324. [ 0049] Like
t he fi pesswwoisphssgatddrig avipdnnaear@ogoeni a ftep functsin, wdakimey load livapplisd & thehe
second conpensating volunme 324 and the second working vol une 320 may be
fill edhpdrailicapic@ATI206isbl e fHold dovd2 ®odyl h26.danjonesss, ifltee fik yiuehpi pregshee &i r st
conpensating volune 312, the first working volune 316, the second

conpengatibited YRWINTBva2find ke 143 iS geleeedar thé MgdalidIpRod 2Q0 mEy safotile same
fluid or different chanbers nay contain different fluids. The second

wor ki ng,MOLHAR d8eld o @8 |GG Hay B Bprsyiatd @ dxBmpleZ Ror ub@ih dchfgldowihoteor ki ng
vol une 316. [ 0050] A shifting, sleeve 328 is provided at an

i nterf %&@gmmtﬁmu%@h mgihﬁea@ tc}lgiaﬁt:g??ﬁé'%(grﬁgaf-ﬂaemégl%gﬁr%gr ki ng vol ure

320. In rtain e Inments, thé s I ng eeve 328 ‘may coupled to a
2500530 U1 ChkRR LRy Y ALRo oRts R TR PILIAL 18 bR, 20 e
a0, o1 a5 BeBLASBHD SRR RSP Ep TSRS BBl he
the working volume 115 back to the compensating volume 112 over a certain time duration. The
hydraulic restrictors may be aajustcd as desired to achieve a predctermined time duration for the
pressure transfer. The hydraulic restrictors may be used to ensure that the stored energy does not
remain in the system long term. Alternatively, the hydraulic restrictors may be eliminated or the
hydraulic control devices 116 may include a selective check valve (c.g., thermal relief valve)
when it is desirable to retain the hydraulic pressure in the system. When a hydraulic restrictor is

utilized, the THSS 100 may be used several times to set downhole equipment so long as the

compensating volume 112 has a sufficiently pre-planned reservoir to allow for multiple



[ 0051] One or nmore hydraulic restrictors 336 nmay provide an interface
bet ween the second working volune 320 and a first side of a second
conpensati ng volume 324. The hydraulic restrictors 336 can be used to
regulate fluid fl ow between the second working vol une 320 and t he second
conpensati ng volunme 324. A second floating piston 338 is provided at a

secondaGiARnO! Afthe ke mnly COPRIAS pdshlde VR MEBYGRhgSUdimt At ROMpINEMto Of t he
second fl oating piston 335 bet ween a rel axed position and a contracted

posi ti @iy AR bf ﬁ}h’éé?ﬁ’, dq@rigrgg% SRk h8aih App D @nRRSORESGRTBEAR &utd@rotgh une

324. A second clarge por may be provided proximate the second end of

th : i 4.10 1Lt del i f t
he scuunipiFPaRERIEh el frarcfin B SR RS oP e Y Ui a e ting the

pressure deliver r 34 sses _thro a Gayvity, 342 and b irected
t hrough a settiAéogﬁﬁ%sg%ﬁhgﬁ?ag?pFﬁg‘F%gépgﬁﬁyé%éh%éwﬁs% %%Mg%ﬁlg6%nhole
equi pnment. in a manner sim.Jlar to that.discussed,in conjuncti with Figure
o For et g ane A PR Rt B PRESEG T e LEE MG SaS Tty be
used to drive a hydraulic piston (not shown_in Fjgure 3) in the same_ nanner
di scus98ee iy o] ditelararenhiof Merhygipudic Pisiory 1%9183%9Waﬂswremsiia§$doﬁd§'a9ﬂ% et
downhol e equi pnent. In certain_inplenentations, a fluid reservoir 346 may
be pro¢ydiag deboesssiemnaay,pagset & deliyeyapgre gugssurgz and sy ore &Tes. iy Hert 344
and be used to collect fluids and push fluids through the setting port 344.
[ 0053] hydredicdiisig V20 dibpladepiBst BOMowrhebw dewimazeli Ascordinglii mfrsvesttingecysle®@fand a
second wor ki ng vol unme 320 positioned on opposing ends thereof and separated
by a sthcflHISAd 08 IneyvsBR8 thchizstdrandiv grissoral 20r eils snmee wreidiial ergssyent thg3varkifipe
first working volunme 316 may be filled and pressurized by a first
conpensalumed 190As pEevblizly stdted, d subspgudet weanl delttngf dyckt moodgines atmargmuol une
312 and the first working volunme 316 nmay be regul ated by hydraulic control
devi ceamddd. ofThRsdurd Shd GoFReRER thifGnal AditiRedbal, FEAYuriiges alopldie &g aTe
manner as the conpensating volune 112 discussed in conjunction with Figure
1 abov@ewmiRfiCtduigiAidty, the first conpensating volume 312 may be selectively
pressuri zed by nmoving the first floating piston 310 froma first position
to a contracted ft [ QAT £ /

thr ough ¢ he t ubi Lo anae b by AP e KsE B0 e RIS i PR IRSRHNE
circul %{n'l)(o)cﬂ{n%{lat (];fl t égyges%ﬁi(&ﬂ)sgljef g'ﬂis@%é%&:' L%@B%édeﬁill elow, in this e[n%(aélﬂent

Simlarly seco I'ng vol unme ed ‘and pressuri zeéd by a
second ,co ing volyme 324. F] uid flow between the second.conpensating
Vol unre WIS A RS R R, e el il Bd iy st Pl JRSPRt S RSB aul 1 ¢
control devices 336. .The second conpensating vql unme 32 operate in the
sane. NRIBHC GanpYie: SNBEACAS W SOTORD BED° TR Baor i GaPLRaEs ik «
Figure 1 above. Specifically, the second conpensating vol unme 324 may be

sel ect PV&¥We-pressuri zed by noving the second floating piston 338 froma
first position to a contracted position in response to annular pressure (or
pressur e t hr oughlO0#E lnyhisidystrapys ¢malepdipery, ‘rhiedﬂgﬁ AP0 dncleden @rbogtamt wb| 382 mreans

(e.g., fluid having differing weights). The hydraulic control devices 336
associ atwdediotathydrealis sboreB BoApensamicaton phrt heus8e43 Oy chypled to and extends

along an cxternal surface of the bottom sub 302 and the hydraulic tubing 303. The
communication port housing 304 forms an annular space 308 around the bottom sub 302 and the

hydraulic tubing 303 and includes a first chargé port 306 that provides a path for fluid flow into



adj usted so that the second conpensating volune 324 has a different bl eed

rate than the first conpensating volunme 312. [ 0055] The first
wor ki ng vol unme 316 and the second working vol une 320 may be different in
size. In the illustrative enbodi nent of Figure 3, the first working vol une

316 is larger in size than the second working vol une 320.

[ 0056] thhnamfs &paRM082%A BiFse Fhoufi: bBtoapploi i€ hréadstuinathe PhedsUERCOB0S Andugh
the tubing or other suitable nmeans), the first conpensating volunme 312 and

the se%%;&mm&@egombyﬁ%nﬁzﬂrs_@m}ﬂ@ﬁfa&_ﬁgjmﬁ@l@ 3y their respective
floating pistons 310, 338. Conpressible fluid flows fromthe first

conpensati ng vol ( ( i C tihe first
wor ki ng vol une é?gﬁﬂﬁﬁgﬁﬂgpgggﬁﬁ%ﬁ@gpﬁ?ﬁgygg?3%%’%%8?81g@g&%@@?@??ﬁnghrough
t he copr. ngi ng hydraulic contral,.deyices, , .al ves
and/ or h légﬁguﬁlh%%rrsésc? P Ec:lfsgtrcl%% V&B\rsn ga% l(riens“ﬂ'l fﬁ , tuglﬁge f ?p%gatt&ﬁgrg% angg\%wl%ﬁ@ 316
and the secqnd. worki ng vol une 320 are pressurize 0057] In
the santimaAhen BF Sl Seperermne s flte B §HRT SR renssatfehe beop s Y bor
pressure is reduced, fl|oating pistons 310, 338 associated with the. first

P orpenth g Gh R b PR AT B SoROR LGB AU HGV501 e aHhE HOVISCE r om
their contracted position to a relaxed position, Accordingly, the pressure
of t hebstieen thediplerrsnensayng golivre dloand the g %@&@ﬂd’%ﬂ%é?@a@hﬁfﬁgdwl&m 324
w || be reduced. Consequently, the hydraulic control devices 315

cont r of¢viery 3P uay dricoie vetegplets e flowr em dlanpesh sempanatipg| ohEnai 2 eridie t he
first working volunme 316 as well as the hydraulic control devices 336

cont r ofitst ngrkihgiivdiuficodlolbaidweenverbre The somul “lysingdin sanirel gley sk Uae ug@dhenginl t he
second wor ki ng volunme 320 seat and seal in the respective pressures of the
first waderkitmgny dedeethdflmagind dsheé te expatak floidkfiawg freol onmev@@@e or chamber to

[0058] In certain inplenentations, the hydraulic restrictors 315, 336 may

i ncl udgndRg. Por iR el @S tdrinctigdtulid bentfod dbvitetiacladasbnds adelimidd to, thvek second
wor ki ng vol une 320 and the restrictors associated with the first working

vol umey31&, RlseREbrPEES&HtEnatiol 18QEIfADR: SMASQIpNRIAES fill PoAS S ¥ HaNBEpMividedt he
present disclosure, the second working vol une 320 is smaller than the first

wor ki n - 16. Jof ] ' i et ik RO
o e AR R 1 8 (bt BRA0 iy S gachorki IR M 99

| ar ger | s ] S8co | ' |
vol unec%.%gsﬁbr%gggltrd?gﬁh?%t letrwg{lr(g{ di rlraé{r?lét gf@?ﬁég? ?g‘g@’%}ﬁﬁ{’%g‘%&g?%ﬁ%k%% and
t he secpnpd rkin une 320 may equal , but th sure. bl ee te of
the nydl 0 1ROF P MBS TR RTRRERETR e it A% ROPERYAMS UERE 53
volume 3 i aster than the bleed rate associated with the first working
vol umea‘ﬁgkfe F’Fffr?‘ﬂicshodlégg%#h@‘%l"’gesrgaﬁ?sewbtpeaeﬁecﬁpgdy RyLE Of“é‘?egééd PH5Ect on

t he second wor ki ng_volune 320 than the fir % wor ki ng vol unme 316. The

di ffer SHEEE PlReVsi 725 of BvSPIaNAg OB RESIUgIe BP&dB WaR dnigHagen ey dr setond
control devices 315 create a pressure differential across the shifting

s| eevecappensaeeotie Plessure differential across the shifting sl eeve 328
is large enough, the shifting sleeve 328 shifts towards the second working
vol ume 320 and o[9e#d Likethsfessompeneting ealymedt amgi3he firspworkieg Yalume 3or ki ng
vol une 316 to the downhol e equi pnent to be mani pul ated. This stored

pr essutle stegndtdoepeimatipprolenic 394 ang tteusie¢ald] veorkimg rvslummeadd® may bdbkel with a
ordinary skill in the art, having the benefit of the present disclosure, to
a hydr asthpressibls flafd 336atThe aompesisle dluidinnthaifipst| catnpebatinghodleme G pive first
[0059] Figure 4 depicts illustrative nmethod steps that nay be used to

mani puksatigndoyehe 3ee aBdidRbRNEonkfeh ik REludS34 300 theAbédna walkiag RulbR320f
steps are depicted in Figure 4, as would be appreciated by t%ose of
ordinary skill in the art, having the benefit of the present disclosure,
one or nore of the recited steps may be elimnated or nodified wthout
departing fromthe scope of the present disclosure.
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[0060] First at step 402, pressure is applied to a closed volune in a
wel | bore. The pressure may be applied through the hydraulic tubing 303 or

t hrough t he annul us 305 between the hydraulic tubing 303 and a casing or
the well bore if the wellbore is not cased. The applied pressure acts on the
fl.oating pistons 310, 338 of the first conpensating volunme 312 and the

second O TRERS Ak Fuid Vr Wierdd Ehhlibd: & ! r&gn&iﬁediﬁél%ﬁtsmias.!mletsb&maqm}m%at ing
vol unes. [0061] Next, at step 406, the working volunes 316, 320

are pressurh2ed j.oRGG :]foib%@lngg% it BSe ﬁaﬁﬁ} _fﬁa[cf)cgrﬁ@gtdg{aggmkm 312 and the

second conpensating vol une are ui di ca to the first working

fovi ces 315, 336007 depaui Rt BREY 4 Moty A i SRRE

devi ces 31?, 336, spectivel n he I ncrease in
' i 12 : [
Vol umeasite S0 AR LE RS PPONGE e BT UL R R L SRR o

devi ces 315, 336, to the_first working, volune 3 nd the second_yor ki ng
vol ume ™3 de cpyderbion spapg 330which ilgadﬁ&eﬁbtffl%aqgg@'ﬁg‘gémei Shgi%ﬁ?f‘g’esﬂ may

t ubi ng/ annul ar pressure, the conpensating volumes 312, 324, and the working
vol unee 3ged Betpyen & fift pasitioreingyhigh hephifting sleeve 328 coygpap clages atrigrswies,
captured pressure is stored in the first working volune 316 and the second
wor ki ndelinsnupert 334 angesdcond ppsiyon mswhige the ghifiingpslesve S8 rapenssthe duercewd, t he
floating pistons 310, 338 respond to the pressure difference acting across
t hem adeiveet porn334.om t heir contracted positions to their rel axed positions.
As a result, the first conpensating volune 312 and the second conpensati ng
vol ume 324 ret urfo0sb] @ne el mwedhgiratie restitidters r386 uhdysprovide e intordacctheorecof a
pressure difference between the working volunmes 316, 320 and their

corr espNectt GORARNSAlMS B20and e firsB $ide 0324sech S RRBicnyRinY . volpecsi4. Cilel v,
the induced differential pressure across the conpensating volunes 312, 324

and t hgLdraGlR! fSSiPRRM IBLaWDE Kikiro S UITE Slurilffow Bdlicerl 85 RESGhH WRI¥ing ¢EIMARS t he
hydraulic control devices 315, 336 to go on seat and substantially

I nst ant $leYscg §diing tvoWRid 300 AY QLSHR 1iddhPhicioh N8 SEPREHCURN ki NY
voIune3gg§9¥ré%§tﬁgi??ﬁ§? éggﬁgnsating vofhne 3122§ﬁd0the segonde

conpensat i ng: , Y, Al , ' yyes
316 330 RHig B WG Ehh cohGRRGGHL ¥Bluke ST R ER b yorl R Kl HIRHEES,
no pressure s, been appljed.to hydraulic .piston or, an ownhol ui pment .
Accor dipl"fg‘?rﬂ/%ﬁtaq% ﬁeﬁ§§%§8ﬁi %(}Sgw&ggaé'mt%ltfaﬁ%d P (Salélglﬁf A %ﬁ}g‘% £(lepa?tyuPrESS% ePe the
application of pressure to d hol e equi prent j s not, necessarily

51 mul { BB SPIPCRR ARG L UBE SaAruron D PRBE Rt 1) MY BEBGYECE Rrostigte e

t ubi ng) . [0363] As shown in thureﬁﬁf th%,seco d wor ki ng vol une
320 mayedad s afdhe serond crmpersalne YelRRE N 4vigl farititate gelivery et Rssushioienent s,
t he second working volunme 320 and the first working volune 316 may be

- equal , serondfleatingrigenp.bl eed rate of the hydraulic restrictors 315, 336
associated with the second working volune 320 may be faster than the bl eed
rate associ ated {(@068] Theflfidrexitingothk ipregsure idakivery3 port 3pheagies flupughce cavityr at e
at which the first working volunme 316 and the second worki ng vol ume 320

bl eed pA2ssdmaynhy dbetadstadougb acaningoport Bé4 butnel tiellHBSH00tdnd herwsd uo ect
delivered to the downhol e equi prent. Specifically, this difference in rates
cont r oldewhhéle teqiipnicht fnak @Binh@ i@t ® thatpdiessded an dohjusstntwidl Figuad 11 Bodl ar ge
enough to nove the shifting sleeve 328 and port the pressure of the first
wor Ki NGng¢lchiNBe prBsurdGierosied Mabysh MBGEHhAPoRr PASHEE bélubddeloediiveal hxhvren the
two ends of the shifting sleeve 328 is Targe enough, the shifting sleeve

328 mMO\RS AR SIRASEFiERE DKL RS Wakie $inh¥ediYcuBRH tin 3 dui¥libs RvifhaGibhik t1ad RS
application of pressure to desired downhol e equi pnrent fromthe first

wor ki NGho/ %&Q{ﬁic‘?bjrsﬁ(m may set downhole equipment. In certain implementations, a fluid reservoir



[ 0064] The IHSS 100 and the IHSS 300 provide different inplenentations of

t he nmet hods and systens disclosed herein. Specifically, the I HSS 100
delivers its pressure as the applied pressure (annular pressure or tubing
pressure) begins to fall and a differential pressure is created between the
applied pressure and I HSS 100. In contrast, the application of pressure by

the | H5f 3@9bé probided dewebothe prdslir B8Ry Sorf3H4 Mg piendenl pdRcoA4 bhebappli ed
pressure (annul ar pressure or tubing pressure) in real-time. Specifically,

the | HRRPRQA fMR¥% RBRL MI@SHEUSH iR sd@wgb@hgwqui pment as long as the
a

wel | bore pressure iS at a pressure th is below the stored pressure of the

| HSS 300. Stated ' ol 9ol iRl eReNEaL | in { i€ a
cont rol devigeg @?gﬁq%%%ﬁﬁ%ﬁkpﬁgﬁﬁ g“@ggHQP norgﬂ%; r%u%p%hgﬁgggygéﬁrs.
I th i. ffici i f j I h i
restr  gieang Rty ST GosRo RS BobiseCt P b o Teb Bl B (YRRE, T

an ea erenti acros ifting
I 328, | HSS 300 i to d | i
0063] SRR oG vers Ay oA AR HE AR By POGBEPORE TEHPTE Medy s

the rig punp pressure is bled and the working_|oad may be_applied to
downhoRed B eRupARhRY 2 R C?‘ﬁg‘iﬂéﬁ%,"ﬂﬁ% 4 H@f%ﬂwiﬁ“ B4 ! FRrpertDe
hydraul i c pisgon t hat. sets downhol e equi prent. The phe Swre dif[ renti al '
that i ¥olpsIiidnddhe Hest pydking velms Sioomaydy relatahpy Ijifﬁ? IOt AR I8 | bor e
pressure, the bleed rate of wellbore pressure, and the bleed rate of the
wor ki ng1¥%dThgrfirst @nenapog velume; g tragyceperdts in the saine giapeari as ihoeompegsaiiigp
pressure resenbles a step function, a hanmer load is applied to the

hydr aulvplomgi I9€ ghiscugsedram cgutinstien dothifigire leahovprimatifiorilye thehrst @ cReing s
fired open. In contrast, if the rig punp pressure is dissipated slowy, the
| oad i soldeleiMerned) rosedectnelp phdsyurand byrmyovioe thp firo gloaatgepkon 3U8 dranna $edtt | ng
downhol e equi pnent including, but not limted to, clastoneric and '

met al - bositiet @la ackeédpdsitidnlie r&pome e BmRilar PrSauis $@hréssure aliougicthe aubing)t h t he
enbodi nent of Figure 1. [ 0066] Accordingly, the MSS 300 may be
used syl byt bNBS phpSEt oEr aRRAbYK MeBeceled arclRYibE &f M@V haesk ditddinghe
first conpensating voFune 312 and the second conpensating vol unme 324 have a
suf fi ciyefiygpr e- pl anned reservoir to allow for nultiple actuations.

Mor eover, the I HSS 300 may reset itself. Specifically, the shifting sleeve
328 may be pushe an? ! S 4l t eyl | by
virtue of the sp P%@q§§%ﬁhgﬁg%§%?#%ggg aikghggﬁgﬁg&%g%sﬁﬂ§§ %gﬂég egged
such t gt (RS SRUING AR FRMIRYE FIE B EAk0G, 3L 38¥Ga oft RafibOPRMIE

a
pressu & e ivery 'po € pressure erenti a

wor ki n ol 316 and .t he second.wor ki ng v 320 falls bel ow a
thr esndrh St Mot B oo B8 oL B ePled IF RSPt Db A 55 6ind ¢ he
second morking vol ume 320 areéﬁﬁualized or, if the differential gressure is
not | arl§é SevBtl FRMPENTHENE VOIHBIC SH*f Ph GPEe dY dhessamne agner s the fPPEAtgpeat ed
to provide setting pressure to further energi ze downhol e equi pnent. .
Mul ti plveluged) 12 digcaped meorisneiongyithFignis 1 &boyg Spedficadiyahe eeFoBY cOPRENSHBE t hat
there are the hydraulic control devices 315, 336, which may include
rest ri oplms 32Aaaydesalegtivshyerrdssthecddyanesingthe secone flpatinstpisien kigfgorelfuste 316
to the first conpensating volune 312 over a duration of tinme. The
restri pbgtien ®rsumgra¢tbdpositivm iemespgyseso enrederipressure (egrksswy throbginths 1@18g) 320
does not remain in the systemlong term Consequently, the rig punp may
pr essumppligd bha fiy duaip b othebistnignbBO Jears (e, fAoniiuhadng @Hfeoingt Weights). I Thand
repeat the setting operation.

hydraulic control devices 336 associated with the second compensating volume 324 may be
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[0067] As pressure is delivered through the setting port 344, the retained
pressure in the first working volune 316 reduces. Once the displacenent has
been acconmopdat ed, additional cycling of the systemdelivers nore pressure
and thus, nore force, to the hydraulic piston as the displacenent of the
hydraulic piston in the downhol e equi prent has been m nimzed. As a result,
a firshdjgatd s thab ikl Reafd ddasehddBNe I0RNEEIL4dhBR @iERrehhBlcby etetlah Qb ifigdt ON

Wi th sore residual pressure/force in the first working volune 316. A

subsequ&Rlens e QBARELi Ng cycl e may deliver a maxi mum anount of pressure
and force wth mninmal displacenent, ensuring a conplete setting of

downhol e equi p arkine v “ d : ) may
be used to setngﬁgyﬂdreé?“d?”ﬁgﬁﬁh@ﬁgaﬂgﬁggggﬁﬁgw&?ﬁngg?ngﬁcégggg?%gnts,

t he pr nt .disclosure.is. directed.t h nd m i |
back t lsffeﬁeélt rbrslf'%ig% tlli,ll 'ilfﬁ‘ﬁtr%tlﬁy%?}i’odi}n??%%afﬁé ggl’ %}fsgfzsﬁ\%ogk "(léi% %li{?]% 331\?/n\,\{gre t he
HTSA is set and. seal ed igto aﬂgrﬁyiog§ y installed downhol e system The
HTSA sVAEEM ire b Biegeheed WRPERe YHE™E &%ent di scl osure may i ncorporate the
slips and sealing technol ogies found for ex le in U S Patent Nos.

6, 761, 221 and 6,@866,]2‘?6’}’“?%@’@?1?5@?%‘{‘? ’ééPB‘fed&H?'t’:‘ﬁf“é’Feés‘ﬁ‘éPbﬁ‘{P‘ﬁg &Fr‘ﬂglﬂ‘ﬁt ed by
reference. The HTSA systemin accordance with the present disclosure may
use | HSSothgD suitable msanpisthesdst comprasitingr valume edd 4 bparend: epmpegting ng
system on an i nmedi ate or del ayed basis to set downhol e equi pnent in the
syst emvolume 324 are prespuged by |theic agspedtive dlppoey pisions 319.h3 81 IIQEP1BOdENENId HSS
300 all ow t he dow nhol e conponents to be set in a pressure bal anced

condi t iflows fi®et thi figsticompénsgtimewinmt 3¢ Al theoncwlicoinpertsegng Yuipe 834 oy e

i nduced el astic deformation of the dovvnhol e conponents. This reduces

and/ or figdti workalgesoltihe Xssari dicesbcbuds svoplting owhinmd 82@,0reppaedndly s tirdughgthe oads
encountered in current hydraulically set systens. [ 0070]

Fi gureaoéépmi@gemfyﬁtauac Ryatrbd-dereback s Seab @sserhbsk GHTEA)andde niptdedilic
generally with reference nuneral 500, located within a downhol e |iner
hanger (sysi&9. Adanebed tdefr FbiindMdilimé 81 €RRNAR REFRI Rbrk3Qioline 3RCHEdance
with an illustrative enbodi nent of the present disclosure. Figures 5A
through ok 5hpw the HTSA as it extends fromone distal end to another.
[0071] "In this illustrative enbodi nent, the |iner hanger system 530 nay be
run and set in a l.ho t 4N tem 53 y be
di sposed within gmﬁggg @gg%ﬁ%IB%QQMQESw%?ﬁgbmh§ﬁ§2?ﬂ2$%?§%$g%%\%ﬁ% e

[ but i t limted t . | 533, . ' dapt 541,
o MangarbypriSt v b Bat e pReREE TR B sl iy BRI 5} 2

| ock ring, Sjg, d a receptacle 540. | ertain inplenmentations, the
r ecept 40NEeEs RS FELRIMITEIPE valyme i o UprGoBUad oPRast Ac o
(TBR) or. palished bore receptacle (PBR .
rclaxcd position. Accordingly, the pressure of thé first compensating volume 312 and the second
compensating volume 324 will be reduced. Consequently, the hydraulic control devices 315
controlling fluid flow between the first compensating volume 312 and the first working volume
316 as well as thc hydraulic control devices 336 controlling fluid flow between the sccond

compensating volume 324 and the second working volume 320 seat and seal in the respective

pressures of the first working volume 316 and the second working volume 320.



[0072] In this illustrative enbodi nent, the HTSA 500 nay be set in the

| | ner hanger system 530. The HTSA 500 may conprise one or nore anchoring
bodi es, which may be hydraulically or nechanically set. In certain

enbodi ments in accordance with the present disclosure the one or nore
anchoring bodies may include a hold up body 511 and a hol d down body 512,
whi ch may be hydoasH]iigakbkain @hpleReRaminsatht Yy&etlic rEhaclnl T supsanay helude down
bodi es 511, 512 nmay include a pusher sleeve 513 having an anti-back | ash

Syst emyt 056G B i BN ETR e sRRr ONGoRtedTRAR (R RILRI Fbikafel +oWI®B20 and the
bi-directional slips 514, which may be independently set. The hold up and

hol d d%\égic%g%%‘sg&:ri?t%%,witg éﬁi E.JES,? %%I%é/ggeb&%&’@% ﬁle%:(? gh:'g{ﬁ?epqﬁ V,&If[fa% é&ﬁod'&@ﬁtg as a

| ock ring, or segnente system and a shear

i 516. Th | i 14 J j I.ti pl i . T 500
Py nBbisaatcs SR e P SRR AERER Rl Bt it PGB 536 35 smdF R 02°,

slip nmechanisms di scl in U S Patent .No. 61, 221, the entirety of

whi o F56 SRR YouGF A5 v oulE PEisnen Bttt st pPoduntolime 2l o uf e
[0073] The HTSA 500, nmay_al so conprige gne or. nore netal fo netgggfgcker
seal a%senbMosdng Yolums 340 Hag PIESURS Qicsti et &1 1ptech Fmpast RAPE 4£90pd sutrking e
packer seal assenbly 517 may include, but is not limted to, a packer sea
518, pHelkee 338 dAnsho firsh yworkapg yolamg e 162l cegain peher embgdigents, the gt ayorking 522,
a | ocking assenbly 524, a | ock body 525, and a nule shoe or wireline entry
gui de Solvme All6 hudithk secont avonking nplome 328 mal belgauadduk dhe psesapre plosenaie pf 7 are
di scussed for illustrative purposes, it would be appreciated by those of
or di nahydrakid destrictotshid 5aB36 assanratedywith éhdoeaerid workingt ‘vodumpe d2kntfagiérgbarothar e,

t hat one or nore conponents may be renoved or nodified wthout departing
from t bRed epsssodiattd eithnigsent woikig) vwdume3 16T e thifTGbe, SROpraEsyre biewlr ghor lak e

seal ing technol ogy disclosed in U S. Patent No. 6,666,276, the entirety of
whi ch  RBagrgbeipatN6 FHR0JeabRI0WbIkinge{ EmB G0 i thinOthe Hitstow 6%kt vahinB€ 306 UrTie
[0074] In certain illustrative enbodi nents, the HTSA 500 nay also utilize

one or gffRk&ctdiRSizL QP w%ﬁci%@olﬁrh@s Sigtd¢ie BOHY h§dhuRnebniel abvileys] Padite 212
and/ or packer seal assenblies 517. As shown in Figure 5 an IHSS 100 may be

coupl egrets&ré Iaﬁ”feﬁfgitlgl H(F}o%n@le hel g Qe DOSH. @Snce ke prldure gggeré}ﬁﬁfj a&@lss_g@f% the

conmponéents down n certaln enbodi nents, the HISA may utilize one

or - or ?hiht%sshe%gg %%g iisz %&'g&g&)u%ltﬂe HHftHlQCLY%e%‘%% Igl([ﬁhg téjvs) } ﬁlg%féﬁ%é%ﬁ(ggﬂéor

packer “seal® ‘aSse e mannef of operation o dnd the
| HSS 300, ar i scussed, above in conjunction with.Figures 1-4 a i ]
ther ef SPUTROROIET dpan L BRI BRIFER! BREHL ot AT A WhERe b ate M ins,

di scussed in conjunction with Figures 1-4, the IHSS 100 or.the | HSS 300 may
be use O%W‘ﬁi)ﬁq‘-@fﬁ%é% : 'é‘a’f‘BL]l@t@fi' %Stﬂ‘&?Pcﬁ’f%?b“fB&}H'\‘ﬁ%fﬁ < nofigd RYAY JBRRChody
512 and/ or packer seal assenblies 517. In. other enbodi nents, the HTSA 500
may ut MeRREknenp tAdhasa sl eimannskdll quihe art. kavingthe penefipafl B PessentdigloMEEN NI sm
known to those of ordinary skill in the art to set the downhol e conponents.
[ 0075] ahxdrgelic piftan &rbeati braied to mavpylftsdowE®Inegunit.ude any suitabl e tubi ng
to couple the various downhol e conponents. In certain inplenmentations, the
tubi ng used to cl®p?leFighre dddsmrvitroillastonsive oretimdsstapa yhat mesly hgaised it mppwlate
limted to, a pup joint or handling sub. For exanple, as shown in Figure 5,
a pup jdownliols2ghipmgnt meing SkedlHSS 2 plltbotgdhen pacheeof siepd arasisgintet yn Bigui 4,0 t he
hol d down body 512. Simlarly, a pup joint 528 may be used to couple the

| HSS 1@9 would tdSEppaidihtedseditose sLbrdirfagy Hall dn e dv0dyvibgd ihd eenkfieofl HSHreked or

| HSS 300 used to set the hold down body 512. In this manner, the system

provi dggcRswBade &f mbleest thd@ecdBd isRpE aiadIbeliadbaéd BNmbiified withoth@piHingace or
wel | head. [0076] In certalin enbodinents in accordance wth the

presenty i SELQPHLEheph&eiTiRA2P@. My be run into the wellbore (not shown)
and |l anded into the receptacle 540 of the



| i ner hanger system 530. The HTSA 500 may protect the host casing 560 above
the liner hanger system 530 and nay provide zonal isolation up to the
surface or subsea wel | head. [0077] Operation of the HTSA 500 in
accordance with the illustrative enbodi nent of Figures 5A-5P will now be

di scussed in conjunction with Figure 6. Figure 6 is a flowchart depicting
illTustrative netlhosh)Higpa sapsi0e] meRdrovis bplird ieh bR WIdhEina Welldordabk t o
the surface using the HTSA 500 of Figure 5, in accordance with an

i |1 ust pRtdwemgpBedhpRAtihRheh IR IRHARER kutihsS 36 PshRoughihdaihihs 305 WaRekn Of

steps are depitcted in Figure 6, "as mouldéie appreciated by those of
ordi na L LR , i he. i £ b 6 re,
ore or 38 RISy SRAI9 0RARRE e ShIbDE PRESSOh, Shohpal

depart i)rra(]? 'u]; oM tgggl,les ?lﬁgt?%%ﬁ%g% 6%,%%%”& tgcl: %ﬁétoc%wg??%g?% V?IHSF 312 a{n Otﬁg]

First, step ’'srun 1nto a shown) . At

step 604, &he mellheadlhaﬁggt gnot jgomn i S hﬁnded i n.the wel | head (not
shown) SecRad ¢omREDAtng SpIume it inereanioe K AHSWS h S GEPPEREISYRIMAT i n t he
wel | head (not shown), the HTSA 500 is |ocated within the receptacle 540 of
the |iner hangeﬂ899é€$ﬁ$53b§“¥h @%eﬁ°6ﬁﬁf"ﬁh§°WHF8:ﬂﬁ’aﬁa A6 B EWADodi es
511, 512 may be set within the host casing 560. Specifically, the hold up
and hoPpecifisatly tbel fird compensaiag xalume 513 apd fhassecand cqmanengptian velums 34oarer | Hss
300. This may set the hold up and hold down body assenblies 511, 512 and
may an@hidicatiieoudtegro3IB0fing whiking yadurno$t6 adshngpcagbworking wilymes3HNthrayght he
hol d up and hol d down bodies 511, 512 may be used to isolate the HTSA 500

f r om nbydradivtconiFhledcvimek 3 Hy 3d@vpectbtly. ey reeltavith threineneedean thegiredsama !
applied to the slips 514 of the hold up and hold down bodies 511, 512. At

st ep 668, firtthenmpandatiig seahe 313 amhihe Becone chapérsatingyvobumh y2ir @mbpiresaibleyfhsdt i n
the receptacle 540 of the liner hanger system 530. The packer seal 518 al so
may benfagtflowsibf@ghnhd hgPallRQoafoll dSRe3005, 338, Lahé ish woRtag voRmeS16tdne

packer seal assenbly 517 may be set | ast because once the packer seal 518
IS set thez@Rdhd whkRlbatbigmeWsid, RepehiRM.edt and pHSE andBy s sHbSi@ptinal |y no
further hydraulic conmunication between the tubing and annul us.

'[0079] nﬂ@qﬁ laf @féw}@,qﬁplcs& EhsSRRLCAGROB 17780 dn P HRPFoARROCIAhEI3 Y4, h
tying a ack to the surPace Using the H TSA 500 of Figure 5, in
accordgﬂﬁ%dgééhégﬁéégf enbodi nents of the present disclosure.

[0062] At step 408, captured pressure is stored in the first working volume 316
and the second working volume 320. Specifically, as the rig pump pressure is reduced, the
floating pistons 310, 338 respond to the pressure difference acting across them and return from
their contracted positions to their relaxed positions. As a result, the first compensating volume
312 and the second compensating volume 324 return to a relaxed state. This results in the
induction of a pressure difference between the working volﬁmes 316, 320 and their
__ corrésponding compensating volumes 312, 324, respectively. Specifically, the induced
differential pressure across the compensating volumes 312, 324 and their corresponding working .

volumes 316, 320, respectively, causes the hydraulic control devices 315, 336 to go on seat and



[0080] Referring to Figures 7A-7E, a portion of the HTSA 500 is depicted in
a run-in-hole configuration. In this illustrative enbodi nent, the packer
seal assenbly 517 of the HTSA 500 is shown being run into the well bore (not
shown) and stabbed into the receptacle of the previously installed |iner
hanger system 530. [ 0081] Referring to Figures 8A-8P, the HTSA

500 i Ss@gﬁhﬁl@dnyanaﬁe%uﬂpg@an e meanlodinzabhih 3 A 4Rrthd B ohll $6riQ0vd1ase been
run into the well bore (not shown) and stabbed into the recepta acl e 540 of

the i S o e tacle
540 ofg?%enﬁpg@{fﬁ%n%ggkggg?EQi%nﬁgs¢%ﬁgglgéa%%§%%%ﬁg é%g%y }gﬁg%ngﬁfhe

I'lh h d-
ﬁﬁnge?%?%&?"@ﬁr A resgiRp ) bl ol A8 f@%ﬁéﬂ&ﬂﬁﬁ"?%@%@%ﬁﬁ?.t%lﬁ?ﬂgr
al | owanc tlon of the HI e reéept cle 540 o

t
Che 11 BT r%eéF“rgyB%/e sogn SBeBFITE T, et (a3 gL 86" Lhown)
be. la dl f th f the HTSA 500
nanger egaiotpaagnent. Accordingty. B HI53 300 RePates g ey SR Hron

500 is dep |cted in its anchored configuration, where the hold up and hold
down bHgiEE iggiien o5 presHER e doaahols ERUIPIRIiR P&t TCFFFELY é‘c“i“\}@“?é’h’ﬁb‘dﬁhrﬁ?ﬁ‘fgcst he
hol d up and hol d down bodies 511, 512 have been set by each coupl ed |IHSS
100. APf angulghprchmirg (oF prsssuat fhyaugh tisdubiA®Int depicts the hol d up and hol d down
bodi es 511, 512 being set using an IHSS 100, it woul d be appreciated that
ei ther one or bdOA6HfAY ﬁ@\%loidilégursﬁl,thﬂsﬂﬁzomﬁhwowlgmlumsi3ﬁg magy bHSBaIBD0. I n
ot her enbodi nents, the hold up and hold down bodies, 511, 512 may be

hydr authagsahd firsoworkiiggherlimmaBl §. Is @thchymhodinehisethe semnd wonlang volonk @8 endf
skill in the art wi thout departing fromthe scope of the present

di scl ogdr first AsorSiRg@wWolinie Bl@uis BA-cQill, binethHeopdssufe bledy rad lofmy Wdrdusied to
keep 't he HTSA 500 from nmoving uphol ¢ upon any induced nechani cal | oad.

Si m | agdsitictar$ 3 B9) QB adsBeilited With tRJse8dhd WRingGloHinttoy w0 hadye fadier thaythbsissed to
keep the HTSA 500 from novi ng downhol e upon any induced mechanical |oad. In

certai pye H’E%%@'ﬂai%ﬁ%%a ekt ROritike \Bﬁ’xl‘dé . ad HebidndomnRogh &aich e finst2

first (1.e., before the packer seal assenbly 517 is set ~may isolate the

syste v
commﬂ}*é’%l?’?‘%ﬁaﬁl@??g@eﬁ@ oL SohlR s 2 Rs TRy v B2 U R s soo

b h h th
vveI | bo’theqtme geﬁ%yh % th\SNSressu &elive %@t(? %é@gﬁhg g&?&lgntcsygéc 6&63?8113 fﬁ%qilﬁﬁlle t he
HTSA 500 d full t th th K |
128 SR LD bk AR BAT b0 250
Al th h | 1 ystrat nbodi t h Kk
A i ey

that the packer seal assenp 517 naﬁ be hydraulically or nmechanically set
by any PTRSHIg llfﬁ‘?ffmalttt’?t"t’%%@ ‘6’70 cggy pf the ﬁh’ftﬁ’é skgeve 4% mdaree enopahttheiftingm t he
scope of the present disclosure, including by neans of an IHSS 100 or 300.
In cer slapve Efbodrereandsexpeses thmpleasures deliveny porbB 34 dighatariditatescapplication il y 517
only requires setting to the point where the elastomers begin to seal. For
exanpl eressune wrdssirdd desinhaleieqelpwatidtinnthetfirstavasking ivolgnieddb. (not shown) may be
| ocated within a setting profile 526 of a shifting sleeve 529 and may
initiate el ast on@oo4] BedHSSgl 00fand Ite IESSKE0 mpadte &iffdrenCingdertidgatehast thoeri c
sealing has been initiated pressure nay then be applied to the HTSA 500 to
fully sethodhandapkans siedbsedBrdi0 Speoipikstye tihEH IHCHE delBetst itfrefHufCcHSthe

applied pressure (annular pressure or tubing pressure) begins to fall and a differential pressure is

created betwecen the applied pressure and THSS 100. In contrast, the application of pressure by



[0084] Referring to Figures 11A-110, a second illustrative enbodi ment of a
HTSA is denoted generally with reference nuneral 1100. As with the first
illustrative enbodi mrent of the HTSA 500 shown in Figure 5, a liner hanger
system 1130 nmay be run and set in a wellbore (not shown). The Iiner hanger
system 1130 may be di sposed within a host casing 1160. The |iner hanger

syst empt 1BRSMRY 6 ARG ighol@qushdht & n&i dEpérallentC@HAARE Bipricd ipS&ss gshnar h
respect the first illustrative enbodi nent of the HTSA 500 depicted in

Fi gur epéssure or tubing pres R98R] rehittirhd)i SpekicaBL IR TNSS SHYQH BRIy pkdasurkTkSA 1100
may be set and sealed directly in the host casing 1160, above the |iner

hanger ;Sv . it i | ' mhadig HTSA
500 snAKTIoR b 85 1 e g e B B B et g
bodi es, whi ch. nay, raul ical |y _or. ' | : , .ai

embod: MERPS PhTRCER e STl entsCin dBRIA AER kBl e Ty BEUEE el
anchoring bqgies i.nclude a hold. up body 1111 and, a hol.d down_body 1112,
aht ch Hageeaa Ty Moy oY B raara i Braping Yesttors 25 B 4° SR BRER dovin
bodies 1111, 1112 may include fhe sanme or simlar conponents discussed wth
r especPropHig fidlerpiaioaflpy dpg Bﬁr?}g‘c ﬁﬁB‘&P‘ﬁéﬁtbmﬁfj af“i’méregfl’l)@ﬁpr%ﬁﬁrca‘!é%?r&i’té% in
Figure 5. The HISA 1100 al so_may_i ncorporate any sujtaple slip nechani sns
Such agerossghe xBFiEsves S pbehe ALHEY Hrlser Bisetts t dowsholpagaperto.
6,761,221, the entirety of which has been incorporated by reference into
the present di scl086Urccordingly, any downhqloegapmarievilifisxlapoponene lwpdas Benpri se
one or nore netal to netal packer seal assenblies 1117 which nay be

hy dr aukig qanipyprossureeis Hded @l thy waking Thal may lberapplea toadayenioleyequiphenirgyor
conprise the sanme or simlar conmponents di scussed with respect the first

i 11 ust iBtanve teartididtamant prefsutchmaHTSke 500ddelid pised that deisgdovenhble ehhpnidhSA 1100
al so may incorporate any suitable sealing technology such as, for exanple,

t he seghé peestiee fdragial dhas s apsitdi o thk SydRalie pistonNaay 6¢ @66tiRER; updnethe
entirety of which has been incorporated by reference into the present

di scl ogliBorc pressure, the bleed @R&FIwcllBoe Prdsdird, MARRMAIBRITaE, of thewskine VO MY
also utilize one or nore IHSS 100 to set the hold up body 1111 and hold

down b 1; g : i . 0 i Lore 11,
B e e e e L U (T

EESO“EE%% P4 gtagﬁg&dg?‘?%gﬁg%%gggw%gb %;@2%*@? ST LRE S P ERa ol o
0111 ' 1117, j )
the HTSR E6C Ay i priae: iy HEenARPERRIL Rbltfee gl BFioad T HhOER' ©

setting nmechanj sm known to those_of ordinary skjll in the art _.to,set the
downhoPETE SHpEHE ARS T2y be appropriaic ot sejeting doappolf SURBEY LIS BiHRot msa
1100 nmay .i ncl ude any suitabl e tubing to couple the various downhol e.
conpondtigd 1. flasiomerr Ang msfabnesAiciy PRTKSTs if fRe samsi MY MEs HaeustrddB Gprangtina
downhol e conponents may include, but is not limted to, a pup joint or

handl i mdthghpemimsiment afpigare bs shown in Figure 11, a pup joint 1128 may be
used to couple the packer seal assenbly 1111 to the hold down body 1112. As
with the first il0066kAetordinglpthotisesl0 vy bhesciFEara 0mes lwoswhot apphifgtnce 5, a
pup joint 1128 may be used to couple the IHSS 100 or IHSS 300 used to set

t he holtd augevizedyrotiied tha thhdirstHSS1ptOGtiog VoSS 3MVans gd¢ feoorsk torhprmsdtoigd down
body 1112. In this manner, the system provides a neans of creating an

i nt egr ablupfet3Pddiaven shiffieent pe-fglivecs weskaoe oralloel fbhmabliple actuations. Moreover,

the THSS 300 may reset itself. Specifically, the shifting sleeve 328 may be pushed back into a

scaling position over the delivery port by virtue of the spring 330. Propertics of the spring 330



[0089] In certain enbodinents in accordance with the present disclosure,
the HTSA 1100 nay be run into the well bore (not shown) and | anded above the
receptacle 1140 of the liner hanger system 1130. In this nmanner, the HTSA
1100 may protect the host casing 1160 above the |iner hanger system 1130
and may provide zonal isolation up to the surface or subsea wel | head.

[ 0090] n&peE @&ba&i Qlchtihe tdlsphind 300 chiNmd6E Hedattsy Vibdva 308 ltdl slokdihk Peessure
enbodi ments will now be discussed in conjunctlon with Figure 12. Figure 12

is a fha}%mgﬁf)én @@@'@H{en eés'ufeu&q’frelaetnhéﬂebémééﬁoﬁlleSﬁr@@@oﬁ&%o%l@ﬁ)@@IW' 4ol @e et hod
to tie a back e surface using the HTSA 1100 of Figure 11, in

accord lu V) 0
At hou%%&?d Wo‘r-rTlEncanvo Jns t gﬁds %élrsel?cécggPACﬁJ %%P]tr(]l glu{l :thc e ??&ssﬁ%f gk e st
appreC|ated of, .ordi na ,Skl n t art avin e of

t he pr%SEﬂW%a%E@Fgﬁ dtg 8“8P5§%¥%“%P”PW% rec??éﬁug gl}nlﬁgﬁg'mﬁﬁnated
or nodified WAthout departln fromthe t he resent di scl osure.
[0091] PIESiEg 15 gt Aieg Srvdgnto fRs s g GTREe Aok, PR 5o 6 b srRE e oY

shown) . At step 1204, the well head han er (not shown) is | anded. As

resul t peﬁ'@c&ﬁ%rpagrqswr% Fefuiaen qrengirerion; gﬁ.? C(eﬂwmgwowtlplq ﬁellpﬁsﬁthffe@ng s

| ocated in the host casing 1160, above the receptacle 1140 of the |iner
hanger SEpgtie firthegenabled béttg?)faEQ@Bt thengarg, e gy digubihepnisl devirssd 1 boldg: wWhisBnbl i es
1111, 1112 may be set using an IHSS 100 or IHSS 300. This may set .the hold
up andmap line hetiowes oy tzeg slomlyt blesd the piessutd ¢Pthe fiest mepkingediome Bhe toHiISArst 100
within the host casing 1160. Slips 1114 of the hold up and hol d down bodies
1111, @dri@nesingbelunsesdil 2 over 8 dustien themelT S ki@0tofy ensuroha tenenergsstowicd h t he
first illustrative enbodi ment of the HTSA 500 shown in Figure 5, |ocking
devi ceinlthd Sofliyg velumen3 td)820mBeR aot ealail mabe apphd lbdg teomt Genssyuepdy khd 4gof t he
hold up and hold down bodies 1111, 1112. At step 1208, the packer seal 1118
may bepamg R gradshi @ thbwgaaulid &dldgy303edr thé bitiulust 198 dTaBé weBShd gepkdtBe above
t he Ilner hanger system 1130. The packer seal 1118 al so nay be set using an
| HSS 1QQ¢i¥ ofckh@on300. In certain embodi ments, the packer seal assenbly
1117 may be set | ast because once the packer seal 1118 is set, zonal

i solation will @ne{]e@g@%smqs @leewdttﬁx%ﬁglbmrs%h& Bort IR LafdanReiween

t he tubing and occur

in the first working volume 316 reduces. Once the displacement has been accommodated,
additional cycling of the system delivers morc pressurc and thus, more force, to the hydraulic
piston as the displacement of the hydraulic piston in the downhole equipment has been
minimized. As a result, a first setting cycle of the THSS 300 may displace the hydraulic piston
with some residual pressure/force in the first working volume 316. A subsequent, second setting
cycle may. deliver a maximum amount of pressure and force with minimal displacement,
ensuring a complete setting of downhole cquipment.

[0068] The IHSS 100 and the IHSS 300 may be used to set any number of
downhole components. In certain embodiments, the present disclosure is directed to a method

and system to tie a well back to the surface using a Hybrid-Tieback Seal Assembly (HTSA),



[ 0092] As woul d be appreciated by one of ordinary skill in the art with the
benefit of the present disclosure, the IHSS 100 or the | HSS 300 nmay be used
several tines to set or further energize downhol e conponents provided that
t he vol unes have a sufficient pre-planned reservoir to allow for nultiple
actuations. Accordingly, several actuation cycles may be applied to ensure
t he dowphelge ¢OMRONER SndfsBaléd iy a§REviously installed dowhKIO3Ystds. Wl WITSAIr t her
be appreciated by those of ordinary skill in the art, with the benefit of

this digghpSH’ Reoddndehid! meiﬁméeﬁm%%&@n&af iffo?por2f0ihe LAQR Adu a&gEdance

e
with erbodi ments of the present disclosure utilizing one of nore | HSS 100

or | Hsgcggo%g&ly@gﬁa;@rgeg@ggg&m hg%g.t 9Jt%1ﬁﬁ@o%t bhg1 22 MBlRb 6{3@2?@9% eaﬁaLeﬁ%f

pr oduct 0 e surface or wellhead (not shown) and
allow for. interventionl ess ,setting of,t ownhol .e conponent.s... A _conpari son
of | P guimishas® i B BER 1y e s BT SATNPRR S OINE P wBSTR Nt o

Wi th a HISA system | or danc i t he present disclosure. Fiqure 13
depictgwﬁoﬁﬁﬁﬁﬁﬁﬂmﬂéﬁgfﬁﬁ%?ﬁﬁg?§%¥%35%5’@%&9&h@e§W5é aEFt8§§?ﬁﬁ§%X%ﬁB and a
liner 1301 used to tie the well back to the surface. This particul ar design
i s typPeat iymedigesdilgyedbagnioseedayathgle.qayipmepin they&§F ty t hr oughout t he
wel | bore. However, the large quantity of casing typically required for this
type of design d@?ﬁﬂégdﬁﬂmpﬁﬁﬁpﬁﬁw§68$eéﬁasdﬁ%?éﬁY PmbﬁﬁngﬁﬂﬁvmhﬁFgure
14 depicts the HTSA 500 anchored in the host casing 560 and sealed in the

r ecept awhporsd@ tof be et Ini aegrredsanegkalansyd cendiBG0 | Jetténec oy dun geutidl t ¢pndition
enbodi nent of the present disclosure. Simlarly, Figure 15 depicts the HISA
1100 selimmatts sleapresbumi intiaed tekestid dsforneamn g thcl &Bvriholcacogrodeane elhw tekduaot her
enbodi ment of the present disclosure. Both illustrative enbodi nents shown

i n Fi gundsr ¢dmaads khe peoviadd Bsiref odmhdle coambhdng sattiiptlaidst encoviieded Seal ed
production wel |l bore to the surface or well head, requiring | ess casing and
a smal b@fent 8P@8uIRhII¢ astisiersd. z€S than typically utilized, reducing costs,

wei ght on the rig, and operational conplexity. [0094] In
addition, in cerfopah® ﬁg&@%m&epic@luq{}beidtﬂ@oaaa@Ealws@ﬁlb?m@‘s&)h@enbeﬁA 500
and the |iner hanger system 530, the viel | head hanger (nof shown) may be

| anded i - ' [ ' : fov ihi on of
tho. rrenals b F R RRCh Rier SR, FERELAARR ¢ hoRhlR Ry SRnt e sy BBl

S0, ke R AN TRAT BB S ASiah e O SR LABohheh5r IS

1100, fHE anger (nof"s any specla

consi derations. or l owances fo h i tion of. the SA 110 ithin the
nost Rty ArpispreShaiE Paarryeh oh aSel MR HIGR S el b A e Be

| anded regardl ess of the position of the HTSA 1100 within the host casing
1160, another. [0095] Further, utilizing an I HSS 100 or | HSS 300 to set
t he downhol e conponents of the HTSA 500, 1100.in accordance with the
present di scl osut087 bl Bohis| i hstiaty e smpoimppte therligrer Jangep gYiteey Sdewmayedeang an
intervention run required for the renoval of the plugging device. Moreover,
utili ziendgseinn pMSHbagdneshpMss Boolines hanger syseeng 830 parn OF diseeseg oritvn 3 hast| ows

t he conponents to be set in a conpletely pressure bal anced condition, which
el i m natasg #lasthiedindehazamsyisem B0 minecaapmserdive isowtrpomiehtes agacker eehli 685
and/or elimnates the associated | oss of downhol e conponent setting | oads.
Due t o0 atrmesSrsy adhpantdheshangerdbody 184, dipsS36) apadendonh S8he prsksaivevab3;laosur e
and di scussed herein, rig time may be reduced. [ 0096]

Ther ef 0scR,rirdel¥3 9 parisEateptda e n0l On cérfainvehplerehdqions] thoreadptailans4onaaemdmdand
advant ages nentioned as well as those that are inherent therein. The

par ti cyhek neiMpkid e se Bﬁcﬁ(%édé?tﬁae BN Lordfofistiel Ibdfl red@dpta¢R (PBRY., as the
present invention nay be nodified and practiced in different but equival ent
manners apparent to those skilled in the art having the benefit of the
teachings herein. Furthernore, no limtations are intended to the details
of construction or



design herein shown, other than as described in the clains below It is
therefore evident that the particular illustrative enbodi nents discl osed
above may be altered or nodified and all such variations are consi dered
wi thin the scope and spirit of the present invention. Also, the terns in
the clains have their plain, ordinary neaning unless otherw se explicitly

and clearly defipgwh)y thidanRaaant edbodiient, mleHTSAL So0aa) Webst i@ theOlindran, "
as used in the clains, are defined herein to nean one or nore than one of

the el ﬁ%%@% lsFeH‘?é?»Oi. t hiegffsquﬁ(?ﬁ‘lay Cc seloRe g‘ﬁlo@choci’mg bodies, wiich ﬁﬂy be

I nterve ess hydraulic setting system conprising: a bottom sub; a

hydr a“h%ﬁa&h‘é@hy” r %&ﬁ&ﬂ&ﬂ@ ge'i.o Myt &%aplogﬁiggﬁlﬁlglt&s in accordance with the present

disclosure the one or more anchoring bodies may include a hold up body 511 and a hold down
body 512, which may be hydraulically or mechanically set. The hold up and hold down bodies
511, 512 may include a pusher sleeve 513 having an anti-back lash system to prevent movement
and one or more single direction or bi-directional slips 514, which may be independently set.
The hold up and hold down bodies 511, 512 also may include a locking device 515, such as .a
lock ring, snap ring, collet, wedge or segmented slip system, and a shear pin 516. The slips 514
may be one piece or multiple pieces. The HTSA 500 may incorporate any suitable slip
mechanisms including, but not limited to, slip mechanisms disclosed in U.S. Patent No.
6,761,221, the entirety of which has been incorporated by reference into the present disclosure.
[0073] The HTSA 500 may also comprise one or more metal to metal packer seal
assemblies 517 which may be hydraulically or mechanically set. The packer seal assembly 517
may include, but is not limited to, a packer secal 518, packer body 519, pusher sleeve 520, a lock
ring 521, a shear pin 522, a locking assembly 524, a lock body 525, and a mule shoe or wireline
entry guide 527. Although certain components of the packer seal assembly 517 arc discussed
for illustrative purposes, it would be appfeciated by those of ordinary skill in the art,vhaving the
benefit of the present disclosure, that one or more components may be removed or modified
without departing from the scope of the present disclosure. The HTSA 500 may incorporate
sealing technology disclosed in U.S. Patent No. 6,666,276, the entirety of which has been

incorporated by reference into the present disclosure.



a communi cation port housing coupled to the bottom sub, the communi cation
port housing having a charge port; a conpensating volune, wherein the
conpensating volunme is positioned in an annul ar space between the hydraulic
tubi ng and the conmunication port housing; a floating piston | ocated at one
side of the conpensating volunme, wherein fluid flow ng through the charge

port applies preaguf]antordihaikiaflkicibolinth@Nihe HTEN KOMGay alsd IBliLaRR At ed
fromthe conpensating volune by one or nore hydraulic control devices,

wher ei g I8 080 rg@f fhen il a,g' chFElyC?lrlt e hgﬁva&ﬁls bsasggk@taﬁd/t)} Bhdkef k@ from

t he conpensating volune to th king volune; and a hydraulic piston

courl el o {h%gﬁqmc é@%gnds‘s Lol B oy s, el
SL)?:J?E&%%WB%(, ?qua}a(%bjnﬁpi 5§ lio ese te%ﬁmggﬁ?snfo%\;n&)ng R lcgrrtreﬁn %n%oélgl%nt\én Ii]kl ng
HTSA 500 may utilize one or-more THSS 300 to set the hold up body 511, hold down body 512
and/or packer seal assemblies 517. The manner of operation of the IHSS 100 and the IHSS 300
are discussed above in conjunction with Figures 1-4 and will therefore not be discussed in detail.
Specifically, in the same manner discussed in conjunction with Figures 1-4, the IHSS 100 or the
IHSS 300 may be used to apply pressure to set the hold up body 511, the hold down body 512
and/or packer seal assemblies 517. In other embodiments, the HTSA 500 may utilize any
mechanical, hydraulic, or other type of setting mechanism known to those of ordinary skill in the
art to set the downhole components.

[0075] In certain embodiments, the HTSA 500 may include any suitable tubing to
couple the various downhole components. In certain implementations, the tubing used to couple
the downhole components may include, but is not limited to, a pup joint or handling sub. For
example, as shown in Figure 5, a pup joint 528 may be used to couple the packer seal assembly
517 to the hold down body 512. Similarly, a pup joint 528 may bc used to couple the IHSS 100
or THSS 300 used to set the hold up body 511 to the IHSS 100 or IHSS 300 used to set the hold
down body 512. In this manner, the system provides a means of creating an integral production
liner to the surface or wellhead.

[0076] In certain embodiments in ac.cordance with the present disclosure, the

HTSA 3500 may be run into the wellbore (not shown) and landed into the receptacle 540 of the



3. The systemof claim2, wherein the conpressible fluid is a silicone oil.
4, The systemof claim1l, wherein the hydraulic piston is operable to set
downhol e equi pnent when it noves between the first position and the second
posi tion. 5. The systemof claim1l1l, wherein the one or nore
hydraulic control devices are selected froma group consisting of a check

val ve, liferh@fddr isfdiéh 53@NTheaH TORIBOD adyGRotthiahertst cRingAB0 iabé @I tHE Dhdr D@ S
hydraulic setting systemconprising: a first conpensating vol une positioned

Lgugpnégmk 850 SRS PEVUCEMaPishUEEAM foGhd HpiaPO0rBsed weRR¥AANI cation port

[0077] Opcration of the HTSA 500 in accordancc with the illustrative
embodiment of Figures SA-SP will now be discussed in conjunction with Figure 6. Figure 6 is a
flowchart depicting illustrative method steps associated with a method ;ro tie a well back to the
surface using the HTSA 500 of Figurc 5, in accordance with an illustrative ecmbodiment of the
present disclosure. Although a number of steps are depicted in Figure 6, as would be appreciated
by those of ordinary skill in the art, having the benefit of the present disclosure, one or more of
the recited steps may be climinated or modified without departing from the scope of the present
disclosure.

[0078] First, at step 602, the HTSA 500 is run into a wellbore (not shown). At
step 604, the wellhead hanger (not shown) is landed in the wellhead (not shown). As a result of
landing the wellhead hanger (not shown) in the wellhead (not shown), the HTSA 500 is located
within the receptacle 540 of the liner hanger system 530. At step 606, the hold up and hold
down bodics 511, 512 may be set within the host casing 560. Specifically, the hold up and hold
down body assemblies 511, 512 may be set using an IHSS 100 or IHSS 300. This may set the
hold up and hold down body assemblics 511, 512 and may anchor the HTSA 500 within the host
casing 560. The slips 514 of the hold up and hold down bodies 511, 512 may be used to isolate
the HTSA 500 from movement. The locking device 515 may retain the mechanical load applied
to the slips 514 of the hold up and hold down bodies 511, 512. At step 608, thc packer seal 518
may be mechanically or hydraulically set in the receptacle 540 of the liner hanger system 530.
The packer seal 518 also may be set using an IHSS 100 or THSS 300. In certain embodiments,

thc packer scal assembly 517 may be sct last because once the packer scal 518 is set, zonal



a first working volune positioned in the annul ar space between the
hydraul i ¢ tubing and the conmuni cation port, wherein the first
wor ki ng volune is |ocated adjacent the first conmpensating vol unme and
separated fromthe first conpensating volume by one or nore hydraulic
control devices, and wherein a change in pressure of the first

conpeniaiatifd Wik BB AORBEE theh BS§ WesuBltadthi@ly frid RlrthéO hidragicvenifiBiicatiog econd
wor ki ng vol unme positioned in the annul ar space between the hydraulic tubing

and t hg.«GREHPLGAtd 21A aRRLILs. Wherein the second working volune is smaller
than the first working vol une, wherein the second working volune is

| ted b fi. ' 2
ocated between 929] Fibibs mﬁﬁgﬁﬁywwﬁgﬁ%ﬂg@%&gﬁ tsﬁé%ﬂmt@é%ﬂh'?ﬁnyg' une

in an annul ar sp between 't rau e communi catton port
nouS! 8 oI5 S B RIS A0S RUI ! o SERORAI el AR,
embodiments of the present disclosure.

[0080] Referring to Figures 7A-7E, a portion of the HTSA 500 is depicted in a
run-in-hole configuration. In this illustrative embodiment, the packer seal .assembly 517 of the
HTSA 500 is shown being run into the wellbore (not shown) and stabbed into the receptacle of
the previously installed liner hanger system 530.

[0081] Referring to Figures 8A-8P, the HTSA 500 is depicted in its located
configuration. After the HTSA 500 has been run into the wellbore (not shown) and stabbed into

_ the receptacle 540 of the liner hanger system 530, the HTSA 500 is located within the receptacle
540 of the liner hanger system .530. This is accémplished by landing the wellhead hanger (not
shown) in the wellhead (not shown). The wellhead hanger (not shown) may be landed without
any special considerations or allowances for the position of the HTSA 500 within the receptacle
540 of the liner hanger system 530. Specifically, the wellhead hanger (not shown) may be
landcd regardless of the position of the HTSA 500 within the liner hanger system 530.

[0082] Referring to Figures 9A-9P, the HTSA 500 is depicted in its anchored
configuration, where the hold up and hold down bodies 511, 512 have been set. In this
illustrative embodiment, the hold up and hold down bodies 511, 512 have been set by each
coupled THSS 100. Although the illustrative embodiment depicts the hold up and hold down
bodies 511, 512 being set using an THSS 100, it would be appreciated that either one or both of

the bodics 511, 512 may be sct using an THSS 300. In other embodiments, the hold up and hold

~
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wherein a change in pressure of the second conpensating vol une changes

pressure of the second working volunme; a pressure delivery port,

wherein a shifting sleeve is operable to open and close the pressure
delivery port in response to a pressure differential between the first
wer ki ng vol ume and the second wor ki ng volune, and wherein the pressure

del i vegywR8bdied 8l | VARSnAY BSBydraulicallydomnbeagicaifuicd B% Rhy other HgnsShidhart of

claim6, wherein at | east one of the first conpensating vol une,

t he second

conpengatd BOKYIPIURE art okt dﬁm}ﬁg rﬁ!sgme QP88 theiteheh@s SIS0 A YHokinNg
ul da.

vol une contains a conpressib

Figure 9A-9B, the hold up body 511 may be used to keep the HTSA 500 from moving uphole

upon any induced mechanical load. Similarly, as shown in Figure 9J-9K, the hold down body-

512 may be used to keep the HTSA 500 from moving downhole upon any induced mechanical

load. In certain embodiments, setting the hold up and hold down bodies 511, 512 first (i.c.,

before the packer seal assembly 517 is set) may isolate the system from movement and ensure

that the HTSA 500 maintains hydraulic communication between the host casing 560, the annular

area of the HTSA 500 (i.e., the area between the HTSA 500 and the host casing 560),

wellbore (not shown).

and the

[0083] Referring to Figures 10A-10M, the HTSA 500 is depicted in its fully set

configuration, with the packer scal assembly 517 now sct in the receptacle 540 of the lincr

hanger system 530. Although the illustrative embodiment depicts a mechanical packer seal

assembly 517 set with a setting tool (not shown), it would be appreciated that the packer seal

assembly 517 may be hydraulically or mechanically set by any means known to those of skill in

the art without departing from the scope of the present disclosure, including by means of an

THSS 100 or 300. In ccrtain cmbodiments, the packer seal 518 of the packer seal assembly 517

only requires setting to the point where the elastomers begin to seal. For example,

in one

illustrative embodiment, a setting tool (not shown) may be located within a setting profile 526 of

a shifting sleeve 529 and may initiate elastomeric scaling of the packer seal 518. Once the

elastomeric sealing has been initiated pressure may then be applied to the HTSA 500 to fully set

the packer seal 518 to complete the packer setting process.



8. The systemof claim7, wherein the conpressible fluid is a silicone oil.
9. The systemof claim6, wherein a first charge port is operable to
deliver pressure to the first conpensating volune using a first floating

pi ston and a second charge port is operable to deliver pressure to the
second conpensating vol unme using a second floating piston. 10. The
system of cl ai m@ogpresating ttheriglitd il A 18), eevRohs it@uplivdefhBodimsRr g,
wherein the spring noves t he shifting sleeve to close the pressure delivery

port i fTkie iPlERRM GeirfifyehaMt tdbreR WRBEat heod.i T &S WHaT khd GirstOllMERarigRd t he

second wor ki ng vol urme i s bel ow a threshold val ue. 11. The system of
claimé¢ i deld: ¥ i i e nhol e
cu praRPOEUR R M OLSRO R AR URL K P (R i, PLERRYIE 8,

wh ' h : | i I ' s
Consi s hEUREE R R0 TR Aefr Bl IERSTR Bty Fah Shor e o7 o

archeck valve, "a Testri Cl nat 1 on
3' g' aACé) gﬁ'glée? (1%%%3{%%@38%?% (rana(}a/q:lélrn%g?enﬁlecsgm "or Sinnfar cg]%B(l)I}QnggdigcuEs%g ssure
with respect the first illustrative embodiment of the HTSA 500 depicted in Figure 5.

[0085] In this illustrative embodiment, the HTSA 1100 may be set and sealed
directly in the host casing 1160, above the liner hanger system 1130. As with the first illustrative
cmbodiment of the HTSA 500 shown in Figﬁre 5,.thc. HTSA 1100 may cdmprisé onc or more
anchoring bodies, which may be hydraulically or mechanically set. In certain embodiments in
accordance with the present disclosure the one or more anchoring bodies may include a hold up '
body 1111 and a hold down body 1112, which may be hydraulically or mechanically set. The
hold up and hold down bodies 1111, 1112 may include the same or similar components
discussed with respect to the first illustrative embodiment of the HTSA 500 depicted in Figure 5.
The HTSA 1100 also may incorporate any suitable slip mechanisms such as, for example, slip
mechanisms disclosed in U.S. Patent No. 6,761,221, the entirety of which has been incorporated
by reference into the present disclosure.

[0086] The HTSA 1100 may also comprise one or more metal to metal packer
seal assemblies 1117 which may be hydraulically or mechanically set. The packer seal assembly
1117 may comprise the same or similar components discussed with respect the first illustrative

embodiment of the HTSA 500 depicted in Figure 5. The HTSA 1100 also may incorporate any

suitable sealing technology such as, for example, the sealing technology disclosed in U.S. Patent



provi di ng a worki ng volume, wherein the working volune is separated from
the conpensating volunme by one or nore hydraulic control devices; applying
a pressure to the working volune in response to the pressure applied to the
conpensati ng vol unme; reducing the pressure applied to the conpensating

Vol une, capturing the pressure applied to the working vol une; wherein
capt ur Ng9 61686 26, eﬁ&% U&ﬁr@f RIf @ﬁl.cﬁ Ghat NReNRIIHGa¥@ Y TRAGONRS in&E $heTPicBdmi Ni NY
the pressure applied he wor ki ng vol ume when the pressure applied to the
conpen§@$b$m%volune i's reduced; and applying the captured pressure in the

morklng vol une to set domnhole equi pnent . 14. The method of claim
13, wherein at 1RN%h IRANRGEL U HESUTRIGY fad R0 SRITAE BRE S Hbr OF U
ntains a conpr ss

IHSS 100 to set the hold up body 1111 and hold down body 1112 and/or packer seal assemblies
1117. As shown in Figure 11, an IHSS 100 may Be. coupled to the hold up and hold down bodies
1111, 1112 and used to set the compohenté downhole. In certain embodiments, the HTSA 1100
may utilize one or more IHSS 300 to set the hold up body 1111 and hold down body 1112 and/or
packer seal assemblies 1117. In other embodiments, the HTSA 1100 may utilize any
mechanical, hydraulic, or other type of setting mechanism known to those of ordinary skill in the
art to set the downhole components.

- [0088] In certain embodiments, the HTSA 1100 may include any suitable tubing
to couple the various downhole components. In certain implementations, the tubing used to
couple the downhole components may include, but is not limited to, a pup joint or handling sub.
For example, as shown in Figure 11, a pup joint 1128 may be used to couple _the packer seal
assemb]y 1111 to the hold down body 1112. As with the first illustrative embodiment of the
HTSA 500 shown in Figure 5, a pup joint 1128 may be used to couple the IHSS 100 or IHSS 300
used to set the hold up body 1111 to the THSS 100 or THSS 300 used to set the hold down body
1112. In this manner, the system prévides a means of creating an integral production liner to the
surface or wellhead.

[0089] In certain embodiments in accordance with the present disclosure, the
HTSA 1100 may be run into the wellbore (not shown) and landed above the receptacle 1140 of

the liner hanger system 1130. In this manner, the HTSA 1100 may protect the host casing 1160
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15. The nmethod of claim 14, wherein the conpressible fluid is a silicone

oi l. 16. The method of claim 13, further conprising regulating fluid
fl ow between the conpensating volune and the working volume using a
hydraul i c control device. 17. The method of claim 13, wherein the

hydraulic control devices is a device selected froma group consisting of a
check ¥ia)\¥8ne Bnd: BSddet §Y<Bim | Bitfarfd RANRLUAL 61 §dA8Ri8RNup to the surfaéesor stip&amet hod

of clarm 13, wherein applying a pressure to the conpensating vol une
conpri §&fpd.jowi ng a fluid through a charge port, wherein the fluid applies
a pressure to a floating piston and the floating piston applies pressure to

o e o Brasaar e en R TE LB O

equi pm\sxr;lﬁ nowrrger Idlssgl?ssgfp I:1)1|1 ){:Ior%gn(;[tl}?)g \21%? tFlijéu?g IB.r_elglsgld;eel 1s a HX drh%lutl clle%l 1'112t on.
illustrative method steps associated with a method to tie a well back to the surface using the
HTSA 1100 of Figure 11, in accordance with an illustrative embodiment of the present
disclosure. Although a number of steps are depicted in Figure 12, as would be appreciated by
those of ordinary skill in the art, having the benefit of the present disclosure, one or more of the
recited steps may be climinated or modified without departing from the scope of the prcscn.t
disclosure.

[0091] First, at step 1202, the HTSA 1100 is run into a wellbore (not shown). At
step 1204, the wellhead hanger (not shown) is landed. As a result of landing in the wellhead
hanger (not shown), the HTSA 1100 is located in the host casing 1160, above the receptacle
1140 of the liner hanger system 1130. At step 1206, the hold up and hold down body assemblies
1111, 1112 may be set using an THSS 100 or IHSS 300. This may set the hold up and hold down
body assemblies 1111, 1112 and may anchor the HTSA 1100 within the host casing 1160. Slips
1114 of the hold up and hold down bodies 1111, 1112 may be used to isolate the HTSA 1100
from movement. As with the first illustrative embodiment of the HTSA 500 shown in Figure 5,
locking device 1115 may retain the mechanical load applied to the slips 1114 of the hold up and
hold down bodies 1111, 1112. At step 1208, the packer seal 1118 may be mechanically or

hydraulically set within the host casing 1160, above the liner hanger system 1130. The packer

seal 1118 also may be set using an IHSS 100 or IHSS 300. In certain embodiments, the packer
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20. The nethod of claim 13, wherein at | east one of the conpensating vol une
and the working volune is positioned in an annul ar space between a

hydraul i ¢ tubing and a comruni cati on port housi ng. 21. A
hybri d-ti eback seal assenbly conprising: one or nore anchoring bodies; one
or nore packer seal assenblies; one or nore

| nt er veni hQohess 1y s:l{a%kzls& 1§§tb5¢arage m&%cﬁé}t&@m@ 18 & R0€ofdl idRitiBn Qfill t he
anchoring bodi és and packer seal assenblies, the one or nore

| nterv 9&1 8@%&@%&%&5 p@&&mgmé%%%@ﬁv&gm%rm&hggnd ARk WRMLSHP: 2
|ng e

hydrau IC tubing exte rom-t ottom sub

[0092] As would be appreciated by one of ordinary skill in the art with the benefit
of the present disclosure, the IHSS 100 or the IHSS 300 may be used several times to set or
further energize dowﬁhole components provided that the volumes have a sufﬁcient pre-planned
reservoir to allow for multiple actuations. Accordingly, several actuation cycles may be applied
to ensure the downhole components are fully set.

[0093] As would further be appreciated by those of ordinary skill in the art, with
the benefit of this disclosure, in certain implementations a HTSA 500, 1100 in accordance with
embodiments of the present disclosure utilizing one or more IHSS 100 or IHSS 300 may provide
a method of creating a metal to metal sealed production wellbore (not shown) to the surface or
wellhead (not shown) and allow for interventionless setting of the downhole components. A
comparison of Figure 13 with Figures 14 and 15 demonstrates the advantages associated with a
HTSA system in accordance with the present disclosure. -Figure 13 depicts a typical well design
including various sizes of casings 1300 and a liner 1301 used to tié the well back to the surface.
This particular design is typically necessary to ensure metal-to-metal integrity throughout the
wellbore. However, the large quantity of casing typically required for this type of design may
result in high cost and operational complexity. Figure 14 depicts the HTSA 500 anchored in the
host casing 560 and sealed in the receptacle 540 of the liner hanger system 530 in accordance
with an embodiment of the present disclosure. Similarly, Figure 15 depicts the HTSA 1100 set
and sealed within the host casing 1160 in accordance with another embodiment of the present
disclosure. Both illustrative embodiments shown in Figures 14 and 15 provide a method of

creating a metal to metal sealed production wellbore to the surface or wellhead, requiring less



a communi cation port housing coupled to the bottom sub, the communi cation
port housing having a charge port; a conpensating vol une,
wherein the conpensating volume is positioned in an annul ar space between
t he hydraulic tubing and the communi cation port housing; a floating piston
| ocated at one side of the conpensating volune, wherein fluid flow ng

thr OUgghsi‘-n@eanQ handfePRhle 8PRISIESIARE aRaUySicdly dteed, r&Rkind®ols Sk@Bkt on the
a wor ki ng vol ume separated fromthe conpensating "vol une by one or nore

Eig;23+%%nggﬁ%%%%mp§%%%§§wregulate fluid fIomy?fgﬁlPh;hgoﬁggnggtrﬁgevolune
to the working V[Bbé’hrﬁh agcngon, in certain cmbodiments, due to the configuration of the HTSA
500 and the liner hangef system 530, the wellhead hanger (not shown) may be landed without
any special considerations or allowances for the position of the HTSA 500 within the receptacle
540 of the liner hanger system 530. Similarly, in ccrtain embodiments, due to the configuration
of the HTSA 1100, the wellhead hanger (not shown) may be landed without any special
considerations or allowances for the position of the HTSA 1100 within the host casing 1160.
Specifically, the wellhcad hanger (not shown) may be landed regardless of the position of the
HTSA 1100 within the host casing 1160.

[0095] Further, utilizing an IHSS 100 or IHSS 300 to set the downhole
components of the HTSA 500, 1100 in accordance with the present disclosure also eliminates the
need for a plugging device and an intervention run required for the removal of the plugging
device. Moreover, utilizing an IHSS 100 or IHSS 300 to set the downhole components allows
the components to be set in a completely pressure balanced condition, which eliminates elastic
deformation of the downhole components and reduces and/or eliminates the associated loss of
downhole component setting loads. Due to these advantages, and others associated with the
present disclosure and discussed herein, rig time may be reduced.

[0096] Therefore, the present invention is well adapted to attain the ends and
advantagcs mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced in

different but equivalent manners apparent to those skilled in the art having the benefit of the

tcachings herein. Furthcrmore, no limitations arc intended to the details of construction or
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a hydraulic piston coupled to the working volunme, wherein the hydraulic

pj ston is novabl e between a first position and a second position.

22. The -assenbly of claim 21, wherein at | east one of the conpensating

vol ume and the working volunme contains a conpressible fluid. 23. The
assenbly of claim 22, wherein the conpressible fluid is a silicone oi

24. Thg.sasSRAM Yo, 6@} i ds dAMHECRIiR ten@aify BEIBW IICisRhGEOR dvidcAP@EABE e t O
set one or nmore of the anchoring bodies and packer seal assenblies when it

nmoves P&E&?@rﬂllhélﬁmf\é eitfbolPhts! @R1RE Hb& 386 WRLIRAR & ABdified and allZch The
assenbly o laim 2 wherein the one or nore hydraulic control devices are

variations are considered within the scope and spirit of the present invention. Also, the terms in
the claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined by

6‘ kdd

the patentee. The indefinite articles or “an,” as used in the claims, are defined herein to

mean one or morc than one of the clements that it introduces.
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selected froma group consisting of a check valve, a restrictor, and a
conbi nati on thereof. 26. The assenbly of claim 21, wherein the one
or nore packer seal assenblies conprise a packer seal and wherein the
packer seal is a netal to nmetal packer seal. 27. The assenbly of
ctaim 21, wherein the one or nore anchoring bodies are selected froma
group consisting of a hold up body and a hold down body. 28. The
assenbiyd T 1$CaAMMED ISwherei n t he one or nore anchoring bodi es conprise a
| ocki ng device and wherein the | ocking device is one of a |lock ring, snap

ring, coll e} g V\Egrgﬁltgr{/en S gsesq}y%}jauﬁlc Isé%tmsg ssytst%rrrrll comprising:

a bottom sub;
a hydraulic tubing cxtending from the bottom sub;
a communication port housing coupled to the bottom sub, the communication port
housing having a charge port;
a compensating volume, wherein the compensating volume is positioned in an annular
space between the hydraulic tubing and the communication port housing;
a floating piston located at one side of the compensating volume, wherein fluid flowing a
through the charge port applics pressure to the floating piston;
a working volume separated from the compensating volume by one or more hydraulic
control devices,

wherein the one or more hydraulic control devices regulate fluid flow from the
compensating volume to the working volume; and
a hydraulic piston coupled to the working volume, wherein the hydraulic piston is

movable between a first position and a second position.

2. The system of claim 1, wherein at least one of the compensating volume and the
working volume éontains a compressible fluid.

3. The system of claim 2, wherein the compressible fluid is a silicone oil.

4. The system of claim 1, wherein the hydraulic piston is operable to set downhole
equipment when it moves between the first position and the second position.

5. The system of claim 1, wherein the one or more hydraulic control devices are

()
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29. A hybrid-tieback seal assenbly conprising: one or nore anchoring bodi es;
one or nore packer seal assenblies; one or nore

i nterventionless hydraulic setting systens coupled to one or nore of the
anchoring bodi es and packer seal assenblies, the one or nore

| rt erventionl ess hydraulic setting systens conprising: ' a first
conpengatdtidr iR b WrdipReadidingRed ch&k%lx@%ktﬁ&to? RAE S cBRbMBSRSh deloydr aul i c
t ubi ng and a comrtuni cati on port housi ng; a first working vol ume

posi tioned gn th&nﬁﬂ&U&ﬁ%n&BﬁﬁEM§ﬁE@Qﬁ&g%ﬂ%ﬁh&ggﬁH c tubing and the

conmmuni cati on port erein the fir rklng volune is |ocated

adj acent ¢ he i oSRIRENSALO BBl HTS, 300 AARALALERALOM bDSa I Thine

conpensati ng volu dr au
and a communication port housmg,

a first working volume positioned in the annular space between the hydraulic tubing and
the communication port, _

whercin the first working volume is located adjacent the first compensating
volume and separated from the first compensating volume by one or more hydraulic
control devices, and

wherein a change in pressure of the first compensating volume changes pressure
of the first working volume;
a second working volume positioned in the annular space between the hydraulic tubing
and the communication. port,

wherein the second working volume is smaller than the first working volume,

wherein the second working volume is located between the first working volume
and a second compensating volume in an annular space between the hydraulic tubing and
the communication port housing,

wherein the second working volume is separa;[ed from the second compensating
volume by one or more hydraulic control devices, and

wherein a change in pressurc of the second compensating volume changes
pressure of the second working volume;

a pressure delivery port,

wherein a shifting sleeve is operable to open and close fhe pressure

delivery port in responsc to a pressure differential between the first working

volume and the second working volume, and
wherein the pressure delivery port delivers pressure to downhole equipment.

7. The system of claim 6, wherein at least one of the first compensating volume, the
second compensating volume, the first working volume, and the second working volume

contains a compressible fluid.
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wherein a change in pressure of the first conpensating vol une changes

pressure of the first working vol une; a second wor ki ng vol une
positioned in the annul ar space between the hydraulic tubing and the
conmuni cati on port, wherein the second working volune is

| ocat ed between the first working volume and a second conpensating vol unme

in an annul@r spaeayReth\WeeRith hewhyeiha dompréshibRamand o Migcos®BIuNi cat i on port
housi ng, wherein the second working volunme is separated from

the second gonpepgaling o\f%haglngﬁ%&ﬂ#a Bifst SRAEe E&g;@ﬁlﬁgmeqerafea@elr davi.ces,

and ereln ange 1 n press second conpensati ng

\F;glr ;Jnetoctﬁg REF2o pre%ga H]EJ,%O ufmetur%]engsaef?r(s)tr}ﬁjoa\ﬁgé Iﬁfsﬁg & Ll Y%nd g‘ha?éceﬁowirs %pg'gﬂ)IE very

to deliver pressure to the second compensating volume using a second floating piston.

10.  The system of claim 6, wherein the shifting sleeve is coupled to a spring, wherein
the spring moves the shifting sleeve to closc the pressurc dclivery port if the pressure differential
between fhe first working volume and the second working volume is below a threshold value.

11.  The system of claim 6, wherein the pressure delivery port delivers pressure to
downhole equipment using a hydraulic piston.

12. The system of claim 6, wherein the one or more hydraulic control devices are
selected from a group consisting of a check valve, a restrictor, and a combination thereof.

13. A mecthod of setting downhole equipment comprising:

applying a pressure to a compensating volume,
providing a working volume, wherein the working volume is scparated from the
compensating volume by one or more hydraulic control devices;
applying a pressure to the working volume in response to the pressure applied to the
compensating volume; '
reducing the pressure applied to the compensating volume,
capturing the pressure applied to the working volume;

wherein capturing the pressure applied to the working volume comprises
maintaining the pressure applied to the working volume when the pressure applied to the
compensating volume is reduced; and

applying the captured pressure in the working volume to sct downhole equipment.
14.  The method of claim 13, wherein at least one of the working volume and the

compensating volume contains a compressible fluid.

15.  The method of claim 14, wherein the compressible fluid is a silicone oil.

16. The method of claim 13, further comprising regulating fluid flow between the



wherein a shifting sleeve is operable to open and close the pressure
delivery port in response to a pressure differential between the first

wor ki ng vol unme and the second wor ki ng vol unme, and wherein the
pressure delivery port delivers pressure to one or nore of the anchoring
bodi es and packer seal assenblies. 30. The assenbly of claim 29,

wher el Ebrﬁ&%sﬁﬁ? Qﬂﬂuﬁéod'hg ROy HRInY TBlun® B l?ﬁrahh@-@oﬂntfb@dé\‘lé@t wor ki ng vol urre.
31. The assenb claim?29, wherein the rst morklng vol ume and t he

second wor ki’hg vawuwsmadeﬁédwa1laanécmmeﬂ@uhwvﬁéws@w@ﬁ dgedsi Bga Visvigere
bl eedsieg&%"gﬁﬂorﬁ h%ﬂ) %)Q nsf1§t1tn§ of M%& nglv}:loa fdiffctor, and a corﬁ&nat?&ﬁ%‘m&@nczf?nbl y of

claim gast cone o rst conpensating vo
18. The method of claim 13, wherein applying a pressure to the compensating volume

comprises flowing a fluid through a charge port, wherein the fluid applies a pressure to a floating
piston and the floating piston applies pressure to the compensating volume.

19.  The method of claim 13, wherein applying the captured pressure in the working
volume to set downhole equipment comprises applying the captured pressure to a hydraulic
piston.

20.  The method of claim 13, wherein at least onc of the compensating volume and the
working volume is positioned in an annular space between a hydraulic tubing and a
communication port housing.

21. A hybrid-tieback seal assembly comprising:
one or more anchoring bodies;
one or more packer seal assemblics;
one or more interventionless hydraulic setting systems coupled to one or
more of the anchoring bodies and packer seal assemblies, the one or more interventionless
hydraulic setting systems comprising:
a bottom sub;
a hydraulic tubing extending from the bottom sub;
a communication port housing coupled to the bottom sub, the
communication port housing having a charge port:
a compensating volume, wherein the compensating volume is
positioned in an annular space between the hydraulic tubing and the
communication port housing;

a floating piston located at one side of the compensating volume,
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t he second conpensating volune, the first working volune, and the second
wor ki ng vol une contains a conpressible fluid. 33. The assenbly of
claim 29, wherein the conpressible fluid is a silicone oil. 34. The
assenbly of claim29, wherein a first charge port is operable to deliver
pfessure to the first conpensating volune using a first floating piston and

a second charge ppitin Fi@RRMWARY fhrd hdlﬁE'cKQFgeWoﬁse?ﬁM@s E)R:sstulf'@t(ﬁﬁﬁoﬂgatmo

conpensating vol ume using a second Tloating piston. 35. The aSsenbly
of claim 29, whg;gh the shifting sleeve is coupled to a spring, wherein
the spring nove € shifting sleeve to close the pressure delivery port if

the pressure differential bet he fir ng. vol une he second
wor ki ng volunme is bel ow a PHFgehoP nmsﬂ%”mcdwonhhc 1pq§3 SS@HEQVCQF claim

29, wherein the ress eliver ort delivers pressure to one or nore of
t he anchoring bo ﬂ@geghg'g&HWQFO%EQFG%ssean|es using a hydraul i c piston.
37. The assenbly of claim 29, wherein the one nore hydraulic control
devi ces are sel ected from a gr Sgredbihs oas Pﬁ@l(’Eﬁhyéir%‘llféGRn%Id\?‘e‘cesaregu ate

restrictor, and a conbi nation thereof. ,
fluid flow from the compensating volume to the working volume; and

a hydraulic piston coupled to the working volume, wherein the
hydraulic piston is movable between a first position and a second position.

22,  The-assembly of claim 21, whercin at Icast one of the compensating volume and
the working volume contains a compressible fluid.

23.  The assembly of claim 22, wherein the compressible fluid is a silicone oil.

24.  The assembly of claim 21, wherein the hydraulic piston is operable to sct onc or
more of the anchoring bodies and packer seal assemblies when it moves between the first
position and the second position.

25. The assembly of claim 21, wherein the one or more hydraulic control devices are
selected from a group consisting of a check valve, a restrictor, and a combinetion thereof.

26.  The assembly of clairﬁ 21, whercin the -one or more packer scal assemblics
comprise a packer seal and wherein the packer seal is a metal to metal packer seal.

27.  The assembly of claim 21, wherein the one or more anchoring bodies are selected
from a group consisting of a hold up body and a hold down body.

28. The assembly of claim 21, wherein the one or more anchoring bodies comprise a
locking device and wherein the locking device is one of a lock ring, snap ring, collet, wedge or

segmented slip system.
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38. The assenbly of claim?29, wherein the one or nore packer seal
assenblies conprise a packer seal and wherein the packer seal is a netal to

nmet al packer seal. 39. The assenbly of claim29, wherein the one or
nore anchoring bodies are selected froma group consisting of a hold up
body and a hold down body. 40. The assenbly of claim 29, wherein the

one or nDre%ﬁnchQhquLgagbp§me@aﬁm§Qo@pﬁgﬁging devi ce and wherein the
| ocki ng device is one of a lock ring, snap ring, collet, wedge or segnented

slip system 41ome Br BBENREdhotoRicd Wel | back to the surface
conpri si ng: running a hybrid-tieback seal assenbly into a well bore,

t he hybrid-tieback S%ﬁ%oﬁﬁ@ﬁﬁﬁk%ﬂ% REdeSiblig. one or nore anchoring bodies
a 'ssenb? ﬁ

and one or nore packer se Ies; landing a well head hanger in a
wel | head; setting the_anchorin boquﬁxgﬁ

- )0d t hi.n. t. casing;
setting the one or not's “patkel/ geal asseﬁgP?ggaﬁﬁﬁﬁfﬁagﬁsF%%%%qgﬁgcg a
receptacl e of, apreviousty Loptalled L inet enagr 5ystem and g oSk g

hydraulic setting systems comprising:
a first compensating volume positioned in an annular space
between a hydraulic tubing and a communication port housing;
a first working volume positioned in the annular space between the
hydraulic tubing and the communication port,
wherein the first working volume is located adjacent the
first compensating volume and scparated from the first compensating
volume by one or more hydraulic control devices, and
whérein a change in pressure of the first compensating
volume changes pressure of the first working volume;
a second working volume positioned in the annular space between
the hydraulic tubing and the communication poft,
wherein the second working volume is located between the
first working volume and a second compensating volume in an annular
space between the hydraulic tubing and the communication port housing,
wherein the second working volume is separated from the
second compensating volume by one or more hydraulic control devices,

and
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42. The nethod of claim4l, further conprising pressurizing the

hybri d-ti eback seal assenbly to fully set the packer seal. 43. The
met hod of claim4l, wherein | anding the wel |l head hanger further conprises
| ocating the hybrid-tieback seal assenbly within at |east one of the |iner
hanger system and the host casing. 44. The nethod of claim41,

wherein |anding the wellhead haRgem 4 ehaes Wplsahedf fRAREMICRMmpehsatife
position of the hybrid-tieback seal assenbly within at | east one of the

l'iner hanger system %ﬂnﬁe%aﬁﬁ&?re@%& BBthe second whkingNufi®t hod of cl ai m 41,
wherein setting any one of the anchoring bodies anf packer seal assenblies

furth i : i .
V(L)l:'ungt' conpri ses the steps ofap%gmré/hag,e%p%h?ssure to a conpensati ng

wherein a shifting sleeve i1s operable to open and
close the pressure delivery port in response to a pressure differential
between the first working volume and the second working volume, and
wherein the pressure delivery port delivers pressure to one
or more of the anchoring bodies and packer seal assemblies.
30. The assembly of claim 29, wherein the second working volume is smaller than the
ﬂrst.working volume.

31. The assembly of claim 29, wherein the first working volume and the second
working volume are equal, and wherein the second working volume bleeds faster than the first
working volume.

32.  The assembly of claim 29, wherein at least one of the first compensating volume,
the second compensating volume, the first working volume, and the second working volume
contains a compressible fluid.

33. The assembly of claim 29, wherein the compressible fluid is a silicone oil.

34, The assembly of claim 29, wherein a first charge port is operable to deliver
pressure to the first compensating volume using a first floating piston and a second charge port is
operable to deliver pressure to the second compensating volume using a second floating piston.

35. The assembly of claim 29, wherein the shifting sleeve is éoupled to a spring,
wherein the spring moves the shifting sleeve to close the pressure delivery port if the pressure
differential betwcen the first working volume and the second working volume is bclow a

threshold value.
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provi di ng a worki ng volume, wherein the working volune is separated from
the conpensating volunme by one or nore hydraulic control devices;

applying a pressure to the working volume in response to the pressure
applied to the conpensating vol une; reducing the pressure applied to the
conpensating vol ume, capturing the pressure applied to the working vol une;
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vol une and the working volune usi ng the one or ngre hgdraulhc cont rol
devi cegelected from a group con51st1ng of a check valve, a restrictor, and a combination thereof.

38. The assembly of claim 29, wherein the one or more packer seal assemblies
comprise a packer scal and wherein the packer seal is a metal to metal packer seal.

39.  The assembly of claim 29, wherein the one or more anchoring bodies are selected
from a group consisting of a hold up body and a hold down body.

40.  The asscmbly of claim 29, wherein the one or more anchoring bodies comprise a
locking device and wherein the locking device is one of a lock ring, snap ring, collet, wedge or
segm\ented slip system.

41. A method to tic a well back to the surface comprising:

running a hybrid-tieback seal assembly into a wellbore, the hybrid-tieback seal
assembly comprising one or more anchoring bodies and one or more packer seal assemblies;

landing a wellhead hanger in a wellhead;

setting the anchoring bodies within a host casing; and

setting the onc or more packer seal assemblies within at least one of a receptacle
of a previously installed liner hanger system and a host casing above a previously installed
hanger system.

42. The method of claim 41, further comprising pressurizing the hybrid-ticback seal
assembly to fully set the packer seal.

43.  The method of claim 41, wherein landing the wellhead hanger further comprises

locating the hybrid-tieback seal assembly within at least onc of the liner hanger system and the



47. The nethod of claim45, wherein applying a pressure to the conpensating
vol ume conprises flowng a fluid through a charge port, wherein the fluid
~applies a pressure to a floating piston and the floating piston applies
pressure to the conpensating vol une. 48. The net hod of cl aim 45,
wherein applying the captured pressure in the working volunme to set one or
mor e of,d hgignchoring bodi es and packer seal assenblies conprises applying
the captured pressure to a hydraulic piston. 49. The net hod of claim

45, wherei ngat 'ﬁ?e%etﬂe@lo?hamm,C@gpf%ﬂlslasaiﬂg t%%!HﬂFa@ﬂgn%P% ma&bg&exol ume

is positioned in an annul ar space between a hydraulic tubing and
connunicatﬁon port h

rcgardless’ of the pos%l%)%ior}qhe hybrid-ticback seal assembly within at least one of the liner
hanger system and the host casing.
45.  The method of claim 41, wherein setting any one of the anchoring bodies and
packer scal assemblies further comprises the steps of:
applying a pressure to a compensating volume,
providing a working volume, wherein the working volume is separated from the
compensating volume by one or more hydraulic control devices;
applying a pressure to the working volume in response to the pressure applied to
the compensating volume;
reducing the pressure applied to the compensating volume,
capturing the pressure applied to the working volume;
wherein capturiné the bressure applied to the working volume comprises
maintaining the pressure applied to the working volume when the pressure applied to the
compensating volume is reduced; and
applying the captured pressure in the working volume to set one or more of the
anchoring bodies and packer seal assemblies.
46.  The method of claim 45, further comprising regulating fluid flow between the
compensating volume and the working volume using the one or more hydraulic control devices.
47.  The method of claim 45, wherein applying a pressure to the compensating volume
comprises flowing a fluid through a charge port, wherein the fluid applies a pressure to a floating

piston and the floating piston applies pressure to the compensating volume.
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48.  The method of claim 45, wherein applying the captured pressure in the working
volume to set one or more of the athoring bodies and._packer' seal assemblies comprises
applying the captured pressure to a hydraulic piston.. E | |

49.  The method of claim 45, wherein at least one of the compensating \}olume and the
working volume is positioned in an annular space between a hydraulic tubing and a

communication port housing.
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