OPEN/CLOSE OUTLET INTERNAL HYDRAULIC DEVICE BACKGROUND [0001]This section is
intended to introduce the reader to various aspects of art that may be related to various aspects of the
present inveMGe 19Nt} are described and/or claimed below. 'This discusskRFlid/ BA0Rs6183 be helpful
in providing the reader with background information to facilitate a better understanding of the various
aspects of the present invention. Accordingly, it should be understood that these statements are to be
read in this light, and not as admissions of prior art. [0002]Oil and natural gas have a profound effect
on modern economies and societies. Indeed, devices and systems that depend on oil and natural gas
are ubiquitous. For in$idHc{ Gll GidE fatiitalkgh $haF & BSBAL i YiBR LA WGdB ¥ty of vehicles, such as
cars, airplanes, boats, and the like. Further, oil and natural gas are frequently used to heat homes
during winter, to generate electricity, and to manufacture an astonishing array of everyday products.
[0003]In orggxmrestheriemand for such natural resources, companies often invest significant
amounts of time and money in searching for and extracting oil, natural gas, and other subterranean

resources Hot the edfifs ‘ﬁﬁéf-ﬁ%ﬂ|5ﬂy“%ﬁé§dataé§ﬂf88%§ %@%%%&V@Fg&jﬁﬁéwg 8lirface of the
earth, drﬂll@@taim@lt@f@e}w@@@;éﬁeﬁﬁammr@@tg@;@ml@yeﬁé@@@ﬁﬁmwumfamm egsource. These

systems may be located onshore or ore ing on the location of sired resource. Further,
such systeﬂé&%ﬁ%ﬁgﬂmﬁ‘&r Lﬁﬁ%”é?%\‘ﬁe fgé%% Eﬁgﬁﬂﬂﬁﬁ gﬁﬁvt‘ﬁ% %E&%@é@?\e‘ﬂramed These
wellhead agaembligseayittidan nide yaiely pisamipneriTasiehas ateys casmgs valves, fluid
conduits, and the like, that control drlllln%gnd/or egtractlon oEeratlons Additiona]| uch wellhead

assemblleéjﬂfj‘ﬂ%@ac%wa SEDHHEHENFSRERER 9518R RISBRRG TERYR -(hEe g 1% and/or
fracturing tetey g tecilitatesattactusinapresessiaments are to be read in this light, and not

as admissions of prior arl.

100021 Ol and natural gas have a profound effect on modern economies and
societies. Indeed, devices and systems that depend on oif and natural gas are
ubiquitous. For instance, oil and natural gas are used for fuel in a wide variety of
vehicles, such as cars, airplanes, boats, and the like. Further, ol and natural gas
are frequently used o heat homes during winter, to generate electricity, and to

manufacture an astonishing array of everyday products.

166031  In order to meet the demand for such natural resources, companies
often invest significant amounts of time and money in searching for and
extracting oil, natural gas, and other sublerransan resources from the sarth.
Particularly, once a desired resource is discoverad below the surface of the earth,
drilling and production systems are often employed 10 access and exiract the
resource. These systems may be located onshore or offshore depending on the
iocation of a desired resource. Further, such systems generally include a
welihead assembly through which the resource is extracted. These wellhead
assemblies may include a wide variety of components, such as various casings,
valves, fluid conduils, and the like, that control driling and/or extraction
operations. Additionally, such welihead assemblies may also include
components, such as an isolating mandrel (ffrac mandrel”) and/or fracturing tree,

to facilitate a fraciuring process.



WO 2010/014378PCT/US2009/050193 [0004]Resources such as oil and natural gas are generally
extracted from fissures or other cavities formed in various subterranean rock formations or strata. A
fracturing pr¥€eHY (I0d437fac" process) may be used to create one or more REGHIHANE/4FE B res in a
rock formation, such that such that a connection can be made with a number of these pre-existing
fissures and cavities. In this manner, the fracturing process enables oil, gas, or the like to flow from
multiple preexisting fissures and cavities to the well via the man-made fractures. Such fracturing
processes [gpEdly irkbxiainectngadiidiintaitheiwell tmiome therpaniynadestraetdres: [0005]A frac
mandrel islspften utilized, in such casgs to isolate one oré@%re Iower-raé&g comé)onents frgr the

ly and

fracturing PR OT R hﬁg& %Hgﬁﬁr ig ii@a‘@rfﬁgéf P a3581E% ﬁ%fw Hﬁggog 58
includes a hddychavwingradhadpassatendyyrare thatdhdbotyeis ttatesdtredowern-rateed components

from the pressure of the fracturing fluid.injected. into th ll.via the fluid passageway. Once the
facturing 1 EEPR LU AIULER. e HE IHAET ARy OB ACH T L BB i b femoved
from the wellhgadvibseminlyband{abditopat pradtictidis sorepaents siiieh. ds dHiChnistmas tree,” may
be coupled to the assembly. [0006]These 'frac” wells may,include relatively high pressures, such that
the prossul B R P BER RS ool B D R e O T PR g flurd ot the
well. To coatistie piinypirg feactuingiflaithitite thellved, (tanapndoedesirableioreehdkeadft the pressure,
lowering the presay 8/8dhe el BRIG eI SR IERBHVINES form the

man-made fraclures.

(00051 A frac mandrel is often utilized in such cases o isolate one or more
lower-rated components from the fracturing pressure. The frac mandrel is
typically inserted within a bore of the wellhead assembly and includes a body
having a fluid passageway, such that the body isolates the lower-rated
components from the pressure of the fracturing fluid injected into the well via the
fluid passageway. Once the fracturing process is completed, the frac mandrel
and other fracturing components may be removed from the wellhead assembly,
and additional production components, such as a “Christmas tree,” may be

coupled to the assembly.

106063 These “frac” wells may include relatively high pressures, such that the
pressure in the well may become too high to allow further pumping of the
fracturing fluid into the well. To continue pumping fracturing fluid into the well, it

may be desirable to choke off the pressure, lowering the pressure in the well.

BRIEF DESCRIPTION OF THE DRAWINGS

1060771 Various fealures, aspects, and advantages of the present invention will
become beller undersiood when the following detailed description is read with
reference o the accompanying figures in which like characiers represent like

parts throughout the figures, wherein:

(08081  FIG. 1is a block diagram that illusirates a mineral extraclion sysiem in

accordance with an embodiment of the present invention;



[0007]Various features, aspects, and advantages of the present invention will become better
understood when the following detailed description is read with reference to the accompanying figures
in which like\P 3P " present like parts throughout the figures, whereinP{OUOEMWS13 a block
diagram that illustrates a mineral extraction system in accordance with an embodiment of the present
invention; WO 2010/014378PCT/US2009/050193 [0009]FIG. 2 depicts a cross-section of a wellhead
assembly of a mineral extraction system with an unlocked hydrau ic adapter in accordance with an
embodimef@®i3e present vpintion; (OHGIOS dépicts hems srsastitiyofiaaweiiizeatl assembly of a
mineral . . . . .

extraction system with an unlocked hydraulic adapter in accordance with an

embodiment of the present invention;

180101  FIG. 3 depicts a cross-section of a wellhead assembly of a mineral
extraction system with a locked hydraulic adapter in accordance with an

embodiment of the present invention;

10011] FIG. 4 depicls a cross-section of a welthead assembly of a mineral
extraction system with a hydraulic adapter having a retracted sleeve in

accordance with an embodiment of the present invention;

180121 FIG. 5 depicts a cross-section of a wellhead assembly of a mineral
extraction system with a hydraulic adapter having an extended sleeve in

accordance with an embodiment of the present invention;

160131  FIG. 6is a close-up view of a section of the hydraulic adapter of FIGS.

2-5 along line 6-6 in accordance with an embodiment of the present invention;

00141 FIG. 7 is a cross-section of FIG. 6 taken along line 7-7 in accordance

with an embodiment of the present invention;

(00151 FIG. 8 is a cross-section of a wellhaad assambly of a mineral
extraction sysiem depicling removal of a hydraulic adapter in accordance with an

smbodiment of the present invention;

1001861  FIG. 9 depicts a cross-section of a wellhead assambly of a mineral
exiraction system having a backpressure valve in accordance with an

embodiment of the prasent invention;

00171  FIG. 10 depicts a cross-seclion of a wellthead assembly of a mineral
extraction sysiem having a hydraulic adapter with a2 manual locking mechanism

in accordance with an embodiment of the present invention; and
00181 FIG. 11 is a block diagram of a process for operation a hydraulic
adapler in a mineral exitraction system in accordance with an embodiment of the

present invention.



extraction system with a locked hydraulic adapter in accordance with an embodiment of the present
invention; [0011]FIG. 4 depicts a cross-section of a wellhead assembly of a mineral extraction system
with a hydradc2884$&7Baving a retracted sleeve n accordance with an enfSSARZMNOGFMES present
invention; [0012]FIG. 5 depicts a cross-section of a wellhead assembly of a mineral extraction system
with a hydraulic adapter having an extended sleeve in accordance with an embodiment of the present
invention; [0013]FIG. 6 is a dose-up view of a section of the hydrauc adapter of FIGS. ino 6-6 in
accordanc@HTRAEDDBRGIRIR TIGhePreS SR MMFeNtEIME OIMENTS IS a cross-section of HG. 6

taken along e -7 I g e e i AN ST AL A DR RIS IETHON witl be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
thase exemplary embodimenis, all features of an actual implementation may not
be described in the specification. it should be appreciaied that in the
development of any such actual implementatlion, as in any engineering or design
project, numerous implementation-speciiic decisions must be made 1o achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine underiaking of
design, fabrication, and manufaciure for those of ordinary skill having the benefit

of this disclosure.

(00207  When introducing elements of various embodiments of the present
invention, the articles "a,” “an,” “the,” and “said” are intended o mean that there
are one or more of the slements. The terms “comprising,” “including,” and
*having” are inlended o be inclusive and mean that there may be additional

55 85

glements other than the listed elemenis. Moreover, the use of “top,” "bottom,”

FNY

“‘above,” “below,” and variations of these terms is made for convenience, but

does not require any particular orientation of the components.

(86211 Certain exemplary embodiments of the present technique include a
system and method that addresses one or more of the above-mentioned
challenges of relieving pressure during operation of fracturing process in a
mineral extraction system. As explained in greater detail below, the disclosed
embodiments include an adapter having a hydraulically activated slesve and a
hydraulically aclivated internal lock ring. The slesve may engage a mandrel {a.q.,
a frac mandrel) or other component in a wellhead assembly, and provide for
hydraulic movemaent of the mandrel. The lock ring may be aclivated o secure

the adapter {0 the wellhead assembly, locking the adapter and the mandrel to

prevent undesired axial movement. In other embodiments, an adapter may



[0015]FIG. 8 is a cross-section of a wellhead assembly of a mineral extraction system depicting
removal of a hydraulic adapter in accordance with an embodiment of the present invention; [0016]FIG.
9 depicts a YOSHHEKSASof a wellhead assembly of a mineral extraction syBERUR2RAKE54193
backpressure valve in accordance with an embodiment of the present invention; [0017]FIG. 10 depicts
a cross-section of a wellhead assembly of a mineral extraction system having a hydraulic adapter with
a manual locking mechanism in accordance with an embodiment of the present invention; and
[0018]FIG.iddligla blngkreiaigraiy ativartecesis facopedatiomayitradicagapierkima mineral extraction
system in accordance with an embodiment o .thegr%sent inver{tion, DETAILED ERESCF%IP;[ION OF
SPECIFIC@W&@%WE as a recess contigured 0 receive tie-down SCrews. In €ach o

these embodiments, the adapter is configured (o provide a range of axial

movement of the mandrel while mounted within the welthead assembly. For

example, the range of movement may include a sealed position and a pressure

release position. Thus, the adapter may enable seleclive pressure release

during a fraclturing process, such that additional fluid can flow down hole.

(86221 FIG. 1 s a block diagram that lustrates an embodiment of a mineral
axtraction system 10. The illusirated mineral extraction system 10 can be
configured to extract varicus minerals and natural resources, including
hydrocarbons {e.g., oif and/or natural gas), or configured to inject subsiances inio
the earth. In some embodiments, the mineral extraction system 10 is land-based
{e.g., a surface system) or subsea (e.g., a subsea system). As illustrated, the
systemn 10 includes a wellhead 12 coupled to a mineral deposit 14 via a well 16,
wherein the well 16 includes a welthead hub 18 and a well-bore 20. The
wellhead hub 18 generally includes a large diameter hub that is disposed at the
termination of the well-bore 20. The wellhead hub 18 provides for the connection
of the wellhead 12 {o the well 16.

(80231 The welthead 12 typically includes muitiple componentis that control
and requlate aclivities and condilions associaled with the well 16. For example,
the wellhead 12 generally includes bodies, valves and seals that route produced
minerals from the mineral deposit 14, provide for regulating pressure in the well
16, and provide for the injection of chemicals into the well-bore 20 {down-hole}.
in the illustrated embodiment, the wellhead 12 includes what is colloguially
referred to as a Christmas tree 22 (hereinafter, a tree), a tubing spool 24, a
casing spool 25, and a hanger 26 {e.qg., a tubing hanger or a casing hanger).
The system 10 may include other devices that are coupled to the welthead 12,
and devices that are used to assemble and control various components of the
wellhead 12. For example, in the illustrated embodiment, the system 10 includes
a tool 28 suspended from a drill string 30. In certain embodiments, the ool 28

includes a running tool that is lowered {e.q., run} from an offshore vessel o the



[0019]0One or more specific embodiments of the present invention will be described below. These
described embodiments are only exemplary of the present invention. Additionally, in an effort to
provide a coM@igB18@E&Fi8tion of these exemplary embodiments, all feature PETAPWRYEF0193
implementation may not be described in the specification. R should be appreciated that in the
development of any such actual implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers' specific goals, such as
compliancevwwitH SysteroratedBinckbusiness atlatashdonsinraints, whithanaydary fsgsians,
implementation to, another..Moreover, it should be a eciatedn{'%ﬂat uch a develgpment effort might be
complex ﬁ?ﬁﬁ%%ﬁ ?Eh%iﬁ&?%%? \'ﬁ‘l/(ﬁ%i%%\%jﬁﬁg%%){%%vg Y80 TE%WSF% iil%go (?esign, fabrication,
and manufactiitteddrthose afordinany skidrhayingithesbenatitof this disclosure. [0020]When
introducing elements of various embodiments of the present invention, the articles "a,' "an,’ "the," and
"said' are if&dddd tolrhedrethaftheremiyanelotieacresafitie efdimentsiiThetgrnizemiprising,"”
Including,’ "haying’ are. inte inclusive h : b itional elements
other than ter?éﬁ ﬁgfe%{%ﬁgf%igan}% %?rgjdfi%é%?t g%@?ﬁéﬁﬁﬁp@%ﬁéﬁ éﬁ%ﬁ)%%%%éI%‘v%},(igé%d@gariations of
these termswsyrtadederchavenibatés bismses it amppartctitw-driemtahtredbthe

componens néo%%%?rﬁiﬂﬁéﬁ%%% eﬁ?%?é%%?&%g%‘ﬂﬁagr@é %6%?8&5?H%ifﬂﬁ'%ee&eﬁé’5tem and
method that addresses one or more o gihe above-mentioned challenges of relieving pressure during
operation offracturigxpprptessinisenitibiatioxizact dresystemn: As Bxpliiee bdngieages datal below, the

disclosed sepedimenia el anadamssaapas tudaulsal adiaed s and gycrauiially

activated inte ring. The sleeve may engage a man eq., a frac mF.
componenhingavelfheadodssewdily] Arithpiojndidordiydralie cheveipmatioftieamwaritiid. The lock ring

may be aciygied fp,sacuie e, 3aptenipie weliesd assemblilacking i adaples agd the mandrel
to prevent undesired axial movement. In othér embodiments, an adapter may incl a hydraulically
activated stssvsanthgnanhumly beticarddiiptiking rosttanisnt)slicieadla Fevessi@srfigdied to receive
tie-down s I 0 !ﬁ?ﬁ}t t el | ravide a range of axial
movement%%%?egrﬁé%r%%% év%%?ﬁdﬁt?;\%gg t mﬁ%%%v%%ﬁ%%g{ §éi8e?i%§5 %!‘Erqg(g%rﬁ ple, the range of
movementdnapinthids, siedakes postivivind wprediuly . rofedsepd sitioaralhfiovtfecatéipter may

erable cISTALASIESC RIS 40 QLR BRERSS LS adanliik i dour
to shipping or storage faciliies. A blowout preventer (BOP) 31 may also be
included, sither as a part of the ree 22 or as a separaie device. The BOP may
consist of a variety of valves, fillings and conirols to prevent oil, gas, or other fluid
from exiling the well in the event of an unintentional release of pressure or an

overpressure condition,

160257  The tubing spool 24 provides a base for the tree 22. Typically, the
tubing spoot 24 is one of many componenis in a modular subsea or surface
mineral extraction system 10 that is run from an offshore vessel or surface
system. The tubing spool 24 includes a tubing spool bore 34. The tubing spool
bore 34 connecis {e.g., enables fluid communicalion between) the tree bore 32
and the well 16. Thus, the tbing spool bore 34 may provide access {0 the well
bore 20 for variocus completion and worker procedures. For example,
components can be run down to the wellhead 12 and disposed in the Wbing
spool bore 34 to seal-off the well bore 20, 1o inject chemicals down-hole, to

suspend tools down-hole, 1o retrieve tools down-hole, and the like.



extraction system 10. The illustrated mineral extraction system 10 can be configured to extract various
minerals and natural resources, including hydrocarbons (e.g., oil and/or natural gas), or configured to
inject substaRE8iNtd4¥38 earth. In some embodiments, the mineral extractBEY§2808/49183and-based
(e.g., a surface system) or subsea (e.g., a subsea system). As illustrated, the system 10 includes a
wellhead 12 coupled to a mineral deposit 14 via a well 16, wherein the well 16 includes a wellhead hub
18 and a well-bore 20. The wellhead hub 18 generally includes a large diameter hub that is disposed
atthe In{BRGf thewwellHioseaprddietug|iheasdiliba8 plovidestoritiie sevnestion of the wellhead
12 to the well 16. [0023]The wellhead 12 typically includes multiple components that control and

; Sob el G A ey v Bl

regulate adtiine¥'&ra EShEHBAY & Wl 1 8&%%8@,%%%%383@ 12 generally
includes bodigs)¥ aghvesdndsseais dhatmobteiB DdticatmisehliEI0N0 el mindrat teposittd, provide
for regulating pre in.the well 16, and provide fqr the injection of chemijcals into the well-bore 20
(ool P eE e oA GAI B e A A R PE AL LB AN Veterred to as
a Christmas:treies(hereindites antresels tubig, spogt 24 chvehsing sposh2bl and eetlainer 26 (e.g., a
tubing hanger orga igsig%hangreﬁg} Theis%’ssgen :\LjO ma inclgdeioth?i[ ge}/ic%?atpaé\ar c%upled to the
wellhead 1 ,ean YeVicdSThatare Tedd 8°dden iIee rd eShtRFVafols &8 p§n fits'8'the wellhead
12. For examglprasdhecitlustiated emizodinseniyHessystdmriG:lacludes botooli28rsirsspehded from a
drill string 30, In certain embadiments, the tool 28 includes a running 100] that |s lowered (e.g., run)
from an off%ﬁtci)ﬂ?ec%%%ssglst?c? ngiq\jve I?%E%%(?}?)ﬁhé\%gﬁﬁsegaﬁfﬁ%ﬁ ﬁ]ngﬁ?eér%é eb%‘di{ril’%%iﬁ ,ﬁsadwé]egs surface
systems, the tecli?@ nvey a1¢ sde @i ckssuspendatiover andlbe taivEied seouthe twigltiead 12 via a
crane or other, supporting device, [0024]The tree 22.generally includes a vartiety of. flow paths (e.g.,
bores), val\‘?gg, ‘nff%rﬁ“g%,&é% %%(% %E}%r o‘%%ra ﬁ}iré'} € v‘f‘/gﬁ f%%gﬁ%\faln%f}aﬁggif E‘Iﬁélft‘l%cérfi{ﬁi%nay include a
frame that todispidsed aliemedidejboily; g fow-tbepikactUdtersanpdnzZiviesiathehdhgdree 22 may
provide flud communicaion with e well A8 Eqrexample, dhedron 22 lnglides piegbore 32 The
tree bore 32 provides tor completion and workover procedure%, such asthe insertion of tools (e.g., the
hanger 26 )amitorthe walioh 6yite tngeletionco$ padidusr ehehdcal shinte thicwet 26, (Hoasshiale)inand the
like. Furth inerals, extracted from the well 9..01 and.natur 12 regulated and
routed via?ﬁgnbgi%%i%ﬁ%%anmc%{ gﬁgr%,éég t{l%?r%a%gbte&égﬁ%ﬁg&g %(E)é g’ljzt% fﬁ%&ggﬁa& %E{)%v ine that is tied

back to othapeampongnis. SieiA% & mAntald. Ascordingiy pipdysedminegals Jawdrom the well 16 to

the manifold via the we e tree 22 before being routed to shipping rage facilities.
A blowout gretitela{B ©tes tonaycaisdibeiibridalinsitsefrag dipaitasfithing gecE2wicas a separate

device, The;RQE, aY;FNSISKoLa varaly ?Fs\é%ﬂ‘fﬁxsmaﬂiﬁr% ANHSANHOIS,0;BREYAlalls 435, Or other

fluid from exiting the well'in the eventof an unintentional release of pressure or‘an overpressure
condition. [GORBFREUibHESPIEE2ENEriviies Rbare foe thedhedgrmpsralijiafecturing

fluid may be pumped through the mandrel into the well 16. As a resull, pressures
may become too high to continue pumping fluid into the well 16. In such an
instance, it may be desirable 1o relieve some of the pressure from the well
through the tubing spool 24, without removing the mandrel 36, to ensure safe
isolation of other welthead components. Additionally, it is desirable to maintain
the blowout preventer 31 to ensure safety of the mineral extraction system during
such an operation, yet have the ability to safely manipulate the frac mandrel 36
inside the tubing spool 24.

(00281 FIG. 2 depicts a cross-section of the wellhead assembly 12 having a
hydraulic adapter 40 in accordance with an smbodiment of the present invention.
The hydraulic adapler 40 is disposed between the tubing spool 24 and an
adapter flange 42. The adapter flange 42 may couple the tubing spool 1o the

blowout preventer 31, the "Christmas” tree 22, or any other components included



tubing spool 24 is one of many components in a modular subsea or surface mineral extraction system
10 that is run from an offshore vessel or surface system. The tubing spool 24 includes a tubing spool
bore 34. ThWQIBMYHESH bore 34 connects (e.g., enables fluid communicaR6R/BEERVIPE tree bore
32 and the well 16. Thus, the tubing spool bore 34 may provide access to the well bore 20 for various
completion and worker procedures. For example, components can be run down to the wellhead 12
and disposed in the tubing spool bore 34 to seal-off the well bore 20, to inject chemicals down-hole, to
suspend taolsrdowsiiheke; tostetméve 1001 tewnales g Meitikid¥¥Q@ flange 44, tie-down
2010/014378PCT/ ézocg(giows%oom] will. he appreciated, the well bore 20 may contain
elevated p?ecggt\ﬁ%s. &éxd %%zﬁ asvel o‘?g% ay include pressures that exceed 10,000 pounds
per square gy (PS1, at exgeed 10,900 P9\, andior gt syen exceed, 20009 B Accordingly
mineral extErac ioh sys 2Me 10 emp‘:laoy various mec arﬁsms, such as mandrels, seafs, plugs and
valves, to canmtneicin torfgrilaeitiiehwdiict Gidvar thampliigeidgsaadivblvigs dretbmployed to regulate
the flow an sures, of fluids invario nd channel| ine ction
Qg‘gé%%%?& tf%%ae Ord 3 g%—?n%?{a?i% §<z§?g:, H%%Bc%%ggg Q%%&}Qﬁwﬂ?#ﬁ 1al ey

system 10.For instance, ustrated-hanger ubing ger or casing hanger)is typically
disposed withindhe Maliheac4aisotsennrelttising dmd casirs saspapddain the Welllhaall; and to

provide a p hydrauli fluid, ¢ ical,injectio the, li r.26;includes a
hanger boreé%fgé %ﬁ%%lgk%néggﬁ%%gﬁiﬂﬁ%eoéﬁt%’r ?I‘Htﬁeg %gr%aésrgg ,ezgr% dg tkf%tal-g ﬁnaﬁﬁ% ?:%%n%r# unication
with the tulsiogespdol berb@4 Sddsthe ivellibere 00! redsting ipted Hbradsadamity 3damalpmanifest

through th%é‘éﬁ%rﬁgﬁfé r@g@%&ggjﬁ@%%@%r%cmgrﬁea %%%rlg t% ,_i;s often seated and locked in

the tubing spoo 0 Isolate other components e we e fracturing pressure. Similar

sealing deﬁm?‘ay besfeedbtiroughont Byingrl &%‘&%tiﬂr&sﬁmﬁ%(&guﬁﬁvwgtRﬁ%ssures and

flows. Duri fracturing process, the fracturing fluid may be through the mandrel into the
well 16. Ashaaresigt, rés sippesagyséde i thbing s roebdfino &inmh pih g Busidintoadrages 16. In such
an instancegtmayhe desirableiodeline, SOmeRLBsRERsHIR fran fag.welldhyangh the tubing spool
24, without removing the mandrel 36, to ensure sate Isolation of other wellhead components.
Additionallyisisisbissieaphele mlintanstie BiohwutgievedersrmbliEnsrésatéiybsf the mineral

extraction SYRRImGING R AR aneralian st v s Aol Ralal mARURIR e frac mandrel

36 inside the tubing spool 24. 2 depicts a cross-section of the wellhead assembly 12 having

a hydraulidbiiiafer 20mPscsstdaried iatheo emboainseh of b PresamOPSERES & PHeeHydraulic
adapter 404g dispased bgiwesnihaubiagspealLA Anchanadapier dlangad dadbsadapter flange 42

may couple the tubing spool to the blowout preventer 31, the "Christmas" tree 22, or any other
componentyéltideg generally blocked by the mandrel 36 and sealed by seals 68.

16631} The adapter 40 includes various components to engage the mandrel
36, to manipulate the mandrel 36, and to lock and seal the adapter 40 to the
wellhead assembly 12, The adapter 40 may disposed inside a body 68 coupled
to the tubing spool 24 via the flange 44. The adapter 40 includes a moveable
sleave 70 {2.g., annular piston) disposed around a generally tubular interior body
71 and having one or more pins 72 configured to engage a recass on the
mandrel 36, as discussed further below. In one embodiment, the pins 72 may
engage a generally “J-shaped” recess in the mandrel 36, such that the adapter
40 may be generally inserted and rotated into engagement with the mandrel 36.

160327 The moveable sleeve 70 and/or the body 71 includes one or more
seals 74 {e.g., annular seals) to generally seal the slesve 70 against the tubing
spool 24 or other component of the wellhead assembly 12. The adapier 40 also

includes a stationary sleeve 75, providing an abulment for the moveable sleeve



in the wellhead assembly 12. The tubing spool 24 includes a flange 44, tie-down screws 46, and side
passages 48 and 50. [0029]As described above, the tubing spool 24 defines a bore 34 that connects
to the casin®fRIAHENdH# the wellhead assembly 12. in this embodiment, tRE R WA/4§0d&herally
concentric about (or coaxial with) a central axis 52. Annular seals 54 and 56 seal the central passage
bore 34, the hydraulic adapter 40, and the tubing spool 24. The side passages 48 and 50 can provide
access to the bore 34 and the interior of the tubing spool 24. Generally, annular seals 60 and 62 seal
flanges 64 ahe/b6iorize  tabingsgopbadiciO83O Haddiha?i thehvabdieh36lissbaltmin a "running
position” such thatg%ge mandrel 36 is ,d'%@osed inside the tgbinfqas{gool 24 to blfo k off the side

passages AR %\ghﬁ’%e ﬁotﬁééi@ é% g’n&ryﬁ 8ﬁ8ra{ﬁ ¥ O %\{/%%th% ii éﬁ@eﬁig desirable to
choke off preissivretin ithe fivglirac assenthhet? oA withbecsaipsediated, The Sldempassages 48 and 50

may be coupled to valves or,other fluid-flow components via the flanges 64 and 66, enabfing an
omerator 1SRN Bl SR MR P thel o R SETSTRANE Fa G RBS e e Akt a8 and
50 are gengralbsibloeketDbyrthe stwiareh36lamdsEdleld dynshaie €803 Hibhe selEpté? 40 includes

te tt})e mandr%lg , and to lock and seal the

i s t tn | 36 i

éﬁiﬁ;i‘gr Z%ﬂ%fi’%%%%éﬁﬁ%%ﬁé&%}%’%% o s B 2 by 69 couped

e tubin Y ..The. e e.g.. annular
piston) digsggggéfaroﬁ a% éégﬁé(;?aﬁ)é t%-%lgliaﬂf%ﬁ{%tﬁgdé go%#?%%%%ﬁ?ﬁag %] r%o%)ec%)iﬁ%s%Z
configured 6 e Agadrsaribed Jeiinsthbatsandiel B8 kaxirdistiissed finghgebelionsds tecentibodiment, the

ins 72 ly AJd-=- N j t 40
be generallr L R R e S v e eeve
70 and/or thp;:lm@@@ﬂttﬂﬂ@eiﬂ@né@ moreveedlls Phidog. Sdnfsular sealdptaipaeiallyiseal the sleeve
70 against e hIFG SBARL A4.0r RS SATROPSALELING welleRd asRemBi A2, TE Adapter 40 also

includes a stationa , providing an abutment for the moveable sleeve
refers o movement of the portion 84 relalive to the fluid-driven movement of the

moveable portion 82. During assembly or installation, the stationary portion 84
may be moved or rotated into the adapter 40. The upper segment 76 includes
one or more annular seals 86 to seal the portions 82 and 84 against the wellhead
assembly 12 and the interior body 71. The moveable portion 82 may include a
beveled edge 88 that engages the lock ring 78 when the moveabls portion 80

moves, as described further below.

106341 The adapter 40 may include one or more hydraulic ports to provide for
the application of hydraulic pressure to move the moveable sleave 70 and the
moveable portion 82. To manipulats the moveable siseve 70, the adapter 40
may include a first hydraulic port 90 and a second hydraulic port 92. The
hydraulic port 90 connects {o g first passage 94 extending through the body 68 of
the adapler 40 and connecling with a first chamber 86. As illusiraled, the first
chamber 96 is an annular chamber defined between the stationary sleeve 75 and
the moveable sleeve 70. The second hydraulic port 82 connecis to a second
passage 98 extending through the body 89 of the adapter 40 and connecling with
a second chamber 100. The second chamber 100 is an annular chamber

defined belween the moveable sleeve 70 and the interior body 71.



70 when in a "retracted' position, as described further below. It should be appreciated that the term
"stationary sleeve" refers to movement of the sleeve relative to the fluid-driven movement of the
moveable s TNIBFENg assembly or installation, the stationary sleeve PSTE2ZME/PAMASd or
rotated into the adapter 40. The stationary sleeve 75 also includes one or more seals 77 to generally
seal the stationary sleeve 75 against the tubing spool 24. [0033]The adapter 40 also includes an upper
segment 76 having a lock ring 78. As described further below, the lock ring 78 may engage a recess

80 on the odg 3 theTadapieind:ito theknthe sidapteridth ok tellbpadrasspmdty 2. fRee upper
segment 76 incléj

oo apprec AHAPIRA T b LR et A IABRY b g Bime P I GRILR, 82 eldtive to e~
fluid-driveniimeveimehy ofdbicrpovetbieqention 82 Buhing gsseagklyl 06 ingtahation iitheistationary

portion 84 may b ved or rotated intq the adapter 40. The upper ment 76.Jncludes one or more
annular segi? )éé) %é%%’a??ﬁ%%%?%‘&%is a%‘%}fjé:f §8gﬂ§§ﬁ§t\%ﬂ? Eédcff%%%@e%%ﬁf ?Lg aﬁ:ﬁthe interior
body 71. Ttierchokeatilepbition 82 mayiacicdenablee\kiédathet88:dnathengfaties dhe tackaing 78 when

the moveable portion 80 moves, as described further below.ViOO gh adapter 40 may.include one or
more hydralﬁgﬁ%# etgigyo?ﬁg Srbr fﬁ na%?l%ga?tioenuﬁ%e%sf%% | %‘?js 'ur%i%iﬁﬁg&leﬁfﬁe%t\beable sleeve
70 and thetmonadhlepdrtitos 82niecsani pulatetthparevealleélsteevedgtie@dsipter4@may include a
first hydrauli t 90 and. a second hydraulic port 92. The raulic port 90 connects, to a first passage
04 extenaiit T DR R Body G0 G L BB ID g Eon eI 2 riBIEe: S Ae
illustrated, theadntstichahles 965 aizacinatabehdaiberteéivesbaivee et Skatumaoy déevie 75 and

the moveahle sleeve 70. The %ggomdraplic r%rt 82 xf;&)nnects to a second passage 98 extending

through the 1?0%9% SFthe Al 'ap & 40 and connec mé’ with a second chamber 100. The second

o T R s e s T e O AR Y
segment 78iatiee third hydraulic port 102 and the fourth hydraulic port 104 will now be

described. In FiG. 2, the lock ring 78 Is shown in an “unlocked” position. The

fock ring 78 is disengaged from the recess 80 of the body 69 of the adapter 40.

The lock ring 78 moves in a generally radial direction in response to engagement

with the beveled edge 88 of the moveable portion 82. The moveable portion 82

generally moves in an axial direction in response (o fiuid pressure (e.g., Hgquid or

gas) in the third chamber 108 and the fourth chamber 112.

180371 To move the lock ring 78 {0 a “locked” position and lock the adapler 40
to the wellhead assembly 12, hydraulic pressure may be applied o the third
hydraulic port 102. The third chamber 108 receives pressure from the third
hydrautlic port 102, generally expanding the chamber 108 and causing the
moveable portion 82 1o move in a generally axial direction indicated by arrow 114.
As shown in FIG. 3, the moveable portion 82 moves uniil it engages the lock ring
78, pushing the lock ring in a generally radial direction indicated by arrow 116.
The lock ring 78 moves in the generally radial direction 116 until it engages the
recess 80 of the body of the adapier 40. Once the fock ring 78 is engaged with
the recess 80, the adapter 40 is locked against the body 69, preventing axial
movement of the adapter 40. As also depicted in FIG. 3, the third hydraulic
chamber 108 is shown in an expanded state, as a result of the hydraulic pressure

applied to the third hydraulic port 102.

10



adapter 40 may include a third hydraulic port 102 and a fourth hydraulic port 104. The third hydraulic
port 102 connects to a third passage 106 extending through the body 69 of the adapter 40 and
connecting With241tidd¥8amber 108. The third chamber 108 is an annular #€INIQERAES between
the stationary portion 84 and the moveable portion 82 of the upper segment 76. Similarly, the fourth
hydraulic port 104 connects to a fourth passage 110 extending through the body 69 of the adapter 40
and connecting with a fourth chamber 112. The fourth chamber 112 is an annular chamber defined
between tHg&i@JleablespadieniBa nfdheiny PErisegmiemidékadt gheiiteriorbodydl tHE036]Referring

now to both FIGS. d 3, the operation of the lock ring 78 via the third hydraulic port 102 and the
fourth hyctAHE 5 A SOV o Lo DU (RN PN (B Mg e UHRAT G4 uniocked
position. Th&doklurthgeR8nsheisengagedifroppies sene ds:80ibbtheibbdyy8atithpatlapger 40. The lock
ring 78 moves in a generally. radjal direction in response to.engagement with the.be d edge 88 of
the movea@[%ngé)??g neéa?ff‘%/‘é‘ %ﬁ%\gfe }Eﬁ‘g}g‘gﬁigisgé)”ég;ﬁ%?gﬁ}%ﬁ%%ég%eﬁg i%(%?%ﬁégc\,% n response to
fluid pressurexe.g: digeiconigasyin thecttingh chdindbiexili®g smovihet fuh € haoebeb i 20f0687]To move
the lock ring.,78 t?feasulox(fkﬁd" Pé?‘fly n and lock %e ?d?a}er 49 to tkge v\)i/ellh acga?geemé)g. 12, hydraulic
pressure m y%g appﬁe@ g the'thir %%/W?\gﬁg [g 7t 102 .ife t%’irrc? CRASeT 08 Ee 8RR ressure from
the third hyterabibdportid02dgenéfaltyze xpahdn ghth&chambetflb8-ancheauiing:the! niioveiddate portion
82to moveﬁq a]gﬁ(nerallyfgxial direction indicate, br‘é(?”%" 114. As %hown inFIG, 3, moveable

) e igr r{a?%gt moves F]n %elgene@ Vs 21 ;rt%ctapn la(n icated b arm\f{ %, | directi
indicated byraifoviit a6 Toedok ring 76 B0oveshinibehgohtralbapiat dve ol aaBalalin engages th
indicate riwii4a8g rige mthdygehtdra e atlliit engages the
recess 80 bady of the adapter 40. Once the lock ring 78 is engaged with the regess 80, the
adapter 40%%10%1{35%%;%}% Ot#‘e %%%f % ,Hsb%%iﬁﬁﬁgwgﬁat mg%(é?ﬁ’gr%%df eeaa%fg?errgﬂf&%s also
depicted inBiGCK:dhe. thirthbyeliaulc b bt (8isvshowhdradaprpdidactisiateh adya result of the

hydraulic pressure applied to the third hydraulic, port-102, WO 2010/ T(S2009/050193
[0038]To rﬁﬁg\?/gé’v the al’:)‘é)élir%" 16 ar?df'gal 0c egx% gtligil'or% %\r(%\{c? B%%éc(%{ ]ﬁgﬂi%t%}é:%i%%}draulic pressure
may be applyedaaithelfamitie h§diaglishuorvt 104 Thepfooridrickatebes H 2redeiiabpressure from the

fourth herﬁugga%gg E}%%S%%g%@%%x%a@%r%%%ﬁ ﬁ&%&%@%{é %}%}%a!qg‘pausing the moveable portion 82

to move in a generally axia Ion indicate e moveable portion 82 moves axially

unti 1 iscrgagn taleads g Thufepmexinabe oice aRplist broheeveled e G ar pushes

the lock rin a generally radial direction. The lock ring 78 moves In the generally radial direction

indicated b%rtﬁm/sm@varﬂ& imw@‘a@@gtq@biané@é@@mm th&bﬁdﬁn@ﬁﬁ@a@%&@r 4BeAs illustrated in
FIG. 2, oncg ihe lack Ing.(8 diseaages. Wil ing e er 5580 J0e 28R 4Qdstnigcked. 9., there is

no radial forcg‘%getweeln the adapter 40 and the body, allowing axial movement of the adapter 40. As
depicted indBlGravendfgumnrgiaeilef thamssdieb3s Bravinan Bt pagrihbedigiite, as a result of the

hydraulic pressure.AppiigARihgsfosrh hydpitic AoHI046 and the recesses 113 may be

any suitable topography o provide for secure engagement between the screws

46 and the recessas 113,

(00401 FIGS. 4 and 5, depict operation of the moveable sleeve 70 via the first
hydraulic port 90 and the second hydraulic port 92, As shown in FIG. 4, the
moveable sleeve 70 is in a “retracted” position, such that the mandrel 36 is also
retracted and exposing the side passages 48 and 50 to the bore 34 of the tubing
spoot 24, In an embodiment, 1o secure the adapter 40 and allow movement of
the moveable sleeve 70, the adapler 40 may first be locked into place via
hydraulic actuation of the lock ring 78 as described above in FIGS. 2and 3. As
shown in FIG. §, the moveable sleeve 70 is in an "exiended” position, such that

the mandrel 36 blocks the side passages 48 and 50. This position may be used
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[0039]As also shown in FIG. 3, to secure the mandrel 36 in the tubing spool 24, the screws 46 may be
inserted into recesses 113 of the mandrel 36. The engagement between the screws 46 and the
recesses 118@aeLv813E3mandrel 36, preventing movement of the mandrel| BEI{NEEMWHPBE Eaused by
high pressure in the well 16. The tip of the screws 46 and the recesses 113 may be any suitable
topography to provide for secure engagement between the screws 46 and the recesses 113.
[0040]FIGS. 4 and 5, depict operation of the moveable sleeve 70 via the first hydraulic port 90 and the
second hyavaghcpeid@RindsishdantinikiCordotes moveadlel siegveré@dsibdraetnsicigduppsition, such
that the mandre| 36 is also, retracted and exppsing.the side pa es 48 and 50 to the bore 34 of the
tubing spoglﬁaﬁ.b fh %W&%W%%% Eﬁesgﬁffé?ﬁigggdﬁﬁé%%g"g?? llow movement of the moveable
sleeve 70, apter, 40 may first be locked.into place yia h lic actuation of the lock ring 78 as
descrived 4L FILe Baba Tl NS A N TR eendec:
position, sdichthaetsemiadyeld6iblockstepitlepdsshgelr d8andblic Tiug Positimhtheay be used
when performi AL e h.that high pressure fracturing fluid n e pumped
through theg %};&ﬁglr%?érg} ?f‘#o %%eipvi/e I 1%6535j %18%?] ’ew‘n%g'\ﬁ/%gsg eggé;é/\%ﬁowrgév%s E%E%ch%%gl direction in
response todkilthprassire (gliquitbodgaspagplied ldEh&jirBuhydrastiviparipiandihiesbcond
hydraulic pQr . ble sle f relr " ition (R an
"extended'l%égﬁgun-%ﬂ@f%@f? [ ?grgeas'sﬁ@émﬁggbzg %‘E)%ﬁ%er?tég }t%%e%ﬁ%F %}%gréz%%é E)!ogr?’g%g}he first
chamber 98 & dnives Prepsdredrannhsiiysthyanditic hortcdengesctéllgrakpanding txésthamber 96

and causi X i 0 v ' irecti -ally indicated by arrow
22, The o S e R e e ves e avin
movementao the Taandrbk3s;aisotinovin ¢ endiasrislt SB:avthéldiredtiomgedeshlif indichted by arrow

122. As sh nE i i i i ntil rel 36 blocks the
side passag}gse Zg é%i%gé%%sr%%g %%f{v%rﬁr% }ﬁ%l{géhﬁég >?i%t c%%%r%%giﬁmaggénded state in
response toeieifigidpriostercisppliied geotigiithaditsteydragicgppotd0. As shown in FIG. 5,
the mandrel 36 moves in the axial direction until the mandrel 36 blocks the side
passages 48 and 50. As also shown in FIG. 5, the first chamber 86 is in an

expanded siate in response to the fluid pressure applied through the first
hydraulic port 80.

188421 To move the moveable sleeve 70 from the “extended” position (FIG. 5)
to a “retracted” position {(FIG. 4) and retract the mandrel 38 to open side
passages 48 and 50, fluid pressure {e.q., liquid or gas) may be applied to the
second hydraulic port 92, As illustrated in FIG. 4, Fluid pressure applied to the
second hydraulic port 82 may flow through the second passage 88, through one
or more internal passages 124, and into the second chamber 100. The second
chamber 100 receives pressure from the second hydraulic port 82, generally
axpanding the chamber 100 and causing movement of the moveable sleeve 70
in an axial direction generally indicated by the arrow 120 (see FIG. 4). The
moveable sleeve 70 moves in an axial direclion until abutting the stationary
sleeve 75, The expanded second chamber 100 is also lustrated in FIG. 4. The
connection 1o the mandrel 36 provided by the pins of the sleeve 70 results in the
mandrel 36 also moving in the axial direction generally indicaled by arrow 126.
in this "retracted position,” the mandrel 36 provides access o the side passages

48 and 50, enables pressure (o be released through the side passages 48 and

12



[00421To move the moveable sleevheended" position (FIG. 5) to a "retracted’ position (FIG. 4) and
retract the mandrel 36 to open side passages 48 and 50, fluid pressure (e.g., liquid or gas) may be
applied to tHEGaewd43j8raulic port 92. As illustrated in FIG. 4, Fluid pressBfTdp3neio®ihe second
hydraulic port 92. may flow through the second passage 98, through one or more internal passages
124, and into the second chamber 100. The second chamber 100 receives pressure from the second
hydraulic port 92, generally expanding the chamber 100 and causing movement of the moveable
sleeve 70 istanfaial-dirgstiosigeher allykingigate ¢y ihessronfd 26:{ssec G labikifbe moveable sleeve
70 moves in an axial direction untjl abutting the stationary sleeve,75. The expanded second chamber
100 is ato0 T SHEHBT I LR H T GATHEn & e TR al 58 PH e By (& GHis of the sleeve
70 results i thenopadaeiodtodidenidng Fithedxialdirecion gendtaliyiindimatdddoytarvonirl 26. In this
"retracted %ti%nt;the mandrel 36 zrovides access to tﬂﬁsssy?c}% Passages 4§ an;&:ti 50, enables
pressure t raled&etthrough the %Egsggsraegcéess i ) : %ﬁv@ﬁiﬁ%@é ?Iy, HS lock ring 78
provides asafessnd $ééunbdackisgmednainimddpretect thiciadaptent4e tandaomstidrel 36 from axial
movement during,operation of the sleeve, 70 and mandrel 36. Additionall Iso shown in FIG. 4, the
i Fiis GanE st e

screws 46 %%eenbé;ggxt@é:e L8 ef%tg t‘tl?ee RENGTET 36, The F63EESEs W iHe Hi&ndrel 3610 be
secured inthedeinactéd thesitich; freVentig chdat mowemett ahththmantret86 dttarmesulicof any high

pressure condilons e well 16, The I ol the sclews 40 and the fegesses, anay be.any suiable
topography’ 1o/ prowé)e fOrSeaUre ngagement betwaen the Scrows 46 and the recesses T15.

[0043]FIG. & depicts=ar etosesep Vidw of a section 128 of FIG. 5 along line 6-6 in accordance \,vith an
embodiment of the present invention. The close-up view of FIG. 6 further illustrates the engagement of
the sleeve {843t thé& frafidiel86s AstébmwwnpinBIG obathediing 72%ntbife. £relexsit®0teh the

mandrel 3 . [ ly i t to lock the
Cloeve 70, B T e o e B O T recess
130 taken afonigliefarnef HiGisziAs Hestageginmems ehibodivernt, thevéedbs 130 wiay ¥ a
generally s ' in eni inpey. ity e-the adapter 40
it e TR B D 10 Seo A8 s raboss 130 a5
indicated byeakowdie ST getatecaloig thie9-Shapeydssigdicatet by eertav E38) aryetoied axially into

the inner C?c%.g%’t%é%%%&?iﬁ?,t%%é;wh%ré%We]é;éar&@Hg@%eﬁ@ermr@ from the mandrel 36, the

pins 72 may be generally moved from the inner cavity 134 to the opening 1327 and then out through

the openingnadin a FenerseSeresafJINEMEPIReAS BeRtueRrd alovs, tha;adanterdR may be

engaged with thé mandrel 36 prior to the insertion of the mandrel 36 into the wellhead assembly 12, or

may be enf§agi? th & ipdnd a6 afsiReHaittdreess AFeduvinze deipmaiidivelthead assembly
12. 100451 & usteales raURYal oL AloRtsy AR AcepidagRs i n RTbRGIBEef the

present invention. To remove the adapter 409 the mandrel 36
adapter 40 with the mandrel 36, the pins 72 may be inserted axially into the

opening 132 of the recess 130 as indicated by arrows 131, rolated along the J-
shape as indicated by arrow 133, and moved axially into the inner cavity 134 as
indicated by arrow 135, To remove the adapter 40 from the mandrel 36, the pins
72 may be generally moved from the inner cavily 134 {o the opening 132, and
then out through the opening 132 in a reverse series of movemants. As
mentioned above, the adapter 40 may be engaged with the mandrel 36 prior to
the insertion of the mandrel 36 into the welihead assembly 12, or may be
engaged to the mandrel 36 after the mandrel 36 is already inserted in the

wellhead assembly 12.

(004571 FIG. 8 Hlustrales removal of the adapter 40 in accordance with an
embodiment of the present invention. To remove the adapter 40, the mandrel 36
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may be first moved to from the "retracted" position to the ‘extended' position, as described above in
FIGS. 4 and 5, such that the mandrel 36 blocks the side passages 48 and 50. To secure the mandrel
36, the tie-dBRr2&YBI#8786 may be inserted through the tubing spool 24 to BhddieWIpasd edge
138 of the mandrel 36. The tie-down screws 46 ensure the mandrel 36 is secure before unlocking the
adapter 40. [0046]To remove the adapter 40, the lock ring 78 is retracted via pressure applied to the
fourth hydraulic port 104 as described above in FIGS. 2 and 3. To disengage the adapter 40 from the
mandrel 3Gnthetadiptenddeay hemaovedretciuibat fwiins t&tmﬁmgagsgcbmdhmecess 130, as

described bove in FIGS. 6 and, 7. T adapter 4 e retrie rted through the
wellhead a géﬁ%ﬁ(i %8\/96?3‘5 ?ﬁé% ﬁﬁf? tﬁ%cgag]&%xg) %0 eg(?/ éng?@bﬂg% be removed
from the wphﬂm&agaa&éemhk;? 32 b%emowmg&'sbemﬁap’@rié@ théh&aaﬂmhdssecéwn génemllpéndicated by
arrow 144 0047 9.illu eratio he mandrel 36 with a ssure valve 146 (BPV) in
accordancé i é%%‘?%%b?ﬁ‘ ttf%ﬂp %})&iﬁ%ﬁ&é}ﬁﬁ%@ r?ﬁ/g Efafpe %ﬁ%‘n o%fl[ﬁe components of
the wellhead:msseirikdy ]szestmhia&the(ma%au@rmfsﬂ?e thandrel @&ididhe seapteb4dyra backpressure

valve 146 ma%)tr{ﬁ rted |nt andrel 36. The backpressure valve 146 may be inserted through
the adapte‘r’jﬁ 3 ‘or may be inserted into the mandrel 36 after removal of the

adapter 40y gy ke A hechndy o The pokpienire yalie Adp proyide diiona

protection against pressure |n e we aIIowmg safe re ovalo er ange4 and/or any
componengpgdeplénl focthe nibingdspobt mﬁléﬂﬁaﬂaﬂ@ﬂ:mﬁéu&ﬁwas thé:m 3xrthetrden 22, etc.

an orbodi e T e et e T s LB e prny Bra e R ols.
embodimestitiusnaitdocabiose’ ih HiESya58 émeﬁhforahewéﬁ@aﬁsd&agrmedmsm ii52. The left
hand &de hFIS-¢l 0 depicteiie MAndra R AL rRniee Rostion. R Ang fahthang side

the wellhead assembly 12 (o grab the top 142 of the adapter 40, The adapter 40

may then be removed from the wellhead assembly 12 by removing the adapter

40 in the axial direction generally indicated by arrow 144,

(00471 FIG. 9 Hlustrales operation of the mandrel 36 with a backpressure

valve 146 (BPVY) in accordance with an embodiment of the present invention.
Diuring the operation of the components of the welthead assembly 12, such as
the operation of the mandrel 36 or the adapter 40, a backpressure valve 146 may
he inserted into the mandrel 36. The backpressure valve 146 may be inserted
through the adapier 40 into the mandrel 36, or may be inserted inlo the mandrel
36 after removal of the adapter 40, or the adapier 40 and the body 68. The
backpressure valve 146 provides addilional prolection against pressure in the
well 16, allowing safe removal of the adapter flange 42 and/or any components
coupled 1o the tubing spool 24 via the flange 42, such as the BOP 31, the tree 22,

aic.

100487 FIG. 10 iHlustrates an adapter 150 having a manual locking mechanism
152 in accordance with an embodiment of the present invention. The adapter
150 is substantially the same as the previous embodiment illustrated above in
FIGS. 2-8 except for the manual locking mechanism 152, The left hand side of
FIG. 10 depicts the mandrel 36 in an “extended” position, and the right hand side
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of FIG. 10 depicts the mandrel 36 in a 'retracted" position. As shown in the FIG. 10, the adapter 150
includes a moveable sleeve 154 that engages the mandrel 36 via one or pins 156, as described
above. FurtNe®, 20d/Md3i8able sleeve 154 may be moved via a first hydrauli®@EHHSEe®4he1 2 second
hydraulic port 160 in a mariner similar to embodiment described above in FIGS. 4 and 5. In contrast to
the embodiment described above, a stationary sleeve 162 of the adapter 40 includes one or more
recesses 164 configured to receive one or more tie-down screws 166. For example, in an
embodiment, @ refasseistiGhanay e biev@leds Chamateret! pubiive amsathewtopotrafhysio facilitate

engagementthe similarly t raphied edge 168 of the tie- n,sgrews 166. [0049]Tq lock the
laptor 198 I A B AR R Y53 Hha 0. S Re B e T HE Wy b
inserted in®Gavizodyd 40 mifthé FRapield0ibanhgbgedhdratiessebd 64 A% Showadndhidgieft hand side
172 of FIG, 10, the moveable sleeve 154 may be ed tp an extended, position via the first hydraulic
port 155, T URGEEE O B0 BN R s R Ly U A 6P WAONE Adaprer 150
to the wellleadrassemibly 12 ¢onprelisrreddaknmivemant o thd-&88pteehBEdunng:niovearent of the
sleeve 154, As also descriped above, the mandrel 36 may be secured by en ment of the screws
36 with the Ve BRI AR e SRR TGt R P B FIcr0, the sloeve
154 of the ad#ptes I5G:mayrbesmevessissal Bdtragtédlipusittoreyiavih ese conddiydiaudicvport 160,
retracting the man 36 and exposing the sid ssages 48 and 50. in, the engagement of the
oo s L Q51 T e oG A oy LDt e LN 2 H b er 150
during movwdraeriecfdhe SleevedpGibreippsyrephite faciithriel 86 adsone 34t thientistsing spool 24 to

high pressyre conditions. As alsa.deseribed above, the m el may be secured against pressure in
the well 16?%(3%"83353@%156@”({%% e s%fg\i/{\?s%6gﬁi\fﬁﬂtﬁ%r?gc&e?§%; 115. To remove the adapter 150, the

tie-d 66 ith ' that th
ctationary W L or g A B B e ol M B SR SRRt o
removed inltfié ariierdescededvabtie eyl Ge 815WOL010/0 I8sPOTUS20D$059143 [0051]FIG.
11 depicts gn.ambodiment oL a.pr06esS 200J05QRGHAINGI G hand side 172 of FIG. 10, the

moveable sleeve 154 may be moved to an extended position via the first
hydraulic port 158, and the engagement of the screws 166 with the stationary
sleegve 162 locks the adapter 150 to the wellhead assembly 12 to prevent axial
movement of the adapter 150 during movement of the sleeve 154, As also
described above, the mandrel 36 may be secured by engagement of the screws

46 with the recesses 113.

(60501  Similarly, as shown in the right hand side 174 of FiG. 10, the slesve
154 of the adapter 150 may be moved {0 a “retracted” position via the second
hydraulic port 160, retracting the mandrel 36 and exposing the side passages 48
and 50. Again, the engagement of the tie-down screws 166 of the manual
focking mechanism 152 prevenis movement of the adapter 150 during movement
of the sleeve 156 or exposure of the mandrel 36 or bore 34 of the tubing spool 24
to high pressure conditions. As also described above, the mandrel may be
secured against pressure in the well 16 by engagement of the screws 46 with the
recesses 115, To remove the adapter 150, the tie-down screws 166 may be
retracted from engagement with the stationary sleave 162 so that the slationary
slegve 162 of the adapter 150 is free to move in an axial direction. The adapler

150 may removed in the manner described above in FIG. &
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wellhead assembly 12 that includes the adapter 40 and mandrel 36 in accordance with an embodiment
of the present invention. During operation of the wellhead assembly 12, the adapter 40 and mandrel
36 may be iNd2REG/MEE e assembly 12 (block 202), such as into the tubinB(SE81@4/03H&mandrel 46
and adapter 40 may be preassembled before insertion into the wellhead assembly 12, or the adapter
40 and mandrel 36 may be inserted separately. The adapter 40 may be locked by applying pressure to
the third hydraulic port 102 and engaging the lock ring 78 (block 204). Alternatively, in some
embodimefig s addper ’%@imﬁ;@&ﬁ@mmgmﬁIﬁpmd:Mﬁ@ﬁ@f tipsdlatiy screws 166 as

described ab e in,FIG. 10 er the,adapter 40 i e sleeve 70 of the
adapter 40 Niit %%aedeﬁéﬁg@é éﬂ?? %ﬁ%ﬁ §ﬁp§ dzt g%e%a%%éﬂbed above, extending
the moveabta,smgmabaremmmm@mm@nel @s@;s&éﬂtkmgrth@rsudéwm@sagesaﬁamnd 50. As

di dab drel 4, d 3 The
ractunng ATBCBEL A REFHI Boord ki B Bt ag FLTHG Ao BFaLGh U TP 26 (block

208), resulting asdnonbbsét (rkgssUPER ) nﬁbeh/\.ceil :ih&) [0e58 inpepvendackpeessurdrap4brough the
wellhead ass ackpressure valvy be i inse rtedt rQugh t pter 40 into the
mandrel 36a g< %,)géa ”baég@rg G ABSV ebiﬁfgpﬁ?g a”éﬁ?rr rji%n %gggsglf"réﬁ}eﬁe% desirable to release
some of thewmﬁﬂyeiﬁfomﬂhe wal @6 séthakfractuding J0idhmapcortortmitedimmtsiped mto the well
16 through t r%an (-%-I 36. T aIIQ W, aCCess (o to the FS|de es,ts es 48?3‘[; § he mo %sible sleeve 70
of the adap% 4 may Eeyre racteoewa\’t’h901‘{()@)%’;?9?%7 r‘?y Faufc por 3%% ¥ f%[ rgtra cting the mandrel
36. As discarsseshgbove; the imaindrel 38 ﬁnﬁ;akéé@é@urﬁtﬂwmth&a@cm#@mﬂhhémm&ses 115.

With the mandr I 36 | Zf5et}ract§d RO (f( rttlhthe s% e bassages r%a% r?% fthe tubl %%ol 24 are
accessible 10 ﬁ1 ore FHhe abing spoo DETHE pressure inside't e w M85 e released
through opesatiescabea\atsoe athiel2qlpment coupled to the side passages 48 and 50 (block 214),

WO 2010/014378PCT/US2009/050193 [0054]As described above, the disclosed embod merits enable
fluid pressiid@Ba8htroliitmibveatisntief Alhisdratiaslalbagrdlieiteld singeawhileigbnerdipinounted in the

tubing SpoglPIhereh.eRablig amPIR GIRIRLAN SHEPaEsAASS 8N RO o Selpglyel relieve
4 TR aaon

pressure. In 'som ments, e moveable components ter 40 or 150, such as the
moveable sleave, mmm tﬁmmm@&&&w&% 7@@&%@1@%@&%@ pigtahs! Additioaking any of the

componenis,gtihe AdasieA0erdadmayseaua g e sdap L SRy Ay stable

mechanism, suc as t s adhesives, ock rings, etc 0055]W e invention"may be susceptible
to various mf@@tmgiw@sa aws 46 and the recesses 113 The fracturing process may

then be performed by pumping fracturing fluid through the mandrel 36 (block

208}, resulling in increased pressures in the well 16.

186531  To prevent backpressure up through the wellhead assembly 12, a
backpressure valve 146 may be insertad through the adapter 40 into the mandrel
36 {(block 210). As described above, after the fracturing process it may be
desirable to release some of the pressure from the well 16 so that fracturing fluid
may continue 1o be pumped inio the well 16 through the mandrel 36. To allow
access (o the side passages 48 and 50, the moveable sleeve 70 of the adapter
40 may be retracted via the fourth hydraulic port 82 (block 212), refracting the
mandrel 36. As discussed above, the mandrel 36 may be secured via the screws
486 and the recesses 115, With the mandrel 36 in a relracted position, the side
passages 48 and 50 of the tubing spool 24 are accessible {0 the bore 34 of the
tubing spoot 24, The pressure inside the well 16 may be released through
operation of valves or other equipment coupled to the side passages 48 and 50
{block 214).
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alternative forms, specific embodiments have been shown by way of example in the drawings and
have been described in detail herein. However, it should be understood that the invention is not
intended to B® 1At 4878ne particular forms disclosed. Rather, the inventioRGEASS2ERN581P3
modifications, equivalents, and alternatives falling within the spirit and scope of the invention as
defined by the following appended claims. CLAIMS 1. A fluid-driven adapter for a mineral extraction
equipment, comprising: a locking mechanism configured to secure the adapter to a wellhead
componen{@dBigck asadiaeviime nivaiviheiad aptelnsrdl embadiravesbinsisievilui@pirg suraxial range

of movement responsive to fluid pressur rein the axial range of mgvement is, configured to move
o anarel (A T R e B B AL Bt e 868 positon. 2. The
adapter of glaimibvihéneinuhie mavesidld sleexehgomptiting achinstamoumaoipistekidaving the axial
range of movement responsive (o flujd pressure. 3. The adapter of claim 2, comprising, fluid chambers
on oppostESHEGET (T BRGIEY SIS AR LU POT BEALE ATl 6 B0 P UE ol Shambers. 4
The adaptenoéetdim domherginitheffitst pdaitien 6pensidie ardnare ibiderpassdde siekthe Tlellhead
component to,g.bore of the wellhead component.. 5. The adapter of claim.1, wherein the second
Position bIGURS R VB A e WAL bR et T LY L welinead
componenthe components of the adapter 40 or 150 may secured to the adapter 40 or 150

by any suitable mechanism, such as threads, adhesives, lock rings, etc.

106551  While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended o be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.
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6. The adapter of claim 1, wherein the axial range of movement of the moveable sleeve includes a first
axial range of movement in a first axial direction in response to a first fluid pressure applied to a first
chamber, and a second axial range of movement in a second axial direction in response to a second fluid
pressure applied to a second chamber, wherein the first and second axial directions are opposite from
one anothercy aAlgsadapter of claim 1, comprising one or more pins configured to couple the moveable
sleeve to the mandrel. 8. A method of operating a mineral extraction system, comprising: locking or
unlocking an adapter with a wellhead component via a locking mechanism, wherein the adapter has

fluid-control gf a m@(‘ﬁ[ﬁb@ﬁ/@ﬁ%éﬁté‘f‘@d’r"ﬁ|mﬁ\%9a|3@%i%@ﬂ8ﬁ'§ ﬁ%\émc“ﬁ%m&@?ure into the adapter;
and moving a sleeve of the adapter to impart movement of the mandrel aloga an axial range of

movement in respof G EALHATESCRREJURE O RaFIE R RARRER K MNCHRRaM COBPRRREL first
position and ARKRCEHS RRSIERRNINE m@_gglgﬁié;[og,@s one or more passages in the first position, and the

mandrel opens one or more Fassages in the second position. 9. The method of claim 8, wherein moving
the sleeve compris@sBAvaigIanstasHeldepist Rt obHrddrangseFhdneyemend. resROpsER 0@ off éldim 8,

Ccomprising. pressure, wherein the axial range of movement is configured to move a mandrel disposed

in the wellhead component between a first position and a second position.

2. The adapter of claim 1, wherein the moveable sleeve comprises a first annular

piston having the axial range of movement responsive to fluid pressure.

3. The adapter of claim 2, comprising fluid chambers on opposite sides of the first

annular piston, and control ports leading to each of the fluid chambers.

4. The adapter of claim 1, wherein the first position opens one or more side passages

of the wellhead component to a bore of the wellhead component.

5. The adapter of claim 1, wherein the second position blocks one or more side

passages of the wellhead component from a bore of the wellhead component.

6. The adapter of claim 1, wherein the axial range of movement of the moveable
sleeve includes a first axial range of movement in a first axial direction in response to a
first fluid pressure applied to a first chamber, and a second axial range of movement in a
second axial direction in response to a second fluid pressure applied to a second chamber,

wherein the first and second axial directions are opposite from one another.

7. The adapter of claim 1, comprising one or more pins configured to couple the

moveable sleeve to the mandrel.
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receiving fluid pressure in a first chamber on a first side of the sleeve to bias the sleeve from the first
position to the second position; and receiving fluid pressure in a second chamber on a second side of
the sleeve to bias the sleeve from the second position to the first position. 11. The method of claim 8,
comprising locking or unlocking the adapter with the wellhead component in response to fluid pressure.

12. The metgod of plaiAdd vieIaRtiea askigIBRERANIATY SeMPHSABrsIAgK ring, locking comprises
receiving fluid pressure in a first chamber on a first side of a piston to bias the piston in a first axial

direction to impart nSEEIRePR SIIRENEK A PHRRISTWHIbiRl WirHBaRMh FREVBORIKeYiBoRitBFKIBRd unlocking

comprises regedviigsiyidyRERSHUIR IRdBpIECARI FNAIEER AR SRCARECH IR RIsHEIRIGION ENRiag the piston
in a second axial direction to impart movement of the lock ring in a second radial direction into an

unlocked poSRBRCNEME; The method of claim 8, wherein the locking mechanism comprises one or more

tie-down screws thag QNGRES18i§REREAiRIEeNe flapsragiapter, locking comprises receiving the one or
more tie-down screws with the stationary portion of the adapter, such that eng?ﬁaement of the tie-down

screws blocks axialMA¥REhiesie)erRE tha agaRte IRy @B 9S4 BtPRetRvlIR tPRIGHES i ore
tie-down screyse SHEMNhb HisRNARIEEPSNC S eberfigWhRISING ‘DGR antal Sy eaRye of the

adapter. 14. The method of claim 11, comprising receiving a back pressure valve into the mandrel. 15. A
system, conPAYATETE RRINAEERP AsEshipgsition and a second position, the mandrel closes one or

more passages in the first position, and the mandrel opens one or more passages in the

second position.

9. The method of claim 8, wherein moving the sleeve comprises driving an annular

piston coupled to the mandrel.

10. The method of claim 8, comprising:

receiving fluid pressure in a first chamber on a first side of the sleeve to bias the
sleeve from the first position to the second position; and

receiving fluid pressure in a second chamber on a second side of the sleeve to bias

the sleeve from the second position to the first position.

11. The method of claim 8, comprising locking or unlocking the adapter with the

wellhead component in response to fluid pressure.

12. The method of claim 11, wherein the locking mechanism comprises a lock ring,
locking comprises receiving fluid pressure in a first chamber on a first side of a piston to
bias the piston in a first axial direction to impart movement of the lock ring in a first
radial direction into a locked position, and unlocking comprises receiving fluid pressure
in a second chamber on a second side of the piston to bias the piston in a second axial
direction to impart movement of the lock ring in a second radial direction into an

unlocked position.
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a frac mandrel disposed in the wellhead assembly; an adapter comprising: a locking mechanism
configured to secure the adapter to the wellhead assembly to block axial movement of the adapter a first
piston; a first fluid chamber configured to receive a first fluid pressure to drive the first piston in a
first axial direction to drive the frac mandrel from a closed position to an open position relative to one or

more passages in tnevRERACORSIEMbY; ARerein the IBCRASPRELEIFiSHEEORRI RS BaLredHRreceive a

second fluid pressure to drive the first piston in a second axial direction to drive the frac mandrel from the

open positioH&SI AN cRSERYSH HidiNBaive TEHRB BN eskieNfordf phesagRush tREBANEARISSSmbly. 16,

The system F@‘c@ﬁiﬂ(}q]{ﬁevﬂﬂﬁrémrﬁ@ﬁe'Q%W%@F@W%ﬁ%@?ﬁﬁ)ﬁaﬁﬁb&ﬂ%WQF@%H&&QaDtef
comprises a second piston, a third fluid chamber configured to receive a third fluid pressure to drive the

second pistc$ HahipAcaarmarcelidn theddRunmerRIk hingkh axidisnesiaeal-et s asiBiarddkkd position
between the aisykpipandhisae!ineadarse MRl ardl afourbriuidchambesGeiiiguedio fiegeive a

fourth fluid pressure to drive the second piston in a fourth axial direction to drive the lock ring in a 20
disengagement of the tie-down screws enables axial movement of the adapter.

14.  The method of claim 11, comprising receiving a back pressure valve into the

mandrel.

15. A system, comprising:
a wellhead assembly;
a frac mandrel disposed in the wellhead assembly;
an adapter comprising:

a locking mechanism configured to secure the adapter to the wellhead
assembly to block axial movement of the adapter

a first piston;

a first fluid chamber configured to receive a first fluid pressure to drive
the first piston in a first axial direction to drive the frac mandrel from a closed position to
an open position relative to one or more passages in the wellhead assembly; and

a second fluid chamber configured to receive a second fluid pressure to
drive the first piston in a second axial direction to drive the frac mandrel from the open
position to the closed position relative to the one or more passages in the wellhead

assembly.

16.  The system of claim 15, wherein the locking mechanism comprises a lock ring,

wherein the adapter comprises a second piston, a third fluid chamber configured to

receive a third fluid pressure to drive the second piston in a third axial direction to drive

the lock ring in a first radial direction into a locked position between the adapter and the

wellhead assembly, and a fourth fluid chamber configured to receive a fourth fluid

pressure to drive the second piston in a fourth axial direction to drive the lock ring in a
20



second radial direction into an unlocked position between the adapter and the wellhead assembly. 17.
The system of claim 15, wherein the first piston and the frac mandrel are coupled together via a pin and
J-slot coupling. 18. The adapter of claim 1, wherein the locking mechanism comprises a locking ring
having a radial range of movement configured to engage and disengage the wellhead component, and

engagemenigédhe tastariapestionthaovalneastrempsest Blagkemgrl sayeman aidhehdagier 19. The

adapter of claim 18, comprising a second annular piston having another axial range of movement
responsive t8f essure, wherein the another axial range of movement is configured to induce the
radial range of movement of the lock ring. 20. The adapter of claim 19, comprising fluid chambers on
opposite sides of the second annular piston, and control ports leading to each of the fluid chambers. 21.

The adapter’dk claifiM e YRR e CIAETY A8V PSFRIB erEviarisien andrBafeac imrpitel e SeRtet radial

range of moyssBeRt RaMhRt 5AdifsTiieeiiRnAg.response to a first fluid pressure applied to a first chamber,
and a second radial range of movement in a second radial direction in response to a second fluid

pressure applied to a second chamber, wherein the first and second radial directions are opposite from

one anothery g22. TRAALAREF BF ElaiM 21wAEFoI I thaKHEVRBRIG RO IEBMIHHBY A HERT ) gange of

movement in a first axial direction in response to the first fltid pressure to move the lock ring in the first
radial directiBaviggcRaladiabianaRiaf ra1RyeoethGoaRHEetha s86a6RI 2Ddafltshegimh fhersshhrad to the

second fluid @yESBHER (OuFEUF MR Ralt BP0 1% SEROARFAELAIREHBR 0 ARoTIR BRRRIChGHCIaIm 22

wherein the moveable portion'comprises a tapered edge configured to engage the lock ring. 24. The

adapter of claievemenefdlie @damiking mechanism comprises one or more tie-down screws that engage a
stationary sleeve of the adapter, wherein engagement of the tie-down screws blocks axial movement of

the adapter.
19.  The adapter of claim 18, comprising a second annular piston having another axial

range of movement responsive to fluid pressure, wherein the another axial range of

movement is configured to induce the radial range of movement of the lock ring.

20.  The adapter of claim 19, comprising fluid chambers on opposite sides of the

second annular piston, and control ports leading to each of the fluid chambers.

21. The adapter of claim 18, wherein the radial range of movement of the lock ring
includes a first radial range of movement in a first radial direction in response to a first
fluid pressure applied to a first chamber, and a second radial range of movement in a
second radial direction in response to a second fluid pressure applied to a second

chamber, wherein the first and second radial directions are opposite from one another.

22.  The adapter of claim 21, comprising a moveable portion having a first axial range
of movement in a first axial direction in response to the first fluid pressure to move the
lock ring in the first radial direction, and a second axial range of movement in a second
axial direction in response to the second fluid pressure to move the lock ring in the

second radial direction.
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25. The method of claim 8, comprising flowing a fracturing fluid through the wellhead component, wherein
the mandrel comprises a frac mandrel. 26. The system of claim 15, wherein the locking mechanism

comprises a plurality of tie-down screws configured to lock and unlock the adapter relative to the wellhead
assembly. 27. The system of claim 16, wherein the lock ring and the first piston comprise mating tapered

surfaces. 23, The adapter of claim 22, wherein the moveable portion comprises a tapered edge

configured to engage the lock ring.

24.  The adapter of claim 1, wherein the locking mechanism comprises one or more
tie-down screws that engage a stationary sleeve of the adapter, wherein engagement of

the tie-down screws blocks axial movement of the adapter.

25.  The method of claim 8, comprising flowing a fracturing fluid through the

wellhead component, wherein the mandrel comprises a frac mandrel.
26. The system of claim 15, wherein the locking mechanism comprises a plurality of
tie-down screws configured to lock and unlock the adapter relative to the wellhead

assembly.

27. The system of claim 16, wherein the lock ring and the first piston comprise

mating tapered surfaces.
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