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[0001]  This application claims priority to US Non-Provisional Patent Application No.
12/391,977, entitled “Systems, Methods, and Devices for Isolating Portions of a
Wellhead from Fluid Pressure,” filed on February 24, 2009, which is herein incorporated
by reference in its entirety and which, in turn, claims priority to US Provisional Patent
Application No. 61/031,331, entitied “Systems, Methods, and Devices for Isolating
Portions of a Wellhead from Fluid Pressure,” filed on February 25, 2008, and US
Provisional Patent Application No. 61/142,133, entitled “Systems, Methods, and
Devices for Isolating Portions of a Wellhead from Fluid Pressure,” filed on December
31, 2008, which are both herein incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to devices that couple to wellheads.
More particularly, the present invention relates to devices configured to isolate portions
of wellheads from fluid pressure.

BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to 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.

[0004] Wells are frequently used to extract fluids, such as oil, gas, and water, from
subterranean reserves. These fiuids, however, are often expensive to extract because



may be related to various aspects of the present invention, which are
descri bed and/or clained below. This discussion is believed to be hel pful
in providing the reader with background information to facilitate a better
under standi ng of the various aspects of the present invention. Accordingly,
it should Y™ ood that these statements are to bECTERPOP/MS4I s | ght,
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naturally flowrelatively slowy to the well bore. Frequently, a
substantial portion of the fluid is separated fromthe well by bodies of
rock and other solid materials. These solid formations inpede fluid flowto
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provide a Iower-res&stance path for the extracted fluid to flow to the well bore, increasing

the well's rate of production.

[0006] Fracing a well often produces pressures in the well that are greater than the
pressure-rating of certain well components. For example, some wellheads are rated for
pressures up to 5,000 psi, a rating which is often adequate for pressures naturally
arising from the extracted fluid, but some fracing operations can produce pressures that
are greater than 10,000 psi. Thus, there is a need to protect some well components
from fluid pressure arising from well fracing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other fealures, aspects, and advantages of the present invention
will become better understood when the foliowing detailed description is read with
reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein:



wi || becone better understood when the follow ng detailed description is
read wth reference to the acconpanying drawings in which |like characters
represent |like parts throughout the draw ngs, wherein: WO

2009/ 108701PCT/ US2009/ 035143 [O0008]FIG 1 is a perspective view of an
exanpl e of VO BWYHH8H1s| eeve in accordance with an enbodiREIAIS2MP/0IFHE

I nvention; [0009]FIG 2 is cross-seétional elevation view of the bypass
sleeve of FIG 1; [0010]FIG 3 is an elevation view of an exanple of a
wel | head assenbly adapted to receive the bypass sleeve of FIG 1 in
accordance wth an enbodi nent of the invention; [0011]FIG 4 is a

- j | | i i f [l h nbl f.FIG :
RO L MG e TETE WA SR T L
I nst al | &fithaim embodiment of the invention;

[0009] FIG. 2 is cross-sectional elevation view of the bypass sleeve of FIG. 1;

[0010] FIG. 3is an elevation view of an example of a wellhead assembly adapted to

receive the bypass sleeve of FIG. 1 in accordance with an embodiment of the invention;
[0011] FIG. 4 is a cross-sectional elevation view of the wellhead assembly of FiG. 3;

[0012] FIGS. 5-7 illustrate the bypass sleeve of FIG. 1 being prepared for installation
in the wellhead assembly of FIG. 3;

[0013] FIGS. 8-11 illustrate the bypass sleeve of FIG. 1 being installed in the
wellhead assembly of FIG. 3;

[0014] FIG. 12 illustrates a fracing process in accordance with an embodiment of the

invention;

[0015] FIG. 13 illustrates the bypass sleeve of FIG. 1 being removed from the
wellhead assembly of FIG. 3;

[0016] FIG. 14 illustrates a second example of a bypass sleeve in accordance with
an embodiment of the invention;

[0017] FIG. 15 illustrates a third example of a bypass sleeve and a wellhead
assembly in accordance with an embodiment of the invention;

[0018] FIG. 16 illustrates the bypass sleeve of FIG. 15 installed in another example
of a wellhead assembly in accordance with an embodiment of the invention;

[0019] FIG. 17 illustrates a fourth example of a bypass sleeve installed in a wellhead
assembly in accordance with an embodiment of the invention;

[0020] FIG. 18 illustrates a pressure barrier coupled to the bypass sleeve of FIG. 17
in accordance with an embodiment of the invention;



in the well head assenbly of FIG 3; [0013]FIGS. 8-11 illustrate the bypass
sleeve of FIG 1 being installed in the well head assenbly of FIG 3;
[0014]FIG 12 illustrates a fracing process in accordance with an

enbodi nent of the invention; [0015]FIG 13 illustrates the bypass sl eeve of
FIG 1 bei W 208HW® fromthe wel |l head assenbly of FlI GPCTUSEQYIHIH G 14
illustrates a second exanple of a bypass sl eeve in accordance with an
enbodi ment of the invention; [0017]FIG 15 illustrates a third exanple of a
bypass sl eeve and a wel |l head assenbly in accordance with an enbodi nent of

t he invention;

[0021] FIGS. 19 and 20 illustrate a fifth example of a bypass sleeve being installed in
a wellhead assembly in accordance with an embodiment of the invention;

[0022] FIGS. 21 and 22 illustrate an example of a wellhead adapter in accordance
with an embodiment of the invention;

[0023] FIGS. 23-26 illustrate a sixth example of a bypass sleeve in accordance with
an embodiment of the invention;

[0024] FIG. 27 illustrates an example of a pressure-barrier adapter in accordance

with an embodiment of the invention;

[0025] FIG. 28 iilustrates a seventh example of a bypass sleeve in accordance with
an embodiment of the invention;

[0026] FIG. 29 illustrates the installation of the bypass sleeve of FIG. 28 and the
pressure-barrier adapter of FIG. 27,

[0027] FIG. 30 illustrates a second example of a pressure-barrier adapter in

accordance with an embodiment of the invention;

[0028] FIG. 31 illustrates another example of a bypass sleeve and a wellhead

assembly in accordance with an embodiment of the invention; and

[0029] FIG. 32 illustrates an example of a bypass sleeve, a removable bushing, and
a wellhead assembly in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0030] One or more specific embodiments of the present invention will be described
below. In an effort to provide a concise description of these embodiments, all features
of an actual implementation may not be described in the specification. [t 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 io achieve the developers’ specific goals, such as compliance with system-related



[0018]FIG 16 illustrates the bypass sleeve of FIG 15 installed in another
exanpl e of a well head assenbly in accordance wth an enbodi nent of the

i nvention; [0019]FIG 17 illustrates a fourth exanple of a bypass sleeve
installed in a well head assenbly in accordance with an enbodi nent of the

i nvent i on; WORYPEWL108701PCT/ US2009/ 035143 4 [ 0021] FI EST/USYPOYRF1430
illustrate a fifth exanple of a bypass sleeve being installed in a well head
assenbly in accordance with an enbodi nent of the invention; [0022] FIGS. 21
and 22 illustrate an exanple of a well head adapter in accordance with an
enbodi rent of the invention;

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 undertaking of design,
fabrication, and manufacture for those of ordinary skill having the benefit of this
disclosure.

[00311 When introducing elements of various embodiments of the present invention,
the articles “a,” "an,” "the,” “said,” and the like, are intended to mean that there are one

or more of the elements. The terms “comprising,” “including,” “having,” and the like are

intended to be inclusive and mean that there may be additional elements other than the

listed elements. Moreover, the use of “top,” “bottom,” “above,” “below,” and variations of
these terms is made for convenience, but does not require any particular orientation of

the components.

[0032] FIGS. 1 and 2 illustrate an example of a bypass sleeve 100. As explained
below, the illustrated bypass sleeve 100 couples to a wellhead assembly and protects
components of the wellhead assembly from fluid pressures that arise while fracing a
well. After describing details of the bypass sleeve 100, an example of a wellhead
assembly adapted to receive the bypass sleeve 100 is described with reference to
FIGS. 3and 4.

[0033] Asillustrated by FIG. 2, the bypass sleeve 100 includes a body 102, a lock
ring 104, and anti-rotation devices 106 and 108. In this embodiment, the body 102 has
a generally tubular shape that is generally concentric about a central axis 110, and the
body 102 includes the following features: a bottom edge 112, a lower chamfered
surface 114, a lower seal assembly 116, a channel 118, an intermediate seal assembly
120, an upper a seal assembly 122, a lock-ring receptacle 124, a tool interface 126, an
upper chamfered surface 128, a top edge 130, and an interior 132 having a pressure-
barrier interface 134. inthe i![ustréted embodiment, the bottom edge 112 is generally
orthogonal to the central axis 110, and the lower chamfered surface 114 is generally
defined by a sloped bottom corner of the body 102. The body 102 may be made of
steel or other appropriate materials.



[0023] FIGS. 23-26 illustrate a sixth exanple of a bypass sleeve in

accordance with an enbodi nent of the invention; [0024]FIG 27 illustrates
an exanpl e of a pressure-barrier adapter in accordance with an enbodi nent
of the invention; [0025]FIG 28 illustrates a seventh exanple of a bypass

sl eeve in ACWHUHRHE with an enbodi ment of the inventi SAT/USHOZEFHEEGC 29
illustrates the installation of the6bypass sleeve of FIG 28 and the
pressure-barrier adapter of FIG 27; [0027]FIG 30 illustrates a second
exanpl e of a pressure-barrier adapter in accordance with an enbodi nent of
the invention; [0028]FIG 31 illustrates another exanple of a bypass sl eeve

and a Wf&d:ﬁ?ad The illustrated lower seal assembly 116 includes two seal members 136 and
138 disposed in grooves 140 and 142. The illustrated channel 118 is a generally
tubular recess in the body 102 with edges defined by shoulders 144 and 146. The
channel 118 may cooperate with the wellhead assembly described below to generally
define a volume around the body 102 that is in fluid communication with a valve for,
among other things, relieving pressure in the wellhead assembly. The upper shoulder
144 functions as a landing surface for axially positioning the bypass sleeve in the
wellhead assembly, though other features (such as the lower chamfered surface 114)
may serve this purpose in other embodiments. The illustrated intermediate seal
assembly 120 also includes two seal members 148 and 150 disposed in two grooves
152 and 154. Similarly, the illustrated upper seal assembly 122 includes two seal
members 156 and 158 disposed in two grooves 160 and 162.

[0035] In the illustraied embodiment, the portion of the body 102 between the
channel 118 and the lock-ring receptacle 124 is the widest portion of the body 102,
having a diameter 163. To facilitate removal of the bypass sleeve 100 from a wellhead
assembly, the widest diameter 163 may be smaller than or generally equal to interior
diameters of components expected to be disposed above the bypass sleeve 100 in a
wellhead assembly, components such as a blowout preventer, a christmas tree, ora
frac tree, as explained below. Thus, in some embodiments, the bypass sleeve 100 is
configured to be extracted through other components attached to a wellhead.
Examples of a wellhead and examples of these components are described below after
describing other features of the bypass sleeve 100.

[0036] In the present embodiment, the lock-ring receptacle 124 is a groove in the
body 102 shaped to receive the lock ring 104. The illustrated lock-ring receptacle 124
includes a sloped surface 164 (e.g., conical at least partially about axis 110), an outer
recess (e.g., annular at least partially about axis 110} 166, an inner recess (e.g., annular
at least partially about axis 110) 168, and a rib 170. The outer recess 166 and the inner
recess 168, in this embodiment, are generally parallel to the central axis 110, and the

rib 170 extends generally perpendicular to the central axis 110. As explained below, the



assenbly in accordance with an enbodi rent of the invention; and [0029] FI G
32 illustrates an exanple of a bypass sleeve, a renovable bushing, and a
wel | head assenbly in accordance with an enbodi nent of the invention.
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enbodi ment VOI0VHEMr esent i nvention will be descri bed PEEUSHIP3F1I4ENn ef fort
to provide a concise description of 7these enbodi nents, all features of an
actual inplenentation may not be described in the specification. It should
be appreciated that in the devel opnent of any such actual inplenentation,
as in any engineering or design project, nunerous inplenmentation-specific
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descrsbed below with reference to FIG. 8. In other embodiments, the tool interface 1286,
like the other threaded interfaces described herein, may include other structures
configured to couple components, structures such as internal threads in the interior 132
of the body 102, another lock ring on the interior or exterior of the body 102, or other
biased interlocking members, for example. The upper chamfered surface 128 is angled
relative to the central axis 110 to guide the tool toward the tool interface 126, and the
illustrated top edge 130 is generally perpendicular to the central axis 110.

[0038] In the present embodiment, the interior 132 of the body 102 includes a top
chamfer 172, the pressure-barrier interface 134, a primary-flow passage 174, and a
bottom chamier 176. The illustrated pressure-barrier interface 134 includes threads
disposed on an interior sidewall of the body 102. The threads are disposed in a top
portion of the interior 132 that has an expanded diameter 178 relative to a diameter 180
of the primary-flow passage 174.

[0039] The primary-flow passage 174 defines a generally right, circular-cylindrical
volume that is generally concentric about the central axis 110. In some embodiments,
the diameter 180 of the primary-flow passage 174 is generally equal to or larger than
minimum diameters of components disposed down-hole from the bypass sleeve 100,
such as a tubing head, a casing hanger, or production casing. An interior diameter 180
with this property is believed to facilitate the movement of equipment and fluids between
the interior 132 of the body 102 and down-hole componenté, as the diameter of the
bypass sleeve 100 does not substantially constrain the axial movement of fluids and
equipment that pass through other down-hole components. A bypass sleeve with this
property is referred to as a “full bore” bypass sleeve.



the articles "a," "an," "the," "said," and the like, are intended to nean
that there are one or nore of the elenents. The terns "conprising,"
"including,” "having," and the like are intended to be inclusive and nean
that there may be additional elenments other than the |isted el enents.

Mor eover, MHR20YWSWL "top," "bottom " "above," "bel ow, PCAHNERNUIFHEI ons of
these terns is nade for conveni encef but does not require any particul ar
orientation of the conponents. [0032]FIGS. 1 and 2 illustrate an exanpl e of
a bypass sl eeve 100. As explained below, the illustrated bypass sleeve 100
couples to a well head assenbly and protects conponents of the well head
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the is configured to interface with components of the wellhead assembly to transmit vertical

axial loads directed toward the well between the bypass sleeve 100 and the wellhead

assembly, such as the weight of the bypass sleeve 100. The gap 196 is illustrated in

FIG. 1. As explained below, the gap 196 allows the lock ring 104 to be compressed

radially inward into the lock-ring receptacle 124. Other embodiments may include multi-

piece lock rings 104 with more than one gap 196.

[0042] The anti-rotation devices 106 and 108 are generally similar or identical and
ariented in opposite directions on the body 102. The illustrated bypass sleeve 100
includes two anti-rotation devices 106 and 108 disposed 180° apart at generally the
same height on the body 102. Other embodiments may include more or fewer anti-



channel 118 and the | ock-ring receptacle 124 is the w dest portion of the
body 102, having a dianeter 163. To facilitate renoval of the bypass sl eeve
100 froma wel |l head assenbly, the w dest dianeter 163 rmay be snaller than
or generally equal to interior dianeters of conponents expected to be

di sposed aBVWHE™Bypass sl eeve 100 in a wel | head ass@ﬁﬁﬁ§?m86ﬁﬁ6nents
such as a blowout preventer, a chri&tnmas tree, or a frac tree, as expl ai ned
bel ow. Thus, in sone enbodi nents, the bypass sleeve 100 is configured to be
extracted through other conponents attached to a well head. Exanples of a
wel | head and exanpl es of these conponents are described bel ow after
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from forces applied to the cam surfaces 204 and 206.

[0044] The illustrated spring 202 is a helical compression spring, but in other
embodiments other devices configured to actuate the anti-rotation members 196 may
be used, for example, a linear motor, a pneumatic device, opposing magnets,
elastomeric body, or other devices may be used in place of or in addition to the spring
200. The cavity 202 includes a generally right circular cylindrical volume that extends
generally perpendicular to the central axis 110 into the body 102 and a recess for
receiving the restraining plate 198. The illustrated restraining plates 198 are generally
curved to generally match the outer surface of the body 102 and include an aperture
211. The anti-rotation member 197 may extend through an aperture 211, and the
backing plate 212 may generally remain on the other side of the restraining plate 198.

[0045] In operation, as described below, the anti-rotation devices 106 and 108
interface with cavities in a wellhead assembly to prevent or reduce rotation of the bady



chanfer 172, the pressure-barrier interface 134, a primary-flow passage
174, and a bottom chanfer 176. The illustrated pressure-barrier interface
134 includes threads disposed on an interior sidewall of the body 102. The
threads are disposed in a top portion of the interior 132 that has an
expanded diV¥0%081018 rel ative to a diameter 180 of t h&CHUSARPARSIBow
passage 174. [0039] The primary-fl owilpassage 174 defines a generally right,
circular-cylindrical volume that is generally concentric about the central
axis 110. In sone enbodi nents, the dianeter 180 of the prinmary-fl ow passage
174 is generally equal to or larger than m ni mrum di aneters of conponents

di spose own: ho I e : t ad
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expl ai ned 041 |s enbodi nent, the camsurface 184 is a
gener al I sl oped surface that general ly defl nes a frusto-conical volune
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ring 104 to be conpressed radially inward into the | ock-ring receptacl e
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si m | ar serve \deioUs patpoars, including releasing pressure from an internal bore 236 of the

tubing head 224. The internal bore 236 of the tubing head 224 is configured to receive

one or more additional wellhead members or components, such as the bypass sleeve

100 described above. As will be appreciated, operating pressures within the wellhead

assembly 214 are typically greater during a fracturing process than during ordinary

production. In order to protect components of the welthead assembly 214 having a

lower pressure rating (i.e., below the expected fracturing pressure) from such excessive



oriented in opposite directions on the body 102. The illustrated bypass

sl eeve 100 includes two anti-rotation devices 106 and 108 di sposed 180
apart at generally the sane height on the body 102. O her enbodi nents may
include nore or fewer anti- WD 2009/ 108701PCT/ US2009/ 035143 9 rotation
devi ces di VWYL 01general Iy the same height or diffePERMUSHEMRIS with the
sane or different angul ar distributlilons around the body 102. [0043] Each of
the illustrated anti-rotation devices 106 and 108 includes an anti -
rotati on nenber 197, a restraining plate 198, a spring 200, and a cavity
202 in the body 102. The anti-rotation nmembers 196 nay be made of steel or
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and bottom cam surfaces 204 and 206 are generally flat sloped surfaces, but
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plates 198 Iﬂéﬁ*lrﬁ:ﬁﬂl@rlﬁﬂemal pHESHRBwh sqam@faalailywrf@étm@&Bﬂe@wwreaﬂmfeace of the
body 102 and include an aperture 211. The anti-rotati on member 197 may
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[0051] The illustrated wellhead assembly 214 also includes an adapter 248 and a
blow-out preventer 250. The adapter 248 couples to the tubing head 224 via the flange
240. In this embodiment, the adapter 248 includes a lock-ring receptacle 252 and anti-
rotation interfaces 254. The illustrated lock-ring receptacle 252 is a generally circular
groove that is generally complementary to the lock ring 104. In this embodiment, the
anti-rotation interfaces 254 are recesses that are generally complementary to the anti-
rotation members 197 of FIGS. 1 and 2.

[0052] The illustrated blowout preventer 250 couples to the wellhead assembly 214
via the adapter 248. The blowout preventer 250 includes a valve and a valve actuator,
such as a hydraulic actuator, configured to close the valve. The biowout preventer 250
is configured to close the bore 236 if the pressure in the bore 236 exceeds some
threshold condition. In other embodiments, other devices may be connected to the



10 102 relative to the well head assenbly. Further, as expl ained bel ow, the
anti-rotation nenbers 196 may recess into the cavity 202 to allow the
bypass sl eeve 100 to nove vertically. [0046] An exenplary wel | head assenbly
214 is provided in FIGS. 3 and 4 in accordance with one enbodi nent of the
present i nYEhiWYHB70The i ||l ustrated wel | head assenbly 2ELTUS20%8143ace
wel | head, but the present techniqueids not limted to surface applications.
Some enbodi nents may include a subsea tree. The exenplary wel | head assenbly
214 includes a casing head 216 coupled to a surface casing 218. The

wel | head assenbly 214 al so includes a production casing 220, which may be

d he head dih f
et ng. Rangrit3,he RoaiRy PaC P RIR AT shifBl LT 75 (e AREl ona

corrponenbmemed taemeqﬂph@b dompdrenenasi ng head 216 to faC| litate production
froma subterranean well. [0047] For i nstance, in one enbodi nent, a tubing
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t he use of various other connector collars, or t
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is coupled to the exenplary t ubi ng head 224 and rmay serve vari ous purposes,

i ncl udi AdidfemingsewHPT raewelis i piber gmbodingnis|the gressprgadastier 390 iB@bi ng head
224. Thﬁﬂen%&rtﬁ‘é’ﬂobg%é}s?Iﬁ@s‘?!fomﬁrﬁbe‘lntdb‘?ﬁ AgediRAd. 224 is configured to receive
one or nore additional me ea nenbers or conponents, such as the bypass
sl eeve 100 described ab appreci at ed, operating _Ipressures

wi thin {354el IFﬂ@a@a§§§’%ﬁﬂﬁsﬂwob?%6 PSP&W@PI“S}Q BYRsesieay§ iy ertPalct uri ng

process o553pules ke WyRhEaEe RS PO Gial tAB tod! ThiWAIRS 136D a@ﬁl%&ﬁfed%}ﬂﬂ@n@nt s of
t he wel | head assenbly 214 having a | ower pressure ratin bel ow t he
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introduced wWithin t bore 36 to Isolate’t ortiohs of the wellhead
assenbl yhg ilwsiratehtae! a@agelu@eﬂ@tuﬁular}qlgam@gm @2 that is sized to overlap the

rib 170. As the tool 256 translates, a contact surface 264 at the end of the distal portion

262 contacts the cam surface 184 of the lock ring 104. The contact surface 264 slides
along the cam surface 184 and compresses the lock ring 104 radially inward, as
illustrated by arrow 266, until the lock ring 104 is in the contracted position illustrated by
FIG. 7 and the lack ring 104 is partially or substantially entirely recessed into the lock-
ring receptacle 124. As the lock ring 104 contracts generally radially inward, the gap
196 illustrated in FIG. 5 decreases and the lock ring 104 is biased.

[0055] Next, the bypass sleeve 100 may be positioned in the wellhead assembly
214, as illustrated by FIG. 8. The tool 256 lowers the bypass sleeve 100 into the
wellhead assembly 214 through the blowout preventer 250 and the adapter 248. The
lock ring 104 remains in the compressed position illustrated by FIG. 7 while the bypass
sleeve 100 is lowered into the wellhead assembly 214. To accommodate features in
the wellhead assembly 214 that are narrower than the distal portions of the anti-rotation

devices 106 and 108, the anti-rotation members 197 may partially or substantially



[ 0049] The exenplary tubing head 224 includes a sloped | anding surface 238
configured to abut the shoul der 144 of the bypass sleeve 100 (FIG 2). In
sonme enbodi ments, these structures 144 and 238 cooperate to axially
position the bypass sl eeve 100 in the well head assenbly 214, as expl ai ned
bel ow. The VX¥AHYI8TY t ubi ng head 224 al so includes a fmﬁﬁd@ﬂﬁﬂﬁﬁﬁﬁnflgured
to facilitate coupling of various cthponents or well head nenbers. [0050] The
exenpl ary wel | head assenbly 214 includes various seals 242 to isolate
pressures within different sections of the well head assenbly 214. For
instance, as illustrated, such seals 242 include seals disposed bet ween t he
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interfaces 254." The illustrated | ock-rj n&%ecept acle 252 is a generally

circul af"af;{rt%ﬁﬂ%‘-“tt%‘&ﬁ 3t §epRiRby H18 sAed ApoBhehtharlyckang rreepsele %52%5 M4, in
this enpgdippplg the anti-rotation interfaces 254 are recesses that are
general l'y conplenentary to the anti-rotation menbers 197 of FIGS. 1 and 2.

[ 0052] The il lustrated bl owut preventer 250 couples to the well head
assenbl §005E). Vi riBe agipeiliondevicant0n paRI0s A evaaabr ally F1BedaEE

val ve apgh @ntvﬁaltmnaﬁfeﬁa&@é 258 URbs AR afur8y HagWot Be AGthGHAY aligestf, lagur ed to
close the valve. The bl owout preventer 250 is configured to close the bore

236 if ﬂlhiétr@tﬁé@d:rlﬁ Bnﬁﬁn@erﬁmnéd@@evwb@@ag relghen Mermberd A7 (%8I B I n
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assembly 214. To impede rotation of the bypass sleeve 100 relative to the wellhead
assembly 214, the anfi-rotation devices 106 and 108 engage the anti-rotation interfaces
254 in the adapter 248. |f the bypass adapter 100 begins to rotate within the wellhead
assembly 214, as might occur when disengaging the tool 256, at some point within 180°
of rotation, the anti-rotation devices 106 and 108 will engage the anti-rotation interfaces
254 and impede further rotation. Rotation of the bypass sleeve 100 is illustrated by
arrow 268 in FIG. 9, and the anti-rotation devices 106 and 108 are illustrated in the
disengaged position in FIG. 9.

[0057] FIG. 10 illustrates the anti-rotation devices 106 and 108 in the engaged
position. As the bypass sleeve 100 rotates, eventually the anti-rotation members 197
align with the anti-rotation interfaces 254. When they are aligned, the anti-rotation
members 197 are driven into the anti-rotation interfaces 254 by the springs 200. In
some embodiments, the anti-rotation members 197 may be characterized as having a
single degree of freedom relative to the bypass sleeve 100. Once engaged, the
rotation-reduction surfaces 208 and 210 may receive forces from the vertical surfaces of
the anti-rotation interfaces 254 that produced torgues tending to counteract rotation of

the bypass sleeve 100.



flange 240 or the adapter 248. For exanple, a christmas tree or a frac tree
may be connected to one of these conponents. [0053]FIGS. 5-11 illustrate
steps in a process for installing the bypass sleeve 100 of FIG 1 in the
wel | head assenbly 214 of FIG 3. As illustrated by FIG 5, a pressure
barrier 25WQWO¥HBlal |y installed in the bypass sl eev&CT{HE2009935143
illustrated pressure barrier 255 isl4hreaded into the thread interface 134
of the bypass sleeve 100, but in other enbodi nents, these conponents 255
and 100 may be joined with other techniques. In sone enbodinents, the
pressure barrier 255 is a check valve configured to obstruct fluid flow ng
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bi ased. trp0sia%s] avdally, dwmme@@m@t&wtmnwap@m the dwkidg nead Ag4.wel | head
assenbly 214, as illustrated by FIG 8. The tool 256 |owers the bypass
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wel | head, 8RN g e 1 288 SRETRE Bl ot B UL biiead sty 214

t hat ar € 'narr ower istal portrons o I -rot
and 108,008 sants embedimeots, Heoteh tiramiedmopplizgst | Biusytogtisengegedhgdeal |y WO

2009/ 10%3912)8%&9%&9 ﬁée%ﬁﬁcéﬁy Po%ated relative to one another. The anti-rotation devices

106 and 108 tend to prevent the bypass sleeve 100 from rotating with the tool 256,
thereby facilitating relative rotation in some embodiments.

[0060] FIG. 11 illustrates the bypass sleeve 100 in the installed position. To
complete installation and position the bypass sleeve 100 as illustrated by FIG. 11, the
tool 256 (FIG. 8) is rotated relative to the bypass sleeve 100. As the tool 256 rotates,
the distal portion 262 (FIG. 7) translates axially away from the lock ring 104, and the
lock ring 104 expands radially into the lock-ring receptacle 252. The lock-ring
receptacle 252 includes upper and lower shoulders 270 and 272 that impede the
bypass sleeve 100 from the translating axially. In some embodiments, the lock ring 104
is not completely relaxed and is biased radially inward by the lock-ring receptacle 252.

[0061] The installation process illustrated by FIGS. 5-11 is the first step in an
example of a process 274 for fracing a well illustrated by FIG. 12. In this figure, the
process for installing the bypass sleeve is illustrated by box 276. After installing the



entirely recessed into the cavities 202, conpressing the spring 200. The
novenment of these conponents is described further below wth reference to
FIGS. 9, 10, and 12. In sone enbodi nents, the tool 256 |owers the bypass

sl eeve 100 until the shoul der 144 of the bypass sleeve 100 contacts the

sl oped | anWNOYoHBTAce 238 of the tubing head 224. The PREUSHOYBF148Bhese
features 144 and 238 position the atfii-rotati on devices 106 and 108 at
generally the sane height as the anti-rotation interfaces 254, and the | ock
ring 104 nmay be positioned at generally the same height as the |ock-ring
receptacle 252 in the adapter 248. [0056]While the anti-rotation devices
106 and, 108 are geper.ally .axiall i.gned w | - ti interfaces
254, t hBURF atarRe L e omlb Bl Sl Sraneyed Poriie SRlked pier Bl o5y F
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di sengagi ng the tool 256, at sone point within 1800 of rotation, the
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renmoval 19b i$ B@ater than or generally equal to the diameter of the production casing 220, in

some embodiments, the fracing fluid is believed to have a relatively unobstructed flow

path into the well. During this step, the bypass sleeve 100 protects portions of the

wellhead assembly from fracing pressures, which may be greater than 5000 psi, 10,000

psi, 15,000 psi, or larger. In some embodiments, the bypass sleeve 100 protects

portions of the wellhead assembly 214 of FIG. 8, e.g., the tubing head 224 or the joint

between the adapter 248 and the flange 240.



tool 256 and the pressure barrier 255 (FIG 5) fromthe bypass sl eeve 100.
As expl ai ned above, the tool 256 and the pressure barrier 255 engage the
bypass sl eeve 100, in sonme enbodi ments, through threaded couplings. Thus,
to di sengage these conponents, they are typically rotated relative to one
anot her . ﬁ@%ﬂ’ﬂ%’l“ﬁ?"ét ation devices 106 and 108 tend toPpF&V¥AYIFBHE bypass
sl eeve 100 fromrotating with the t®l 256, thereby facilitating relative
rotation in some enbodi nents. [0060]FIG 11 illustrates the bypass sl eeve
100 in the installed position. To conplete installation and position the
bypass sleeve 100 as illustrated by FIG 11, the tool 256 (FIG 8) is
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err’god: lrrmetts:otstcgeegmmd@h oveGntiGhreagingair om'ﬂ?rls‘etzdblu)bhm@h@mdsm baﬁueFeas ed

radi a nwar the, ]l ock-rin tacl e 252 The .i nst tion

br ocessia PUTPRss Haers 144 clismsBflee iGEMea s farovet 83 Iaramasy it o
process gAd hd Iﬂbwﬁutﬁﬁbﬂ@t@r 2&1 or 4 thirghaated idieindidhedlon thbmvéllheéd figure, the
process for installing Bass sleeve is illustrated by box 276. After

i nstal ?ﬁ@erﬂli’hémmsz'@%/ai%% 1587022009/ 035143 15 bypass sl eeve, the

bl owout preventer 250 is renoved fromthe well head assenbly 214, as

i 11 ustrgooss] by Fmawktha padssslmxeetboanbwmovédlaoﬁ &ﬁtﬁuh@pmﬁnﬂeﬁmr%
general | ass E)@eeve 100, and

|
gener al ?5 Seal"tl,s“[a(t)eci l%blpglgp% Rvayoin wiigh té"sr%gﬂl'st ggf?‘fﬁﬁ@aﬁgﬁ:\é% ment s,

the wel byirsGgenemnahis\erfi®RlientMhel 8ol B k8 adELAICINY thePbRIEeB sREve 50.
[ 0062] Next a frac tree or other frac-related equi pment is coupl ed to the

vel | headOR ¥éiladne antriptation devicest'08asg 1B ImPEER tisgloypask siese 10RYEAT ment s,
thi's st eRaiMPhinies BOURIH. N6 ineasling tﬁ%’d@%ﬁ% tﬁeomfda%sfsle%msq 084Peolt he

wel | head assenbl % ilTustrated in be appreciated, the
frac tr&86reiyrmsr @MTWQH\%@@FG @%[p@reﬁﬁ%ﬂ P@%li’rﬂﬂ 0§ dsseribasagoveydiire in the

wel | heagy ¥| NSO 1 &1 f h ts sure
barrier %2%%?]??&%’ er%\%ﬁ ?%ﬁd'%ﬁﬁgﬁ/ﬁig E‘f \ge %6&%28(3' rm rrgtgeefgé(g;é/ bl ock
282. ReR®bRing the pressure barrier 255 may include passi ng anot her t ool
through the frac tree and unthreading or otherw se di sengaging the pressure

barrier g fr@ﬁcbfiﬁ’m%hnﬁ%% 1%|4€r‘§¥<§ur4ﬂ@9 to Fﬁéréd?ﬂprb&e%l Sd<tidon, tHe BEPRE gent s

i ncor por ating the e 2, the anti-rotation devices 106 and
108 may Peldrd @ermr@lye&malwwm@a@ggwweme bm@ﬁsf sienwer Bi0aep flysipted byviesraw essur e

barrier 53257he upward movement of the anti-rotation devices 106 and 108 biases the anti-
fotation members 197 against the anti-rotation interfaces 254, and the resulting force
against the top cam surfaces 204 recesses the anti-rotation members 197 in the cavity
202, compressing the springs 200, as illustrated by arrows 296. Retracting the anti-
rotation members 197 allows the bypass sleeve 100 to translate back through the
blowout preventer 250 and exit the wellhead assembly 214.

[0067] During some embodiments of the fracing process 274 described above with
reference to FIG. 12, the bypass sleeve 100 and the pressure barrier 255 are installed
generally simultaneously and are removed generally simultaneously, e.g., in a single trip
of the tool 2566 into the wellhead assembly 214. One-trip installation and one-trip
removal of the bypass sleeve 100 and pressure barrier 255 is believed to speed the



[ 0063] After renoving the pressure barrier 255, the frac equipnment is in
fluid conmuni cation with the production casing 220, and the well is traced,
as illustrated by block 284. As described above, fracing includes punping a
fluid into the well at a rate sufficient to el evate down-hol e pressures and
fracture s W¥HEEAn rock formations. This act nmay beP&T/AEWINYSHEat ures of
t he bypass sl eeve 100 described aboVe with reference to FIG 2, inter alia.
Because the inner dianmeter 180 of the bypass sleeve 100 is greater than or
generally equal to the dianeter of the production casing 220, in sone
enbodi nents, the fraci ng fluid is believed to have a relatively

unobstructed fl ow to the. well . Duri.n i | eeve
100 pr ol BE0S PEVTEP B4 TSR T RGeSy e SR T AR

whi ch nehe bags aiicee 100are bRENeP i sepPat@lippsi , 15,000 psi, or larger. In
sone enbodi ments, the bypass sleeve 100 protects portions of the well head

sssert!Yoghet Sl e e B L RS R Pl Bl e

[ 0064] Atiieeweltireadi azgeinbly 2iell Has 4 devigy ipsklled tHzais adapietbe contaieifloistiaticed in

the b | e 100 | t b k 286. In d t
re?ns%/g?“leﬁ P@“I %‘EBIPEQ’QEBS%V%%{?E%[}E %nggw"ég,l 8§gre§§§rsq t??d“ﬁh%p?‘ﬁ%@ﬁ%f Ba?rl er
255 thrﬂuﬂhoﬁlﬁ‘ethéiII agring mnmédaftﬁeeraen‘ngtdwcds@d?a elgawnénerﬁeabemg tesachr

or o erw se

t hr eadi lin r sur arrler 55 to the bypass
Sleove TROBIONBUTeYeIEHEsS MacIat el 1B Daeves! 6 rodiee, APuottey bl ook 288,
and the bl owout preventer 250 or a chrlstnas tree is reinstalled on the

wel | hea@ogagenttihg bpdss slsevd 1 0GHeariedd labohé with re&fenck WP E}Fi nahd § hathe
bypass sl eev

e enmoved . al gn r re barrier 255 a
T Pe et BN IeaIes Jefverearaioha endy Iohk o A% AR Ioq i Rebhiapoohut's
i 11 ustr atied eibolbirfentd fa: |nﬁbl@cﬂé én@ﬁbﬂdgm@éﬂ szeé\hﬂetsﬂgint 2hf examblty sfadenl back

onto the bypass sl eeve the anti-rotation devices 106 and 108

i npede PAEMRASHEENS @é%féat@@@vﬁ‘gm dYReh AgPicis@PYPReEs elssre 886and& t he t ool

256 t hr gadsrafsibévd Rewbnpges sl eeve 100, the tool 256 returns the lock ring
104 to the conpressed position, as described above with reference to FIG

6, ther i thelockr 4fr mthe Jock-rin ceptacl e 252.
Po066] o he TPE AR o e dnd Behineisihe o BRtet syt i oo Tho
t ool 25@ain% fEstulehORB SN PhdYsladie BV deHryiBEd a%@%dﬂoﬁ*cﬂln?l?ein Qb{@&ﬁére§ﬂ eeve
100, as illustrated by arrow 294. The upward novenent of the anti-rotation

devi ces CLB¥ epppcnytheifaaibtes that *Hﬁﬁ'm‘ll%taé? igeRtiliechih theigemerpipRaEe t he

anti - r ohghipePas Wa8ukag 8Bord4rurditd, thBBypesdsbendsd PiGestatd iR wéilMaliop cam
surfaces 204 recesses the anti-rotati on nenbers 197 in the cavity 202,

conpr es §B$RMPINS08 phatrigpiugasonams of the deatuesad e walthegdsassewblyr&d act i ng t he

anti - r ob@bdRANRITDE With }8eréldeqtyE & NS, tlﬂé%%rrf]el r%F‘eY%u%ﬂQx Bork & ﬁ&@éfb back

t hrough the bl owout preventer 250 and exit ea asse .
identify features that are generally similar between the wellhead assemblies 214 and

300. This convention is followed throughout the written description.

[0071] The illustrated bypass sleeve 304 is impeded from axial-upward movement
through the wellhead assembly 300 by the sleeve restraint 302. In this embodiment, the
sleeve restraint 302 includes the previously-described lock ring 104, anti-rotation
devices 106 and 108, lock-ring receptacle 124, tool interface 126, and many of the other
features disposed near the top of the previously-described bypass sleeve 100 (FIG. 2).
In the iltustrated embodiment, the sleeve restraint 302 does not include the pressure-
barrier interface 134, as this feature is disposed in the bypass sleeve 304. In other
embodiments, the pressure-barrier interface 134 may be disposed partially or entirely in



[ 0067] Duri ng sonme enbodi nents of the tracing process 274 descri bed above
with reference to FIG 12, the bypass sleeve 100 and the pressure barrier
255 are installed generally sinultaneously and are renoved generally
simul taneously, e.g., in a single trip of the tool 256 into the well head
assenbly 2¥WO200HE8TH| p installation and one-trip renovECTEB20KESHIpass

sl eeve 100 and pressure barrier 25518 s believed to speed the WO

2009/ 108701PCT/ US2009/ 035143 17 traci ng process 274 relative to fracing
processes in which the pressure barrier 255 and the bypass sl eeve 100 are
installed in separate trips. [0068] Further, during execution of sone

oo oo T Safte, feafiant 354 "o BIRE FRS arebine HaFidf e 16 FenfaRE Bikissufeh ol 2
o P B o e e
P aet e o S B ED WSS 12erhsh aiRSna B RERR ardtiu s nfrien BPE" ¢

believed to reduce bl owouts. [0069] The bypass sl eeve 100 descri bed above
wi t h r el@72)ce The sfde¥8.rediramd302 ihabowan in RiGedddb edspit dewewitlestctahat, i.e.,

the | ock rip 04 and | ock:-ring receptac| 24, but a r.e I nepts may
| nel ude SaPRUTR FEed Seets of bivied e RLAR: SoziftsatigBtRe 4558, TS of men
is il usyhesatondyf FGG14 ke todli2sh idendwh i @ phiipis eetelceisostivh, aading teepar at e
ggie?/ﬁ c Fcﬁ;%yn%‘h% 181%12&{ @P&J%%Zig Eggitiglll,eaen\é%n rtheeS fe?te;alorr]tﬁ'on?’c%%lah%,t tpng tc?c}i I%gg'sls sl eeve
shown in a fully-engaged position, compressing the lock ring 104 in the contracted
position.

[0073] In this embodiment, the bottom portion of the sleeve restraint 302 includes a
flange 310 that overlaps part of the bypass sleeve 304. The illusirated flange 310 is
generally concentric about the central axis and generally has a tubular shape. The
flange 310 includes a sealing member 312 disposed in a groove 314 in an inner surface
of the flange 310. The flange 310 also includes a chamfered surface 316 that engages
with lock pins that are described further below along with other details of the wellhead
assembly 300.

[0074] The bypass sleeve 304 of the present embodiment includes a tubing-head
interface 318, the pressure-barrier interface 134, another tool interface 320, and a
flange 322 that overlaps and seals against the seal member 312 on the flange 310. The
illustrated tubing-head interface 318 is a chamfered surface that is positioned to contact
subsequently described locking pins in the wellhead assembly 300. In this embodiment,
the tool interface 320 is a threaded inner surface of the bypass sleeve 304 with a
diameter that is smaller than the diameter 306 of the sleeve restraint 302.

[0075] The illustrated wellhead assembly 300 includes locking pins 324 that are
positioned to apply a force to the tubing-head interface 318. The locking pins 324
extend generally radially through the flange 240 in the tubing head 224. The illustrated
locking pins 324 are threaded to two bushings 326 that are threaded to the flange 240.
In this embodiment, the locking pins 324 include a chamfered tip 328 that contacts both



sanme features as the bypass sl eeve 100 descri bed above. Accordingly, in the
interest of the econony, the features that are simlar are identified with
t he sane reference nunber as was used above. Further, the bypass sl eeve 304
isinstalled in a well head assenbly 300 that includes many of the features
of the wel MEMOYHEHENDly 214 described above with ref ePEREE2WYOIIE 4, so

t he sane reference nunbers are usedl@o identify features that are generally
simlar between the well head assenblies 214 and 300. This convention is
foll owed throughout the witten description. [0071] The illustrated bypass

sl eeve 304 is inpeded from axi al -upward novenent through the wel | head

assenbl 0R. by t Y aj . i i eve
ast rai Hie 190 Bheet TuREE 1o PN hiliard sleys g dnp iR Shinpiith it Ste°

ant i - r obatheosedayisstrainl 662 alite I28ingl piek324 mgy rceop@asewith tHsleévaeol i nterface
126, and naaﬁﬁ @% tEeIdg hEr feature i sposed near the top of the

pr evi ou S AHESCP IR EQ b?) ERASSRYE 00 (FIG 2). In the illustrated

enbodi nent, the sleeve restraint 302 does not include the pressure-barrier

i nt er f af®7634, lmspdrhtion,fieabypwassiskeadiesitdsedy ba irtshalebypésswsliheade 304. I n

ot her enbodi the pressure-barrier interface 13 be . di sposed
par s al PESPOEAPD i sIROETE SEHER Lk Foee) BBl At MR TIE " or ceve
restrai tHre@d¥configuadd towittHacewitis e eobiatariaee 326 mdyloweatHs typass sleeve
pressur i nterface t he sl eeve restraint

- barri er . AN so enpodi nent
505 haws 334 ANCHR eieS5e tREey 25 AtS R SR Lea SATTPERA: ¢ han &
di anet egeghiBenitip! the 1661 SSBUNSy lMEF bR indBdl thk QREYE Toarahiesdpeusiagtihai nt 302 is
shown in FIG 14 in a split view, with each half depicti nngl fg‘r@ent st ages

of the #istaliqbion pcess aiMilghto that descHReR gbare With FRietense 2 Hie PYPRSE REeY? ght
portiongf oFE&. 21.41{1 r%ﬁtﬁ(in%ﬁdirﬁé&%,io tZ!e?éIEéW@ re&trant B2 4l th¥-0yBhsasbesk

position, |eaving K ring in the expanded position, and in the

| ef t poPPf oraYdIe Ippiglled whilg gannastad tegsther i & pvEle MR- a f ul | y- engaged
position, conpressing the lock ring 104 in the contracted position.

[0073] | [odﬂ??s HedhaBRbasst IeevREd408LBSKiIbhaNinGhe WeBhSAE ey ilep Bo@ithe 302
i ncludes a flange 310 that overl aps part of the bépass sl eeve 304. The
u

i |1 ust r RUekings a7k areyptated tydivsrthp Igckioneian 824 radidltypwaisk @siotBe axi s and

gener al bizhagediib db8la %in%bﬁ@@ubiﬂ&%e&bﬂ'ﬁ&@a&lﬂééﬁd H@l@ﬁg@hé% dR|gmaber 312

di sposed in a groove 4 1n an inner surface of the fl 10. The fl ange

310" al s@0ircnedkalingad RaRITEPIE @OBUTNR Y eRS iR 0RGAGLLRAS WHLIEDi ns ¢ hat
are des 3&3@@?2&@ fd iJecBEhO By RVt dbatt i mAiRiPhlifiyUpudig B lthd1séls

assenbl
on the sleeve restraint 302 may protect the locking pins 324 from fracing pressures. In

some embodiments, the sleeve restraint 302 may serve primarily to protect the locking
pins 324 from this pressure, or in other embodiments, the sleeve restraint 302 may
serve primarily to restrain the bypass sleeve 304, allowing the locking pins 324 to be
omitted (which, like other express opportunities for omissions identified herein, is not to
suggest that other features may not aiso be omitted).

[0078] In some embodiments, the bypass sleeve 304 functions without the sleeve
restraint 302, as illustrated by FIG. 15. In this embodiment, the adapter 248 is omitted,
but in other embodiments, the adapter 248 may be included between the flange 240
and the blowout preventer 250. The illustrated bypass sleeve 304 does not extend
above the top 330 of the fubing head 224, into the blowout preventer 250 or other
components coupled to the flange 240, but in other embodiments, the sleeve 304 may
extend above the flange 240.



[ 0074] The bypass sl eeve 304 of the present enbodi nent includes a

tubi ng-head interface 318, the pressure-barrier interface 134, another tool
interface 320, and a flange 322 that overlaps and seal s agai nst the seal
menber 312 on the flange 310. The illustrated tubing-head interface 318 is
a chanf er eGP HB®1t hat i s positioned to contact subs&&EdN2I090{EEcri bed

| ocking pins in the well head assen®(/ 300. In this enbodi nent, the tool
interface 320 is a threaded i nner surface of the bypass sleeve 304 with a
diameter that is smaller than the dianeter 306 of the sleeve restraint 302.
[0075] The illustrated well head assenbly 300 includes |ocking pins 324 that

ockt ng AL 3515 T Bl 80 el Sphaft b WRTER RkSt rBEEa 308, /0 he

t ubi ng hewtorZ2withdtii¢he §lbensd restraiht Boz.kﬂ'h'g gmbrslirB 2t iacladedhithedypdss slebv

bushi 26 that h fl all di ,
DU 030388, LSO o 8 e ld 208610 Srb SRS TR
2009/ 108 £E5 RSHT BB’S?&O@Q#@&E@M&M&I&OHI‘?@ wiellbé atpadraatbly Bﬂ)@dé@dﬁeea bBowmekdept bypass

sl eeve 304 an ered surface 316 on the s]e I alnt 02. The
ockt ma At He s SSemiaN $o4 HElugPea) ddndter St i afag 3381 4 ¢ no
bypass w£e¥fls ?a@éms{ 1@1@70%51‘,\5 Q@éﬁeﬂ%@ nThé h@qum&xtéh@@yaomﬁe tmayss‘meof
installed in th | head assenbly Owith a S|nletr| ﬂﬂ

trips. Hisy tug &‘Srﬂﬂa@ 22& angdnclygiesa é%'éf‘?rapertm%}a@%’@riﬂlaggj %%6 &rface

Wi th theubeabaisBhRheRe8! §§§aﬁ@§rdo@é%ﬁota‘?‘§ d%@@é&msdrﬁlﬁﬁér APthcamfltiche
pressure barrier 255 into the wellhead assenmbly 300, and then in a separate

trip, tHanged}c andaiceRostivnet t@sealiaaeinst thetcnéerss'rhéfé\sz@ of the bypass siee¥e using an
instal | agjon process simlar to that described above with reference to the
bypass sleeve 100 of FIG 2. In other enbodi ments, the sleeve restraint 302
and t he ss sleeve 304 may be installed while connected together in a

ol o (904D | G0% Pperies 36 ak ppamieT Sl aBeE" 308 N1 ISRTET R LATRUTHPY LR 81 | head

assenbl y,@0Riantdl8r 344 of the bypass sleeve 304 such that the adapter 334 overlaps the
bypass sleeve 304. Consequently, to install the bypass sleeve 304 in some
embodiments, the adapter 334 is removed while the bypass sleeve 304 is installed in
the wellhead assembly 332. For example, in some installation processes, the bypass
sleeve 304 is installed through the previously-described adapter 248 and, then, the
adapter 248 is replaced with the adapter 334 to provide added support and sealing
during a fracing operation. After fracing the well, and sealing the bypass sleeve 304
with the previously-described pressure barrier 255, the adapter 334 may again be
replaced with the adapter 248 to allow the bypass sleeve 304 to be withdrawn through a
blowout preventer, christmas tree, or other equipment attached to the wellhead |
assembly 332.

[0081] FIG. 17 illustrates ancther example of a bypass sleeve 346 installed in
another embodiment of a wellhead assembly 348. Again, many of the features of these
components 346 and 348 are similar to the features of components described above.
Accordingly, the same reference numbers are used to indicate features that are
generally similar to features that were described above with the same reference

numbers.



bushi ngs 326 are rotated to drive the |locking pins 324 radially inward,

bi asing the chanfered tip 328 agai nst the tubing-head interface 318 and
hol di ng the bypass sl eeve 304 in the well head assenbly 300. The sl eeve
restraint 302 may interface with the adapter 248 to inpede the bypass

sl eeve 304WQ¥WAY/HWBPLNng axially upward and the seal s onPCRASZOYEHE3r est r ai nt
302 may protect the locking pins 324 fromfracing pressures. In sone

enbodi ments, the sleeve restraint 302 nay serve primarily to protect the

| ocking pins 324 fromthis pressure, or in other enbodinents, the sleeve
restraint 302 may serve primarily to restrain the bypass sl eeve 304,

oppor t ultGEeEs 105 AR ELMBRE P ReFo g BRPE ST ol G ChRBI R o5 o s

feat ur esetmiy theoby s Gldeee Gabtin &) wellN@adSskemblyriztSerth tlas lafmhiosumerh,ethby pass
sleeve fu ons Wit ho e restraint 302 as illustyated by
o 15y RRLhERta Mdes aitor (HinSipE IV a5 Ror Y o nuits el 4B
glrrbodl meishesed ﬁtﬁm(zhglgitwr%\wﬁ? t{nmadsesamcrmdscbelmevwm”fagg?téd hanigg t20 anddt he
owout  preventer e i ypass e 0es not xten
above tHgoefséﬁ%%’GW'?Wé‘m gsh?e ﬁ'@ga% B&%@‘HF*&%H}‘? EFG‘@\?@ r 250 or
ot her ceppangRrRneRYBlrgcluie? ihldeefih@ AR ca onBts dlsfbo@ééilﬁbo@aolﬁlélmlﬂ’ié t he
sl eeve 304 ¥ ext end above the flange

20091 1087eadc ISP RH SIBAAMSBLS] B@T‘gﬁiPﬁheP@ PRFY EleeYePH dighetaeqbove

enbodi Mt ihdhdettisphndyBe QIRAISarPiRREm3Re of HaGhicaRS 38b! hout the sl eeve
restraint 302. This enbodlnent I ncl udes the bypass sleeve 304 installed in
anot her exanpl e of a well|head assenbl ustrated wel | head

ool [OOSBDY | Fheanand ocsaripl SRS DSt ABa TReAd melasan Al e | bed

above eésﬁ@#uréd@mieﬁgcé WitH k& 9%@&3%%@@ a8 $R8BMbodRrerit Bk udiastean adapt er
334 with a Tlange 3 that sea %gl nst the bypass sl eeve 304. The fl ange

336 ext 8afihisieswompimestarg dueeds shothat isimip tﬁ@é@'eﬂ%Sé@rdThﬂ@%@é@% seal
menber 338 gy ijde'f‘ BrtdheBEawa e natBiet libHstdrad %F’ov'i"c?@é sERIMREIu338 and

groove 340 are |spose In an inner surface of the tlange 336 and are
posi t i ofefdhe bppesaieabagiendlly i@ outer surface of the bypass sleeve 304.
[ 0080] The adapter 334 has an inner dianeter 342 that is generally narrower

than aniqusagr g 85BN 314 pPadeiioditnamsis Heale iR @ Aumibadiatolby amapt er

334 overlaps t he bypass sl eeve 304. Consequently, to install the bypass

sl eeve Bih 34 Wf0§%ﬁ$es"@ﬂﬁdalt*h%ﬁ[®93$ Ré4 dasgitbed abgye withrelersnsg tarilFel?-hé0 bypass
sleeve Al tholbsid d88le dhd, %m&k%%rﬁéﬁ?ﬁmré%d fehe BYEHIKE, 1 0 some

installation processes, ass sl eeve IS Insta ough t he
previ oubayteaéﬁwawew%aagﬁ@ toz %%mowmveﬂmﬁl(“acﬁamfefai@lss ¢aipfashivaced

w th th eat‘égfb §§42B°Tﬂ Vt‘hg%lyﬁg &né‘ﬂ% ﬁ%@édr@%aﬂfb’r ﬂl@n‘%%ef racing

operation raci ng sea 1 ng ypass sl eeve 4 with
t he prevtBdast w@e@tmtcbﬁs\e vpelldaseadlaesdzmblma’éﬁ thetgh theebladapt pieve®4r B8, agai n be

repl ace ] S

W t hdr a%ﬂ%%@é@%@%%%hu%éﬁ}agg & f]e![eér g%% E§ ieg ggﬁﬁeréé( ggrYog rt Fﬁ%éﬂ%r%@ %ﬂ? pment
att achethd ihrdduz 356l IIheaﬂeaemmdumnfssme tbﬁlOBlb}fEbﬁ 28 7 thidadetriathessaanot her
exanpl d%ctl%nbgpas ?ocﬁxw?seevgr gf)%%térr&?ocﬂmse? a5 'the exterior threads 350, such that

torque from lightening the bypass sleeve 346 against the adapter 354 also tends to

tighten the tool 256 against the bypass sleeve 346.

[0085] A variety of techniques may be used to disengage the tool 256 without also
disengaging the bypass sleeve 346 from the adapter 354. For example, the locking
pins 324 may be temporarily or permanently engaged with the bypass sleeve 346 to
impede the bypass sleeve 346 from rotating when the tool 256 unthreads. To this end,
in some embodiments, the bypass sleeve 346 includes dimples in its outer surface near



anot her enbodi nent of a well head assenbly 348. Again, many of the features
of these conponents 346 and 348 are simlar to the features of conponents
descri bed above. Accordingly, the sane reference nunbers are used to
indicate features that are generally simlar to features that were

descri bed BLPEYWPWK the sane reference nunbers. WD FPCT/US2009/035143
20091108701PCT111820091035143 21 [ 0#82] The bypass sl eeve 346 incl udes
exterior threads 350 that are configured to secure the bypass sleeve 346 in
the wel | head assenbly 348. In this enbodi nent, the threads 350 have a w der
outer diameter 352 than portions of the bypass sl eeve 346 di sposed above

eeve ThaERPEAORP W entilolrlehy REt IR S o AP R oo™

350 or bypqslsameatlﬁ ﬁlerehxtanélsgltmtmjcemnugsmctdotaimnmbltimwbmassstmsed above
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theI tgreaﬂsmd at[dii@&ﬁBFIGLES)V\M hh@.’gdr asanpib) l?lewlmtéﬁam t%brsdhrteytd&lﬂfﬁ 17

i ncl udes _an_adap 54 co ured t.o interface s| eeve 346.
b B png AEECsy fofas a0t PR L b ahiied KRR 28a T "5 thai
j oi n tochlRed mmédﬁpéﬁ)sleé'\m?SWBPb@!h tResdalapg d srehaugies |8 thiowaiboapigriton 358
with a narrt% di anmet er %é) provi de a seali n&g ggface for the ulpper seal
assenbl §NeLHe met{y@ééﬁf'ﬁﬁ"%ﬁ s §ngroed pathg s adertef NS B COUUSTACTUY i n t he
wel | headrges Rithlioh d4Be Wyéé‘ssas!éwé%s@aﬂé ih@rshbﬁrbhearﬁﬂ Peass 2564 descri bed
above with reference to  FIG 12. To install the bypass sl eeve 346, the

pr essur BNHegadsdrom B hipass siegye 446 SyiorBtines wpéatﬁéﬂ fesameadieadtigBe 134, and
the tooliiReG the Squk [ﬁrbﬁ?‘éﬁrehfhd: rle%tlv@rofa%ﬁ"bf Mo J@él I5% aﬁﬁi‘&%‘rﬁz %ar&@@vet ool

interface 126. Then, bypass sl eeve 346 and the pressu rver
interfaé#6.134 are Iomered into the well head assenbly 348 through the

bl owout preventer 250, and the tool 256 rotates the bypass sleeve 346 to

engage FdUSBFXt $1¢ 08 ﬂilbétﬁaﬁ%aﬁ@g?arﬂﬁlé dth iblerRadary3RémpbPcSiERSITIHRAI ment s,
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t echni qiees inteadee Apswt B@Xéﬁfmﬁbﬁ‘@@YPﬁéS sleeve 346 m Reapsueg-kayrier
adapter 360 further includes a secondary tool interface 366 that is configured to

interface with the tool 256 discussed above with reference to FIG. 6. The pressure-
barrier adapter 360 also includes a pressure-barrier interface 368 that is configured to
secure the pressure barrier 255 in an interior 370 of the pressure-barrier adapter 360.

[0087] [n operation, the pressure-barrier adapter 360 may be installed and remaoved
with the pressure barrier 255. The assembly of the bypass sleeve 346, the pressure-
barrier adapter 360 and the pressure barrier 255 is introduced into the wellhead
assembly 348 with a process similar to the processes of installing the bypass sleeve
346 described above with reference to FIG. 17. The pressure-barrier adapter 360 and
pressure barrier 255 are threaded to the tool interface 126 of the bypass sieeve 346
outside of the wellhead assembly 348, and then, the resulting assembly is placed in the
wellhead assembly 348 through the blowout preventer 250 by coupling the tool 256 to
the tool interface 366 on the pressure-barrier adapter 360. In some embodiments, the
threads on the secondary tool interface 3686, the tool interface 126, and the exterior



di sengagi ng the bypass sl eeve 346 fromthe adapter 354. For exanple, the

| ocking pins 324 may be tenporarily or permanently engaged with the bypass
sl eeve 346 to inpede the bypass sl eeve 346 fromrotati ng when the tool 256
unthreads. To this end, in sone enbodi nents, the bypass sl eeve 346 incl udes
di mpl es i nWQAHOUEEL surface near WO 2009/ 108701PCT/ USCHHSINEGIWI 22 t he
pins 324 to provide an engagenent si#Fface for the pins 324 to apply a
torque to the bypass sleeve 346, thereby tending to reduce undesired
rotation of the bypass sleeve 346. A simlar technique nmay be used when
removing or installing the pressure barrier 255 (shown above in FIG 6). In
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sheared and the second tool unthreads.

[0088] FIGS. 19-20 illustrate another example of an adapter 370, a bypass sleeve
372, and a wellhead assembly 374. In this embodiment, the adapter 370 includes
sleeve restraints 376. The sleeve restraints 376 include an actuator 378 and a sliding
member 380. In some embodiments, the actuator 378 is a hydraulic actuator, a spring-
driven actuator, a linear motor, a screw drive, or a manually-operated actuator
configured to displace the sliding member 380. The sliding member 380 is generally
complementary to a cavity 382 in the adapter 370 such that the sliding member 380 can
be retracted into the cavity 382 by the actuator 378, as illustrated by FIG. 19. The
bypass sleeve 372 includes the features of the bypass sleeve 304 described above with



23 threads 350 are threaded in the sane direction, such that installation
of the bypass sleeve 346 via the pressure-barrier adapter 360 does not tend
to unthread the pressure-barrier adapter 360 fromthe bypass sleeve 346.
Then, before fracing the well, the pressure barrier 255 is renoved fromthe
vel | head a¥EEHBYIPSHAS wit h t he pressure-barrier adapt eFCBES009%SHénpve

t hese conponents, a different tool 26th a wider interior dianeter and
oppositely threaded flange is engaged with the tertiary tool interface 369.
Then, the second tool rotates the pressure-barrier adapter 360 to di sengage
the pressure-barrier adapter 360 fromthe bypass sleeve 346. To prevent the
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386 andobthedeek nirgpd®2catses the iock ring 392 to overlap the top 384 of the bypass sleeve

372, thereby restraining the bypass sleeve 372 in the wellhead assembly 374. To
remove the bypass sleeve 372, the movement of the actuator 394 is reversed, and the
ring 392 is expanded back into the cavity 390 of the adapter 386.



388 that may be used in the well head assenbly 374 with the bypass sl eeve
372. The illustrated adapter 386 includes a generally annular cavity 390.
The sl eeve restraint 388 includes a lock ring 392 that generally has a
C-shape and an actuator 394 connected to the ends 396 and 398 of the |ock
ring 392. R208HUBMer 386 nay be installed in the wel | REAYSHIYERHY 348 in
pl ace of the adapter 370. [0091] The2Soperati on of the adapter 386 is
illustrated by FIG 22. After the bypass sleeve 372 is positioned in the
wel | head assenbly 374 (as illustrated in FIGS. 19 and 20), the actuator 394
drives the ends 396 and 398 of the lock ring 392 toward each other, as

illustr by o) i n _Fl r r t i ng 392
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and 408tha thasetseat membees 4eendéedand 2ot @fffeffet@wthéhr@a@i@ thedere ﬁ?@iﬂ iere

W th th%ﬁ@é’g:e lﬁeggﬁ %@3%%&&‘142‘00:8“ a H%n%eﬁ’?ﬁ@s% §Ub8ihabe 44halle AI , the

seal have’'a $ma anet er t an the threads on t he
sl eeve dizmataii than 4rothreadissunibe sigsydiresirgint 420hdn sbaeambagimeaisnthe420 has a

2 ger delBt Aol haBotiba Bloo? UBHAOHE Y BldnsthubliPupgstysheeve 402

di spose oW 't eeve r rain ression sea
i nt er f acleed? 202 didpudas balowltibé £l1e428 reditairdd@s. 430, a

[0094] The compression seal interface 422 includes a shelf 428, threads 430, a
groove 432, and shear-pin apertures 434. The shelf 428 may be generally orthogonal
to the central axis 412, or it may be sloped or curved. In this embodiment, the threads
430 are threaded in the same direction as the threads on the sleeve restraint 420, but in
other embodimentis, they may be threaded in opposite directions. The groove 432 is
generally concentric about the central axis 412 and is shaped to allow components of
the upper seal assembly 410 to translate axially within the confines of an axial range
and also rotate, as explained below. The shear-pin apertures 434 extend generally
radially into the body 404 and are shaped to receive a portion of a subsequently

described shear pin.

[0095] Asillustrated by FIG. 24, the upper seal assembly 410 includes a bushing
436, a washer 438, and a compression-seal member 440. In this embodiment, the



groove 432, and shear-pin apertures 434. The shelf 428 may be generally
orthogonal to the central axis 412, or it may be sloped or curved. In this
enbodi nent, the threads 430 are threaded in the sane direction as the
threads on the sl eeve restraint 420, but in other enbodi nents, they may be
t hr eaded i WOMBYBTM& directions. The groove 432 is genBFRUBPIYBALNtri c
about the central axis 412 and is stfaped to all ow conponents of the upper
seal assenbly 410 to translate axially within the confines of an axi al
range and al so rotate, as expl ained bel ow. The shear-pin apertures 434
extend generally radially into the body 404 and are shaped to receive a
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may haV@h%tﬁQﬁteﬁQéﬁﬁith%G&k threads, slots, or structures shaped to
interface wth a lock ring. [0096]In the illustrated enbodi nent, the shear

pins 446 extended generally radially inward fromthe shear-pin apertures
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include a different nunber of structures. For exanple, in one enbodinent,
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For example, in one embodiment, the guide members 448 are formed by a single rib

extending generally radially inward and generally concentric about the central axis 412.

The threads 450 are complementary to the threads 430 on the body 404. The bottom

face 452 may be generally flat and generally orthogonal to the central axis 412.

[0098] The illustrated washer 438 is shaped to function as an interface between the
bottom face 452 of the bushing 436 and the compression-seal member 440.
Accordingly, in some embodiments, the washer 438 is made of metal or some other
material selected to protect the compression-seal member 440 from sliding friction while
transmitting an axial load from the bushing 436 to the compression-seal member 440,
The bottom face of the washer 438 is generally flat and generally orthogonal fo the
central axis 412, but in other embodiments, it may be sloped or curved.



[0098] The illustrated washer 438 is shaped to function as an interface

bet ween the bottom face 452 of the bushing 436 and the conpressi on-seal
menber 440. Accordingly, in some enbodi nents, the washer 438 is nmade of
nmetal or sone other material selected to protect the conpression-seal
menber 440WQWH/WBT0i ng friction while transmtting anP&kUSROYBAH3f rom t he
bushing 436 to the conpressi on-seal2drenber 440. The bottom face of the
washer 438 is generally flat and generally orthogonal to the central axis
412, but in other enbodinents, it may be sloped or curved. WO

2009/ 108701PCT/ US2009/ 035143 27 [0099] The illustrated conpression-seal
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configured to interface with the bypass sleeve 402 is described below with
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the too
458. The illustrated wellhead assembly 458 includes the blowout preventer 250, an

adapter 460 and the tubing head 224. The illustrated adapter 460 includes threads 462
that are complementary to the threads 420 on the body 404.

[00102] In the illusiraied embodiment, the bypass sleeve 402 is installed in the
wellhead assembly 458 with a two-step process. First, the bypass sleeve 402 is
threaded onto the adapter 460. To this end, a tcol may couple to the tool interface 444
and lower the bypass sleeve 402 through the blowout preventer 250. (One example of
a tool configured to interface with the bypass sleeve 402 is described below with
reference to FIG. 22.) When the bypass sleeve 402 reaches the threads 462, the tool



WO 2009/ 108701PCT/ US2009/ 035143 28 rotates the bypass sleeve 402 to engage
the threads 420 wth the threads 462. Wil e engaging the threads 420 and
462, the shear pins 446 remain in an un-sheared state, as illustrated by
FIG 25. Torque applied by the tool to the bushing 436 is transferred to

t he body 4G%DFHWHEBH the shear pins 446, thereby causi R§TIURPYGHA3404 to
rotate and couple to the well head a&senbly 458. [00103] Wen the threads
420 and 462 are substantially or fully engaged, the tubing head 224 i npedes
further axial novenent of the body 404, thereby counteracting the tendency
of the threads 420 and 462 to axially nove the body 404 and creating a
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rotate relative to the body 404._ At this stage, the bushing 436 nay be
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404, dependi ng on whether the threads 430 and 450 are engaged. Rotation and
downwar o3¢ merothetthealsidbd ngd 488 aee galgsiant{atly of fully lkegaged) digesibirighe

t hreads, 43 nd 45 and t he bushing,4 transl.ates axially taoward the
oo oo bFan 28Rimosts Affer 2 MR BTy of e ol Wb Fludy Bl adRifet "Fhe
bushi ngtehdenty of 1k atrieves ¥20 hared esl akiglly Mevg thalbodyerdzesrsd éré8ting & hdrgue r ange
defined by the %r&gg%es 432, @fter sﬂgici ent axial novement, the bottom

hg . thig,

face 45513COUMNE Prgiadap opingdeal. Lespite thig apyrdssiaiationdaraigs Higrtodlas
agai nst chithueendraakl ervaier] sHearlethedhBar JiRg 436 eulidRe sASS wiRsIA@racts this
force, axially biasing the conpression-s As the

_ n-seal menber_440.
conpr es PN L0 SPRAMBE LIRS 446 el asdllusiBieldy F1%dP8l Iy outward, as
illustrated by arrows 464, and conpresses against the sidewalls of the

adapt er [@H@4] s ahérBietsheatipips u46 ratiues ivthis BabadamrethépendrdPloddseThe
bypass sl eeve 402 may al so be repoved through the hl V\Dﬁﬁ'\t%greventer 250 (or

ot her edBNYREMRY NS Redween %f}?ebq%}%awgfaa 8hing 488, \(‘?’Bi ¥a&d Dy pass

sl eeve #02nin h@stt@ﬂitatiesrelhﬁ\\/\éefoe(ﬂetb'wg'mhj. mkoﬁwié)l;@g@%emu@mﬁgu@e r&Pband
engaged to the tool WD 2009/ 108701PCT/ US2009/ 035143 29 interface 444.

Then, t RBAMEGIETIZPGERNAYNG RBCRISH? ABISSE Of ffeedRmm sglpi odnabPEXfPHn from t he
di rect | @Bobrcilitan Whofeh theliifdng davsdim 4 hRbngSea! AlifioRupBIgRAiAR

rotates, the threads 430 and 450 cause the bushin 36 to translate axially

4

upwar d. Mgygaeat akthalbugbine fBAREeNGAgEH O S 8§928%) %%Wéﬁé@s, 43%ancbh&d.r ai ned
by the J S0 RN 1 he i gpsr@@' 448 reach
t he topgg?%ﬁe gr o%?ﬁ%ﬁggéggﬁ%oven%ﬁfg% M%§S|%ﬁ§ﬁ?%g@§ relative to

t he bodglosty the gapPede dxiay moyamant oitbe welning HE6 dgiiatalivelyiydmnpadas bnthet he t op
of the v Al i tabe A\ ; ing 436.
Thi s rogg@orﬁe'ﬁﬁ %Sh%%ggWQSg% é%ﬁlgeggbg)stnéﬁ?q\l%rggggs A%E)Q%&{Qgﬂg%,&aang t he
bypass simewsnd0Be bstidm dauk 45D0hthdbushingti8f biEdes, ag., whinphegses ihet he t ool
extracts t lL.eeve 402 thr h.th 250, 0106]
fG o el it s B hpe; AOWRY rEATIG A et et ac

ill US][ rmied)rci,i'ee(iatuyp»m ' gsﬂhg@mmpﬁéh%idrsséahsﬂeggﬂéam_?bn As:”tlee\mehiplmb' rassnbl y
458 al on it pressuyr.e-barrier adapter . e illustrat

or osour Skt 24P i€ hERA Camanps Fao SBABITR S8 uEPEa R £ orrci udes
seal s 468mpRsksdd Againsns efticwallg bpMeeriapie? 4B0dsdblifg tRndpGerPorscrsiandar ri er
interface 476. The illustrated pressure-barrier interface 476 is fornmed by

t hr eads 3APEHRBYnt eri or of the pressure-barrier adapter 466. In sone

enbodi ments, the threads on the pressure-barrier interface 476 are threaded
in anhomm'sqgmert@pa's@ﬁeémmmz hﬁytdrwta@ld ﬁerﬂcaféhdanm@ﬂ éwp@&@usb@eﬁmeﬂoz, or
in other _enbodjnents, they are threaded in the sane direction. The

bt essur ES0APTHER SR ECuAIRE th I USRS TBComava s DEEst SeBHF i er
to the poesHEnsolioWebsd ReARIERHe RRvout preventer 250 and engaged to the tool



[ 00107] The pressure-barrier adapter 466 al so includes a top face 478, a
top chanfer 480, and a bottom chanfer 482. The pressure-barrier adapter 466
is supported by the bottom chanfer 482 resting on a shoul der 484 of the
tubi ng head 224. In sone enbodi nents, the pressure-barrier adapter 466 is
bi ased agaMI0YHE%houl der 484 by a bottom face 486 OPCFH@”BVE§§§ sl eeve
402 contacting the top face 478. [(#8108] The pressure-barrier adapter 466
may be installed separately, before the bypass sleeve 402, or it may be
installed generally at the sane tinme along with the bypass sl eeve 402. To
install these conponents together, a portion of the tool nmay extend through

2000/ 10BVOTBE e o0bnel EaoG6EaEs A PGB L Ms FaePlil e il oo”

I n sonedﬂemmdnmm sotated elutihg esstidlaton.t Ae op thedsushinghtae riotates, thethreads 476 are
opposi t he threads 42 th ass Ieev 402, and as . a result, in
Chooe. cfabansaap 305 Hedihigafie WiaERETs FdbL s Ofrie BaBET or 160 wi ¢
t he t oomavement biatle bakRing aBs ohdvesnads, |§@ou$ttéﬁmaﬁb§/t hegguid®mefibemitidand
pressure-barrier adapter 466,

h h b
sl eeve H07RAVE fiee-cBiendls QH'dF‘d"%’Eg%'] @i&?r@%&?ﬁ& %f‘agrr%iti? e Prgsgf

these eth@ﬁﬂbﬁtheﬁohgmhg ra,essfela{n%ewemé%dy a0k '@Im@efdeg by @Rt setlwehl er
interface 134 descri bed above with reference to 4:9[00110] FIG 28

i |1 ust r Htecquice siemeher 448 @prdhe opofile gerove dsey andi e bady 404Ra0insdadeidi&senbl y
490. I nykiRirse BORMGY ABA! Thl@ rQﬂdﬁ&h BOth$Rd! %ohfa‘%@aﬁeé &e(tﬁreaug 49bh@gw se

connected to) an adapter 4 he 11 Ius rat ed I ncl udes threads

496 t ha146a,r@dctbﬁ1@|y@mla$\ge 4@2 r@ﬁﬁ@@&d@mg‘@ aﬁﬁnterre%é)dabw@ﬁh point thgotophci | it at e

relativ t?lﬁ."ié i{éo&gg sqpl 494 as they are
coupl edE ﬁ#eé In%&g@g&?gﬁg%uﬁrgg es a 9 erré\:ﬁ"ﬁy annul ar groove 500 t hat
is longer than the 7%:;roove 432 descrl bed above [00111] To install the
bypass (MEO6E 48, 21 Hustiipsaddienal detalgof the W@JH‘!@@Q@@GGWB'V&‘%&S by the

bushi ”9|Ilﬂg@at%ﬁdthhcbgﬁéfsdslé&?é)&@mtrﬁ@a PHAHE wi KlonbnPa5d BiohGiwith a

fl15e:
enbodi nment Ing 492 carries the weight of the rest of the bypass
sl eeve n%sum-bafgeaadamert%@ 'Btﬁltilu&ilfﬁteﬂ piersgrur@rtpaaﬂeroaﬂapm 46889 this weight,

t he qui t. i nt
the body 103 pasaiet fbsiaarifer faldss Lo Bte bRE 496 BRKSS REM o8 ut 29 R L e
until tHé4podya pMsm@stnafnemntemfacadaﬁt Ehemwtratedaﬂaesweﬁerriq@mteﬁm $i6 t he

t ubi ng 1 I - di t he body
404 is %g'?ﬂ‘é%‘gé%“ﬁg%‘g%@%{‘ %lt'e}ﬁ ?ﬁ%%tll tl‘fjeﬁéregg%?ﬁ d?rrlé)ri am‘gt% erlﬁrggr%, until the
bushi ng e#ﬂb@dms;ermarthé Hirkydd o émotﬂds$weidaerreidatptfame 4mare'|’dheeaniedhm ag 492 is
rotated by the.to 0 e th hreads 49 n . bushi ng 492
t hr eads opéo§!trqed|[§8§%q &?miﬁgﬂgﬁ%s %%@HF@SE i S? rsge%?gngtt%gsof;iﬁioit{?eﬁy rel at igve to
t he bodﬁnﬁ@d;m@ms{ thégeawhc@d&ﬁmbefess%dlréminsl dte pmésairdz joatrhmr ougladehe

gr ooves 28 rotate with t busBi ng. 492. bus 4%% conti nues
to thred ﬂ%cctrﬁ'gu 6’&8@8?“&?994*35?&%5"@ Cd 86‘?%%9153%@ ”'?r Ry 492
conpresses the washer 438 agai nst the conpression-seal

2009/ 10 @DRTT/TUSOEH B3 DAdRr adapter 466 also includes a top face 478, a top chamfer

480, and a bottom chamfer 482. The pressure-barrier adapter 466 is supported by the
bottom chamfer 482 resting on a shoulder 484 of the tubing head 224. In some
embodiments, the pressure-barrier adapter 466 is biased against the shoulder 484 by a
bottom face 486 of the bypass sleeve 402 contacting the top face 478.

[00108] The pressure-barrier adapter 466 may be installed separately, before the
bypass sleeve 402, or it may be installed generally at the same time along with the
bypass sleeve 402. To install these components together, a portion of the tool may
extend through the bypass sleeve 402 and thread to the pressure-barrier interface 476,



31 nenber 440. As with the previous enbodi ment, the bushing 492 conpresses
t he conpression-seal nenber 440 agai nst the shoul der 428, and the

conpressi on-seal nmenber 440 expands radially, sealing against the side
wal I s of the adapter 494. [00112] To renove the bypass sl eeve 488, the tool
i s reattacWORP¥O8ME bushi ng 492, and the bushing 492 PETUSIAYEEIBN t he
opposite direction, un-threading tH#® t hreads 498 and 496. As the bushing
492 un-threads fromthe adapter 494, the guide nenbers 448 both rotate and
translate axially upward through the groove 500. Before the guide nenbers
448 reach the top of the groove 500, the threads 496 and 498 di sengage, at
whi ch point the

bypass. o Beertioha B8R wlt Fledenfe t PRE G SR utdimb B HEH S8 51 o "5, e

menber strd4ftesdse bhnick ireetfage 416 dlecoppoeidy theSfifbada i@ Otdnethb dgiyastOsleda@ngs from

t he bushj 492 13 n ot he nents,, the threads be

di spose?l*l’;g%‘nfjrﬂé3 q {?ﬁi"&'dn]ﬁlé%?? @ﬂﬁ él%‘ﬁggt ﬂge?ﬂ)ﬁ%&e @fpgﬁéﬁeﬁgg 4@3" B:%ysuppor t ed
by the adéptaméoe\amq #AooMddsenpéc bllewadepictis 49dnth¥ad thBeod)ypasthes| eeve 488
may be supported sonme ot her conponent, such as the bl owout preventer, a

frac trﬁr@s %‘”& 3P 456r ee. In some enbodinents, the positions of the
groove 500 and t he gui de nenber 448 may be reversed, with the groove 500 on

an i nne[OOde]YEIrEdithQif efmbedients, i Bbhsaribavbeiogunsieberesiiiuredd sxuendi ng
general |y radi al

outward fromthe 404. 0114] FIG 29 |IIustrates
an exanfiiedrgssuse P%WGVSMS%?\P 6‘8?%8“1%6’% MEE tPL?’HBaT%/ﬂ%%‘ée BGlHd98s and
t he adaplegireddife-dhrride NReRdde/134QeSoPBd bb%s withecfeldndsts #l@M.t ool 504
includes a shaft 506, a guide aperture 508, bushing interfaces 510, a

[idin nd an adater nt er e51 00115] The | trated
Shar t " oERBT L e s BN Ber A ol A BT Seb e A traRelnedh oo
SUppOftaé’élﬂntflPH@@elriﬂhﬁs Qﬂﬁé’dlﬂﬁnt @tﬁfsfh&@&ﬂazaé%rggg@dﬁi odlsﬂﬂh@iiwmﬁr 512, and

ure i S

he ad f
compl enBHIEcEA ) EnacHBF 20 A dlatatd Buelion 98 nelaidd hereng ebd 512

and, i Ng&0EEns Qﬁ@ﬂ!a‘ﬂfﬁitﬁreao% ShaneBelRapldr @94t e tadiitdic@|ebgr 512 to
translate axi al | ative to the shaft 506, but not rotate relative to the

shaft 5tansiatian %f%ﬁ%‘;ﬁ @mpritents 22 god 484 ap dienare cgoBledniethvshingg92 also
2009/ 10@1%%8975/ pﬁlglaq)ﬁﬁl%?'éro%%e%do%é‘lgs IRIYRE hankBe BRIOVBANS Recafhay al |y

rect angul ar shape or “sone o non-circul ar shape. "The sliding nmenber 512
may be 8b@MSacterized as having generally one degree of freedomrelative to
the shaft 506. The illustrated bushing interfaces 510 incl ude

radi al | h$j ah‘o”ﬂ?ém?{h% b%ﬁsé QI@Ev@H@B qgé‘%&ﬁé‘é&ﬂéﬂeé\% &@ 8GbhM&dyd engads the
tool interface 444 of bushi ng 492. The er 512 includes a

flange 531319 T E 4%@%@“&6@ Hroughige ilowrar pSel\@”?Qf@ﬁ‘f’Pslin #isig through the

b con Lt By gaopRRFIechl i BFRLBRL e SHBRRL penliods
during an initial portion of installation. To carry this weight, the guide members 448
slide to the top of the groove 500, at which point the body 404 hangs from the bushing
492. The bypass sleeve 488 is lowered until the body 404 rests on the adapter 466 or
some other portion of the tubing head 224, such as the shoulder 502. In other
embodiments, the body 404 is not supported by the tubing head 224 or the adapter 466
until the bushing 492 is partially threaded to the adapter 494. The bushing 492 is
rotated by the tool to engage the threads 498 and 496. As the bushing 492 threads to
the adapter 494, the bushing 492 translates axially relative to the body 404, and the
guide members 448 franslate axially through the grooves 500 as they rotate with the
bushing 492. The bushing 492 continues to thread to the adapter 494 until the bottom

face of the bushing 492 compresses the washer 438 against the compression-seal



[00116] In this enbodinent, the |ower portion of the sliding nmenber 512
couples to the adapter 466 through threads 522. The threads 522 are

di sposed on a generally circular nmenber 524 coupled to the sliding nenber
512 such that the circular nenber 524 rotates with the sliding menber 512,
e.g., W thWop/We¥lees of relative freedom In some eREEYSHENPSIt he
threads 522 are opposite (e.g., thr¥aded in an opposite direction relative
to) the threads 496 on the bushing 492. As a result, as the bushing 492 is
threaded to the adapter 494, the adapter interface 514 is generally

si mul t aneously unt hreaded fromthe adapter 466. The rotation of the shaft

S0,  anieRY ebSAsiel A8 el mBTR R e aediny 2 bBe RN ot P

sli di ngcmmpimsmoﬁ]s@alsrlned&mr gé@agmhthashaMlUyr 4@8yvand tlnémmmgressioe sgal de

o cssur e 6P Sxidincian A G e SRR RSB o

enbodi ment, the pressure- barrler adapter 524 includes a tubing-head
i nt erfa[ﬂmSzB Andemove die bypass tkere 386, thandol ihealiethdtmdha dselnby ¢9826

or cs sur anpe NP ek & 0alihub RS teffior: fritiomor o iBacs s e

illust raﬁ@dgs nt\eItrﬁeibmm@agzaod-ﬂ&%adafrerrgmadabﬂey494;rtpdagnmietraembedsr@ésds but

in othe |nen y i de er stru S figured to
secur e E’Wg' q %?Bq rg@ﬂaﬁe@%ﬂ& ai“l"mﬂ'ﬁ 3rﬂ§??/"35§(é)dj @‘EIE @3@#&9 | ock ring
103 an 'Irﬂhml f’ um? réatemgﬁ% &s}d 6 tR6 Yretre@uoh e’ hiide mtdmdrma:nﬁmgbmtﬂ GS. 2
an e illustrate

out er digiFBiRAINtdRe E%"fb%ﬁgshxpgégra';g}?éﬂgiggb{%us% ZPQEQ,@K'S fhe bnypggg upper
2009/ 10§88 |4330Q8(d0RARitEn i bRALLEDroTBFIcP LSS SHB QUi bmboRIm e 524

may be installed in the wel l'head asse ?ﬂ/ 526 before the %/ ass sl eeve 402
(or onel%thettpr obing&r 0PNARR% apddlas Badydls hangsfro thg Byshing49ast al | the

pressure-barrier adapter 524, a pressure barrier (such as the pressure

barri er [(A3 37 ew€bthBEImBBaVRNE, e fRéadLITEmbg bEIdEpoBRd 0B ti@tupirdhdael t he
pressure-barrjer interface 476, and the Igressure barri er adaﬁter 524 is

coupl ed?24d ad BB LYRRITSIERHE 43fpMay bEsUPRR ea By thertyRingMead #=4. WAPPYLdRe adapt er
524 is hhghel QBT Of thE bRsEHR didiecigBvaLY b@rsapswt@rb écﬂn@btﬁeh@oir@eherﬂnd

t hreaded or otherw se coupled to the tubing 24. After installing the
pr essur 8UHHAT I*@rb@\ﬂgﬂt%‘?"%ﬁ@ affiRe tRpn L3 CQ['@@\?@ tiﬁ?z I SPMEARTBORIMER Sy pass
sl eeve, @U&k@ Phroblie 566 RRE tAY B388 nidresreIedRS s bb Rk &R0 Whh the
installe 9} I‘%rgl ng process g 4 descri bed a%%ve Wi trh reference to

FI G 12gm@yetﬁ@omarbmneﬁdlammrm}h@l@hlrml@a andbtheatuide axestased48nmbodi ment of
the pre y is simlar to that which is
illust rgtﬁtghdfnﬁ\%ﬂgaﬂggagﬁﬂﬁz %ﬂgﬁéﬁ@%é@gg?g@gﬁioum ered during fracturing,
the illustrated agﬁt er 248 includes an annul ar recessed portion 331. The

r ecesselPPIM i GH3ZAilHstratgaen sxamplericuiopbbRecatioymaddrrinsta HedyPass n t he
adapt er l%é@eﬂ@g aﬂéi@é@éé’p&e 4‘6&%éﬂe\*&l@ttﬁéﬂsgﬂe%ﬁ@dTH?ﬂ%straﬁfe k 18ga ar

recesse portion I sposed In a’bottomsurface o apter 248.
However ;ndudee@rsrmftrﬁwna@@ideean%tuw A8 .dhushingrintedeeesetd, goslidirgnme®beray be

di sposed, e tubing spool 224. In sone enbodi nents, the
recesseg por Rﬁé#égﬂﬁﬁ%ggégghlned directly into a | ower flange of

equi pnent such as a BCP or a frac tree, that can be directly nounted to

t he tubiﬂiy1§bo<ﬂhezlmtrammte€glﬁda§p9flgttrﬁfétm@ﬁ@@d Beaughaiiekiowdtned of

GR 57 bET RGP A igs Hepdt i athe Bl e FHE MR G1 9o efigRulgsitost T enat !

i |l ust r &t Bsarahibelrelapterideiiaeent 146 Thahguige aperttrei 598ds geoerallil hemplemastarsit ed

" the. 19 IR EbRaTuRbn Bpalch o0 sl eboer g8 BHECH Wi bbimne. 17/ E

[) ermvablsf.ra;hmshl ailg\nﬁﬁg slidihg meantearl2eto hmiﬂlaﬁamga%@ rﬂm%mv]be:? ﬁ?mtﬂ% btnbtom t he
304
ol Seve SBhiotle TrBuE oisbA i 5Pa.BY RitaR i AR Araties aid Feoy PFace

534 of the renovabl e bushing 532 may WO 2009/ 108701PCT/ US2009/ 035143 34



i nclude one or nore seals 536 inside one or nore grooves 538. The renovabl e
bushing 532 is configured to fit securely within the bypass sl eeve 304,
with the seals 536 formng a seal between the renovabl e bushing 532 and the
bypass sl eeve 304. [00121] In certain enbodi nents, a sna ring 540 may be
used to | o0 ¥ ¥Bovabl e bushing 532 in place wi t hi n*€ @mﬁw ﬁ?&“sleeve
304. In other enbodinents, a pin na$€ be used to limt axial novenment of the
renovabl e bushi ng 532 relative to the bypass sl eeve 304. The pin nay be
associated with a spring which biases the pin radially against the
removabl e bushing 532. The renovabl e bushing 532 may be |ocated at any

sui t abl in the
11 ust r SHEP Blamih 32 ey e ol Rl Sl s qra e bR e e
bott om ehapmemeswig mbe@eesmmayM\maqtenzedoaﬁml@WraMrm dedree

504, 1 nobreREh et sp e B nhSNELE oL oG PRefseirio WK g sz

will beracbmmtthlememmﬁitmthat titeecdryipaes telsemmewénga[gé(lhémol I|Mengmeer al ,

the re b us g 3 be con Ssure bar |er
255, " cudhs ot e HRRIRGs T E Y Gt ePheck L2 Bolidensitahe BB orat et

the r erru'\ea@idmgmeiwb@%f@&omi\siudmgthough thélgu1tig|ap§ﬁur@tw§_, eréla)edlulpspat t h]ge
pressure r interface ocated on a [ interior face
D of PRGN SD Be ShHR e ae I bee e e AP HsE Sh G0 ik ARy ¢ hy o
t he wel korsthe@nafa&sgal |y upmard forces may be exerted on the bypass sl eeve
304. More specifically, whenever the pressure barrier 255 is used, the

t hr eadi 4 e ween the r Wres barrier, interface 4 ressure
bar 1 er (030 10 Sipd el 8 v danlar o h Sl Rambsr s22%obSalirt on.
the cor wesidmieraiesBraightitheagsend cahs thisads 522 hiedivsddedrtiya gearamel v af f ect
the I ong-term perfornance of the thread|n83544 bet ween the pressure-barrier

i nt er f afEcazmgmper fed pouRied g £Hifing mesaler Yigqugh thatithe P'ﬁ@'%’r@%@ﬁ?r

enbodi mgpy mtatééqmtmmn&hg rﬁeﬁﬁlﬁé’r@l@e@u%trﬂ&ré%@g@%@ dt PGlafreepadtiom. bRy i er
255 are renovabl e, any nponent wear will be limted to conponents (e.qg.

the remS9@E|SMBEREAS; g anieads PR3 At CRRQE (Bdr threpded &) amppRASitRRy be
repl acedi:BRidp gRELe Yo) théthred @ 496's shF Y NesSs rééuﬁeétf r%%s'hir@e' f. V\g

limting wear to t ese easily I‘EITDV onents, overa cost s “of

2009/ 10898 iFbT7adegto Yoatante’ 45, ﬁ?&n@m&nterdnteﬁfﬂye B4 fsegrnesdly 1 n addition, the
Long-  euff e b8 IR Slicktorb iRASRCRbaRe TH oY BE BRI o 5[ 00123]

Each of the ass sl eeves and pres rrier adapters nm e constructed
to be atrfau‘amttﬂedrt@thﬁ)ﬂ@tmembﬂ?h& 2ibwgmihierguide @b@im;e 808, Etffd%flhh of the
bypass = I

ouher o PYEEKE R e AR Ea 0 biniho 34ABEFUG0 RS STQRE AR S ERIRE | 1y 200
(as shoganémllFadalh2ypwardithexghpheguide aserereed@dBodi nent s, the m ni num

di anet er of certaln enbodi mnents nay be | arger than 5 inches. This is not to

et cos RN TEAG: AP EFRRHTBL® e Rl P eisise bl ARl SEF PR 00 e

above rrwpllhmct@sa‘ar@lw 826.t n this emivadiveabthe pﬂes&ugmaarlerlauiaptﬁr Sﬁﬂemmd%r (BOP)

chr st niHQBREn R 538 0 S0P TEY, AR I ABU T AR B s rum

di anmet einchfdestan ibigpfass 582 deat éscariidumadesoupleliaititg pxresaﬂapﬂ&emer azlmw‘rl bed

above I S an t.h bl owout
preven?§¥4gyog@ﬁﬁFﬁ:hﬁ?gﬂ%ﬁﬂn%ﬁﬂ gégtih? @s¥ﬂE§Hﬁe q%)n Pe, in
some en’g@derra&wbﬁmpleh%nmltmadﬂlb@m@heﬂ emb@@mehfsameyrmggemmblqzh@qual to 8
i nches not to suggest that S ar limte

{hr ough SERLEE RSUERLD SerB Shr SAP e o E A0 BRAL RSB IA BEbLc81 25]

Whi | e t e foBN ARG 1 OD aﬁ@%d&&w@ﬁ;@@pﬁbhlb'z%ztdés&ﬁkﬁécpé{’ﬁov@%trf fefFEheN D RIS
alternative forns, specif enbodi nents have been shown by way of exanple

in the @R %gEh%WHStﬁ%t% t%éﬁemqodéﬁuﬂﬂs Beiches InHBe spper %@\b«v@metqrt

shoul d Qew%qgggﬁﬁgggngy &Qe52@vent|on is not intended to be limted to
the particular forns osed Rat her, the invention is to cover al

nmodi fi cati ons, eqU|vaIents and al ternatives falling within the spirit and
scope of the invention as defined by the foll ow ng appended cl ai ns.




36 CLAIMS: 1. A system conprising: a wellhead assenbly conpri sing:

a tubing head having a flange configured to couple to a bl owout preventer
through a top surface of the flange; and a bypass sl eeve

di sposed substantially entirely within the tubing head and bel ow the top
surface of MO¥10814e. 2. The wel | head assenbly of cl BFMUE2Z00YaHain t he
bypass sl eeve conprises a recessed 3urface configured to receive a distal
portion of a | ocking pin extending fromthe tubing head. 3. The well head
assenbly of claim1, conprising a sleeve restraint configured to forma
seal within the well head assenbly above the bypass sleeve. 4. The wel | head
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pressure barrier 255 described above with reference to FIG. 5) is coupled to the
pressure-barrier interface 476, and the pressure-barrier adapter 524 is coupled to a tool
with the tool interface 530. The pressure-barrier adapter 524 is then lowered through
the blowout preventer 250 by the tool and threaded or otherwise coupled to the tubing
head 224. After installing the pressure-barrier adapter 524, the bypass sleeve 402 (or
some other bypass sleeve, such as one of the other bypass sleeves described above) is
installed, and the fracing process 274 described above with reference to FIG. 12 may
be performed.

[00119] FIG. 31 illustrates another embodiment of the present invention. The
illustrated assembly is similar to that which is illustrated in FIG. 15. To manage
pressure encountered during fracturing, the illustrated adapter 248 includes an annular
recessed portion 331. The recessed portion 331 mitigates the occurrence of bending
stresses in the adapter 248 and assembly. In the illustrated embodiment, the annular
recessed portion 331 is disposed in a bottom surface of the adapter 248. However, in
certain embodiments, the annular recessed portion 331 may be disposed in a top
surface of the tubing spool 224. In some embodiments, the recessed portion 331 may
be machined directly into a lower flange of equipment, such as a BOP or a frac tree,
that can be directly mounted to the tubing spool 224. Advantageously, the bolts 333
may be formed of low-strength GR-B7M studs with 80 ksi yield-strength, or GR-B high-
strength GR-B7 bolts, or L7 105 ksi yield-strength bolts.

[00120] FIG. 32 illustrates another embodiment of the present invention. The
illustrated assembly is again similar to that which is illustrated in FIG. 15. However, in
the illustrated embodiment, the bypass sleeve 304 is associated with a removable
bushing 532. The removable bushing 532 may be removable from the bypass sleeve
304 and, as such, may prolong the useful life of the bypass sleeve 304, as described in
greater detail below. A radially exterior face 534 of the removable bushing 532 may



the sleeve restraint conprises a first flange; and the bypass sl eeve
conpri ses a second flange that overlaps the first flange. 7. The well head
assenbly of claim®6, conprising a seal nenber disposed between the sleeve
restraint and the bypass sleeve. 8. The well head assenbly of claim1,
conpri si ngVA'%UYE1%r coupled to the flange, wherein tﬁﬁ“ﬁﬁ@&%@?“&onprises
an overl apping portion that overl ap¥ the bypass sleeve. 37 9. The
wel | head assenbly of claim8, conprising a seal nenber di sposed between
adapter and the bypass sleeve. 10. A system conprising: a well head
assenbly conprising: a tubing head conprising a first inner cylindrical

surface@Rfe®ne or more seals 536 inside one or more grooves 538. The removable
bushing 532 is configured to fit securely within the bypass sleeve 304, with the seals
536 forming a seal between the removable bushing 532 and the bypass sleeve 304.

[00121] In certain embodiments, a snhap ring 540 may be used to lock the removable
bushing 532 in place within the bypass sleeve 304. In other embodiments, a pin may
be used to limit axial movement of the removable bushing 532 relative to the bypass
sleeve 304. The pin may be associated with a spring which biases the pin radially
against the removable bushing 532. The removable bushing 532 may be located at any
suitable axial location within the bypass sleeve 304. For instance, in the illusirated
lembodiment, the removable bushing 532 is located toward the bottom of the bypass
sleeve 304. However, in other embodiments, the removable bushing 532 may be
located toward the top of the bypass sleeve 304. In either of these embodiments,
however, the removable bushing 532 will be removable from within the bypass sleeve
304.

[00122] In general, the removable bushing 532 may be configured to hold the
pressure barrier 255, such as a backpressure valve, in place within an interior volume of
the removable bushing 532. As such, in the illustrated embodiment, the pressure-
barrier interface 134 may be located on a radially inierior face 542 of the removable
bushing 532. Due to high pressures generated within the well, strong axially upward
forces may be exerted on the bypass sleeve 304. More specifically, whenever the
pressure barrier 255 is used, the threading 544 between the pressure-barrier interface
134 and the pressure barrier 255 may be subjected to these axially upward forces. In
addition, the corrosive nature of the chemicals used in the well may adversely affect the
long-term performance of the threading 544 between the pressure-barrier interface 134
and the pressure barrier 255. However, in the present embodiment, since both the
removable bushing 532 and the pressure barrier 255 are removable, any component
wear will be limited to components (e.g., the removable bushing 532 and the pressure
barrier 253) which may be replaced more easily than, for instance, the bypass sleeve
304 itself. By limiting wear to these easily removable components, overall costs of



top surface a tubul ar nenber conprising a second inner
cylindrical surface and a bottom surface, wherein the tubing head and the
tubul ar nenber are di sposed agai nst one another at an interface between the
top surface and the bottom surface, and the interface c ri ses an annul ar
recess; an®0 2009/108701 a bypass sl eeve di sposed substﬁﬁ%%"f’%ﬁ%éﬁﬁi rely

wi thin the tubing head and bel ow t ¥ top surface of tubing head. 11. The
system of claim 10, wherein the annular recess is disposed in the top
surface of the tubing head. 12. The system of claim 10, wherein the

annul ar recess is disposed in the bottom surface of the tubul ar nmenber.
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10, conpleees 80y maplberiaiprdvedof | ock screws extending radially through the
t ubi ng head, wherein the | ock screws are configured to engage a top portion
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constructed to be a full-bore component. The minimum inner diameters of each of the
bypass sleeves and pressure-barrier adapters described above may be generally equal
to or larger than the diameter of the production casing 220 (as shown in FIG. 2). For
example, in some embodiments, the minimum diameter of certain embodiments may be
larger than 5 inches. This is not to suggest, though, that embodiments are limited to
full-bore versions of the devices described above.

[00124] Further, each of the embodiments described above may be configured to be
extractable through a blowout preventer (BOP) or other equipment coupled to a tubing
head, such as a frac tree or a christmas tree. In these through BOP-extractable
embodiments, the maximum diameter of the bypass sleeves and pressure-barrier
adapters described above may be generally equal to or less than the diameter of the
blowout preventer or other equipment coupled to the tubing head. For example, in
some embodiments, the maximum diameter is less than or generally equal to 8 inches.
Again, this is not to suggest that emboediments are limited to through BOP-extractable
versions of the devices described above.

[00125] 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 to 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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CLAIMS:

1. A system, comprising:
a wellhead assembly comprising:
a tubing head having a flange configured to couple to a blowout
preventer through a top surface of the flange; and
a bypass sleeve disposed substantially entirely within the tubing

head and below the top surface of the flange.

2. The wellhead assembly of claim 1, wherein the bypass sleeve
comprises a recessed surface configured to receive a distal portion of a

locking pin extending from the tubing head.

3. The wellhead assembly of claim 1, comprising a sleeve restraint
configured to form a seal within the wellhead assembly above the bypass

sleeve.

4. The wellhead assembly of claim 3, comprising a lock ring disposed at

least partially around the sleeve restraint.

5. The wellhead assembly of claim 4, comprising an anti-rotation device

extending between the wellhead assembly and the sleeve restraint.

8. The wellhead assembly of claim 3, wherein:
the sleeve restraint comprises a first flange; and
the bypass sleeve comprises a second flange that overlaps the first

flange.

7. The wellhead assembly of claim 6, comprising a seal member disposed

between the sleeve restraint and the bypass sleeve.

8. The wellhead assembly of claim 1, comprising an adapter coupled fo
the flange, wherein the adapter comprises an overlapping portion that

overlaps the bypass sleeve.



37

9. The wellhead assembly of claim 8, comprising a seal member disposed

between adapter and the bypass sleeve.

10. A system, comprising:
a wellhead assembly comprising:

a tubing head comprising a first inner cylindrical surface and a
top surface

a tubular member comprising a second inner cylindrical surface
and a bottom surface, wherein the tubing head and the tubular member are
disposed against one another at an interface between the top surface and the
bottom surface, and the interface comprises an annular recess; and

a bypass sleeve disposed substantially entirely within the tubing
head and below the top surface of tubing head.

11.  The system of claim 10, wherein the annular recess is disposed in the

top surface of the tubing head.

12.  The system of claim 10, wherein the annular recess is disposed in the

bottom surface of the tubular member.

13.  The system of claim 12, wherein the tubular member comprises an

adapter between the tubing head and a blowout preventer.

14.  The system of claim 10, comprising a plurality of lock screws extending
radially through the tubing head, wherein the lock screws are configured to
engage a top portion of the bypass sleeve below the top surface of the tubing
head.



