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Frequently, a substantial portion of the fluid is
separated fromthe well by bodies of rock and ot her
BACKGRODUNDuterials and may be |located in isolated cracks
W|th|n a formati on. These solid formations inpede
flowto the well and tend to reduce the well’
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present%nventlon. 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 fluids, however, are often expensive to exiract because
they naturally flow relatively slowly to the well bore. Frequently, a substantial portion of
the fluid is separated from the well by bodies of rock and other solid materials and may
be located in isolated cracks within a formation. These solid formations impede fluid
flow io the well and tend to reduce the well's rate of production.

[0005] This effect, however, can be mitigated with certain well-enhancement
techniques. Well output often can be boosted by hydraulically fracturing the rock
disposed near the bottom of the well, using a process referred to as "fracing.” To frac a



well, a fracturing fluid is punped into the well until

the down-hole pressure rises, causing cracks to form
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into € cracks, cau5|ng the cracks to propaga

fromthe well and toward<nore distant fluid reserves.

To i npede the cracks fromclosing after the fracing
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[0009] I'S a cross-sectional
compor\erésvfrofn flnd messureannsufg (ﬁwrmg the s§mnoqlralnpmfra@lnglsa)ccurnng
perspective view of an exanple of a side plug that nay
be used wth the wellhead of FIG 1 in accordance
BRIEF DESCRIRAONOR FHEDRAWINGS ent t echni que; WO
2009/ 123805 PCT/ CT/ 2009/ 035028 3 [0011] FIGS. 4 and 5
si de views |I

[0007] ip%se? %ﬁpzﬁﬁ f%@ﬁgegl %Sé)ecbsi L?é]d q &égaess (E\‘%hgrpéesent invention
will bec&)’iﬁej therest Lder$teod When the following detailed description is read with

reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein:

[0008] FIG. 1 is a side view of an embodiment of a wellhead,
[0009] FIG. 2is a cross-sectional side view of the wellhead of FIG. 1;

[0010] FIG. 3 is a perspective view of an example of a side plug that may be used
with the wellhead of FIG. 1 in accordance with embodimenis of the present technique;



[0012] FIG 6 is a cross-sectional side view of the

si de plug and a pressure-barrier hanger installed in
déa Jshead of FIG 1; [0013] FIG 7 is a fl ?@5}035028
epi ¢ |ng an exanpl e of 3 process for instal IP| ng

side plug of FIG 3 in pressurized wel |l head in
accordance with enbodi nents of the present technique;
[0014] FIG 8 is a flow chart depicting an exanpl e of

ahprOCﬁss for killing a well by conducting a fluid
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renoving the side plug of FIG 3 froma well head
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pr esent “techni [0017] FIG 11 is cross-sectional
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techniggéyess in a wellhead in accordance with enbodi ments of
the present technique; [0019] FIG 13 is a
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presentate@mlqume wi t h enbodi nents of the present technique;
and

[0016] FiG. 10 illustrates an example of a seal configured to reduce axial stress in a

wellhead in accordance with embodiments of the present technique;

[0017] FIG. 11 is cross-sectional top view of the wellhead adjacent the seal of FIG.
10;

[0018] FIG. 12 is a cross-sectional side view of another example of a seal configured
to reduce axial stress in a wellhead in accordance with embodiments of the present
technique;

[0019] FIG. 13 is a cross-sectional side view of a third example of a seal configured
to reduce axial stress in a wellhead in accordance with an embodiment of the present
technique;



[0022] FIG 16 is a cross-sectional side view of a
second exanple of a side plug in accordance with an
kgent of the present techni que. DETAILE
WO R o B B & Enbon) NENT S [0023] SECTUS2009035028
speci fic enbodi nents of The present invention will be
described below. In an effort to provide a concise
description of these enbodi nents, all features of an
actual inplenentation nmay not be described in the
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undert aki ng of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this
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disclosure.

[0024] When introducing elements of various embodiments of the present invention,

n o

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,” “botiom,” “above,” “below,” and variations of
these terms is made for convenience, but does not require any particular orientation of

the components.



fluid pressure within the well head 10 are descri bed.
Before introduci ng these devices and processes, the
10 is described with reference to FLE$
wo\éﬁbd[lgg%g] The illustrated well head 10 i ncl udes a %?ﬁg@gsozs
an adapter flange 147 a tubing head 16, a surface
caS|ng 18, an |nterned|ate casing 20, and a production
casing 22. The tree 12 includes a plurality of valves
that control fluid flowto or fromthe production
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may be%ﬁigﬁfed t-'érkextrra%f’bﬂ%r 'C?ﬁé}gn%lé 509 HQ@V% &, f#@g%grr%@e some

own pins 28, ves 30 pressure
embodlg‘mmmma?,'zbacmf[wrecﬂ ﬁDm‘fe}ctmnﬁenalsL Bm:hsas atmn,acarbon dioxide, or
cross-section ew, 0

var;ous\%hefrm(gmcaié %W\/\%?‘{eﬁ%'a%e"i‘éﬁ%%‘?‘? Hg%cegsg% ﬁppt;gured to isolate

fuid pr@%ﬁﬁ@%h%&hb%llh@@ﬁn@é@ déschibed PrBrset in@Bdusing ithése’devices
this enbodi nent, the central passage 38 is

and progeﬁ@smtme/weah@@ﬂﬂn% daseried with refersncgl ioif I3, 1aand 2.
central axis 40. The central passage 38 extends
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pbe " no

head 16, avaunrfacencasisg ©8uanh imenan@dhatmtdmg 20 handi acp’rfbldlhcttdreeasmg 22.
ion va

The tre%agl|@$Ha%:~aaﬂur\gpiyaqr}é@g{esﬁ;,hghgtpptﬁégduc& g\ yo or from the production
casing :P}.er Wﬁ@‘i‘ f‘éui ?ﬁls&%élh&é gﬂtlr'il@{ ﬁ witieh sﬁﬁi%i@ntlg -described

eals 4 Osea the entra pa
equmamistldawermdodmcimleometﬁmch‘g) The aAapmﬁlaggbaMgerd@msed between

the oS b ok LB RS L bR Bise Wbl 3b B9 14 Blone

anothert UtHe@IbitRARE 2P 1 S%Q@dé’sﬁéﬁﬂéﬁsgz 286 |qRelonB givd 280side valves 30
general |y radially outward fromthe central passage 38

and 32, tagd pressurgegaugesadd 30d 36d 32, respectively. The side
passages 56 and 58 can provide access to casing

jover] " BT IRGRAD SROSICLETERS BT LSPNR UG R b wolhead

1 on girs in
10. Th@m&hedtdi Y0 defines arceswail sa@ﬁawﬂa frateahectsl tange préduction

s 25 5oy D 4 ki i e o o o
coaxial ¥t JIMRPS'AD, Lo Pattae PR ondititain p aster vlve
42 in thefreehk? ki thhe inlel 2és FBvever, mshomddmf dotedlipat the gresemidnvention
is equal a@g@ga%!e to ﬁ/oerls’zon9a| zf‘ree v%gligéa%@ }nh\lrvﬁlc%rtﬁg Sl’#és%ér produc{lgn valve
is positioned as a lateral branch, generally perpendicular to the central passage 38.
Annular seals 44, 46, 48, and 50 seal the central passage 38 and the production casing
22. A casing hanger 52 carries the production casing 22, and a distal portion 54 of the
production casing 22 extends into the tubing head 16. Side passages 56 and 58 extend
generally radially outward from the central passage 38 to the side valves 30 and 32,

respectively. The side passages 56 and 58 can provide access to casing regions when



30 and 32 may be tenporarily sealed fromthe central
passage 38 during fracing. FIG 3 is a perspective

w0 Bgsan enbodi ment of a side plug 68 that 9609/035028
used to seal the side passages 56 and 58. [C‘))g?gﬁ As

illustrated by FIGS. 3 and 4, the side plug 68 may
i nclude an i nner menber 70, a seal 72, an outer
menber 74, a seal actuator 76, and a valve 78. The
conmponents of the side plug 68 are generally
; Of m -G n [
the prodidfbing 18 b Hiack for KNGS, WehBlairafiiier 588s ob¥hd 62 seal
flanges ganamch66 wf the sideamivalsa@teadd 32 tanide ukdhgheaddohavi ng
external threads 88 and internal threads 90. As
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seal "actuator 76 and the valve 78 via external .
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. reference to FIGS. 4 and 5). A contact surface 92 may
side pagsagesmef andlyBor t hogonal to the central axis 80 and may
be shaped to apply a generally uniformaxial force to

th t tor Al i axi tha. i .
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80. Thé&iHhéer dermbaP?o Mtfudes a9 anRamRl Hinge BQ?QE@n@ré@%uIéﬁ%ate 84,
central axis 80. The seal 72 may be made of 0Or include

and a shaft 8oawvingexternal thveads B6r vyl indgraahdread96. Asraxplaiaad below

with refdegl (BT LR VRS brolole G 4 AIREIS 5 iRgRaR e
extendd iheoughiiner outemRimiyet. 74\6h@ 009pIb8 38 ke BSdl 44024Y0P 76 3pddBe valve
7 [0031] The_ illustrated outer nenber 74 includes a

78 via externakblopegds 9p agdenatiranthresdeen gach of thegescarpponents 76 and 78.
he ger 8l Bl ifle 2 g e N 52 gveriepe g apatt 26

(this relafionshipis deddribedifoahenviodlowavih téferendiedotiGIS. sledret 5 dA contact
tg forman interference fit with the al 72 en the
surface Smay be; Gengiih QANGGaTA 19 g GHA AR ISE0 angGnay Do ehaped to
i T, =Y! I j - -
apply a g%@%iﬁlwwh%@lgég%ﬁg Jﬁ% Lér%tgf 2% ,aﬂio’?ﬁrg thB At axis 80 as the inner
member 70 is moved axially relative to the outer member 74. The inner member 70

may be made of or include steel or other appropriate materials.

[0030] In this embodiment, the seal 72 has a generally annular shape and is
generally concentric about the central axis 80. The seal 72 may be made of or include
an elastomer or other appropriate materials. Then seal 72 is adjacent the contact
surface 92 and is disposed around both the shaft 86 of the inner member 70 and the
outer member 74,



i nner dianeter, of the threads 96 is |arger than an
outer dianmeter of the seal 72 to protect the seal

f | enentary threads on the tubing heag ﬁ_{

Wotzg(ynzgél%gtperface 100 has general | y hexagonal % sza_daﬁ)ssozs

cross-section, but in other enbodinments, other tooI

i nterfaces configured to transfer torque or force to

the outer nenber 74 nmay be used. The outer nenber 74
also i ncl udes an inner passage through which the
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to overlap the seal __actuator 76 and reach the tool

throughi witigh ftlag mrmmnerpb@eé@ exiRndgangkis genesgllydeee i slida subject to
boundai/lgg \a‘fégn%i gy épé 8\@&&? P%?%%ﬁ&”oeﬁ‘le s%a?BSIrL‘Ja'tc{} 76. sﬂ%’ Bﬁfer member

pressure across

74 maydecinage of spes ok iottrerfdpprobridte enaterialsgr eat er t han some
threshol d, and configured to close in response to a
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an 1 nlet relative to pressure at
seal acwatan i iecluged interiol tirread:lmeaspoﬁgweddolrn&‘@rwqm thasihreads 88 on

inlet 104 rela ive to tle n.so
the shafl e, Aot Smagdimmse o ibaeg the lfioct! f Sl fgtuator 76
obstrucﬁrb@ Tartééﬁ iBteRf ﬁﬂﬁ th@tddIenteAbed 1004theTicieBabliteralarhster of the
bi'ased agai nst {)assage WO 2009/ 123805

seal acﬂu@wr@zm@g/tcﬁsm@vels hey the iaromgesd puirkiametasiaf tetool interface

100. Tli%ﬂ?,ﬁbgrsggl ?fgt'ﬁglboz Iﬂla@g @'ﬁfecy gd é{lfo m%l tﬁQVtgt erlap the seal

actuatof f@andushch tise fddﬂrﬁ@ﬁsce mool uid pressure. For
exanpl e, the valve 78 may be opened by inserting a

[0033] t O'?’Letvljallrv%u hrnal}ebé Qlc%teck valve, e.g., a valve configured to open in
response to a difference in fluid pressure across the valve, such as a positive fluid
pressure greater than some threshold, and configured to close in response to a
negative fluid pressure or a fluid press less than the threshold. For example, the valve
78 may be configured to open in response to higher pressure at an inlet 104 of the valve
78 relative to pressure at an outlet and to close in response to lower pressure at the
inlet 104 relative to the outlet. In some embodiments, the valve 78 may include a ball

that obstructs a passage to the inlet 104. The ball may be biased against this passage



104 and di sl odging a ball or other seal nenber that
seal s a passage to the inlet 104. Thus, in sone

Lgents, the valve 78 may allow fluid fl '
woﬁ@!@%ﬂﬂ% . L ul %%;‘é{%hz?qggnsozs

the inlet 104 under two conditions:
pressure is higher at thé inlet 104 than at the
outlet, or in response to a tool being inserted
through the inlet 104 and biasing a val ve nenber,
such as the ball nentioned above. The difference in
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undier tiGaBRRRNS. WhpREe PIESHIRLS NgBRLAIdB SuP it Siamst thgroutiet, or
in respdbrg%gtgge[elggh BeidliMSerféd trBdgh iR infitd Oﬁfaﬁd‘&a%‘?@té vERe M¥mber,

whi'ch I's not t0 suggest that an her
such ag thathalleneniicred davehet e difimgmmm tabshrelabonmf flowdthough may

be oppds fatden tiase s edhdlie Rt o p RguRidiferéng mdtrigger flow in
one d|rébt®ﬁ0§ﬁ§ mébﬁdhﬁ:a?ﬂy(iﬁ@sd?ﬁﬁg aq@oﬁﬁto tﬂ@qn@sn e4aﬁayraarmb¢|ow in the
general [y perpendicular to the central axis 40 and

oppositgwireciiernr Extarnalibreasis: Q48 oraih%val@e 7Brmayiibe engaged with the

internalgﬁ%%%g %tﬁé‘aﬂvﬂﬁbgrfe ea de d th% gﬁﬁgnfg ﬂ{]eo\‘@{/e 78 may

be secu:?é@lro Meliehepatdnissr A0 Qith akerexbenglsising, Bhe, thied enayabe evelded or
The threaded portion 110 nates with the external

mtegralhfrfb@'aa@ FEHAT.IENS gIMBOdHBEARISTMaY Notrifsludesthesiabye 78, and the
end of tH@ dhiaf's 1191§y'b% %ﬁ@&%ﬁ.c h;.‘3n(:3 | n@gle%gﬁé"[‘%ge ﬁ’\‘éaﬁﬁ‘é

general Ty ri C|rcu ar-cy
descrlbgehereihlnyaycmwad)Ibleooraibtedt the axi s 80. [0035] Before
descri bi ng the operation of the side plug 68, various

joo34] , pBIT £ &8 rsranctongl Sor Visveial TsHiafes te SobBiRacor the
side pId_;;' ésléﬁsb%&ﬂim frigesigs 'ﬁ)ﬁb%gé B@n%eea&lé)éotrﬁ&y b8 '@%hel@l?ber

elnesagenera yannu ar volune 114 that is
perpendipupatp the aniail wxisQiasd mayisiarsest thesesiral awsdd: dp this

embodi g%'ﬂ?etﬁ%%q]e 5%%%%%5‘# %&R}%{gﬁé ﬁgrﬁé@g Bg@ é)lﬁdﬁ)% t'Rider threaded

portion fi 1054¢ anicvah Wie2p0%i0h2380haPeichBS20 0 6ideGadre 80. The
portion 118, and a rel axed-seal shelf 120. The

threadeﬂé)qi;{@m $Qamategavith theexennal thseads P6 on the outer member 74. The
narrower portion 108 is adjacent the central passage 38 and has a generally right

circular-cylindrical shape that is generally concentric about the axis 80.

[0035] Before describing the operation of the side plug 68, various features of the
side plug 68 that are illustrated by the cross-section view of FIG. 4 should be noted. As
illustrated, the annular flange 82 of the inner member 70 defines a generally annular
volume 114 that is shaped to receive a distal portion 116 of the outer member 74. The
distal portion 116 includes the seal-expansion shelf 94 mentioned above, a frustoconical



expansi on shelf 94 may define generally right
circular-cylindrical volunes that are generally

ric about (or coaxial with) the centr

‘Woé&g%ﬁﬂ%éhls enbodi nent, the dianeter of theﬁkTﬂﬁbﬁmm3ﬂn8

seal - expansi on shel f 94 Ps | arger than the di ameter of
the rel axed-seal shelf 120. The frustoconical portion
118 connects the shelves 94 and 120 and is al so
generally concentric about (or coaxial with) the

portion $F8. AR 2 MiaedReal BaiP 20, The Tobxddifalshelf {29, and the seal-

expansubh%hleﬁrgelr méy @@ﬁh@fgeﬁéfefllﬁ}%m%}fcbﬁr-c%mﬁﬁl O6lueiEvied: are
radially inward toward the axis 80 and the ot her

generalygongenalicaatouj doreeeaxial with)dhe cpolBIEXITRE. duthip embasiment, the

diameteég)f ﬁgéi%ﬂa&b%ﬂﬁ@npﬁ%ﬁ%@gji%@tr I?f% g%’oﬁ@@%% &%h@r}éfa&ed—seal

shelf 128edfhelRdstodtrgict} portion Sea|coh21éctﬁhe dhehas ¥ asd OEBrand is also
that seal s bet vveen the shaft 86 of the _inner ne 70
99nera|B{rﬁPﬂCﬁ§tr§>rM (oreoaxal wiHy theceptrabyeie 8074 hepg 72 may have a

g
cross-safl AR ) hrn o 55390 ot NGl kiaco may oo
sloped trecltavee nadially yhwaird hdwarid thel sads 80 ndriiteictiadr swfaces arégenerally
fat is generally concentric about (or coaxial with) the

central axis 80. The passage 126 extends between the
circular plate 84 and an outlet 128 of the valve 78,

[0036] P! AL RAtdrReMBEl eh rﬂ%&r@fudé“& p\agéygse 181 'tmohbhlvﬂuch the shaft 86
conmmuni cation with he central pass

of
extendswanlizegi®ove 12| tat musasnarban@mg éﬁ@'obﬁ‘?re'ﬁh@ O-flﬂﬁ ssah@24 may

be an e%%&cﬂﬁ%r fﬁ%& s«aél%%eﬁgeﬁ@?e gﬁéf?gg'?)é il%%mcﬁ or e u%?]l Yf Fﬁﬁ he groove

122 of the @utérihemder 7he Aas@lmus&ate@gw Br5. Imld@f)bsgh ee¢26 tndugh the
regardl ess of fluid pressure. 0037 nthis
shaft 86uoii

pibegiinReTtmemper <0dd Ne RrRseges @awt@ & ogeeraly Sighd C%@ular-
oI gt e Sbncatct bt 15, b g a0
The passage 26 edbnds bpivesert het diularglaterBiandan dolet 488 of the valve

78, placip Tecowlst d28rRL fhevang 48 g somaaaaiowith 4TS Hentia
passagé '3§eof tﬁé‘mﬁsaagﬁ() (FIG Oi)helh &H@P&hﬂ%ﬂﬁﬁenté hﬁe%l&@% may not

e coupl ed to the tubing head
include mehpasmget 1 zﬁqonothet vavenés) a@dametplugm&;nax)ba/\mnflg@reﬁé fo obstruct

fia o $hRitar SRR ER0n SRR R elin baite s GRS e,

pi ns that extended fromthe tubing head 16 to engage a
[0037] 9" PO émbbbignéntt fie sTEERRIg B8 sel¥o tRE QR B38HYe 56 with two

steps. E?s? g&? ﬁﬁ;%%?e%sgyz %IG ' 4, the outer member 74 engages the tubing head 16.
To this end, a tool couples to the tool interface 100 and rotates the outer member 74 to
engage the threads 96 on the outer member 74 with the threads 110 in the side
passage 56. In other embodiments, the outer member 74 may be coupled to the tubing
head 16 or other portion of the wellhead 10 (FIG. 2) with other coupling mechanisms,
such as a lock ring that engages an annular groove in the tubing head 16 or lockdown

pins that extended from the tubing head 16 to engage a groove in the outer member 74.



[0038] FIG 5 illustrates the next step for sealing
the side passage 56 with the side plug 68. A

wo&h@ﬁg@t tool, or a different portion of th?giﬁ-@"”mﬁ“zs

gages the tool interface 77 on the
actuator 76. The seal acthuator 76 is then rotated
i ndependent of the inner nmenber 70. As the seal
actuator 76 is rotated about this shaft 86, the
threads 88 and 102 cooperate to axially bias a bottom

10038 £ FIGS5138Fa gk thEGe3tBbp 5L UBARo e S BhSSpe"ed B e sice
plug 68PW HiffeRehtitedeor a RFFEIEAL ﬁ&ubhmmssﬂn@ t@@llt e ngﬁ@é@ﬂfe 04|

as illustrated by arrow 130. The inner may
interface @ 7c0tathecsasl pgligliers’hal he geahactuaipr 46 léfthfm edaiesh ipgependent

ot e By b 5 AP 58 K05 A YOI i RSB 8. e

nove bl ase

threadstdasgab2 ¢dopsiane! g.haklhﬂ’y bmt@bbttcsmrsfmia@eazazocﬁf thbeseal actuator
annul ar flange 82, a the seal_72 is pushe r t he
76 agaipst & iapceHTacsl 1 et hrpUiaBIMGM e Aaich b R, pUl figinner

membeg 2? ght %ﬁé"ou?éi‘ﬁﬁ@ﬁnbgp Tﬂhe% plugﬁatém \truhﬁaos ePiHe 7nﬁ$r

seal-expan5|on sh y expands t
membes éaima2ba ctaramgnizeskas havieq oael detReaof érbegioaimf movement

e ) S TGS . i o Gl LR AR i or

axially tﬁ&@éé th%”seaﬂ h@rtﬁlk&lgfncthg‘c%ﬁte@;t rsaﬁa&é velof the®BHAtIaP ﬂéh%e 82, and
differently, the seal 'S onpressed, there

the seablé% rsepusheg aves tb@ﬁIUSE)CDatO@i aortmnmeiras@fdhe apiber memaﬁgﬂ and

ono thd 6 35BensBARIeA "L e 95 YL S R bt o4

radially @Qﬂ@ﬁtﬂ@fﬁessém)?z%cpémﬁ besssed th® st T haany Bhe SadiRRE between
greater than 5000 psi, 7500 psi, or 10,000 psi in the

the surfageof the rp%@\ﬁ@@rtgm 19 obtile siHe paspage b§@nd theseakgxpansion

sheit o4 o BBy S g g SRR BNEEERRERord PR BIRATN e RER1 72l

comprebseds,ahere@vmmmgsthe éeéaltstlamnammmamth@asnm@ttwadeal

124 and t e outer shaft 86 ma t he inner
outwardigarade! oy aiedk 'qutfanvﬁre oS BaR MR el o R orEIg bY
these cbﬂﬁﬁﬁgﬁts‘?ﬂgf%%ﬂh urdd® \ﬁl antﬂ’hngé’s é@f\édté}cﬂhaﬁ%ooo psi,

er structures c nflgure rotation of
7500 pdinoret0,0@0rpsi in the ceatrat pagsage 3the seal actuator 76
Whl | e the seal act uator 76 is rotated. For exanpl e,

100391 08 R FoaABar £4n 5o the b HitGudn RRLBAR A B21 Bl sdilto

agalnst 'tlﬁé grcﬁﬂ@ 4 Qﬁé tHé‘b@ﬂé@ Buﬁﬁ@e of e slﬁa@l%@] In Bo®eh@hbodiments,

dinments, the sid 868ma e fornmed with an
\7

friction bwndbﬁ&flngﬁ@ahhaél andd éautere&k’@éwermaynatpagi@ thgtinner
membel Y &rdnf FhtiNG with (RBSeaNLE or 762 bubiPERhS ebBitliments, the side

plug 68 may include other structures configured to impede rotation of the inner member
70 relative to the seal actuator 76 while the seal actuator 76 is rotated. For example,
the outer member 74 may include a generally axial slot and the shaft 86 may include a
guide pin that extends into and slides through the siot.

[0040] In other embodiments, the side plug 68 may be formed with an inner member
70 and an outer member 74 that do not move relative to one another. For example, the



WD 2009/ 123805 PCT/ US2009/ 035028 11 side plug 68 may
i ncl ude a one-pi ece body, an exanple of which is

d below with reference to FIG 16.
Wogﬁ@?ﬁ él%lgs a cross-sectional side view of theE)g%%{%LOGS"’O?’5028

enbodi ment of the wel | heldd assenbly 10 being prepared
for fracing. In this enbodinent, a side plug 68 is
installed in each of the side passages 56 and 58, and
a pressure-barrier hanger 136 is disposed in the

side plugil il iRGE08 Sehrtiniees il Bh AAmPR 8t unlcl s deseribed below

with ref&ihckes Fq@atsterrporarl |y obstructs the central passage
38 while wvarious equi pnent, such as a frac tree the

12 I
0081 i e G e SO 8 nd

assem ‘Fé%@: ﬁﬁ%@%&f P AL 1hQ‘ﬁh rggﬁ@rr%fnt étsfife' $B'|§ installed

nera concentric about axl s
in each pif Hesside fassages 56 amgess, ahﬁi(:‘a pagsshre:—baderdmangené% is disposed

in the B3R P4psa06 385 ASSHnined He Ghahe e suaLBaEr hafder 136 may
support'd“ﬁﬂéé@ﬁﬁe @é‘rrﬂef‘fl’%[tftéﬁﬁﬁoﬂa'?ﬁy oﬁsmhbt@%hé Eéﬁ?ﬂ%as*sﬁ@@@@&mhtle
for coupling to a tool T ower s

various gauieueR, bach ea frmntyee, tmeeraeh*r%ugra blbwotclé preveinter, is connected

to the tBRRT ARG 5. 1 R ARG AERE 98 1SS RS BB P8 i€ mace o

steel anidhk @R#AsralfyQongeattic dLibLA ts essivalendan) ghe dr@s§tﬁﬁﬁbarrler hanger
enbodi nents, the pressure barrier nmay be a solid

136 maMﬁi'é‘ﬂe aRnesassage d 38ha hesger- sestpiRigaipsfage 140, |aﬂdrﬁ§§i|3 150
and15% ncl ude a check valve configured to obstruct fluid
‘low ng axially upward through the central passage 38
while allowing fluid to flow actually dowward t hrough
[0042] t hEhe ehme’rqjassagesaﬁendadezﬁ a843priibe 16dngeach as itemahthreads,

o cnnSTH D 00 b PSP e ST nagor
passagé‘g gt 'Iqﬁzf |hH8§R§séh@ée’f 28 May dIS¢ HAR A g)?éséﬂ%iﬂﬁ?néﬂﬁfeda%e 156,

centric about the centr axis 40
such asj :ntanealrthtmsmf@curlegarmeasunerhafrleac@ anme emxlinents, the

pressurf sAHAST Aay be'd 83 TEHGE it MstotSflel dfee) BsShqd 36 or it may

include Qrcmélcﬂ%l\ﬂerbdm@m@d t\eSstFuct FURPIERVIAE xRN umvartjathrough the
t ubi ng hangers suspendi ng the tubing head,

central pagiagec8 while @H@wg@ fim@é@ﬂ@wmtm@m vmrmarmarqlm the central

passagé’%%hi ng 160 of the | ocking pin

[0043] The hanger-restraint interface 140, in this embodiment, is a generally
chamfered surface of the pressure-barrier hanger 136 that defines a generally
frustoconical volume that is generally concentric about the central axis 40. The
illustrated hanger-restraint interface 140 mates with a generally frustoconical distal
portion 158 of the locking pins 28, and locking pins 28 are typically provided in tubing
heads to compress and maintain tubing hangers suspending the tubing head, for
instance. To engage these components 158 and 140, a bushing 160 of the locking pin
28 is rotated to drive the distal portion 158 radially inward into engagement with the
hanger-restraint interface 140. In other embodiments, the hanger-restraint interface 140



28 is rotated to drive the distal portion 158 radially
inward into engagenent with the hanger-restraint
[ e 140. In other enbodinents, the
Woﬁg%@%estrai nt interface 140 WD 2009/ 123805 CT/US2009/035028
PCT/ US2009/ 035028 12 wd@ i ncl ude ot her structures
configured to secure the pressure-barrier hanger 136
in the central passage 38. For exanple, the
hanger-restraint interface 140 nay include a groove
ent t on in the si arr
may incfiig, 8e1 5BUEREkS Partrehndd 5t secprbafe PLESRE BaflBrtietiosr 198 n

the cenRal pasyagdsB. Por é)&ﬁnﬂﬂénﬂ@ hdrRfdrirabifdint Mtefdcead Ay TBdiude a
i ncl ude 't hreads or iockrlg%to mate wth

groove ebmeateéwnawh%ﬁdmfdhe@rww afggn hanggr 186 thaosapnfigured to
receive glj?@ dﬁs% ﬁ::lrr;lpﬁg 1 %@%@tﬁéf@bepgeﬁtg |ﬂf&?‘faé:91r4dqrgla§?ﬁélﬁde threads

or a lock rrmgsw meateawith easumg@rrtaﬂﬁﬁrucTh@smreﬂwelﬂiwm ®&r
hanger 136 may also include a bottom chanfer 166

10044 £RS SoelilFEand od rial b arsopee g Seab cispoRaigarooves

162 and- 364 Wdlhd R ﬁr@%&g‘é%e&h@ﬁ h%r?%eo r 1504%Phe EF@‘séu'ré B&Frfé‘l‘tr%%ger 136

pressure- barri er anger es not overl ap or seal
may alsphaclsidde bgitma @gamf@m &0 sb@yedbrrwst ontehehatildier 1 inaipesthe

tubing HERgall aad aBely 2Gh ik PlashuldiBafisl fraBist 936 i e 108454 pins

o8 extend over these passages 56 and 58 and seal these
passages 56 and 58, either supplenenting the side
68 or sealing the passages 56 and 58 w thout the
[0045] s; ageﬂjlusggteg:gprqsﬁutmearrqqr hasgeat 3¢ deap Hat peerlap pheeal the side

passagé’é Eé%‘l‘rS% g?f:éuseer %h%\?%@? Egé%?%é?@é 3@8%@9%3%6 aled W|th the side

stantr
plugs 686In otl'@rtehﬁ)cmhiapht‘a‘r thid prmuﬂeﬂrbaﬂrrerwahger 1Bﬁ1nwy eﬁehd over

re sur arrjer hanger 136 y. extend into ,
these pagkades o HANGE %%ai hlerﬁ%o%mgﬁg%&@ﬁ E8¢iligr guppiementing
I
the S“%@Bﬁ??gﬁ%%ﬁﬁ%por 3156 8h BEIARTout e SR igs 68. In the
iIIustrat@d)emodﬂrhenqotlasspmseutmbanmr haagget SGBieemmpt laate@dasubstannally

mum_L.n

i ] |
above 15} TG b e UG hiar VB mifetier coapsScidR 14, BEBer on
embodifR$itd)dhe %?essﬁﬁe-ﬁafr%‘?tﬂdngek ﬂSQQﬁa{)@ﬁf@ﬂdhm%ﬂhé ;adaper flange 14 or

pressure-barrier hanger referred to as a
throughsthe ladgptes flangs sl el\/lbéecrweé,rthﬁmﬂg&?urewrlarghawgﬁrnhaﬁmay be

mocifietd Fipir pusHOi s b el i Eaci g 281 s

[0046] The pressure-barrier hanger 136 may have a minimum inner diameter 170
that is generally equal to or larger than an inner diameter 172 of the production casing
22. As aresulf, in some embodiments, the pressure-barrier hanger 136 may be
referred to as a full-bore pressure-barrier hanger. Having a minimum diameter 170
generally equal to or larger than the diameter 172 of the production casing 22 is
believed to facilitate fiuid flow into the production casing 22 when fracing the well and
the insertion or removal of down-hole tools, but, in other embodiments, the diameter
170 may be smaller than the diameter 172.



believed to facilitate fluid flow into the production
casing 22 when fracing the well and the insertion or

Worzﬁ@%}’}?é"ﬁgz eSlovvn hole tools, but, in other emﬁqtﬁﬁ%ﬁssozs

170 may be smal | er than the diarmne
172. WD 2009/ 123805 PCT/1352009/ 035028 13 [0047] The
pressure-barrier hanger 136 may al so have a maxi num
outer diameter 174 that is generally equal to or |ess
than a dianeter 176 of conponents di sposed above the

10047] 28 ReS G by Miont P e ARt B M NTEL B achéf glpmeter

174 thaﬂ‘é@erﬁeraw e6lyA do 'op Idsathhh taadigmcgsoved obéomb@n@itsmp"osed
barrier hanger 136 through the central passage 38 of

above the tykjing h@@ﬁ‘d@n drigging @rméémntwtert diamel®i bt HS generally
equal t(fﬁﬂ'%g@?h?rig{ oaﬁmetélrr FrE| I?éllevé{? ?ﬁﬁéfer reméy fn‘é pressure-

frac tree er enno
barrier thm‘.gegh 36t thﬁoum»(‘nhmnnrmrm passhgends of vdr?@smnbenemtarogenected {0

han the diapeter 176, and the nent d| S d
the tbigg §iFad ife UGB 25, PIOOUL Broveye e SrAREH TR dhele traR12. o 2
frac treé’r ﬁ'?'él‘ﬁb? eprﬂfddnﬁénﬁaﬂﬂﬁf hlfr% maXiSh dlﬁelsé!r&?neter 174 may be

tuations, It may be to install the side plug
farger tm tktel diiermetter t76)tanal the pampanent8disposed aboye Hwsiubing head 16

th tall ft th
may beSpiiovgro agEess & HeathRebafiet Bindn i er “hanger 136
FIG 7 is a flow chart of an enbodi nent of a process

[0048] 17fh §c§!ﬁe'§”t§1hﬁd)hs oMb Besugigulrbugsta theside ) G 6BawtRABE central
56 or 58 that is pressurized. The process 1/6 begins

passageidhis unger prasgute&.gi Hdhpiside P’HQ@%S@L&tﬂ@Qd @ﬁert!}h!@ pressure
barrier iﬁcﬂj ?ne n@le\éguﬁob%gle?%angér 'Ié(% Ugtes o fey %wbér%ﬂ(orjﬁ‘gﬁm-ﬁi&gﬁnent of

pr éssure gauges

a proce@@ 1(7§|f@r 1n%ialla‘rgllth@<mdj@ptugm n ats(de pmlgeafﬁ or 58 theat is
| ubri_cator, he outl et .of the sid Ive

pressurpgeg: Th%grogiegg\?gmg@lr@)wgy ingeriing Hisesien, p in t%e oourt!et of the
side va%'éﬂ)sérf :? e% |ﬁl¥3ﬂ’£ﬁd @gﬁ%ﬁcl@%@ PRRBE W%}IFQ%IL%% et Bng the

aces t ug 68 1n
pressureqyaugeis Gt arnmsa/i(FrG.tZ)armi emmacrumg@ toohtsuah qsasidgéumbator, to

the outs] ofneide, VaKG A0 oo, NBsite Shieofivdo 378 iSprefid. as
illustrat&d 69 thé Bmck%z C@PQMﬁb'tHg sfdewaivé Bowm ;ma@e.s tl’ﬂﬁs@b Ylug 68 in

i nclude actuating the valve 78 (F
fluid comnwncatmg\ withhe presshfized hential naﬂsageﬁ@zl(!: d2) Next fluid is

concucfkE AP gToRbp BET SRR ol Blhor A4 e p

68. Coﬁamlringﬁﬂ@ltlﬂ@@lghQh@@ldeqym?@ﬁaysin@mdefadth@tlrﬁg the wllvg 78 8FIG. 3)
by mselﬁ%g%;ngngt?er%I?osuséwtﬁel:r?let 10¢|1 %\rqudlélgdélﬁguac\?alw Gf‘nember such as a
ball. Fluid may flow through the passage 126 and the valve 78 to equalize pressure on
either side of the side plug 68. Equalizing pressure is believed to reduce the hydraulic
or pneumatic forces counteracting movement of the side plug 68 into the passage 56 or
58. In this embodiment, the side plug 68 may then be inserted through the side vaive
30 or 32 and through side passages 56 or 58, as illustrated by block 186. The side plug
68 is then coupled to the wellhead 16 by a rotating the tool interface 100 and engaging
the threads 96 with the threads 110 (FIG. 4), as illusirated by block 188. Next, the seal

72 on the side plug 68 is expanded by rotating the seal actuator 76 about the shaft 86



or pneumatic forces counteracting novenent of the side
plug 68 into the passage 56 or 58. In this

nt the side plug 68 may then be ins
W(ﬁggoug the side val ve f.o or 32 and throughelg 2009/035028

passages 56 or 58, as il tstrat ed by bl ock 186. The
side plug 68 is then coupled to the well head 16 by a
rotating the tool interface 100 and engagi hg the
threads 96 with the threads 110 (FIG 4), as

anct g 3 48 Rt g BBl bl Bl Aol et 0.

Finally, the slpNalvd 80 B2t is #0240, 48 WRIskradsiPby BlobkU$2009/ 035028
14 and driving the seal 72 onto this seal-expan5|on

s illustrated by block 190. Finally
[0049]si gjéé §u% W QﬂaféQ{@%eE]WéHema%f@PTQ@@F&@&&%@'”HH&WG“ by

concuct AT ped! tchpals agacibpduansy

process bf oh)sjh,latlhg teé mt@ilthlgﬂ@ﬂ théﬂmmﬂem&s alkd bbnhamsatmeﬂwd pressure
t he obstructi

in the wefl, T Bmrle AR LR A a oo A PRI e Perbi ddigrer mucr

is greatbf‘ tHd?ﬁth%ﬁidtura’FWellBéu%"ﬂ*e%suﬁé" Ty ﬁfdb%*s@ﬁ'gq lﬁgﬁ%tﬁtﬁ coupling a
by the inserted fluid or " 8rea er

ppli
klll—ﬂuudtmce metheaslde Bvge30 poB2, a5 rﬂgsiuat@d bmlogk d86s £xamples of kill

i inc) 5% Bgbrtn oAl 3BieRied ol B b Prdsifesy B the
side vaive 40 bl 32 opéhdchelsurlsstratet by bsdkero, vkl figlads pashged

count eract down- hol e Eressure Next, the side valve
throughgihesiidg yalveg I, asddusirated tydileek 890 binegmeganbegiments, the

kill f|UIdK+‘I£.$/ Ibfe LE}HF, l{r?zgﬂ %ﬁres&ﬂ%%ﬂst né]%gﬁééqg%%?l é@u% %nﬁ[ée central

passagkidd (FIGURY Tiaig ressuresiifierened nay apgr tesvalee VBae g.sby
in the central assa

eater thap the press 38
dislodgihg|&SeBmEmRet, SHoBAs 7 Dol fiRsed ﬁ&%‘”ﬁh? PBSEROE Hrdygh Jae valve
I | ;
78, as lﬁ&strﬁe(g by bh cka%’(?ilﬁ n‘gﬁg gﬂ%‘g@g Zlg%rll ?ﬁ%oug tgﬁgﬁg g,’%{?eﬁ!ug g’S and into
the prodmctiolnl easingp2dahiylubiratek ROAockRE4kilh ofrieugrdbodiemerits cive Kill

uid mey 3¢ iePesbnEed 1 & et lup dnfls opfr st Py Mlooo psi. Also,
in someeaRBBUITRENLS, thehsteksiide bdrtig ﬁha‘?fbé |li3|§tdllé§5‘rﬁ e éﬁé?sshﬂa Barrier
pressure that i's greater than or 10, E@d/wﬂh he

hanger ABgsluringrthe execuligibeal W@rﬂr§09$$1é9'ﬂ}r g'aiw,etr@awehl tsrkl

il uic s NSRSy bBok Do * e “process 104 Binal Ty, the

well is killed with the kill fluid, as illustrated by
[0050] bl BUR. Qﬂﬁstrb%@brd?de@s 298 fol withdedveing ahe siateasiag B30uridpr

pressur\(/evI %r grvc\fcggs 205 bsélggnes \B #%qgeslhzlfrqg %Fessure on either side of the side
plug, as illustrated by block 210. As mentioned above, equalizing pressure on either
side of the side plug 68 may include inserting a member through the inlet 104 (FIG. 3)
and dislodging a valve member. As the valve member is dislodged, fluid may flow
through the side plug 68 and equalize pressure on either size of the side plug 68.
Equalizing pressure is believed to reduce the pneumatic forces applied to the side plug
68, reducing the likelihood of the side plug 68 being propelled by these forces and

allowing the side plug 68 to be removed in a conirolled manner. Next, the seal 72 may



pressure. The process 208 begins wth equalizing
pressure on either side of the side plug, as
i) ted by block 210. As nentioned above
‘”Oéﬂﬁﬁﬁ %ﬁhg pressure on ejther side of the si
68 may i ncl ude insertindﬁa menber through the |nIet
104 (FIG 3) and dislodging a valve nenber. As the
val ve nenber is dislodged, fluid may flow through the
side plug 68 and equalize pressure on either size of
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the seabfctusef 7eitb diddir)dgekBb iMfrtnebeh 20 Siche thd ygalw md Ritating the
propel |l ed by these forces and _allow ng the si
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to di sengage t i nner, nenber 70_fromt

back to t SIRKAENG SAToI20, MNP AN Sed4 BRmEeRTATie T JHecside

plug 6BTEWRRGclfh G0 e HHSASF0, 35; adiubirlroct otk 234
40-axially relative to the axis 80) away fromthe

[0051] ceWthilal fracing agyeelBHuid pressurenintthe genirel padsiage Ieaay rseate large

ores 54 BeIREad 8] 1 xR ELR S EoE B AR n e

region btWeeA$né &d&pl‘ehﬂéﬁ%@ 13hrRLGR ﬂ epelef ﬂ‘lé' tMBingthaid &, within
as |IIustratedst%’l ock 214. [0051] Wi le fracing a

the aregydeiined byithe pealdbugenpratencelabvrly rgpadal derces, amjhe fluid
prossurl e of B4, o9 TGS B/ Ay 12 QAR Bl P01

cross-se}ﬁg:irﬁtm vmbMﬁMm?d?gem @‘reh Wleﬂlmmﬁ:l 246 ailed[ghfbel th Irackgee ﬁﬁse

! of the tubl ea wthin the are erine t he
axial loagsps g@mpa@sr&oa%%@e rcena@niwlagb desiogs. 43 s ena?ng@ dhe
wellhea%?al gfv\iggl'ug%% mﬁ% .? ﬁ%&|%.§ﬁm§ﬂ §m%ﬁer5‘%|us 222
than a szab g msecd2bypdcifiedhy Me AmarichoReteaieurnfInatitwes (ARlAgtandard for

A e, 55 ST eSS R Porh S AR 2D rcucs

axial for‘&@b' Q@@Qpla%d‘ BbWdth AleRIRBIUEFIGLS1 WTHR |ﬁtuéi%5téd 228l 220 is an
osed at a smaller radius 222 than a seal &roove

elastomzzﬁf -8ipg dlisnosediy atgreoyen@lbe dmeribusinited @roewa P2oead the

st S SOl oFFLc ERORR BBl Bel il av .

The sedl @@%a!@é?ﬁhsﬁ @géﬁérau?i’clae&mfacé@% el 1w t¥p b the flange 26 of the
reference to FIG 11 | ustrated seal 220 is an

tubing heagsté mstiacent th gndiat geeallardliamgiasdoan tesAPTgpecified groove
204, illustrated groove 226 and the

ngU S|2009/035028

[0052] FIG. 11 is a top cross-section view that illustrates how the embodiment of the
seal 220 reduces axial loads from fluid pressure in the central passage 38. FIG. 11
illustrates three annular zones 230, 232, and 234 of the flange 26. Zones 232 and 234
represent the surface area of the flange 26 that is exposed to the fluid pressure of the
central passage 38 when a seal is formed only in the AP specified groove 224. Zone
230 represents the area of the flange 26 that is not exposed to this pressure. The axial



illustrated seal 220 are generally concentric about
(or coaxial with) the central axis 40. The seal 220
ainst a generally flat surface 228 o
WO%?@{%%%% ange 26 of the tubing head 16, adj 28&&‘&2402}835028

and at a smaller dianetef® than the API speci fied

groove 224. [0052] FIG 11 is a top cross-section

view that illustrates how the enbodi mrent of the seal

220 reduces axial loads fromfluid pressure in the

tral e38 FL.G ustr s.thr
foroe esjlistRy NS 33Esdlita 5 41R praloasian 3635 iR R0gHY
pressur@hddBé aré£BF 26688 28hangurace c’ﬂnﬂ@spfzohBQﬂ r@pessed®s the
that is exposed to the fluid pressure of the central

surface gaes ghthestangee?d thal dspxpesadionresewieywhen iheesmpller-diameter
seal 220 REEARMIAIAE Rnfé bo. 700, MILIAREDTOL HALR! 61r8surtace

area of Zbse 284 anAWB: 20094 k8 380 BSAtAIPA089O38DBE thiGulacearea of
est abl i shed b{hthe pressure in the central (gmgfsa e 38

zone 234sistsealier dharsthepsurtage argadd Z0nes 2rd anve234 e nes
s PSSk SN A N i

with thepsead 280e when the smal l er-di ameter seal 220 seals
agai nst the flange 26. Again, the axial force is the

jo0s31 B! BAGHo8nd it RS oalSBaih ARG RArALA ebp prgssures.
For instah&s eP@veIE é@ﬂﬁle&% thé v@'![ﬁbh@ M OtMap belTRadedr dtafesaired g@éater than
zones 232 and 234 conbi ned. Accordingly, the axial

5,000 Psioﬂ8&9%@3's(Dfr@’eﬂtEtFrrWﬂh@lstsﬁméeqtlﬁgtth% Ird@ﬁaegbemﬁe Fhapter
218 nd el 0t Do by 00T 2 M Bl i e

central pASSRI¢ 3B INFSomé _RSHRIIRents, weaéée cresplied mayibbeachueved without
wel | head 10 may be fraced at pressures greater th

increasiggdhe Sige o the obS SeSHING INGRAGRIEF 21 Gife HIUDIIGRSRA 1l Agbut i
neededf]g‘% dé ?%%fM @E@%P{H@@% ihBRa28a8Rb $irin &]ﬁreﬁ‘ﬁ%éﬁ‘ﬁné b ske.

er-structures, such as sl eev
di sposed in the central passage 38. In sone
[0054] enbbd isaahzao mayetmuse@ssmrdsnww Wwith mpaesdr@»bamanthanger

136 andsgeqiiligs B8 EaEp et abiore Wi gae 7o FElge. o o §81E4g mey be
used wﬁi’f‘ﬂ}ebé’ﬂe%uﬂéﬂlyaﬁﬁ@r hﬁ T%Q@Wllib@ﬁéﬂédﬁ}ﬁﬂ(}tf@m@ﬂ &empldi SThis

i nterface. e seal may be used in
pressured:ﬂruerchatmer\aamncluaepﬂ@&@@@laaas|t@at coopgeate wigesealg 240 to

seal theer%gsgsraﬁgﬁg%séiq ggzg‘ ﬁggﬁi@ﬁo}ﬁ sofhd BrlelfthEREE HePplesStre-barrier

hanger 236 may be used without the side plugs 68 or with the side plugs 68.

[0055] FIG. 12 is a cross-sectional side view of another embodiment of a wellhead
242 configured to reduce axial loads from fluid pressure. The wellhead 242 includes a
seal ring 244 disposed in the central passage 38. The seal ring 244 may be made of
metal, such as steel or brass, or other appropriate materials. In this embodiment, the
seal ring 244 includes O-ring seals 243 and 245 disposed about an outer diameter of
the seal ring 244, e.g., in annular grooves. In certain embodiments, the O-ring seals
243 and 245 may be elastomer seals. In other embodiments, the seal ring 244 may not
include the O-ring seals 243 and 245. For instance, the seal ring 244 may form a metal-



used with the pressure-barrier hanger 236 illustrated
by FIG 10, for exanple. This pressure-barrier hanger
Iudes | oner seals 238 that cooperate
Woéﬁ@ftﬁ% seal the passages 56 and 58. Accordi #SIIFHJS%%}O?SMS

sonme enbodi nents, the préessure-barrier hanger 236 may
be used w t hout the side plugs 68 or with the side

plugs 68. [0055] FIG 12 is a cross-sectional side

vi ew of anot her enbodi nent of a well head 242

o-metaf S84 B 71 6ol 8 A Tk L O i BB A s PABR AP g 204
is geneﬂdﬂ? c@ngtﬁgr:itﬁb :ﬁgﬁs gge:&aggl Wg?) ﬂ?’iﬁ%“t*% ?xo%fﬁ% ramd hae areidaer

surface @@&ttj@t generaiwdefines a righh cwlar-em&stﬂpﬁie\fﬂlu Mendn se8
embodlg{eggﬁ Ré |drf?e‘F|sHthﬁe %b'rﬂg%ﬁsﬁﬁ%a?cﬁm i gt %pie?‘%‘?ally equal

an out ér drameter € sea
to or gréateatian alargestawssr dibmeter 228 of theljrdssenetisarrieh ha@en 286. The

seal s 3 and 245 toner seal s. ot her
outer sEfassInAEABS ARURBEE RATGN 252 874 Ay eR Bo o 234 et Sagh generally
|
define figsicth & o Rmd A r Bpadidly BAEABATRM UNE Aftherl Tie outer
diametet of the aeala*lngs%tm mstnmaembddmmts,zs@nmt@r shanutfiendjameder of the

The ilLystrated eaI rin eneraIIy
AP speEliRaLgTPpYE 228oieio BB PR IaPsry 1o ksl al axi s 40
and has an inner surface 250 that general ly defines a

[0056] i Thé ilRistratdchweniydadnga aridlucksy theRaddplers®4@with an annular groove
enbodi nents, the inner surface 250 3/5 defin

260 thatj1Sagﬁéteéalim%nptementgrygterme APPEr eatian ?oofothegq@et gyrface of the
seal rm%@ﬁﬁsur ea\gglﬁ%a %f&lsg'lﬁggggé t[lﬁe'sﬁjbﬂfﬂ hd%d 248 with an annular

arrier er SUT

groove P62 lthatds genetaﬂpemnnﬂementarQWtiwkdmmrlpmvmn 954 tjh‘ the Q&ér
defjne frustoconi cal vol

surtace 5] 810, SRR of e HATIEIET HIARE ATGIMETOOTRS 28 ad 262 may
be sizecgiI k& tsetﬁe %EaF ﬂ?geéﬁé"racﬁlhl‘}glr%eﬂ'd by, S\Hi‘t\‘?aﬁ TR pePEHeSt. 1AS with

di anet er of specified groove
the pre\muls em@dme@t tttaeullasteetedmats gag Qé4ps @eheved td 0056} saAlevith a

I [ Iclj. r at ed \I\ﬁ%\/ % 242 cI u ﬁ@% aﬁ&er 246 Thi
smaller (304R Lﬁ‘%ﬁ SGRoGEe oatsﬁé meg é F’OHSF’ PRt IS
is believed tbh@dU@@%&laPRfdds%hsﬂﬁﬁfr@Fn e p@é‘éeﬂreﬁlftfeaeéﬁtﬁé! p*aB@age 38.

seal ring 244 ead 242 al so includes t

bi ng head 248 wi th an annul ar groove 262 that i
[0057] geﬁlﬁ ald ip & eiassenstionalview af raothskambenlimest otadveilfhead 264.

In this etnﬁ}?qcﬁtﬁteﬁ[ the efllﬁgﬁd %%Maﬂggé‘ an d’id%% @r“é’ee \Lgﬁ aq’lé']@t %58 that

se annu grooves
supportbizased! RF0s ddle seal Q?@May bdizad élastomm‘rdjsp@segi in avgtdoverin an

outer surfa{c%rgfetlrr]g ?I%ﬁgelztSS In otherhembodlments the seal 270, like many of the
other features described herein, may be omitted, and the flange 268 may form a metal-
to-metal seal. The flange 268, in this embodiment, is generally concentric about (or
coaxial with) the central axis 40 and has an outer surface 272 that is sloped to generally
define a frustoconical volume. The flange 268 is generally disposed at a smaller
diameter than the API specified groove 224. The wellhead 264 also includes a tubing
head 274 configured to receive the adapier 266. The tubing head 274 includes a

groove 276 that is generally complementary to the flange 268. The wellhead 264 is



the previous enbodinent, the illustrated seal ring 244
is believed to forma seal with a smaller radius than
Woazoﬁﬁﬁ"s jsormed by a seal member disposed in the LrOMbRizs028
% is believed tq reduce axial |oads arising
fromfl uid pressure int central passage 38. [0057]
FIG 13 is a cross-sectional view of another
enbodi nent of a well head 264. In this enbodi nent, the
wel | head 264 includes an adapter 266 with a flange 268
belleveél tﬂ??om?éﬂ @Bgf\hﬁh q sgﬁéﬂer%j@mefg?‘?héﬁ Q'se%?%rﬁ??e\ﬂ @Fa?@ai member in
toner di spose roove 1 n an er surface o
the grom\hae224 angd eednﬂic& axiai lotts tanemigdtbm&buﬁcﬁprdslsaresmahe&é@tral passage

K f the qther feat bed h
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with thetlem%?bﬁdstcﬁﬁé} sed8 228! (Fgcg? @)ﬁcﬁwd uﬂpér%léf,t%ﬂjfé?‘%eﬁﬁﬂézm it the side

generally concentric a coaxl a
~ plugs 68 @escmemab@vmmwnao[atestmm@passmﬁa‘ 56 and B3. tihatthérs

def f I
embodiied? it NS 26B e EBap o TR FEILeir e 875 and the
adaptem@emiagnnélba@m@gmﬁ% Zpeci fied groove 224. The

wel | head 264 al so includes a tubing head 274

configured to receive the adapter 266. The tubin I% head
[0058] 27hIGnt4 iscesrogs-sachenal view af nm emboglmentef the wellhead 278 with

e secl B LST-RIANY. s U REPeAS oo OB ) U@ ety e

hanger 438 emid sidi¢ blugsBadl EIG. . afellksiratahbytibe fiufe) eaed obyhaseals
oove 224 and reduce axi al | oads

I 119] i t
betweed e, algpieF g e g bEad pessuartien TRR0S e dud 6 Plugs
descnbé’@ab@@@ n%ag);gf&oﬁlbﬁfeﬂ%h%g%gé'p%rrmﬂﬁﬁ % 5B ! S8€ plugs

e side ages 56 an e | ower el astoner
68 with MSsalzm 244 (ar ar@) ofdhd atippreseals deswited amnleswitd eference to

s, 8 e 08 S SRRl o v

sensitivé i@ hithe? PPesiire S WLARG frapiy. dAd BOBBHHSN %Hmen@mbéém"n&ﬁé a
and the adapter 266 may i nclude the groove 27

relatively Ghog| presesiredearrier hargersk3Geeyisnusec | /éwnaﬁntm@d above, the

usiratSFHRSSIRTbafies pafiolf 190 §REs HoR olltch ghifr BB nditthameen the

adaptertm mcﬁﬂﬂmew@ﬁéa@E% baﬂwsudé%s@agw BGQ)rFﬂ&I d8dé8d af some
lustrated by .th figure, each

t he
embodl@@&t% th%@fﬁW@%@ﬂ £h8 ra%fﬁc"&weaiﬁac PFRSSUIRS a@aﬁ%rataan 10,000 psi
without BESRRHHES yfﬂr’f\bﬁbﬁb G el of s’@&h%gé pré&afEIAFer hanger

be Conb arious pernmu

136. Conbining the side plugs 68 with the seal ring 244
(or one of the other seals described above with

[0059] r erneéoenqg %mbodlments the wellhead 278 may be fraced without the pressure-
barrier hanger 136 installed. FIG. 15 is a cross-sectional view of the embodiment of the
wellhead 278 in such a state. Fracing fluid may flow through the central passage 38
without being impeded by the pressure-barrier hanger 136, as illustrated by arrow 280.
After fracing, the pressure-barrier hanger 136 may be installed with a pressure barrier
by inserting them through a frac tree coupled to the adapter 246. The pressure-barrier
hanger 136 and pressure barrier may then seal the central passage 38 while the frac

tree is removed and a tree or blowout preventer is installed. In some embodiments, the



FIGS. 10-13) is believed to protect two of the areas
of the well head 278 that are nore sensitive to higher
s during fracing. As a result, in so
wo@h@zlé?gr?gnts a relatively short pressure- ba?rEFéUszoowossozs

hanger 136 may be used. Ag menti oned above, the
illustrated pressure-barrier hanger 136 does not

overlap either the junction between the adapter 246

and the tubing head 248 or the side passages 56 or 58.

prossurb et WPaadft g Bades (MR TSBBAER Bihed asa

single cwrﬁp”meht Seahe p@eéslﬂ:lr@»bjamtham@e@n 36 hﬁayp Bé Wﬂéd 20dwth&s
h the pressure-barrier hang In sone

feature%@bl@a.ewethe@asmehmqrﬁ@a{&@% ﬁﬁ@twg hae@@ i Phis\pradapter
246 magEgcalreeﬁl%gfrgss&@rﬂdrﬁér hanger 136 installed. FIG 15 is

0SS-S fonal” view of the enmbodi nent of the
wel | head 278 in such a state. Fracing fluid may fl ow
[0060] t hFiGLgHE tshee crossstseatiopalssay eof 2Bother temeeadimeinh of a smkdpldg 282.

o sl PSS B 26 AL e T A

body 28W3Ralie KBk bESy Wdde & é@é@%ﬁlﬂtﬁerbé’dﬂrbﬁf ateh*ﬂatenals The

Insefting themthrough a frac tree couple
body includes erpassage PR thate@gan@s Bupuglithe hagy 884 Icstmeamlve 288.

ThvoadfpR? 348 97} teaaq 10 b Pe e hiRa T ol e F BRF G Hlo 262

A tool iMeFNENLeS ey bé siralldrad thé Rodt giterfasd adDRRtAbed ABOVOWiIth
2009/123805 PCT/ US2009/ 035028 19 pressure_barrier and

respectitp &1Gr 3sand Brenedlve eB3Hany be sys@n@ghgéfal\fi@t*é%ﬁawqbed above. In
other erﬁBBH‘?ﬁerﬁ‘%&ﬁe s?dé;gllug m%g} 21 é B \Pa{l S S4B % AL Ph@éage

anger fea ures suc

290. Th@eea:lﬁﬁrmay@wﬁw@ééd iRl LA aﬁt)ulat Q&Jdvetﬂgﬁ;nftbacﬂaoﬂy&&loﬁhe
dapt er 46 na ecure the pressure barrier

seal 28 G0y PIGaNerav analar GaY Decb R QuUAsH HRsiomsT. metal or
other aﬁﬁmpﬁ%e Ete‘Plfa d@ ‘Ph@'%lc% HLME%%%% may B@ UHed8N F&'oHﬂ)ﬁ&?on with any of

I'nc nul ar seal 286, and a val ve
various Mhea?d@onmmdryanmsdemgbebkaboverte qmaétl‘@ @ddpaﬁaaigesﬂs or 58 (FIG.

2). Furtheg e Qo hlG g Bt fiek Corton Bt e o rees tesssinpd above
with res%%ét l*OthrFEPG‘@WV@ &&8pt. il Ebﬁ%démgaalrﬁ@it@ for ke Eﬂérpgaéfatmg to

on the tubing head 16 to secure the side plug 282
movemant Gan inAee pcaaleera amputas NeMPERr to the t ool
interface 100 descri bed above with respect to FIG 3,

[0061] 3”%.1@%% %e%t.%ﬁ%p&%e%%sﬁéﬁ@.&érto L8rib e mEdifRibRs and
aliernative 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 failing within the
spirit and scope of the invention as defined by the foliowing appended claims.



ot her enbodi nents, the side plug 282 may not include
the val ve 288 or the passage 290. The seal 286 may be
[ in an annul ar groove 296 in the bod
wo?@i?ﬂ?ﬁ;@g may be a generally annul ar body mdé’cgﬁﬁg}o—g}ﬂ?sozs
i ncl udi ng an el astoner, 4%tal, or other appropri ate
materials. The side plug 288 may be used in
conmbi nation with any of various well head conponents
descri bed above to seal the side passages 56 or 58
(FIG 2). Further, the side plug 282 may be used to
execute the processes descri bed above wth respect to
CLAIM®She FIGS. 7-9, except, in sonme enbodi nents, for the
1 st g%arelati?g.to_ novenent of an inner nenber and an
- oufStCVIFESEMPTIEEE1] Wiil e the invention may be
SU§ AR EOMRUrEd YRELAUS sitlB PdssBgé iop Bswaltéadaht PlREbMPrising:
forms,” specific enbodi nents have been shown by way o
exanp@reoutar meenbefi awi ngs and have been described in

the. 1VEREr Bt eSS ok fBlSH s 8819t e ReD et e inner
membeP & ¢dupkdifo fher dRedheehissradth Halcher one tbgrdenfefrdddam o
to cover all nodifications, equivalents, and

movemgni rglaiiyei todke pHiariMeMRetiaNd t he spirit and scope of

the i j £ f Ol ' p

ol ai e ey R sSR SEphRE i oL st SRR AT e
moveable sdaldig\coofigurednpmevengnd aep! agpinsithegide fdassageeial reaponse to

si de passage of a well head the plug conprising: an
movem@ﬂtt‘éfrtgﬁé?ﬁérme%’i’ef-nner menber extendi ng through the

outer menber, wherein the inner nenber is coupled to

the outer nmenber with at |east one degree of freedom
2. of Thewkeyiverf dlaimat j samprising e saal actuaterzaupiethtp e inner

moveabl e seal  di sed arpund the outer .nenber .
membel el Reeal g RIS confiodied g rovk fiadifis” fisoey fy applying
a force &Efle a\gat Admpdre si de passage in response to novenent

of the inner menber. 2. The device of claiml1,

conprising a seal actuator coupled to the inner

3 rrexi;‘ﬂsr g%ed'fed;lé]ﬁ,}e%be\@g@in:act uator is configured to

nove 't I'nne by "applying a force to the
OutiRy se mleIator comprises a first tool interface, wherein the seal actuator is

coupled to the inner member with threads, and wherein the threads are configured to
move the inner member relative o the outer member in response to rotation of the seal
actuator; and

the outer member comprises a second tool interface.

4, The device of claim 1, wherein the outer member comprises a first portion
with a narrower diameter and a second portion with a wider diameter, and wherein the
seal is configured to radially expand upon axial movement from the first portion with the

narrower diameter to the second portion with the wider diameter.

5. The device of claim 1, wherein the inner member comprises a tubular flange

configured to overlap a distal portion of the outer member and move the moveable seal.



3. The device of claim2, wherein: the seal actuator
conprises a first tool interface, wherein the seal

is coupled to the inner nmenber wt n[

wozzﬁ%@:sei n the threads are configured to ng\(/:tg 82@9%35028

i nner nmember relative tcthe outer member in response
to rotation of the seal actuator; and the outer
menber conprises a second tool interface. 4. The
device of claim1l, wherein the outer nmenber conprises

a It i . narr ' .
6. porbh BV Al e erRu Bl Wb CRER s firdadgiibured
to matel vt edvhpimatatyotht atisbh theewphinshdipon axi al nmovenent
fromthe first portion with the narrower dianeter to
the second portion with the wider dianeter. 5. The
devi , - . Cco
T SCThBelooRl i RO e S BB S EPEAESE e
couplechiortheavelihieatiha tubihg heae rdoepletinid threwesltheadma biatd e prevent

eal . 2009/ 123805 PCT/ US2009/035028 21 6. The
COUP'GCQW}‘%NVQWG@%P e, C%Pé?%?%tﬁ@d’t""é'iheﬁgwﬁ W%%%P?%@?d to the
wellheaHh()?ﬁ%nﬂﬁ idi@eboft © mate with conpl enentary threads

on the wellhead. 7. The device of claim1, conprising

the wel |l head coupled to the plug, a well coupled to

t he, we] | head, ,a _t ubi head coupled to the, wellhead, B a
8. bl ohEvERRsim Lol G BRehdad B el is Boupled
to and i§ @ugﬁ@@iw&tﬂ progudRin &t ofa WS ahd SfharemtheGidephdeage

wel 'head, or a conbination thereof. 8. The device of

extendscatgenerallyva 80«lagred anglenielativegasba gential parsagel apdaderein the

vt SRR el AN BT BB N PG  esoonse o

axial m@eneea éftha iribrdegmeer exglive: tosthatduter menidee. centr al
passage, and wherein the noveable seal is generally
annul ar nmenber configured to expand radially in

% [ ornpRREicr el MGG a¥iql L EMEDICRARE Side passage,
whereinlthecsidp valve g dspesde onadrveppasiiel side 0bthehplugirdkative to the central
assage, Wwherein the side valve is disposed on an
passadepposite side of the plug relative to the central
passage. 10. The device of claim 1, conprising a check
val ve coupled to the plug.
10. The device of claim 1, comprising a check valve coupled to the plug.

11. The device of claim 10, wherein the inner member comprises a passage
extending through the inner member, and wherein the check valve is coupled to the
inner member and an inlet or outlet of the check valve is in fluid communication with the
passage.

12. A device, comprising:
a plug configured to seal a side passage of a wellhead, wherein the plug
comprises:
a member having an internal passage extending through the member;
a seal disposed about the member; and



11. The device of claim 10, wherein the inner nenber
conpri ses a passage extending through the inner
and wherein the check valve is coup

Woﬁﬁ%{fﬁ%n‘oer and an inlet or outlet of the C?gg&%\z/%qgvsésozs

is in fluid comunicati o with the passage. 12. A

device, conprising: a plug configured to seal a side

passage of a well head, wherein the plug conprises: a

menber having an internal passage extendi ng through

2000 s A 5opBeRiE 305 5T 86 e the SR Rt i butet tha

is in fluitit@niragkiestionathehe intbmal physagenpri ses an outlet that
is in fluid communication with the internal passage.

13. The device of claim 12, conprising the well head,

13, mgHg vk@%f‘%ihﬁ?ﬁ%n‘é@rﬁ#g@swgﬂﬁ% Wer%ﬁfﬁ@ﬂ@%ﬁd

i 'de ‘passage, Wwher € passage exte
compridesantérteal pastage apdssagrlcatassagenghereil he Jide pbenge extends
im12, wherein the valve conprises a check

of cla1
from the genial pagsageRbanandi® of claim 12, wherein the val ve

conprises: an inlet; and a val ve nenber accessible
through the inlet, wherein the valve is configured to

14.  endbédekiceiaf ddiow 2,wherepoiineevalee compliaty a ahechaalve.
bei ng noved by a tool inserted through the inlet. 16.
The device of claim 12, wherein the valve is

15.  comhb@eVRe dfelfnnb avihidrdirtihel vind Bompribég:st direction
in response to a pressure difference across the valve

t han inlet;gndat er than a threshold, and the valve is

copf j.qur fluid £l N i I b ect |

or e Bl BR8e e o RE B bl ATS lgfgured
to enablefluigsipanagesportsd Rahe W Gembsribeing Movedhby dtddithserted

valve. 17. The device of claim 12, conprising the

throughyige|itlebd coupl ed to the plug, a well coupled to the
wel | head, a tubing head coupled to the well head, a
bl owout prevent
16. The device of claim 12, wherein the valve is configured to enable fluid flow in

a first direction in response to a pressure difference across the valve that is greater than
a threshold, and the valve is configured to enable fluid flow in the first direction or a
second direction, opposite the first direction, in response to a tool moving a valve

member in the valve.

17. The device of claim 12, comprising the wellhead coupled to the plug, a well
coupled to the wellhead, a tubing head coupled to the wellhead, a blowout prevent
coupled to the wellhead, a tree coupled to the wellhead, a frac tree coupled to the
wellhead, or a combination thereof.

18. A method, comprising:

sealing a side passage of a wellhead with a plug, wherein the plug comprises
a check valve; and

conducing a fluid into a central passage of the wellhead through the check
valve.



coupled to the wellhead, a tree coupled to the
wel | head, a frac tree coupled to the wellhead, or a

' ion thereof. 18. A method, conprisin
Wogf}@f&gh%éassage of a wellhead with a plug, gpgﬁlﬁﬂoh)a%ozs
pl ug conprises a check 2%al ve; and conduci ng a fluid
into a central passage of the well head through the
check valve. WO 2009/123805 PCT/ US2009/ 035028 23 19.
The nethod of claim 18, wherein the central passage of
the well head is pressurized to greater than 5,000
psi. 20. The nethod of claim 18, wherein the fluid is
19. @ VBéImdthod of bl 182 Wwheféif tﬁ@tcbaﬂap;ﬁaséagemflﬁe wellhead is
conprising sealin the central passage of the
pressurized|te gspIM thared, Q%@ﬁwe barrier while conducting
fluid through the check valve. 22. The nethod of claim
18, conprising fracing a well coupled to the well head
20. whThe nsathbd of clalive 19, ddepeinshgdluid isha whik-kpl fllgd. 23. A
nmet hod, conprising: sealing a side passage of a
wel |l head with a plug such that a first fluid pressure
on f f ik
21 P'fle cifioa B ERIAT1S B8R SerlingiiRl KBh bl IS e T e
weilhead with 3 pradaiiee baridrevipleugpricaicting flbid Mrmgh'rllrm aretckosalve.
wth a central passage of the well head; and
selectively flowing fluid through the plug until the
22.  TiTR& nidtHbd oPERSRUES cbﬁwp’v‘l%lrigeﬁéém &l weleEoll erB he tiReRaMskad
fluid pressure. 24. The nethod of claim 2 wherein
while sawegfthwtdefwa,asagpmﬁsuhedolus more than 4,000 psi
greater than the second fluid pressure. 25. The nethod
of claim 23, conprising selectively flowing fluid

23, t hagneihotihgompHgingunt il the second fluid pressure is
generally equal to the first fluid pressure. 26. The

nes¢iingc s@eaaaﬁsage ohAavellheadavig aipleg sueh Biat adiret iid
pressurE 3F ke Side dr;l &%E%Iug{/is%ﬁer@ﬁ'i RYANa 3eRASS AOR A6 A%econd
pl ug and rough "a"val ve.
side of the plug, wherein a first side of the plug is in fluid communication with a central
passage of the wellhead; and
selectively flowing fluid through the plug untit the first fluid pressure is at least
closer to the second fluid pressure.

24. The method of claim 23, wherein the first fluid pressure is more than 4,000 psi
greater than the second fluid pressure.

25. The method of claim 23, comprising selectively flowing fluid through the plug

until the second fluid pressure is generally equal to the first fluid pressure.

26. The method of claim 23, wherein selectively flowing fluid comprises flowing
fluid through a passage through the plug and through a valve.

27. The method of claim 23, comprising moving a valve member in the plug with

a tool.



27. The nethod of claim 23, conprising noving a val ve
menber in the plug with a tool. WO 2009/ 123805
WOF; Jl 09/ 035028 24 2§. A wel | head, conpri %’ICQ%{SZ&WOSSOZS

t'ubl ng head, conprising:. a central passage; a ange
di sposed about the cent r4 passage; and a first groove
in the flange, wherein the first groove is generally
concentric wth the central passage; a seal disposed
around the central passage and spaced radially inward
from the first groove; and an adapter coupled to the
tubi ng head, wherein a space between the adapter and

28. t ha iéieael, cémpesingd by the seal. 29. The wel | head of
claim?28, wherein the first groove is in a |ocation
spadibingdegg. comprigingi i can Petrol eum I nstitute. 30.
The Vf&%ﬁ?ﬁ%agsa&ai m 28, wherein the seal conprises
an elastone rrng disposed in a second groove in
t he axlfigrge dispdsed Bboutethelemtrabpasdageradd, wherein the

el astoper Oring.is_axially bliased. agai nst a .
eneralih oraaye 4 uhe sanos wilerdi eyl dieers Senpraly cgneentric

with thesf]ﬁéfr!'tl%‘gg%a the first groove. 32. The well head of
clarm 28, erein the seal conprises a netal ring. 33.

Tha seal dispasedaralng thexzntnahpassage ad apacead yadjlyiisward from
the fi tbi ased radially inward by the tubing head, the
eNrstHABYer@"%r both. 34. The wel |l head of claim 32,

wheh %lc‘épﬁé?%o‘é@lféd {BORB LSRG HAdOWheRdin & SReasbiween the adapter
adj acent an outer surface of the metal ring. WD

and thefzogeis sealedryTiesERH9/ 035025 25 35. The wel | head of
claim 32, wherein the adapter and the tubing head each

29. The wellhead of claim 28, wherein the first groove is in a location specified by

the American Petroleum Institute.

30. The wellhead of claim 28, wherein the seal comprises an elastomer O-ring
disposed in a second groove in the adapter.

31. The wellhead of claim 30, wherein the elastomer O-ring is axially biased

against a generally flat surface of the flange that is radially surrounded by the first

groove.
32. The wellhead of claim 28, wherein the seal comprises a metal ring.
33. The wellhead of claim 32, wherein the metal ring is biased radially inward by

the tubing head, the adapter, or both.

34. The wellhead of claim 32, wherein the seal comprises an O-ring disposed

adjacent an outer surface of the metal ring.



conprise a recess that is conplenentary to a portion
of the netal ring. 36. The well head of cl ai m 28,

WO%?J/E Ehst he seal is disposed on another fl an%ﬁlﬁ%owossozs
ex enas general Iy paral Igﬂ to the central passage,
d

bet ween the tubi ng head the adapter. 37. The
wel | head of claim 28, conprising the a well coupled to
the tubing head, a blowout prevent coupled to the
tubi ng head, a tree coupled to the tubing head, a frac

s5. {1 RSB ooyt O R o SO R BBE e cach

comprisena mk&;ﬁs&hatiemmemmetr? td ahporomeathe metatmingal
passage extendi ng through the tubing head and the
adapter; and seal between the tubing head and the

36. ad?ﬂbglfellh\éﬁﬁrcﬁic&ig{%,mrelrﬁth@ Mgﬁ@s?m&n taﬂ%?ther flange that

centr passage, eln the s s snal
extendsigenertdy patadlel tchihe alindiabpassags; dictween the tuirg hgadh ead the
flanges specified by the Anmerican Petrol eum

adaptef st it ut e.

37. The wellhead of claim 28, comprising the a well coupled to the tubing head, a
blowout prevent coupled to the tubing head, a tree coupled to the tubing head, a frac
tree coupled to the tubing head, or a combination thereof.

38. A wellhead, comprising:

a tubing head;

an adapter coupled to the tubing head;

a central passage extending through the tubing head and the adapter; and

seal between the tubing head and the adapter, wherein the seal is disposed
about the central passage, and wherein the seal is smaller in diameter than the
diameter specified for tubing head flanges specified by the American Petroleum
Institute.



