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[ 0002] The present disclosure relates generally to a well head appar at us,
and in particular to an annulus isolation valve for use with a tubing
hanger i rnwoabload2i7nsi de subsea wel | head. Descri ption of PChaSR@oassdl Art
[ 0003] Tubi ng hangers are enployed in subsea wel | heads used in, for
exanple, oil and gas wells. The tubing hanger supports the tubing, or
"string", which extends down into the production zone of the well. The

process of installing a tubin r.int | d generally involves
positioning the tubing h e g@ﬂggggéﬁﬁﬁﬁgr@@§3k$ﬂsﬁhe wel | head using, for
exanple, a running tool attached to the tubing hanger. [0004] For a tubing
hanger installed inside a well head, an annul us passage is generally used

for nonitorj or conmmunicating fluid to and fromthe annul us
bel ow t he J%QEKSﬁﬁéﬁggf during installation of the tubing hanger (well
conpl etion) and throughout the life of . a well. After well conpletion and

bef ore inst al | atlPYH] dfheprescrtthscdespessclaimsdeapiihal - RePipgisianghBatent] | 1 ow

passages, including the annulus bore at the tubing hanger, nust be seal ed
of f to provppicaidneNpdrldiop,4af tled Aayust 26, 2608, ahdlU.$.HrbViswoaitPapenevent er
("BOP") connected to the well head during conpletion can be renoved. [0005]

Tr adi t i onal Applicheont 9ETAVED0Y0 0dafiIdeEust 19, heon bedustwiash asflicaisislus passages
of the tubing hanger are wi reline plugs to be renoved after the Christnas

tree has bgﬁﬁggﬁg%gkgsgdb@%&g&ﬂa;b%ﬁ&yemﬂggplus i sol ation val ves installed

at the ann
Field of the Disclosure

[0002] The present disclosure relates generally to a wellhead apparatus, and in
particular to an annulus isolation valve for use with a tubing hanger installed inside
subsea wellhead.

Description of the Related Art

[0003] Tubing hangers are employed in subsea wellheads used in, for example,
oil and gas wells. The tubing hanger supports the tubing, or “string”, which extends
down into the production zone of the well. The process of installing a tubing hanger into
a wellhead generally involves positioning the tubing hanger on a landing seat in the
wellhead using, for example, a running tool attached to the tubing hanger.

[0004] For a tubing hanger installed inside a wellhead, an annulus passage is
generally used for monitoring pressure or communicating fluid to and from the annulus
below the tubing hanger during installation of the tubing hanger (well completion) and
throughout the life of a well. After well completion and before installation of the
Christmas tree above the wellhead, all flow passages, including the annulus bore at the

tubing hanger, must be sealed off to provide a temporary safety barrier so that the



t he tubi ng hanger can elimnate at |east sone of the operations associ ated
with use of the wireline plugs, including, for exanple, setting and
renovi ng wbheownel7one plugs. Additionally, enploying anmrarozs2000648i on

val ves can allow the use of a nonobore riser for Christmas tree
installation, because the passage for annulus wireline plug retrieval is no
| onger required. [0006] The chall enges for using annulus isol ation val ves

i nsi de tubi hangers ingclude space linmtatjon, reliability, decreased flow
rate and p&q o S S o SE40 B WAL QUi &R 1B 48 Pepassages

t hrough the val ves, added cost and inconveni ence of enploying wreline
tools to opemowsd/ or close the val ves, and potential flow erosion of

seal ing surfaces. The present disclosure is directed to overcom ng, or at

| east reduci ng t[0&05¢fTreditisnadly, th©Renporaribagicss ofttheprodactiss @tanholut h above.
SUMMARY [ 0007] An enbodi nent of the present disclosure is directed to an

annul us i sghalhbQHYRd ¥Bing M8 élfrh@é‘{)vﬁ&%lihéﬂh?ffx {0 MRbVE] SRR BRSstRaYaby e
actuation bore having a'ﬁ rs? | ongi tudi hall axis and a fl ow passage capabl e

of providin | ui.d ni_cat.i gn bet yeen.an upper .annul.us,and | pwer
annol us. 1 pref BB R TRl PRE ARI AR B A B B o8 ¢ e
val ve actuation. baore. Further, thﬁ first f%@m/path has a.second

14

| ongi t udi ndle WRINg haggsr r chminats dlrgast 3RS elHAaC ppsrationsgnnciaterl wih uss@ithe The
annul us isol ationval ve further includes a plug gate positioned in the valve
act uat i on boraine Phegsphdydggt Bricsarsplpasttmgond rowdvigg et wedmeaugspen posi ti on
and a cl osed position. The plug gate is
Additionally, employing annulus isolation valves can allow the use of a monobore riser
for Christmas tree installation, because the passage for annulus wireline plug retrieval is
no longer required.
[0006] The challenges for using annulus isolation valves inside tubing hangers
include space limitation, reliability, decreased flow rate and particle size limits imposed
by decreased size of flow passages through the valves, added cost and inconvenience of
employing wireline tools to open and/or close the valves, and potential flow erosion of
sealing surfaces. The present disclosure is directed to overcoming, or at least reducing
the effects of, one or more of the issues set forth above.
SUMMARY
[0007] An embodiment of the present disclosure is directed to an annulus
isolation valve. The annulus isolation valve comprises a valve actuation bore having a
first longitudinal axis and a flow passage capable of providing fluid communication
between an upper annulus and a lower annulus. The flow passage comprising a first flow

path and a portion of the valve actuation bore. Further, the first flow path has a second

longitudinal axis that is different from the first longitudinal axis. The annulus isolation



configured so that in the open position it allows fluid conmunication

bet ween the upper annulus and the | ower annulus. In the closed position,

t he pl ug wetze1rwve2wonfi gured to bl ock fluid comuni cati olrCivatSase543ae upper
annul us and the | ower annulus. The annul us isolation valve further includes
a biasing nechanismpositioned in the valve actuation bore. The biasing
mechani smis physically coupled to the plug gate so that an actuation force

applied to the biasin chanismis .capaghl ¢ of noving the pl ate into

t he open pdé Vteifb .erT‘PFgucggéﬁ?%g%Bﬂ%‘P‘Eﬁﬂﬂ?t % Vbye %C?%QBEBT% ﬂ‘%l’?‘b‘% BN the
plug gate into the closed position when the actuation force is not applied.
[ 0008] Anotchpsbleaiodying hetwsen eheppy pesetivn afidsicdlessd pesitien.dilheplug gateds a
wel | head assenbly. The wel | head assenbly conprises a tubi ng hanger

posi ti oned configlired vethahmate apsepdsition it dlkwsuihiid gomangaticob@viesi thg u@per
annul us isolation valve. The wel |l head assenbly further conprises a tubing

string ext engtingafloye18iphanhdam ke LRRLEMRRIRIC i gt WldTeBih k00

conprising a |ower annulus. A production ow confi guration extends up-hol e

from the i ubl gy nangsh, LR, PLAGUG! a0, LLOW, 6A0L) SHLALL 87, GOREY gl ng an

upper annul'us. : Fus i'solation v conprises a valve "actuation bore
e Pt OB e SRR SR B
passage conprising a first flow path and a portion of the valve actuation
bore. Furt hetuatiemheorei dhe biasing nperhinibmds physeety dotpediotthephiglgatexdoghathaat i s
different fromthe first l[ongitudinal axis. The annulus isol ation

actuation force applied to the biasing mechanism is capable of moving the plug gate into

the open position. The biasing mechanism further is capable of forcing the plug gate into

the closed position when the actuation force is not applied.

[0008] Another embodiment of the present disclosure is directed to a wellhead
assembly. The wellhead assembly comprises a tubing hanger positioned in the wellhead
assembly, the tubing hanger comprising an annulus isolation valve. The wellhead
assembly further comprises a tubing string extending down-hole from the tubing hanger,
the tubing string comprising a lower annulus. A production flow configuration extends
up-hole from the tubing hanger, the production flow configuration comprising an upper
annulus. The annulus isolation valve comprises a valve actuation bore having a first
longitudinal axis and a flow passage capable of providing fluid communication between
an upper annulus and a lower annulus. The flow passage comprising a first flow path and
a portion of the valve actuation bore. Further, the first flow path has a second
longitudinal axis that is different from the first longitudinal axis. The annulus isolation

valve further includes a plug gate positioned in the valve actuation bore. The plug gate is

capable of moving between an open position and a closed position. The plug gate is



val ve further includes a plug gate positioned in the valve actuation bore.
The plug gate is capable of noving between an open position and a cl osed
posi ti on.wohelogl2eyogat e i sconfigured so that in the opemrCpas2amoon3itt al | ows
fluid conmuni cati on between the upper annulus and the | ower annulus. In the
cl osed position, the plug gate is configured to block fluid conmunication
bet ween the upper annulus and the | ower annulus. The annul us isol ation

val ve further_.inc s A |a5|n necha [ smpasitioned i.n the valve
actuation ISGRBSUT @Fb@u tﬁﬁoﬂf‘é’c Hioad 3 Lova@gﬁ Smnlfaﬁ?ﬂé dveen thedPptug

gate so that an actuation force applied to the biasing mechanismis capable
of noving theulps iyl Yadevémnoulubelnope nlosebpasitom, trmdubiae isgpnigelsd e sm
further is capable of forcing the plug gate into the closed position when

t he act uat ibbsrkffhrid eomsmunhti@pipdtivech thBipfdr anEICRURTThONbWEr ahinfd ubRAWE NGS
[0009] FIG 1 illustrates a cross-sectional view of an annulus isol ation

val ve i n annRpRe0isBRsbE voRe flﬁﬁfe?'irf@lﬁ&s E(Blﬁﬁlg%&‘hghﬁﬁ%s&fonéd‘ﬁl tRE €RSH1
di scl osure. [001 ] FIG 2 illustrates a cross-sectional view of an annul us

i solation va D he
present di §& osur@n%[g%gﬁfgﬁﬁgﬁmémgﬁp (%hygoﬁg?f%tﬁngﬁgé% %@%g%onm
accor d hg. 6RO FBGATRUAY o rienged ¥ Seimsblral moady L
illustrates a well head assenbly of a hydrocarbon production well conprising
an annul us theepeatriosiionallhe biagiwg onaghagsmdurtier entrpddlowi foromgttheplpe ggtennto

the closed position when the actuation force is not applied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a cross-sectional view of an annulus isolation valve in an
open position, according to an embodiment of the present disclosure.

[0010] FIG. 2 illustrates a cross-sectional view of an annulus isolation valve in a
closed position, according to an embodiment of the present disclosure.

[0011] FIG. 3 illustrates a partial three dimensional cut-away view of an annulus
isolation valve positioned in a tubing hanger, according to an embodiment of the present
disclosure.

[0012] FIG. 4 illustrates a wellhead assembly of a hydrocarbon production well
comprising an annulus isolation valve, according to an embodiment of the present
disclosure.

[0013] While the disclosure is susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and will be described in detail herein. However, it should be understood that

the disclosure is not intended to be limited to the particular forms disclosed. Rather, the
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di scl osure. [0013] Wile the disclosure is susceptible to various

nodi fi cations and alternative forns, specific enbodi nents have been shown
by way ofwexampi2ei7on the drawi ngs and will be descri bedPChm/useaoios43her ei n.
However, it should be understood that the disclosure is not intended to be
limted to the particular fornms disclosed. Rather, theintention is to cover
all nodifications, equivalents and alternatives falling within the spirit

and scope of the invention as.defined hy the appended cl.aj.ns. . DETAI LED
DESCRI PTI O\ FOEPra’f terﬁ%VebP@Mf(leﬂ‘fl%ﬁ’Sg‘ﬂ} onts o PERvGRYeR GTLRE iR s

i sol ation val ve having a dual bore configuration. The annulus isolation
val ve of t hweirijeed esepedf dlinsantion gageiencdityithe eppended elpims. of t he fol | owi ng
advant ages, including: increased flow rates, inproved particle passage,
inmproved reliability for valDETAIDED'BESCREPIDONI ty to be operated by
devices in a tree or in a running tool and the ability to all ow secondary

operations to bqhy49AeR p?&gn@di%@suréﬁ%%%lteﬁ kdn dnrul JsYSHE ISR AT US

i sol ation val ve 100, according to an enbodi ment of the present application.

Annul us isogl ati on val ve 100 cqonpri;ses a.val ve aestuatian bhore 102 having a
frrot T ongredheRars st R TRMIE RaBitrRe SEINPSER FRIEHE Redpr  2es
fl ow passage 104, illustrated by flowarrows in FIG 3, that can be capable
of provi di rhIPILENE OF BivERE Bafolishvipe thesiiean wERE dRFEIGY flPveaiad a | ower
annul us 108. [0016] The fl ow passage 104 conprises a first flow path 110
and a port ilmpraykd pheticle passage, improved reliability for valve closure, the ability to be

operated by devices in a tree or in a running tool and the ability to allow secondary
operations to both open and close.

[0015] FIG. 1 illustrates an annulus isolation valve 100, according to an
embodiment of the present application. Annulus isolation valve 100 comprises a valve
actuation bore 102 having a first longitudinal axis, X. Annulus isolation valve 100 further
comprises a flow passage 104, illustrated by flow arrows in FIG. 3, that can be capable of
providing fluid communication between an upper annulus 106 and a lower annulus 108.

[0016] The flow passage 104 comprises a first flow path 110 and a portion of the
valve actuation bore 102, which as illustrated in FIG. 1, comprises a plug gate 114 in an
open position. In addition, the flow passage 104 can comprise a flow path connecting the
first flow path 110 and the valve actuation bore 102, such as a transverse flow path 113.
The first flow path 110 has a second longitudinal axis, Y, that is different from the X axis.
In an embodiment, the X axis is parallel to the Y axis. The first flow path can be any
suitable length.

[0017] As shown in FIG. 3, the annulus isolation valve 100 comprising flow

passage 104 can be positioned in a tubing hanger 115, according to an embodiment of the



val ve actuation bore 102, which as illustrated in FIG 1, conprises a plug
gate 114 in an open position. In addition, the flow passage 104 can

conpri se wof2bovezperbh connecting the first flow path 110pPamaseéve/ovshve
actuation bore 102, such as a transverse flow path 113. The first flow path
110 has a second longitudinal axis, Y, that is different fromthe X axis.
In an enbodinent, the X axis is paraIIeI to the Y axis. The first flom/path

can be any suitabl ngt . As in Fl 3, nnu

i sol ation PASGR! %@%&%ﬁ@%@% P W%ﬂ&g@@n&mw@ opaahsd0fTBhes i n

t ubi ng hanger 115, according to an enbodi nent of thepresent disclosure. In
ot her embodositianes] intanz oghen suitebld loedtioni withinalwadlbosn can be positioned in any
ot her suitable location within a wellbore. [0018] A plug gate 114 can be
posi tioned in theorsilA plugehteatldann bopesiliOzed it hie: wllugag@ition bdbék N e
capabl e of noving between an open position, shown in FIG 1, and a cl osed

position, %ﬁ\%’\g‘até N4 étﬁbe?c Pgﬁl@ ophlBgln%%Rwé]e%%n%Qn B@sﬁ&pfsh&}v'ﬁ GOFRP 1LARE 10
(O]

t he open p fon, plug gate 114 allows fluid conmmuni cati on between the

onte 114 et BafiyoEun BEFLG ot lidods s RoRLite R bhlbeupoer

gate 114 can ication e “upper
i 50 00 g e DA IO LSoLSl 0t 1, ke

| ower gate openings 128 positioned bel ow t he upper gate openings 126,
accor di ng taod g lewbodinubist1 08f [ He ghosed position, phiggaie &14 Janebeuppguigdte

openi ngs 126 of the plug gate 114 can fluidly connect with the transverse
fl ow path bletk fluid communication between the upper annulus 106 and the lower annulus 108.

[0019] Referring to FIG. 1, plug gate 114 comprises one or more upper gate
openings 126 and one or more lower gate openings 128 positioned below the upper gate
openings 126, according to an embodiment of the present disclosure. The upper gate
openings 126 of the plug gate 114 can fluidly connect with the transverse flow path 113
and the lower gate openings of the plug gate 114 fluidly connect with the lower annulus
108 when the plug gate is in the open position. A gate flow path 112 is positioned
between the gate openings 126 and 128, so that fluid can flow through plug gate 114,
thereby fluidly connecting upper annulus 106 and lower annulus 108 when plug gate 114
is in the open position.

[0020] An inlet 134 can provide fluid flow to the flow passage 104 of the annulus
isolation valve 100. The inlet can be designed to be symmetrical in shape and oriented in
a tangential direction to the flow through the lower annulus 108. It is thought that this
orientation may help to reduce erosion of the inlet 134 by directing the opposing flows to

meet, as illustrated by the flow arrows in FIG. 3, and thereby cancel out impingement

before rising into flow path 104.



and the | ower gate openings of the plug gate 114 fluidly connect with the

| ower annul us 108 when the plug gate is in the open position. A gate flow
path 112 we 2pugi2ei7oned bet ween t he gate openi ngs 126 an#CI2Bomns543hnt fl uid
can flow through plug gate 114, thereby fluidly connecting upper annul us
106 and | ower annulus 108 when plug gate 114 is in the open position.

[0020] An inlet 134 can provide fluid flowto the fl ow passage 104 of the

annul us isol ati | ve . 100. Th an be desi to be s) trical in
shape and o | enﬁﬁﬁzﬁrﬁ%ﬂ%{mf@ﬁ aﬁ@e%%ﬁlef%anewg ‘ﬁj W&éﬁ%%hﬁomr
annulus 108. It is thought that this orientation may help to reduce erosion
of the inl ealvelatuptonibered02 nBytchwlappobiapigs Mashanisr heatlug gafe il 14 sduizsgled by
the flowarrows in FIG 3, and thereby cancel out inpingenment before rising
into flow pathe clékd [pOsiddl. BisingInushiditad 16Bak-b&phykicaly bbasied@ thephaniagomn 116
can be positioned in the val ve actuation bore 102. By enpl oyi ng bi asing

mechani sm 11850 Alad@n g&h@aoln%rdesdpphé’cﬁfodché Qlaﬁlﬁg nfelcﬁ&ﬁgnﬁ@é id daBBblc B ARVIG
mechani sm 116 can be p yS|caIIy coup ed to the plug gate 114 so that an

actuation f e bi as. 116 is capable of noving
the "l ug gdferi BBR 18 Sk dnd a3 %hr?w GRS T0029] Any

sui t abl e bi asi nﬁ nechani sis, can be enpl oyed. An enbodi nrent of the biasing
mechani sm can i 1803 &\ny suifable blafglga{w@ﬁﬂsmﬁic@hbf‘ae@ﬂpv% Apempedigiat of oned.

The spring 120 can be positioned between a platform 122, which is fixed in
posi tion i nha hiesivgmgehaetnyedri mpludor shdf©2]8 adndwbap a]sztling A24 &l positmoediat | on
mechani sm (not shown)

The spring 120 can be positioned between a platform 122, which is fixed in position in

the valve actuation bore 102, and a cap 124. A valve actuation mechanism (not shown)

can be employed to force the plug gate 114 from the closed position, as shown in FIG. 2,

to the open position of FIG. 1, thereby compressing spring 120. When the actuation

force is no longer applied, the plug gate 114 can be forced back to the closed position by

the biasing mechanism 116 as the spring 120 decompresses. In this manner the biasing

mechanism 116 can act to close the annulus isolation valve 100 in case of equipment

failure or other emergency conditions that may occur in the wellbore.

[0023] A secondary method for closing the annulus isolation valve will now be

described. In this method, a sealing stab (not shown) can be installed at the top of the

annulus flow bore 104 to isolate the upper annulus 106 from the lower annulus 108. In

this manner, a higher pressure from below the hanger can be introduced that results in a

sufficient force at the middle seal 138 to push the plug gate 114 upward. The presence of

the lower annulus pressure can keep the plug gate 114 in the closed position. Similarly,

pressure from the upper annulus 106 can be employed to move the plug gate 114

downward from closed to open, which can provide a secondary opening mechanism.



can be enployed to force the plug gate 114 fromthe cl osed position, as
shown in FIG 2, to the open position of FIG 1, thereby conpressing spring
120. \herwohelpeiat i on force i s no | onger applied, thePprag2@gaos432l4 can
be forced back to the closed position by the biasing nechanism 116 as the
spring 120 deconpresses. In this manner the biasing nechanism 116 can act
to close the annulus isolation valve 100 in case of equipnent failure or

ot her energency itions that may in the wellhore 0

secondary net hod&%& Ig ppsmbgdinicat. Vo rpg as%fig?qtkyrﬁsvaau%rqufg ﬁm%tor
described. In this nethod, a sealing stab (not shown) can be installed at
the top of mdésbagipmullugn pltespativsrembpdimans, the attaater mkesfagp pwy ieglwdd us 106 from
the | ower annulus 108. In this manner, a higher pressure from bel ow t he
hanger can chbapbmdntgduediitiérh@tcapagy) sIoSthzittﬁhcﬁcaﬁiJfﬂi docendt diakcte caitadthiee m ddl e
seal 138 to push the plug gate 114 upward. The presence of the | ower

annul us pr gsguic? nfRakgsP the plug gate 114 in the closed position.
Simlarly, pressure fromthe upper annul us 106 can be enployed to nove the

plug gate 114 d 3% se oV condary
peni ng. mechani S acoy Tk SERBeamAaRe e A0t G SCERPSY. oo et S °as o
interface for the actuator nmechanism |n an alternatlve enbodi nent, the

act uat or i FE®PPEcEMeaRANIE thatieprlisrp Sirstiedorcr fo dualyg e d &t wadydnwlicso  hat
the cap 124 does not directly contact the actuator nechanism [0025] O her
sui t abl e bipasssurg. Gechdnidnay skitl ialtlsarbeoelddicappable s{imhkiag and osingxahpl e, a
mechani smthat applies a biasing force to the plug gate 114 via hydraulic

biasing mechanism given the teachings of the present disclosure.

[0026] Any suitable actuation mechanism can be employed to open the annulus
isolation valve 100. In an embodiment, the actuation mechanism can be external of the
tubing hanger. Examples of suitable actuation mechanisms can include a rod or hollow
sleeve designed to apply the appropriate force to the biasing mechanism 116, or a
hydraulic means for applying actuation force.

[0027] One or more seals can be employed in the annulus isolation valve 100.

The seals can be positioned in any suitable manner. In an embodiment, the seals can be
positioned to provide the desired sealing of the valve actuation bore 102 and to protect
the seals themselves from damage, due to, for example exposure to high flow rates and/or
high fluid pressures. This can allow the valve to be opened under pressure from the
lower annulus 108 while preventing or reducing damage to the seals.

[0028] In an embodiment, the seals can be positioned to protect the sealed areas,
including the spring 120, from leakage and debris. For example, as illustrated in FIG. 2, a

debris seal 136 can be positioned in the valve actuation bore. A middle seal 138 can also

be positioned in the plug gate 114.



pressure. One of ordinary skill in the art would be capable of making and
usi ng such a biasing nmechani smgiven the teachings of the present

di scl osurwo0 2p0@Rs{70 Any suitabl e actuati on mechani sm canPb@/Usa@boysdi t 0 open
t he annul us isolation valve 100. In an enbodi nent, the actuation nmechani sm
can be external of the tubing hanger. Exanples of suitable actuation
mechani sns can include a rod or hol | ow sl eeve designed to apply the
appropriate for t e g mechani sm 116, or a_h dr l.i.c nmeans for
appl yi ng act uat ﬁ@?@ﬁﬁcﬁ@éﬂoqa y8 gﬂsqiﬁ CRRbFENRIES A e ligts ﬁéﬁﬁa%d in the
annul us isolation valve 100. The seals can be p05|t|oned in any suitable

manner . | n blowanbesditans neal 18Relheaghls 188 andé3DHemn b pmviipned sphetvisdbe phig
desired sealing of the valve actuation bore 102 and to protect the seals

t hensel ves ghteolnidarmor) douethtaughfths vaxaaphaioartpes Lk thearehilight stdladoriat es
and/ or high fluid pressures. This can allow the valve to be opened under

pressure f rngésfeH%o 1HWER cramRUIN S 04 B8foink B 1RT AN Bt s &l 182dMGERBoABIE T O
t he seal s. 028] In an enbodi ment, the seals can be p05|t|oned to protect

Lne seal od areat LR A0 IR 38 {AAR0 Lo satpo 5 BB e !

exanpl e, as OPY St rate Ironed in

the val ve actuation bore. A mddle seal 138 can also E p03|t| ned in the
pl ug gate f&hhe[lde@gite,&éﬁp?mmﬂ} fobe fgms dgwndhrpygh theyabveAstyatien Joredd2y i ent
seal 130 and a bl owout resistant seal 132. The seals 130 and 132 can be

posi ti oned thobloatut assistane sgul 132 gart e osticngd froemathgd dwA andexnpeged tortbe val ve
actuation bore 102, the resilient seal 130 is
lower annulus 108 while the plug gate 114 constrains fluid flow from the lower annulus
108 into the gate flow path 112. By constraining the flow until the blow out resistant seal
132 moves to a safe distance from the high velocity flow field, damage to the blow out
resistant seal 132 can be reduced. The movement of the blowout resistant seal 132 as it
exits the valve actuation bore 102 may be opposite to the fluid pressure, which may tend
to force the plug gate 114 in the up-hole direction.

[0030] In an embodiment of the present disclosure, the annulus isolation valves
can be employed in any type of subsea well, including, for example, hydrocarbon
production wells, such as oil and natural gas wells. FIG. 4 illustrates a wellhead
assembly 140 of a hydrocarbon production well 142. Wellhead assembly 140 comprises
a wellhead spool 146 and tubing hanger 115. The Annulus isolation valves of the present
application can also be employed in various other applications, such as, for example, as a
manifold injection valve or as a valve in a high pressure debris cap.

[0031] Tubing hanger 115 is positioned in the wellhead assembly 140. The

tubing hanger 115 comprising an annulus isolation valve 100 of the present application.

In an embodiment, the tubing hanger 115 can comprise a plurality of annulus isolation

-10-



exposed to the | ower annulus 108 before the bl owout resistant seal 132,

whi ch continues to seal the valve actuation bore 102. The bl owout resistant
seal 132 we2pmgi2ei7oned so that as the plug gate 114 conPCmasg000543¢1 f or ced
down through the val ve actuation bore 102, the bl ow out resistant seal 132
can be positioned in openings 134 and exposed to the | ower annulus 108
whi |l e the plug gate 114 constrains fluid flom/fron1the | ower annul us 108

into the gat h 112. con ralnln til ow out
o5 st ant sk 185 A Bbae Hare L3t Dot kom e B S ﬂ} 1 ow
field, danage to the blow out resistant seal 132 can be reduced. The
nmovenent ofpredvstipn easing (npeshiosmaand thednbingstriag 14¢ beboint the tutang/banger bkt uat i on
bore 102 nay be opposite to the fluid pressure, which may tend to force the
pl ug gat e ¥ddn lowerhaenuips 8. eA gradactioroflow [cORBEration, auhichndaadndtedy, f@f t he
present disclosure, the annulus isolation valves can be enpl oyed in any

type of SUQ&%ﬁ MﬁéEMmbﬁﬁééﬁbﬂﬁmeQQmﬁ%%%HH%PIQMQHQ&Qﬁ@an%Qﬁﬁgﬁﬁl@nTW%||5
such as oil and natural gas wel lustrates a well head assenbly

140 of a h%) u%% bﬁgwproﬁgglrtaﬂonca’ﬁec!ompﬁéan1|1 er&nﬁq}lg§§§m§) WIll E{f?rl Seés a

wel | head s ng anger ut'tis” dorati on val ves of
t he present appllcatlo can al. so enpl oyed i n various her i cations,
such as, for exdfpiz Although warigus Oﬁﬁ?eé’ést]ilad’ﬁb\?% ”Qéfeécrv% va®in a hi gh

pressure debris cap. [0031] Tubing hanger 115 is p05|t|oned in the well head
assenbl y 14lisclophes it nbi sodirhigatdgend viillDeamaprsiond ne) irmhudarbsucs moddicatiorrandal ve
100 of the present application.

variations as would be apparent to one skilled in the art.
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In an enbodi ment, the tubing hanger 115 can conprise a plurality of annul us
i sol ati onval ves 100. A tubing string 144 extends down-hole fromthe tubing
hanger 11O 20tv2pr7oducti on casi ng (not shown) and the t ebirrus2e00643g1 144

bel ow t he tubi ng hanger 115 form | ower annulus 108. A production flow
configuration, which can include, for exanple, a subsea tree (not shown),
can extend up-hole fromthe tubing hanger 115. The production flow

confi ian rise an upper annulus 106, as shown in FIG 3. [0032]
Nthoa’gh%hjaﬁigﬁgﬂ\gﬁﬁg@f ments have been shown and descri bed, the disclosure
is not so limted and will be understood to include all such nodifications
and variations as would be apparent to one skilled in the art. WHAT IS
CLAIMED I S: 1. An annulus isolation valve, conprising: a valve actuation
bore havind-a fiAsinnudpdsalifinmmalveagemprigng:| ow passage capabl e of provi di ng
fluid conmuni cati on between an upper annulus and a | ower annulus, the flow

passage conpriwiactpaton bosthafingw fipat longindlizal prist i on of the val ve actuation
bore, the first flow path having a second | ongitudinal axis that is

di fferent farfyw piiSadd daphblt 8NGiok it dAhid@SmSiundcalibhl Be@RER aP QFpdria@R@ds hid t he
val ve actuation bore, the plug gate capable of noving between an open

o KB SPRLE) B AL oo B B A D5, D AR o1 O o
e s e BB B SR R LR oo,
longitudinal axis;
a plug gate positioned in the valve actuation bore, the plug gate capable of moving
between an open position and a closed position, the plug gate in the open position being
configured to allow fluid communication between the upper annulus and the lower annulus, and
the plug gate in the closed position being configured to block fluid communication between the
upper annulus and the lower annulus;
a biasing mechanism positioned in the valve actuation bore, the biasing mechanism being
physically coupled to the plug gate so that an actuation force applied to the biasing mechanism is

capable of moving the plug gate into the open position, the biasing mechanism further being

capable of forcing the plug gate into the closed position when the actuation force is not applied.

2. The valve of claim 1, wherein the plug gate comprises a first opening and a
second opening positioned below the first opening, a gate flow path being positioned between

the first and second openings.

3. The valve of claim 2, wherein a transverse flow path fluidly connects the first

flow path and the valve actuation bore.
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a biasing nechanismpositioned in the valve actuation bore, the biasing
mechani sm bei ng physically coupled to the plug gate so that an actuation

f orce appwDedio@@2t7ne bi asi ng nechani smis capabl e of noeCm@seévg/opi3uy gat e
into the open position, the biasing nechanismfurther being capabl e of
forcing the plug gate into the closed position when the actuation force is
not applied. 2. The valve of claim1l, wherein the plug gate conprises a
first opening and a secand .openi ng positioned .bel the first .opening, a
gate flow fath enV@fVﬁo%t{] ﬁ%l%@&%%?ﬁéﬁ%%f%@pwm%p?%?dpng%@atﬁoﬁ%g‘grﬁ% 1 3.
The val ve of claim2, wherein a transverse flow path fluidly connects the
first Withothe geanbveasedilew @athadndethe seagat iopanibg 0é the, plrg gatefluwély sonedcsi with the
wherein the first opening of the plug gate fluidly connects with the

t r ansvewseanhliowwhah theagidg pite ismabadpapenitiog. of the plug gate fluidly
connects with the |ower annulus when the plug gate is in the open position.
5. The valve of claim1l, wherein the first longitudinal axis is parallel to
t he second | ongitudinal axis. 6. The valve of claiml1l, wherein the flow
passage is 5posi tihenatc ot daitiubi WikkrBianBe First TongltagindBhME iOpargllditénthk, scob&s ei n
the plug gate conprises a resilient seal and a bl owut resistant seal, the
resilh&gﬁmﬁggiwapd the bl owout resistant seal being positioned so that as
the plug gate is forced down through the val ve actuation bore, the
resilient seal is exposed to the | ower annulus before the bl owout resistant
seal. 8. The valve of claim 7, wherein the bl owout resistant seal is
positioned(§o that a

e VaRve of claim 1, wherein the flow passage is positioned in a tubing hanger.
7. The valve of claim 1, wherein the plug gate comprises a resilient seal and a
blowout resistant seal, the resilient seal and the blowout resistant seal being positioned so that as
the plug gate is forced down through the valve actuation bore, the resilient seal is exposed to the

lower annulus before the blowout resistant seal.

8. The valve of claim 7, wherein the blowout resistant seal is positioned so that as
the plug gate is forced down through the valve actuation bore, the blow out resistant seal can be
exposed to the lower annulus while the plug gate constrains fluid flow from the lower annulus

into the plug gate.

9. The annulus isolation valve of claim 1, wherein the biasing mechanism comprises

a shaft coupled to the plug gate and a spring positioned around the shaft.

10. A wellhead assembly comprising:
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the plug gate is forced down through the valve actuati on bore, the bl ow out
resi stant seal can be exposed to the |ower annulus while the plug gate
const r ai sof2bwivad2fbow from the | ower annulus into the plPag/usat00/058341 The
annul us isolation valve of claim1, wherein the biasing nechani smconprises
a shaft coupled to the plug gate and a spring positioned around the shaft.
10. A well head assenbly conprising:a tubing hanger positioned in the

wel | head assenbl t he t.ubi i an_annul us isol.ation val ve;
a tubing strhge ﬁ%eﬁapﬁaorb%kmhhﬂg@ HeRQARERE Y ¢ U5 MR SRR COPRES B B ng
string conprising a |ower annulus; a production flow configuration

ext endhnguujsoliibe vilvem t he tubi ng hanger, the production flow configuration
conpri sing an upper annul us; wherein the annulus isolation valve conpri ses:
a val ve actautabing trmgreetelnai\nignigm-ﬁdle bl thagibingohangtr, s tabing sfringwopgsismge
providing fluid conmunicati on between the upper annulus and the | ower

annul ygewbheinhhRW passage conprising a first flow path and a portion of the
val ve actuatlon bore, the flrst fl ow path having a second | ongi tudi nal axi s

that is diff cttlof rﬂ%m { h éura ﬁltl ext?ncgn% ? %lfr tﬁse’tu 1n %eg,at%g posi ti oned

in the valvé) tustion v e capa Ie 0 ét ween an

open po Atlon and a closed position, the g gate in the
production flow configuration comprising an upper annu us;

wherein the annulus isolation valve comprises:

a valve actuation bore having a first longitudinal axis;

a flow passage providing fluid communication between the upper annulus and the
lower annulus, the flow passage comprising a first flow path and a portion of
the valve actuation bore, the first flow path having a second longitudinal axis
that is different from the first longitudinal axis;

a plug gate positioned in the valve actuation bore, the plug gate capable of
moving between an open position and a closed position, the plug gate in the
open position being configured to allow fluid communication between the
upper annulus and the lower annulus, and the plug gate in the closed position
being configured to block fluid communication between the upper annulus and
the lower annulus;

a biasing mechanism positioned in the valve actuation bore, the biasing
mechanism being physically coupled to the plug gate so that an actuation force
applied to the biasing mechanism is capable of moving the plug gate into the
open position, the biasing mechanism further being capable of forcing the plug

gate into the closed position when the actuation force is not applied.
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open position being configured to allow fluid comuni cati on between the
upper annulus and the | ower annulus, and the plug gate in the cl osed

posi ti on weizng/eerhi gured to bl ock fluid comruni cati on PeTwESeINRS4Upper
annul us and the | ower annulus; a biasing nechani smpositioned in the valve
actuation bore, the biasing nmechani sm being physically coupled to the plug
gate so that an actuation force applied to the biasing nechanismis capable
of noving the plug gate into the open position, the biasing nmechani sm
further being capable of forcing the plug gate into the closed position
when the actuation force is not applied.11. The wel |l head assenbly of claim
10, wherein the tubing hanger conprises a plurality of annulus isolation
val ves. 12. The wel | head assenbly of claim 10, wherein the plug gate
conprises dlfirdtheopelticag assrmbly sefcelatm ofehegeip die ttHiRe hapEToFP PSS | & st
opening, a gate flow path being positioned between the first and second
openi phealitydf aihdussblaheadalassenbl y of claim 12, wherein a transverse flow
path fluidly connects the first flow path and the val ve actuation bore. 14.
The wel | head assenbly of claim 13, wherein the first opening of the plug
gate fluidly connects with the transverse flow path and the second openi ng
of the pl ud2gat &hil weltheyd cassmetdly sofwlhimm t10e whevert tien pllgugatahwmpries pl fiugt gat e
is in the open position. 15. The well head assenbly of claim 10, wherein the

first Joomghs tasdi Dabcddi SpdntnPBb@idRld below the first opening, a gate flow path being

positioned between the first and second openings.

13.  The wellhead assembly of claim 12, wherein a transverse flow path fluidly

connects the first flow path and the valve actuation bore.

14.  The wellhead assembly of claim 13, wherein the first opening of the plug gate
fluidly connects with the transverse flow path and the second opening of the plug gate fluidly

connects with the lower annulus when the plug gate is in the open position.

15.  The wellhead assembly of claim 10, wherein the first longitudinal axis is parallel

to the second longitudinal axis.

16.  The wellhead assembly of claim 10, wherein the plug gate comprises a resilient
seal and a blowout resistant seal, the resilient seal and the blowout resistant seal being positioned
so that as the plug gate is forced down through the valve actuation bore, the resilient seal is

exposed to the lower annulus before the blowout resistant seal.
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to the second | ongitudinal axis. 16. The wel | head assenbly of claim 10,
wherein the plug gate conprises a resilient seal and a bl owout resistant
seal , thewoesidd2erm seal and the bl owout resistant seal Po@iusgoo9msisi oned so
that as the plug gate is forced down through the val ve actuation bore, the
resilient seal is exposed to the | ower annulus before the bl owout resistant
seal . 17. The wellhead assenbly of claim 16, wherein the bl owout resistant

seal is p05|t|o t gate i.s forced down through the

val ve actudt’i on r‘@elﬂeeﬁl@ RemblueP S hn e euis S iEoRy FOLGAIT (50 e

| ower annulus while the plug gate constrains fluid flow fromthe | ower
annul wesitinngsl sohdatpisithe ghigegatelig forrhd dowh threngh the sehsagtugfior baicnthedlowest ei n
t he bi asi ng mechani sm conpri ses a shaft coupled to the plug gate and a
Spri ngegiasittstdnan barcepesdd tdehedba@éit annulus while the plug gate constrains fluid flow from

the lower annulus into the plug gate.

18.  The wellhead assembly of claim 10, wherein the biasing mechanism comprises a

shaft coupled to the plug gate and a spring positioned around the shaft.
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