WD 03/ 060279 PCT/ US02/ 39832 PORTED SUBSEA WELLHEAD 1. Field of the

I nvention 5 [0001] This invention relates in general to offshore drilling
and produwDiosne@qui prent, and in particular to a subsea welTlussy34sam f or

nonitoring the pressure in a non-producing string of casing through the

conpletion system [|1. Description of the Related Art 10 [0002] A subsea
well that is capable of producing oil or gas will have a conductor housing
secured to a string of conductor pipe which extends sone a first into the
well. A well head housing | ands in the conductor housing. The well head
housing is secured to an outer or first string of casing, which extends

t hrough the conductor to a dRQRTEIRSUBSEAWELBHEAM) |. Depending on the

particul ar conditions of the geological strata above the 15 target zone
(typically, either an oil or gas producing zone or a fluid injection zone),

one or nDreIaddl mﬂpg}ﬂ& st iotrings will extend through the outer string
of casing to |ncteasrng—§eﬁ¥ﬁs—1n the well until the well is cased to the
final depth.[opdg TETEISHI&MU@EE relt@sinp@ndral t6 Wifshore delllatg ank eroduption equipmynta
casi ng hang er e casing hanger lands in and _is_supported by

wel | head. 20ar[d)0®3§twular m@bsqwabwsm fosmgpyoring the REsTuring NORy @eng
wells, only one s rin f n set thin the outer casing. Were
only one str?tHBgB C%f’éf%tﬁa) Eﬁk ‘%nml'%thnsyft\éne outer casing, only one casing
hanger, the production casing hanger, is |landed in the well head housing.

[ 0004] The nore typi cal case IS mhere mul tiple strings of casing are

suspended wi IIhi n D2Scripto ng to achieve the structural support
for the well to_the deptheﬁf th

e t %t; ﬁ \/\gere mJI CIgale sérlng[s of
casi ng lAangel®0a & sulfifel H%cm an RFOAETHs Ry, or &8 HIIAYF 3o°9F:
above the prﬁé’ds se&ﬂ%d'té‘a!‘st‘ﬁﬁ W?Léﬁhu%rggiwm&l o RE1AYREMeATRE: infAdiE ros&uhanger
and the wel | hea ousi ng, §S| ng hang packoff is set to isolate each
annul ar spacg vbeﬂlhé@@ﬁb@tﬂglmgﬁ irothe casduetpr hdining. didte vedllhearbhawking assengred a ends

into the well -1 W) 03/060279 PCT/ US02/ 39832
an outer or first string of casing, which extends through the conductor to a deeper depth

into the well. Depending on the particular conditions of the geological strata above the

15 target zone (typically, either an oil or gas producing zone or a fluid injection zone), one
or more additional casing strings will extend through the outer string of casing to
increasing depths in the well until the well is cased to the final depth. Each string of
casing is supported at the upper end by a casing hanger. The casing hanger lands in and
is supported by the welthead.

20 [0003] In some shallow wells and in some fluid injection wells, only one string of casing
is set within the outer casing. Where only one string of casing is set within the outer
casing, only one casing hanger, the production casing hanger, is landed in the wellhead
housing.

[0004] The more typical case is where multiple strings of casing are suspended within

25 the wellhead housing to achieve the structural support for the well to the depth of the
target zone. Where multiple strings of casing hangers are landed in the wellhead housing,
each casing hanger is above the previous one in the wellhead housing. Between each
casing hanger and the wellhead housing, a casing hanger packoff is set to isolate each

annular space between strings of casing. The last string of casing extends into the well
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to the final depth, this being the production casing. The strings of casing
between the outer casing and the production casing are internedi ate casi ng

strings. WO®3B§02vthen drilling and running strings of casi mgTiusoy/sms3mnel |, it
is critical that the operator naintains pressure control of the well. This
is acconplished by establishing a 5 colum of fluid with predeterm ned
fluid density inside the well. During drilling operations, this fluid is

circulated down into the well through the inside of the drillstring out
donsity-  cont B Fafl epliF i BRnRRE PRI gl Y AR Il PRI ™ hen
setting casifger dabig addshengodisction Rasimg are idternEdéms casmgxttizgsced wel | . A

of casi ng. | nl0DAS] Wb daling wi PGSRBS, SSFSRE (b Wl GRECHE thdie O
Systom i s Tosrun uBbEIT B GR e REL i RELCRsis RGBS RAENEMEL

riser te theconah!Jremedheids iphaletchRRR8 ] fluh ensigcinsise thagvetif Dasihggiriibmger is
suspended in the well head housing, a 15 cenent slurry is flowed_through

the inside ofperstmonsdbisflyid seircdated Hewnitte thevest! thieugk Bisiipgade ofshgidmistungp t he
outside of the casing to p eterm.ned point. Ln a.-subsea wel bl e

of produci ng®Wi ter iPtt_g%‘s?f &’ﬁé{r@ggﬁ’@cﬁdkckﬁﬂiﬂ_&%s‘frk Wt %ﬁ’%ﬁ%le?# 8;&% fons
made in the . NEOAUE HLRMbARRED thedownhSle PEASHE N theZHAE . Wheh sbtting c&fing, Wld ng
extends to t%e producing zone within the production casing to provide a
pressure conasbigliecinciatecthe pressure bglnostinehl. 20bloweutwskventdrgysiem ag emplopeiliced.

At sone point above the producing zone, a packer seal s the ace, be
Che” pr 08uct | e HBE AR OIS SRRk SBRan 0 TRLES A rur ik R O 9 o

t hrough t he j & i 0 '

nanger assenBy e (e prbfesBt el praSule g o WRRO e IR vl

ei ther in thgswal iReatebabsiathe welthead hotising bhangeng spowidrillng fiserdo the

hori zontal or spool tree, as described below. 25 [0007] Subsea wells

capabl e of pweldheedhgueing. or gas can be conpleted with various arrangenents

f th d I trol | i . LI .
Por vl s colMOPE ufiRh in stHs, Gecr Mg B S S hntndE fif M Vol Bofing 4 5¢
| ands i1 t hecenii@l kiAGs NOWEd tebuaBeandifeo Mhoeustig, Gt of @t bagtomaTyies casing,

Alternatively, the tubing hanger assenbly lands in a tubing hanger spool
that is itsehdfdbaskidpthewsidoeftbeicasmgitte predetermemad point. In a subsea well capable

of producing oil or gas, the production fluids flow through perforations made in the

production casing at the producing zone. A string of tubing extends to the producing
zone within the production casing to provide a pressure controlled conduit through which

20 the well fluids are produced. At some point above the producing zone, a packer seals the
space between the production casing and the tubing to ensure that the well fluids flow
through the tubing to the surface. The tubing is supported by a tubing hanger assembly
that lands and locks above the production casing hanger, either in the wellhead housing,
in a tubing hanger spool, or in a horizontal or spool tree, as described below.

25 [0007] Subsea wells capable of producing oil or gas can be completed with various
arrangements of the production control valves in an assembly generally known as a tree.
For wells completed with a conventional tree, the tubing hanger assembly lands in the
wellhead housing above the production casing hanger. Alternatively, the tubing hanger

assembly lands in a tubing hanger spool that is itself landed and locked to the wellhead
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-2 WD 03/ 060279 PCT/ US02/ 39832 housing. For wells conpleted with a

hori zontal or spool tree, the horizontal tree |lands and seals on the
wel | head wousiosz79 A t ubi ng hanger assenbly | ands and seal ®CTIUSHEE9832

hori zontal tree. [0008] The tubing hanger assenbly in conventional trees
has a fl ow passage for 5 conmunication with the annulus surrounding the
tubi ng. A tubing annulus bypass extends around the tubing hanger in
hori zontal trees. These passages allow for conmunication between the

interior of ngs}%a%ywal?Q?xﬁgﬁieﬁ%iﬁpgh%@nga?Bﬁ%dogﬁ tr&d, thdoriAoHt3) B lands

Virtually al uci ng we are capa nitoring pressure 1n the

annul us  f | odPaaragethbeisNbes hRinght £ tikdng bingehesspmbQulahdwamdesealsrig thad t he
exterior of the tubing. 10 [0009] A sealed annulus |ocates between the
producti on cheizogtahtrde.t he next |arger string of casing. Normally there

shoul d be no, pr re.in the annul us between th IO ' d the
next |arger @P?ﬁ@ﬁ%&bé%ﬁiﬁﬁg%e%sgﬂg ytlﬁ’ecoélr‘{ﬁrﬁtioélsl g%gsgg%gt@\%%%%?%gg f8f
productkon cashigniditbn Heh B knhidig axnoslhain@gh@ftum%s.l g tibing bty bypass
cemented at 1ts lower end and sealed with a Packo f at the production

casi ng hangeextemis. arbfind thes sbirg Wanger rint irizon®l anieas| Uhesh pessagessallaw fapul d
indicate that a |leak.exists in ane .of the stripngs of casjpg.. The |eak

coul d be froffTeBYBFafonpetween thedplepigy ghe@roa{)mﬁglé S P‘éda%%ilgte%’m%gﬁ? rom
pressure buj il iHS whRL 18 ihab e N RHFhL PRes&iRe i Be aRshibd
next | arger {sult"ﬁ}gﬁg"%tpaﬁ as}ﬁ'gmég%?vg %:ol Igbp?se a porti o%iaofS t he pfoducti on-
casi ng, conpflewipassage bdiweaithe titerionbf tho grodacttasuasiagiand thg ekteyioodf théwmbingl | . 20
[ 0010] For this reaso operators nonitor the pressure in the annul us

n
bet weedOt he [0908LAsealehannulisheratasfetsen Hisprodugtiepsasingand hegexidargerinng,

| and- based or_.above t |l s, itoring: i I .
pressure in gfcsaaxggeyvc\)?‘%?lﬁy %ﬁgrerr%%ld%? 191 P ip@%s%@@gﬁ@%%ﬁ%ﬁlh%ﬁetﬁg%}(ﬁgp %ggggés‘% to
the wel | head.figipShmiOtHeedeRWIdrBe AL WE chang basiusy thuamngrilarngpakobétweeithé er ent
nmet hods have been proposed for nonitoring the annul us pressure between the

25 product i oprodastiongasing andidie nexitlanger grg ef£esing s adisamlycgmgated 8t itH-lowsy er |
glr) Zts S a lrjgs efi3en al.nldssea gd vrs}thl a Ba{ic Sffatthe %pcjdlui:tti&/n ctagmg Qﬁé[e? Ind 3P ﬁr@s%u%%ﬁﬂihj this
15 annulus increases, it would indicate that a leak exists in one of the strings of casing. The
leak could be from several places. Regardless of where the leak is coming from, pressure
build up in the annulus between the production casing and the next larger string of casing
could collapse a portion of the production casing, compromising the structural and
pressure integrity of the well.
20 [0010] For this reason, operators monitor the pressure in the annulus between the
production casing and the next larger string of casing in land-based or above water wells.
Monitoring production casing annulus pressure in a subsea well is more difficult because
of lack of access to the wellhead housing below the production casing hanger packoff.
Different methods have been proposed for monitoring the annulus pressure between the

25 production casing and the next larger casing in subsea wells. However, most subsea

wells do not have any ability to monitor casing annulus pressure.



WO 03/ 060279 PCT/US02/39832 I11. Sunmary of the Invention [0011] In a
subsea well with a tree assenbly including either a tubing spool or a

hor i zont aotos@e)27¢ he producti on casi ng annul us pressure amdTarso2/s4ser nedi at e
casing annulus pressure are nonitored through conmuni cati on passages

| ocated in the high 5 pressure wel |l head housing. In the first enbodi nent,
communi cati on passages for comrunicating production casing annul us and

i nternedi ate casi ng annul us pressures extend into and up the high pressure

wel | head houﬁ[ng,S-!%mrgg@@i'é_w%ggﬂﬁgﬁe i nner surface of the high pressure
wel | head housi ng ockdown hanger for the production tubing.

Val ves preve[olijhke arobdedswilt edthus eee fassembdy mmivdicgeithg bédtong spdrd arree 10
assenbly is | anded on the high pressure we|l head housjng. The tree assenbly

has an i sol henizentas ey thet praducion) @sing anRelus pEFsiureAnd; b mfemediie 4 ng
bel ow the outl ets for the | i nbl y
i s | anded, t?fgu\tl}lﬁllv Sssu}aerege(%Watn gﬁ%g annu E?ngé%égﬁrlggﬁ%%mﬁ?% te

t hr oughst hei prefkfisPariihval ResSROCIRYE fifst hbotimnat commusicsationepasaads tthen  up
to the tree assenbly where the pressures are nonitored. 15 [0012] In a

second enbodioremtnicatorgpmileciionasipa ssages anbinteEmedials AsMgAFNYING PIGSFWEtict i on

casing M L o, gL SEIPEL 1. AL AU M0 BERRLEE BHy e
exterior surfpge h%ﬁ@%uréﬂv@ﬁh&ﬂ%ﬁﬂﬁ? a¥el the At kBOWS hatper Yo the pradueiient t he

pressures fromco nicating before the tree assenbly 1s |anded. The tree
assenbl y hastubirfgl yValye$ @aventathiecinnhis p2&saren fiwnt icomsnunicating dafese the tedpot h

th tlet f nj cati t ducti i I
br esouid andatnBblys bageha) kb erssmeciien i Thea R ummity i &
casing annul #glamélg?l%w&hat-ggﬁs &%@%Lde%@&ef\f&mewﬁmfslrbgaaw BRGuALS fétitheched

to the outle communi cat1 ng the annul us pressures. After connecting

the flying | eafimamionest pasges.f Aaen thheeé hysemblylie buided tlendilviy adoopentd emd t he
tree assenbly, the valves are opened to 25 all ow comunication cf the
product i on csianeplagriessties epmauatcatedbronshfhainFRsPersivp Passagrvays tothg iselgtion he

passagevays %lg%\}eg?e%iéthgf }1}2 ﬁostgnggr!eg ags%&bg{)\%érg e Messh2 4 mgﬁfm&{] ird

enbodi nent, I'ng-annul us”pressure s noni ored. In the
third ggbodi (Rt} i Bescastt bibodinRHE UsoenBIBaIdh Cpdsesgel fot BemATUAatag ahe

castng production casing annulus and the intermediate casing annulus pressures both extend

from the inner surface of the high pressure wellhead housing to the exterior surface of the

high pressure wellhead housing. Valves prevent the pressures from communicating

before the tree assembly is landed. The tree assembly has a flying lead, which has

20 connections that connect to both the passageway outlet for communicating the production

casing annulus pressure and the passageway outlet for communicating the intermediate

casing annulus pressure. The connections from the flying lead are attached to the outlets

for communicating the annulus pressures. After connecting the flying lead connections

from the flying lead extending down from the tree assembly, the valves are opened to

25 allow communication ¢ fthe production casing and intermediate casing annulus pressures
through the passageways to the tree assembly for monitoring.

[0013] The third embodiment, the production casing annulus pressure is monitored. In

the third embodiment, the annulus pressure communicates up the production casing

housing to a passageway in the high pressure wellhead housing. The passageway extends
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housi ng to a passageway in the high pressure well head housing. The
passageway extends -4 WO 03/060279 PCT/US02/39832 fromthe inner surface
of the hiwbopnersure wel | head housing to exterior surfacepafi/tsam3oseel | head
housing. In this enbodi nent, the well head has a gui de base for aligning
equi pnent as it is landed on the well head. H gh pressure well head housi ng
has a guide franme attached its outer surface that was guided to the
wel | head al ong gui de posts 5 extending fromthe guide base. Munted on the
gui de Trane 4 5mand fltCalAet ofMBMGH reldire LiThRRRSAMRGYCIABIVNHRIJrIR: ! N
producti on casing AnRUT US pressure.” The valve prevents conmunication while
the tree assegliieddildusiog. ah tlae katbodimentxthe nvedlihiead blea geidechuds for aignite

val ve and connects to_an upward facing connection that is also nounted on
the gui de fregwipmentes dés las the W&Hh%@ddéh&b\aw&ﬁureaw%aégﬁh%% ha sWigen t he
tree 10 | ands on th | head h iLng, the.connegti { When
the val ve isgﬂﬁgﬁéﬁ&wﬁﬁhénﬁ?b%ﬂggggﬁggggi 5%%hﬁdﬁhga%$§§£Ekégggﬁ%hﬁléztes

up the prod U&&éﬂﬁh%ﬁ@ﬁlﬂﬂe giiilé BM@IMolihRd PasEag@al@farhe is healtd Gt gunascbite
housi ng, through the open val ve, through the extension tube, and through

t he connect etlie pusmagevappemmonichiing theepradunsion| apsing rannylys prespyrag . Thesvalye

Brief Description of the Drawi ngs . [0014] Figure 1 | n, oyerall s | onal
view of an ul?fﬁé?ntijﬁ?wwcﬁtf‘?‘hw\%g? Iﬂl;faeté%l3 %ﬁ%ﬁ%ﬁ 1§, 0ot ?‘lt§a_§§%d0r ane keen\%ﬁog ﬁhft)%l s

i nvention. [QQdwk k G $ale Akl BANQYE6 ah Lp W RAThGRBdonb&WNPhat HhISIBGINEPT L ON
of wel | head asse y 1n 20 accordance wth a second enbodi nent of this

i nvention. [&0th6lgufdedtane. A irse assembbyrlakla dopmtviaghiatingicomnesfiomwhepdhbe trgor t i on
of well head assenbly in accordance with a third egﬁ%m&gtwgf this
i nvent 1®n. [lgodsgn the yelhead housing, thscaprastonsafe somnertedy ke the ralveis openedn

%gg g{ ?S? |C g nV\%l% Bfidg?tégr@é%lqé %@g‘gﬁs‘:ﬁgﬁ%ﬂk RinnhHiSatds MNP pr88uctidn cabinairBhgied
the passageway in the high pressure housing, through the open valve, through the
extension tube, and through the connected connections to the tree assembly for
monitoring.

15

IV. Brief Description of the Drawings

[0014] Figure 1 is an overall sectional view of an upper portion of a wellhead assembly
in accordance with this invention.
[0015] Figure 2 is an overall sectional view of an upper portion of wellhead assembly in
20 accordance with a second embodiment of this invention.
[0016] Figure 3 is an overall sectional view of an upper portion of wellhead assembly in
accordance with a third embodiment of this invention.
[0017] Figure 4 is a topdown view of a guide frame built in accordance with the third
embodiment of this invention.
25
V. Detailed Description of Preferred Embodiment

[0018] Referring to Figure 1, one configuration for the subsea wellhead assembly
includes a low pressure wellhead housing or conductor housing 11, which will locate at

the sea floor. Low pressure wellhead housing 11 is a large tubular member that is
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[0018] Referring to Figure 1, one configuration for the subsea well head
assenbly includes a | ow pressure well head housi ng or conductor housing 11,
whi ch wi IwWoloowet2es at the sea floor. Low pressure well heagdCraise2/sag3dl is a
| arge tubul ar nmenber that is -5 WO 03/060279 PCT/ US02/ 39832 secured to a
string of conductor pipe 13. Conductor pipe 13 extends to a first depth
into the well. [0019] A high pressure well head housing 15 lands in the | ow
pressure wel |l head housing 11. Hi gh pressure well head housing 15 is a high
pressure tubul ar i . X or
surface 19. ﬁcuﬁdr{?gg@u g%éel{algﬁtggglpﬁogs?%&%go@g{: ulégegtethgs ﬁ??gctlé@ fﬂlh?\g of
casi ng 21, V\meq,t;euextends through the conductor pipe 13 to a deeper depth
into the well. Normally, the first string of casing 21 is cenented in

pl ace. [0020]00Af] Aml@rm%ﬁum\éel&mdh@ls éandz@taﬁépwafeés%w%e@d@aem@ 25

acing 21, 1 hloPighrareR e R0l 5 T 3R el Bk fehbeZhen il

the interior eﬁ%&%ﬁﬁh&fl 7Qhﬂlﬁh PHRDB Mreacked. |I'D1@B9reb§iﬂ§tv6ﬂ1&5 hohsMiLr TeREhras e
casing hanger 23 is sealed by an internediate casing hanger packoff 29 to

interior surfoaa:ﬁrsl@trmg df|cgshng)2bsglmpbemmdsrtbmmdwsqongu@@ pippi &t deepee
casi ng hanger cur a stri |nterned te cas which is
cemented in ﬂ?l%i]éélto }@d?eiﬁs Iﬁﬁ’r&?@&lé’t YhS émwfﬁéﬂ@% Esfem’ﬂ} Hgn BE‘?C? ‘nterior
surface and anrdiish e
casi ng hange@%gf(hglﬁtg&%%én@a%gl |h%ﬁ ig%g@ﬂgbﬁ@@@géﬁﬁ%?ﬁgidgﬁagréodué?lli on

casi ng hangeprepmé@élﬂhea&hbmmgwtsemnlma'ﬁxsmlﬁmg:@fcmﬁngﬂ1 hingihmpdiesasieg hawgdel head
housi n%15. Producti on casi n%@han ger 27 secures.to product on casi ng 31.
t

FGRRIALEIAT BYREE? @@ﬁ"ﬁuwgw# pAROUSHEIR 1 0 a

ProductlPon cadlengs @ualeweeigy
final depth of the well P t.
[0022] 1 ntemsday ol e 25 it PAI3Y et md S B B bRLOR B0 18

i nt er nedi at ejni&astistidacdd9 olingﬁrpmdmah%llﬁeﬁlmgma@ nsul IuserﬁlsdlatemSlﬁglhangaﬂﬂs
i nternedi ate casing hanger 23 wup to internediate casing hanger packoff 29.

A product i onsesassihea aminglofintgmedidte easing25, Mhishdperneeniest GG ng product i on
SR TR R e
15 lands on a shoulder on intermediate casing hanger 23. Production casing hanger 27 is
sealed by a production casing hanger packoff 33 to interior surface 19 of high pressure
wellhead housing 15. Production casing hanger 27 secures to production casing 31.
Production casing 31 extends through intermediate string of casing 25 to a final depth of
the well. Production cesing 31 is cemented in place.
20 [0022] An intermediate casing annulus 35 exists in the space surrounding intermediate
casing 25. Intermediate casing annulus 35 also surrounds intermediate casing hanger 23
up to intermediate casing hanger packoff 29. A production casing annulus 37 exists in
the space surrounding production casing 31. Production casing annulus 37 also
surrounds production casing hanger 27 up to production casing hanger packoff 33.
25 Normally, there would be low pressure in intermediate casing annulus 35 and production
casing annulus 37. Only a lower portion of production casing 31 is exposed to well
pressure, and this exposure is through perforations (not shown). Cement in annulus 37
blocks communication upward of formation pressure from the perforations. Formation

pressure may exist in production casing annulus 37 only when a leak occurs.
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25 Normal ly, there would be |ow pressure in internediate casing annul us 35
and production casing annulus 37. Only a lower portion of production

casi ng 3lwoa3mespased to well pressure, and this exposur e PiCI/usoe/ea83h
perforations (not shown). Cenent in annulus 37 blocks comuni cation upward
of formation pressure fromthe perforations. Formation pressure nmay exi st
i n production casing annulus 37 only when a | eak occurs. -6 WO 03/060279
PCT/ US02/ 39832 [00231 A production casing comuni cati on passageway 39 has

a lower inl e, . i I | NaTaTRENTyats) X
S (L B e L e bl S
in figure 1 {91oAKkigHakespireGttiheanhouRsidg eMRyagdRapagisthowalsokendticakly andli at e
casi ng packoff 29 and bel ow producti on casi ng packoff 33. 5 Passagevyay 39
connect s wi t wopldagtieaviedire cvaess slowminfigurs! ingetuahprogichion| Rassageway 89 Bpgias
comuni cation with prodquction casin nul us 37. Preferably val v IS
opened and W§eﬂlt%9‘eg“feeﬁﬁ?5 Bﬁg?ogft Zg V@hﬁﬁlf"e" prodeHan Qﬁé%?ﬁ%%fﬁ% 9

ext ends supwapglls¥o a8 coRRt R With hrBbRUBA cHahy 9aldS43 Mi@bgheéigdedppresets €
wel | head housing” 15"and ends at a production passage outlet 45 on interior
surface 19 oforhinghicpiieswith prodettidnecading @usilng31.5Pref@alidy valve 48 anograsd age
outlet 45 is | ocated above | ockdown [ ckoff 47 of |ockdo anger
49. Loc kdovmdﬁéﬁﬁ’dé)’rath%oﬁﬁﬁ?gﬂﬁm?leggg@%)e%saﬁwﬁ g%%te?ﬁ?ﬁﬁpdv ardly after
communi cat i op,. ket t iR preailwiineZa Boidgl Shh@Endlsd Ace 19
of high pres Sﬁigl%ﬁewﬁﬁg}é%m%@ hﬁguogﬁlgA%ri nt er medi at e c:atsglqng corrlrlruni cation
passageway 4groda&heipatdiagadhtiet $havinjeriof Surct eholhigh prassurepvel headingismg It o

hi gh pressure well head 15 from.interior surface 19 from bel ow {ont r medi at e
casi ng 1fackoProdnetion passagreuileida igasaiedpheyg loskdewmpangespagkelf 47 phlogk ate

casing valve 51 i.ch, bl ock I.cafi War .

cl osed. Pref %%{@?\%%cgo“gﬁhaﬁg&%? é@ﬁ%lt g%saék %@grgrbr% |£@Hgassa§%ﬁ§€&gl
extends  UpWa&tile¥n gtfoﬁﬁétioﬁ?é§§hg1&1ﬂummgﬁid imtesmmadh@l 1® ofalgheorbsburetvsiiegh hi gh
pressure wel |l head 20 housing 15 and ends at an internedi ate passage outl et

53 on interidy. surface 19 of high pressure well head housing 15.
AN G CRTIRe SE SRE T N L

15 extends at an upward angle into high pressure wellhead 15 from interior surface 19 from
below intermediate casing packoff 29. Intermediate passageway 41 connects with
intermediate casing valve 51, which blocks communication through passageway 41 when
closed. Preferably valve 51 is ROV actuated. Intermediate passageway 41 extends
upwardly after passing through intermediate valve 51, through high pressure wellhead

20 housing 15 and ends at an intermediate passage outlet 53 on interior surface 19 of high
pressure wellhead housing 15. Intermediate passage outlet 53 is located above lockdown
hanger packoff 47 of lockdown hanger 49. Intermediate passage 41 allows fluid
communication between intermediate casing annulus 35 and interior surface 19 of high
pressure wellhead 15.

25 [0025] Communication from intermediate casing annulus 35 to intermediate passageway
outlet 53 is not desired before a tree assembly 55 is installed on top of high pressure
wellhead housing 15. Therefore, intermediate valve 51 prevents the annulus pressure
from communicating to intermediate passageway outlet 53. Communication from

production casing annulus 37 to production passageway outlet 45 is also not desired
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comuni cati on between internedi ate casing annulus 35 and interior surface
19 of high pressure wellhead 15. 25 [00251 Comruni cation frominternedi ate
casi ng anwoloi®e®39t o i nt er medi at e passageway outlet 53 i ecTaisSoziasss? ed
before a tree assenbly 55 is installed on top of high pressure wellhead
housi ng 15. Therefore, internmedi ate valve 51 prevents the annul us pressure
fromcomuni cating to internedi ate passageway outlet 53. Communication from
production casing annulus 37 to production passageway outlet 45 is al so not

metal 1 ed orbTly bicn reamac SR BSCHRFRn P pOREMIISER SERRIR pbudng 1.

product i on vahytefofsd ppéRiees Salb a3 pigvighisshpammitusrpeessmenfrann communadating td o
producti on passageway outlet 45. [0026] An isolation sleeve 61, nounted to
t he base of prodectmaqaaiseewdsoutleéddingly 5 engages and attaches to interior

surface of | hanger 49 n_tree, as I i 0 1.
Tree assenbl @%ggloﬁgsm@a@o&h f‘llg%‘fe\(,)\@e’ égg'frﬁ?ﬁ %s @%ﬁ%g 0? gre\%eq'%fe!nnggsﬁh gﬁ%?‘%b’y%
I'sol atign sl S?é@es‘@ﬁ@%he@% RS sinFeaI RISV E Biifrcb 49 tndieh iee hise@blyos5
surface | ockdown hanger 49 so that there is a seal bel ow production

passageway oistlheds ofbtheavall. Beseaascmite 5hdds atconpeesayalfethay sesuyrdsde vadlhead t er
tree assenbly 55 is installed, valv 43 10 d 51 ca n,. therefore

al | owi ng t heDsHE Il %?é’ei’fi?}?ﬂ?éq3o§fﬁ H?Og%m@a?iqe%géﬁﬁﬁf&ten?fuﬁﬁﬂe from
i nternedi at e; ¢ dWh?%@PAS% tﬁgt th&e OB AN DréducAb b@sfs%e% 0fletd3, artP the
outer surface of 1solation sleeve 61 to tree assenbly 55, ere the

pressures ar Belowimtetnddide padageomyoniletdBe d fley tree assarbblylSS usvipstalled valives 43 gauge

64 at the surface. [0027] In operation of the Fi gg_re 1 emhodi ment, the well
wi |1 baOdri | arekbleanorensbareiare aawing gaopyapnressures frgy preduchon ¢asisghadis,
wel | head housin i i ng:.of ' j

cenented int (§)J7 ?%eé%mtgﬁeﬁgag &g}n% ag(ﬁa’%'p ﬁ%ﬁﬁéﬁln&rg%é%tr%gu \ﬁlgt{s?ﬁéﬁ%Sﬁﬁ%&fsl? ng 15

Wi th first sgteneur®iceCerSisogtiad sfeeadnoitghrder &satible 5% | wheradhd préssurich ewe
| anded and cenented into the well at a deeper depth. An intermediate
hanger 23 wi mionitpned endreeinmupicated bk g contrebunnticahip beauss Kot theryeacand

gggﬁ 22? g : m &Dﬁ@ﬁpﬁ%@rﬁgﬁ&g Irtkrlléz {giqgedi ﬁrﬁagﬁlg{éﬁt‘? Ehep v%gli(\?vfiﬁ bg gnﬁgflarwgalsgd as
15 shown in Fig. 1. To do so, low pressure wellhead housing 11 with string of conductor
pipe 13 is landed and cemented into the well to certain depth. High pressure wellhead
housing 15 with first string of casing 21 from high pressure wellhead 15 is then landed

and cemented into the well at a deeper depth. An intermediate hanger 23 with
intermediate casing 25 extending below is landed and cemented into the well.

20 Intermediate hanger packoff 29 sealingly connects intermediate hanger 23 to interior
surface 19 of high pressure wellhead housing 15. Intermediate casing annulus 35
surrounds intermediate casing 25 after intermediate casing 25 is cemented into place.

The pressure of intermediate casing annulus 35 communicates up the outside surface of
intermediate casing 25, along the outside surface of intermediate casing hanger 23.

25 Intermediate hanger 23 is sealingly fixed to interior surface 19 of high pressure wellhead
housing 15 so intermediate annulus 35 pressure must communicate into intermediate
passageway 41. Intermediate valve 51 prevents the pressure from communicating further

until tree assembly 55 is landed. Production hanger 27 with production casing 31,

extending down to production depth, is landed and cemented into the well. Production
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surface 19 of high pressure well head housing 15. Internedi ate casing
annul us 35 surrounds internediate casing 25 after internedi ate casing 25

i s cementwo 06@7pl ace. The pressure of internediate casiPog/tsonsdsss 35
conmuni cates up the outside surface of internediate casing 25, along the
outside surface of internediate casing hanger 23. 25 Internedi ate hanger 23
is sealingly fixed to interior surface 19 of high pressure well head

housi ng 15 so intermedi ate annul us 35 pressure nmust communicate into

i nt er nredi at . j . 4 re
fr om commun TERTRREEHSY schlinghy b IR G MR LYRHRCEY BIRUE A e
hanger 27 wiglssafeodilihéadrhosmigns. 3Rrodudivhesdingganaiols X7osupronddsc piodncti@pt h,

is landed and cenented into the well. Production -8 WO 03/060279 .
PCT/ US02/ 398@8ing3d edier prodestionicagng 3kbisicpmghtyd Bvnplaes. sThsmsensereiob produmide 27

to interior surface 19.0f high. pressur i . j on
casing annul FSINgANEYHE 82%‘?%’%%%8? P?ne O%és\zg@% inugﬁg%og&t% 2{#&%}1 (]chsf}% ?,gg&fgﬁ i ng
31 is cement@d Juli® RIrBks of H6AURIES SWify Bhndk QJUCRioBiCtiohATNaE PavRUIAUES 37
comuni cates up the outside surface of production casing 31, alon? 5 the
out si de sur fseabngly fixesdusiucton bangen?y’ amigsior sgrfader 9deichiply prassurg evellpaad of f
33 sealingly fixef producti.on ha ﬂer 727 to int e{i or surftac.e 19 %L rilcimgh
pressure welloHsng LhsaAragcsn saﬂma DAGRTPEHA RS EYZPUsPE LR BrORYSEY
communi cate | cty WeVEntIh b oMb otBm AR cRiR Rifiher t he
pressure fr &gé ﬁﬁ%ﬁ?gég¥ﬁgh?5?§ﬁ§? unpgﬁ ??gg assenbly 55 islﬁgnded.
Similarly, amtilpressssemblyr finichadeaty Simidrs 85 préGucofromnéasmgeannuhisoifgh
passage 41 up to a closed valve 51, [00281 Lockdo hanger 49 with
productfon temmmBRCaET thepnsRmassage f LR F1qes YA el |, such that | ockdown
hanger packo e i 01 1 i or
surface 19 oéﬂhﬁglgﬁé%rd 18%3 Elr é\fvg? M&@g&ﬁgﬁ%‘ﬁ ﬁgﬁ%gmfpg‘gggg lsaéﬁ%(f I;ﬁ/tOS%IQI(@EHS
into the weddch3hhodkiatvniimabatpaciofs beabvay 6hlinglalagiget loclateivsieaigbndd yo
engages to the interior 15 surface of | ockdown hanger 49. Valves 43 and 51

are opened, iptasfonsuifiop 1\ofhighepretsurewelhisad Beusing/bni tee asseiblypteleads B9 r om

i nt er nedi at e, casi l.ug 35 ¢o icates, u L e i i
passageway 4%%%61{]%10@3%&03?%0%% <, géeim%a;%séﬂttol 2 Sgglhn%??g ?I}éag%sf{gpﬁgéﬁgre 8ce 19
(f)l;ngle? 5 Pr esgiage BPIdSk M vnlitngbi0l ALdIRRA 4312888 € aRApeRdd, pReferatid bl ackd ety

operated vehicle. The pressure from intermediate casing annulus 35 communicates up
through intermediate passageway 41 to intermediate passageway outlet 53 on interior
surface 19 of high pressure housing 15. Isolation sleeve packoff 63 and lockdown hanger
packoff 47, which are located below intermediate passageway outlet 53, force the
20 pressure from intermediate casing annulus 35 to communicate up the outer surface of
isolation sleeve 61 to tree assembly 55 for monitoring. The pressure from production
casing annulus 37 communicates upwardly through production passageway 39 to
production passageway outlet 45 on interior surface 19 of high pressure housing 15.
Isolation sleeve packoff 63 and lockdown hanger packoff 47, which are located below
25 production passageway outlet 45, force the pressure from production casing annulus 37
to communicate up the outer surface of isolation sleeve 61 to tree assembly 55 for
monitoring. The outlets 45 and 53 lead to the same annular space around isolation sleeve

61, thus commingled and are monitored by gauge 64.



packoff 47, which are | ocated bel ow i nternedi ate passageway outlet 53,
force the 20 pressure frominternedi ate casing annulus 35 to comruni cate up
t he out erweuwsferes of isolation sleeve 61 to tree assenbl PYCFAISHDBIS32

nmoni toring. The pressure from production casing annulus 37 comuni cates
upwar dly t hrough production passageway 39 to production passageway outl et
45 on interior surface 19 of high pressure housing 15. |Isolation sleeve
packof f 63 and | ockdown hanger packoff 47, which are | ocated bel ow 25

product i on ppsapRnRre PildRh sdamdRib6Rinidhe o PhE St laSeeb i RERHIEH Mlfas! Ng

annul us 37 nicate up the outer surface of 1solation slfeeve 61 to

tree assenbl 3, HSrolitionasing airuig.padsagewayt 13t extehids danetalhdthrewh High piressusanme
annul ar space around isolation sleeve 61, thus comm ngled and_are

moni t or ed bywghlesd hgusing bl S\ipnozieymo surdacpti? ogepdssyigaor surfapobl’. Profucton

shows a second enbodi of the I nbl y. f I L QMK , a
producti on cBEFHF AN nﬂﬁnyéegb?iss 855, Sﬁbmil géggxcfaéﬁl S}E%%g?ﬂéé%{]}?{f chdr:%% r?%}'nol‘% h
pressure webligathrhRatpeR Bastndpddkorh 178 ePrdducst paksgehh§ 1IMEdIBSCteXtie i or
surface 117. Production passageway 139 begi ns above internedi ate casing

hanger packopfodi@®nasadingeklye 133 p Asulys ivelve H 43 geaverta praseprp gempunicatign of
Producti on passageway .139 con ts.with roduction casin al ve 143,
Annul us val v@0£u%1°&ﬁévaﬁﬁwuﬁﬁggzwﬁ“ée 8‘55’&‘?% E’F%‘g&ﬂﬁ%‘hpﬁfageﬁ%g?%‘i‘i“ﬁ‘ﬁ“%%’f‘zﬁ%g
annulus 137 whyh & ahR929 1o %ﬁ@&t}t@ibhﬁ@ss@@e%@@%‘ﬂ@m 4538 afAVicRIEIST AfrfaRE 117

annul us valve 143 to a production passageway outlet 145 | ocated on exterior
surface 117 ofhighipgssipe eshead hoesihpdédsl housi ng 115. 10 [0030] An

i ntermedi ate casi ng .annul us passageway 141 extends | aterall hr ough hi gh
pressuf® wel [‘WéﬁhAﬁdﬁ@ﬂﬂ@‘aitﬁsasﬁgo‘?ﬂn\ﬁﬁ‘ﬁé’ﬁﬁsége@%1f4j§éte’fﬁ!§[af%9\léf @O‘@&g‘@g or

surface 117. %eg%gmﬁéﬁ?th%uﬁgg z f‘fgﬁy)\ﬁyint]eﬁ%r Qﬁﬂffﬁi 19 Rl Sh&{redinads 16asi ng

hanger packo? erne passageway connects wth internediate

casi ng val velnl&inedlafd pissm@ivay 641 \bekite bl piteviediase pasagshangecpariuffi K28t i on
of internediate casing annulus 135 while 15 cl osed. |nternedi ate passageway
141 cont i nuebterediatd passagawey ktleopnagojsavitlsntarmediateicating Yadys bxle Ifersicdipdoay

st ng 215, Vaics 751 BRbvES Blesdle 28thiRRard of i HhOMlaR B3 hiinui ] 19" GAfe
15 closed. Intermediate passageway 141 continues after intermediate valve 151 to a
intermediate passageway outlet 153 located on exterior surface 117 of high pressure
wellhead housing 115.
[0031] A treeassembly 155 having a flying lead 161 extending down from tree assembly,
lands on high pressure wellhead housing 115. Flying lead 161 has a flexible tubing 163
20 connecting with production passageway outlet 145 so that the pressure of production
casing annulus 137 communicates from production passageway 139 to tree assembly 155
for monitoring, when production annulus valve 143 is open. Flying lead 161 also has an
intermediate casing annulus tubing 165 connecting with intermediate passageway outlet
153, so that the pressure from intermediate casing annulus 135 communicates from
25 intermediate passageway 141 to tree assembly 155 for monitoring, when intermediate
valve 151 is open. In this embodiment, the pressures from passageways 139 and 141 are
not commingled.

[0032] In operation, the well will be drilled and cased in the second embodiment as

shown in Fig. 2. After tree assembly 155 lands on wellhead housing 115, an ROV will
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[0031 ] Atree assenbly 15 5 having a flying |lead 161 extending down from
tree assenbly, I|ands on high pressure well head housing 115. Flying | ead
161 has awbDloamsdare t ubi ng 163 20 connecting with product POR/Usay3®mgEWAY
outl et 145 so that the pressure of production casing annulus 137

comuni cates from producti on passageway 139 to tree assenbly 155 for

noni tori ng, when production annulus valve 143 is open. Flying |l ead 161 al so
has an internedi ate casing annul us tubing 165 connecting with internedi ate

passageway out | . e I r i i
nul s 135 e M cal e REORIoES R oL BRI IRILAID, F9% he
assenbl y 155RO8T carmeits Oyinpdleadiding rasewrindiratdateraksagetyloutiet dpgion High t hi s

enbodi nent, the pressures from passageways 139 and 141 are not co%gl ed.
[0032] | n opeessurohousing ggsriorwiurfaceel Idy i |1 Rreduciing passagdVel Yaee déeo

enbodi nent as, shown in Fig. 2. . After_tr n .1 head
housi ng 115,m5Wnﬁ%\%@e\/\Pastageg'% V\%Beoléﬁ O%Igﬁgn g@%é‘%&}%g@gy g;ﬁ;enﬁgbcdtﬂgﬂ)ﬁ;i ng
I ead tubi ng Jfdnishrodstieton roddbti G pisishedapUBY SopREHGesalolds Fro'ﬂiletioxRO\/
connects flying | ead tubing 165 to I nternedi ate passagemay outlet 153 on

hi gh pr essuvavdhdisitmguelx flgingdeadsprofiegtion Tulving pp3dheughdlypisisadddhio tre¢ ve
143 and internedi a assagewa | ve 151 .are bath opened by.the ., The
product i on Sasé?fﬁlelllyut%p‘f‘)’éé% @nPgoﬁ%Br%t&%ﬂl%ﬁ 4 @B%BE%%% e%é)g%/ %Wﬁgg%t es
through pr O%L%ggg« yviah V&nﬁﬁlﬁlicatté%rtﬁﬂﬂl@hrihﬁéhiggliitgaﬁlv@rfﬂPfﬁrb&ﬁh hzgfgmga&%,

t hrough fly 161 to tree assenbly 155 for nonitoring. The
i nt er nedi at einesrmedias tpbiagd 66 ehfougnflyimgdeatelfi letb éree psssmddyeliedyfot Abnitoring.

SRR TIRET R X NI AT .
) Cna. 4 ~; ; . Ll
nmoni tori ng ?11 u%el%g gﬁ;@!{ %Edeg{%g 87 ﬁtggfk?lﬁéoﬁsth éﬁ%stsﬁye %J}?Q%?ﬂg{ugﬁg b19ts dhbBGmve

assenbly. Refer ure gul ase 2 stpports | ow

pressure vel NbgagyhamsbnenBidimests sloaldalso togmpibyed ithe fisst tvesrbabodierents. woul d
al so be enployed in the first two enbodi nents. Cuide base 271 has four
upwar d ext endidg hass 2%l hasfous upwang extandmgerpsisphvonto highe guide sqwgmeahwhen on
the well assenbly. {de frane, 277 i s t ac t xterior. 17 15
of high pr es%%?%%ﬂg‘?q ‘ﬁﬁhﬁwﬁ% 655‘?%8%'2 f’Bg.m%?fté "8t gﬁ’ﬁf/atgarclﬁ%&r t%teg%%ﬁﬁ%{{rﬁggg\}e | head
housi ngs of high pressure wellhead housing 215. Preferably prior to running wellhead housing

215. Guide frame 277 attaches to high pressure housing 215 with a guide frame
mounting ring 279, which connects around the circumference of high pressure housing
215. Two guide frame housing tubes 281 are attached to guide frame mounting ring 279
by guide frame extension rods 283. Guide frame housing tubes 281 are aligned so that

20 guide frame tubes 281 can slide down two of the guide posts 275, therefore aligning high
pressure wellhead housing 215 while landing in low pressure housing 211. A crossbar
285 connects guide frame housing tubes 281, which helps to provide structural stability
to guide frame 277. A short guide frame crossbar 287 connects guide frame extension
rods 283 is for additional guide frame 277 stability.

25 [0034] Casing annulus valve 243 is mounted to the outer surface of guide frame
mounting ring 279. In this embodiment, valve 243 extends from mounting ring 279 to
long guide frame crossbar 285 so that a remotely operated vehicle can easily reach valve

243 to open and close valve 243. An exterior tube 289 for communicating casing annulus
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215. Cuide franme 277 attaches to high pressure housing 215 wth a guide
frame nounting ring 279, which connects around the circunference of high
pressur e wousionz79 215. Two gui de franme housi ng tubes 281 @Ca/sbr/aeshed to
guide frame nounting ring 279 by guide frane extension rods 283. Cuide
frame housing tubes 281 are aligned so that 20 guide franme tubes 281 can
slide down two of the guide posts 275, therefore aligning high pressure
wel | head housing 215 while landing in | ow pressure housing 211. A crossbar

285 connects i . i i |
structural s?lggsiu?ele%fgerr%fr‘% 1%3#13%1@? y%ﬁ@?i%%ﬁégd%ﬂ‘ﬁ(gﬁ :Vglzle ??%?r%&gélglgggéor 287
connects gui geufwatTadind enstaidon 290dsouddl toShéwpuidd datc@nassbay28de frame 277

stability. 25 [0034] Casing annulus valve 243 is nounted_to the outer
surface of gifi0ds] Retsming s@oﬁgwenb & PIOguEtiog, casiRgtRFELaMEL 4P Trexends, terelly a3

extends from nount,i. ring 279 t | on } fr that a
oS TR R S b8 ol IO A0 BRGNS cifrbp

val ve 243. Aq,rexk e11i70T PlodiRiod8Riséapewap T80 Hegimk iabgv itérigdardtdsisy hanktr WO
03/ 060279 PCT/ US02/ 39832 pressure after passing through valve 243, extends
away from vapackof239and belowrnsedustipn hangsr cgsingr pickefé 23y Rrodnettoningasageway

nmounted to short guide frane crossbar 287. 03 Referring.tao F gure 3, a
product i on c£§1ﬁ@gﬁ§§§ﬂﬁéﬁﬁyh§égp8%?@%H§VFé%8r3%%&lsfﬂwgﬁaguhﬁﬁﬁbp ure
wel [ head houging %n%r 979, 1 Ni8h@on SW1T@ 223 2By R dsure Xdddrh@ications Bf f ace
217. Production passageway 239 begins above internedi ate casi ng hanger

packof f 229 pmdudttinaasipg aniudas 287 wahgepsedasi ng packoff 233. Producti on
passageway 239 connects with production ca ing@yalve.24 hi ch i.s unt ed

to gui d@ frafi936hdrreiapiymbiney 2y inegm ard fpe |c\9_én@2&8n§% and sabs o
communi cat | on, of a%%%g&c&itﬂglg\;\‘i%%ia i QiHnb&icnSZo IMUHiR £de0291and0 oh 4HSP] A

tree assenblguﬁggg avli ng a acl ng connection 293 al 1 gns and st abs
i nto engagenpisuré whlikpdaodsih@e i igDoonnant facing 28inectibn 293 hmdepwe& fhcingls on
high pressure well head housing 215. Downward faci ng connection 293 and
upwar d f aci nepnngetimedfl cennert seoiascthe spresshen of HEOHICHER (agingf apybisué? | on

casing annul L 23 ticad FHb & &hon F30:R0851456! RbRRIRANSHR u T80 tEBLN
15 assembly 255 for monitoring, when production valve 243 is open.
[0037] While the well assembly has been shown in three of its embodiments, it should
be apparent to those skilled in the art that it is not so limited but is susceptible to various

changes without departing from the scope of the invention.
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15 assenbly 255 for nonitoring, when production valve 243 is open. [0037]
Wiile the well assenbly has been shown in three of its enbodinents, it
shoul d bwoapperzent to those skilled in the art that it i ®fcmatSoxsess: m ted
but is susceptible to various changes w thout departing fromthe scope of
the invention. -12 WD 03/060279 PCT/US02/39832 VI. Cains 1. A subsea well
assenbly conprising: a | ow pressure housing having a conductor casing
extending therefrom 5 a high pressure well head housing |anding in the | ow
pressure hou§ing éﬂg aving a string of outer casing extending therefrom
at | east one dasing‘ﬁ%nger | anding in the high pressure well head housing
which 1is secured to a string of inner casing, defining a casing annul us
surrounding the inner casing;, 10 a seal |ocated around the upper portion
of the casinb hanfeubies vedlassamghly cempAEBg: the casi ng hanger with an
interior wall of the high essur.e | I ousi ng. ; y for
nmeasuring the pr ed §Y Bregsfur?ﬁ%uShne%sl}aﬁl\g’%aan%glﬁﬁcst& éeé>§< g%&eﬁ%ﬂgﬁlﬁ%&?ﬁ@ interior
wal | of sthe high prgssHsturdklingadohausiandin inme ket gressubshossial and havieg
casing hanger to a passageway outlet; and 15 a nonitoring gauge in
communi cat i omstwing lof phter gasgwaytendingdherk@empf t he passageway for monitoring

the casing annul us pressure. 2. The subse Il assenbl vi. of .claim 1.
further providi ng?ti Fst OPheASg B%an)&%%ﬁlg}@r%ﬁurgﬁv %lk?aéir}hoélf ng Whisk e of
the high pr eé%u&gec‘f\% ) bead Jroms Beking UeBning Hecasinp a8Au e bl amBlhy idfer ¢l ai m
1, further providing that 'the passageway outlet "is on an external surface
of the high ¢gusegsure wel | head housing; and further conprising a valve in

comuni cation with the passageway outlet .in order. to contror Hhe
communil@at i on of &pRal IpspiGd awwupd Biedpper pogtion of the casing hanger to sealingly connect

the casing hanger with an interior wall of the high pressure wellhead housing;
apassageway for measuring the pressure of the casing annulus, extending into the
interior wall of the high pressure wellhead housing from below the seal of the casing

hanger to a passageway outlet; and

15 a monitoring gauge in communication with the passageway outlet of the

passageway for monitoring the casing annulus pressure.

2. The subsea well assembly of claim 1, further providing that the passageway

outlet is on an external surface of the high pressure wellhead housing.

20
3. The subsea well assembly of claim 1, further providing that the passageway outlet
is on an external surface of the high pressure wellhead housing; and
further comprising a valve in communication with the passageway outlet in order
to control the communication of the annulus pressure.
25

4. The subsea well assembly of claim 1, further providing that the passageway outlet
is on an external surface of the high pressure wellhead housing;

and further comprising:
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4. The subsea well assenbly of claim11, further providing that the
passageway outlet is on an external surface of the high pressure well head
housi ng; wpd3ferther conprising: -13 WO 03/060279 PCT/ USO2C3A8823m3¥val ve in
comuni cation with the passageway outlet in order to control the

communi cation of the annulus pressure; a tree assenbly nounted above the
hi gh pressure wel |l head housing for controlling production fluid; and 5 a
flying lead extending fromthe tree assenbly and connected to the operable

valve, the f1Ying, |,ead BRI e ubianu SHEkck i brddhSy LboiaRseol Y

isin fluid comunication w assa pressure

wel | head hougdigunfatidhéf thelbardusyeedsugssenbly of claim 1, further providing
that the passageway 10 outlet, which is on an external surface of the high
pressure wel | headaietassenhly meuntediphave thedighpressunsgrellheaghopaing foreemaling at i on

with the passaaeW@ ué]et in order to control the conmmunication of the
annul us pr esB'QFBY “%/hﬁ‘ﬂ 13 or tube connected to the operable valve, which

| eads tg an upwar dlfyinelRad 8atAding GRAREHel tRR; asserib] P BndS6RIEbIeY B MiatabOVe
t he high pressure well'head housing for controlling production fluid having

a downwar dl yvilse, thg flyorgniead having haflexide tubing/sushttha Hes tred agsaablyuisviaftid
facing connection when the tree assenbhﬁ h@ﬁds on tQﬁ_hkgp pressure
vel | head  hofRMmYnCaUen Wik thenassagrway Wdbe fghpressure voflhead hoUSINg i cat i on

with the passageway in the 20 high pressure well head housing. 6. The
subsea wel |l assenbly of claim1, further providing that outlet of the
passageway af, opemie isiisea arelli askemblgrofafaimhl foithér poedmgr thawdie] faesagewaysi ng
at an upper portion of the high pressure well head hoﬂﬁi r(11gi1 25 7. The
subsea lfel | eudstshigh ¥ oncanggxtsrnal sprfagepfithe bigh pressysg wellhead housing;

and further comprising:

a valve in communication with the passageway outlet in order to control the
communication of the annulus pressure;

an exterior tube connected to the operable valve, which leads to an upwardly

15 facing connection;

atree assembly mounted above the high pressure wellhead housing for controlling
production fluid having a downwardly facing connection that matingly attaches to the
upwardly facing connection when the tree assembly lands on the high pressure wellhead
housing such that the tree assembly is in fluid communication with the passageway in the

20 high pressure wellhead housing.

6. The subsea well assembly of claim 1, further providing that outlet of the
passageway an opens into an interior of the high pressure wellhead housing at an upper
portion of the high pressure wellhead housing.
25
7. The subsea well assembly of claim 1, further comprising:
a tree assembly that lands on the high pressure wellhead housing which has an

isolation sleeve extending from the bottom of the tree into the high pressure wellhead
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a tree assenbly that |ands on the high pressure well head housi ng which has
an isolation sleeve extending fromthe bottomof the tree into the high
pressure wolBhead -14 WO 03/ 060279 PCT/ US02/ 39832 housi mgT/tsnzi3seal i ngly
connects to the up interior of the well head housi ng above the casing
hanger by a seal; and further providing that the outlet of the passageway
isinan interior of the high pressure well head housing above the

i sol ation sleeve seal. 5 8. A subsea well|l assenbly conprising: a | ow

pressure houw;sgfg)gx& @&nagfyga%gpg&% tﬁt@ﬁlkrlﬁte?%} P HeNGel THRSS BhUSHE atdvRItEH

pressure wel ousli ng ng In ow pressure housing and having a
string of ou¢gmgtasgardbyexieandi ng therefrom 10 at |east one casing hanger

| anding in the high pressure well head housing which .is secured to a string
of inner casing, @RQ‘ﬁﬁh@fg’r%l“@lagFh‘l‘@thﬁﬁHﬁ‘?tl%th§ﬁ?l"‘~‘i86%ﬁ¥éﬁyr‘®mtaﬁém@ﬂ‘?fé)rf thehigh ng: 3

seal |ocated around the By - . ' engage the casi ng hanger
with an int®FdF° Wﬁfll?eag%l %ﬁ%ﬁﬁ&%ﬁ%{lgé@%@ﬁﬁ%@%héad %ogsi ng;, 15 a ° °
passageway extending through a wall of the high pressure well head housing
from bel ow the seal of the casing hanger to an outlet on an external
surface of t8e hi grsubgracuslinssenldy chmpdsingusi ng; an operabl e val ve in

ication with the outl et h i orof. the high
wl | head housi ng FIPbPSRIT ousBi et s Hib Ak es B REFaRh s

pressure; 20 a t5ﬁ&h%?é%f%}éuma%ﬁg?@taﬁ&iﬁgMlﬁe w\?ﬁgﬁh&%ﬁ&ﬁgwﬂw

housing for controlling production fluid; and a flying | ead extending from
t he tree assesting ofindtec casmecixeuiding thérefraper abl e  val ve, the flying | ead

having a flexible tubing such that the tree assenbly is in fluid :
conmmunil@at i on wi tﬁtlﬁﬁéo%%@é’@é%ﬁ?rilwa%mﬁﬁ%ﬁ‘g PESS FI@’S ?%M@E%mﬁa’dg%g f or

25 moni toring £A6.§85h 00in8 0P WS c4¥i 55 Hefifiing a casing annulus surrounding the inner
casing;
a seal located around the casing hanger to sealingly engage the casing hanger with
an interior wall of the high pressure wellhead housing;

15 a passageway extending through a wall of the high pressure wellhead housing
from below the seal of the casing hanger to an outlet on an external surface of the high
pressure wellhead housing;

an operable valve in communication with the outlet on the exterior of the high
pressure wellhead housing in order to control the communication of the annulus pressure;

20 atree assembly mounted above the high pressure wellhead housing for controlling
production fluid; and

a flying lead extending from the tree assembly and connected to the operable
valve, the flying lead having a flexible tubing such that the tree assembly is in fluid
communication with the -passageway in the high pressure wellhead housing for

25 monitoring the casing annulus pressure.

9. The subsea well assembly of claim 8, further comprising:
an intermediate casing hanger landing in the high pressure wellhead housing and

sealingly connected below the above mentioned casing hanger, which is secured to a
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9. The subsea well assenbly of claim@8, further conprising: an internedi ate
casi ng hanger landing in the high pressure well head housing and sealingly
connect edwbaBow2the above nentioned casi ng hanger, which PESTASous®sa2to a
-15 WD 03/060279 PCT/ US02/39832 string of internediate casing and thereby
defining an internedi ate casing annulus surrounding the internedi ate
casing; an internedi ate seal |ocated around the internedi ate casi ng hanger
to sealingly engage the internediate casing hanger with the interior wall

of the high gre solfriﬁteemmgc}itg@g%sitnge 9%%&9\;/ RRnindt &1 TRANRUGD BSIRYI AMRMus

ext endi ng through t i gh pressur wel [ head housing from

bel ow t he i n{igfommdingttee @odmediateaagiag;, seal to an internmediate outlet on the
external surface of the high pressure well head housi ng.above the | ow

pressure housi ng; an termediafecseplasaiebarppnd, heiinfearadiain FESIS hames torseslmgly
internediate outlet.qon the, exterior of hi. - sin
in order to W?@F”ﬁﬁ@eg%ﬁ?ﬁlingéﬁ%ﬁwg?¥h%'fﬁﬁt8ﬁ%ag0§eﬁ%qg elwggnsnue‘ﬁglhlag‘)dJ J

pressure; angofsigt her providing that: the flying lead is al so connected to
the internediate val ve, such that the tree 15 assenblﬁ is in fluid

comuni cati on wi t in itterniediaty pasdigemey ratndigavitisough ghe wal fstbe bigh pregsiisenbl y
conprising: a | ow.pressure housing having.a conductor casing extendi

t herefrom awﬁiu_bfﬁ‘d S84 F@%@F@Wéﬁ& 1%8'6’%%1:336 At ig'seh® aﬁt‘o g%\l/\rlﬁ%rrngs 1salrgérge
housing and Bayd G thé Rxril hitsket ldh pRSIAG wRNh&RUAAEirgBOOE HRYTIovat

| east one casing hanger landing in the high pressure well head housi ng which

is secured tpressusé¢ housgngpf i nner casing, defining a casing annul us

surrounding the inner casing; a.seal |ocated arouynd the casing hanger to
seal i ndPy connect 2R FEeEediatg VAR g comayinigatign yyth éPFGBPe‘\ﬁétlelo"glFt Pﬂg&hi gh

pressure wel lexqgl%jr ol}%sﬂigfgbressure wellhead housing in order to control the communication of
the intermediate annulus pressure;
and further providing that:

the flying lead is also connected to the intermediate valve, such that the tree

15 assembly is in fluid communication with the intermediate passageway.

10. A subsea well assembly comprising:
a low pressure housing having a conductor casing extending therefrom;
a high pressure wellhead housing landing in the low pressure housing and having
20 a string of outer casing extending therefrom;
at least one casing hanger landing in the high pressure wellhead housing which
is secured to a stiing of inner casing, defining a casing annulus surrounding the inner
casing;
a seal located around the casing hanger to sealingly connect the casing hanger
25 with an interior wall of the high pressure wellhead housing;
apassageway for measuring the pressure of the casing annulus, extending through
a wall of the high pressure wellhead housing from below the seal of the casing hanger to

apassageway outlet located on an external surface of the high pressure wellhead housing;
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a passageway for neasuring the pressure of the casing annul us, extending
through a wall of the high pressure well head housing from bel ow t he seal

of the caworgobanger to a passageway outl et | ocated on amrcaxtser/ssB2 surface
of the high pressure well head housing; -16 WO 03/060279 PCT/ US02/ 39832 an
exterior tube connected to the outlet of the passageway, which |eads to an
upward faci ng connection; and a tree assenbly having a dowward faci ng
connection that matingly attaches to the upward facing connection attached

tothe exter!or tiPeeHG ubdBnd:beq s gﬁe&ﬁgg {pwré HeSsagOwhfl ilith thads to an

conmmuni cation wt € passageway In ssure wel | head housi ng,

| ands on t hgywirg laddicssimegionehncead housing. 11. The subsea well assenbly
of claim 10, further conprising a valve for opening and cl.osing the
passageway to con®ira¢ @%?@bWH@V@BMOﬁ@“@F%%%éP“Wg% thag mgfipgly REiaches 1 he
10 exterior surface of. the h

wel [ assenb| e ypwardfacing 69@%%‘1}1%%81’?65&%5 %16"&@61}3)? fa{f%é: E?@g@he tée asilfpiSYbsea

conprising: se surround the
| ow pr essur ejpiRksAEmukibRicAWiHRhOPESaged ) MAhehigh fRsduré wellhedPWausthes kahendi ng
guide legs; 15 a guide frane that is attached to the high pressure well head
housi ng, whi aithedsgh presrutswelthead beusitgat sl i des down each | eg of the guide
base; and where the upward facing connection is nmounted to the guide frane.
13. A subsea well assenbly conprising: 20 a | ow pressure housi ng having a

conduct or Caﬁi.”g it s%%géa%lltaﬁé%hﬁi‘w OfBlaifh 1@[ ﬁhh@(c%ﬁﬁiﬁ@&g%hiv@%&%g)%ugh&w

| anding in the | ow pressure housihg and having a string of outer casing
ext endi ng t helbshg cig passagteasto anenc@sita thehmnglas preasite,nghich ist drechedgio the
pressure wel |l head housing which is se re%o. a string of inner casing,
defini A8 a cESFHRY SHHAA h%ﬁ%h@&ﬁﬂFﬁ@wﬁﬁ%mi &8 25 casing; a casing hanger
seal | ocated around the casing hanger to sealingly connect the casing
hanger with an interior wall of the high pressure well head housing;

12.  The subsea well assembly of claim 10, further comprising:
a guide base surround the low pressure housing, the guide base having at least two
upward extending guide legs;
15 a guide frame that is attached to the high pressure wellhead housing, which has
a housing tube that slides down each leg of the guide base; and

where the upward facing connection is mounted to the guide frame.

13. A subsea well assembly comprising:
20 a low pressure housing having a conductor casing extending therefrom;
a high pressure wellhead housing landing in the low pressure housing and having
a string of outer casing extending therefrom;
at least one casing hanger landing in the high pressure wellhead housing which
is secured to a string of inner casing, defining a casing annulus surrounding the inner
25 casing;
a casing hanger seal located around the casing hanger to sealingly connect the
casing hanger with an interior wall of the high pressure wellhead housing;
a tree assembly that lands on the high pressure wellhead housing and which has

an isolation sleeve extending from the bottom of the tree into the high pressure wellhead
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a tree assenbly that |ands on the high pressure well head housing and which
has an isolation sleeve extending fromthe bottomof the tree into the

hi gh pr esworos/oemet’d head -17 WO 03/060279 PCT/ US02/ 39832 mroagisezy39sand
sealingly engages to the interior of the well head above the casing hanger
by an isolation sleeve seal; and a passageway for neasuring the pressure of
the casing annulus, extending within a wall of the high pressure well head
housi ng, having a lower inlet in and interior of the 5 high pressure
wel | head hougj . | -har ; in
the interi orﬁéc#lﬂfﬁ?gﬁd %(ralelséy Ei%gg"’\‘/%‘é?ﬁ@géﬁ Eﬁﬁﬁfﬁgggé%%gtaﬁgb%g%?%% S reeve

seal . 14. Thegy ¥elsblatias elgbleyseolt and ai m 13, further conprising: an
i nternedi ate casi ng hanger |anding in the high pressure well head hqusing

and 10 seal i ngl yapasastag formeasying he BissEe ofdhg ¢asHEAnEHEs. syteRdRg dthifh ch
. & . i e BROveE arle
|t or madh at of YR et s R PN AbRISE Rate AR eriflel Marl b

i nt er negi at epi3Apkeshie MeBHeAAHIMEEHg EREbEIOW elid®eing hengaStal gndangser b@let in
sealingly connect the internediate casing hanger with the high pressure

wel | head houtiengferiamef higieprassurawelihead hewsengzhoye thoigglatian slegvgsarli ng t he
pressure of the internedi ate casing annulus, extending within wall a of the
hi gh pressure wel |l head housing, having a lower inlet in the interior of

the high preggur eTyelLhsadnBRHUS PR, AkHePBohfighgredi at e casing hanger
seal and an upper outlet in the interior of the high pressure well head

housi ng above t han inscomadiberashgbangesiaading R0thd Bigh prasedrh setllbéadionsing andg

casi ng annul us pressure in a subsea well conprisi %: (%. roovi di ng a wel |
assembll§ confﬁailgglﬁg%on%FcFe@va‘b?"éélﬁﬁ@Vﬁ&@F‘H@em%’inﬁg‘ 820 lfgtlérse%%? Pt ng

ther ef r om _a.(ih o, PLRAA;fic kg NERCLEANS | dMinl BNEH Reinbaldi® haMt RhERALI ©
housing 25 Wth A s ring of outer casing extendi ng therefrom at |east one
casi ng hangegurt@ndingdhd Mtcdmboiae cainghe hi gh pressure wel | head
an intermediate seal located around the intermediate casing hanger to sealingly
connect the intermediate casing hanger with the high pressure wellhead housing; and
15 an intermediate passageway for measuring the pressure of the intermediate casing
annulus, extending within wall a of the high pressure wellhead housing, having a lower
inlet in the interior of the high pressure wellhead housing below the intermediate casing

hanger seal and an upper outlet in the interior of the high pressure wellhead housing

above the isolation sleeve seal.

20
15. A method of monitoring casing annulus pressure in a subsea well comprising:
(a) providing a well assembly comprising:
a low pressure housing having a conductor extending therefrom;
a high pressure well head housing landing in the low pressure housing
25 with a string of outer casing extending therefrom;

at least one casing hanger landing in a bore of the high pressure wellhead
housing which is secured to a string of inner casing, defining a casing annulus

surrounding the inner casing;
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housi ng which is secured to a string of inner casing, defining a casing
annul us surroundi ng the inner casing; -18 WD 03/060279 PCT/ US02/ 39832 a
seal | ccawedsasond t he upper portion of the casing hangercrasspaissngl y
connect the casing hanger with an interior wall of the of the high pressure
wel | head housing; and a passageway extending into the interior wall of the
hi gh pressure 5 well head housing from bel ow the seal of the casing hanger
to a passageway outlet; (b) landing a tree assenbly on the high pressure
wel | head housing; and { gy feasey Gioufl kﬂ%ﬁg@ﬁ%&{i&%'%b Rk Er B8allHSy
pressure through the annulus surroundi t'he production casing, through

t he hi gh pressiea thelkhdigphardyet sithgan miesiot hallpefshagé weyhigh presheretwathead
assenbly for nonitoring. 10 16. The nethod of claim 15 wherein step (a)
conpri ses | oketsinggakthe passageway outlet in the bore of the high pressure
wel | head housi ng above_t :AS| -_hanger 71 ohh od of
claim 15 wherein: stepaé%§m§§%%?|%8@ﬂﬁ%§§?i%g'F egggﬁﬁhégﬂé§h§ét5555$§ t he
bore of sthe RiOReaRMBESHE GomVRldw erGellfshdgrsmghangdrhe a peshgafaytdiglegasi ng
hanger; and step éb) conprises placing an isolation sleeve in the bore
above the seal of(he landisgadrenassgadlhen the gherissiureyellizad hgusingiandet hod of

claim15, wherein; ste a) .conpri,ses l.ocating.the SS t, on an
exterior of the h{‘%h gqrélgéw%t%hehgrgguﬁbo& f%&ﬂg S e“%“s( §%§¥%ér(tt%éﬁlé§(§}rlr% rises
attaching a ﬁﬂdﬁ'ld%%uﬁ@fﬁ%iﬁg?h@ BRdub S ca8id, t%ﬁ)ugh@lﬂb Kigh preodilpé wekifcad ADRERE | NQ

t he passageway outlet to the flying lead. 19. The nethod of claim 15,

wher ei n: via the passageway, to the tree assembly for monitoring.

10
16.  The method of claim 15 wherein step (a) comprises locating the passageway

outlet in the bore of the high pressure wellhead housing above the seal of the casing

hanger.

15 17. The method of claim 15 wherein:

step (a) comprises locating the passageway outlet in the bore of the high pressure

wellhead housing above the seal of the casing hanger; and

step (b) comprises placing an isolation sleeve in the bore above the seal of the

casing hanger below the outlet.

20
18. The method of claim 15, wherein:
step (a) comprises locating the passageway outlet on an exterior of the high
pressure wellhead housing;
step (b) further comprises attaching a flying lead to the tree; and
25 step (c) comprises connecting the passageway outlet to the flying lead.

19. The method of claim 15, wherein:
step (a) comprises locating the passageway outlet on an exterior of the high

pressure wellhead housing;
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step (a) conprises locating the passageway outlet on an exterior of the

hi gh pressure well head housing; -19 WO 03/060279 PCT/ US02/ 39832 step (b)
conpri seswoasnentd ng an upward facing connection to the passagewsss2 outl et ;
step (b) further conprises attaching a dowward facing connection to the
tree; and step (c) conprises aligning with and stabbing the downward
facing connection 5 to the upward facing connection. -20

step (b) comprises connecting an upward facing connection to the passageway

outlet;

step (b) further comprises attaching a downward facing connection to the tree; and
step (c) comprises aligning with and stabbing the downward facing connection

5 to the upward facing connection.
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