WO 03/ 060279 PORTED SUBSEA WELLHEAD PCT/ US02/39832 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 fosmaRtioning the PRSTUrE ingt NORy Rge&?%%
wells, only one s rin f n set thin the outer casing. Were
only one str?tﬂﬁg8 C%f’éf%tﬁbo Eak ‘%nmlfthnsyft\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 strlng[s of
casi ng lAangel®0a & sulfifel H%cm an RFOABTiag /Y, or a8 HIIRYF fcd
above the prﬁé’ds se&[ﬁ’éd'tcf'agljﬁﬁg‘eﬂ:(l)ﬁbu@ﬁi)rglﬂﬂé%}ﬁ& eRE1VRE M QAT infPhb Iag;]manger
and the wel | hea ousi ng, si ng hang packoff is set to isolate each

annul ar spacg vagheeeRowinglags inthe casdustr hdindng. SRite vedlheatthaubing assengred @ ends

into the well -1
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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WO 03/ 060279 PCT/ US02/ 39832 to the final depth, this being the production
casing. The strings of casing between the outer casing and the production
casi ng arwoimennedi ate casing strings. [0005] Wen dril | iPog/usnz3gsanni ng

strings of casing in the well, it is critical that the operator maintains
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, th@ﬁﬂ?i;de%t}? kil Bng g'éétrprw\ﬁ:tigﬁtcﬁﬁﬂg.ofhé S8ngY b dasing bBEvRAGhdacK

to the surface. um o sity- controlled fluid bal ances the
downhol e pr esger @sing aht eheybluctidh essimedrt imgmualstagpsingsringsasi ng is run into
the pressure bal anced well. A blowout preventer system.is . enployed 10
during dril | {0885kWhen sakiing)and Funnyg SHNgSARf GRgInE i tthic Wik 1t ingntical Emt#é"r
safety systemt I nSur. h t LT . bk of
the vel 1 TP BrauBER e RORTRE b Thi s B SR SR o

housi ngsby regADS flui@nwidh ipkddet@mines Gluid dedditey invidk |the aglihoDating .dr{lD6H6]
Wien each string of casing hanger is suspended in the wellhead housing, a
15 cenent sl eperatidns, thisdlmédlischewatgh dewie inte giegeellghrougk theansidepf thg drilitring e

bott om of the casing, b up t out si.de of. theycasi t o .

predet er ni ne%flt_pt ?ﬁpgomn@%ﬁgég‘%@p%@ﬁ%%ﬁ@ St ?&B%F%‘S‘%& pt g?nsb s, the
production fluykdfed haw ddsREIheRBWNASIR reBse MR Wall.t When REEIAY ChdiNg) thasi ng
at the producing zone. A string of tubing extends to the producing zone
V\,iht hin the pesihgds honintabe presswe palandedavedl. Py blowoniprevamter systend isemployed

t hrough which 20 the well fluids are produced. At, so oi nt . above the

b 0quoAg. o e Rk GPd SIS FHEE SACBEUR BRI ERE TR OLEDoN e fhg and

the tubing t &f&@%ﬁt hd gl?e&atgpﬁafg@hgs }}!rgéﬁi%lfésc(;nhengf thBWRUINhE BfowdiP hf&'eﬁt@r the

surface. The tTubing 1s support ubi ng nger assenbly that |ands

and | ocks abgpgnt helopked ubbio thecwslilead hangdey by eutitieg ii on dhidingetisenaadhe
housing, in a tubing hanger spool, or in a horizontal or spool tree, as
descri bed bewelicadBopgo®7] Subsea wel | s capabl e of producing oil or gas can

b COMD o i S AT e s UG PO P gl 2o 1T
conventjsonal cdnié@ slutry§s e BrdtaR @S inglaseftht YasiaNgst df thetbegtom of the casing,
and back up the outside of the casing to a predetermined 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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wel | head housi ng above the production casing hanger. Alternatively, the
tubi ng hanger assenbly lands in a tubing hanger spool that is itself

| anded amatoloookedd t o t he wel | head -2 WO 03/ 060279 PCT/ USO2C3A882393621Si ng.
For wells conpleted with a horizontal or spool tree, the horizontal tree

| ands and seals on the well head housing. A tubing hanger assenbly | ands
and seals in the horizontal tree. [0008] The tubing hanger assenbly in
conventional trees has a flow passage for 5 conmunication with the annul us

surroundi ng {1 d U500 el@obHRIeRE ARNY hitSa iR B5 SpooP L ERESHGHAHA ko BnfidiDI NG

hanger in horizZontal trees ese passages al communi cati on between

the interioraqf sdali@ndthe dudiheanhaRiigh 0A auting hangentsembly lahdd diel sehlskihniye
Virtually all producing wells are capable of nonitoring pressure in the
annul us f| oherprestehtree.bet ween the interior of the production casing and the

exterior of ing. 10 [0009 seal ed nul 0 S t t
producti on c@@ﬁﬁg&ﬁ%&ﬁ?%%ﬁé&e{r ?Sg?@%ly Gy ?‘?“r‘{gfﬂwé? Pirglési glg} %l\%érwrrﬁ\%?s%g% htgfe
shoul d Be no.ph&sSikon WithtBe aRMHhd SurRRINMREHhE MigbiRg O elbig anidsd Pypasnd t he
next larger string of casing because the annul ar space between the

production cedemly @nund iiee hévag IhanggerinsharizagtabfreessiThes¢ Passaghsnaliqw yior
cenented at its lower end and sealed with a ckof f at e .praduct.i on
casi ng hangeforamycationhetwecy ethteﬁPhO}tM Wgrq@%ﬁma?s&g F‘Htﬁ]ﬁdgtg’é‘?r iotftﬁ?)ul d
indicate th j Kk |rpeshik ' il |ak
coul d be frg%bgg'/g\?gqlﬁyl %%:Izrsobﬁbﬁg glreg{%gggpoafme\r/\(}nerel?%gg?géasgk\gfén d(}:llgr?%njrl\g from

pressure buflbw pagagdbdrwesrahainterior béthepanluttien qasingand therxtesst efghatutinghe
next larger stri ng of casing could collapse a portjon of the production
Ay

casi ng,10conpti9Pk Angeledannytusieqatss Retveat theprasdusiioncasingags fhepeyflanggrstyRg | . 20
[0010] For this rea ogxﬁalgggﬁlfe%ts%y)ﬁlg%wotpg%ss & lee%mglgbét&eéﬁgg%uﬁn

bet ween t he °p¥dEc si'ng and the xt [‘arger string o sing I n

| and- based Of;saOMRI WRLRHKt WMakérSstrind/dfichdhg Becaus® GuciimilarCgatd Gemrvon |this
pressure in a subsea well is nore difficult because of lack of access to
t he wel | headpidustiongating and theaepdugeicstingofcasng s Hwdingaly cemerisd £t its IDWEF er ent

methods have beel BN aPORE S packor e bdulior ASing R End IESNLR WRINRRD * Ne

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.



25 production casing and the next |larger casing in subsea wells. However,
nost subsea wells do not have any ability to nonitor casing annul us
pressur e. Wa030@2060279 PCT/ US02/39832 I11. Sumrmary of thePcmamsar/swss2 [ 0011]
In a subsea well with a tree assenbly including either a tubing spool or a
hori zontal tree, the production casing annulus pressure and an internedi ate
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,

comuni cat i ofjrPas§@gasart Of thERIVERAbE At | NG production casing annulus and

i nternedi ate casrng—aﬁﬁ%rﬁ§_ﬁfﬁ§§ﬁfés extend into and up the high pressure
wel | head houpiong), Inbetshbsepentlhevithna tike assenddly snotddicg eitbér a tebihg ghograessur e
wel | head housi ng above the | ockdown hanger_ for thea%r oduction . tubin

Val ves pr eveherizontal disaythgsprafeasion easing  BRHs MRt A %?Wé‘%%@aﬁllg%e 10

assenbly is | anded on fhe hi I ﬁﬁ“hﬂﬁ% L g, h%§§enbly
has an i sol %Hnlugl}'? psrgse%%/eearfjh%a(%ntgg%dle@({%gﬁtc e 1 nsi ggfpggs%?g% lﬁg‘fﬁg‘; gho si ng
bel ow t Be ouplegduse WAIhEAThoWMHETUM Cigd Fiesd cpbddimgaes, colimeicitim passspeasoenbl y
is landed, the valves are opened and the annul us pressures conmunicate

t hr ough t hei commapieatinig/rrogustivagasiag anngus prd inssmediatncasimigeanpulus FFISYEN up

to the tree assenbly ere . the pressures are nonitored. 15
second enbodf ntoag H}eé‘é@? SSEHS %g’&%‘ﬁ?"&s mggt?ﬁ%@ AP Eag Onngtilg}%é%l] 3 #%lﬁéjct i on
casi ng annul yspafh Kesdufd RENRALHoBsiFR TG RO THHHSWR hesEd F6Sthd ptdduessend

fromthe inner surtface of the high pressure wellhead housing to the
exterior surfubie. oValvhe prdvieghther amslus ereselreh dmdn homsiunipating lbefose theetrent t he

pressures from comunicatin efore the ee assenbly is | anded. . The tree
assenmbll{ hasassemplyjipandg 8‘,1%9\?1?‘@;1 PRESUIS OV ei'&iﬁ?f’el&cl‘isﬂlﬁ_s ﬁﬁé{ee&éﬁ?ﬁg’i’ b ot h
the passagewqy Al Ligh,d i SATTBAAE FRldedd lenFolREALHSslilbel AL BABO R HS

pressure and e passageway out or conmmuni cating the I nternedi ate

casi ng annul gsmRukiSstitEpasddpes.cCafaeht trot1sssémbinis adéd, yhaeplvesak apepedibndiched
to the outlets for comrunicating the annul us pressures. After connecting
the flying | dednudnressiiss sommugieatetrop gl hpigraspertive RASEREFRYS WAHSPIAUeR t he

o o e etk Bor B8 1 e PR ARC b Rcte Bl PGRITHIG AN ©f the

production ¢ at'ecasi ng-annul Us pr essur es
15 [0012] In a second embodiment, communication passages for communicating the

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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t hrough the passageways to the tree assenbly for nonitoring. [0013] The
third enbodi nent, the production casing annulus pressure is nonitored. In
t he thirdwermbodizrent , t he annul us pressure communi cat es upCThEsopswsducti on
casing housing to a passageway in the high pressure well head housi ng. The
passageway extends -4 WO 03/060279 PCT/ US02/ 39832 fromthe inner surface of
the high pressure well head housing to exterior surface of the wellhead
housing. In this enbodinent, the well head has a gui de base for aligning
equi prent. asgb theiryBNYLAco e R RINEILRERAy A nOUARNY K1k HiNeAS JIAMST NG
has a gui de rame attached 1ts outer surface that was guided to the

wel | head al onglligii dRugingt In Bhiexhtodinmmtf therwdiheadyhbde goakebasd/fomaleghimn t he
guide frame is a valve that connects to _the passageway gpnnun'catin t he

product i on cemipmaerd aniiiviandadandthe wellepd. Fhigh presyreyeiiicad bgpsis s U whi | e

the tree assgnmbly .i of. attached. .An t epsi 0. :

val ve and coﬁ?‘f&%%&ta‘?ﬁgéh ?}B?/\rasruéglfg %(t:}?art]d’g %ﬁ%&& t|Q)ottr}1lgt ez;{h%iﬁs ﬁ[gﬂg oél{ﬁr%ﬂ%%ggﬁ on
the guise fraggdidy f698hAEH8TBAY. PREnRA G0 WNALide fratt R0y COMGBEl éaanectvien t he
tree 10 | ands on the well head housi ng, the connections are connected. Wen

the val ve i sthepresmgeway benpuoigaing the pradiatignnasing @snpgne peispeec oAt es

up the production casing, through,k the passageway, i h igh, pr e
housi ng, t hrJGYF ﬁ%‘mﬁlﬂg’r‘ia%%ﬂ Vg‘ﬁe ttl?ﬁ@lileg%s?rﬁ@% lé%gﬁgaicéﬁ‘ft BB%X te?rllrsl%%t fough
the connect edGpf %ﬁmﬁ{?ﬁvé hd Enddi e 2R SFRHRIRNCIAOEonn BRI Rt i so rAdurtdd
Brief Description of the Draw ngs [0014] Figure 1 is an overall sectional

view of an uppte gnaletfiante. A trae wsbinhbdds asioemblayd facing zocmactamoehenithditreai s
invention. [0015] Figure 2 is an _overall sectional view OB }?33 upper eﬁorti on
of wel Ifead BadsanshgWekhead housing thesArpecliprsrecanpedst "gh% fYERE SBPeRH s
invention. | i j h“ﬁlﬁﬁ- It QNAh M B M Bon JLIMP REbu AP T ON
of wel | head %gﬁgd%%%gnggg@l r{g%a/sﬁfvﬁa({o a t‘?}ajltrgﬁeﬂgd?ﬁnen{l oflﬁ%)’hi suéIp
invention. 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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[0017] Figure 4 is a topdown view of a guide frame built in accordance with
the third enbodinent of this invention. 25 V. Detail ed Description of

Pr ef err edwbroboeiznent [ 0018] Referring to Figure 1, one comCrgisozsesen f or

t he subsea wel | head assenbly includes a | ow pressure well head housi ng or
conductor housing 11, which will locate at the sea floor. Low pressure

wel | head housing 11 is a |large tubular nenber that is -5 WO 03/060279

PCT/ US02/ 39832 secured to a string of conductor pipe 13. Conductor pipe 13

ext ends 10 a.dllito 5RHD of MliucoPBiptSs] Cohfitisthid 13! difenfl Fosasmsﬁdésg&e If¢ad

housi ng 15 | &dS i n I"'ow pressure we sing 11. Hg ssure
wel | head hougjeRgelll5 is a high pressure tubular nmenber having an 5 exterior
surface 17 and an interior surface 19. H gh pressure wel | head housing 15
secures to al00lPkA highpragurstwelthepdhhousing %ﬁ isthe &y BresHire igthaad dovsinGuct or

pi pe 13 to a,de r depth jntq.the l. . I J: f
casing 21 islgeﬁgﬁi B Ff.él&e 8?385%\?EA§14¥9%2P? !rz’rgés' {eaélgﬁgggeﬁlgoeﬁfé%dé%mgS and
i nter megi at e.GaghMRArfAR 13%8d hitskedor Qe fdch 1 i Migh pREQISWERNAE hbikeRd] Sweuweng 15
inthe first string of casing 21. Internediate casing hanger 10 23 | ands

on a | ower stocalfickestring dficesing12 rwltich sxtefidsgbroogh Hiegtongnaerspipe 13w & Heepgr
housi ng 15. | ntermedi at si ng hanger 23 is seal ed. by an i.nternedi ate
casi ng hangeflephgief "Q‘gl't orm e&‘f’g%@m“fga%é?aﬁ’ég ZFIS eﬁ}?nﬁfiégg{ﬁ;% wel | head
housi ng 15. [ CAS] ; i [ in hich
't or madi ai ol Q28] RERYERRERSLAMEIARGR, Sl in R AR ES ch sy bRl in i

casi ng hangepregstrdwavillitgd Aousing EY inahie St frageofrasdngdl eteemiedintesasingbanget 5

| ands on a shoul der on intermnedjate casing_ _hanger 23. Prodyction casing
hanger 197 j s23 @ééf’r@blalﬁveﬁhﬁﬂ@ﬁh’@ﬁh%‘ﬁte@aéﬁ%ﬁcﬁ%ﬁb@?prﬁ%ﬁ‘:‘%‘f’gﬂ’gé‘s hopsigiler i or

surtace 19 ol Sl Aok et R BB Lk g mpiastonge
i nt er medi at ej$dridrRErtRk 19a%hid@ pedsire wallhédddousiept fi bfermediatewasihg hitiged2®t i on
cz sing 31 is cenented in place. _ )
secures to a string of intermediate casing 25, which is cemented in place.
[0021] Production casing hanger 27 having an interior surface and an exterior surface
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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20 [0022] An internedi ate casing annulus 35 exists in the space surroundi ng
internmediate casing 25. Internedi ate casing annulus 35 al so surrounds

i nt er medi woasma®’ng hanger 23 up to internedi ate casi ng ramgeo2/pmsskof f 29.
A production casing annulus 37 exists in the space surroundi ng production
casing 31. Production casing annulus 37 also surrounds production casing
hanger 27 up to production casing hanger packoff 33. 25 Normally, there
woul d be | ow pressure in intermedi ate casi ng annul us 35 and production
casi ng annul 7 - [ Qs ' i o osed
to well pre s&rk?igﬁﬁ%Pﬁ?égﬁﬁ%ﬁﬁﬁééhggmﬁ ?%E% é??%?g?ﬁgﬂgﬂ%#gpﬁgﬁﬁﬂn).
Cement i n anpibfisigh preskihre GhedlheaMmaIRimgalS. (asshgemng39is showmathomtizakiy and e
fromthe perforations. Formation pressure nmay exi st in_production casing
annul us 37 owbyldwoethavg theakves seewsin figgraNOngeue o tipGTR 49skRE39 83 beginn 231 A

production casi ng. commynj cat i on ) wa has | ower. i nl i R-tihe bore
19 of high pf¥¥su er&%ﬁ’l“ﬁeﬁﬁsl% Bg?e}ws?%g a%aé%ﬁ&eﬁﬁ’?_“?@ﬁ gasé%%?kd}f £h)
schemat scal | ¥, il w29l Enfllts Vil frolliQionWaMBs valOm vitlicH WHEH oskd] preqsdtsial
production. Passageway 39 begins above internedi ate casing packoff 29 and

bel ow pr oductimimuniastiomgw it plooiétidtashgRasslagdhabreggay nakve 8 iswpened and
production casing val ve 43, which whey Qsed, prevepts . comuni cation wth
producti on c&éf ya%’f?ﬂ?‘lﬁ%ogef?teél”gfl\éﬂa(gq‘ék’vhﬁ%sfgﬁwiﬂé géﬁétﬁlé(gs Wrglé(lagféd by
a renote ope b! "B hibddLhit £
passing thr o%%%ﬁgat@ggﬁfw%#r bugﬁu%}r@ ﬁg’?‘%\g@ﬁr‘&?l\}\lﬁﬁ ﬁ@ggl#gﬂ?i ng 1% and
ends at a ppRduciingaspassaipesd Dot inatriodsurtane i o fhiglopressurdveel heddhafsing 1§h

pressure wel | head housing 15. 10 Production passage outlet 45 is L cat ed
above [18ckdofrednetinjarassage Rufgt 42 75 lgsatedrbeye lnckdommpangeumackelf 4k ablnG q?fa’r‘fber 49

is optional., Pass way .39 .al lows -fluid.c I t . ion
casi ng annul ]&aéqgg aﬁ,gck%c{“énrlﬁgger\gérl %’?8%99%%&%%%?@%%%&?@ ﬁrﬁé%gﬂ&%&
[00241 An i np@uRBghRbEtATAE 8y SO E7GA iferi rasHageMsaf high Hrestervadlibead | y
shown) 15 extends at an upward angle into high pressure wellhead 15 from

interior surtace 19 from below internediate casi ng packoff 29.

| ntermedi at e[(]?)%i]sg%emv@e él 1at(e:> %er}r?gc E:gm}lnmu}nfc]:ation passageway 41 (schematically shown)

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

-



i nternedi ate casi ng val ve 51, which bl ocks comruni cation through passageway
41 when closed. Preferably valve 51 is ROV actuated. Internedi ate
passagewaywodk/oeerends upwardly after passing through int@cmadoass3val ve
51, through high pressure well head 20 housing 15 and ends at an

i nternedi ate passage outlet 53 on interior surface 19 of high pressure

wel | head housing 15. Internedi ate passage outlet 53 is | ocated above

| ockdown hanger packoff 47 of | ockdown hanger 49. Internedi ate passage 41

al 1 ows Tl ul choGaTTHEL g&ggngg- ?gﬁms{allwbmﬁgg Rief RASLAGwANN toudng 48]

interior su ressure wel 25 [ 00251 Communi cati on

from i nt er megh@tRres; peéduotiamnalvei g3 Previentsiths ainubdi péssupasangemanicating et 53
is not desired before a tree assenbly 55 is installed on top of high
pressure weploductpninassseeigayioutierar ef ore, internedi ate val ve 51 prevents

th | fr i t] { i i tlet
555 Gommun; cQOERRAR aslkit N PhSRI PR the (G oP3ge HforhAs a0 suihe | ©
passageyay Orfida6ls i dttactRk $Qinkor 3@FAded lockddWeh B LE A HhelPGEE LESORLBOSB2

before a tree assenbly 55 is installed on top of hi%h pressure wel | head
housi ng 15. isThedsedrothe, wedk ofiteetasssmblnlS) dias 3 conesceart X6 thak seehrngitagvedthead ur e

fromcomuni cating ta rodyction age qutl et 4 026] .An isol ation
sl eeve 61, nB‘RHﬂ@glst &S‘?lﬁé" %eé(er‘Cl{)q?é@ %gt\sg%/%‘ftﬂp% ,evggéf({%ﬁll 1o Bhg%ges
and attaches ' ' f; pggdq]g aebl y
55 is Iandslotggd(% eﬁ%?ﬁgsé#tg%qges@é%%kg%&ﬁas a gg%ﬁ%é%%?ﬁgtghﬁﬁaﬁsecur es

to wel | head bélowsnteanddate pasdgiiapoutttesy A fipatkodsterdi@y S6ad instalal, aalivesrtX| eeve
61 to the interior surface | ockdown hanﬂer 49 so_.that there is a s

|
bel ow pP oductiby] cansREgbREfors aHowINE A5 anAH AT PRSI PRPEPHHEHPREAS N§ALY E‘%Way
outlet 53. Agf Sld Iﬁrﬁ?nta%%%?gé %aﬁﬁ%lahﬁulhg'ﬁ & Joﬁﬁim%n\f@alté’t%%u ots 49 A0 §3,§1#> r%@n

open, thereforearfown ar pressures Trom prodaduction cas

annul us 37 gnper Eir@ibel oTt 6 IER6H lceveE 8% B Yreanimsgtibly 355, twhere rihel piresaties tage
outlets 45 and 53, up the outer surface of isolation sleeve 61 to tree
assenmbl y 55, mahisored ahécqnmyrigated bapsontigliimtilie ton gaugs drhahthesuEachy a

control unbi lOIUS% Int gpe?at%%uoqef\hg léig%;e f Qr?lbgéigegf %hie well will be drilled and cased 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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[0027] In operation of the Figure 1 enbodinent, the well will be drilled
and cased as 15 shown in Fig. 1. To do so, |ow pressure well head housi ng
11 with swoimngemf9 conduct or pipe 13 is | anded and cenent @dTiusvm3asbe wel |
to certain depth. Hi gh pressure wellhead housing 15 with first string of
casing 21 from high pressure wellhead 15 is then | anded and cenented into
the well at a deeper depth. An internediate hanger 23 with internediate
casing 25 extending below is | anded and cenented into the well. 20

| nt er nedi at ehaggg%,e%&ggkgéahﬁglg cﬁﬁ?elc{sg)%v%llcﬁﬁrga £527 PLREARALALG A0Teen 23 to

interior sur 10 ressur housi ng 15. Internediate
casi ng annul press3fe wellhdadunsisingnitser PRducton eamignamihis 7t erroundse proddctidre
casing 25 is cenented into place. The pressure of intermedi ate casing
annul us 35 cewingidil efeerrodpctionsagng 31 Weemanted ko place. | Thegrersue of aradystiony 25,

along the outside surfgce of internediate. i 23. 2 t di ate
nanger 23 | SRBETRGPS 3T raB R B R BENGAc o catine o8 SEAT

wel | heagl  hoysiJugkiddsiack Wreiro®isH Radiid Ubitfer 37, PPREGL0R Waagér paRBENBXat
into internedi ate passageway 41. Internediate valve 51 prevents the

pressure fr oseabugtynfnies atddugtidrubaniger 27 tmintdrior seidacgsideriihigh pEessuge weehibe
Producti on hanger wi t h pr.oduction _casi ng 31 ext endi ng down to ..
product i on dA¥IEHRS fg sp é’ﬁﬂ‘@@u%&"ﬁ‘g}}%ﬁ? Jyess f%“&“ﬁtec%ﬂ“%“c o‘Hﬁ)cP {ogHCt-l??_ VO
03/ 060279 P?e(s&é%/_ay?»%@3%@&&%1@&@&9&%&%@ BaskiR6 b nt QMMAGHiSatOREEE ON

hanger 27 to interior surface 19 of "high pressure wellhead housing 15.
Producti on casilngeamsembly Y is landalinampartd Loy i wessucafbmgeaBihgadringhus 35
production casing 31 is cenmented into The #)lr essure of production

| .
casi nglﬁnnulQﬁn@ané%}ﬁWﬁ?%tF@ﬁa&?)ﬂ H%“g%&;?@evaé‘(ﬁ_ ace of production casing
31, along 5 @pfggﬁé%ggﬁp%{%&ﬁ@w% pRIGEHE] LB TANISAOVAAR AREcPifto (RE GAHC! | ON

hanger packo fi xes "product 1 on~hanger to interior surface

19 of high paesIr4t@obivReRdgerabisd i gealdd B seafinglshentageniosladomnLisander 49 assur e
must comruni cate into production passageway 39. Annul us valve 43 prevents

the pressur einfariomsersranlSi of dighyessurerwielihead hoysing e eltss awambly Bxlapds mithded.
SRR P S M T R RS SR e SR R
15 surface of lockdown hanger 49. Valves 43 and 51 are opened, preferably by a remotely
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.



[ 00281 Lockdown hanger 49 with production tubing (not shown) is |anded into
the well, such that |ockdown hanger packoff seals 47 sealingly engage

| ockdown wargm®e024® to interior surface 19 of high pressuPeTwsht bosazl
housi ng 15. Tree assenbly 55 lands into the well such that isolation

sl eeve 61 stabs into and sealingly engages to the interior 15 surface of

| ockdown hanger 49. Valves 43 and 51 are opened, preferably by a renotely
operated vehicle. The pressure frominternedi ate casing annul us 35

comuni cat esyddhor F AL A RATE BERLRE !%e 1y. R SR8 Foure

passageway olt on interror surface 19 of pressure housing 15.

| sol ation sl gemsropeivaichsifi@adutus pasdadeway IBongeends merkkbsf thrdugh high piessure
| ocat ed bel ow i nt er medi at]égassageway outl et 53, force the 20 Er essure from

i nt er medi at ewelidadgousing} nfeioE HHASA il &%&oevacd@ ekigEoREiase Klifr Frrduchen
solaton sl eeve, 61 0l heg, SRRSO R8N AN BAELN e HEL BY S3F Wl O

Rt cates Up h™‘pr oduct’i on

passageyay 3§ oHQctld?lrﬂgi%@ b&ﬁhgo agevey Prddublion’tpasdfiggwalerI0¢EormeEtk agigh 19 of
hi gh pressure housin 5. Iso tion sleeve gackoff 63 and | ockdown hanger

packoff 47, Wwﬂuttlcarcasmgwatved%e%@wlms vpivedd prwnntpaﬁagemmtqaapn 133
force the pressurefrom 0 onc I ng .an us 37 to up the
outer surf ac%mgfwtf‘g’cﬂa%ﬁlgg‘?’\" g‘l gé ghélia]t%ﬁecg F é%‘{?‘&b%’?e%f‘%ﬁeg’%y ?%A COHHBH gﬁgf ng.
The outlets ﬁﬁ iidaR3 1L1§?(¢ad§r9dﬁdﬁ%n§§§§§gmuﬁét 1&@@6&&@0@%@5&@9&&% o1y

sl eeve 61, thus commn are nonitored by gauge 64. -9 WO 03/060279
PCT/ US02/ 39882high pf28ire Heghnfad hpushgwssS.a second enbodi nent of the well

mbly. Ref F 2, d
135" oxibinas. (608} Bmuét‘émécﬂq‘iéEasmggw%ﬁﬁ@%g%%ée'v?&efﬁs' kR Bl i
Interior surface, ddlQUaK §n§’fi§frhﬁ’{ RULE affacd 119 &Jg@%&ﬂ spAGSAgeay

139 begins above T nterie e€” casl ng anger packof ow 5

production hnmgﬁ{edra@épmagemqu bkgins BRtoad ittérinedijpassagehmyerl @ koffni?oct s
with production casing valve 143. Annul us valve 143 prevents pressure

communi cat i omtermedistenptgeagewry MHFonteckswith @éeﬂl}schawfiﬁﬂl’ég woskd: qﬁ?@%ﬁﬁi&t? on
pasagevaY 1388l s BB ol sRE AL 5w
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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of high pressure well head housing 115. 10 [0030] An internedi ate casing
annul us passageway 141 extends laterally through high pressure well head
housi ng WO oBwoen2rd nt eri or surface 119 towards exterior SuPCIASOLIIR32

I nt er redi at e passageway 141 begi ns bel ow i nternedi ate casi ng hanger packoff
129. Internedi ate passageway 141 connects with internedi ate casing val ve
151. Internediate valve 151 prevents pressure comruni cati on of

i nternedi ate casi ng annulus 135 while 15 closed. Internedi ate passageway

141 conti nuegonﬁ%&tgiydﬁg ?erl Ogtl& MR Mkt 184 of ﬂ]g bRk %1 gg@a)pgﬁaggyvay

outl et 153 | oca surface 117 o I"gh press viel | head

housi ng 115. ROVOSknkcté flyirgelead adirgl V6510 ibtehavdiag pasfapywagoltiead 516h hlgh
extendi ng down fromtree assenbly | ands on _hi gh pressure | | head é)USI ng
115. Flyi ng Pressyrel dpusias @(tqn%x%faéetl}& ng Te@Ertion OPaSEAETHAY i {’L%v% 1Ag

producti on passa outlet 1 t hat Si ng
Bl us. 137" ERRORELpBt e Ran ERsabd 15 vl Sedle iR 1B OVE PheBhdiBicg)
155 fos mDnarﬁfaldsrwessme%;ﬁrp%hsa@ﬁmpﬁasafgwaya39@bmulﬂs°atds&h@pgm prdauymg Iead
161 al so has an internedi ate casi ng annul us tubing 165 connecting with

u

i nt er medi at evghes b4y dlvayglo fyingtleadgaductionitibing t A throagh dlying ké‘ﬂnlﬁhﬁ%ﬁ%dl ate
casi ng annul us 135 fﬁ%trrguni cates f m 25 |?rht§r nmedi.at e ass % o tree
assenbly 155268Rbkp F Mg ofR&n i ﬁt“étf’ f @nnylly Prs ilgfi gﬁ this
enbodi ment uﬁec%n{rﬁlﬁﬁ&al@e%&ﬁﬁﬂ@w@ﬂénﬁ&ﬁ BRdIvE4s 12 fRoudlPh nlewgl ed.
[0032] In op%¥§#¥3ﬁ§qthe well wll be-drilled %nd eésed |no?%£ gg%ond
enbodi nent asitersiediate tubungllgs tBrouglﬂ ﬂgmgtlcaiel(dstsewbla;sem@ 1 Snids nmﬂweng head

housi ng 115, an ROV wi -10 WO 03/ 060279 PCT/ USD2/ 398 c |ng
lead ¢ 181 ng H’Q§3k51g8€ﬁsl3e%nd1‘h§1°é‘faé‘§§1?f§ T Baselqaragerei

connects fly Fg&h d£3¢ lf(géx e 39PtnhQy| g&%ﬁ?@%‘r@% B EENRYin glzﬁh?stshm on

hi gh pressur ousi &F i or sur ct|on pasSageway val ve
143 and i ntebARdiAigiRAasRgRWats Walltealdble afslopat in thefiredvbymbbdinRer. The

production 5 annulus pressure from production fassa geway 139 communi cat es
t hr ough pr odGuidiedrase 271 has four upward extending posts 275 to help gulde equipment when
being landed on the well assembly. A guide frame 277 is attached to exterior surface 217
15 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

-11-



val ve 143, through flying | ead production tubing 163, through flying |ead
161 to tree assenbly 155 for nonitoring. The internedi ate annul us pressure
from i nt ewoedioai2e29 passageway 141 conmuni cates through i ntremresd?/adss2 val ve
151, through flying lead internediate tubing 165, through flying | ead 161
to tree assenbly 155 for nmonitoring. 10 [0033] Figures 3 and 4 show a third
enbodi nent of the well assenbly. Referring to Figure 3, the guide base 271
t hat supports | ow pressure well head housing 211 is shown. Normally simlar
enbodi nent s | j j ' ksle
base 271 has%§§ﬁg3ﬁ%ﬁg?ﬁﬁgﬁﬁgﬁggﬁ%”%gé%2§§%§§?%”ﬁgﬁﬁ%gﬁ?ggﬂgﬂﬂﬁﬁﬁﬁﬁ?hahen
bei ng | andedypiipwdre Pehd coasaivnl2pl nfowgidde shoraperida FrdmesrassbadBdd t o
exterior surface 217 15 of high pressure wel| head housing 215. Preferably
prior to runi®0Rg Refertingat Figuei hg preduction Gag@efRasseeyayr 22? exends latgally gn

pressure hougin 15 with a i de. . franme tin I . i ects
D e B8 s LA R o o oM B
housi ngst ubeg, &84 Are Ploliadivathasgawhyl@3) s MOV intgmiciing: hthg hynggli de
frame extension rods 283. Cuide frame housing tubes 281 are_ aligned so that

20 gui de fr apekoffl?d9 aadbelowrpreductien Hangsr eastngafackefé 23} Bredpgipngagspgeway
therefore al {gni ng high. ressure wel |l head usi.ng 215 i | andi in | ow
pressure houé&ﬁogfft.sgwﬂé r%f)@ﬁﬁ?n Cagns ¥ st{ﬁ 92213 5 Y& I}l?‘\érvﬂ%d ﬁoo ﬁgﬁg‘?g& %ﬁ%es

281, which h loHﬁtiﬁgor go%’}' le BbanGH! MiveLabi hleldhts peestiutt d@nimhamBatioh’ of A
short guide frame TctroSsbar 287 connects guide frane extension rods 283 is
for additi onplodgeticthecasing aem2us/235 whild ¢losed. 25 [ 0034] Casing annul us val ve

243 is nounted to the outer surface q&w?uid frame nuunéb .ring,279. In
this edBodi nt986] ddrsgassemblusdinydng s Iﬁ‘@lﬁ‘iﬁcﬁ’@ PRRFIH ? 811%1}5&36 S8BT de
frame crossbhag, %ggag%% Bth??}th %p(zv%fﬂj Ea%%@&%&%o%%%? i1 GleCr&PPs £ Bt Yn'Higr h

€ ang c ve . B f

valve 243 to op ose'va n exterior tube 289 for

conmuni cat i Ngre§asé WlliRad hbtising 215.\\Do03MAARDRACH OG0 23D BiRPuppw &rd faving af t er
passi ng through val ve 243, extends away from val ve 243 and connects to an
upwar d f aci neprmeetitsc 20 breopnact ngsu itas dthe opresssre of (Arerlictipn RBSINE cYlS 287

|[ g? grS!aI F;f er ééng u}li%atle::is ?r%gnepr%du&i&rlga%gacg%\ivgy 2§§,Stw&lgﬁae§?e%91%mxbez§§9 & Erggds
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.

-12-



t hrough hi gh pressure well head housing 215 frominterior surface 219
towards exterior 5 surface 217. Production passageway 239 begi ns above

i nt er nediwoasearIng hanger packoff 229 and bel ow product i eaThsoyses3zasi ng
packof f 233. Production passageway 239 connects w th production casing

val ve 243, which is nmounted to guide franme nounting ring 279. Production
val ve 243 prevents pressure comruni cation of production casing annul us 237
while closed. 10 [0036] A tree assenbly 255 having a downward facing
connection 22? al F giﬂﬁlsand stabs into engagenent with upward facing
connection 297, tree 255 lands on high pressure well head housing
215. Downward facing connection 293 and upward facing connection 291
connect so that the pressure of production casing annulus 237 conmmruni cates
from productl-on péﬁgﬁéwéﬁ}l pgmbly geHOEHNSXt ensi on tube 289 to tree 15
assenbly 255 for nitorin whe roduct i val. i [ 0037
Wiile the well as n@%?@?s‘w&‘gh%u glﬁ%saﬁgl%% cf%%h?ﬂ?re%sfég elgﬁégdlégrtt}geg?f?r%rﬂt S, | ][

shoul d she appar ephichrdshas deBlkdalihegsingllahiiag & the lobapressird Housiag asohdving t ed
but is susceptible to various changes w thout departing fromthe scope of
t he inventi omstrid®ofBne6CHEAY ewtend@igahersfr@@T/ US02/ 39832 1. A subsea wel |

assenbly conprising: a | ow pressure housi aving a conduct.or casi.n

ext endi ng t her ef r%tﬂf’a%o‘é‘? %S@ﬁ%?%?gﬁ}d@lwﬁﬁﬁgﬁﬁ pﬁ%_ﬁ Fﬁvgeﬂggﬁfol?oﬁémigrw l%lﬁqe | ow
pressure houging, 80t N&HNBD S ifhe? Ladifg d@hnﬁg_taecfasiﬁg%hﬂgu@aﬂrﬁﬂﬁlumg th&&iref r om
at | east one casing hanger landing in the high pressure well head housing

which is seesirggd to a string of inner casing, defining a casing annul us

surrounding the inner casing; 10 a seal .located arqund the Pa@er Igl_:L)FrEi on
of thelBasing hangéfal fosated atoipdsthg uppsrRoEion qliihe casnig ISy fQRFANE Y FORRFC
interior wal) of . 1.9h:.ar. . . [ aTo WY TR aF-TS ¥=To) y for
nmeasuri ng th@eﬁggégﬁ%@eg?/@ r?gﬁgﬁs‘?rn‘gﬁ%ﬁﬁ?g@ﬁ%s@%% ng iﬁf]t 0 ﬁgg interior
wal | of the high ppassienayveindanathgibesesngrdof drochshgminuhs, ealdimgfintotke
casin
? 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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hanger to a passageway outlet; and 15 a nonitoring gauge in conmmunication
with the passageway outlet of the passageway for nonitoring the casing
annul us pwessws®e79 2. The subsea wel |l assenbly of claim 1, pCarishesospz ovi di ng
that the passageway outlet is on an external surface of the high pressure
wel | head housing. 20 3. The subsea well assenbly of claim11, further

provi ding that the passageway outlet is on an external surface of the high
pressure wel | head housing; and further conprising a valve in comunication

annul us. pr essure. 38 i RERRGRE pliPeS ARy A RER U %) Lo mé e

provi di ng t hadmilgicRRGEIByahudikprédsuret S on an external surface of the high
pressure wel | head housing; and further conprising: -13 WD 03/060279

PCT/ US02/ 39832 a etkaassembly menntad abave the highnsesspis Wshbeaddowaine coaifolling or der
to control the co nhpation of the annulus pressure; a tree assenbly
mount ed abovBOEHE THYAssur e wel | head housing for controlling

product kon f1 ui d; ,3Rthdledd Ex¥hdifg At tRNEidNb] hadtbiircled @6 tassRimbly and
connected to the opérable valve, the flying |lead having a flexible tubing

such that t healve,abe dlyseglehd hawng a flaxililel tubsghsnehitbattthe reqrssembheispadbiad enway
in the high pressure.mellgﬂ%g housi ng. .hége subseauﬁgk% assenbly of claim
1, further prIPIYRIGRIQTHYLh { é’aﬁ%g‘é@g ¢ high PrersE Vel RRIdIPUSDEyy an
external surface of the high pressure well head housing; and further
conprising: a valve in conmunication with the passageway outlet in order to
control the scommmhe¢ ealisedwellf askdmeblarofwlaim priesber @pvidmgethaetheqrassagbway
connected to the operable valve, which | eads to an upﬁﬁr%uy :
10 outlet, which 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;
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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15 facing connection; a tree assenbly nounted above the high pressure
wel | head housing for controlling production fluid having a downwardly

faci ng cowpassmm t hat matingly attaches to the upwardlyPCaaisng3wsennecti on
when the tree assenbly | ands on the high pressure well head housing such
that the tree assenbly is in fluid communication wth the passageway in the
20 hi gh pressure wel |l head housing. 6. The subsea well assenbly of claiml1,
further providing that outlet of the passageway an opens into an interior
of the high I | ' an, . j : [

ot essure el [HELF Rg mERIEnDRNCINRe B R URRF e IS Roing Sfove &
further conpgdsfig@gingér Byreeanssenbly that |ands on the high pressure

wel | head housi ng which has an isolation sl eeve extendjng.fromthe bottom
of the tree into enEurhgwrevidiagthagthgepiieieithe passagqyayas ’(9‘6’@2‘?9“‘?‘@&19% 39832
housi ng, and_sealin nn ' [ of the well head housing
above the c%@?%‘ée ngr%egg%’g?&gé gbeoé/?;tﬁégﬁ%lgﬁﬂdr %lhéfre Sgélbvi ding that the outlet
of the passageway is in an interior of the high pressure wellhead housing
above the isolation sleeve seal. 5 8. A subsea well assenbly conprising: a
| ow pr essur e8housArsgbseavralpssenady gomposingasi ng ext endi ng therefrom a high
pressure wel |l head housing landing in the lL.ow pressure housi d havi ng
string of outer cé Vﬁljreég’tr%ﬁ S aﬁg’igeafcrogﬂlllc“fgcag’tngle tgggm%?ifée@%%%ﬁhg hanger
landing in the high; HE?&&HE@eMEéaH'E@@gné‘HﬁﬁhQ%M@I ressBreIRfus8dnd Bavdngt ri ng
of 1nner casing, deﬁ Ing a casing annulus surrounding the inner casing; a
seal | ocat eda atringd otifeecasasy extendanggberefromseal i ngl y engage t he casi ng hanger

with an interior wall of the high pressur | head housi ng; . :
10 at least one casﬂlg hanger IEnd?ng 11111 tﬁe ﬁ%ll pressure weﬂ eadgﬁousmg which

a

is secured to a string of inner casing, defining 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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15 a passageway extending through a wall of the high pressure well head
housing from below the seal of the casing hanger to an outlet on an

ext ernal worBaee7of the high pressure well head housing;, &oTapserasBe val ve
in conmunication with the outlet on the exterior of the high pressure
wel | head housing in order to control the conmunication of the annul us
pressure; 20 a tree assenbly nmounted above the high pressure well head
housi ng for controlling production fluid; and a flying | ead extending from

the t t inyg d
1150 205 ARt NP SR i i

having a flex at t ee asSenbly is in

conmmuni cat i ogurMubhbinghke Pesmadiawaysing, t he hi gh pressure wel | head housing for
25 nmonitoring the casing annulus pressure. 9. The subsea wel| assenb of
claim8, further eomwrmeiliatysealopateharauryl the antemagdipie pasHighangsi{@isay el ¢ he

hi gh | | head hqusi ng. - . ,
o o S AR AR SRR SRR ey
PCT/ US02/ 398R4usilgt i ng of intermediate casing and thereby defining an

intermedi ate casing annulus surrounding the internediate casing; an
i ntermedi at e seal an gdenmediaty passeemas axiendingetbioagh tha¥iaHpfhha diegh pigssure

seal i ngl e the i nt di at i ) ith the.,interi | of
The hi g’ pr cBLERFAB™ BehgOF AgEae pevi ireee BEL B B ealfnal ng
through the yald _oﬂfth% hetebia® @uﬂii&esﬁuﬂh@ higlebleBRRE wRARSIdNEbusIRrabdeL ey fohke

i nternedi ate casi ng hanger seal to an internediate outlet on the external
surface of tpesdurghoyingssure wel | head housing above the Iow pressure
housi n 10 an internediate valve in comunication with the internedjate

out | et ?@n the exeRijtgimedrat MalvRilg cOpMuE3Hen Neih HedateHs pisPutlst 8RARS to
control the g)g%r})lfﬁlge{ﬂi&ppx%gsuré \lelﬁe% ﬁBﬁE‘ﬁ?g iﬂto‘?de@'fmé’dn%l {?{e%%ﬁ]%ﬁﬁcaﬁeﬁ of

further providing
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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the flying lead is also connected to the internmedi ate val ve, such that the
tree 15 assenbly is in fluid conmunication with the internedi ate
passagewawo 05060229 subsea wel | assenbly conprising: a | ow poaasoe/shpusi ng
havi ng a conduct or casing extending therefrom a high pressure well head
housing landing in the | ow pressure housing and having 20 a string of
outer casing extending therefrom at |east one casing hanger |anding in the
hi gh pressure wel | head housing which is secured to a string of inner

casi ng. defl i g, B SASIA0AL0MISE3 U5 HRLARIDGr ek gy CARLN B 158!

| ocat ed around the casing hanger to sealingly co t he casi ng hanger 25

Wi th an i nt efipvedrd i&dihg afnnbdnﬁ)nhmgh pressure wel | head housing; a passageway
for neasuring the pressure of the casing annul us, extendi r;g throu&lg a wal |
of the high pressubee assemblydevigadionmward frctgcomactien hahmalipgly paches to,

bt essur o el TR RS A goinegion GBARHa00 A %oE BT BRIAAGE Skt a%" Pube
connect §d t OjytfRgd &iﬁrhﬁﬁwﬁfon%&tﬁ@;&@@@@%ymtmlghpﬂe@@déwelmewhousmmdé aci ng

connection; and a tree assenbly having a downward facing connection that
mat i ngly attmﬁménglnpressmee\ugi\lduadihbmnmg connection attached to the exterior
tube such that the tree assenbly is 5 in fluid conmunication with the
passageway in the high pressure well head housing, |ands on the high

pressure vel | headrhoysk gvell%%semﬂiﬁ’oﬁﬂ'ﬁﬁﬁ@ fﬁ@tlhler RaRER ﬁ)é vafve$rdpehih and

further conprising a va for opening and closing the passageway to
conmuni cat e &lbﬁngﬂm;ias&gpwe;s surommunkicate) tHesanatna phesshire,ovhible is di@cleod terthor

surface of the hig fpressure_ wel | head qum ng.. 12. The subsea wel| assenbly
of clailth 10, em@rmrww ageRfshe Bigh gressirg e eagWUSI8Er 1 ound t he | ow pressure
housi ng, the guide base having at |east two upward extendi ng gui de | egs;

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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15 a guide franme that is attached to the high pressure well head housi ng,
whi ch has a housing tube that slides down each | eg of the guide base; and
wher e t hewomams@74 aci ng connection is nounted to the gui dechrnaom39siB. A
subsea wel | assenbly conprising: 20 a | ow pressure housing having a
conductor casing extending therefrom a high pressure well head housing

| anding in the | ow pressure housing and having a string of outer casing
extending therefrom at |east one casing hanger landing in the high
pressure wel j I i . i L leNQ,
defining a ciééslﬁn gﬁ%i%aggglgﬁ?g%gﬁﬁ tgg%ﬁﬁg&%ﬁg‘?@el‘%}%&ggg?%t}l ’ g&?%gs?ﬁ?eﬂanger
seal | ocat edbpn@isBmtivheleersdenlgaldinger to seal ingly connect the casing
hanger with an interior wall of the high pressure well head housjing; a tree
assenbly that | andpasssgewiar fonnggasyingiaepesshes 9 HbaersHEFEIHYS. SREdHEMithias  an

i sol ation sl eev tendi ng from.th . . it the . hi
pressure wel ?Wéﬁﬁ?ﬁﬁl%rgfﬁ%ﬁﬁfgﬁg%}%ﬁ %B%g%"f’]‘%ﬁge{nﬁ,a?’% grslglla i}rll(al y
engagesst o t highiphdstire VWellREadtHd@sing bhdbaow AR034€ing Men G sédl andangsier olet i

i sol ation sleeve seal; and a passageway for neasuring the pressure of the
casi ng annul ts intesiorefdiigloprassub wellkeaddpising ahoye the igtlajienesetrescalel | head
housing, having a lower inlet in and interior of the 5 high pressure
wel | head housi ng end bel ow t he casi ng hanger seal and an upper outlet in
the interiorypf hirghyeh s SRIiReRS ihastagpdtige the isolation sleeve
seal . 14. The wel| assenbly of claim i3, further conprising: an

i nt er nedi at e casi aginkamgdintelcasiog hapgenlahdieg hi thbhighpsssure wehé¢dddwdsihgasd ng
and 10 sealingly connect ed bel ow t he abave ntiqned ca i%g hange whi ch
i s sectPed teralinglyrconpggtedrbally drengheve menigag ‘&S’élﬁg‘af‘ﬁgr 8B§F deFEH ?f[;foa?]

i ntermedi ate [ - urr oungi t I3t &1 TRk LY anA
internediateagggfﬂﬁgggggg&gfgﬁﬁg:%ﬁég%ﬁggfggg?lt§{§§5|ng tgﬁggﬂgto U8
seal ingly cannr@binkhke intdr@edadiaatiagcasi ng hanger with the high pressure

wel | head housi ng; and _ . _ _ _
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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15 an internedi ate passageway for neasuring the pressure of the

i nternedi ate casi ng annulus, extending wthin wall a of the high pressure
wel | head wousiosz79 having a lower inlet in the interior offCrhesotzgsbe
pressure wel | head housing bel ow the internedi ate casing hanger seal and an
upper outlet in the interior of the high pressure wellhead housing above
the isolation sleeve seal. 20 15. A nethod of nonitoring casing annul us
pressure in a subsea well conprising: (a) providing a well assenbly
conmprising: a |ow pressyr ?ﬁ%&uw&n@a&etﬁge@p&em%eeamw@em sthB{e8f r om
a high pressure well heag ousi ng | andi In the | ow pressure housing 25
with a stringméctatit essicghinpgr exthemdintegiot metledfrtbenof dte highpressure weabicad
hanger landing in a bore of the high pressure wellhead housing which is
secured to ah@sigagndf inner casing, defining a casing annulus surrounding

Lhe inner casing: - 16 y0.03400RPLA-FETL UNR24i%0RAeR visehe Wi RIdpaLayRd Lhe

upper portion of the casing er to ingly connect t anger

w th ansi nt egcOReav@blisiff fibMebeldw tHeasekli dithgeasighiargared h pesdgevnyusitleg; and a
passageway extending into the interior wall of the high pressure 5
wel | head housi ng om laadliogatitee assaiblipen th@éllgih@ﬁﬁﬁgf%‘ﬁ%&t??d heusing 284 ageway

outlet; (b) Iandi a tree assenb on .the high pressur i ng;
and (c) connunica&gng ?ﬂ%mﬂ?%ﬂﬂg%h%nmggg&ﬁﬁ'g%Hﬁfﬁ%n%¥% g%ﬁ%é?ﬁE@ﬁgﬁH€he
annul us sur r gundisnrrbitgiRs @6 YEddubiort@SinBdthrdudh MtHigh prRsdtirdWelead hbiing
wel | head housing via the passageway, to the tree assenbly for nonitoring.
10 16. The nekhidpastageivay,to e tweaassinbly fapnrlorimgnpri ses | ocating the
passageway outlet in the bore of the high pressure well head housi ng above
the sedf of the casing

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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hanger. 15 17. The nethod of claim 15 wherein: step (a) conprises |ocating
t he passageway outlet in the bore of the high pressure well head housing
above t hewsaalosm2f79 t he casi ng hanger; and step (b) conprisesTaisazdosg2 an
isolation sleeve in the bore above the seal of the casing hanger bel ow the
outlet. 20 18. The nethod of claim 15, wherein: step (a) conprises |ocating
t he passageway outlet on an exterior of the high pressure well head
housi ng; step (b) further conprises attaching a flying lead to the tree;
and 25 step (c) c i ANEG t RASE ; i} Ng
| ead. 19. The netﬁg@h%?%§¥g§n115,b§g§f§ﬁW: stggﬁla)ngﬁﬁgﬁﬁgggl%%%ﬁ%$ﬁ% t he
passageway ogiitiset on an exterior of the high pressure wellhead housing;
-19 WO 03/060279 PCT/ US02/ 39832, step (b) conprises connecting an upward
faci ng connect i onster(t) fisthsaecsppiisaasitashing adowayarg facH)g coppgatien (B
attaching a downward, faci ng_conn i . 1 . ri ses
P ch SP‘H‘B‘g‘f‘ gllggﬁ\l’% V\V‘%ﬂ‘l dﬁn@ sttzl?)%mgr € do?'{f\?arﬁi%ﬁﬁ% g&%rﬁgﬁgqp

aligning with andsg acl ng -conne 0 e upward
faci ng gonnegsth@lpward facing connection.
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