Vel | head Annulus Mnitoring Field of the invention This invention rel ates
to subsea well heads and particularly to the nonitoring of pressure in the
regi on bevV@een/@0peoducti on casing string and a rel ati vECY/GRI0Y00EAESI ng.
Background to the invention Subsea wel | heads support a multiplicity of
casing strings which extend down into a well. These casing strings include
a production casing string and a relati vty outer casing string. These
strings are usually within a | arger casing known as the outer conductor.
The annul ar_regi on between the production string and the relatively outer
string is d@ﬁﬁﬁ?@déﬂvudus @Pgﬂﬂulus. It is desirable to nonitor the
pressure in the B annulus and preferable for the nonitoring to be perforned
by means of an associated production tree, i.e. a Xmas tree. There exists a
vari ety of Fieldiajise swvehtias t hose described in the docunents GB-2376485-A
and GB-2395736-A for this general purpose. These and ot her existing designs
are however quite conplex. In particular they include penetrations of the
wel | head housi nghadneeritiby trelatdd er slitset atelt IHeadBOHAH NpParicurRXl et dhe
thereto to a region above any casing hanger. There exists a need for a

si npl er yetmeritariagl @f pressyie In the EgERREWee acRRdvCHon CasNgsstiRgENd’a t o
provi de CO?&HQL&?t58@rE5§ the B annulus to the tree by way of a passage

t hrough a producti on casing hanger. However, the passage needs bl ocking
during the stages of drilling and the installation of the casing hanger and
it is the object of the present invention to provide an assenbly which
al l ows the geaunedodnNg davaitiond openi ng of the passage by neans of an
easi |y operated sealing adaptor.Sumary of the invention

Subsea wellheads support a muitiplicity of casing strings which extend

down into a well. These casing strings include a production c‘aéin’g string and a
relatively outer casing string. These strings are usually within a larger casing

known as the outer conductor. The annular region between the production string

15 and the relatively outer string is usually called the B annulus. It is desirable fo
monitor the pressure in the B annulus and preferable for the monitoring to be |

performed by means of an associated production tree, i.e. a Xmas tree.

There exists a variety of designs such as those described in the

20 documents GB-2376485-A and GB-2395736-A for this general purpose. These
and other existing designs are however quite complex. In particular they include
penetrations of the wellhead housing and conduits either through this housing or
external thereto to a region above any casing hanger. There exists a need for a

simpler yet reliable design.

25
It is known (for example from US-5366017) to provide communication
from the B a.nnulus to the tree by way of a passage through a production casing
hanger. However, the passage needs blocking during the stages of drilling ahd

the installation of the casing hanger and it is the object of the preseht invention

30 to provide an assembly which allows the selective closure and openin‘g of the -

passage by means of an easily operated sealing adaptor.



In a preferred formof the invention a subsea wel | head assenbly conprises a
producti on casi ng hanger defining a series of passageways from an annul us
bet ween awPrROWIEH74dn casing string and a relatively out @T&RDMWYPILB3a
regi on conmuni cable with a production tree, the passageways extending to
the interior of the casing hanger. A positionally adjustable sleeve fits

wi thin the casing hanger and carries ext®rior seals which are di sposed so
that for a first position of the sleeve within the casing hanger fluid
passage through the series of passageways is bl ocked and for a second
position of the sleeve within the casing hanger said fluid passage is

al 'ovned. - The Mash boRalihverffdnust abl e sl eeve may make a screw t hreaded
engagenent vm"’?'ﬁ Mle casli ng ﬁ’gnger such that novenent of the sleeve between

the two positions can be effected by rotation of the sleeve. The )
hanger fromthe outside to the inside thereof and the other may extend

L :gi er | gng aorﬂrt_m&ls rkatweenfa f@@iul@a@m ﬁQSlﬁgrﬁj@m% Bgaeta _;elah\feim@hﬂqrﬁ@mitﬁ% e
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pr O?ﬁCt } on tiig @teridmhef m:c @bﬁ@%mlngey /nqmni'gaau;t w{;sméd;tl)@ew fitsswitthia tivai ch
in e first position of said sleeve are disposed gne above and one_bel ow
one of - sai G359 ARG FNthGarrieshextedan §e@||ﬁnyi"ﬁB|al58é1C:§PQ~°fﬁdr 80 4Ba f,ortawgr-%?m rd
seal .,and a t A SAk At , A r v S '

oot ons PsiioRiofine siedihinhifeaRirg AffuerHlid cHisade BFRUGR 8 sSRed, .
whi ch proviofipassageways is blocked and for a second position of the sleeve within the

casing hanger said fluid passage is allowed.

The positionally adjustable sleeve may make a screw threaded
15  engagement with the casing hanger such that movement of the sleeve between

the two " positions can be effected by rotation of the sleeve.

' The passageways through the casing hanger may include two-
passageways which communicate with the interior of the casing hanger in
20 spaced apart locations. One of these passageway may extend radially through
the casing hanger from the outside to the inside thereof and the other may
extend radially from the inside of the casing hanger partly through the casing
hanger and may lead to a vertical passageway extending upwardly through the
body of the casing hanger to the region which can communicate with the

25 production tree.

The said seals may comprise two spaced apart seals which in the first

position of said sleéve are disposed one above and one below one of said two

t passageways. The seals may include a third seal, the third seal and at least or_ie '
30 + - cof savid two seals sealing a space embracing said locations from above ,an‘d:

~ below.



comuni cati on between said region and the production tree, and in

particul ar by way of an upward passageway from said region. The invention
al so prowgesie2preducti on casi ng hanger for a subsea WeCI/GBI09ONTSBI Si Ng
an upper cylindrical part and a |ower cylindrical part of |esser internal

di aneter than the upper cylindrical part, in which a first passageway
extends radially through said | ower partéof t he casi ng hanger fromthe
outside to the inside thereof and a second passageway extends radially from
the inside of the casing hanger partly through the casing hanger, and in.
whi ch a passageway extends upwardly from said second passageway through the
| over part of t"rﬁeca’a%s'éﬂmdynﬂfé (il © &n° NsBialibh N sledvet Rikiie Parofethe
casi ng hanger, saild casing hanger beling adapted to receive an interna

sl eeve whi chminsumioatian betwden saifusgain erndothe Ippedaectidnpires,eand i padictilasw

t hr ough ths sai d {Jpwar% ssage to safi d rechon.. One enbodi nent of the

i nvention ¥ WWPd&8HR RAPSAATVBY TEXARFTRISA'Y™H reference to the draw ng.
Bri efs description of the drawing The single Figure 1 illustrates the

rel evant parts of a well head assenbly including a casing hanger and an
adapt or accor di Ajetioveniéon alsenproyidesDet arodustige Lasing hangahe fersa dvpspal

shown in F{gur i UG g i.ch_has pper

| ar ger di aﬁ?&ﬂﬁ”&p&r" %%ﬂﬁgﬂaﬁéﬁe&“@&%ﬁﬁéi aﬁggggrg ?%vy/%rl ﬁ@lrnﬂgla Pp%%? Cgb

whi ch ext ergtsedonteraald! Wiambtsratiedry 'thandppetowyiadribay ' pdver én nwhiehea ficstt he
nor mal di sposition of theass_enblgg' in use. Cutside ghe casi ng\gangerag)art 2a
i s an uppePagsRIewWRY exends sadialy, BYaHah saldlower part: 85 theycasing &angeq ftPhe

the Bart o hetaiSio O as gt 2P FaNcoa IRNIsheRaY), SRGROR jaglamyce
from the inside of the casing hanger partly through the casing hanger, and in

| which a passageway extends upwardly from said second passageway through

the lower part of the casing hanger to a region within the upper part of the

casing hanger, said casing hanger being adapted to receive an internal sleeve

15 which is positionally adjustable to allow and prevent fluid flow through the said

upward passage to said region.

One embodiment of the invention is now described by way of example
with reference to the drawing.
20
Brief description of the drawing

The single Figure 1 illustrates the relevant parts of a wellhead assembly
including a casing hanger and an adaptor according to the invention. |
25
Detailed description

The assembly 1 shown in Figure 1 includes a production casing hanger 2
which has an uppeér larger diameter part 2a and a lower lesser diameter
30 cylindrical part 2b. which extends downwardly. 'Upwardly' and ‘downwardly'

herein refer to the normal dispositibn of the assembly in use. Outside the casing



associated with a | ower pack-off seal 6 which is disposed between the
casi ng hanger 2 and the wel |l head casing (not shown). Bel ow the | ower

pack- of f WEap1092074@ver | appi ng the | ower part thereof an®@Cdi(EH208EH1B3t si de
the lower part 2b of the casing hanger 2 , is a (relatively) outer casing
8, sonetinmes called the 13 " or 14" (356mm) casing. The | ower packoff seal
6 engages the exterior of this casing. The design of the |ocking assenbly
is not directly relevant to the invention but in this exanple it conprises
an upper activator ring 4, an outer ring 5 making a threaded engagenent
with the | daeagepRaR-2% IS areupper pacnelf sepbaetisnasetheatweenithg casingHaangsker

acti vator
Shown . Thé Pidne JeREHaSshfy (R OB, HOLWIHE! AR nnfe BERIEaREO’
\7\,{% i R the @uﬂttﬁdie rthﬁgpeﬁrt 2th;é4tt;)é Ivengb@tpa?tsloi a lobkingi rassémidy &, Holathelr 773

i ch supports a shear '
75 [ hel § FROPRIEEEWE) 3 1OWeBRBEkTaR 36918 WG o7 tisPesed hgthast 1 EPRgSor
the | ower ﬁbeﬁﬁfanﬁiet% v%{fh@%d%%%l ot sﬁb\ﬂﬁf 4 and 7 nove downwards; the

sprlng | oaded ear engages e groove 72. There would nornally be a
plurality of such assenblles but only a single one is shown. Between the

out ' 8 t I t of d : '

cal | ed the 9u Pl tRe J8WRhPREkTeedl i e Pty TRl vt RbreBEaRY oo
will be suppaidsed &Ms@@Qhé\ﬂld\bémpérh?bccﬂihé'&abﬁggﬁng%r2' Sis&(raliveIg) ogwrce,
which is usually called the B annulus and is denoted the letter '

W t hi n t he capingr8,papmetimesfcalled tbashichy" warider ( %Gmkﬁmgtﬁae I|Q)M%rrpﬁf§$’t of

gfste ondar ﬁe@,l,%;‘%@égéggﬁg%(?e?&% B%%Hactlon tree. The | owernost part

e isol part 2b of the casing hanger 2
and can beseal ed relative thereto by a seal 10, which is held in place by a
;[ Qr S?SSgséhn?n%@%tdésﬁ]Sn lo? 'Yll\leerlogl%glagsglfnbtlyhg r?c!t%?r\é%tly? Eriele\z??[\]r(\jt tg tﬁg mven%owm ch.
but in this example it comprises an upper activator ring 4, an outer ring 5 making
a threaded engagement with the lower pack-off seal 6; and a lower activator rihg
15 7. The lower activator ring 7 is secured to the upper activator ring 4 by screws
(not shown). The lower activator ring has a slot 71 which is opposite a groove
72 in the outer ring 5. Within the slot 71 in the ring 7 is a holder 73 which
supports a shear pin 74 biased outwardly by a spring 75. The holder 73 is held in
place by a screwed retainer ring 76. During the setting of the lower pack-off seal
20 6 the activator rings 4 and 7 move downwards; the spring loaded shear pin 74
engages the groove 72. There would normally be a plurality of such assemblies

but only a single one is shown.

Between the outer casing 8 and the lower part of a production casing
25 string, sometimes called the 9%" or 10" (254mm) casing, which is not shown in
the Figure but will be supported by and within the casing hanger 2, is an annular

space, which is usually called the B annulus and is denoted by the letter B.

Within the upper part 2a of the casing hanger 2 is shown the lower part of
30 a secondary isolation sleeve 9a for a production tree. The lowermost part of the
isolation sleeve 9a fits within the part 2b of the casing -hanger 2 and can be



annul ar groove in the outer surface of the sleeve 9a just above the seal
10. A primary isolation sleeve 9b fits within the upper part 2a of the
casi ng hawmgepiop2emd i s seal ed thereto by annul ar seal s P8TAIRLAMOETSE h

di sposed in annular grooves in the periphery of the isolation sleeve 9b.
The secondary isol ation sleeve 9a provides a vertical passageway 15 which

| eads upwards from a space 16 which is d8fi ned by the isolation sleeves 9a.
and 9b and the casing hanger 2 and in particular is below the prinmary

i sol ation sl eev b.a bet ween t he secandary jsol atiop sl eeve 9a.and,the
casi ng han_&@@Feéj.ere?ﬂlV§r}_g‘§§%et9@¥m%§ei‘51c?*é’é'&i‘g L'ﬁ)ﬁﬁtdg‘é‘ Rqﬂc‘?)Blé?sﬁf%aqﬁﬁﬁﬁ'?%ﬁﬂng
devi ces whig hng%wéﬁ n‘i’ér?ﬁp%?(ihé RIGEWS 98N¥RAI £RbalMBNRRichNst MiSpdseRAite Bhon
tree and which can nonifor the pressure in the annular space B. However,
ot her. ar r arpeniaTtgsoavs inbibeumder swianeofithe steaveda iviat Rbever thegeal 10ne space

16 and the production tree. Wthin the |ower part 2b of the casing hanger 2
I's shown a generally cylindrical adaptor sleeve 17 which on its |ower part

has as screw t hr gagrintar} Ssslagey eridve I fits withir thie Uppeagangel 8f dre chsingnsi de
of the lower part 2b of the casing hanger 2 . There is a gap A between the

top of the halggt & ard dewealpd HirrenBy Ehinuah wwalt He 3re iRy idRoseAon
sl eeve 9a 3|l -UbbAs iH'tﬁe %éihhgﬂJ oﬂﬂ¥‘?§@§ﬁorf%lebb@ gpdaptor sleeve 17 when

it is rotated i n“screwthre gagenment w the casi ng hanger. The
arrows in the Figure show the flow of fluid under pressure fromthe B

annulus th h [ f . id by th ' h 2
The passagevay  THSWAPEINTEY HEOREER SoEe SRBIc) das PaY S Ao PASRESIanG t he

secopgary ivﬁﬂ&méagr%i SHEENR PSmadpAbé 9B Wiich s Hefxadyathbasaiatid® sidtves

production tree. S series of passageways conprises a passageway 20
bet ween t h@aasndgOl® and theecasing hgnpahgeand in partigdlanl ispbelowyéwaprimary
through th?so[faricgn 2sPee?/fe 9b and between the secondary isolation sleeve 9a and the
casing hanger 2. This passageway 15 leads upwards to pressure monitoring
devices which may be disposed in any convenient manner in the production tree
15 and which can monitor the pressure in the annular space B. However, other
arrangements may be used to provide communication between the space 16 -

and the production tree.

Within the lower part 2b of the casing hanger 2 is shown a generally

20 cylindrical adaptor sleeve 17 which on its lower part has a screw threading 18
engageable with a screw-threading 19 on the inside of the lower part 2b of the

casing hanger 2. There is a gap A between the top of the adaptor sleeve 17 and

the bottom of the secondary isolation sleeve 9a to allow for the vertical
movement of the adaptor sleeve 17 when it is rotated in screw-threaded

25 engagement with the casing hanger.

The arrows in the Figure show the flow of fluid under pressure from the B
annulus through a series of passageways provided by the casing hanger 2 to the
passageway 15 which is between the primary isolation sleeve 9b and the

30 - secondary isolation sleeve 9a and which in this example leads to the production

tree. This series of passageways comprises a passageway 20 between the



the casing hanger to the interior, a space 22 between the exterior of the
adaptor 17 and the inside of the casing hanger 2 , another radi al
passageway02810pa0t4ky t hr ough t he casi ng hanger from t hePE€paIR2O®A01Ad a
vertical passageway 24 which extends upwardly within the body of the casing
hanger 2 to the space 16 between the casing hanger 2 and the isolation

sl eeves 9a and 9b. Thereby there is conm@mication with the passageway 15.
The radi al passageways 2 1 and 23 are spaced apart where they comuni cate

with the interior of the casing hanger 2 . The adaptor sleeve 17 carries
exteri or aRAsiNgd audihe casing hapger 2.7a radialpassrosway 2sthraugibthea?ary 281%fay s

above the B cagh Hae.fltot @é%ngéw ,sa%%?@glzt eet\?v@iént?ﬁe%&?e?%?%‘f'th@%%@{yrng to

the vertic position~o e a aptror one above and one -ow t he
passageway 12 3arat theoinkideedfoivet dasingpbaagen@yak3heFoadial passagemayol3tpastly

daptor when th | s. 26 _and 27 straddle t 3, th of
Flurd’f ronrAucE GR dasing haneeratsEigthesy 28, POS)Roindasl BRSsARY S 20 d
Wi |1 snot e@hfth EREnBS PSR m&ﬁnfth@msogjzebfaﬁ@@:as%%hmjeresz Pt sputeriot he

adaptor 17 as is shown in the Fi Sure, e series of passageways between the

annul us B hatvear thesesinenaange Lsangdhe isplatiopsiecves Sanandidhy thereby

| ocati ons 2 21\ . jcate with the interior of the
casi ng hangdl;é?éﬁssBﬁ@&@&’i&é@a&é@@@%&%gg and bel ow by at |east the seals
25 and 27 to prevent | eakage upwards or downwards fromor into the space

22. It may be noted that the adaptor 17 may be operated by a sjnple
mechani cal spri A§el (RARIIPRESAINAYS n&! SNSWAP, af/ﬁi%ﬂﬁcﬁg ARAR; WBgPeoﬁh9yt 0
rotate the

o e et VA s ARLOPRY 183l REpgen SHERERoRRRRRSY
permt thecamisi emyert_iﬁr drimaular seals 25, 26 and 27, of which seal 25 is normally always
above the passageway 21. The seals 26 and 27 may be disposed, according to
the vertical position of the adaptor 17, either one above and one below the
passageway 23 or both below the passageway 23. |
15
For a position of the adaptor when the seals 26 and 27 straddle the
passage 23, the passage of fluid from the B annulus to the passageway 15 is
blocked, because fluid will not enter the passageway 23 from the space 22. For
a position of the adaptor 17 as is shown in the Figure, the series of
20 passageways between the annulus B and the passageway 15 is open. The
space 22 embracing the locations where passageways 21 and 23 communicate
with the interior of the casing hanger is however sealed from above and below
by at least the seals 25 and 27 to prevent leakage upwards or downwards from

or into the space 22.

25
It may be noted that the adaptor 17 may be operated by a simple
mechanical spring-loaded key tool (not shown), which is required only to rotate
the adaptor. Such a tool may readily be configured to operate through the Xmas -
tree after the tree has been landed and tested, so as to permit the testing of the
30 adaptor and the communication interface before the installation of the blow-out

preventer (BOP) and the completion string.



adaptor and the communi cation interface before the installation of the
bl ow- out preventer (BOP) and the conpletion string.Cains 1. A subsea
wel | head sie=em2974conpri si ng a producti on casi ng hanger PCZ)GBLeIY001T89 a
series of passageways (20-24) from an annulus (B) between a production
casing string and a relatively outer casing (8) to a region (16)

comuni cable with a production tree, thé7ﬁassagemays extending to the
interior of the casing hanger, and a positionally adjustable sleeve (17)
which fits within the casing hanger and carries exterior seals (25-27)
which are dﬁ%ﬁ%%ed so that for a first position of the sleeve within the
casi ng hanger fluid passage through the series of passageways is bl ocked
and for a second position of the sleeve within the casing hanger said fluid
passage is fal | odegubgea walihaad @ssembic comgriaa @ pceduchon ¢casingiihangené)

such that STENER & PN e PESSRo AR B ea dhluo o, RTINS (Bl cBE e B by
rotatj on ofprbi€ctidreeusing3strifg apdegblalatienpralitég chsingl %)mtd ®ireglod M) i n

whi ch said pas_sag_ewaP/s i nclude tw passageways (21 , 2 whi ch copmmuni cat e
with the i rfogimyhicgble wigh @dﬁpﬁbjc‘}'ﬁhgéﬁr the Rpwagewaya extending Qe heriafai d

seal s conprd ; ﬁgﬁ%a t ; ' | LohidH Eat ition
of said sl éjé\ﬁlge?:\%%rﬁgr e |rs§§éead5§%g8% @egdé%g?b\({)@ng%gkgﬁg@%d {En;%a\llvgrchf1 Wo
passageway $he ¢asingrhargyee rdnidycarces redieripriseatd (15¥238) whichharehdisposeds saltisat
include a third seal .(25), the third, se and. at | east_ane of said t
seal o (26, 180 TeaEPPHTR oL HiR Sieeys) withp he Ry e el iU Gresr a8 e and
bel oyy 5. AReazpiegbNpAEagEdals i$ DGR %r 8 HBhE pdsitidH of tkieldedd ) of
the said two passageways éxtends radially through the casing hanger (2)
from t he owtithiniéhe casing hangensaidigicbpassage isledoweder (23) of said two .
passageways éextends
2. An assembly according to claim 1 in which the sleeve (17) makes screw-
threaded engagement with the casing hanger (18) such that movement of the

15 sleeve between said positions can be effected by rotation of the sleeve.

3. An assembly according to claim 1 or claim 2 in which said passageways
include two passageways (21, 23) which communicate with the interior of the
casing hanger in spaced apart locations and said seals comprise two spaced
20 apart seals (26, 27) which in said first position of said sleeve (17) are disposed

one above and one below one of said two passageways.

4. An assembly according to claim 3 in which said seals include a third seal
(25), the third seal and at least one of said two seals (26, 27) sealing a space

25 (22) embracing said locations from above and below.

5. An assembly according to claim 3 or claim 4 in which one (21) of the

said two passageways extends radially through the casing hanger (2) from the

outside to the inside thereof and the other (23) of said two passageways extends

30 radially from the inside of the casing hanger partly through the casing hanger
~ and leads to a vertical passageway (24) extending upwardly through the body of



radially fromthe inside of the casing hanger partly through the casing
hanger and |l eads to a vertical passageway (24) extending upwardly through
t he body wbth®w/ees2ng hanger to the region (16) which cRETEBRMNIOLEHBe Wt h
t he production tree 6 . An assenbly according to any foregoing claimand
further conprising an isolation sleeve (9a) which provides conmmrunication
bet ween said region (16) and a productioh-tree. 7. An assenbly according to
claim6 in which said isolation sleeve (9a) defines an upward passageway
(15) fromsaid region. 8. A production casing hanger (2) for a subsea well
and conpri @%Qaﬂﬁgmﬁﬁ’éﬁr &Q/th%r(ﬁg'%(mdawmd@ zaw CQHH"H”'P@WeW'“&W? REAQUEAPN par t
(2b) of le r internal dianmeter than the upper cylindrical part, in which
a first passageway (21 ) extends radially through said | ower part (2b) of
t he casing hanger fromthe outside to the inside thereof and a second
passageway (23) extends radi a from t he inside.of asin

partly thr8ugh AReAtSMblY ﬂbc{é%/g tQ A9y fRreqaing, claip C(ogmrls @Hds

upvarsdly f QiR Qle%@éqgg Wgﬁﬁ%)ﬁéshé%ﬁﬂrﬁé&hoh%@tw&ﬁréalﬁ%Ebldhf

casing hanger to a region wthin the upper part (2a) of the casing ganger,
sai d casi ngnbangmdustidmireadapt ed to receive an internal sleeve (17) which
is positionally adjustable to allow and prevent fluid flow through the
second passageway (23). 9 . A production casing hanger according to claim38

in which tize cagimas§enBR’ afcordimgs tatldimt er imalvhish eard Woraibmgleel) (Jayr
engagenent by the sleeve (17) and all ow ng positional adjusnent thereof.
defines an upward passageway (15) from said region.
10
8. A production casing hanger (2) for a subsea well and comprising an
upper cylindrical part (2a) and a lower cylindrical part (2b) of lesser internal
diameter than the upper cylindrical part, in which a first passageway (21)
extends radially through said lower part (2b) of the casing hanger from the
15 outside to the inside thereof and a second passageway (23) extends radially
from the inside of the casing hanger partly through the casing hanger, and in
which a passageway (24) extends upwardly from said second passageway
through the lower part (2b) of the casing hanger to a region within the upper part
(2a) of the casing hanger, said casing hanger being adapted to receive an
20 internal sleeve (17) which is positionally adjustable to allow and prevent fluid

flow through the second passageway (23).

9. A production casing hanger according to claim 8 in which the casing
hanger (2) has an internal screw-threading (19) for engagement by the sleeve

25 (17) and allowing positional adjusment thereof.



