WD 2012/ 046058PCT/ GB2011/ 051907 1 - Subsea Wl |l head FI ELD OF THE | NVENTI ON
Q The present invention relates to a subsea wel | head, a securenent

aKNr angenmewo 2bro4e0s8ubsea wel | head and a net hod of secur iPOY/GB20H#AISIY7W t hi n
a Subsea wel | head. BACKGROUD TO THE | NVENTI ON 10Deep water wells are

i ncneasi ngly being used to extract hydrocarbons. Such deep water wells were
previQusly not considered econom cal. However, the lack of readily
avai l akl e and easily accessible fjelds has encouraged significant

devel opkents in the extraction ofPURFERAVENIRAS using deep water wells.
However, \such deep water wells still have many probl ens and di sadvant ages
conpared t\Q 15shallow water wells. In conventional oil and gas wells, it is
convent i driahDt@F Adke INVERNTGN of concentric tubes or casings. The outernost
casing is sedured and fixed in the ground and, in particular, it is fixed
wi thin the sea bed. The concentric inner casings are then each 20 secured
Wit hi § t g eopte8EnCiaSeMbritdeI el Y aSRb4eadvdIPebBea RR¥LreM b RGRFENgRMI &1t f6@ST NG.
Typical ly, a cas\ng includes a hanger at an upper end thereof.” The hanger

i ncl udes aasuhserevdiicashangd aeretbod loaseouringha saswgomithing sihgegereliticed. an
internally projectN\og shoul der the outer casing. Accordingly, the inner
casing is effectively supported on and "hung" fromthe outer casing. Once
posi ti onBACKGRTURST S TH4E (MVENTeORNt nay be supplied to the annul ar space
defined between the ouher surface of the inner casing and the inner surface
of the outer casing. ThNs thereby bonds the inner casing to the outer

casi pg. [ \YH -
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t hrough val ye.
g reagiFy available and easjly accessible fields has encouraged significant

developments in the extractionQf hydrocarbons using deep water wells. However,
such deep water wells still have Nany problems and disadvantages compared to

15 shallow water wells.

In conventional oil and gas wells, it is con¥entional to have a number of concentric
tubes or casings. The outermost casing is s&cured and fixed in the ground and, in
particular, it is fixed within the sea bed. The congentric inner casings are then each
20 secured within the outer casing by being secuxed to the next adjacent outer
casing. Typically, a casing includes a hanger atan upper end thereof. The
hanger includes an external shoulder collar which sits\on and engages with an
internally projecting shoulder the outer casing. Accordingly, the inner casing is
effectively supported on and “hung” from the outer casing. Oxce positioned on the
25 shoulder, cement may be supplied to the annular space defined\oetween the outer
surface of the inner casing and the inner surface of the outer casing. This thereby
bonds the inner casing to the outer casing. The outer casing may have a return
valve operable by a Remote Operated Vehicle located at or adjacgnt to the
mudline. As the cement is pumped down into the annular spacing the\excess
30 cement can pass out through valve.

A typical well will include several concentric casings. For example, the outer
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WD 2012/ 046058PCT/ GB2011/ 051907 2 - casing may be cenented to a first

\ nner casi ng which may support a second inner casing which may support a
tRird i nrwo 20esi4osetc. It will be appreciated that it iPsTrGaatiosedoy easy
f o\ the excess cenent between the outer, casing and the first inner casing
to De easily extracted out of the mellz%hrough a valve located at the
mudl ige 5 in the outer casing. However, it becones increasingly difficult

to simply extract the excess cenment from between successive inner casings
whi | st N&PAMS MK e srMenieddpia firsbinner£asingswhichandy §HBPOT @ SRFPNCIIBRET it i s
pref er ablyg ' A I &xgs ¢l i 0.4 hat
t he casi nSI g \&ﬂéﬁl #??es'gﬂgg&aér:ggﬁﬁwngh&agx eés.tg' Er\g@ﬁgs@%ﬁg?@gh%ﬁgl uced
i n the amelatjeelysgzsydos the excatisncement (Setefeehdbk dniier casing andrtberfiagt ineeui r e

L o° opor atEsOra P Belvapt Attt DU RS s LR Seh A vl oBattat Bedniding ©ong
di st agce if FUHHRE caShba fowEirt NBLEBARS iSteRsIRKERMIEE SHABSBMat IRy be

conpl ex and may \5not “provide any axial |oading on the casing string. Prior
art syst exsessmcengrituliennbetwasne sooegasintizngrncasiags gvkilshunaintaisiaigi He

conmponents, f atl he ired seal, |ocking conponents for |ocking a
wel | casi'ﬁtggg{yrcfcfﬁg §g%é%“’eélh ar ds novenent and al so | ocki ng conponents

for 20 locking the well casing string agai nst upwards novenent. Each of
t hese conponents requixes activation or actuation which may only occur
whi | st t heyadglition, gdapseresable tedaye dbe innsrgoncapits CRSHIPS/ I0CKA SOWRLSUGI e
conpopen t1vatd on L T tl is an
ai m oFt HipE catid R AR B ais %, dhy Bl oPetuRe BF sfBArdeuG I o
wi t h t he tie iavmudart spdezt Barrowediegried Socthésekidower conmeataiss eaySkddiaYtig= THE
| NVENTI ON 30According to a fNr st asgect of the present in_venﬁi on there is
provi ded hanggk [p Spxga locking arangement which can be relatively difficult to operate

and manipulate since the lockdown connectors are located a long distance from

the surface. Furthermore, such Iockdown arrangements may be complex and may

15  not provide any axial loading on the sasing string.

Prior art systems may include multiple\components including annular sealing
components for creating the required seal, Igcking components for locking a well
casing string against downwards movement \and also locking components for

20 locking the well casing string against upwards movement. Each of these
components requires activation or actuation which may only occur whilst they are
located at a deep sea level. Accordingly, these muKjple components and the
activations can be difficult and problematic.

25 ltis an aim of the present invention to overcome at least one problem associated
with the prior art whether referred to herein or otherwise.

SUMMARY OF THE INVENTION

30 According to a first aspect of the present invention there is provided a securexpent
arrangement for securing a hanger within a subsea wellhead comprising fixst

securement means to secure the hanger in a first position and second securement
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arrangenment for securing a hanger within a subsea wel |l head conprising first
xecurenment neans to secure the hanger in a first position and second

S|cUr enerwo 200/@6s8/ 046058PCT/ GB2011/ 051907 3 - means POTAER0rIS199¢ hanger
in\a second position, the first securement neans being arranged, in use, to
prowde a fluid passageway over an outer sealing surface of the hanger
whi | s\ the hanger is retained in the first position such that fluid can

fl ow anound the outer sealingesurface of the _hanger, the second 5

secur emdHCaASa kY SEEHTS g RGNECC It fHBPREPE PRAERe M€ iTFSloPRreMENbIesd e a

seal aroyd er i ; id [ jtion
such that gt!%ﬁrﬁé@%%btln Mgtjé\ivstgr gﬂﬁ’c‘i&?%%g{ﬂ Z)P%Se%iv?% dsiygtrf E‘c%@ngﬁgﬂﬁanger :
Pr ef er ablsyrirhe ofdberthrgec wielstithe maager seriaieedtinghbdirgepositiom siuich sthat

| ongi t udinal \10di_r ecti on in an opposite secon ongi tudi nal direction
o dor THH SV dRE rEoeHb o Puf e SRARGR SURCE: PhehS| BrudnRapetoid

di recgi oecurent@ REARS XokMiRisARCRBrASIAY AFBYent@RNA dPd &VidSDVRIR &skeal

| oadi ng on a cas\ng secured bel'ow the hanger.” Preferably the casing is
secur ed wirowid thenganger Whylst1thechanger ipragicarethiry thenee¢oncs posiienrseiebrihabreans

voveront I PR oG uRO T Sulst SR Ag sBpeof B aefnal "G recii on. 20

Preferably the first securenment means conprises a retaining shoul der which
is arranged, in use to\cooperate with a retaining surface on the hanger in
order to ryalasebly theserang secirenent nieans sqrkes tsmhangasriareirgblopgitdinal
ret ailpi ng;: I oA et : alr. p or
secur Ja wrkeh e v 41, oSt ScBnd bty ifbdh i Rer UBNGER:
sl eeve almesayestasfihe thangehineithee lengiisenavelirebtted.

Preferably the second securemsent means provides an axial loading on a casing
secured below the hanger. Prefgrably the casing is secured within the well by
15  cement.

Preferably the first securement means sesures the hanger in a single longitudinal
direction and may enable movement of the hanger in the second opposite
longitudinal direction.

20
Preferably the first securement means comprises a retaining shoulder which is
arranged, in use to cooperate with a retaining surface\pn the hanger in order to
suspend the hanger in the first position.

25 Preferably the retaining shoulder is provided on a sectior\ of tube already
suspended or secured within the wellhead.

The retaining shoulder may be provided by a sleeve already secured\within the
subsea wellhead.

30
The retaining shoulder may be provided by a hanger already secured within tke
subsea wellhead.
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30 WO 2012/ 046058PCT/ GB2011/ 051907 4 - Preferably in the first position
Qn outer sealing surface of the hanger is arranged to |ocate at a

| §ngi t udiwal20paesds8on i n whi ch the outer sealing surfaceCrsGEpadswoapar t

froman inner surface provided in the wellhead in order to define an

annw ar flow 5path around the outer sealing surface. The first securenent

conprise an enlarged dianeter on an internal sleeve or tube in the subsea

wel | head ﬂe‘?aﬁlgtiﬁit 'gr%(g ?BQHBH% SUtEr E@alﬂ{ é’dr?mag% %Q%%#@BEES frﬁ‘érf] tPf 2

tube al ready suspende secured wthin tthe eferably the
hanger cdoge st langitudiabdi pgsitdn spivhiohstherodtengealing) swafface issspacedrapaut er

surface theraof. The hanger . conprise a plurality of radjal, ribs on
ol over ALPR NSEF PUEACS BrATEIT e BRURGH 1 Brdes.broesint St anBrler g
splings oath aRidautieilter sdiingrsuréeal ribs provides the retaining surface
on the hanger. 2]Preferably a”l ower surface of the splines or |ongitudinal
ribs is arranged Nn use to

The first securement means may comprise a fluid passageway groove defined

around an interna\ surface of a tube in the wellhead.

10  The first securement reeans may comprise an enlarged diameter on an internal

sleeve or tube in the subsga wellhead.

The retaining shoulder may b& provided by an upper surface of a tube already
suspended or secured within the wellhead.

15
Preferably the hanger comprises a pliality of splines or longitudinal ribs on an
outer surface thereof.
The hanger may comprise a plurality of radia\ ribs on a lower annular surface
20 thereof.

Preferably a lower surface of the splines or longitudinal\ibs or radial ribs provides
the retaining surface on the hanger.

25 Preferably a lower surface of the splines or longitudinal ribs is grranged in use to
abut and to be supported on a support or retaining surface in the wg|lhead.

Preferably the splines or longitudinal ribs are spaced radially arQund the
circumference of the outer surface of the hanger. Preferably the sphpes or
30 longitudinal ribs are equally spaced around the circumference of the outer suKace
of the hanger.
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abut and to be supported on a support or retaining surface in the well head.
Rref erably the splines or longitudinal ribs are spaced radially around the
cNr cunf erwoce120ft6458e out er surface of the hanger. PreferablgB20hiedsspl7i nes or
30Nongitudinal ribs are equally spacedéground the circunference of the
outex surface of the hanger. WD 2012/ 046058PCT/ GB2011/051907 5 - The
radi a\ ri bs nmay be spaced radially around the circunference of the | ower
annul aK surface of the hanger. Preferabu% the radial ribs are equal

spaced M0¢ntedipleries rpayhe sneeedradinlly |a5qepd dARUFIEUNABFENEE Ob NG H%W%ranger

5Pr ef er ab) d I n r4-8S.Q bs
define a°© Hleﬁ‘ %@iidaégg\?\)atﬁgﬁh%ér} e!t %@ﬁ%w%g?g l ﬁlhe dsrg |e eas”ryglrgbgéecrl

| ongi t udianail dtftmcmwm‘acbnqwm‘rtueyoWemmrwlarOSMaqamﬁthedmanger an outer sealing
surface of the hanger. 10 The hanger may conprise further splines or
| ongi tudi nal NN bs | ocated above the outer sealing surface. Preferably the

furthsr f’ﬂ?bfé’r'% %dlaﬂ?%oﬁétf@n’f‘%blnﬁé@%r W&@lt@ﬁﬁ‘faIWb%*brtﬁéﬁla‘-f RlosN&STin@r a HuRe
| ocat ed bel ow thg outer Sealing surface™and the two sets of splines or

| ongi t udipasbagewantheyebetivaeni vel y conpri se a single set having an outer
15seal ing surface IN\gcated in-between. Preferably the outer sealing surface
conprises an outer netal surface to create a netal to netal seal in the

second p@Ektdrably the sphpes or longitudinal ribs extend upwardly from a lower position to

an outer sealing surfQce of the hanger.

10
The hanger may comprise further splines or longitudinal ribs located above the
outer sealing surface. Prefgrably the further splines or longitudinal ribs register
with the splines or ribs located Relow the outer sealing surface and the two sets of
splines or longitudinal ribs may eX{ectively comprise a single set having an outer

15  sealing surface located in-between.

Preferably the outer sealing surface compxises an outer metal surface to create a
metal to metal seal in the second position.

20 The outer sealing surface may comprise an O-ring, seal and preferably comprises
two O-ring seals longitudinally spaced apart on the oner surface of the hanger.

Preferably the fluid passageway enables cement returng to flow up from the
annular space around the hanger.
25

Preferably the hanger comprises a casing secured at a lower end thereof.

Preferably the fluid passageway enables cement returns to flow up\from the
annular space around the hanger and the suspended casing.

30
Preferably the securement arrangement enables cement to flow down the casing

and then up around the outer surface of the casing and cement returns may then
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20 The outer sealing surface may conprise an O-ring seal and preferably
gonprises two O-ring seals longitudinally spaced apart on the outer surface
ok t he hawmgen12/@s@Ber ably the fluid passageway enabl es PERER2011855L90MS t O
flow up fromthe annul ar space around the hanger. Preferably the hanger
conXises a casing secured at a lower end thereof. Preferably the fluid
passageway enabl es cenent returns to flow up fromthe annul ar space around
t he hanger and the suspended casi ng. WO 2012/ 046058PCT/ GB2011/ 051907 6 -
f1 ow up\dPBUHR AfHHHARQENaSEA ANd pRudAl thersom.om Preferably the securement
arrangemeqt prevents fluid and, in particular liquid, flow ng around the
hanger whi\st the hanger is secured in the second position. 5 The

secur eneritrefgrablyginee a¢curamend reprangenzertoprevestsc fluighmand, ar pantei@ntiquidd an

upper securelent arrangenent. The | qwer securenent arrangenent .may conprise
2 lover  fIOALIOGUCLRERENGEL e IS Ne SACOET Feser Ut MesiamoiRPsIia  o¢
posi tgon and | oyer second securenment means to secure the |ower hanger in a

second position,\the lower first securenent neans being arranged, in use,
to provi déesgauneniephssaggsmeniovay cComisead layeer secyreynentaacangennéerrt anshver

hanger ilst t ower hanger js retained in the first position such that
fluid c\zg%nfLFp r%%SH %Weaa}f)%}geeﬁ%gal ing surface of the | ower hanger, the 15
| ower second securenmeNt neans conprising a | ower clanping arrangenent in

order to_provide a seaN around the | ower hanger whilst the | ower hanger is
secur ed iTMelnwes geewWENHRY iariafgeanah MaHaeomPiise adawablirst BEGHTEMANM ANe#ES out er

SEEGS £loddihd e BHATIo B P10 ocBR SEERoR g P!

sealqag

may conpri S€ an uppe Sk 0 Secur e an upper in a
first posetumthenbwarpeangeesoralseeond eositibn rtrenower et seeurehentppesinsianger
in a sec ngﬁfositio , .the upper first securenent neans beingﬁﬁrranged, in
use, to %e FErangefuiity Y5gs siQBIRNA® e flulsh PESsICRAIAVRE &L eS8flNthe

upper hangemh uyihsd 10 MRS UIRRIRe Iovdrdiatgepts Fétaled ihithe irftsdditd
such that fluid can flow around the outer sealing surface of the lower hanger, the

15 lower second securement means cQmprising a lower clamping arrangement in
order to provide a seal around the lowex hanger whilst the lower hanger is secured

in the second position such that fluid cannot flow around the outer sealing surface

of the lower hanger.

20 The upper securement arrangement may compxise an upper first securement
means to secure an upper hanger in a first position aQd upper second securement
means to secure the upper hanger in a second position\the upper first securement
means being arranged, in use, to provide a fluid passagewgy over an outer sealing
surface of the upper hanger whilst the upper hanger is retaingd in the first position

25 such that fluid can flow around the outer sealing surface of the\upper hanger, the
upper second securement means comprising a upper clamping\arrangement in
order to provide a seal around the upper hanger whilst the upper hanger is
secured in the second position such that fluid cannot flow around the outer sealing
surface of the upper hanger.

30
The upper hanger may comprise a tubular casing suspended therefrom which\{s

arranged, in use, to locate within a tubular casing suspended from the upper


HongGuan
Line


25 such that fluid can flow around the outer sealing surface of the upper
anger, the upper second securenent neans conprising a upper clanping
axrangenmewo 20re/@sefer to provide a seal around the upper Poargpoimisidost the
uprer hanger is secured in the second position such that fluid cannot flow
arodnd the outer sealing surface of the upper hanger. 30 WO
2012N046058PCT/ GB2011/ 051907 7 - hanger. The | ower securenent arrangenent
may be\provided within a | ower well head housi ng. The upper securenent
arr angexe¥#'98ky be provided within an upper 5 wellhead housing. The upper
wel | head\housi ng may be supported on the | ower well head housing. Preferably
t he second\ securenent nmeans conprises a cl anpi ng arrangenent for clanping
t he hangél'mfoveerf Bemremﬂnﬁ:l&rran@lrmerdaMalygbalrmbeidedt Wdihirml anowey Wellhead

arrange rl_h5| n ar c% ar havi n an eﬁt ern Fﬁ agg g?surface t he
arrange so ARRA" m§ Hﬁe@ﬁﬂhﬁg? oyifed WIHR AN YPPEher ed
surf age, v&éllﬁe‘é Hcﬂf&r@d T%'éeu@élé}%él'lhé-‘émﬁ@ﬂ@ﬁ% rﬁﬁy RS SWHriewehy thREiIGhey

noveabl e betweem a fiTst position in e tapered surface of the
annul ar oeipeadmousiogrts no radial force on the collar and a second
position which the\tapered 15surface of the annul ar conponent exerts
sufficient radial foyce to distort the collar inwardly to grip the hanger

of the fiRrsterbblfutharse¢hl seasidigent mean®rcohgirRekya thensing Wreingeamprient
conprises a conpressi oN ri rﬁlag 20Preferably the collar conprises a

conpr essiCEMRIFLI dhe  TARSEIo résé'!'r%n tenlparwehy CaRNe WheEsn aths EaMemd ng
grooyg pry 9r‘é‘n@%ﬂ1e‘?1@ E@r‘ﬁpﬂ r.apft{o'IIB er{ r‘gq‘darpr&t&rr%%yté ‘?g&o%’rrfg ﬁ{é

col | ar ural I axia rooves”’ pr
around t faeramgbmermealsphmcw (&P d?r einausol yombenemtbuhtar anelntermady rtgpevedends
downwar dl )Grftowards a] field and/or into the seahed.
surface, the collar and theNannular component belng relatively axially moveable
between a first position in which the tapered surface of the annular component
exerts no radial force on the cgllar and a second position which the tapered
15  surface of the annular component exerts sufficient radial force to distort the collar

inwardly to grip the hanger of the first tbpular well casing.
Preferably the annular component comprises\a compression ring.
20 Preferably the collar comprises a compression col\ar.

The compression collar may have an axially extending groove provided on the
outer periphery and preferably the compression collar has a plurality of axially
extending grooves provided radially around the outer periphe

25
Preferably the tubular well casing extends downwardly towards a\ield and/or into
the seabed.

Preferably the arrangement includes a sleeve which is arranged, in use, 1q locate
30 Dbetween an inner surface of the collar and outer surfaces of the hanger.

Preferably the sleeve is arranged, in use, to be connected at an upper end to a
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Preferably the arrangenent includes a sleeve which is arranged, in use, to
ocat e 30between an inner surface of the collar and outer surfaces of the
hapger. WO2B01R46G46058PCT/ GB2011/ 051907 8 - surface casirmgp2himsmoext ends
upwardly towards the sea surface. Preferably the sleeve is arranged, in
use,\to be connected at a | ower end to a surface casing which extends
downwardly towards a field and preferably bel ow the 5nudline. Preferably

t he sl egve conprises a conpression s|eeve. Preferably the arrangenent

i ncl udeS\SHEREREABINGUNEN £ eWWrQWéOW@ﬁH}e%@ %W'rﬁ'ﬁ%ent relative to the
collar. Pxeferably the novenent neans conprises hydraulic novenent neans.
The noveneNt neans may conprise a chanber between the annul ar conponent and
t he upperPrefeaalplyniyehslasvends @ma;mgadnin uaedtd be oirardoied @hya lweverresdto issed 15

componentUTRRBCEF ARG SMAKS RN VALY (oAt Saiald BPd e Bl palow the

i ntr oguctyh@dinEE’ns to |ntroduce hydraul [ c fI uid into the chanber in order
to urge the annuNar conponent away fromthe upper clanping housing
conponent. 20 The\ppvenent neans nmay conprise a piston. Preferably the

v anged FHERTAPYPENEETE et mBls LA ane "or  each piston may be
nmounted on a cl anpi ng\housi ng and preferably on an 25 upper clanping

housi ng co onent. Preferably the upper clanping housing conponent is
mount ed tRseteraivethecatrangeractb intlicdes Mavesedxneans febwa@wng thevan4at he

sea ?:P; gpcﬁ%ﬁg ﬁ%ba"?g&hto 'tr?et Ladry Fbr%fqarfa r}”g%d rﬁ&xe‘?ﬁ‘érﬂ”%e@ﬂ%‘”‘c‘!@ﬁ |é/eJ rom

t he the co war dl
cl anpi ng Hydtajlingno@nent mea

The movement means may comprise a chamber between the annular component
and the upper clamping housing cgmponent, and the chamber may be pressurised

15  to urge the annular component awayXrom the upper clamping housing component.
The clamping arrangement may compxise hydraulic fluid introduction means to
introduce hydraulic fluid into the chamberN\p order to urge the annular component
away from the upper clamping housing compgnent.

20 The movement means may comprise a piston. Pxeferably the movement means
comprises a plurality of pistons. Preferably the pistons are arranged radially

around the annular component.

The or each piston may be mounted on a clamping housingand preferably on an
25 upper clamping housing component. Preferably the upper ¢lamping housing
component is mounted to a lower end of a conductor which extends upwardly
towards the sea surface. The or each piston may be arranged to extend
downwardly from the clamping housing and to move the collar downwagdly away
from the clamping housing.
30
The sleeve is preferably a component which may be either threaded onto a casing

or may be located in a suitable locating and receiving area on the casing.
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WD 2012/ 046058PCT/ GB2011/ 051907 9 - The cl anping arrangenent nmay conprise
ocking neans to | ock the annul ar conponent in the second position. The

| §cki ng meansiazmagssonpri se a | ocki ng nmenber whi ch engag@€TigB2a11/3t407 ng
recess provided in a | ower clanping thqs_i ng 5conponent. Preferably the

| ocking nmeans conprises a plurality of 1ocking nenbers. The | ocki ng nmenber
may cQnprise a | ocking finger. 10The | ocking finger may conprise a
resilignt conponent that is inherently urged into engagenent with the

| ocki ng\recess at the | ocking position or when the annul ar conponent
reaches te %ﬁm PYShL | [ R ' I | ease
nmeans. Pre e?a Iyﬁ?héé)ﬁ?lg% ?gﬁ (%%Q%fg%lgng) I'S aﬁéﬁéeg&pgé%ﬁggn%ééfhe or
each | oclcompamenbén tfie secohd dosdlonng Thedeslking medie niayc komerisase lookings may
conpri se rmvnif reans to m)vgchhe | ocki 20%1 ' nger ut oflen .aa ment W th
the | ockiMgPBLYSEN AR § AL HESR %@e ¢ GnBrieE &'ANBNE WS

pr ef esablopnfimekt SePrafeiyielyatid Godiifg OeahBecEPABES Ja apILAHIAE TGN lodkMg
conprise return Rovenent neans to nove the annul ar conponent” fromthe
second pdeempers.t dwards the first position. In particular, the return
novenent neans may \ai d the rel ease of the clanping force

The locking member may comprise a locking finger.

10  The locking finger mayxcomprise a resilient component that is inherently urged into
engagement with the locking recess at the locking position or when the annular
component reaches the secoQd position.

The locking means may compriseNock release means. Preferably the lock release

15 means is arranged to disengage the or each locking member from the locking

recess.

The lock release means may comprise moyement means to move the locking
member out of engagement with the locking recgss. The lock release means may

20 comprise a piston and preferably comprises a hydraulic piston.

The clamping arrangement may comprise return movexient means to move the
annular component from the second position towards \the first position. In
particular, the return movement means may aid the release of the clamping force
25 from between the annular component and the collar.

Preferably the return movement means comprises a chamber betweenthe annular
component and the lower clamping housing component, and the chambeg may be
pressurised to urge the annular component away from the lower clamping

30 component.

The movement means may comprise a piston. Preferably the movement means
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25 from between the annul ar conponent and the collar. Preferably the return
novenment neans conprises a chanber between the annul ar conponent and the
ower cl awpi2np/eassi ng conponent, and the chanmber nay becCpréasuriss®d to
urge the annul ar conponent away from;tgq_l ower cl anpi ng housi ng 30
component. WD 2012/ 046058PCT/ GB2011/ 051907 - 10 - conprises a plurality of
pi stans. Preferably the pistons are arranged radially around the annul ar
conponent. The or each piston may be npunted on a | ower clanpi ng housing

| _may
conmponeQtCoOMPrisess arRIIajity [ RIs\AER- cIPARIST Y NBEsPREP o R AETRNged rediaited t o
an upper\g d’f%ﬁrﬁﬂﬂé’#&érﬁ&oﬁ%t?h ext ends downwardly away fromthe sea
e

surface and/ or ow t he dltne. The or each piston may be arranged to
extend upwaydly fromthe | ower cl anping housi ng conponent and to nove the

collar u rNdly away fromthe | ower clanping houysing c onent. 10

Pr ef or abl & ik SECAPIRG Tey g iaitted bR Oler 1ampte: RERSRg; segnaonent.

ar r angengnbierfHGftRé fRler dIARPHIPSERING CORPRHcRf R\hE@sted t¥anl usperendidi i n a
| ongi tudi nal difnection fromafirst upper end to a second | ower end

Pr ef er ablopnghetos aduciuextends siommwardyraway fram thecsamssyfaceand/or Reloyathe or a

casing stri SUSPE r he_h er ilst_greatin loc

rochan o, TOERY Bighsitthh ok PR b Bt o R velintly B i Tver o
the casi regarfpint nouf(ﬁfrﬁ@cbr)ertt%@Q@Qﬁdvé&ﬁw@m&‘tupmag/ sivay fremetnes| y
creates a netal-to-net\al seal for a casing string suspended fromthe hanger
whi | st crl@uel AgnPindRRURIAS CABWV®ANEM f or preventing both upwards novenent
and qlevmwards novenment oK the casing string.

Preferably the clamping arrangement comprises a subsea clamping arrangement.

Preferably the subsea wellhgad provides a well extending in a longitudinal
direction from a first upper end to\a second lower end.

15
Preferably the second securement means simultaneously creates a seal for a
casing string suspended from the hangex whilst creating a lockdown mechanism
for preventing both upwards movement and\downwards movement of the casing
string.

20
Preferably the second securement means simultanesusly creates a metal-to-metal
seal for a casing string suspended from the hanger Whilst creating a lockdown
mechanism for preventing both upwards movement and downwards movement of
the casing string.

25
The arrangement may include monitoring means for monitoring ag annular space

located below the hanger.

The monitoring means may monitor an annular space located below (or oQ a first
30 side of) the hanger, the annular space being located between an outer surfage of

an inner casing and an inner surface of an outer casing.
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The arrangenment may include nonitoring nmeans for nonitoring an annul ar
space | ocated bel ow t he hanger. The nonitoring neans may nonitor an
anopul ar swaceldae@Esed bel ow (or on a first 30side of) treTaBgEV0S190Me

annyl ar space being | ocated between a_nv\%gt er surface of an inner casing and
an ixner surface of an outer casing. 2012/ 046058PCT/ GB2011/ 051907
PrefeNably the nonitoring nmeans conprising a sleeve securable wthi n t he
wel | head wherein the sl eeve includes a ngnitori n%@ | ui d passagevvay whi ch

f1uidly \foRigERRY e RARIPTHIO SP&Ees t PTEPHYAGt 8r SkgVapSEEWRele JifiiBdthehove
(or on a 858w

conpri si ng mgﬁtg)r@?%r%frﬁg\)eélgg\ﬁgo o%sa%ﬁog?glngq%g%gn%a se(g:%ncsha{ cJUIdc}?) t he
hanger. Tohengtisethe aapulae sracented nmmmlogpa;smurbeldmat&gbtabol?ee(roercablay t he
hanger co es, a i ng _secyred at. a lower e t hereof. . The 10 casi ng may
e SuspeBLRNRSHA efidinaRgas. (be ardfitching Hiang Hitiel CoBdraidd frBnn B thanger
provi ges seR8ot IBBEfedCAsVRY or bRS SeddMd SHE bAGRe Hangr.ch defines the annul ar
space toget her th an inner surface of an outer "casing. Preferably the

sl eeve conprises a section of a casi ng Preferably the sleeve conprises a

casing s r t _a\lo may be suspended formthe
sl eeve. ﬁﬁéfsgg%l\g% Vee\,\%{@'ﬁ@%dé %ﬁféﬁpﬁ &eﬁﬂaé{g%geeve provi des the outer
casing, the inner surface of which defines the annular space together with
an outer surface of an\ nner casing. The hanger may support a casing and
wher ei n tieferalyt e RRNIRE HEMPREESt @@Stﬂ%sgﬁﬂﬁﬂaﬁt 3 awer paddhe@obet n an
out egpSur, t AL} su

2501 of or B0 Flay G sESR MRS R filters PlGRR, 1R cBHh selPed o,

wel | head thewreargjen prioeidelsetherinee! wmmg atha)outeyr sundadd oif dvipigls seefmesy thehi ch
connects the annul ar space to.a nonitoring aperture | ocated above the

hanger . W@P@éﬁ??eﬂ‘mﬁgﬂé\éﬂ;@ 30JNBEN SHERSE Qf@prb%‘ét@FE‘?'?'H@ hanger within the

wel | head.

Preferably the sleeve comprises a\section of a casing.

15
Preferably the sleeve comprises a casing secured at a lower end thereof. The
casing may be suspended form the sleexe. Preferably the casing secured from
the sleeve provides the outer casing, the\inner surface of which defines the
annular space together with an outer surface of\@n inner casing.

20

The hanger may support a casing and wherein the mQnitoring means monitors the
annular space located between an outer surface of\the casing and an inner
surface of an outer casing.

25 Preferably the monitoring means comprises a sleeve secured within the wellhead,
wherein the sleeve includes a monitoring fluid passageway which connects the

annular space to a monitoring aperture located above the hanger.

Preferably the sleeve is arranged to secure the hanger within the wellhead.
30
Preferably the sleeve comprises first securement means and second securemeqt

means to secure the hanger in a first position and a second position.
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30 WO 2012/ 046058PCT/ GB2011/ 051907 - 12 - Preferably a | ower end of the

| eeve | ocates below a sealing surface of the hanger in the first position
aqd/ or i r'woOhe129e6@8d position. 5 The sl eeve may extend PeTwGB2n112051WNer
sexurenent arrangenent and an upper sgq?[enent arrangenment. Preferably the
nmonNtoring fluid passageway provides a Tluid communi cati on bypass to enabl e
fluid to be introduced into and/or extracted fromthe annulus. 10 The
nonit ogi ng neans may conprise a fluid sensor |ocated above the hanger. The
noni tor\ng neans nmay conprise a nonitoring hanger. 15 The nonitoring hanger

may CONpPIgs Peréwfﬁ‘fg Fhd éf'tH'é%Jefé%% a@%ew éa’?m duped d?‘tﬁé‘h%ﬁﬂer

aperture 0 passageway I n a s eeve and ere n the nmonitori

hanger f um tieefirst papitios esdaornmittie secongl paositiorf.or connection with

comuni cati oQy neans to conmuni cate fromthe subsea well head to the surface.
20Pr ef erabl'y \he comuni cation neans is selectively engageabl e and

di sengagedfyl Sledié tdhexiEnal hétivieBl P Wer secu-F@ﬁleﬂPthaﬁ@éﬁﬁnfr%ﬁﬂsar{f%per
conprise an isol\ation sl eeve which is securable above™the hanger and

wher ei n tseeuiesoeritdreangeneenie seal s an open aperture provi ded by a
25nmoni toring flui d\passageway within a sleeve in which the hanger is
located. Preferably\the securement arrangement conprises a clanping

ar r angenmgnefdrably Cihanmion@iotifg fliah peksadéways @roviaeerd flaid’ aogen@iitatiory bincl ude
a first clanping arranerrent for cla t he hanger and a second cl anpi ng

arrangemaﬁsﬁ@engbledl e RE Iratr%rqeddrqpqwl/ﬁbﬂxtfaﬁte%r%ma%d% t he
hanger. The second cl anpN\ng arrangenent may clanp an isol ation sl eeve above
t he hanger. The second cl agpi ng arrangenent may clanp a nonitoring hanger
above t h&@heangeitoring means may comprise a fluid sensor located above the hanger.

The monitoring means may colprise a monitoring hanger.

15  The monitoring hanger may compkse a monitoring fluid passageway which is
aligned with an aperture of a fluid passageway in a sleeve and wherein the
monitoring hanger further comprises a_ monitoring port for connection with

communication means to communicate from\the subsea wellhead to the surface.

20 Preferably the communication means is \selectively engageable and
disengageable with the monitoring port.

The monitoring means may comprise an isolation sleeve which is securable above
the hanger and wherein the isolation sleeve seals an open agerture provided by a
25 monitoring fluid passageway within a sleeve in which the hangeNs located.

Preferably the securement arrangement comprises a clamping arrangement for
clamping the hanger. The securement arrangement may include a first clamping
arrangement for clamping the hanger and a second clamping arrangement for
30 clamping a part of the monitoring means above the hanger. The second clamping
arrangement may clamp an isolation sleeve above the hanger. The seconrd

clamping arrangement may clamp a monitoring hanger above the hanger.
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WO 2012/ 046058PCT/ GB2011/ 051907 - 13 - The first cl anping arrangenent
and/ or the second cl anpi ng arrangenent may be arranged to exert sufficient
radi al f owoeotan46isst ort the sleeve inwardly to grip thePhargpeotiasddoor the
isolation sleeve and/or the nonitoring hanger. 5 Preferably the sleeve is
arragged, in use, to |ocate between an inner surface of a part of the first
cl anp\ng arrangenent and an outer surface of the hanger. Preferably the
sl eeve\is arranged, in use, to |l ocate between an inner surface of a 10part
of the second clanping arrangenent and an outer surface of the isolation

sl eeve Ofyfs s%%‘ﬁpﬂﬁ%%grarhg@gféng aﬁa%rqﬁ%?%_c’h??l%?g Oéﬂr%é[rhgﬁtgrlngg\s}n?geway

does not pgnetrate a Tasin he wel rab

conpr i sear@ngedi todexerblsuffierdntoad@l farceai digtarntiaidieeyeanwiardie rto gripf Hee and

an outer surnace. noni togjﬁnr% fluid Bassa eway is provided in
MRRE

Pr ef I h
the sl ee\ﬂ?nﬂﬁaPWPth%ggg?g'o\éré?%‘fee?n%ﬂr PrQIPPI8Y of the sleeve, a

extengi ng sectign which connects the inlet to an outlet, and the outl et
bei ng | ocated on\the inner surface of the sleeve. Preferably the extending
sect i on &xetandsly(theishesve ip)arrangedk in 08gi toulgicatd beliwesnt apinnsr sunacelafeye.

ext end ngobad 8 reideriBhe it 6L oS SHERES BRUREOMY: and
| ongi tudi nally 25and When radially inwardly along a radius of the sleeve.

The nonitoring fluid passageway nay provide renedi ati on neans remnmedyi ng
pr essur e Asafarablyghe wleaus iarmitangsd. m aser hiogateneetmappdainngh swefaes afa

arragged {0 of the second cldxnping arrangement and an outer surface of the isolation

sleeve or the monitoring hanger.

Preferably the monitoring fluid\passageway does not penetrate a casing of the
wellhead.

15
Preferably the sleeve comprises a cylingrical section of a casing including an inner

surface and an outer surface.

Preferably the monitoring fluid passageway is provided in the sleeve and includes
20 aninlet on an inner surface of the sleeve, a extenging section which connects the

inlet to an outlet, and the outlet being located on th& inner surface of the sleeve.

Preferably the extending section extends (primarily) in tRe longitudinal direction of

the sleeve. The extending section may include a radially ¢xtending section. The

extending section may extend simultaneously radially outwardly and longitudinally
25 and then radially inwardly along a radius of the sleeve.

The monitoring fluid passageway may provide remediation meang remedying
pressure build-up in the annulus. Preferably the remediation means is axranged to
bleed off the pressure from the annulus. Preferably, the remediation mgans is
30 arranged to introduce a remediation fluid to seal a part of the annulus\The
remediation means may be arranged, in use, to remedy Sustained Casing

Pressure (SCP)). The remediation means may be arranged to bleed off the
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bl eed off the pressure fromthe annulus. Preferably, the renedi ati on neans
\S 30 arranged to introduce a renediation fluid to seal a part of the

aNnul us. Wbeoras@Bat i on neans may be arranged, in use, PCo/GBnEdF1MASt ai ned
Cas\ng Pressure (SCP)). The renediatipT nmeans nmay be arranged to bl eed off
t he \\O 2012/ 046058PCT/ GB2011/ 051907 - ﬁ - pressure, or to introduce a
remediation fluid, such as drilling nud to kill the |leak, or cenent to seal
it. Acsording to a second aspect of the present invention there is provided
a subseaP5eHRIE A iNHeduRs ﬁ@e@eg@&wefwﬁtsu&hr%@r%%m%t}o Kt leal, @
hanger wixRidhttde gMPsea wel | head, the securenent arrangenent being in
accordance\w th tﬁe irst aspect of the present invention. According to a
third aspecth of the present invention there is provide a nethod of 10
securing

a hanger within a subsea well heag.co rising secur.l ng t he _hanger
'noa i ACCHINIG IO STGNd 7St SLUTR RIRSEN IZALOD JoeTs: BWTEVHEO £ Pyiker
passagewqye|PEaa\@BIuAHED SERIrbM@nd riaagBnfint (1B sBaNGRS aRbhgér Wiginhanrger is

retained in the Nrst "position such that fluid can fl'ow around the outer
seal i ng subfee avellkeat etheasgeurement amengemend meingd imaceasdanee with therfger from

the first I td.on X Q S nd position 15 and securing the hanger in the
second p5§nggﬁH&Ff =§§E&ﬁ%9§§9urenent means and cl anpi ng the hanger in
order to provide a seal around the hanger whilst the hanger is secured in
t he second position sut\h that fluid cannot flow around the outer sealing

surface d¥CCPENG 4A ethirddaspaet of thgsredent|iorerdionTierernpravss ehaegiasseht

the. 00 auisgurivg MR TR o Eibactt whiled cBHBFRIR Stuting"tharidr e o
pr ef er r edirstnfgitiore mithofirst setreaentehédreadnai groviding a sluid bassagewvay oaegenment
br et er e R SRENDG SHUriEch Pt RGN st RegBRadRr Sries PRt BBsHS! on
wi thin apeeiardRf tREPALH BRtoAMaUPHRAE BUEP IR & rface of the hanger, the
method comprising moving the hagger from the first position to a second position
15 and securing the hanger in the secopd position with second securement means
and clamping the hanger in order to prQvide a seal around the hanger whilst the
hanger is secured in the second position\such that fluid cannot flow around the
outer sealing surface of the hanger.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example only, with
reference to the drawings that follow, in which:

25 Figure 1 is a cross-section of a preferred embodiment of a subsea wellhead with a

first clamping arrangement in a first position.
Figure 2 is a detailed view of a part of a preferred embodiment of a first\clamping
arrangement in a first position within a preferred embodiment of a Subsea

30 wellhead.

Figure 3 is a cross-section of a preferred embodiment of a subsea wellhead with a
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WO 2012/ 046058PCT/ GB2011/ 051907 - 15 - first clanping arrangenent in a
second position. Figure 4 is a detailed view of a part of a preferred
erbodi nerwoab122046058st ¢l anpi ng arrangenent in a second pOTiIGB20M/08190Mi N a
preferred enmbodi ment of a subsea Swel|h ﬁad. Figure 5 is a cross-section of
a pxeferred embodi ment of a subsea wel Ihead with a second cl anpi ng
arrangement in a first position and a first clanping arrangenent in a
second\ position. 10 Figure 6 .is a detailed view of a part of a preferred
enbodi rﬂ'fStcﬂ*aer@QchWQqn&%l'ﬂ@ HORARIRERN-in a first position within a
preferred enbodi nent of a subsea well head. 15Figure 7 is a cross-section of
a preferrad enbodi nent of a subsea well head with a second cl anpi ng

ar r angenmgng\rert & 8 eetaitbdpaewt dfen paridfaa p'refeltre«i leamqpdiyeat ohagﬁes:temiarripl'mga
second p05|t \an det | ed vi w of pr ef erred

embod nedrraseRient o SAserdmes et el aeSeBnedoal e S ni n

pref egr eqyamagel ment of a subsea wel | head Figure 9 is a cross-section
of an enbodi nent\ of a subsea wellhead with first and second cl anpi ng
arrangenents together with annulus nonitoring nmeans in a 25renedi ati on

configuration.. Fighre 10 | n e
subsea \/\g:[é%ga% %\? Sl sl,esc[tl%gﬁo(j é%i?{ggi%g%dﬁae@r&%g %%@QU\AH?%& Y‘i’%l %eve
provi di ngegon® tldrapingarpaipagevan ikt Wosllioaardsaliingt @ampirepueaagemanhanger
in a |lower secured 30pgsition.
in a second positio
10
Figure 6 is a detailed Wew of a part of a preferred embodiment of a second
clamping arrangement in & first position within a preferred embodiment of a

subsea wellhead.

15  Figure 7 is a cross-section of a prefexred embodiment of a subsea wellhead with a
second clamping arrangement in a\ second position and a first clamping

arrangement in a second position.

Figure 8 is a detailed view of a part of a pkeferred embodiment of a second
20 clamping arrangement in a second position withiq a preferred embodiment of a
subsea wellhead.

Figure 9 is a cross-section of an embodiment of a subseawellhead with first and
second clamping arrangements together with annulus moxitoring means in a

25 remediation configuration.

Figure 10 is a cross-section of another embodiment of a subsea wellngad with first
and second clamping arrangements with a sleeve providing a Konitoring
passageway and with an isolation sleeve and a hanger in a lower secured

30 position.

Figure 11 is a cross-section of another embodiment of a subsea wellhead with first
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WO 2012/ 046058PCT/ GB2011/ 051907 - 16 - and second cl anpi ng arrangenents

Mth a sleeve providing a nonitoring passageway and with an isolation

sl eeve amdOaotzzamges8 i n an upper secured position. 5F guPETAB20E/(E1907
cross-section of another enbodi ment of ;4 subsea well head with first and
secohd cl anping arrangenments with a nonrtoring hanger aligned with a sl eeve
provi d{ng a nonitoring passageway, the nonitoring nmeans being in a
productNon configuration. 10 DETAI LED DESCRI PTI ON As shown in Figure 1,

wel | head aml 6B fl s £8MPIRG BEANGEME K M | 8 §E§§Vﬁg§r@d§‘68n&edn9%'é9rm om
In parti ¢ qﬂgp r 42 in t din
a partlcul gé%nbodlmen'?\ngi A B@@ﬁgﬁgﬁgéﬁﬁ5ﬂg%gbh§g§§ﬂ§?§ﬁ1@%Bbﬁgeégg%ﬂg
string 1l4osiNga.28" casing strlng 14 includes a hanger 15 at the upper end

t hereof which\effectively suspends the 28" casing string 14 fromthe
conductor 12. Yhe conductor 12 has a first well head housing 26 at an upper
end t her ¢qhyre MBI PERRELIEIBH df BROMR lenBdiN@Rs oPASELEE Q@Hﬁ@éd datrirshr ough
t he 28" casi ng st |ng 14 and this cenent then flows upward Y bet ween t he

i nner surehdc seednd\pampingc arrangements? vthd a meoriiorieg bangerc elighed hethp &'

cnabl os Ssignpa kg APBtofig, BRESetveR e oL LS b B e

di spl ace@rmmhlwrﬂ. dtwnval ve 20 conprise a 28" hanger sub renotely
operated vehicle (RO\/) operated | ower valve 20. The "cenent returns” may

predonmi nantly conprise axill fluid. 25 The 28" casing string enconpasses a
22" 83' WE'PAILEWD%% ) 'NS suspended from a second wel | head housi ng 24.
Agai n, cenent passe o Q the 22" casing string 22 and then flows
upwardly around the outer s face of the 22" casing string 22 and the i nner
surface of the 28" casin str é4§nd into the 30 an ?ul ar space

defined t1fePROWR Wo&HIVEGL: A $OMBHERP s N R GoBCaR @"C%Sthngﬁ ow

out o bk ab R O mrublag SRl ) mmpdsll i bt econ

casing 14 and in a partlcular emba dlment a 36” conductor 12 encompasses a 28"

15  casing string 14. The 28" casing striRg 14 includes a hanger 15 at the upper end
thereof which effectively suspends the 28" casing string 14 from the conductor 12.
The conductor 12 has a first wellhead hoNging 26 at an upper end thereof. The
formation of the well includes passing cemen{ down through the 28" casing string
14 and this cement then flows upwardly bétween the inner surface of the

20 conductor 12 and the outer surface of the 28” casing string 14 in the annular space
18 defined therebetween. A valve 20 enables “cemeqt returns” to flow out of the
annular space 18 as the cement displaces such fluid. \I'he valve 20 comprise a
28” hanger sub remotely operated vehicle (ROV) operateq lower valve 20. The
“cement returns” may predominantly comprise drill fluid.

25
The 28” casing string encompasses a 22" casing string 22 whick_is suspended
from a second wellhead housing 24. Again, cement is passed dQwn the 227
casing string 22 and then flows upwardly around the outer surface &f the 22"
casing string 22 and the inner surface of the 28” casing string 14 and IQto the

30 annular space 28 defined therebetween. Again, a valve 30 enables “ceNent
returns” to flow out of the annular space 28 as the cement displaces such flui.

This second valve 30 comprises a 28” hanger sub ROV operated upper valve 30.
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WO 2012/ 046058PCT/ GB2011/ 051907 -17- The present invention rel ates
drimarily to the securenent of the inner casing strings 32, 34 |ocated

wi\t hi n t wo2812/i4m158r medi at e casing string 22. 5The fi rsPCIaB20110E$90Mg
str\ng 32 conprises a 13 3/8" casing stfing 32. In the present invention,
the Xirst inner casing string 32 is passed down the internedi ate casing
striny 22. The first inner casing 32 has a hanger at the upper end thereof.
The hanger includes an abutnment surface around the periphery thereof. The
abut ment\ surface 38 is arranged to engage on and to be retained on a

retaini ng | fBCH| ' ridhLy. ' r ' £asi ng
22 or spe%?gﬁéﬁ$ Igﬁérllt@vgél%&l Ebﬁﬁ‘g’&”ﬁ? tﬁh?%ﬁ%@@ﬁf@‘@t ﬁ@gf raf%ag} diate
casi ng ststrings 22,.34Tlbcstegosithindine 28F méempoedistet casing strisg Zxcur emrent posi tion
for the first\inner casing string 32. 15 In particular, the hanger 36 of
the first innex casing 32 includes splines 44 or |ongitudinal ribs around

the ckr CUTHeL i ner-r|&§§iﬁ]gs§tlrih§e§2 4bnridedngl 131d/8alasingSstiRy 32Caketnd
only extend for & part of the”longitudinal extent of the first hanger 36.
I n parti ¢uésent inveiions pre fied ineragasinghgirngdds s passes dowy thairdadnédatea part

of the | . PQrtil oQ h e 6, | o f t l.i.nes 44 or
| ongi tud%\ﬁ%ngﬁphg ?EQ/‘% §§Stt'rﬂr£&acgﬂ§?r}1geﬁgmgﬁrq ﬁ%@g%@&ﬁﬂgmpﬁ e?'ﬁethﬁg%) er 36
I's supporrtr@dhgn%éMmcﬂ Rt Bhngbithnt dsurfate. afdurec they pabipheryt fieeredd.i M 44 or
| ongi tudinal ribs, the\ianger 36 conprises an outer seal Ier%ﬁ surface 46

whi ch ext3®niaeal suifrre Re\ie @mMANSed tpeengaas: 9n @nertedpe retainerhen gutatainingdi al
exte of, |4 QL. i inal:1J ti £ OF pond
Co tha r spfelHd AectaRpuistR, AU NB ey SRR 22 drndtikhy &

posi ti onslddve 4Rtlecatedadt the\appéraend4d {hecmtersnettiateceading stang 220V &his

| ocated on the inner wall of N he internedi ate ctasi ng 22 or sleeve 42. 30The
hanger 3®0%I10H CVFRFPCEES 193 firsh Seserement ARRHUAINANE firgNOR 6458k SENS

| ongi tudiggal Iy upwardly fromthg outer sealing surface 46. These splines 50
or longitudinal ribs are equally\spaced around the circunference of the
hanger 36.

15 In particular, the hanger 36 of the\irst inner casing 32 includes splines 44 or
longitudinal ribs around the circumference. These splines 44 or longitudinal ribs
may locate and only extend for a part of tRe longitudinal extent of the first hanger
36. In particular, these splines 44 or longituyjnal ribs only extend for a part of the
lower portion of the hanger 36. The lower ends of the splines 44 or longitudinal

20  ribs provide the abutment surface 38 on which the hanger 36 is supported on the

retaining shoulder 40.

Directly above the splines 44 or longitudinal ribs, the hanger 36 comprises an
outer sealing surface 46 which extends around the complete periphery thereof.

25 The outer radial extent of the splines 44 or longitudinal ribs\may substantially
correspond to the radial extent of the outer sealing surface 46. In the first position,
the outer sealing surface 46 locates adjacent to a groove 48 located\on the inner
wall of the intermediate casing 22 or sleeve 42.

30 The hanger 36 also comprises splines 50 or longitudinal ribs which exend
longitudinally upwardly from the outer sealing surface 46. These splines 50 Qr
longitudinal ribs are equally spaced around the circumference of the hanger 36.
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WO 2012/ 046058PCT/ GB2011/ 051907 - 18 - These upper splines 50 or

ongitudinal ribs align with the |ower splines 44 or longitudinal ribs with
tRe out erweealmagossurf ace 46 | ocated therebetween. As sirowGHE2011FsSgWre 1 and
Figure 2, when the hanger 36 of the figgt inner casing 32 5 is supported
on e retaining shoulder 40, the | ower "splines 44 provide a fluid
passageway to enable fluid to flow upwardly from between the internedi ate
casi ng\22 and the first inner casin8i32. This fluid can then flow ypwardly

bet ween\tHESEUYRRETs BRINETy 08 01 IRGIMBINZhdIDEhRIGh iR MwereaRlingS 42 oF
sieeve it oSyl hediinay e dfio'd ke iBisidd HefbiidRebien Pass

t hrough the passageways provi de e upper splines or | ongi tudinal
ribs and the fluid can continue to flow upwardly through a tubul ar casing

L9, he S84 i OIS/ LB SR AR Lo ™
passageway siBpoxte§ B thd Qét‘é’irﬂﬁ% droufde?vad, SaWRindr Yslidek 44 prbfde W fﬂ@fo]?,

wi thout the need\for renotely Operated valves. Accordingly, with the first
i nner cagiasgagawgktueeddlerluichto flow spwendlytframn between He intérenadiglercasings of

Shout aer 27oan s rS0Eheh EeRe 42, Tul, Rkl A% Bob VBB pEMad a5,
20 order dudsr $dmingaitPRIcet46 hh@whe IMerraédiatecading 2ned SleesdaAQi mroviiddasovi ded
bet ween the outer surfwace of the first inner casi n%g32 and the inner

surface d&he grRovepetiaddRat Ehe BdidrgnabenpasshigughttRarassagewayareyidsd t he

cene pr. ' ce eh ur.n L phis f LUl 2 f u

I om?bspllrﬁ)ﬁgge@féaﬁ@tﬁé : Legrou{]gﬁl%silggrinﬁa éé'JlIJHr ?g%g%,éaﬁ\s@?'ﬁlﬁl%gﬁytﬁﬁgﬁupper
splines apwandlyfthroaighya tubeldceasing toXbeadunface.’ can flow to the surface

t hrough a tubul ar casing strNng extending fromthe well head 10 to the
surface.

This continuous fluid passageway around the first inner casing 32 whilst the first
inner casing 32 is suspended proyides a passageway for “cement returns” to flow
15  upwardly back to the surface without\the need for remotely operated valves.

Accordingly, with the first inner casing 32'secured in the first position such that the
lower ends of the splines 44 or longitudinal riys are resting on the upper surface of
the shoulder 40, cement can be passed down through the first inner casing 32 in

20 order for the cement to flow upwardly in the annulgr spacing 52 provided between
the outer surface of the first inner casing 32 and the inner surface of the
intermediate casing 22. The fluid that is displaced\by the cement produces
“‘cement returns” and this fluid then flows through the lowex splines 44, around the
outer sealing surface 46, up through the upper splines 50 and finally the “cement

25 returns” can flow to the surface through a tubular casing string ¥xtending from the
wellhead 10 to the surface.

As shown in Figure 3 and Figure 4, once cemented, the first inner casing string 32
is raised until the outer sealing surface 46 is located adjacent to the\second
30 securement means. The raising of the hanger 36 and the first inner casing s{ring
32 may be a simple upwards movement only which may be gauged with referenge

to a particular reference point. In one example, the movement may be referenced
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As shown in Figure 3 and Figure 4, once cenented, the first inner casing
string 32 is raised until the outer sealing surface 46 is | ocated adjacent
t o, t he sewondi2/@6ssecur enent nmeans. The raising of the ramgaE208@5a00d t he
firgt inner casing string 32 may be a_sghnpl e upwards novement only which
may Qe gauged with reference to a particular reference point. In one
exanphNe, the novenent nmay be referenced WD 2012/ 046058PCT/ GB2011/051907 -
19 - to an index point provided by a part of the bl owout preventer. The
second 4@ @PdAgeH p?r'@éﬁéovéQﬁpppY§e°oar5°EtR§rﬁ5@W@Uta9ﬁeé(ﬁ@@ﬁent conprising a

col lar 54\ having an externally tapered surface which cooperates with an
annul ar 5 gonponent in the formof a conpression ring 56. The conpression
ri ng 56 ildeageaindysemvertnieat nedasisi campriseshe aampingsairangaroéhtacorbgrisingta t hat

Compr 0368284 J1-UBiEs 3 P LR 0 S e SRS PR e
gener gt e@ofpdrdRt fie!tAé I8 df &lcomressiBh Mg Bee qﬂ@%clﬁﬁ?ié%%idni Hﬁg'\’_ﬁi is

relative to the sonpression collar 54 fornms” 10 a netal to netal Seal
bet ween tebéally| mevable2redaiivet toe theaggepression colar Hirsuch theadrthe agnapgraling The

around  REGVPSTT RS AP ARLAT T PPl 8RBt vhi g ol P vt ™
force gemorat ad thy dut seulpgesafaue 96. tTe fire€\genélated g &1 idi@tvetxial
effectively increase the outer dianeter of the sleeve at the |ocation

wi thin t fRO\ANaeR: didhespriegaiearing Ph raladve iteie cagniesEor folla 54 iRMMtanger
36 fyem tahﬁ]eftélrtétm?%? 'stebgf\/\?e(gr{‘ﬁé&%&?é’ A203hd bl h%hgért 6 oﬁ”%hé‘%i'rft' inh@2d_ on
the frrst” casing string an € Clanpi ng arrangenment retains this axial
I ?\athi t leasingh®2.f Thetsleme 40 mﬁyri'nolgldél% sé}(Delsng&emimber43rs]@raﬂri]rhs1gr lsugfta@ieg%hof
the hanger 36 creates a neta 0 et sea tween. the hanger 36 and the

sl eeve gf'.bsﬁfQUB_ 186 skl FiFRy qu}ﬁ?et%@ée%S} Oﬁ%t%éﬁp‘@hﬁs@m Sétvﬁifg?{;%e 56

| ocat ed 'g%i’hghétéé' B! th¥ §m§§&s of B GReveUiEr TRl tPthesuuBaghedRely

Ccreate a grade sea
increase the outer diameter of e sleeve at the location within the clamping

15  arrangement.

In addition, the movement of the hanger36 from the first position to the second
position creates an axial load on the first\casing string 32 and the clamping
arrangement retains this axial load within the firs{ casing string 32.

20
The outer sealing surface 46 of the hanger 36 creates a metal to metal seal
between the hanger 36 and the sleeve 42. The outer s&aling surface 46 may also
comprise two O-rings 56 located longitudinally spaced apsrt on the outer sealing
surface 46 to create a high grade seal.

25

The clamping arrangement clamps the hanger 36 and hence the kst inner casing
string 32 to prevent any longitudinal movement of the first inner casig string 32.
In particular, the clamping arrangement prevents the weight of the string\32 pulling
the first inner casing 32 downwardly. In addition, the clamping arrangemaqt also
30 prevents any upward pressure generated in the annular space 52 surrounding the
first inner casing string 32 from moving the first inner casing string 32 upwara

Accordingly, the first inner casing string 32 is held tight with a metal to metal seal
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The cl anpi ng arrangenent cl anps the hanger 36 and hence the first inner
asing string 32 to prevent any |ongitudinal novenent of the first inner
Qsi ng stworg128@60sen particul ar, the clanping ar r angeneRCTEB2VEVISE907 he

we\ght of the string 32 pulling the fi i nner casing 32 downwardly. In

add\ti on, the clanping arrangenment also 30 prevents any upward pressure
gene .ted in the annul ar space 52 surrounding the first inner casing string

32 fromnoving .the first inner casing string 32 upwardly. Accordingly, the

first ixee th§'ir$¥gln'§$rr¢%§¢ﬁ%§t“i”9 %‘ﬁd%@'%ﬂi'ﬂe‘awtﬁ Hl %?HPG% metal seal WO

2012/ 046858PCT/ (3B2011/ 051907 - 20 - and the first inner casing string 32 is

mai ntai ned W th an axi al | oad. The sinple clanpi ng arrangenent creates a

met al - t o-TineX simpbealanging arreogpmene oteate® aanelat -t atalesesh aind glsa piavgnis

downwar ds and al sg Rrevents an

e oSy et RE e s BRE e S Slrpld g AR Shevbhls PobSme A& 2" °

i ncl uges casmRe welih Reahwindsidi@cidn Whi ch | ocates above the first
wel | head housi ng\ 26. The second wel | head housing 24 includes a second

securenent neans Yor securing a 10second inner casing string 56 within the

first in &r n n iLn.a Th r
casi ng S0 A0SR 1 SNanieod 07 ks> Wi i Ba) ARG M ey BOUBES Mot

casi ng StwelllhgaEGhd)lm ydes whitiangedtebSalsdve e Uipgtevengad Nyueafg 26heThel 5
hanger 58 conpri ses outer sealing surface 60 defined around the outer

peri pher ypecagd é“(ﬁ”hﬁ,ﬁﬂ VSHGa?4 diYedPs @ secend seauniament meanefQflsesedNg v t h
the ?bee\é%céad inner casing string 56 within the first inner casing string 32 in a similar

arrangement.

The second inner casing string 56 comprises a 9 5/8” casing string 56. The
second inner casing string 56 inclydes a hanger 58 at the upper end thereof. The

15 hanger 58 comprises an outer s&aling surface 60 defined around the outer
periphery thereof which is arranged to greate a metal to metal seal with the sleeve
42.

The hanger 58 is again arranged to be supportgd in a first position whilst providing
20 a fluid passageway to enable “cement return” to\flow upwardly through a casing
string to the surface.

The second hanger 58 includes radially extending ribs 62 gr splines defined as the
lower abutment surface of the hanger 58. The second hanger 58 is retained in a

25 first position as the lower abutment surface 62 of the hanger 5§ abuts a retaining
shoulder 64 or surface provided by the first hanger 36.

Since the lower abutment surface 62 of the second hanger 58 comprises splines
or ribs 62, this support means provides a plurality of fluid passageways.

30
The outer sealing surface 60 of the second hanger 58 is arranged to locate in §n
enlarged diameter 65 or groove of the sleeve 42 such that fluid can pass between
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The hanger 58 is again arranged to be supported in a first position whil st
provi di ng 20a fluid passageway to enable "cenent return” to flow upwardly

rough awoasirge®sring to the surface. The second hang@CTESB20ndlsuwes
radially extending ribs 62 or splines gefined as the | ower abutnent surface
of Yhe hanger 58. The second hanger 58 is retained in a 25first position as
t he Nower abut nent surface 62 of the hanger 58 abuts a retalnlng shoul der
64 or urface(grovided the first hanger 36. Since the |aower abutnent

sur f ace\ 82€ eptqrHealing aﬁﬁrﬁ?e@”@ﬁ‘%é‘?&"?f@swgﬁtltﬁ€§‘96}gefl5l§s's6’9ta”ﬂ¢ﬁ§7

support ges a plurality of fluid passageways. 30 WO
2012/ 0460 %E@%ﬁglll 051907 - 21 - the outer sealing surface 60 and the

sl eeve 42 Wil st the hanger 58 is retained in the first position. In this
first Pog cement can flow down t he second inner casing,string 56 and
5 then fl%\t;\g' B&Fa?%ﬁ'v’r? PR f?%"f’dté’&ﬁb B EANBBRT Pﬂ%‘”@%ttrérﬂg §§ e of
the sscomgen ﬁ'l'& S Gﬁ\ﬁ/bﬂﬂy St I'th8Sarful &N EpAdte 66NHSiveRw frRCBUR duMack! 66thd Nner

casing string 3 he cement enters this annul ar space 66, the cenent
di spl ace§eph@dm rmamsﬁmgtﬁfeaed thevinngs dusfackeof thelfiesttionen casingwiing y

bet ween rib r

coal i ng St BB Rme enbl i anhi) s B8 ) B b e SpiaREs 6 Jlic
upwar dl'y ch@.ftwerﬁer@np dhichpisithes abke @ flbwngwatdiynsetwidehtherspvinds é2aor rie
second han%er 58 above\the outer sealing surface 60. The "cenent returns"

can t henof anoelr2f gng greund teraweesealing surface 60 of the second hanger 58.
10 The fluid then flows\upwardly between upper splines 63 or longitudinal ribs

provided on the second\hanger 58 above the outer sealing surface 60. The

“cement returns” can then flsw upwardly to the surface.

Once the cement has cured, the\second hanger 58 and the associated second
15  inner casing string 56 can be raised\ypwardly in order for the outer sealing surface
60 of the second hanger 58 to locate aqjacent to and within a second securement

means comprising a clamping arrangement.

The clamping arrangement comprises a compr&gsion collar 68 including outwardly

20 tapered surfaces. Two compression rings 70, X including respective inwardly
tapered surface are arranged to locate around e tapered surfaces of the
compression collar 68. These compression rings 70,\{1 can be moved relative
towards each other and over the externally tapered surfages of the compression
collar 68. This relative movement causes the compression &pllar 68 to compress

25 and to deform the sleeve 42 inwardly such that the internal diarmeter of the sleeve
42 decreases and effectively squeezes the second hanger 58. In particular, this
inward force creates a metal to metal seal between the outer sealing surface 60 of
the second hanger 58 and the inner surface of the sleeve 42.

30 The outer sealing surface 60 includes two O-ring seals 67 to aid the seal created
by the clamping force.
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Once the cenment has cured, the second hanger 58 and the associ ated second
15 inner casing string 56 can be raised upwardly in order for the outer
seal i ng swofava46@sof the second hanger 58 to | ocate adpataB20tinsagvd wi t hin
a second securenent neans conprising a ?Ianplng arrangenent. The cl anpi ng
arraggenment conprises a conpression co? ar 68 including outwardly 20
tapersd surfaces. Two conpression rings 70, 71 including respective

i nward t apered surface are arranged to | ocate around the tapered surfaces

of the m&@veﬁgcarrﬁageregnt THeaesc anpradalsiognetal n@%ab@nd?qlseaﬁrecy@nlﬂﬁwed
rel ati ve hQuands ARl Y s@RP BB/ 8EwharRXhiid BRld drehBRET fBvaithEEPhe! Lhe
conpressi oR coll ar 68. I's refative novenent causes e conpression collar
68 t o compsigsstdng abdn ao usVardmdirneetiah.eeve 42 i nwardly such that the
internal diangter of the sleeve 42 decreases and effectively squeezes the
second hanger §8. In particular, this inward force creates a netal to netal
seal Bet vReshédWs |ﬁll-"|§ure3¢3ér1d19|gﬁ}#éf@"cﬁeﬁéec%ﬁdt|Hﬁe§€5§iﬂg ARG 6 RSraAdEd t he
inner surface of \{he sleeve 42.” WO 2012/ 046058PCT/ GB2011/0 1907 - 22 - The
cl anpi ng after feyeement bas gueed. al Metadvannemtsn dne peaitionrnd the tap i tbeaasing

reveTent find 85 GEAAALLE e IR Bt i M e IR ERS e DK B

Fi gure 8wHitte wiRCondndipithed asi e Seturdnoft bf thdiseednaf higigerhss Qﬁrmhln; has
cured. This novenment i\the position of the top of the cas;mg string

neans t h&ECOR@ Q%‘ﬂ@@d Timy énroveisemgissa rsimglesepwards imevemrNt0f e §¢qu19ad
whi cl? W lrlm%? tﬁh&%‘é Ry t he securenent of the second hanger 58 in this
secon position. I s¥novenent is a sinple upwards novenent of the second
10i nner casing string 56. Acgordingly, the present i nvention provides a

wel | head arrangenent 10 including a fi n asing string.32 which is
held in &GCQFé] ﬂ%‘é(dih?d”&ﬁemd% PHAY &ﬂ ‘i?Fr?H e@@nmgém\c%v%ma@so

held in %géte}ﬂgr%érgé;’ée@ rﬁ%ﬁterg@afg? Whl 8 Held 7t aﬁBP'Io%@ d AR@kond it ah

strings , y cl agped such t hat e casing strings 3§ 56
cannot nwining hoamhighwaralso dvelda ird aviphdoating. o@pthLMthalﬂrdt aedtsamndF?nnetr to

bein cla ed in su posi tion e vveII enent 10. pr oy

{11 ot: et AB ROt RaS 2. 6 e T sich B e, B 5. 56

in cerrentclaﬂaopﬁ@vtenﬁrwbewgﬁué OrCE R MN W aynmutu@r@|@meetué@ Hrewigbeiyl the

respective hangers 36
clamped in such ‘a posmon the wellhead ‘grrangement 10 provides first retaining
means to retain the first and second casing strings 32, 56 in cementing position
whereby “cement returns” are able to flow arourd the respective hangers 36, 58

20 and upward through a casing towards the surfacs, Once cemented, the upper

hangers 36, 58 of the respective inner casing strings\32, 56 are moved upwardly
where the hanger is then clamped in position to mairNain the respective inner
casing strings 32, 56 under an axial load whilst being pxevented from moving

either upwardly or downwardly.

25
The present invention may be used in high pressure/high tempexature subsea
wellheads and may be used on jack-up exploration wells. The ‘securement
arrangement provides true metal-to-metal seals and delivers instant }Qckdown
capability which can match the hanger capacity.

30

The present invention provides many advantages including the requirement of only

a single trip installation of subsea hangers. The hangers are sealed and locked as
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20 and upward through a casing towards the surface. Once cenented, the

pper hangers 36, 58 of the respective inner casing strings 32, 56 are

Qved upwsiodbiz/oabesse the hanger is then clanped in posi PCOGE201MELNTaI N t he
respective inner casing strings 32, 56,4nder an axial | oad whilst being
prexented from noving either upmardly of downwardly. 25 The present
i nverNion may be used in hlgh pressure/hlgh t enper at ure subsea wel | heads
and may be used on jack-up exploration wel The secur enent arrangenent

pr ovi dex 6P0eaRets CPRSRDG SEaPIalRd da PORKEN; 36 cil POBRUBU &3 B%bi lity
po O SallaRefofifh taBad@nas teARafbéns on mdP Al 45 IBOLGhi kel BHEO7 -

23 - soon \as the cenenting I's conplete. Ition, the annul us
pr essur e presgddonwnectpadiinynétes thee usangie psoarait rmayufaroseals amd tlecktlown | i on
| bs. The present invention elimnates the use of prior art annul ar seals

N

and | ock® “8f eeves. 5 Accordingly, the present invention has a greatly
reducgd instalNation tinme and al so provides the capability of nonitoring
the integrity of\the seal. Furthernore, the present invention provides

rel i abl e Ansoedinglyninst prieseshinyediien hes B0grendy eedugashinstallabon tivveaea@lsa he

the ol amprogoeedfe sty b uMokiplufe FibSy SSa8HE 71 om above ana bel ow

(at 350 deg F). The pxesent invention provides autonatic prel oaded | ockdown
of a wellhead to a 15 sonductor and has a big bore design with StrJJ)erl or
bendi ng IFé’étﬂ‘ef@ﬂ%ttQﬁc S%b'@?@t'@%ﬁﬁ@‘é'dﬁﬁtrégﬁ\tﬁ@ metekto-5aialsseals Hugotsubsea

seal (jhns )1 tal t er nal
forcebvvl :ﬂﬁé n(lf)jr H&Hé%{gg I%@ngﬁtjaaF gFel%hsz%Waﬁggu@&gﬁge@ ere
are no mie mmgmaneak pettuane hertlarpingaseertias dheoeemicapabilityook20i009pst o be

Vi T onndiT GBAES S REHIG B GSBE) n a cont am nat ed envi ronment. The
installation of the system nmay \nclude the provision of testing the bl owout

The present invention provides aNtomatic preloaded lockdown of a wellhead to a

15  conductor and has a big bore desigR with superior bending load resistance. The

system has integral metal seals with N subsea seal installation and the multiple

metal seals are energized by an externa| force with predictable capacity. The

lockdown is instantaneous and there are no roving parts required on the hangers.

There are no lock rings to be activated and th& system provides a rigid metal-to-

20 metal seal environment. The system may be used\n a contaminated environment.

The installation of the system may include the provisign of testing the blowout
preventer with the wearbushings in place. The install&jon of the hangers is
reversible and the system may include a positive wearbushig lockdown without

25 rotation.

The present invention provides a simple and effective system for\providing a
lockdown arrangement for a casing string in which the casing string is held with a
metal-to-metal seal and the casing string is locked from moving in eitQer an
30 upwards or a downwards direction. The clamping arrangement does not require
the use of multiple components as used in the prior art. The clamping

arrangement is a single simple system. In particular, the clamping arrangement is
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preventer with the wearbushings in place. The installation of the hangers
Ns reversible and the system may include a positive wearbushi ng | ockdown

Wi\ hout 28pabetd4ess The present invention provides a sirpiisBnd/esifective
system for providing a | ockdown arrangggent for a casing string in which
the ®asing string is held with a netal-to-netal seal and the casing string
is looked fromnmoving in either an 30 upwards or a downwards direction. The
cl anpi ng arran%emant does not require the use of nulti fgﬁe conponent s as

used i n ReCTRAtYE aadkreliable SYPiemp it grovidan getaaactwtions éﬂ%"@ﬁkﬂﬁ |@S§ist em

I t 51907
" e eGSR AR ol Eme b AR STy PR o

I ock| ng tehmsga stoﬁgetai sealg ﬁgaiqtmnplugvmangmtcthdmesja cmmeselvevﬂ)rdest

i mul t I d I

ot oduces BE S HRRSs Syt PP Cah Al Lo BT F0 RS G 5P IBCaUaRsl 11 ¢ y

to prgvi q’@n&ldna i€ §‘%1u‘i1ifklyﬁ heapIyrRmg! Ql’ﬁﬂﬂtan@owIS}CMt%@t‘ tHd %eélufo@krhwatlpﬁé nply

and si nmul t aneous out the need f mul ti pl e separate conponents for
provi di ngepacsie oo qrtam.ts fasrprexiding @acrpfurmtloar tFasyaxesme npiyorr a1 siystemanul ar

moverent TG BOHBer AU Ror Uik FYmpRESLEY gl ol IRkiaY FBVSHE
Each of tdgaarstt doveewhrzc imevesnary ahaVveompearérie dors ésukird) ehd Oseingpagainss and
each of these functlon may have previously required separate activations.

It will BEWABS Eeevareent E@Cfﬂ Wéé@e@(tthrﬁenfun@i'%%m?dn%\fﬁafﬂw'@%S%rﬁ%t i ons

will  yntr : ﬁ&g' t S

whi Cljlbl ncrgl[ab%%eﬁge%ﬁ(ljg{a%? ae??fp@&% e prese | nv rllt%gl éség%pr?%| des

noni t or i ragtivedors. f dt wihnbé cagprgeiblezl dipaic hese extra multiple components and
activations will introduce extra problems and additional components and

activations which increase the rigk for failure.

15  The present invention also provides\monitoring means for monitoring the space
and volume within a lower annulus. In\particular, the monitoring means monitors
the space and volume within the lower gnnulus 52 located between the inner
surface of the 22" intermediate casing string 2 and the outer surface of the inner
casing string 32. Furthermore, the monitoring\mneans provides the capability to

20 retrieve and/or introduce fluid(s) into the annular space 52.

The monitoring means provides a port, specifically\ a passageway 100 (a
monitoring fluid passageway), which extends upwardly frors the annular space 52.
The passageway 100 is provided in a sleeve 102. The sleaye 102 is thereby a

25 replacement sleeve for the sleeve 42 previously described. \ Accordingly, the
sleeve 102 is located at the upper end of the intermediate casing>string 22. The
sleeve 102 provides the groove 48 and an inner sealing surface for\sealing with
the outer sealing surface 46 of the hanger 36 in the second secured positon.

30 As shown in Figure 9, the passageway 100 includes a lower end 104 ich
provides an entrance/exit region. The lower end 104 is arranged to locate belo
the seal created between the hanger 36 and the sleeve 102 when the hanger 236
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and volunme within a |ower annulus. In particular, the nonitoring neans

oni tors the space and volune within the | ower annulus 52 | ocated between

t Ne i nnerweunfzaers8f the 22" internedi ate casing stringP22/GBrd11tdsev00ut er
sun{ace of the inner casing string 32.,fkurthernore, the nonitoring means
prowN des the capability to 20retrieve and/or introduce fluid(s) into the
annulqr space 52. The nonitoring neans provides a port, specifically a
passagvva 100 (a nonitoring fluid passageway), which extends upwardly from

Phe” annulain B8-t058 SCrEEbAQsHGBu 00y, & bpw R 1P o4 g BasAIRNEY The
I 1Q I
Gescr | bed AR AFIRE/AocEE ARNIRTESN QLFRlbaech TRl IREE R 8K Dhe

i nt er mediskyectia whesthé hgnger. Blensheseeonm)BppeDQeMSd beitignoove 48 and an

i nner sealing surface for sealing with the outer sealing surface 46 of the
hanger 36 in tNe second secured position. 30 As shown in Figure 9, the

passagewachRiing S}C‘\A!LHi‘ﬁstHb hawgér %Bdlsli%tﬁ@'sé&brilf leP@?%eéGre%nbbglﬂéﬁ/ e t
region. The | owe 104 is arranged to |l ocate ow t he seal created

bet ween tlassagewe 196 mmdldea@fwlé@@mmwzcam(omnwﬁgmhmby pagses the

S 2??%335%’ PR op s bl PRSI RECEE AR B
above thqao\ﬁ@raénmng,a@eb@zmeen t he hanger 36 and the sl eeve 102 when the

hanger 36 is in the sedond upper secured position. 5 Accordingly, when the
hanger 36 is in the secoqud upper secured position t he passageway 100

proviges thel HbERNGRHAEN( HrogRBEU sl e PUEPRH HigoRs2ouch

that Tluid’ ass n-an u I Cco dUI and
| ower anmphee asgpacturb@ wuﬂmn ' Iqwermmlusnﬁkm bemaorhitoredy Tnns)anrdlegeraent

passageway 100 whi ch enabl es : sp and vol u thin t | oper annulus
D5t o e sh ek GHAUIEAGY AP RGORB AT 6oBoRCAbaRNT 4 HRyPaRe doRS DAL of

the wel | r%&@ﬁje %’n?hcc%r{bén%%n' Gt Vaﬂﬁﬁh’)g orrte%%ldo%@%ﬁ\éﬁ%%ﬁlé‘ﬁ SFS?BJe%Ts tge

casi ngs. port ing a va ojects th t he casi ng at
| ocat i on threlugtv theecasiid ahaddcaimni clpwothiedeeth deadscauld phevid® aanesd to thepace

52 b such n arran | d_be\ hazar dous d risk For .exanpl if
such 8 vAROURR AR PABET SHER drhanehagERNERCS B iaritious Bhd ko £oF o
the wel | .exbmpéldf 5ia Vaid Shi5uld YaittheN el @F1sealieRESs W@Woﬁ@@%&afastﬁolwcthere
can be no such penetration of the riseN at this location. 20The term

moni t ori figr ihe wekd It @ddilionu derioks rédes sindgregtligtianamedye speaidinat thesgeenat i ng

a proble th cul ar, the annul us nonitoring
path can @d‘é@éh ﬁ%ﬁ%ﬂé} &éﬁgﬁgsfm‘ %“0% 'llpr essure build-up, typically
cal |l ed Sustained Casing Pressure (SCP). The\fenediation is to bleed off the

pressure,_or to introduce a renediation fluid such as drilling nud to kill
the 20 The term monitoring is used to include the sensing of parameters and/or

remediating a problem sensed within the annulus\ In particular, the annulus
monitoring path can also be used for remediation &f any pressure build-up,
typically called Sustained Casing Pressure (SCP). The rerqediation is to bleed off
the pressure, or to introduce a remediation fluid, such as dxjling mud to kill the

25 leak, or cement to seal it.

In constructing the well head, an isolation sleeve 110 may be used\a shown in
Figure 10. The isolation sleeve 110 is arranged to be secured over the Npper end
106 of the passageway 100 and thereby prevents the flow of fluid iNo the
30 passageway 100. The isolation sleeve 110 may be used as a temporary slgeve
during the construction of the well head. The isolation sleeve 110 is removed and
then replaced with a monitoring hanger 112 which comprise a monitoring and
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l eeve 110 may be used, a shown in Figure 10. The isolation sleeve 110 is
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housi 50 2dearld) Rarticular, the nonitoring hanger 112 is secured within the
second securenenh neans as previously described. 10 The nonitoring hanger
112 provides a todl which can establish communication with, and control,

t he annul ithinys,drill .pLp t 00 r h the.riser. The | Loring
nanger  115e7Bb a8 obet ‘SPR ot seile breelihd Bk 3R spa® TR
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it wth 15the nonitorihg hanger 112. .
the second securemgnt means as previously described.
10
The monitoring hanger 142 provides a tool which can establish communication
with, and control, the annulyg within a drill pipe run tool through the riser. The
monitoring hanger 112 can be deployed either before the tubing hanger has been
installed or as an intervention by r¢moving the tubing hanger and replacing it with

15  the monitoring hanger 112.

As shown in Figure 9, in a remediation cynfiguration, the monitoring hanger 112
includes a central conduit 108 which includes a passageway 114 which extends
radially outwards from the central conduit 108\ The radial passageway 114 is
20 arranged to be aligned with the upper end 106 of te passageway 100 provided in
the sleeve 102. As previously explained, the lowerend 104 of the passageway
100 fluidly connects the annulus 52 located below the lower hanger 36.
Accordingly, the central conduit 108 of the monitoring Xanger 112 is in fluid
communication with the lower annulus 52 between the inneg surface of the 22"
25 casing string and the outer surface of the inner casing string\32. The central
conduit 108 may be connected to the surface where further monitdging apparatus
and sensors may be located. For example, the connection to the surface may be
provided by an umbilical cord or another suitable connection. The sengors may
comprise a pressure gauge and/or a temperature sensor or other fluid moKRjtoring
30 sensor. A pressure gauge may be located at the surface in the remediation
configuration shown in Figure 9 or an electric pressure gauge may be located
the Christmas tree 120 which is in communication with a surface station. In
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| yed .th h the introduction of a.fluid, (e.q. .mud, t ) jnt
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etc.) intgot iR aRAULYS52 ThRcESHIMRMK CthsOmdpiitofiRg rhbdhs pFBYidEs e &Ration

forcing the fluid down the central” conduit 108, through the passageway 100
and i nt o NeérRNSsanhbeuBosiringe Bwads yoyiforsietesisianyrpregsueaisidoup wvee sime

ipover O RUEER 3 d PR RS S RAL ok ahf e AR Re Rt faT e ™'
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connélt i GXCBPS RIeRSHAES @Qﬁ_ then shul hlelinis sorPRCtiPR® CYSE LY gBAMRE iﬂﬂa@h@eto for
mud/ ceneng ?rﬂ%riﬂgmggné M %{%%efoﬁmc{ggm%ﬂt £, BB l}fﬁé&?gntpltﬁgddrﬂ%ws 9

Accordi ngly, € pdssageway pr ovi ui d asces he annul us
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remedi at itr?en aLLHIiug'toze%able bleeding off to be conducted or to eNable the introduction of

a remediation fluid.

25
The sleeve 102 including the passageway 100 extends betweeR both the first
(lower) securement means and the second (upper) securement means of the well
head. As shown in Figure 9, the passageway 100 has a lower entrance N 04 which
locates below the sealing surface of the hanger 36. The passageway\100 is

30 angled radially outwardly as the passageway 100 extends upwardly unti\ the
passageway 100 provides a corner section 116. The passageway 100 the&

extends radially inwardly as a linear section 115 along a radius of the sleeve 102.
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The sl eeve 102 including the passageway 100 extends between both the first
| ower) securenent neans and the second (upper) securenent neans of the
8| | headwoOAs12#hdens® i n Figure 9, the passageway 100 hasPaTIGB2er1/&nd0rance

104 whi ch | ocates bel ow the sealing supface of the hanger 36. The

passageway 100 is 30 angled radially outwardly as the passageway 100

extends upwardly until the passageway 100 provides a corner section 116.

100 then extends radially inwardly as a |inear section 115

The pa? s%gﬁﬁmuie . ral, ;

al ong a ifieagrsackan dlledravides an ex regiosy Wﬁ@bﬂéﬁ@ﬂﬁ@%@?ﬁ@'ﬂ@@ﬁ withpg -
This |ineg [ | bl i bch is arranged to be

al i gned vm%S%ggtgg@g;ég\?'/é@b%gqg?%%ﬁ]@tbflﬂé?%g@%{)m@%bri ng hanger 112. The
installatior of the nonitoring neans will now be described further, with

S5parti cul.ar. Nef nce Figure 10 to Figure 12. Jnitially the production
obe! ho' hael REAEGohdpe oRToRR i Bapat ol PebE daghriphe Rt ' The
assenpl y gastid aatd@tkrehed td PRyuraaone yger2.36 being supported on the

shoul der 40 provikded by the sleeve 102 which is located at the top of the

10 intermedi ate casing string 22, as shown in Figure 10. The casing 32 is

ext ract o e PRRbCRcEbhSulaiBerRE eI leOuB06 sloelsl LT o

sl eeve 1lfstalie).t Tl dstesssly idtamdelensetiié agsipgSidrigen 3Bbeihysuppottedrorseal s
are set usi nsg@t he | owek securenent neans. The | ower securenent neans are
act uat ed the sheglderi0 esayided By Hngeeveel 04 wive s decaied atHbeuigpeef the

secut gner S ar t atedsbo_se isel atkgn eve.: j jtion,
as sﬁlgm%trelﬁﬁlég%}[ég C%fﬁ& ﬁqgh%é‘ng% |Or\%mﬁ)o$8?%nggéd?h$h%£ér g)’r?g[e%man may
have a preessanted tiefositiondwitkettiei exdess scematidisplatediluidl being?Bxinactddiagy t ool

whi ch installed and set t ower casin nger. 36 and the isqolatign sleeve
110 can tPHEYIOH yr@%ﬁ?ﬂge@'- ?ﬁ@eﬁlﬂgi ﬁa%%grogga%gﬂélseﬁa{'ovh@ﬁeﬁ% TdonereiRed  The
install at} PhRY &S ind AR _SAAAHE! ARSI tP WPy BYEMoWaN
tests usi %Eagny%uigaﬁenq g%t% to? %ﬁ%hé@gjng\ﬁggébeél gcét)}él\?elwﬁ"gt eénagéedgi nto
and r enosedufanoenttrheangl Thadader @8Curement means are actuated to seal the casing
15  hanger 36 in position and the uppek securement means are actuated to seal the
isolation sleeve 110 in position, as sown in Figure 11 with the handling tool

removed.

The arrangement may have a pressure test conducted in this configuration. The

20 handling tool which installed and set the lower casing hanger 36 and the isolation
sleeve 110 can then be removed. The drilling programme can then be continued.
The installation process may include conducting weekly blow out prevention tests
using any suitable test tool which can be selectively extended into and removed
from the well head.

25
The isolation sleeve 110 can then be removed from the arrangement. The upper
securement means are disengaged and the isolation sleeve 110 is ten removed
using a handling tool. Once removed, the completion assembly and tubing hanger
can be installed, as shown in Figure 12 which shows the monitoring means in a

30 production configuration. This includes the operation of the second secureqent
means in the second well head housing 24 to set the annular seals for the annulNys
monitoring and to secure the tubing hanger 112 in position. Once secured,
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The isolation sleeve 110 can then be renoved fromthe arrangenent. The

pper securenent neans are di sengaged and the isolation sleeve 110 is then
regoved wsorgi2z4b@ndl i ng tool. Once renoved, the conpl ePCoOGERRSEIANFIN0Y and
tub\ng hanger can be installed, as shoyg in Figure 12 which shows the
moni Koring nmeans in a 30 production configuration. This includes the
operai on of the second securenent neans in the second well head housing 24
to set the annul ar seals for the annul us nonitoring and to secure the

t ubi ng hYERAINe P1Y0s Are,eRMNecied (rARE ingtakaeld, the\ghing hanger 112. The tubing
2012/ 046Q%, i o W i re connected to and
instalIed'%ﬁggﬁgﬁgggﬁﬁgpéggégwnﬁ?§?r#%é%ﬁﬂﬁ?%gé@gﬁggT handl i ng t ool and
drilling riser can then be renoved. Once the drilling riser has been
renoved, Chyistnps tree _assenbly 120 can.pe 5 installed 0 t he second
el Pon iR aTBRe HEET bAS R R B ars e STA SR eS asRauhl 120 kaB ey

120 i 5 i ngdtaldLBpaPeRe IdtR0RGGHEM Bl hdiadth PaUskNéhalth anEiglie Dr imidmas
tree assenbly 120 i ncludes a connector 122 "Which stabs into an annul us

moni t or i Kghrisenes 1se pssamblgd Ahistinstallediabgvadhgeecond wati head Pousiegvdd el i ne
| i d~and )] - 10 : :
019/ 0acGRREH caprgoetes ol TEoeS 2 CRnesiar, AR W PERS M 1 or

securing aa Banges mbhitgringd psHbEER préVitide asl tﬁ@ftubiingi Rehderr $12.S 6ahaIBmey
means to secure the hanger in a first position and 5 second securenent
neans t o edinePlugis teamped and theswelbisdCqirliets-on, the first securenment neans
being arranged, in use, tg provide a fluid passageway over an outer sealing
surface of the hanger whil st the hanger is retained in the first position
such that fluid can flow around the outer sealing surface of the hanger,

t he second securenent neans cQnprising a clanping arrangenent in order to
provi de a seal 10around the hagger whilst the hanger is secured in the
second position such that
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sealing surface (46) §f the hanger (36), the second securement means comprising
a clamping arrangemer¥ in order to provide a seal around the hanger (36) whilst
the hanger (36) is securgd in the second position such that fluid cannot flow
around the outer sealing surface (46) of the hanger (36) characterised in that the
first securement means secures the hanger (36) in a single longitudinal direction
and enables movement of the hapger (36) in the second opposite longitudinal

direction.

2. A securement arrangement for sexuring a hanger (36) within a subsea
wellhead (10) according to Claim 1 in which the second securement means
provides an axial loading on a casing (32) secuked below the hanger (36) and the
casing (32) is secured within the well by cement and wherein the first securement
means comprises a retaining shoulder (40) which is agranged, in use to cooperate
with a retaining surface (38) on the hanger (36) in order to suspend the hanger

(36) in the first position.

3. A securement arrangement for securing a hanger (36)\within a subsea
wellhead (10) according to Claim 1 or Claim 2 in which the hanger\36) comprises

a plurality of splines (44) or longitudinal ribs on an outer surface there

4. A securement arrangement for securing a hanger (36) within a Subsea
wellhead (10) according to any preceding claim in which the hanger

comprises a plurality of radial ribs on a lower annular surface thereof.
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A securement arrangement for securing a hanger (36) within a subsea
llhead (10) according to Claim 3 or Claim 4 in which a lower surface of the
splises (44) or longitudinal ribs or radial ribs provides the retaining surface (38) on
the harnger (36).

6. A sexurement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any one of Claim 3 to Claim 5 in which a lower surface
of the splines (44) or longitudinal ribs is arranged in use to abut and to be
supported on a suppQrt or retaining surface (40) in the wellhead (10).
7. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to agy one of Claim 3 to Claim 6 in which the splines (44)
or longitudinal ribs are spacey radially around the circumference of the outer
surface of the hanger (36) and Wherein the splines (44) or longitudinal ribs are
equally spaced around the circumfexence of the outer surface of the hanger (36)
and in which radially adjacent splines (&4) or longitudinal ribs or radial ribs define a

fluid passageway therebetween.

8. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any one of Claim 3 to &laim 7 in which the splines (44)
or longitudinal ribs extend upwardly from a lower

surface (46) of the hanger (36).

osition to an outer sealing

9. A securement arrangement for securing a hanger (86) within a subsea
wellhead (10) according to Claim 8 in which the hanger (36)\comprises further
splines (50) or longitudinal ribs located above the outer sealing syrface (46) and
wherein the further splines (50) or longitudinal ribs register with the splines (44) or
ribs located below the outer sealing surface (46) and the two sets of silines (44,
50) or longitudinal ribs effectively comprise a single set having an outer

surface (46) located in-between.

10. A securement arrangement for securing a hanger (36) within a subsea

wellhead (10) according to any preceding claim in which the outer sealing surface
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(46) comprises an outer metal surface to create a metal to metal seal in the

second position.

11.

wellhead \(10) according to any preceding claim in which the securement

securement arrangement for securing a hanger (36) within a subsea
arrangemend\ comprises a lower securement arrangement and an upper
securement arxangement and in which the lower securement arrangement
comprises a loweN{first securement means to secure a lower hanger (36) in a first
position and lower second securement means to secure the lower hanger (36) in a
second position, the lower first securement means being arranged, in use, to
provide a fluid passageway over an outer sealing surface (46) of the lower hanger
(36) whilst the lower hanger X36) is retained in the first position such that fluid can
flow around the outer sealing gurface (46) of the lower hanger (36), the lower
second securement means compiging a lower clamping arrangement in order to
provide a seal around the lower hgnger (36) whilst the lower hanger (36) is
secured in the second position such thaX fluid cannot flow around the outer sealing
surface (46) of the lower hanger (36)\and in which the upper securement
arrangement comprises an upper first sechyement means to secure an upper
hanger (58) in a first position and upper second, securement means to secure the
upper hanger (58) in a second position, the uppex first securement means being
arranged, in use, to provide a fluid passageway over\an outer sealing surface (60)
of the upper hanger (58) whilst the upper hanger (58) is retained in the first
position such that fluid can flow around the outer sealing syrface (60) of the upper
hanger (58), the upper second securement means comprisigg a upper clamping
arrangement in order to provide a seal around the upper hanger (58) whilst the
upper hanger (58) is secured in the second position such that fNid cannot flow

around the outer sealing surface (60) of the upper hanger (58).

12. A securement arrangement for securing a hanger (36) within a\subsea
wellhead (10) according to any preceding claim in which the second securexnent
means comprises a clamping arrangement for clamping the hanger (36) of a fi
tubular well casing (32) wherein the clamping arrangement comprising a collar

(54) having an externally tapered surface, the arrangement also including an
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annular component (56) with an internally tapered surface, the collar (54) and the

annular component (56) being relatively axially moveable between a first position

wellhead (10) according to any preceding claim in which the second securement
means simultaneously\creates a metal-to-metal seal for a casing string (32)
suspended from the hanger (36) whilst creating a lockdown mechanism for
preventing both upwards mqQvement and downwards movement of the casing
string (32).

14. A subsea wellhead (10) includh
hanger (36) within the subsea wellhead\ (10), the securement arrangement being

g a securement arrangement for securing a

in accordance with any one of Claim 1 to

15. A method of securing a hanger (36)\within a subsea wellhead (10)
comprising securing the hanger (36) in a first positiqn with first securement means
and providing a fluid passageway over an outer sealing surface (46) of the hanger
(36) whilst the hanger (36) is retained in the first positioQ such that fluid can flow
around the outer sealing surface (46) of the hanger (36), Yhe method comprising
moving the hanger (36) from the first position to a second pysition and securing
the hanger (36) in the second position with second secureiyent means and
clamping the hanger (36) in order to provide a seal around the hanger (36) whilst
the hanger (36) is secured in the second position such that fluid \cannot flow
around the outer sealing surface (46) of the hanger (36) characterised by\securing
the hanger (36) in a single longitudinal direction with the first securement
and enabling movement of the hanger (36) in the second opposite longitudinal

direction.
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Subsea Wellhead

FIELD OF THE INVENTION

The present invention relates to a subsea wellhead, a securement arrangement for

a subsea wellhead and a method of securing a casing within a subsea wellhead.

BACKGROUD TO THE INVENTION

Deep water wells are increasingly being used to extract hydrocarbons. Such deep
water wells were previously not considered economical. However, the lack of
readily available and easily accessible fields has encouraged significant
developments in the extraction of hydrocarbons using deep water wells. However,
such deep water wells still have many problems and disadvantages compared to

shallow water wells.

In conventional oil and gas wells, it is conventional to have a number of concentric
tubes or casings. The outermost casing is secured and fixed in the ground and, in
particular, it is fixed within the sea bed. The concentric inner casings are then each
secured within the outer casing by being secured to the next adjacent outer
casing. Typically, a casing includes a hanger at an upper end thereof. The
hanger includes an external shoulder collar which sits on and engages with an
internally projecting shoulder the outer casing. Accordingly, the inner casing is
effectively supported on and “hung” from the outer casing. Once positioned on the
shoulder, cement may be supplied to the annular space defined between the outer
surface of the inner casing and the inner surface of the outer casing. This thereby
bonds the inner casing to the outer casing. The outer casing may have a return
valve operable by a Remote Operated Vehicle located at or adjacent to the
mudline. As the cement is pumped down into the annular spacing the excess

cement can pass out through valve.

A typical well will include several concentric casings. For example, the outer
casing may be cemented to a first inner casing which may support a second inner
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casing which may support a third inner casing etc. It will be appreciated that it is
relatively easy for the excess cement between the outer casing and the first inner
casing to be easily extracted out of the well through a valve located at the mudline
in the outer casing. However, it becomes increasingly difficult to simply extract the
excess cement from between successive inner casings whilst maintaining the
integrity of the subsea wellhead.

In addition, it is preferable to have the inner concentric casings locked down such
that the casing is not lifted upwards by any excess pressure or force produced in
the annular space surrounding it. Such lockdown connectors may require the
hanger to have a locking arrangement which can be relatively difficult to operate
and manipulate since the lockdown connectors are located a long distance from
the surface. Furthermore, such lockdown arrangements may be complex and may
not provide any axial loading on the casing string.

Prior art systems may include multiple components including annular sealing
components for creating the required seal, locking components for locking a well
casing string against downwards movement and also locking components for
locking the well casing string against upwards movement. Each of these
components requires activation or actuation which may only occur whilst they are
located at a deep sea level. Accordingly, these multiple components and the
activations can be difficult and problematic.

W02006/078230 discloses a securement arrangement for securing a hanger in a
wellhead in which an inner casing is positioned below the final position and the
inner casing is cemented into position. The inner casing can then be stretched
upwards into position using the casing running string. The hanger for the casing
string can then be clamped in position.

It is an aim of the present invention to overcome at least one problem associated
with the prior art whether referred to herein or otherwise.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a securement



HongGuan
Line


10

15

20

25

30

35

-3-

arrangement for securing a hanger within a subsea wellhead comprising first
securement means to secure the hanger in a first position and second securement
means to secure the hanger in a second position, the first securement means
being arranged, in use, to provide a fluid passageway over an outer sealing
surface of the hanger whilst the hanger is retained in the first position such that
fluid can flow around the outer sealing surface of the hanger, the second
securement means comprising a clamping arrangement in order to provide a seal
around the hanger whilst the hanger is secured in the second position such that
fluid cannot flow around the outer sealing surface of the hanger characterised in
that the first securement means secures the hanger in a single longitudinal
direction and enables movement of the hanger in the second opposite longitudinal
direction and wherein the hanger comprises a plurality of first longitudinal ribs
located below the outer sealing surface and the hanger comprises a plurality of
second longitudinal ribs located above the outer sealing surface.

Preferably the second securement means secures the hanger in a first longitudinal
direction and in an opposite second longitudinal direction in order to prevent
movement of the hanger in either longitudinal direction.

Preferably the second securement means provides an axial loading on a casing
secured below the hanger. Preferably the casing is secured within the well by
cement.

Preferably the first securement means comprises a retaining shoulder which is
arranged, in use to cooperate with a retaining surface on the hanger in order to
suspend the hanger in the first position.

Preferably the retaining shoulder is provided on a section of tube already
suspended or secured within the wellhead.

The retaining shoulder may be provided by a sleeve already secured within the
subsea wellhead. The retaining shoulder may be provided by a hanger already
secured within the subsea wellhead.

Preferably in the first position an outer sealing surface of the hanger is arranged to
locate at a longitudinal position in which the outer sealing surface is spaced apart
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from an inner surface provided in the wellhead in order to define an annular flow

path around the outer sealing surface.

The first securement means may comprise a fluid passageway groove defined
around an internal surface of a tube in the wellhead.

The first securement means may comprise an enlarged diameter on an internal

sleeve or tube in the subsea wellhead.

The retaining shoulder may be provided by an upper surface of a tube already

suspended or secured within the wellhead.

Preferably the hanger comprises a plurality of splines or longitudinal ribs on an

outer surface thereof.

The hanger may comprise a plurality of radial ribs on a lower annular surface
thereof.

Preferably a lower surface of the splines or longitudinal ribs or radial ribs provides

the retaining surface on the hanger.

Preferably a lower surface of the splines or longitudinal ribs is arranged in use to

abut and to be supported on a support or retaining surface in the wellhead.

Preferably the splines or longitudinal ribs are spaced radially around the
circumference of the outer surface of the hanger. Preferably the splines or
longitudinal ribs are equally spaced around the circumference of the outer surface

of the hanger.

The radial ribs may be spaced radially around the circumference of the lower
annular surface of the hanger. Preferably the radial ribs are equally spaced

around the circumference of the lower annular surface of the hanger.
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Preferably radially adjacent splines or longitudinal ribs or radial ribs define a fluid

passageway therebetween.

Preferably the splines or longitudinal ribs extend upwardly from a lower position to

an outer sealing surface of the hanger.

The hanger may comprise further splines or longitudinal ribs located above the
outer sealing surface. Preferably the further splines or longitudinal ribs register
with the splines or ribs located below the outer sealing surface and the two sets of
splines or longitudinal ribs may effectively comprise a single set having an outer

sealing surface located in-between.

Preferably the outer sealing surface comprises an outer metal surface to create a

metal to metal seal in the second position.

The outer sealing surface may comprise an O-ring seal and preferably comprises
two O-ring seals longitudinally spaced apart on the outer surface of the hanger.

Preferably the fluid passageway enables cement returns to flow up from the

annular space around the hanger.

Preferably the hanger comprises a casing secured at a lower end thereof.

Preferably the fluid passageway enables cement returns to flow up from the

annular space around the hanger and the suspended casing.

Preferably the securement arrangement enables cement to flow down the casing
and then up around the outer surface of the casing and cement returns may then

flow up around the hanger and upwardly therefrom.

Preferably the securement arrangement prevents fluid and, in particular liquid,

flowing around the hanger whilst the hanger is secured in the second position.
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The securement arrangement may comprise a lower securement arrangement and

an upper securement arrangement.

The lower securement arrangement may comprise a lower first securement means
to secure a lower hanger in a first position and lower second securement means to
secure the lower hanger in a second position, the lower first securement means
being arranged, in use, to provide a fluid passageway over an outer sealing
surface of the lower hanger whilst the lower hanger is retained in the first position
such that fluid can flow around the outer sealing surface of the lower hanger, the
lower second securement means comprising a lower clamping arrangement in
order to provide a seal around the lower hanger whilst the lower hanger is secured
in the second position such that fluid cannot flow around the outer sealing surface
of the lower hanger.

The upper securement arrangement may comprise an upper first securement
means to secure an upper hanger in a first position and upper second securement
means to secure the upper hanger in a second position, the upper first securement
means being arranged, in use, to provide a fluid passageway over an outer sealing
surface of the upper hanger whilst the upper hanger is retained in the first position
such that fluid can flow around the outer sealing surface of the upper hanger, the
upper second securement means comprising a upper clamping arrangement in
order to provide a seal around the upper hanger whilst the upper hanger is
secured in the second position such that fluid cannot flow around the outer sealing

surface of the upper hanger.

The upper hanger may comprise a tubular casing suspended therefrom which is
arranged, in use, to locate within a tubular casing suspended from the upper

hanger.

The lower securement arrangement may be provided within a lower wellhead
housing. The upper securement arrangement may be provided within an upper
wellhead housing. The upper wellhead housing may be supported on the lower
wellhead housing.
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Preferably the second securement means comprises a clamping arrangement for
clamping the hanger of a first tubular well casing wherein the clamping
arrangement comprising a collar having an externally tapered surface, the
arrangement also including an annular component with an internally tapered
surface, the collar and the annular component being relatively axially moveable
between a first position in which the tapered surface of the annular component
exerts no radial force on the collar and a second position which the tapered
surface of the annular component exerts sufficient radial force to distort the collar

inwardly to grip the hanger of the first tubular well casing.

Preferably the annular component comprises a compression ring.

Preferably the collar comprises a compression collar.

The compression collar may have an axially extending groove provided on the
outer periphery and preferably the compression collar has a plurality of axially

extending grooves provided radially around the outer periphery.

Preferably the tubular well casing extends downwardly towards a field and/or into
the seabed.

Preferably the arrangement includes a sleeve which is arranged, in use, to locate

between an inner surface of the collar and outer surfaces of the hanger.

Preferably the sleeve is arranged, in use, to be connected at an upper end to a

surface casing which extends upwardly towards the sea surface.
Preferably the sleeve is arranged, in use, to be connected at a lower end to a
surface casing which extends downwardly towards a field and preferably below the

mudline.

Preferably the sleeve comprises a compression sleeve.
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Preferably the arrangement includes movement means for moving the annular
component relative to the collar. Preferably the movement means comprises

hydraulic movement means.

The movement means may comprise a chamber between the annular component
and the upper clamping housing component, and the chamber may be pressurised
to urge the annular component away from the upper clamping housing component.
The clamping arrangement may comprise hydraulic fluid introduction means to
introduce hydraulic fluid into the chamber in order to urge the annular component

away from the upper clamping housing component.

The movement means may comprise a piston. Preferably the movement means
comprises a plurality of pistons. Preferably the pistons are arranged radially

around the annular component.

The or each piston may be mounted on a clamping housing and preferably on an
upper clamping housing component. Preferably the upper clamping housing
component is mounted to a lower end of a conductor which extends upwardly
towards the sea surface. The or each piston may be arranged to extend
downwardly from the clamping housing and to move the collar downwardly away

from the clamping housing.

The sleeve is preferably a component which may be either threaded onto a casing
or may be located in a suitable locating and receiving area on the casing.

The clamping arrangement may comprise locking means to lock the annular
component in the second position. The locking means may comprise a locking
member which engages in a locking recess provided in a lower clamping housing
component. Preferably the locking means comprises a plurality of locking

members.

The locking member may comprise a locking finger.
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The locking finger may comprise a resilient component that is inherently urged into
engagement with the locking recess at the locking position or when the annular

component reaches the second position.

The locking means may comprise lock release means. Preferably the lock release
means is arranged to disengage the or each locking member from the locking

recess.

The lock release means may comprise movement means to move the locking
member out of engagement with the locking recess. The lock release means may

comprise a piston and preferably comprises a hydraulic piston.

The clamping arrangement may comprise return movement means to move the
annular component from the second position towards the first position. In
particular, the return movement means may aid the release of the clamping force

from between the annular component and the collar.

Preferably the return movement means comprises a chamber between the annular
component and the lower clamping housing component, and the chamber may be
pressurised to urge the annular component away from the lower clamping housing

component.

The movement means may comprise a piston. Preferably the movement means
comprises a plurality of pistons. Preferably the pistons are arranged radially

around the annular component.

The or each piston may be mounted on a lower clamping housing component.
Preferably the lower clamping housing component is mounted to an upper end of a
conductor which extends downwardly away from the sea surface and/or below the
mudline. The or each piston may be arranged to extend upwardly from the lower
clamping housing component and to move the collar upwardly away from the

lower clamping housing component.



HongGuan
Line


10

15

20

25

30

-10 -

Preferably the clamping arrangement comprises a subsea clamping arrangement.

Preferably the subsea wellhead provides a well extending in a longitudinal

direction from a first upper end to a second lower end.

Preferably the second securement means simultaneously creates a seal for a
casing string suspended from the hanger whilst creating a lockdown mechanism
for preventing both upwards movement and downwards movement of the casing

string.

Preferably the second securement means simultaneously creates a metal-to-metal
seal for a casing string suspended from the hanger whilst creating a lockdown
mechanism for preventing both upwards movement and downwards movement of

the casing string.

The arrangement may include monitoring means for monitoring an annular space

located below the hanger.

The monitoring means may monitor an annular space located below (or on a first
side of) the hanger, the annular space being located between an outer surface of

an inner casing and an inner surface of an outer casing.

Preferably the monitoring means comprising a sleeve securable within the
wellhead wherein the sleeve includes a monitoring fluid passageway which fluidly
connects the annular space to a monitoring aperture located above (or on a
second side of) the hanger, the monitoring means further comprising a monitoring

sensor located above (or on a second side of) the hanger.

The sleeve may be arranged to encompass the hanger.

Preferably the hanger comprises a casing secured at a lower end thereof. The
casing may be suspended from the hanger. Preferably the casing secured from
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the hanger provides the inner casing, the outer surface of which defines the

annular space together with an inner surface of an outer casing.

Preferably the sleeve comprises a section of a casing.

Preferably the sleeve comprises a casing secured at a lower end thereof. The
casing may be suspended from the sleeve. Preferably the casing secured from
the sleeve provides the outer casing, the inner surface of which defines the

annular space together with an outer surface of an inner casing.

The hanger may support a casing and wherein the monitoring means monitors the
annular space located between an outer surface of the casing and an inner
surface of an outer casing.

Preferably the monitoring means comprises a sleeve secured within the wellhead,
wherein the sleeve includes a monitoring fluid passageway which connects the
annular space to a monitoring aperture located above the hanger.

Preferably the sleeve is arranged to secure the hanger within the wellhead.

Preferably the sleeve comprises first securement means and second securement

means to secure the hanger in a first position and a second position.

Preferably a lower end of the sleeve locates below a sealing surface of the hanger
in the first position and/or in the second position.

The sleeve may extend between a lower securement arrangement and an upper

securement arrangement.

Preferably the monitoring fluid passageway provides a fluid communication by-

pass to enable fluid to be introduced into and/or extracted from the annulus.

The monitoring means may comprise a fluid sensor located above the hanger.
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The monitoring means may comprise a monitoring hanger.

The monitoring hanger may comprise a monitoring fluid passageway which is
aligned with an aperture of a fluid passageway in a sleeve and wherein the
monitoring hanger further comprises a monitoring port for connection with

communication means to communicate from the subsea wellhead to the surface.

Preferably the communication means is selectively engageable and

disengageable with the monitoring port.

The monitoring means may comprise an isolation sleeve which is securable above
the hanger and wherein the isolation sleeve seals an open aperture provided by a

monitoring fluid passageway within a sleeve in which the hanger is located.

Preferably the securement arrangement comprises a clamping arrangement for
clamping the hanger. The securement arrangement may include a first clamping
arrangement for clamping the hanger and a second clamping arrangement for
clamping a part of the monitoring means above the hanger. The second clamping
arrangement may clamp an isolation sleeve above the hanger. The second
clamping arrangement may clamp a monitoring hanger above the hanger.

The first clamping arrangement and/or the second clamping arrangement may be
arranged to exert sufficient radial force to distort the sleeve inwardly to grip the
hanger and/or the isolation sleeve and/or the monitoring hanger.

Preferably the sleeve is arranged, in use, to locate between an inner surface of a

part of the first clamping arrangement and an outer surface of the hanger.

Preferably the sleeve is arranged, in use, to locate between an inner surface of a
part of the second clamping arrangement and an outer surface of the isolation

sleeve or the monitoring hanger.
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Preferably the monitoring fluid passageway does not penetrate a casing of the

wellhead.

Preferably the sleeve comprises a cylindrical section of a casing including an inner

surface and an outer surface.

Preferably the monitoring fluid passageway is provided in the sleeve and includes
an inlet on an inner surface of the sleeve, an extending section which connects the
inlet to an outlet, and the outlet being located on the inner surface of the sleeve.
Preferably the extending section extends (primarily) in the longitudinal direction of
the sleeve. The extending section may include a radially extending section. The
extending section may extend simultaneously radially outwardly and longitudinally
and then radially inwardly along a radius of the sleeve.

The monitoring fluid passageway may provide remediation means remedying
pressure build-up in the annulus. Preferably the remediation means is arranged to
bleed off the pressure from the annulus. Preferably, the remediation means is
arranged to introduce a remediation fluid to seal a part of the annulus. The
remediation means may be arranged, in use, to remedy Sustained Casing
Pressure (SCP)). The remediation means may be arranged to bleed off the
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pressure, or to introduce a remediation fluid, such as drilling mud to kill the leak, or
cement to seal it.

According to a second aspect of the present invention there is provided a subsea
wellhead including a securement arrangement for securing a hanger within the
subsea wellhead, the securement arrangement being in accordance with the first
aspect of the present invention.

According to a third aspect of the present invention there is provide a method of
securing a hanger within a subsea wellhead comprising securing the hanger in a
first position with first securement means and providing a fluid passageway over
an outer sealing surface of the hanger whilst the hanger is retained in the first
position such that fluid can flow around the outer sealing surface of the hanger, the
method comprising moving the hanger from the first position to a second position
and securing the hanger in the second position with second securement means
and clamping the hanger in order to provide a seal around the hanger whilst the
hanger is secured in the second position such that fluid cannot flow around the
outer sealing surface of the hanger characterised by securing the hanger in a
single longitudinal direction with the first securement means and enabling
movement of the hanger in the second opposite longitudinal direction and wherein
the hanger comprises a plurality of first longitudinal ribs located below the outer
sealing surface and the hanger comprises a plurality of second longitudinal ribs
located above the outer sealing surface.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described, by way of example only, with
reference to the drawings that follow, in which:

Figure 1 is a cross-section of a preferred embodiment of a subsea wellhead with a
first clamping arrangement in a first position.

Figure 2 is a detailed view of a part of a preferred embodiment of a first clamping
arrangement in a first position within a preferred embodiment of a subsea

wellhead.

Figure 3 is a cross-section of a preferred embodiment of a subsea wellhead with a
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first clamping arrangement in a second position.

Figure 4 is a detailed view of a part of a preferred embodiment of a first clamping
arrangement in a second position within a preferred embodiment of a subsea

wellhead.

Figure 5 is a cross-section of a preferred embodiment of a subsea wellhead with a
second clamping arrangement in a first position and a first clamping arrangement

in a second position.

Figure 6 is a detailed view of a part of a preferred embodiment of a second
clamping arrangement in a first position within a preferred embodiment of a

subsea wellhead.

Figure 7 is a cross-section of a preferred embodiment of a subsea wellhead with a
second clamping arrangement in a second position and a first clamping

arrangement in a second position.

Figure 8 is a detailed view of a part of a preferred embodiment of a second
clamping arrangement in a second position within a preferred embodiment of a

subsea wellhead.

Figure 9 is a cross-section of an embodiment of a subsea wellhead with first and
second clamping arrangements together with annulus monitoring means in a

remediation configuration.

Figure 10 is a cross-section of another embodiment of a subsea wellhead with first
and second clamping arrangements with a sleeve providing a monitoring
passageway and with an isolation sleeve and a hanger in a lower secured

position.

Figure 11 is a cross-section of another embodiment of a subsea wellhead with first

and second clamping arrangements with a sleeve providing a monitoring
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passageway and with an isolation sleeve and a hanger in an upper secured

position.

Figure 12 is a cross-section of another embodiment of a subsea wellhead with first
and second clamping arrangements with a monitoring hanger aligned with a
sleeve providing a monitoring passageway, the monitoring means being in a

production configuration.

DETAILED DESCRIPTION

As shown in Figure 1, a wellhead 10 comprises a humber of concentric casings
suspended therefrom. In particular, a conductor 12 encompasses an intermediate
casing 14 and in a particular embodiment a 36” conductor 12 encompasses a 28"
casing string 14. The 28” casing string 14 includes a hanger 15 at the upper end
thereof which effectively suspends the 28” casing string 14 from the conductor 12.
The conductor 12 has a first wellhead housing 26 at an upper end thereof. The
formation of the well includes passing cement down through the 28” casing string
14 and this cement then flows upwardly between the inner surface of the
conductor 12 and the outer surface of the 28” casing string 14 in the annular space
18 defined therebetween. A valve 20 enables “cement returns” to flow out of the
annular space 18 as the cement displaces such fluid. The valve 20 comprise a
28” hanger sub remotely operated vehicle (ROV) operated lower valve 20. The

“cement returns” may predominantly comprise drill fluid.

The 28” casing string encompasses a 22” casing string 22 which is suspended
from a second wellhead housing 24. Again, cement is passed down the 22”
casing string 22 and then flows upwardly around the outer surface of the 22”
casing string 22 and the inner surface of the 28” casing string 14 and into the
annular space 28 defined therebetween. Again, a valve 30 enables “cement
returns” to flow out of the annular space 28 as the cement displaces such fluid.

This second valve 30 comprises a 28” hanger sub ROV operated upper valve 30.

The present invention relates primarily to the securement of the inner casing
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strings 32, 34 located within the 22" intermediate casing string 22.

The first inner casing string 32 comprises a 13 3/8” casing string 32. In the
present invention, the first inner casing string 32 is passed down the intermediate
casing string 22. The first inner casing 32 has a hanger at the upper end thereof.
The hanger includes an abutment surface around the periphery thereof. The
abutment surface 38 is arranged to engage on and to be retained on a retaining
shoulder 40 projecting inwardly from the intermediate casing 22 or specifically a
sleeve 42 located at the upper end of the intermediate casing string 22. This
position corresponds to a first securement position for the first inner casing string
32.

In particular, the hanger 36 of the first inner casing 32 includes splines 44 or
longitudinal ribs around the circumference. These splines 44 or longitudinal ribs
may locate and only extend for a part of the longitudinal extent of the first hanger
36. In particular, these splines 44 or longitudinal ribs only extend for a part of the
lower portion of the hanger 36. The lower ends of the splines 44 or longitudinal
ribs provide the abutment surface 38 on which the hanger 36 is supported on the

retaining shoulder 40.

Directly above the splines 44 or longitudinal ribs, the hanger 36 comprises an
outer sealing surface 46 which extends around the complete periphery thereof.
The outer radial extent of the splines 44 or longitudinal ribs may substantially
correspond to the radial extent of the outer sealing surface 46. In the first position,
the outer sealing surface 46 locates adjacent to a groove 48 located on the inner

wall of the intermediate casing 22 or sleeve 42.

The hanger 36 also comprises splines 50 or longitudinal ribs which extend
longitudinally upwardly from the outer sealing surface 46. These splines 50 or
longitudinal ribs are equally spaced around the circumference of the hanger 36.
These upper splines 50 or longitudinal ribs align with the lower splines 44 or

longitudinal ribs with the outer sealing surface 46 located therebetween.
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As shown in Figure 1 and Figure 2, when the hanger 36 of the first inner casing 32
is supported on the retaining shoulder 40, the lower splines 44 provide a fluid
passageway to enable fluid to flow upwardly from between the intermediate casing
22 and the first inner casing 32. This fluid can then flow upwardly between the
outer sealing surface 46 and the intermediate casing 22 or sleeve 42 provided by
the groove portion 48. The fluid can then pass through the passageways provided
in the upper splines 50 or longitudinal ribs and the fluid can continue to flow

upwardly through a tubular casing to the surface.

This continuous fluid passageway around the first inner casing 32 whilst the first
inner casing 32 is suspended provides a passageway for “cement returns” to flow

upwardly back to the surface without the need for remotely operated valves.

Accordingly, with the first inner casing 32 secured in the first position such that the
lower ends of the splines 44 or longitudinal ribs are resting on the upper surface of
the shoulder 40, cement can be passed down through the first inner casing 32 in
order for the cement to flow upwardly in the annular spacing 52 provided between
the outer surface of the first inner casing 32 and the inner surface of the
intermediate casing 22. The fluid that is displaced by the cement produces
“‘cement returns” and this fluid then flows through the lower splines 44, around the
outer sealing surface 46, up through the upper splines 50 and finally the “cement
returns” can flow to the surface through a tubular casing string extending from the

wellhead 10 to the surface.

As shown in Figure 3 and Figure 4, once cemented, the first inner casing string 32
is raised until the outer sealing surface 46 is located adjacent to the second
securement means. The raising of the hanger 36 and the first inner casing string
32 may be a simple upwards movement only which may be gauged with reference
to a particular reference point. In one example, the movement may be referenced

to an index point provided by a part of the blowout preventer.

The second securement means comprises a clamping arrangement comprising a

collar 54 having an externally tapered surface which cooperates with an annular
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component in the form of a compression ring 56. The compression ring 56 is
axially movable relative to the compression collar 54 such that the cooperating
tapered surfaces create an inwardly directed force which compresses the sleeve
42 on to the outer sealing surface 46. The force generated by the relative axial
movement of the compression ring 56 relative to the compression collar 54 forms
a metal to metal seal between the sleeve 42 and the hanger 36 of the first inner
casing 32. The sleeve 42 may include a series of splines 43 or fins or longitudinal
ribs around the outer circumference thereof in order to aid the compressive force
generated by the compression of the sleeve 42. The splines 43 effectively
increase the outer diameter of the sleeve at the location within the clamping

arrangement.

In addition, the movement of the hanger 36 from the first position to the second
position creates an axial load on the first casing string 32 and the clamping

arrangement retains this axial load within the first casing string 32.

The outer sealing surface 46 of the hanger 36 creates a metal to metal seal
between the hanger 36 and the sleeve 42. The outer sealing surface 46 may also
comprise two O-rings 57 located longitudinally spaced apart on the outer sealing

surface 46 to create a high grade seal.

The clamping arrangement clamps the hanger 36 and hence the first inner casing
string 32 to prevent any longitudinal movement of the first inner casing string 32.
In particular, the clamping arrangement prevents the weight of the string 32 pulling
the first inner casing 32 downwardly. In addition, the clamping arrangement also
prevents any upward pressure generated in the annular space 52 surrounding the
first inner casing string 32 from moving the first inner casing string 32 upwardly.
Accordingly, the first inner casing string 32 is held tight with a metal to metal seal

and the first inner casing string 32 is maintained with an axial load.

The simple clamping arrangement creates a metal-to-metal seal and also prevents
movement of the casing string 56 downwards and also prevents movement of the

casing string 56 in an upwards direction.
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As shown in Figure 5 to Figure 8, the wellhead arrangement includes a second
wellhead housing 24 which locates above the first wellhead housing 26. The
second wellhead housing 24 includes a second securement means for securing a
second inner casing string 56 within the first inner casing string 32 in a similar

arrangement.

The second inner casing string 34 comprises a 9 5/8” casing string 34. The
second inner casing string 34 includes a hanger 58 at the upper end thereof. The
hanger 58 comprises an outer sealing surface 60 defined around the outer
periphery thereof which is arranged to create a metal to metal seal with the sleeve
42.

The hanger 58 is again arranged to be supported in a first position whilst providing
a fluid passageway to enable “cement return” to flow upwardly through a casing

string to the surface.

The second hanger 58 includes radially extending ribs 62 or splines defined as the
lower abutment surface of the hanger 58. The second hanger 58 is retained in a
first position as the lower abutment surface of the hanger 58 abuts a retaining
shoulder 64 or surface provided by the first hanger 36.

Since the lower abutment surface of the second hanger 58 comprises splines or

ribs 62, this support means provides a plurality of fluid passageways.

The outer sealing surface 60 of the second hanger 58 is arranged to locate in an
enlarged diameter 65 or groove of the sleeve 42 such that fluid can pass between
the outer sealing surface 60 and the sleeve 42 whilst the hanger 58 is retained in
the first position.

In this first position, cement can flow down the second inner casing string 34 and
then flows upwardly in the annular space 66 between the outer surface of the

second inner casing string 34 and the inner surface of the first inner casing string
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32. As the cement enters this annular space 66, the cement displaces the fluid
located therein which is then able to flow upwardly between the splines 62 or ribs
of the hanger 58 and around the outer sealing surface 60 of the second hanger 58.
The fluid then flows upwardly between upper splines 63 or longitudinal ribs
provided on the second hanger 58 above the outer sealing surface 60. The

“‘cement returns” can then flow upwardly to the surface.

Once the cement has cured, the second hanger 58 and the associated second
inner casing string 34 can be raised upwardly in order for the outer sealing surface
60 of the second hanger 58 to locate adjacent to and within a second securement

means comprising a clamping arrangement.

The clamping arrangement comprises a compression collar 68 including outwardly
tapered surfaces. Two compression rings 70, 71 including respective inwardly
tapered surface are arranged to locate around the tapered surfaces of the
compression collar 68. These compression rings 70, 71 can be moved relative
towards each other and over the externally tapered surfaces of the compression
collar 68. This relative movement causes the compression collar 68 to compress
and to deform the sleeve 42 inwardly such that the internal diameter of the sleeve
42 decreases and effectively squeezes the second hanger 58. In particular, this
inward force creates a metal to metal seal between the outer sealing surface 60 of

the second hanger 58 and the inner surface of the sleeve 42.

The outer sealing surface 60 includes two O-ring seals 67 to aid the seal created
by the clamping force.

The clamping arrangement creates a metal-to-metal seal and also prevents
movement of the casing string 34 downwards and also prevents movement of the

casing string 34 in an upwards direction.

As shown in Figure 7 and Figure 8, the second inner casing string 34 is raised
after the cement has cured. This movement in the position of the top of the casing

string 34 means that the second inner casing string 34 will include an axial load
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which will be maintained by the securement of the second hanger 58 in this
second position. This movement is a simple upwards movement of the second

inner casing string 34.

Accordingly, the present invention provides a wellhead arrangement 10 including a
first inner casing string 32 which is held in axial loading and a second inner casing
string 34 which is also held in axial loading. Both of the first and second inner
casing strings 32, 34 are releasably clamped such that the casing strings 32, 34
cannot move in an upwards or a downwards longitudinal direction. Prior to being
clamped in such a position, the wellhead arrangement 10 provides first retaining
means to retain the first and second casing strings 32, 34 in cementing position
whereby “cement returns” are able to flow around the respective hangers 36, 58
and upward through a casing towards the surface. Once cemented, the upper
hangers 36, 58 of the respective inner casing strings 32, 34 are moved upwardly
where the hanger is then clamped in position to maintain the respective inner
casing strings 32, 34 under an axial load whilst being prevented from moving

either upwardly or downwardly.

The present invention may be used in high pressure/high temperature subsea
wellheads and may be used on jack-up exploration wells. The securement
arrangement provides true metal-to-metal seals and delivers instant lockdown

capability which can match the hanger capacity.

The present invention provides many advantages including the requirement of only
a single trip installation of subsea hangers. The hangers are sealed and locked as
soon as the cementing is complete. In addition, the full annulus pressure
lockdown capacity for the hangers and may provide up to 4 million Ibs. The
present invention eliminates the use of prior art annular seals and lockdown

sleeves.

Accordingly, the present invention has a greatly reduced installation time and also

provides the capability of monitoring the integrity of the seal.
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Furthermore, the present invention provides reliable metal-to-metal seals due to
the elimination of movement, the large seal contact area, the multiple metal seals,
the single leak path and the clamping seal has a proven capability of 138 MPa (20
000psi) from above and below (at 177 °C (350 deg F)).

The present invention provides automatic preloaded lockdown of a wellhead to a
conductor and has a big bore design with superior bending load resistance. The
system has integral metal seals with no subsea seal installation and the multiple
metal seals are energized by an external force with predictable capacity. The
lockdown is instantaneous and there are no moving parts required on the hangers.
There are no lock rings to be activated and the system provides a rigid metal-to-

metal seal environment. The system may be used in a contaminated environment.

The installation of the system may include the provision of testing the blowout
preventer with the wearbushings in place. The installation of the hangers is
reversible and the system may include a positive wearbushing lockdown without

rotation.

The present invention provides a simple and effective system for providing a
lockdown arrangement for a casing string in which the casing string is held with a
metal-to-metal seal and the casing string is locked from moving in either an
upwards or a downwards direction. The clamping arrangement does not require
the use of multiple components as used in the prior art. The clamping
arrangement is a single simple system. In particular, the clamping arrangement is
an effective and reliable system to provide a single activation for locking the casing
string against upwards and downwards movement whilst simultaneously producing
a metal-to-metal seal. The clamping arrangement produces a compressive force
that creates a sufficient gripping capability to provide all three of these mentioned
functionalities quickly, simply and simultaneously without the need for multiple
separate components for providing each function. For example, prior art systems
may require annular sealing components, components for locking the string
against downwards movement and component for locking the string against

upwards movement. Each of these three functions may have required separate
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components and each of these functions may have previously required separate
activations. It will be appreciated that these extra multiple components and
activations will introduce extra problems and additional components and

activations which increase the risk for failure.

The present invention also provides monitoring means for monitoring the space
and volume within a lower annulus. In particular, the monitoring means monitors
the space and volume within the lower annulus 52 located between the inner
surface of the 22” intermediate casing string 22 and the outer surface of the inner
casing string 32. Furthermore, the monitoring means provides the capability to

retrieve and/or introduce fluid(s) into the annular space 52.

The monitoring means provides a port, specifically a passageway 100 (a
monitoring fluid passageway), which extends upwardly from the annular space 52.
The passageway 100 is provided in a sleeve 102. The sleeve 102 is thereby a
replacement sleeve for the sleeve 42 previously described. Accordingly, the
sleeve 102 is located at the upper end of the intermediate casing string 22. The
sleeve 102 provides the groove 48 and an inner sealing surface for sealing with

the outer sealing surface 46 of the hanger 36 in the second secured position.

As shown in Figure 9, the passageway 100 includes a lower end 104 which
provides an entrance/exit region. The lower end 104 is arranged to locate below
the seal created between the hanger 36 and the sleeve 102 when the hanger 236
is in the second secured position. Similarly, an upper end 106 of the passageway
100 is arranged to locate above the seal created between the hanger 36 and the

sleeve 102 when the hanger 36 is in the second upper secured position.

Accordingly, when the hanger 36 is in the second upper secured position, the
passageway 100 provides a fluid communication (or conduit) which by-passes the
seal such that fluid is able to pass between an upper conduit section 108 and the

lower annular space 52.

The present invention thereby provides a passageway 100 which enables the
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space and volume within the lower annulus 52 to be monitored. This arrangement
does not require any penetration of the well head and, in particular, does not
require any penetration of the casings. A port including a valve which projects
through the casing at a location below the well head could provide access to the
annular space 52 but such an arrangement would be hazardous and risky. For
example, if such a valve should fail then the consequences would be catastrophic
for the well. In addition, various rules and regulations may specify that there can

be no such penetration of the riser at this location.

The term monitoring is used to include the sensing of parameters and/or
remediating a problem sensed within the annulus. In particular, the annulus
monitoring path can also be used for remediation of any pressure build-up,
typically called Sustained Casing Pressure (SCP). The remediation is to bleed off
the pressure, or to introduce a remediation fluid, such as drilling mud to Kill the

leak, or cement to seal it.

In constructing the well head, an isolation sleeve 110 may be used, a shown in
Figure 10. The isolation sleeve 110 is arranged to be secured over the upper end
106 of the passageway 100 and thereby prevents the flow of fluid into the
passageway 100. The isolation sleeve 110 may be used as a temporary sleeve
during the construction of the well head. The isolation sleeve 110 is removed and
then replaced with a monitoring hanger 112 which comprise a monitoring and
tubing hanger. In the embodiment shown in Figure 9, the monitoring hanger 12
does not have a casing suspended therefrom and the monitoring hanger is
providing remediation means to remedy excess pressure detected within the
annulus through the introduction or extraction of a fluid through the monitoring

means.
The monitoring hanger 112 is arranged to be secured within the second (upper)
well head housing 24. In particular, the monitoring hanger 112 is secured within

the second securement means as previously described.

The monitoring hanger 112 provides a tool which can establish communication
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with, and control, the annulus within a drill pipe run tool through the riser. The
monitoring hanger 112 can be deployed either before the tubing hanger has been
installed or as an intervention by removing the tubing hanger and replacing it with

the monitoring hanger 112.

As shown in Figure 9, in a remediation configuration, the monitoring hanger 112
includes a central conduit 108 which includes a passageway 114 which extends
radially outwards from the central conduit 108. The radial passageway 114 is
arranged to be aligned with the upper end 106 of the passageway 100 provided in
the sleeve 102. As previously explained, the lower end 104 of the passageway
100 fluidly connects the annulus 52 located below the lower hanger 36.
Accordingly, the central conduit 108 of the monitoring hanger 112 is in fluid
communication with the lower annulus 52 between the inner surface of the 22"
casing string and the outer surface of the inner casing string 32. The central
conduit 108 may be connected to the surface where further monitoring apparatus
and sensors may be located. For example, the connection to the surface may be
provided by an umbilical cord or another suitable connection. The sensors may
comprise a pressure gauge and/or a temperature sensor or other fluid monitoring
sensor. A pressure gauge may be located at the surface in the remediation
configuration shown in Figure 9 or an electric pressure gauge may be located in
the Christmas tree 120 which is in communication with a surface station. In
addition the monitoring means may include a remotely operated valve allowing
access to the annulus such that a user can control the introduction of a fluid into

the annulus or the extraction of a fluid from the annulus.

In this remediation configuration, a fluid may be introduced or extracted from the
annulus. For example, the monitoring means may detect excess pressure within
the annulus and/or the monitoring means may detect the presence of excess
oil/lgas within the annulus which should not be present. The monitoring means
enables a volume of this excess fluid to be extracted from the annulus through the
passageway 100 and into the central conduit 108. The excess fluid can then flow
through the central conduit 108 for removal. Alternatively, the problem of the

excess fluid or unwanted fluid can be resolved through the introduction of a fluid
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(e.g. mud, cement etc.) into the annulus. This may help to resolve a bleed of a
fluid (e.g. oil, gas etc.) into the annulus. The introduction of the fluid may comprise
forcing the fluid down the central conduit 108, through the passageway 100 and
into the annulus 52. Accordingly, the monitoring means provides remediation
means. The monitoring means monitors/detects any pressure build up over time
of oil/gas in the annulus where it should not be and the monitoring means can then
remedy this problem. For example, the monitoring means can bleed off the
excess pressure and then shut off this connection or a pump can be attached to
the monitoring means in order for mud/cement to be pumped into the annulus to
stop further bleeding. Accordingly, the passageway 100 provides fluid access to
the annulus to enable bleeding off to be conducted or to enable the introduction of

a remediation fluid.

The sleeve 102 including the passageway 100 extends between both the first
(lower) securement means and the second (upper) securement means of the well
head. As shown in Figure 9, the passageway 100 has a lower entrance 104 which
locates below the sealing surface of the hanger 36. The passageway 100 is
angled radially outwardly as the passageway 100 extends upwardly until the
passageway 100 provides a corner section 116. The passageway 100 then
extends radially inwardly as a linear section 115 along a radius of the sleeve 102.
This linear section 115 provides an exit region which is arranged to be aligned with

a passageway 114 provided in the monitoring hanger 112.

The installation of the monitoring means will now be described further, with
particular reference to Figure 10 to Figure 12.

Initially the production casing hanger 36 together with the isolation sleeve 110 are
installed. The assembly is landed with the casing hanger 36 being supported on
the shoulder 40 provided by the sleeve 102 which is located at the top of the
intermediate casing string 22, as shown in Figure 10. The casing 32 is then
cemented in position with the excess cement/displaced fluid being extracted as
previously described. The casing hanger 36 and isolation sleeve 110 are then

raised into the setting position and the annular seals are set using the lower
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securement means. The lower securement means are actuated to seal the casing
hanger 36 in position and the upper securement means are actuated to seal the
isolation sleeve 110 in position, as shown in Figure 11 with the handling tool

removed.

The arrangement may have a pressure test conducted in this configuration. The
handling tool which installed and set the lower casing hanger 36 and the isolation
sleeve 110 can then be removed. The drilling programme can then be continued.
The installation process may include conducting weekly blow out prevention tests
using any suitable test tool which can be selectively extended into and removed

from the well head.

The isolation sleeve 110 can then be removed from the arrangement. The upper
securement means are disengaged and the isolation sleeve 110 is then removed
using a handling tool. Once removed, the completion assembly and tubing hanger
can be installed, as shown in Figure 12 which shows the monitoring means in a
production configuration. This includes the operation of the second securement
means in the second well head housing 24 to set the annular seals for the annulus
monitoring and to secure the tubing hanger 112 in position. Once secured,
wireline plugs are connected to and installed in the tubing hanger 112. The tubing
hanger handling tool and drilling riser can then be removed.

Once the drilling riser has been removed, a Christmas tree assembly 120 can be
installed above the second well head housing 24, as shown in Figure 12. The
Christmas tree assembly 120 is installed above the second well head housing 24
and the Christmas tree assembly 120 includes a connector 122 which stabs into
an annulus monitoring port 119 provided in the tubing hanger 112. Finally the

wireline plug is removed and the well is complete.
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CLAIMS

1. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) comprising first securement means to secure the hanger (36) in a
first position and second securement means to secure the hanger (36) in a second
position, the first securement means being arranged, in use, to provide a fluid
passageway over an outer sealing surface (46) of the hanger (36) whilst the
hanger (36) is retained in the first position such that fluid can flow around the outer
sealing surface (46) of the hanger (36), the second securement means comprising
a clamping arrangement in order to provide a seal around the hanger (36) whilst
the hanger (36) is secured in the second position such that fluid cannot flow
around the outer sealing surface (46) of the hanger (36) characterised in that the
first securement means secures the hanger (36) in a single longitudinal direction
and enables movement of the hanger (36) in the second opposite longitudinal
direction and wherein the hanger (36) comprises a plurality of first longitudinal ribs
(44) located below the outer sealing surface (46) and the hanger (36) comprises a
plurality of second longitudinal ribs (50) located above the outer sealing surface
(46).

2. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to Claim 1 in which the second securement means
provides an axial loading on a casing (32) secured below the hanger (36) and the
casing (32) is secured within the well by cement and wherein the first securement
means comprises a retaining shoulder (40) which is arranged, in use to cooperate
with a retaining surface (38) on the hanger (36) in order to suspend the hanger

(36) in the first position.

3. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to Claim 1 or Claim 2 in which an outer radial extent of the
first longitudinal ribs (44) corresponds to an outer radial extent of the outer sealing

surface (46).
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4. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any preceding claim in which, the fluid passageway
enables cement returns to flow up from an annular space around the hanger (36)
and a suspended casing (32) and wherein the fluid is arranged to flow through the
first longitudinal ribs (44), around the outer sealing surface (46) and up through the

second longitudinal ribs (50).

5. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to Claim 3 or Claim 4 in which a lower surface of the first

longitudinal ribs (44) provides the retaining surface (38) on the hanger (36).

6. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any one of Claim 3 to Claim 5 in which a lower surface
of the first longitudinal ribs (44) is arranged in use to abut and to be supported on

a support or retaining surface (40) in the wellhead (10).

7. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any one of Claim 3 to Claim 6 in which the first
longitudinal ribs (44) are spaced radially around the circumference of the outer
surface of the hanger (36) and wherein the first longitudinal ribs (44) are equally
spaced around the circumference of the outer surface of the hanger (36) and in
which radially adjacent first longitudinal ribs (44) define a fluid passageway

therebetween.

8. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any one of Claim 3 to Claim 7 in which the first
longitudinal ribs (44) extend upwardly from a lower position to an outer sealing
surface (46) of the hanger (36).

9. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to Claim 8 in which the further second longitudinal ribs
(50) register with the first longitudinal ribs (44) located below the outer sealing

surface (46) and the two sets of longitudinal ribs (44, 50) effectively comprise a
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single set having an outer sealing surface (46) located in-between.

10. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any preceding claim in which the outer sealing surface
(46) comprises an outer metal surface to create a metal to metal seal in the

second position.

11. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any preceding claim in which the securement
arrangement comprises a lower securement arrangement and an upper
securement arrangement and in which the lower securement arrangement
comprises a lower first securement means to secure a lower hanger (36) in a first
position and lower second securement means to secure the lower hanger (36) in a
second position, the lower first securement means being arranged, in use, to
provide a fluid passageway over an outer sealing surface (46) of the lower hanger
(36) whilst the lower hanger (36) is retained in the first position such that fluid can
flow around the outer sealing surface (46) of the lower hanger (36), the lower
second securement means comprising a lower clamping arrangement in order to
provide a seal around the lower hanger (36) whilst the lower hanger (36) is
secured in the second position such that fluid cannot flow around the outer sealing
surface (46) of the lower hanger (36) and in which the upper securement
arrangement comprises an upper first securement means to secure an upper
hanger (58) in a first position and upper second securement means to secure the
upper hanger (58) in a second position, the upper first securement means being
arranged, in use, to provide a fluid passageway over an outer sealing surface (60)
of the upper hanger (58) whilst the upper hanger (58) is retained in the first
position such that fluid can flow around the outer sealing surface (60) of the upper
hanger (58), the upper second securement means comprising a upper clamping
arrangement in order to provide a seal around the upper hanger (58) whilst the
upper hanger (58) is secured in the second position such that fluid cannot flow

around the outer sealing surface (60) of the upper hanger (58).
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12. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any preceding claim in which the second securement
means comprises a clamping arrangement for clamping the hanger (36) of a first
tubular well casing (32) wherein the clamping arrangement comprising a collar
(54) having an externally tapered surface, the arrangement also including an
annular component (56) with an internally tapered surface, the collar (54) and the
annular component (56) being relatively axially moveable between a first position
in which the tapered surface of the annular component (56) exerts no radial force
on the collar (54) and a second position which the tapered surface of the annular
component (56) exerts sufficient radial force to distort the collar (54) inwardly to

grip the hanger (36) of the first tubular well casing (32).

13. A securement arrangement for securing a hanger (36) within a subsea
wellhead (10) according to any preceding claim in which the second securement
means simultaneously creates a metal-to-metal seal for a casing string (32)
suspended from the hanger (36) whilst creating a lockdown mechanism for
preventing both upwards movement and downwards movement of the casing
string (32).

14. A subsea wellhead (10) including a securement arrangement for securing a
hanger (36) within the subsea wellhead (10), the securement arrangement being

in accordance with any one of Claim 1 to Claim 13.

15. A method of securing a hanger (36) within a subsea wellhead (10)
comprising securing the hanger (36) in a first position with first securement means
and providing a fluid passageway over an outer sealing surface (46) of the hanger
(36) whilst the hanger (36) is retained in the first position such that fluid can flow
around the outer sealing surface (46) of the hanger (36), the method comprising
moving the hanger (36) from the first position to a second position and securing
the hanger (36) in the second position with second securement means and
clamping the hanger (36) in order to provide a seal around the hanger (36) whilst
the hanger (36) is secured in the second position such that fluid cannot flow
around the outer sealing surface (46) of the hanger (36) characterised by securing
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the hanger (36) in a single longitudinal direction with the first securement means
and enabling movement of the hanger (36) in the second opposite longitudinal
direction and wherein the hanger (36) comprises a plurality of first longitudinal ribs
(44) located below the outer sealing surface (46) and the hanger (36) comprises a
plurality of second longitudinal ribs (50) located above the outer sealing surface
(46).
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