PRESSURE- COVPENSATED FLOW SHUT- OFF SLEEVE FOR
VELLHEAD AND SUBSEA WELL ASSEMBLY | NCLUDI NG SAME FI ELD
OF THE I NVENTI ON The present invention relat

generally to flow shut-off sleeves for use .lmm”uﬂﬂwm"l“ﬂ“
gas wells, and nore particularly to a flow shutygfsss

sl eeve that can provide pressure-conpensated shut-off

for a surface or subsea wel |l head. BACKGROUND A conmbn

of f ShpRESSEHFLCONM PENSA PED R0 W/ SHUTOFF SEEEVE FOR

of SIELRGEABNND ISUBSEA WIELL ASSEMBY. VANTLUDINGS A MY

in the conductor pipe, wth an external well head

housing at the uppepeidr riRdnetgoRal wel | head

housing will be |oc rergﬂ'p'przm-m'e{ly at the sea

f | Olthre. prafeshinvertionopleteatgeneralhyi fol flow tert-wé sleeves for sise tmell and gas

' and S a.first f_casin
welfs Baf R AR, §r Rt Bl i R s Py R ereSligroopoensated
shut-6ffdbretsugfacd tresubpaaveles. of the first string of
casing. This first stri nlg of casi ng will be cenented
in the well, wth cenent24GH{GRQUND rovwng up around
t hea caphriién otfiah&ug@cM@ecmw anmgps i séution bOWe hole and
ports located in the eéexternal wellhead housin These
installing conductor /i o cpurindhe eanduaternips. ivgth apmextesp %r‘éi Iiyead housing
Y t I
ot HELEDA T, THE B ML niiing R STkoRES agﬁ%ﬁa?a? o the sea
ﬂoqﬂr 'Ekxc&n tlﬁsropbmtdrhimlls meewdhto mbédd@dthtwdsmswls alffrst section of casing.
t.he.wel |.. 1.0 t -
A GfGFRl i prossydf bl nontitg s R Pate B uPBR o of he frst
strif@ ot OabingEABR first ﬁﬂl@oﬂ)cfasmgfmn Ge kRageed Blsﬂhl gveﬂlan@hrceﬂxt:nt returns
its upper end which wil] | and and seal e inte

flovjee| yreraibiisicagne. Abrough e soRdustenes O V7 BOT§ fpeated in the
ext MBwa AP houshE. TR SR R kerh 8k BPnH#Rr S8aGHinped

ove 1S not sati sfact ory For exarrpl e, one. area in
t heTlmmpemwr otsievesthh agnning tooldpr the dasmalewellhsah Bousing and connects

a dggg@%xeséroé;xg}qgufﬂﬁ @Eﬁ; ng{oethé( 1@&9&1 wﬂgead%%hmng t'ﬁ'yg Jﬂé?&tor will then

pr essu
drithitighwell tdlgﬂatbhdaen&tsemﬂuroﬁnaﬂy ﬂnhtell s’ehas‘t ltwo lmdny strings of casing. Each

stigh 5 o888 P SR8 PRR A O RS G TP e Bl th inernl

weghgadhmglﬁgwater and sand flow ng upward 704 to the
sea floor 702. If _the shallow water flow 704 is

confgishesn in Bigyrgs ¥ Arand 7Bn iretpme ajeass the ﬁem@aﬂwéwﬂmﬂ% described
avaQQf gy gtl&ﬁct&&n‘%t‘)&aﬁ?ﬂ% o}{@{iﬂeﬁ’ HSthb Sy ffM@x?lcch Hé’seanbcﬁ%F pressured

to o rcone | ow wat er
sand fomm 708 appraiinzatly 5 Q(héﬁoq fsetd:reloav itheam ngLWthlﬁ ﬁ@rtnatlon has a

prqgsuf% a&gg})%h% ?rag SP Sprggs?; s%t {l?xlﬁoor g{r %Qprcf)? ﬁltateilpl\lg’(i) -250 pounds per

squdssvicR (psil. 'Whers ddllehinteghie femation 708 tends to wash out, with water and

sand flowing upward 704 to the sea floor 702. If the shallow water flow 704 is not contained,
structural integrity of the conductor pipe 706 will be compromised.

Various techniques have beén employed to overcome the shallow water flow problem.-
A cement is available that is of a foaming-type that can be employed to retard washout. U.S.
Pat. No. 5,184,686 discloses a system for avoiding washout. However, that system requires
using two different size drilling risers at various stages of the drilling. This ‘makes thé

technique very expensive.

T

*GOODOI*



using two different size drilling risers at various

stages of the drilling. This nakes the technique very
expensi ve. In another prior art system as shown,

for exanple, in Figures 1 and 2 of U S. Pat. No.

5,660, 234, incorporated by reference herein, an

external well head housing 19 has a nunber of flow

ports 21. An external valve sleeve 23 nounts to the
exterior of the external wellhead housing 19. The

ext &y aither giripe agl system, 28 shmaféraé)dampl'épidﬁﬂig&reb et MRIEN 08U S, Pat,

SRR BRFRE Bl e 2o oS50 200 19 b
nuib&6ST, B3 portH2 DA BgternhlOViNS YIS 3 infifinds! 16 \hdd&tdrfor D¥ the external
xternal valve sleeve 23 is nounted to

th
' me‘éde&%mg&% gffhet qxéeraal valypa plegel 23nis aaxillyumiopaple detyypgn an open
podifién @xgﬁ& B, §6P’ra{ N3 58%8958%nd ta%ws&t?%c{g;}%ﬁ(dg;g[ﬁér 2 8 s. Pat. No.
returns a

£OSSI damage from cenent
5,660 @it logking IﬂDWdh@ugh the kaOWTtS@} the‘(m,rthgedemela\tal\fe%eve 23 is

T L G N—

to Imasasddhedar hmg:pchssﬁnleadhnﬁdge fﬁ)ﬁﬁcefnlie:m)fehibﬁs} an'Ehﬁ W%ér' ﬂddi?ﬂg Bénditions,
et t o.a first the. nornel Iy a few hundred feet,
%éb%%ebyn%aéﬁla?ge&ﬁ @C{%gl 1 g1 ed. " The conduct or pi pe
13, ARQh&Rh, fér e, iR FidurchH 68U pai. NEEE 660, 2§m¥n1f?lemat 11 is a type
installed in a conventional nanner. The mid nat 1 may

of pageathpti loentesoon the ssxfodr 1o ithzleléglawbe jeftsddo etfst q@pﬁxe normally a
fev%‘ 3hL rﬁlrédn ¥ ,l laffcg coEEx?ct&ro Egnlégg O{nsﬁllg&a 1§§e 'I‘%nd Voqp?{ﬁ)"e %g rmally

ing su and
abtllB 3i6snches ubi.lhtactcnmalyehc instdhled inl atanivertionaltmartnee Tio ahudahat 11 may

11 a s conpected nto conduct or
bekBde b R F L5 s e Rndt e SO el s somitor pipe 13 i
supgoeiée ohliRe hitldthatd 1H30a kiadiag she V5. FERaddnS $UMPIGT & adbular member
external aor |ow pressure well head housing 19. The

thaé J&t%heﬁ Hto mm‘hﬂetaat andds engmaated igtoghe egnducterpips b3-
MemMGL HANIRE fRpd VA& dut ke 10(1'19%8%{fe§d52%t\>/ % sﬁg ﬂmdmggub 15 a

around 1ts circunference. An externa
favofent © ssppcmam 9xtexma1t drdoespressure wettheadimusging ¢9.riEtle external wellhead

hOUSlI}ghl% rio 32! tlgbqllar mer;lr ez tl\?\.éitgg B iural(\gtglex%ﬁgvsﬁac{ pgé‘e%saround its

“ay fove
cistunviarence. I?ugcm&nﬂ wilve & ve RAtmoule. sliﬁalﬁ@@o Wext&rtbr ®f the external

RS hoB b TharSTerna Jaheslsrn P el R et gy ove bemween an

o?&xgp&s'it%; ab REove re IFipare Y REES SP&eN% 2660034, 1 |a°c%seérb631t1on as

w t hrough the flow ports 21. ‘external val ve

skavae ie Fairerdyofbl.S. iPathdloohes!, %;’!dsu\vh%hmomd idawnyardatq ghe closed
{Jﬂt’zor{d :Eg?‘{ %Ltglgarr ?egveg%le%\%:Be\%ﬁleﬁlQal 2P HLOSALuIOUR' A Darts 21. The

external valve sleeve 23 may be in the open position initially.

After the installation of the external wellhead housing 19, the drilling rig at the
surface of the sea may drill the well to a second depth. This second depth will stop é short
distance above water-producing formation 25, for example, about200 feet. The
water-producing formation 25 is a loose, unconsolidated sand formation that produces water
and has a formation pressure that is about 50-250 pounds per square inch (psi) greater than
the pressure at the sea floor 12. Without precautions, water and sand from the

wéter—producing formation 25 will flow up the well to the sea floor 12 and wash out the well .
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surface of the sea may drill the well to a second
depth. This second depth will stop a short distance
above wat er-producing formati on 25, for exanple, about
200 feet. The water-producing formation 25 is a

| oose, unconsolidated sand formation that produces
water and has a formation pressure that is about

50- 250 pounds per square inch (psi) greater than the

pressure at the eaflor 12. DI ec n
o g A (OB, s oarlor DAl ierlyat AR B scpgnd phase
ofithé {welfl b QA/\gdiﬂt dbBfe the MatdrPrddusing @éhrfah@:QZS 12 and wash out

the wel | to a very large dianeter. Consequently, t

opehe epergfor rhepenmlﬁaq ’érsa pring o gasinec? s it BRfdexephpiaY © pdiment,

th%: Qgsngﬂ is % g‘? 2?_%(:‘?1& AREM el d%ﬁéc{r%ﬁ%glé(‘shaﬁghantger 29 at its upper

he operat or then firs
et 1Ting oprfrabasuemgn@?&el casing@7 eiveplabaras endivatédnbytnumardedl. The

o
cEERHBR pBf=45: & Soflop TS i PR BBt mpy posiion the
@D RAHD9 SN anthbesAsie ulhgipmofls avsloweianiaatied: flow up

a@%ﬂ{; gﬁf ﬁg\lﬁ @Srlts g:\iﬁr,hﬁ@ o%g%%%ar}]% o aste{llﬁg ?PﬁB hangsr 2?[&19, an internal

pRER i tﬂé‘lah@ﬁ si6 @F’ bH%G;gcﬁé e)?tgmﬁ wilbeid KiuSihgnoeAa ﬁb/ﬁ‘ng 30 on the

Its anlng I‘OI e to allow cement returns to
scah danget 29 rtcHes gvio p@mosw bruthe Tandingsub &3 torretgin the aw@ f@n%r:r 29 to the

f .
P8 R ERElD et il SR ol oo
sHdvn & BIB.i Ratr Nags 860,234)tthe thessrab hbhageg 9. 38 dnatﬂuhessal is installed
into th | gndj. n 15 to retain the scab
bet¥eER ﬁ?‘ g@a%t ngeﬁ gﬂlﬂ’qﬁrﬁﬁﬁgﬁgg The split ring 30 is
rel Q\ﬁ'ﬁ:@%el &nfoRBRasl $8t, @hd Js;mamwemms 4 pitot mul&r(nﬁngslboml in U.S. Pat.

N(QnOt shown in U S. Pat. . 660 379% for. the sc di
ah§€t:2349 . thrgnehnihal \M@ersﬁfaﬁuql@ ifq{glﬁféq’ tepRipgingn a ¢ art 1stance

bSGRLDADGEL %ragué’i'ﬁgg 5 rGib el g gnn ti'a'l_?c At aBR® 12.25 inches in

cenent has e operator th drills”a pilot holé
dlaneter simkndwn driBingFitid additivessme bg mﬂomﬁ rtougtard M@shout in the

t d t
PR B OrDRi . vt rdcian B¢ MgBilsr TPy TREBlot ple with 2
f&:ﬂlﬁé-t}g@' &uiERY, PRe Foahibg ybe2endht hﬁﬁndafbs tlib dioegee Bandamdsatmg a
known drilling fluid additives may ‘h ¢ this
whsasAnnplys fhihe Vvséltterr@tpqdowk?% RO ORR e Epams out thi
ﬂé}H %Eu&i{ dﬂthé 08 10 ABrARRAALON. 15 98 ndshe dmﬂef& hol e with

oam ng-type ¢ f oam ng- tg/pe cenent
per et Girdthnte Ismuse is amdicat@r brmnimgrah33. H iy daser) cRQReh to accept a

sg%gxﬁ 5\? hnul ﬁg?,?kr}nge %h}gﬁtm tqq&erragl&a{bg H}QH«%S in @Qmﬁter The second

st of tasiRPTY Iusiaiadtenyl c&ﬂiugmpraﬁunemdhlheadl housing A% atits uppaeend. The
third hgle sect| on_i s |f2d| cated by nuner

intagle sHbgaghbausingcelst ofa2 coBYaIHANA (YP% ancgﬁnsggglvﬁgn%éhe external
WAELY hust rgelfgeéémanyaa@%ﬂaw@% nshes, N. SAOBATTulyTHS; 1991, The

casing 35 has an inter nal
dxtegial pales sleece %islﬂmmtbdﬁomhﬁ exter®y ohthejexiprmgh ﬂ@}lhmouSIHg 19 and

r;lrahy be exposed to increased wear and damage during cementing operations. Furthermore,

the external valve sleeve 23 is mounted to the exterior of the external wellhead housing 19
throughout the drilling operations that lead up to the installation and landing of the internal
wellhead housing 37, and may become closed inadvertently during those or other prior

drilling operations.



i nternal well head housing 37 is of a conventional type
and inserts within the external wellhead housing 19
generally as shown in U S Pat. No. 5,029,647, July
19, 1991. The external valve sleeve 23 is nounted to
the exterior of the external wellhead housing 19 and
may be exposed to increased wear and danage duri ng
cenEntlng operations. Furthermore, the ext ernal val ve
e .23 is npunted to the exterior of the externa
eﬁﬁ@ﬁ&nﬂ BRI 2t yStemy B eI Kigwey} pad 2, rﬁgtugh-pressme wellhead

hoRfIRE 819 aaﬁatnnaibei 8ALHoW e 1tzheAﬁ 'ﬂﬁ&lﬁl\l' PO 23 mounts to the
| andi ng of the internal wel housing 37, and nay

extseiopnel ¢he shighiprsawer weHhgag agmsmggl 1Phcheewenn dhéeexterior of the
_ hl%{ #r%ésuréj Weklhéa'&g \Aﬁqtlbo%ﬁ an 1nltJ?1f§tsh%"£c§a5P b Q%Bdt?crté l[lousmg 130

stem as s
attaclgh-tp nesaductorvppd hiBadhe imwalnglvi: kBeteaR23ais anixtle imafable between

fl ow parts 121. i.nternal valve,s e 123 unt s
anyqpgh PRSGE (TR whiCh Pt (Rt i Y et e dge ieeh She flow
pokd 921,behdveeBlokeE pRXitieh | @igus 2)f NockitigOthe PAIE®IYB ethrough the flow
wel | head housi ng 119 _and an jnterior surface of

Pogts A & LreByings eaeﬁwge Yt angi{qr huildup, indicated b arews 24%” pe
118Fo gﬂat & Hiin t%l\’1%9%1§) gﬁ g:ﬁ'ﬁlfgrﬁ) Ivﬁﬁ % k¥ a @Bl‘talqll%hown in

bet ween n open OSI tion perm S
phahtom) tonplessadewn oy ar pmv@910f34n adinasorgledvied 28] osusigothesactuator

121, d a.close 0Si t.i Fi.qup,e .2 | gcking t .
s 178 B e AR ACHRET g Pl B bl ot 15, atong wih
as@dc%ailieﬁlstmls laﬁa 126,06 &ove ldkiaﬂjd ﬂ:oml thel bp‘@t;ﬁ;dmlau, z&rthWﬁ in Figure 1,

43. Far exanple, a runnin

W’b‘ﬁ'&ﬁ?‘éﬁ‘ﬁs the Jlowahid dhrpuglk Fl}etf%fﬂﬂorfss%m q“?l °1°5‘?§iaPﬂ56tfﬂ“ g shown in

FiPh@3S WAV biitkanh€alowl 3 o @6 Ay %rt§|1§f-‘V€hu§1%§ the pressure
causing the actuator sleeve 128 to aCtuate an

ulﬂkf'tlj’étor rod 127, causing the internal valve sl eeve

123, y 8][%?18%4% val¥e Sﬁ?e%{fgi ﬁdhﬁ ec% s§d %&E%% %ioirl]tg ?_IZ lghtgee %gé’!rgtor' may

axi a e open posItion,
retteive ihegp eunmirgstobhEs 9c bmi;v ad 4Bow i H@lﬁrdﬂj eofiheatva rxbrltm;g hﬁér 245 that

to the Iosed oSi ti as shown in e
inglidesca RIPWOYE pRRvoRer. (The SRGRIAr HRaY (thef 5&? he rﬂ 18 bfeRter depths,
inStaliRk '&gdittlhﬁalgfrﬁ? W GasitdP Thbde safhds ofbdstl t‘hbﬁ‘bé B&ﬁfo&@&l and sealed

val veé sl eeve has closed the fl ow g;rts 12
bsoeaérrw angers phat dandr goaventionally wikin tke highypresgue émblheaéshousmg 119.

9?’% | fhefi &%rﬁalz’ veﬁ@é"ngﬁtzvealﬁr ' 1|sI I D éirés%re%ﬁ%p‘éﬂﬁted and/or

‘des a bl owout preventer. The operdtor na
pndssutd -baldneedvahd ntay tprexpded td @pistsm¢ uphﬁng-thwhpmgn the closed position,

oG bblsRE Rk 58 Y e B3P0 Sow J AL BEp i bl Hied hortf 1 Botentialy
cdusing deaiiv@idlivesipvhsho. Sithilartfi6bléth bre HeRSRUIE avivd kﬁm&ﬂe internal
housi ng 119. However, the internal valve sl eeve

valee ﬁl@pvqo passmllve avalableniiom SIMEnhsea Dillings ﬁY%chaarSaﬂ%e%lgld-Lock
Agﬂgsg%yp%éfﬁﬁggsed to pressure uplift 243 when in the
SUMMARY
The present invention is directed to a pressure-compensated flow shut-off sleeve
assembly that overcomes or at least minimizes some of the drawbécks of prior art valve
sleeves.
In one illustrative embodiment, a flow shut-off sleeve assémbly adapted to be coupled

to a subsea wellhead housing disposed within a conductor housing, which opens and closes
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possibly leading to ratchet failure and/or flow 143
through the flow ports 121, potentially causing
detrinental well washout. Simlar problens are
believed to arise with the internal valve sl eeve
assenbly avail able from FMC Subsea Drilling System as
the Rigid-Lock Annulus Seal Assenbly. SUMVARY The
present invention is directed to a

pressure- conpens ted fl ow shut - of f ssenbl
ot o Bp BB e GendeiRE howing iesaaeS N f@tw ofided. As used

hététawefé@éﬁnsotcoume@r“o@tqstey’atw& lea @@ \@S1ikd, ar®Aended to mean either
i[lustrative enbodi ment, a fI ow shut of f sl eeve

indirewsras| direstiggnnetiane Bbuss dfipifise davises coupjeBatone Spenmgcdevice, that
c&ﬂt@&lorﬁgm%}' ﬁ?gg&%hvﬂ lieP c hne AU tRfouBR B '1ﬁlﬁrecﬁ"€3rﬁtgctton via other

opens an east one flow port In
dederd we counebtous | Tig ﬂcrw dnmfmeew msg{mblyomluéesmndmed@d annular flow

ﬁg@g%ﬁ%egc e 5P ofeﬂear?"mk ean c&‘r Fior ?1’? 8%5 t eo&(r?r)g%n®§llnﬁ?g fousing and an
ektfhial eniulorflow sReatoft ﬂd(&jteCdlkpﬂjSed dtousd anfexterior rpsrtlmhewﬂ the internal
! up es" to Seco evi c nne on

S SO B CRITRL B 5GP SRVP o froveble axilly

réthWEQG iheORteViiaR il lovEldhat-6 8 S1eebe B&Q’S&F&r@ém pbbiioh |vﬂtyrem the at
shut-of f .sl eeve assenbly includes an internal annul a

l4astoame fitwpordisf opshde pandirshud gwaand @rdosed pesitien, wlflerem ‘the at least
oLt ] on ad housing and an '
og %léwr?a Sa(ﬁl}r)tg'sla H‘%ﬁ&ﬁﬂwﬁﬂg%ff sl eeve di sposed around
an ePitecintemnal pmntlllao floaf shutreffi sleavermby imohuedel alr lepstoone first opening
ut-of f sle The ext r
iy e 15 et G 1Bl Y S Y e B ot ome second
o@@tﬂﬂé aispésed thesditit 1rofhE opbrepositidng thaee teastrone (first qmtamgmf tthe internal
wherein the | east ,one of t 0 n t o _annul ar
oPq S RFlse e Loy AR wih i et i ep g pening of
R Extbind aﬂﬁﬂér flGw “shﬁ’tscﬁ’ﬂ sk@v@nﬂ'&”ﬂ@i clobed Podifich).thd tae least one first
I nternal annular flow shut-off sleeve may includ

dpesisg ob e mtem;d a i flay stutt@ﬁdt@ae tlaqetbétantwdtydmabgned with the at

er.nal a ular 1l S e at
1k 08 o SR Haeing 08 e Mekinfl fanRES M TR OBE LR 51 shearable
m&tntdna Rwhitih eecates | thaBiterah anftulmsﬂom [SE!lti-ctf@ sleévet tbdhe external annular
%g{ nay annul ar AW ?LF itk 1 vided. The shearable
usof; SIS TERRROFHTEY bRosiieny 47 alsf e providedy
RS hold thé Fiewakiesd atleevam liltllharopfati pmsdammhtgﬂmdm@vm least one
In the closed position, east one

BpEreIRy BRY PRETYSA ibsaah PSSP R agnnuiar fow
drft-Sif g%é@td ﬁtele)kt&&ﬂ‘ ahh@fetowi shi-dfh §leé’¢e afte® amhulan Quid has passed

second opening of the external annular flow shut-off
tﬂ;ltcelgh dhe bhﬁé@naﬁloev pert ead Heeflew siiiafh sleexes hake bgen moved to the

grnat annul ar fl ow shut-off sleeve to the external
%tﬂsr? PEMU%%| ow shut-of f sl eeve tenporarily in the open
poSi 1 @Acthersiludirattvebemprdinended. subken steassatrhbly including the flow

shut-off sleeve according to the present invention is provided. The subsea well assembly
includes a subsea wellhead housing coupled to a string of casing extending through a string
of conductor pipe. The conductor pipe is coupled to a conductor housing. The conductor
housing has a sidewall including at least one flow port and a support preﬁle. lThe support
profile supports the subsea wellhead housing and the string of casing. The subsea well

assembly further includes the flow shut-off sleeve assembly according to the present
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attachnment hold the flow shut-off sleeves in the open
position during |l anding. At |east one shear screw nay
be provided to substantially permanently secure the
internal annular flow shut-off sleeve to the external
annul ar flow shut-off sleeve after annular fluid has
passed through the at |east one flow port and the
fl ow shut-off sleeves have been noved to the closed
. positian. .. In another illusfirative enbodinent,..a
ingepoRa T\héwteraékwfaﬁowcffhaap%ﬂmeoff #FSCRRLE Stigposed around an
eﬁérﬁﬁ\é@rti%ﬁ%@fﬂi:slﬂgsethellH@adFHoﬁﬁﬁglt i nvention is provided.

The Subsea we assenbl .includes a subsea wel | head
housi ng coupl B 0) g
£ A QUG et ' G O%hereof may b
pi pé e bl an Bl £ A et Bl e A oo may be
adynited rigy heferringsitdethml follavdhg ddesgipgion| kst mneohjupwtion with the
ort and support _.por.ofile. The s ry ..orofile
Empree SratBaoeaaRe e emo Seti A e N8 g fforgmoe mumerals
dﬁfot&?%&ﬁﬁst fihfe SLNMRRA theakdpectdigefetnye fumndrhle appeac, witbesin:
the flow shut-off sl eeve assenb]y according to tftle .
pr oo b seheretcriby, iloafiates i BRANiaal RGpiigaar gy of @ conventional
wQiead SRENE siRfwih§ heaSREAEY 04 High-Hi5as @ElliRh@ WOGkiR) with flow
S@)%%geﬁgoﬂrea%%)rti on of ?hg_ subsea vvé_l ead housing. BRIEF
pDESHRNRAY OreroH VENE sBRAINNGSPAN pesitisinet e under st andi ng
of the present disclosure er 8o '
e TAGREIFR By Rl T CoE eREMALHRRE R EacliR clstomer
séahkieswil i Riguee uncti on with the acconpanyi ng draw ngs,

in which_.the |eftnpst, significant digit(s) in.th .
ror RBHER ATRERFD bRl s PR NRpARL SRatop view of e
' cBiNieGhoral ubises RedhiadesysRines EFigarery REMhaflGw PPfE alosed and the internal

wherein: Figure, | schematically illustrates a
velyagleevedn dglosedpesiial vi ew of a conventional subsea

wel 'ﬁg&é 3SR MiEattN 8 14:RREkAS seftichalVigh- o £afdéLwellhead

wel I'head housing, Wth flow ports open and internal | )

systtn acirding to vanioanembpetimpnts of & methodiandp devige ¢fithe present invention,
nl arged,vi.ew of the extern e

By IR LB & i SR el RS URy T HOPGEER cnd an

inehBRnuRa by shil-668 tleafeamdanekieaial hmirtflaci shat-off sleeve in an open

sectional view of the conventional subsea well head

M@P’ém of Figure 1, with flow ports closed and the

I nt eﬁr}g@e4 seRbiigcal1§ M Estiates An6thOS Rl gi@Bhd] isedtionkd gleiveofSthe subsea

schemati cal | ustrates a | ongitudi nal sglct i,gnal

wilbanibsysiems ab Figireial 1578 dending, sndetpsighationarinGe tistypresyr wellhead
FERR0, 062 1 ThAPEOA0 008l Bl S v
ineh opeegbsttmwnsi ng, with flow ports open and an

Figure 5 schematically illustrates another longitudinal sectional view of the subsea
wellhead éystem of Figures 3 and 4, with flow ports closed and the internal and external
annular flow shut-off sleeves in a closed position.

Figure 6 schematically illustrates anothet longitudinal sectional view of the subsea
wellhead system of Figure 3, after landing and installation of the high-pressure wellhead
housing, with the flow ports permanently open and the internal and external annular flow

shut-off sleeves in a permanently open and/or disabled position.
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i nternal annular flow shut-off sleeve and an external

annul ar flow shut-off sleeve in an open position.

Figure 4 schematically illustrates another

| ongi t udi nal sectional view of the subsea well head

system of Figure 3, after landing and installation of

the hi gh-pressure well head housing, with the flow

ports open and the internal and external annular flow

shu r
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4Pt ng a

An internal annular flow shut-off sleeve 324 may be secured to an exterior portion of

the subsea high-pressure wellhead housing 319. The internal annular flow shut-off
sleeve 324 may have a plurality of first openings 350 disposed therein. In various illustrative
embodiments, the size of the first openings 350 may be in a range of about1 inch to
about 2.5 inches in diameter. In various exemplary illustrative embodiments, the size of the
first openings 350 may be about 1.25 inches in diameter. ' '

An external annular flow shut-off sleeve 323 may be releasably modnted to an

exterior portion of the internal annular flow shut-off sleeve 324.- In various illustrative
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plurality of flow ports 321 and a support profile 340,
the support profile 340, for exanple, supporting a
support el ement 335 secured to an exterior portion of
t he subsea hi gh-pressure well head housi ng 319,

t hereby supporting the subsea hi gh-pressure well head
housing 319 and the string of casing 320. In various
illustrative enbodi nents, the S|ze of the flow ports
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annul a I OW S of f_ sl eeve.

SraneShin SRt et oty IRETu e s HimBRS g of the second

dpeRink NS B disposed iahaextem@larmblat flotkfshutsdfe eléeve3?28. mdBe substantially
shearabl e attachnent 322 rmy i ncl ugﬁbé)ne or ,nore shear
the samaney sybseptally sighlap e the s fafpsrfiret epenings S0P Yspesed in the

iR adia AWM RER-dF BRIV 24 B G&ioul ANuLHAND leﬁbodlihents, the size of
various illustrative enbodi nents, for exanple

botie thedfirteandt seeasidmneninge 5 thand 35c resprstisely ARy bE é @n@ rangc of about 1
d
1H%ez{bg&{]2 2 ﬂ{%ﬂ% 1?' %réeg% fnng"t Lgpsgéfem}fa{agnﬁ{s{g&é\%gelﬂl?o@dﬁnén?s, the size
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HBEIEr si x shear pi ns and/ or shear screws; each capable

of  Fheaktbmal MinuRP A BaOSf BREER3 (thd3she plbvie agally relative to the
reqU|r|nq a total shearl%ngoree of about 13,53

oW Bi-aR ATBYT2 T Al SRE%er g PEARES A¥lhragpousing 310,
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openi ngs 355 di'sposed therein. In rious illustrative
whéreidi the plusality loé ﬁsstp@emnga 15 cﬁéheo interngl emhwlgs flgwsshut-off sleeve 324

S TRRES1 a0 AT R A e 18 e R e

%b@sh@roéff ﬂeeﬁeﬁ% Sé)ﬁﬁs@ﬁ thehguralifysdf fpepordB32 136l a closed position, as
I sposed in_the
show% in Figure 5, wherein the plurality of first openings 350 of the internal annular flow

shut-off sleeve 324 are not substantially aligned with the plurality of second openings 355 of
the external annular flow shut-off sleeve 323, closing the plurality of flow ports 321.

For example, as shown in Figure 4, the running tool 339 (shown. in phantom) ‘may
cause a skirt 441 (shown in phantom) to press down on an ear 429 of an actuator sleeve 428,

causing the actuator sleeve 428 to actuate an actuator rod 427, causing the external annularl

8



internal annular flow shut-off sleeve 324. In various
illustrative enbodi nents, the size of both the first
and second openi ngs 350 and 355, respectively, may be
in a range of about 1 inch to about 2.5 inches in

di aneter. In various exenplary illustrative

enbodi nents, the size of both the first and second
openi ngs 350 and 355, respectlvely, nay be about 1.25
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embodiments, as described above. This arrangement further allows removal of the shear



axially over the pair of seals 425 and 426 to cl ose
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through the flow ports 321. Such an internal annular flow shut-qff sleeve, without any

openings therein, mounted to a portion of the interior sidewall 331 of the conductor
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pressure uplift 543 when in the closed position, there

is much | ess chance of a ratchet failure and/or

return of the flow 443 through the flow ports 321,
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ordinary skill in the pertinent arts having the
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described illustrative enbodi nents of the present
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of the scope of the present invention. Consequently,

the present invention is
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intended to be Ilimted only by the spirit and scope of
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Sl&‘ﬁ'ﬁ?gsl?f’fre Stﬁ%@gsed 0#11‘8 ‘open position, and wherein the
at | east gne fTHeslovopianiofifsiasve tabsembiyt mcnalingatmclhim 2, wherein the
fl ow shut-off sleev S sybst aniﬁ i al.l.y.nonal i

extpraala pnpulers flown huwdoth §gevnh |°ﬁba of | eeing, lsg%%{' in 4 sugstantrally
p@IRHLAy dpeft WosifiSH! wiRteln the @EMsst ioRe FiR® ofdr@fpest the itérhalmnnular flow

shut-off sleeve is substantially aligned with the at least one second opening of the _extemal '

annular flow shut-off sleeve.

5. The flow shut-off sleeve assembly according to claim 4, wherein the
external annular flow shut-off sleeve is secured to the internal annular flow shut-off sleeve by
at least one shear screw.

6. The flow shut-off sleeve assembly according to claim 1, further
comprising a pair of seals disposed between the internal annular flow shut-off sleeve and the

external annular flow shut-off sleeve, wherein one of the pair of seals is disposed above the at
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4. The flow shut-off sleeve assenbly according to
claim 2, wherein the external annular flow shut-off
sl eeve i s capable of being secured in a substantially
permanent|ly open position, wherein the at |east one
first opening of the internal annular flow shut-off
sleeve is substantially aligned with the at |east one
second opening of the external annular flow shut-off

leaStl 28 ¥Rt openind) End {he\Withbt the bhir 8F RaMEs &Sf&ﬁ@b&oﬁ&ﬁ@ﬁtdéaﬁgone first
to claim4, wherein the external annular flow

opghig.- of f sl eeve is secured to the internal annul ar

f1ow shug-of frgl ?géfleshmloff Heet EAILMPAPCcSRERE 16 AW 6, Buherein the
The flow shut-oft sleeve assenbly acCcording to claim

pait of Saalstdomprisesargmii ofiChgings. pai r of seal s di sposed

bet ween the inaternal n - sl egv d;

the extérnal ?ﬁ\%ﬁfﬂ“ééﬁ;&r Loftv%gqgg% E)‘I\CQ)IE?YH) y eag@er?ﬁghgr gllaﬁﬂ L, further
coRPflsiff aklhargdid dttachimemtawbich seottes st rad aweulathfiovashut-df sleeve to

| east one first openpi and the other of .the pair of
thesiatopas Aanilr 9t L B ISSYS ek PPPBEPeB RESIFFY o

openi ng. g7. Tirge FAWY shUSSE Olidevs | BeEblpsResting to claim 1, further

according to claim6, wherein the pair_ of seals

a

I
compriping gv sctyatpnmeanst ad@:pt!eql ﬁglge ccglpleﬂiﬁ@ RS0} angkadapted to engage
th% lgﬁ,%\};/nsl A3SALP hﬁwa&%g—}ﬁfg" %%VE oc?] UagleMt o &ﬁ\‘é B&GIly between the open

Sing a sheara tachment, which secures’t he
positiog afidithe @lused positidnow shut - of f sl eeve to the internal

annul ar flow shut-off sl ein.a or ak p .
posi 11 0n100. FAE TrcEnt syt SePubbiRabdie ffiim o, wherein the

acBfafe? ntHaAgcdrprive S hiackuatdrisldehe having apedr svitich iarngaged &Y arskirt of the
means ada&t ed to be coglgl?ﬁd to

' | d
roEa £ 200 % AGABIT T HPVBIER dp R SCLE S i Ry fhe exteral

LRuGAES&el . tO nOve axially between the open
ar%&@???\gn and the closed position. 10. The flow

shut - of f 14} eeviesubserentl] asserally cOMPESIBE cl ai m 9, wherein
th t uat ' | S
LS TESR SOMRSGIEE Ry L 8 or e

havi ng an ear whi ch s eéngage .
r UnnixRgidin@Ghroapld aatingadf wahductor ibe the pbedictay piffeecoupled to a

act uat or sl eeve, i ch en es the, external,. annul a

FF ovpoS RIS Bl ot 5n G100 ROGIIBY A ORI e 2 east
CONMPEeSAdi porkt afidl RSBFporEHbIiRAthe Rapirngrofilklpppsitihg tie subsea
string of casing extending through a string of
condvwelitsad peusing and dhe{HpR RGBS pe coupled to a

conduct or housi ng, & heeGaNdGiafflofQHHLITPs1BAidgosed around
sidewal I including at | east

an exterior portion of the subsea wellhead housing; and

an external annular flow shut‘off sleeve disposed
around an exterior portion of the internal annular flow shut-off sleeve, the
external annular flow shut-off sleeve movable axially relative to the internal
annular flow shut-off sleeve and the conductor pipe sidewall between an open
position, wherein the at least one flow port is open to annular fluid flow, and a
closed position, wherein the at least one flow port is closed to annular fluid

flow.
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one flow port and a support profile, the support
profile supporting the subsea wellhead housi ng and
the string of casing; an internal annular flow
shut-of f sl eeve di sposed around an exterior portion
of the subsea wel | head housi ng; and an externa
annul ar flow shut'-off sleeve disposed around an
erterior ﬁortion of the internal annular flow shut-off
sl eeve, e t er nal ular, flow,shyt-ptf sl eeve, .
rovabl e 1 al ToF Frch oL ergmbhecri DR faelin il FFe g, inemal
anIMH AR Ishol G ¥Re AN Eorh ;%\eseg NGt ohe MbtPEpetingemBiosed therein and the
bet ween an open 03| ion, wherein the at |east
extenalprpslar oy pr% Slsevariampsisest IFag 0nF BwondARFIINE Gpkpseditherein.

posi ti ony; wheggl E‘ub%Fbew@ﬂ f%&@b %E@rd{d Wdﬁﬂl’htlﬁ SwHeteds B at least

t o annul ar flurd bsea wel
onafisst opéningctthe aimtngal annolan ﬂnwbhut off eleesieris sttb@tanmlb’r aligned with the

nnul ar fl ow shut ee
ot Rt et AGSUTS pOLESRERE) SRR " O oAy BB Bpen positon
an@RWHekedh thd eleaftubneofifst SpafML ol mmm@em aﬂhulhxeﬂsw shneoff sleeve is
second openj ng, di.sposed.t herein.

UREIUALY PORIEDRANIE e 2 o Ane SecqrFI RS HIE (e, pp L poalar flow

sh@t]:tﬁff&bév%tm%edﬂéd@ﬂpeéltléme i nternal annul ar f' ow
sleeve iS substantially aligned with the

| east oﬂé sedbn @ubﬁp%meﬂ @sssmbbhaccesdingtp é:lalrar{@upvgpreg{ the external
q gg\&% %%’lge'}e 18 c%éab?eome %f’énEL'lrg {.ner %%ta%ﬁ{fﬁéﬁn‘é%ﬂy open

Fst o ann
posxThbﬁvw\rlsdreih -thd ﬁt 1ea\se enefitss opanigsdfahe indrhal anowlad flgwebut-off sleeve is

he at one ond o of t ext, a
sugﬂ Fligp {heoqtf Isegq%eogg ese?q,pr&t ﬂ;gen&g ol gwp%xsl uri]l !mnular flow
sh@:fleffﬁé@chUbsea wel | assenbly according to cI ai m 12

wherein the external annul ar fl ow Shut | eeve,
capabl e df- beilhg subssamel asempl %%ﬂﬁgid&}&'ioa"l? {4, Shéiein e extemmal

ar@ﬁfapﬂe'@%hhtyof? Ql%?k'c P Q&dutddaD theVARERI Bndult® fRby §h‘ﬁ@§ff s@Re by at least

I'rst opening o he internal annular flow shut-off
orelshearsctew. substantially ali gned with the at | east one

second 0 ni n e sy §u§)srée v{?e)ﬁt e% s% m[#ﬂ I?%Cfélﬁ lslhlfﬁﬁl:%fr comprising a

sl eeve. T cor
pé:h: af Béals%mp‘&@ﬂ Qjegvdeh ethﬁ Xﬁtemmlahnnum’l rﬂd\xashlft-loﬁ/\slséuﬂ andf the external
sl eeve is secured to the jntern nnu
srgh{3E ST ShF-SEMop RETP RSt PabAG SETb SRl FDoYE andypglow the a
1e24 RAE FirdBhd sERRE FBENnBCEHPLA SintOdibRetet 8f (he lritemﬁlud’.rinbfai' flow shut-off

conprising a pair of seals disposed between th
Slpeveand athersim thenaxtemalvgnaniar Sow Shutagonierva it adatsdds slide aially over

the pair of seals to close off flow through the at least one first and second openings.

.:‘(D

17.  The subsea well assembly according to claim 16, wherein the pair of
seals comprises a pair of O-rings disposed on the same diameter of the internal annular flow
shut-off sleeve so as to make the pair of O-rings pressure balanced. |

18.  The subsea well assembly according to claim 11, further comprising a
shearable attachment, which secures the external annular flow shut-off slleeve to the internal
annular flow shut-off sleeve in a temporary open position.

19.  The subsea well assembly according to claim 11, further comprising an

actuator means adapted to be coupled to a running tool and adapted to engage the external
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annul ar fl ow shut-off sleeve, wherein the pair of

seal s is disposed above and below the at |east one

first and second openings on a sanme di aneter of the

internal annular flow shut-off sleeve and wherein the

external annular flow shut-off sleeve is adapted to

slide axially over the pair of seals to close off

fl ow through the at |east one first and second '

' ol

wnPE 508 b 08 o UISES, WS SRR, BEERL U500 st on and e
cloged positiongs di sposed on t he sane di ameter of the

g i O 3 B

meivd! doniniseydnl acthme Glediveaving an e:alr mhic’h is Bngaigldby a skirt of the running
conpri sin she bl e attach i.ch secure he .
toof SREh aFUARNTALOUE VP SHLACCGIH TPt DTG HRESS (F Gled annuler
floR A §E sitd@W shut - of f sl eeve in a tenporary open
position. 19. The subsea well assenbly according to
claim 11, further conprising an actuator neans
adapted to be coupled to a running tool and adapted to
engage the external 14 annular flow shut-off sleeve to
cause it to nove axially between the open position and
the closed position. 20. The subsea well assenbly
according to claim19, wherein the actuator neans
conpri ses an actuator sleeve having an ear which is
engaged by a skirt of the running tool and an
actuator rod coupled to the actuator sleeve, which
engages the' external annular flow shut-off sleeve.
15
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