e3ekfnghAJ|k6 kTk[jla = ~ 4 SFP 2002 APPARATUS FOR USE I N DRI LLI NG AND
COVPLETI ON OF SUBSEA WELLS This invention rel ates general ly toOaﬁqua?mﬁ
~for use in drilling and conpleting subsea wells of the type in whic

bl owout preventer (BOP) stack is positioned on a floating rig and is
connected to the head of the well by a high pressure riser. Mre
particularly, it relates to inprovenents in apparatus of this type in which
the flow of well flui e tubing/casing annulus within the wel

and equi pment above JMMMMMMWHWMMWiS controlled by valve means within the
passageway nmeans in the vwabddiead, and, if desired, in which operating fluid
to or froma downhole function, such as a tubing safety valve, flows
t hrough a passageway neans conduit connecting to a subsea Christrmas tree or
a production riser connector |leading to a surface tree. In apparatus of the
type in which the Christmas tree is instead installed on the well head so as
to produce the well at the subsea |level, flow between the tubing/casing
annulus and the tree is typically controlled by an "annul us safety val ve"
installed in passageway nmeans in a tubing hanger suspended within the
wel | head ArousiaTgs See) uker 14 DRALAIBEPAROOCeMpIRT eoN WIS, s Fag ehtwMNoss
5,143, 158 and 5, 687, 794, both assigned to the Assignee of the present
Application. O her downhole functions, such as opening or closing
subsurface tubing safety valves, are often controlled b g fluid
transmtted to or exhausted fromthe val ves or other mwﬁwﬂ“ ough
addi ti onal passageways within the tubing hanger. In t g and
conpl eti.on of a subsea well of the type contenpl ated by t his&s§ nventi on,
relatively | arge dianeﬁer, | ow pressure drilling riser is normally used |n
the early drilling stages, and a relatively small dianmeter, high pressure
production Filer is used during the installation of production casing
and/ or productlon tubing, the use of snaller _dianeter risers of course
reduci ng costldis mMensionoislaespeaneably t9canpatadisoior skiedn wrillingaand; ermpletng | head
housi ng, without resort to large dianeter production risers, by landing a
© smal | diselrset evellproddiee typenintwhich@ blanger pienexaes(Ba@Bbsthcistsa;bdséhbnnd tonin t he
bore of the well head housing. However, because of physical restraints, it
woul d bélobtimoOsigi d€ist@nnected to the head of the well by a high pressure riser. More

particularly, it relates to improvements in apparatus of this type in which the flow of well
fluid between the tubing/casing annulus within the well and equipment above the wellhead
is controlled by valve means within the passageway means in the wellhead, and, if
desired, in which operating fluid to or from a downhole function, such as a tubing safety
valve, flows through a passageway means conduit connecting to a subsea Christmas tree”
or a production riser connector leading to a surface tree.

In apparatus of the type in which the Christmas tree is instead installed on the
wellhead so as to produce the well at the subsea level, flow between the tubing/casing
annulus and the tree is typically controlled by an "annulus safety valve" installed in

passageway means in a tubing hanger suspended within the wellhead housing. See, for
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“-control the flow of well fluid in the annulus or the flow of conga'gl @?
operating fluid through the tubing hanger. In accordance with th 05 ZUOZ
. aspects of the present invention, a well head housing adapted to be
“installed on a subsea well has a relatively large dianmeter |ower bore
portion and a relatively small dianeter upper bore portion which provides a
rel ati ht byt f i | ower ed
it o ant T BT Ry Nor el Fory o S PO ot R b % 19t 0
suspend a producti.on ing string wi.thin the well, and a tuhing. hanger is
adapt eé’r‘ESSgtbgpﬁb‘iﬁgP%daﬁ?rog O;lea HOmw SHTthaY PREHEoYr 88?3?% 5%“&?691 of the
wel | head housing in order to suspend a production tubing string within the
2  ~ Aubippsalgtyovalyesderetafisn C@agpﬁsd by opergting/Bluid wansmitted ter oryexbapstedhor t i on
of the well head housi ng which surrounds the upper bore portion is

suf fi cifeomt Ithe tvhlivek ot lodier faseams vwhsough cadditivmgl passagedy/ayhevithim the arbirmg | ower
end connecting with the annul us between the casing and tubing strings and
an uppegangditd connecting with the upper end of the wellhead housing, and
then with a tree or production riser thereabove, and renotely operable

val ve means i I .t EM@¥ : OW

bet ween theIgﬁ%h@ﬁghg%ﬁafhggﬁgggfﬁghgﬁ%%a? e mé&fﬁ@gégﬁgﬁ@P%éf%y #gover,
addi ti onal_..passageway freans may extend withi.n this relatiyvely .thick wall of
The hodleRgBRcS PR, MBS et Thoh et Hlnk Aol s SoRaeliCska di6E Wi
conduit extending through the annulus and through which control fluid may
f1ow t GalpATHEE stagehrad ¢ relatively small digmetespiighy Prsssuse ROAUCHARTIST & Wethct i on.
Tubul ar. menbers known as "spool s" are often installed on well head housi ngs
when i wdufisg descingtatlatian efoprotiettionorasingrandios prodvstiowr binghtimnysectftsmallehi ngs,
they add vertical space to the wellhead. Additionally, they assist in

resi st idirgndienslseng offeb®rE Fedutips skt Thivecoudd Ipbags bélattomplished héthspool s
have the sane LD. as the bore of the well head housi ng on which they are

i nstal lspgle WollRGE HoHARE Swithdu radost (GhrgR W Bhet@SHRALctRIN s, bg\r@mx&ga@, ‘the
wel | head housi ng i ncl udes a casing head in which the | ower bore portion is

* formed sﬁ;é'lg dallglrﬁ,%:bg%&\{zﬁ%&%@g l-%.g?&e{n L%Ae@@ﬁﬁﬁyzeﬂ% 'aﬁtgg%orél%?v ethe

casi ng e portion i s torne in which the

tubi ng _h er,is.landed aboye the casing.,hanger. 1n th r.ef erred and
1T st PRIBERG ABGiE e RO 5P <R HESHHE GR APUHCELFoRT RS, it Hgquld o6 dpoteiilp oS
di ameter, |low pressure drilling riser is |owered onto and rel easably
connectagrelothe Hlow gpavellefuidoin theangulis o5 the dlaw pf Fetrol o | apgrating flwd d
| andi ng of the casing hanger therein, and

through the tubing hanger.

In accordance with the novel aspects of the present invention, a wellhead housing
adapted to be installed on a subsea well has a relatively large diameter lower bore portion
and a relatively small diameter upper bore portion which provides a relatively thick -wall
thereabout, a casing hanger is adapted to be lowered into and landed within the lower bore
portion of the wellhead housing to suspend a production casing string within the well, and
a tubing hanger is adapted to be lowered into and landed within the upper bore portion

of the wellhead housing in order to suspend a production tubing string within the



-3 0 4 sEP Zoos a second, relatively small dianeter, high pressure
drilling riser is lowered onto and rel easably connected to the updbM SE#T@@
-the spool, followi ng |lowering and | anding of the casi ng hanger therein:. 2
“tubi ng hanger has passageways whi ch, upon | andi ng of the tubing hanger
wi thin the spool, are aligned for connection with passageway neans in the

spool  thsaiabn Wish steiap! Mbref Jaeich1aRY, tRABSHIbR 00 khel WelHead %BMH% hghidginct i on.
I n accordance with one enbodinent of the invention, wherein the well is to

be produc [l S - I t iser is
et b el G e A e R e G S
onto and rel egasably connected to th pper .end of the sppol, upon |owering
and | arfBFRE Bpmes Wbﬁnﬂgcqﬁlaﬁﬁ@rg PGS oyt getpya?rt it-%u?aémgy%ndt hdigans. f or
rel easably connecting the production riser to the spool includes a
connectstingsadg ah appargng aswmgtng yithsbagpreo end ofithe wellnggdthiossingped therd of t he
passageway neans in the spool with a conduit leading to the surface. In
accor davige awtdeloraitodiction Mer wRreabbed]iaig remofelyt bserably otk aeanviiedyebe t he
wel l* is to produced at the subsea level, a Christrmas tree is |owered onto

and 1 el;pagiaddl ¥ (ROPRELEREy h2ahd'@ RRBI 1160 DeRlceh e SRARK ah@klOWiRP e gMOVal  Of

the high pressure drilling riser and [anding of the tubing hanger within
t he spaogl I cul gt | Chr i i .0qt.he spool
by o coniPaRaRROEL Htebnel AR atobA He Ry e B WASH SR AT, 2

upper end .of the spool —passageway neans with neaps a,valve contr.oll ed
passagefid Ve "Fﬁg V?q?legf B1"nh‘%“\%glgd 2FHIRGE!, COpRIReRt ﬁB?Yek@er‘EﬂpéFéﬂ St Heracters
are used throughout to designate |ike parts: 4,0 4 SEp ?00~ Figure 1 is
2 ver t iheaping Bl o aRdut edersling roeeh e anhig 288 dhioas MEIROFPTSHARER Us
constructed in accordance wth the present invention, and show ng a casing
head | angleflow tbltontrel < safetyotabre fooulse ndpiriget @thératbvathokr fmacwbict or casi ng at

t he subsea | evel, a casing ‘hanger |anded within the bore of the casing head

to suspend aribular afefibe AMNRUMSE " fdd 1sMate d fentifkeal 0 BE Wel 1R Rtk gs hes oduct i on
casi ng hanger | anded within the bore of the surface casing hanger to

SUSDEN: M RoRLOY PR UAD bl S G0 R o
on the s%gcpeetro #e Cévellhe:ad. Additionally, they assist in resisting bending moments imposed
on the wellhead. Normally, the spools have the same I.D. as the bore of the wellhead
housing on which they are installed. In accordance with another novel aspect of the
invention, the wellhead housing includes a casing head in which the lower bore portion
is formed and in which the casing hanger is landed, and a spool above the casing head
in which the upper bore portion is formed and in which the tubing hanger is landed above
the casing hanger.
In the preferred and illustrated embodiment of the invention, a first, relatively large

diameter, low pressure drilling riser is lowered onto and releasably connected to the upper

end of the casing head, prior to lowering and landing of the casing hanger therein, and



~of the casing head; Figures 2A and 2B are of the upper and | ower portions

of an apparatus simlar to Fig.l, but upon renoval of the drilli ng'gr'gzﬁp
-fromthe upper end of the casing head and | owering of a spool suspen 2002
“froma high pressure production riser into |anded position on the upper end
of the casing head; Figure 3A, 3B, and 3C are vertical sectional views of
upper, aneesniedelatvely andlll diwmetepohighopressafe apliiapatsds iadewedd nhté antihe

second descri bed enbodi nent of the invention, upon installation of a tubing

hanger Ldjessdisly %&&gggd&&m@r@h% &dtéaﬁg&r@g%,%lmgwéﬁ ranQfladdi 6f\nE! OM

above the spool, I owe mas tree i1 ntd connectton with the
upper end.of, t he 00l , ~and .show n he bore of the,tubin ange

connect fﬁﬁlg\/\?afnﬁe’i/%%? ‘cgﬁf ?'btil?%gna%%§i%§8ﬁ§&e“faﬁs PR, PRen %&gﬂgg?fr Beoduct i on
may be c%ntrol | ed at, the subsea |evel; Figures 4A and 4B are verti cal

sect i onBIPIE Rapgerovitiin dhe snoeh aamalignstder RacCton WiKEPasHEsVAY RE2BE HDWEI ng to
the alternative enbodi nent of the invention, wherein, as in 5 ~~ 4 SAP
?~, ~Z Fimpol Smougha@hich lventreibiluid thaynpess thas fogen dbwnitde fuartivhe spool, and t he
hi gh pressure riser has been renoved fromthe upper end of the spool, and a

hi gh pressuri picoflideidd @ithrdnsmbtasmbeedt thowekstod, WiRrdigltkasall i€ s »enect i on
with the upper end of the spool to enable production froma bl owout

pr event t = o N i i i

P bpar ot proddted gk CAAGmHE M LPuD chfp®, Hedpondiicl: ORovgalRIA o
6is a vel gped vi ew of .the interface hetween the, s | and | end of
Phe confiEt Bttt Podicnb Bk Rch AR S I BRR ciReee il Or
riser af-Fig.4A,. as seen al gng brokep lines 6--6 of Fig.S and show ng
connect FRAFE %Béto&éwpﬁaﬁ %@%3&‘3@%& 20hlengiig 9f Ak Bbing hapBELHErRe AW t o t he

details of the above described draw ngs, a conductor housing 20 is shown

i n Fi gspartiewyady,tthe meansifor reldasably ponneetingihe prasietier risgr toWe spewrinduddsng
extending into the wall, and to have a casing head 21 | anded therein to
suspenda ecoanediac bodyahianigg 2passadelniay ineensc ford oaineetingashenappdberd pefr thecul ar | y,
a collar 22 about the head is | ocked down on a seat 23 in the housing 20 by

- I ocki ngpfadddetvag ndal@ e MRQAYE0] VAR 2CRUULP 18R ¥ hnbasrheen | owered into the
conductor housing by neans of a |ow pressure, large dianmeter drilling riser

26 having a GPRAGHEALe with 3R altbhatiWEMbSahehfLERS NNt GRWEEERANL Yell
is to produced at the subsea level, a Christmas tree is lowered onto and releasably
connected to the upper end of the spool following removal of the high pressure drilling
riser and landing of the tubing hanger within the spool. More particularly, the Christmas
tree is connected to the spool by a connector body having passageway means therein for
connecting the upper end of the spoo»l passageway means with means a valve controlled
passageway in the tree.

In the drawings, wherein like reference characters are used throughout to designate

like parts:



"t he upper end of the head suitable drilling tools are of course | owered and
rai sed through the spool head and riser to and fromthe well borepdg:@g

:the drilling program The connector 27 may be constructed in accord 2002
with U S Patent No. 4,902,044, and thus includes a normally expanded

| ocking ring 27A which, when in its outer expanded position, permts the

lover end of Fidiee | iSEWelkiCallRcHiHAR RV W§&sé$&iﬂﬁ??&?§8mpggtéﬁ§gﬁar§% end of

the casing head to dispose the upper and | ower k | ocki ng
ring positions osiie gr s _about the |lower,end of the riser and upper
end of _Faneroas REERBtRSeoHTR Wi a Ry pepfon 388 ohGie ot Hepd osfg of "t he
connector may be lowered to npve the locking ring inwardly to the position
in Fi g. MR §RpRdvcior howsing instalied giudr cosductas Caskng #tithe pubser {eﬁel, a#85ing head,
and causes a netal seal ring MSR carried on the lower end of the riser to
be seal hiriggr Bndedyethinithdbare af thewcasiag beadoo stbpend adurfede dabieg atringrveithibor es  of
the riser and casing head. Upon-landing of the riser on the casing head, a

sur f acetheCaatit@oNaRBRl a 2oucton QL Harigat danded vwHtndl @t Wire af SHOLUARE i n the
bore of the casing head to suspend the surface casing 28 suspended

therefrgmﬁ@' | asi g ; ' hg- casi ng
hanger 28 |SB%$1W§I\J/§\A§?£%H%§@C§%§ ‘%g‘#ggﬁn‘g%“?ﬁgprﬁ%%&:“i%ﬁ%?’t JFﬂdnat he bore
of the cgsing head to suspend an i,nper production .casi within.the
ourf ace ToE 0TS R Rimiite RS e B P ARl eTRe BhsF B hanger
carries an assenmbly for lowering into the annul ar space between the hanger
and t heSbhBeeagpe tRgd casi ng head to seal therebetween, as weld as for

| ocki ng engagenment with the bore of the head for holding it down within the
space. A tubgigareswr@vqo%amfdhe apperiagd tloner pastienseaf anrappanatus shoilas tof t he
casing head for landing on the upper end of the production casing hanger
and car Figels tatupabtetnovar bfihie inlliny rikercikornghé uppértdad oftihecdstgeheall anle casi ng
head. Upon conpletion of the drilling program the |ocking ring of the

connect Rivefifgiof a'sBbSAa§R—nlQ REMMN high Peesk@W PERZELA Sisérl iR larfdifRsiRn
retrieved with the connector the upper end of the casing head. 7 Q 4 SEP

» ~~p~ Asor?%‘(’)‘@gﬂeﬂeﬁ df dre &iﬁgrﬂg?ﬁtor 33 on the lower end of a spool 30 is

| ower ed connection~w t he upper end of the casing head. The

spool is in turn | egsab connect ed by. a .cannect.or 31.to the | ower end of
2P oh pr eashibte SRuFR RrbiCear aricH] rergoRslcaPve 3t Uapthn R EANEE A0 0s) and
32 may be generally of the sane construction as on

lower portions of apparatus according to the second descriged embodiment of the
invention, upon installation of a tubing hanger in the spool, removal of the high pressure
riser of Fig.2A from above the spool, and lowering of a Christmas tree into connection
with the upper end of the spool, and showing the bore of the tubing hanger connecting
with valve controlled passage;avays in the tree so that production may be controIied at the
subsea level;

Figures 4A and 4B are vertical sectional views of the upper and lower ends of the

apparatus according to the alternative embodiment of the invention, wherein, as in



~another as well as to the connector 27, connector 32 differing primarily in
havi ng passageways fornmed in its body to form continuations of pqu%gemay
.means in the spool, as will be described to follow. Thus, as shd¥n’ gbﬁmn
“connector includes a normally expanded | ocking ring which, when expanded,
permts it to be |owered over the upper end of the casing head or the

spool , a%shiAe. $@ e HYndRangaths BR¥E dardiéd 3n BRMGbSINGnd &E%@Qﬁeéesﬁﬁgeageon

position shown. The casing head 21 with the spool 30 1ns

forms a,"wel|h ousing" as that -termis used.in_the clains.and other
por £ onteseep gy e hultr 5P of Wit ek 57 Sl pienves propEi Rt
particular]ly, the spool has_a bore 40 as_ well as an enl arged counterbore
bore 41ha% biendowerzgd inteygleasablenconretion Hathstee sppstsendmfrthe spenl to1eaablgper end
of the casing head 21, fornms an upward continuation of the relatively

enl ar geprodietimst Fomzoblewbttr pravdnterhas thasunfiarehead. As previ ously descri bed,
the bore 30 of the upper portion of the well head fornmed by the spool is

t hi cker thanFighte £0 Adro@decticiabiRiv dOME ApReitul asdeh aivng bdi@ndes sgshead.
The spool also has a tubul ar extension 42 at its |ower end which extends

downwar g ¥iniedte9ed NGr appgr end of the casing head bore above the bore
pr ot ect or 128A, gzfnd \/\h’?%h carries neans 43 about it for seal ably engagi ng

with the borg. of the casjng.head. net seal ri 44 i s.carrie t he
over ond_ or Fighks & SRleBr N o he JRtefine et ¥ shoor g Tdlessd 85 | e
spool fqr seal ably engagi ng, seal surfaces on fhe opposed ends of the bores
of the %@éﬂna??aors%g&ﬂgmm%ﬁe&?ﬁ@éﬁ’a&-géﬂt@e ROGERFIEhekE 4ot i on on
the casing head. In accordance with the novel aspects of the present

i nvent i 88N aldng bypkasl lines $-Sacfsbigenend shearing sonnegtiensdichveennassaigawes donnect
at its lower end with the bore of the spool extension 42 and at its upper

end w tthepmdSfagsway nmeans 52 within the connector 31 |leading to a conduit
53 nounted on the connector body for extension along the side of the riser

to connect Wigith ffdrbrite! Rwe NiheUetARNGY Rk Whodd déRAb&LAARMEEs! 8\¢Bhduchsr al so
shown in Fig.2, another passageway neans 54 extends within. the spool to

comee i URELS Bl ) ABSSIRENRY PRNS,HE L SIS Had Lapgnect o

31 leading tto a contr he connec dy. The
Lover Bl PR T H5 ) NS0 VBB G SR 0D,
cam ri ngas?n%dﬁ[ Q;Jt?ﬁnnt?l\e/icggdtfc?o? c:lag1(r:1§| n oxtei Qa?rtigt]:larly, a collar 22 about the head is

locked down on a seat 23 in the housing 20 by locking parts 24 thereabove. The casing

head 21 has been lowered into the conductor housing by means of a low pressure, large

diameter drilling riser 26 having a connector 27 on its lower end releasably connected to

the upper end of the head suitable drilling tools are of course lowered and raised through

the spool head and riser to and from the well bore during the drilling program.

The connector 27 may be constructed in accordance with U.S. Patent No.

4,902,044, and thus includes a normally expanded locking ring 27A which, when in its

outer expanded position, permits the lower end of the riser to be lowered onto the upper



t he connector 31 between opened and cl osed positions in response to the
supply and exhaust of a renote source of pressure fluid to and frgnut
-control housing. The upper ends of the annulus safety val ve passagewa 2002
means 50 in the spool and the continuation thereof in passageway neans 52
in the body of connector 31 are counterbored to receive a seal sleeve

bri dgi ngnd bemgBsiRE bR difS% 1ot Ahi eSweaadkisy ﬁg?ﬁf"u‘}egﬁteqm%g%?mr W

- from passageway neans 55 of the upper connector for - y con ing with
" the upper_.end of t.he passage ans ih the spoal. A | seal ring
VER |5 Bo I PR O o e AP BRE B g e o OF B BSe8r  body
31 for sealably engaging with a seal surface about a counterbore in the
upper ehepdot Wi thegésst 1ss0 langeds asgam 5iggi27Bpidke conngetar may edeverediot he
upper end of the inner bore through the spool and the bare through the
upper coone theolockioglying Aswartd$yo tes HevpositionFAndiig ! i tvehi¢hoindocksrible &fwer lead
passageway neans 50 in the spool has a lateral port 58 |eading to the bore

in the sptrelrisertndhd dugingtehd) dndecavssstal iethl s¢aloringGR dafried drthk M@wvdraner
extension 42 of the spool. As will be described to follow, this enables the

| over  epflyfnstNg B%as'iél%glz’%ggﬁta&ﬁhts&l%:ﬁ&@ %ﬁ%@gn&smfghkgglti bﬁ Ho¥ds&FSi on

w th an annul ar space he casing string 29 an ing string to
be | owered.on_a, tubi ng, Qanger into the well through the well head housing.
Fol | owi B T P74 F5M8 2% nmi | er di aneter bore hole in the subsea well, a

bore protector sleeve BPS is renoved fromw thin the bore of t spool , and
a tubi ng hany@rn dmndimgeat thegrisyr 9% '-W“oﬁ%%‘@dn}‘?aﬂré a@%éasmgghmpﬁeéggdré
drilling riser, riser connector 31, and spool 30 to permt it to be |anded
on & shisuteses issa and luided symonlshowldanin et base tsfithe e beasr tospuseers BRS was

| anded. A tubing string 62 connected to the | ower end of the tubing hanger
i s t hussurfarercedng B8 cuspenddietherairhnt twithin daeséangudtangmsingf 2.  Ausybsenshioem Wi t hi n
production casing string 29 suspended therefrom Sealing nmechanism 62A is

carri edjrabRULt, atdasing MRgerer®lisathert MPvdre@iinte ahansRied loarthé Aahden 26W withinhe bore
of the spool above the | andi ng shoul der 61 and thus above port 58, and a

| ocki | N : . ; ! .
w th thetarbaus g sy A e e DR A e 2 e S an
wi-thin the s)

. U | di , | i d | i f the tubi h
) g s ayetohaedl e 38 ot cas i dieller Sarien el 2 0"

permt it to be retrieved with the high )
for lowering into the annular space between the hanger and the bore of the casing head

to seal therebetween, as well as for locking engagement with the bore of the head for
holding it down within the space.

A tubular bore protector 28A is then lowered into the bore of the casing head for
landing on the upper end of the production casing hanger and carries suitable mechanism
for locking it within the bore of the casing head. Upon completion of the drilling
program, the locking ring of the connector 27 is released to permit the low pressure riser

26 to be retrieved with the connector the upper end of the casing head.



“pressure riser. At this time, the well may either be prepared for
production at the subsea 10 ,0 4 s~ ~.~ level, as i |l ust r afed Eﬂjm be
. described in connection with Fig.3A - 3C or for production at the surface,
as illustrated and to be described in connection with Fig.4A and 4B. In the
first instance, a Christmas tree CT is |lowered onto and rel easably

connect ed t 0As KeowipipeRig@nd cofindctoe 3Smnthe yweread f afspeol G0N Rekeadd o Si M | ar
in construction to the previously descri bed upper connector, at |east

|-nsof ar cfieldoh hAEKhO%pBEC BR 0 he UsiEEHEE! Tk bidol bs 1P olSelinaf,y end of

t he spo I'S concerne e Christmas tree has a produ ore ©6 through
it which is controlled! suyj tabl e val yes.i.n the tree, .as wel]. known in
the ar ¢ ouseetE0 B BRomstad A it o2 ot Shigthete i oAb SRR AT nd of
the bore into the counterbored upper end of the tubing hanger to confine

f1 ow t hiissagh- tBethcomestprs 8t iand 3dpway ¢ genesely phthetsame chastrustioniasPngy t he

well at the subsea level. A netal seal ring MSRis carried with a

count erbwilerias whié dsowetheecmhinedtot 28, commetirod2 Kifthringoprimardly ainl yavéngagi ng
the seal surface on the upper end of the spool, again as described in
connect pRsageivals fofBed BPIEY badyNB €6ind tomtthubliGhsdof pAkkagéistyt hedns in §Raposll eeve 66B
is carried by the I ower end of the counterbore of the Christmas tree

connectAr wii bbidisiRll i BloWSRIAKY 338bak! VackGRSAG: FiRIEOUH BRARY od upper

end of the annulus val ve passageway neans 50, simlarly to connectlon of
passagewa ns.52 .of connector 31. The seal] nechani sm 61 about the
over ot R ey SOl Pare bodngery deriiat ORSFRRA T b BE8 Lhove
the lateral paqort 58 in_the | ower end of the passageway neans 50 in the
spool , Hnidecatiag #adon the SEARI PR EhestRse B13X P @BhETEE 98 AT ENGANPHAS | ower
end of the spool and its |ower extension and the bore through the bore

pr ot ectlorkiap @esitipr skwen.i on casi ng hanger as well as the bore of the hanger
28 itself, and thus with the lower end of the annulus within the wall

bet ween t he Thesiasipgdead 2 Libithghsipoohd® installed théreshfoii" wdlhedovausing” Fi g. 3,
control pressure is supplied froma housing 69 on the side of the tree

t hr oughasPReS aeR Ve YustE & the’ Dlainks AAE 0BRAPBAIAE JFQRY waftteh NRsdriptBh sTNdle of the
tree into passageway neans 71 in the spool to one side of the passageway
means SpAf'eQ:fnt En@ndon. More particularly, the spool has a bore 40 as well as an enlarged

counterbore bore 41 at its lower end which, when the spool is mounted on the upper end

of the casing head 21, forms an upward continuation of the relatively enlarged diameter

bore through the casing head. As previously described, the bore 30 of the upper portion

of the wellhead formed by the spool is thicker than the enlarged diameter lower portion

within the casing head.

The spool also has a tubular extension 42 at its lower end which extends
downwardly into the upper end of the casing head bore abov.e the bore protector 28A, and

which carries means 43 about it for sealably engaging with the bore of the casing head.

A metal seal ring 44 is carried on the lower end of the enlarged lower end of the bore of



A lateral |eg of passageway neans 71 connects with manifol ding ”Sh%
penetrator housing 72 nounted on the side of the spool, and, thus;. §E?h2002
.the outer dianeter of the spool 2. The penetrator housi ng nmanifol di ng
“includes upper and | ower passageways 72A and 72B connecting w th one
another and with the lateral |eg of spool passageway 71 and a | ower spool

passagemgy¥nddi fér QQQ}B}?%%@%&? suieEs & e '°?ﬁ$5%& efdsHT R PBork ESPRE t1-1'leé(¢§|1)/AThe

| ower | ateral passagéewa s aligned w the spool passageway

whi ch | eads t he.upper_ | atgral | eg of passageway neans. 7 ans in the

t ubi ng ﬁ’inﬁ’@??wmmfo%“&{dﬁo‘ﬁ B ataéﬂﬁ‘farﬂggﬁgn% ﬂ?%catsﬂ"rgileggnnects with a
control line 76 extending through the tubing/casing annulus AS to a

downhol e f untt A%ATdeReR WatRothA)novel aspests of tshPrsdent AvenjoR, afhe espoph hps
controlled within the well. The connection of penetrator passageway 72A

Wit h paopassageway me2is Hthyxtereding theetin an domdeosadtsdywemendpwith thet Bore 6Ahext endi ng
fromthe penetrator, and a valve within the |ateral upper end of the
passagesayl efamion/d? dRlyathe Wpenad @it passagarhyieds 150 Wathis tieRof@Betop t he

| ower penetrator passageway /2B. The outer ends of the stens are positioned
for mam py,ai ; t y r to

i g, 4 eaas D e e e oy A BB %ot the
surface vel nd _upon .retrieval of, the hi ressure drilling riser 52
ot e e OB MRt TonRbL bt P B R RSB0 L B2 "Loh o
pressure, |ow djanmeter productign riser 80 connected at its upper end to
the BOP at t#& 250 Sheid in Kigs, @uothep passageway. msang 5% sxiengs saHwaticosPos) simil ar
to those previously described, at its lower end is |lowered into rel easabl e
connectOcanngct At itsppenaadrvitnprsedgenial magod$s inl thk bodyrd conmastast3drieading he | ower
end of the Christmas tree of Fig.3, the connector 81 has a | ower

count ertbos ecohirpb ouding: 5SAcah the esbdec 2f etié andndotsr bodyi dITheclowee cérndngf
passageways 82 and 83 therein with the upper end 50B of the passageway

nMeans Sthstdpelvaf nfdafP 54 2RO MASGIY Y cbhhdtt th Antexbinly 1GRSI EadH3UlcUg and

control” |ine passageway neans 71 1n the spool which connects at its |ower
d withe . . ' . h
Ui g NARAg; STl ead 35k BRerRBE I e iy U g B SockHEHAR S P 1o

connection wther, downhol e function. The upper. end of the passageway 82 in
Che cortBcrBrHTaY! BuMAg: Creists oz, BrsiEiscarainonsee ThRel el oxt end
along the side of the riser. to the_surface preventer, and the upper end of
the corfixhawst|of aaepaessayenaf messine fpid tpaad diom theroaolchaisigi s with a
control line 85 adapted to extend upwardly along the riser to a source of
control fl uithe ufiper emiswf the anatibisgafegt valvd passagowty olehanif inltbevspaallang t he
passageway nmeans 50 in

the continuation thereof in passageway means 52 in the body of connector 31 are

counterbored to receive a seal sleeve bridging the gap between them, and another seal
sleeve extends down\;vardly from passageway means 55 of the upper cox;mector for fluidly
connecting with the upper end of the passageway means 54 in the spool. A metal seal
ring MSR is carried by the lower, counterbored end of the upper connector body 31 Eor

sealably engaging with a seal surface about a counterbore in the upper end of the spool



“the spool is shown in Figs.S and 6 to be simlar in many respects to that
shown in Figs.9 to 12 of the above nentioned Patent No. 5,687, 7940 é&ﬁﬁpqmn
-that, in accordance with the novel aspects of the present invention, it is
formed in the spool 50 rather than in the a hanger. Thus, as al so

previ ously described, and as best shown in Figs. 5 and 6, this passageway

means i 3§ layieteseaboff QeRvech @id hiper 2P HiaNERdri e Eroldherthk QYEY] a8AdhavbéR t he
port 58 leading to the bore of the spool and then to the tubing/casing

-annul us i.on 50B connecting at its upper end with the
seal sl %@%%@gﬁﬁgﬁfcﬁ%}%ﬁ h passageway neans 82 in the |ower end of a
connect or body, ,whi.ch may..b n.the supbs Christmas tree (Fig.3) or the

| oner end of Wgoﬁ}@w&%ﬁ&sr%éﬁ’“’?’ﬁ .fot.%eféssag@”% gegns Yo e SBedt shown
in Fig.6, the upper end of the r”, ssageway portion 50A connects with a

| at er al hpaa Ligralheart Poleadiog tS0E hasaint Hg speclaardhihus it the vartighily Rlignedi r st

val ve nmenber VM 1 is disposed. The | ower end of the upper passageway

porti on bbftHnchalveet extendidn 4 of therspbalt exsawilpbs degebed topfoilbivo thiSetablesadi ng t o
a cavity C2 in which a second val ve nenber VM2 is disposed. These cavities

are in ihe RPwePBREGE & fi¥sadBwhP hREAPH B SodrdbRH Ahrol gl SRISMENKIROHithas S50E so
that, as will be described below and, as in Patent No. 5, 687,794, the

val ves ' i : |G vpe | LISt Vv is
o rar y R AREC el E i} 2 R iy Siokp HRlowbiel on Pkl Sy -
means 50 in response.to a.predetermned.condition in the well, and the
second 8‘&‘?&?& Intg %wélrlrél?raléﬁgfzbeo‘?e@(sg%ﬁ%ﬁ]%g'val ve in that it provides a
backup to close the primary valve in the event the primary mal functions and
does not” cl o§ellewing § ehgormaller mﬂ%éor@nbl@ﬁs%ga,sumewwbﬁw t he
annul us valve may of a sinpler construction including only a single valve,
as showprotéater sheexaiBs, isiremPerdefmom Neithis tHedBore f 8he spoel,i amdor tubing hangery bei ng
that regardl ess of the details, the valuing nmechanismis disposed at | east
partly i60 ($keFipad} Bdgwamy treaglts therhigh presquoe drilligt disef, eiser esrerctoowl f and he
details of Figs.S and 6, the primary valve nenber VM1 is seal ably slidable

W thin B CRVIoL Yerfnitlit W1 el aRB&N 8n t0sHJRieH RAC 8120sHbl bRewSER Ghe 3BEL | S
adapted to be closed by a renovabl e plug. The prinmary val ve nenber has a

oot S, P oy LRhEL TRALAHG AT SOBLANSE ek, EhprSe 0
over s SR 0BT s Mhisdeniist BRavelhe oinigh sopine hanger for ispension Wit | °
production casing string 29 suspended therefrom. Sealing mechanism 62A is carried
about the lower end of the tubing hanger for sealing with the bore of the spool above the
landing shoulder 61 and thus above port 58, and a locking mechanism 61A is carried
about the hanger for locking engagement with the grooves in the bore of the spool to hold

the tubing hanger down within the spool.
Upon landing, sealing, and locking of the tubing hanger in place, the upper

connector 31 of Fig.2 is released from the spool to permit it to be retrieved with the high

pressure riser. At this time, the well may either be prepared for production at the subsea

10



~~0 4 SEA ~~~ portions 50C and 50B to prevent flow between the | ower
passageway portion 50A and into the primary val ve. The energency vgl)‘ )
. menber VM2 is reciprocable within cavity C2 which also opens to th u(;#é'r LR
"end of the counterbore in the upper end of the spool. This val ve nenber

al so has a reduced dianeter portion internedi ate upper and |lower seals to
permt flow be en,the |ateral. ssage portions, SOQ a when in
its uppé‘?ve\g ilﬁ%ﬂteg ﬁ%‘gﬁ’, g% SC?B&E’rne‘ng‘H\FI@gO&CWﬂF hﬁ/\f‘%\ﬁéﬁ qr{}gf E%B&%‘?‘bd to

di spose its upper seal over the ' |ateral passageway portions. As

previ oudt {b £9, 136 dflusiratsd and 4¢ be\ies@Brdiis coarestior itk Figdoand Bends wi t hin
the upper end of the passageway portion SOB and the | ower end of previously
descri bed pads#dpdustyinstanceweChrisumes tiee diodVoweret loatoGndirsleaablytcoagected t he

| ower end of the production riser. As shown in Fig.6, the primary val ve

menber it§ 1DYSHAr bR 8Nde 8Ol WOMBakof 4 SoRedr BESHh A RbnEBRESn 5 tRPer ati ng
fluid supplied to its upper énd beneath the plug through a sl eeve

connect i . S d_90._LsS: U res. | e ool and
connect @?%@%&@%ﬁ%‘cpﬁ@% %Pj”%\;v?‘?ﬂ %‘t %S%Jtl‘ gégféf%%rlgsgc&?%gf ﬁ‘ﬁ%’%‘nﬁ%v@?ch t he
passageway in the.connector bqdy. ~is connected. Th rimary val ve nmenber VM
1 mmy bAOHERFERE (P P SPRSTiRd 4 BESROROSIOPETTEY ThE ST B Bt at i ng
fluid fromthe sane or another source through another passageway 91 in the
connect drodston sersrfScthravghii whichals SagEokSA B0 suitahle ydvesgadhe Eenrascyethg wi t h
the lower end of cavity C 1. Thus, operating fluid is exhausted fromthe

passagewaywh(i tiesart.t Al sibslapmdnseritéA beepdssSageathe godiécbomddowenandpel v,
when the primary valve nenber is to be lowered to its open position, 15

, 0 4 sERneBore i1 eedolumertokdd ?eﬁe@d(bﬁth%f[t@&in%h ek Recdiding J@ev@youBthas it is
supplied to the passageway 107. As previously described, the secondary or

emer ge”%iﬁgé‘t‘éﬁgh‘@g@ﬁ?ﬂmg P & @gg&cﬂé% él?é‘%eﬁ‘é?g#e sICuPEeaREHT.W y valve

fails to c e predeterm tions osure of the annul us
safety val ve., Eor .t hi,s.pu e, the cavity C2 ich. opens to the_.space
For med bet viedh T S8 e MR &t chiifed Bt R s ubidof i e Buk std S B8Gy anc
upper end of the, spool rmts, ttie upper. end of the secgndary val ve nenber
VM2 to 5@%&5@@@&?5@%&%@ e§ IS%PSF%YH%E&BP% A O sag%laegw in

tile lower end of the connector body. Thus, pressure fluid froma suitable
sour ce maylessaibedppednagction witke thepprper spansstortind 1pluntye rddiiernl gerl $19sa8sagevay
111 in the connector body so as to | ower the plunger as well as the valve
menber \BKB it cardied b thei [ower ¢hdndtl thé chinaenbpreesS the @hsistnies teakhoniecedrosichibot h
| at eral passageways.

seal ring MSR for sealably engaging the counterbored upper end of the annulus valve

passageway means S0, similarly to connection of passageway means 52 of connector 31.

The sealing mechanism 61 about the lower end of the tubing sealably engages the

bore through the spool above the lateral port 58 in the lower end of the passageway

means 50 in the spool, and thus with the annular space AS between the bores of the lower

end of the spool and its lower extension and the bore through the bore protector above

production casing hanger as well as the bore of the hanger 28 itself, and thus with the

lower end of the annulus within the wall between the casing and tubing strings.

11



-When it is desired to return the energency val ve nenber VM2 to its upper
open position, as shown in Fig.6, pressure fluid is supplied fromﬂa4s§@ﬁ &0l
.l eading to passageway 123 in the connector body to passageway 122 in the

" spool to the cavity C2 beneath seals about a plug 120 beneath the energency
val ve nenber VM2. thus causing it to rise and raise the valve nenber VM2 as
well as the plunger 110 upward|ly to the position shown in Fig.6. This of
course is acdsénsg W%%%I%g cﬁngLB’l’eés‘FFﬁﬁ WPPBCCL RBLA BNSing hPR FRe Sifpef end of
t he plunger through passageway 111. Conversely, when the secondary valve is
to be rgharerctiraughipassaggrery mesist Thim, thp cemnsgtoe bpdy stuthpllévea and oftee wgper end
of the plunger and exhausted fromthe |ower end of the plug 120. In its

| ower pastot pa3sageivhe mehii7 If @Irthe sposlitoPnt Sidel ofheaaskap®v 8 BBins4 dffFeg26 0 4
SEP 2002 emergency spool nenber. The spool form ng the secondary val ve

and_bel 3’%‘?#}‘5‘%% R R it Foni ongéﬁfﬂ?"‘;. HE ROt %ﬁ’zve
5, 687, 794, '
ndopendaErg s ot TB SR F SPodh et Ei R Balr kR SR ERIE. here

woul d be no need to operate the energency valve, thus causing it to remain
inits open &ﬁxﬁip@pmtord@%%vmamﬁolﬁm@. igcluges ynpperaRd FQWARK PRESABEINIYSt TR
passageway neans 50 to be controlled by the primary val ve. Neverthel ess, as
descri badd 7ABichenesfing withone enetiepandewith thenlatetad l@/@%/spocifpaasmwawﬁband)n of
s~rne type of the primary valve, the secondary or energency valve may be

cl osed hylowewvsipagl pdisagswap MUA \wahyectingibanneyMRd bher diineted resprciiveds eThe
position. The upper end of the control passageway 70 in the spool

connect ijhgerVafebal Pafufiidy’ BEL isSAfESled Wi MR dpBoll PRsdobihy 91 AOKhiek & keinct i on
to be controlled'™within"the well, is also shown in the devel oped vi ew of

Fig.6 al i I i | 4 eway 71
i ho- Conmnet et 18 S GR¥RC SRR EEL S rhdent B PRI e, KEE IR D
primary valve and the gavity of the secpndar |lve, with.the sl eeye 66B
Dt woen Of REBB A e T HeliEd SO TR SHRiph Bt gR Aerginea P 8Bt 1 or

t he secondary val ve bei ng shown to the right of the energency, val ve bore.

Fi gs. S Awkingcagingoansnbng &S 10 @ dognhade funsgopnethdospdonuch g sh@Pings2fety upper
end received in a cavity in the lower end of the connector for aligning the
connect orlvant behemtrotled wathird the wrll.ensi ons for alignment with the openings
in which they are to be received as the connector is |owered onto the

spool . 17  The connection of penetrator passageway 72A with passageway 72B may be

opened and closed by an upper stem 76A extending from the penetrator, and a valve
within the lateral upper end of the passageway means 75 may be opened and closed by
a lower stem 76B in the lower penetrator passageway 72B. The outer ends of the stems
are positioned for manipulation by a ROV landed on the frame.

With references now to Fig.4A and 4B, in the event the well is to be produced
through a BOP at the surface level, and upon retrieval of the high pressure drilling riser
52 with its connector, as described in connection with Fig.3A - 3C, a high pressure, low

diameter production riser 80 connected at its upper end to the BOP at the surface, and

12



"~"4 SEP ~0~~ Fromthe foregoing it will be seen that this i'nvention is one
wel | adapted to attain all of the ends and objects hereinabove setﬂf@r§gp 002
.together with other advantages which are obvi ous and which are inheren tg
"the apparatus. It will be understood that certain features and

subconbi nations are of utility and may be enpl oyed without reference to

ot her feat: C L hat Jj [ e LS W thin
he scofitf SRR AR RO e by BBt HRITbRE: i 0wk e

i nvention w thout departing fromthe sgope thereof, it is to be understood
that al PR reledsahis ORiecsion With the wrpes I?B&/r?l%ithe Fw?acrdhﬁﬁ’én‘iﬂnﬁﬁc"ﬂrr #nibgs is to
be interpreted as illustrative and not in a limting sense. 18 0 4 SEP
2~0~ CLIveS erd oSthesChristinas trémnof Big, comgsinae¢ton8 hppsaa bvwes coungrbprsi fngma
wel | head including a casing head adapted to be installed on a subsea wel |
and havisvhirhasehioslevedext@idfos YRidly @oedesting phangevays 82 phe @3 tigeréle Witiiieed into
and | anded withfn the bore of the casing head to suspend a casing string

WENTN bR el IS0B% RO BhssHRY) Unéhnd 80 Gn WP LRI Lt haBliheARRR iR bR EDE

| ower ed onto and connetct to" the upper en t he casing hanger | | owi ng

| andi ng . 0f e ¢asj h er. such that th ool baor o[ Ns_a cont.j nuation
of 't he curd g TEAT-A3oRBNIRe SR A0mdaE 7] 08 e HBE v Rh Mol Bk e
casi ng head and.hayving ., | I thickness thereapout greater than the wall

t hi ckne'Q¥vesengd %Qﬁ%m%@?w\é\gﬂmgﬁmw%h%%; a’éff)‘?‘% gﬁé‘i’@‘é‘}’m& €¥d to be

| owered into and fended within the spool bore above the casing hanger in
order t 60,suspeentrohcanduitf§ extending thwough thetangulpa forregneactipmyjthideovwapolsl havi ng
passageway neans therein which connects the annul us between the casing and

t ubi ng Binctioys The tuppérhendugfihe passdgofayt 82 irs fheadonnemet aignonherts Withsmool for
openi ng and cl osing the passageway nmeans, 2. Apparatus as clainmed in claim
"1 wher gttBrmaheordBARa digpre@ RE BB ADHg CheOSHNES thRQisPARSRE QWPate TRARSterS 8
renotely operable valve. 3. Apparatus as clainmed in either claiml or claim
2 i ncl ugy L i Ll | ough
ahi on ¢ R Beeptd i b0t A TRE Baseal AUEPREME Brfehiet B0 LBl M LOT, 1ot
riser nmpy be .t,0 ed in and rel easably cgnnected to the.upper .end of the
asi ng REEHOIIARG FarRl o RRGnS PP AT alrh SRS 6 = chsb £ L B8R s e
di-aneter high pressure drilling riser through which the tubing hanger may
pass) and rr1BaARIYYS SHERTE FrakvRdol Ao Lined o ifen hecrasepervaemems b Pover ed
into rel easabl e connection with the upper end of the spool, follow ng

r enoval thefspoolas shown iy Figes aadd todwesimigr mnmanyarespests ofthatisbownsn higsibanger .

19 0 4 SEf ~ 207? 4. Apparatus as clained in claim3 including a high
pressur® [ ofltetdboke hientibnedPaletteds S5,687, M, Glxcépiehdt Oinedccordanaal with ehe
production riser may be | owered onto and rel easably connected to the upper

end of Hhel aBRRLs off Bk [pPMeAYink ERAk: BffoRREPRItHel 861 S0 FRMG nphirCihetne
t ubi ng hanger was | owered and | anded, so as to forma continuation of the

bore of L n nge : a] i | Q. knathe neans
for rel }ééaxggt)’i ;g/rﬁt':]lg’n%e%lfs? %e%%?%%gc?glio%dr %‘Js’rg%l_sﬁ%%%s@ 1%15. \gf(;%{/deh’a%%g a
passageway for connect| t he upper end of the pas ewa a in the
SPool WPASHRESaY TRRTE LAt BAPYS PORATH DA EHRREARTE FiGPSISHET Fad WIS G RBRS at ¢ he
surface. 8. Apparatus as clainmed in clairn 3 including a Christmas tree)

and meah$ leadinghtocthe bhre dfthe rspepicandf theméo theeuibingycabiag [apnil ke (ng O RPEE

rel easably connected to the upper end of the spoof, follow ng renoval of

. the secpdttiofir 50B icogindctingratt iy Qpget vid GHtH fiee keddi sigevbagude comeestihgweitled and
| anded wi thin the spoof, said tree having a valve controll ed passageway

whi ch f%@&%&%gﬁ‘%@ﬁ' 83 R teNdRkE Bl 8F a LoimDRE %ﬂo‘?ﬁi?ﬁg*ag%% HasgRea and -

passageWay rmng an upward conti nuati on assageway neans in

he noanerirgies SBRAER Hrey e To 6o Tia QLioBIoToisrng THES Cdg By for Torm ng 8-
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- continuation of the upper end of the spool passageway neans. 8. Appar atus

as claimed in claim3 wherein the spool has a second passageway @f

- connecting the upper end ~f the spool with its outer side and thir SEP 2007
" passageway nmeans oonnectlng its outer side with its bore) the tubing hanger

has a passageway connecting its outer side in fluid communication with tfie

upper end ofad bet kywilinSPigX, tﬁéﬁﬁ?é}eéh@%frtﬁ@@%ag@v&a? RN 50 8] cohhdres
ext endi ng downwar dl y therefromw thin the annulus, the connector has a

S A R R R A

Chri st nas and ns are nounted on t 4 sip
Zoo1 s FRORoR D S0 G G ERd O Beais B R T Porton JUBIcopas S genety
means and, upon | anding of the tubing hanger, between the third passageway
means ang enather picray pn%snwaym@@ageiﬂ%yleadmg gAY @2 iaswhichiansdonch any
precedi ng claimincluding a tubular nsntber on the | ower end of the spool
for m nyabveaemberaUR endisposed.s Theseccavitibs axd @rtdim@nhedtal bihen br¢rted{atd he
casing head for sealing therewith above the casing hanger and form ng an

annul ugaBRl PERRdwag pBRicas 30d sb%tt AR I0beSd sk dtHR 1 RAE Cds ih PatehoWBr end of

the passageway nmeans in the spool with the tubing casing annulus. '! O,

Subsea n g;! us as hereinbefore and illustrated in
t he accsgéﬁaJ’r?"ﬁ %éeavgbﬁlv CQ%QPL %@dif?@%x 95tA ASL. AYU. A% AsAf . A@Q.. AF% AFU9. A

{Cgl gﬁ] %gcg] 8']/ é&]‘&%‘] f k %ﬁ%ﬁ"@g g@KS?‘E’g"gvﬁ] it grovides thy bass BREUSR a] ca] cay

ca] ca] ca] ca] ca] ca] c<a] ca] cTa]c"a] caU] ca! 07?
W‘flﬁ PesS3EeHPY F)eans 6 Q1 EgSEensE 49 8 Fredalerained renditen kuthe edla) ca] ca] ¢

a]U]c a] c ahd dhe sdcond vaye &) wadmeperdyca] ssadndaty-galye iNGat it wodvidds)d baxkuplitea] ca] c$a
U] c$a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cOal] c
Oa] Ca] @idse Wiy Jalvelih tHe event the primary malfunctions and does not close for some
T\t #HHRENB S9N %G 984 &&&} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
??]( C) ;3‘%!)9)&;3%\ fl ?&%&ﬂb‘é%&ﬁl&@d& asadver] gl GRd eRhAR Galve aheR] Srah &@mpler

2 con%mpg QL8 9pl V5500 <aboz) bk Ak ARk Bebahe el oal oa

c a] "a] ca

ajcalc C cal ca 1/0:000: 111922 33 X5556i 667

7¥ 7$]7/ L%]Sﬁ'@] %’rﬂ%“l(\‘@}‘]; gﬁ]”g %Ia‘f%aa% %&F{{g%%ﬁ%ﬂ ‘]‘E%\ﬂ?&]‘%‘a‘l]“ca] ca] ca]
cal ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca c$al *9x99: | :

<Z<<=z3is dispesed:at least-pariy o the) igE@@e way means in the spoo

A{vqgl gb\ W ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cOaU] c0Oa] ca] ca] ca] ca] c™a] ca]
ca] ca] ca] ca]|Wihcetreadecndve g tha [dem)ls af £igs. SAndAAKDrinkir )y AlePinianiter WM |

EEr EEFsFFGxGGSHUHHHHI t | { vl f a\ W ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cOall sdiadut M\er«:@ab&aw}vﬁaamﬁ& caviga g alkidh Lﬂsachtﬁ& &P dr Gl (] th@ kpddl lahd IWI I Kt KK

#LvLwWLyLLL- NNNO OCOCO2 PPPPI R-R{vgl_g ] X] ] ca] ca ca] ca] ca] ca] ca] ca] ca] ca]
I ~R

aggzgz%%%m&w%ﬂw %ﬁﬁ?@%ﬂ%&a L gpaigpcel oo

) oo calespecbiehamentenlsal alealircnl aleal el ol abaa) o

]9]]™~MO0__ 9 AaaaaaaabUbnbbb ~ysnid_Ylgb] X]]]c”a éca] ca] ca] c$al] c$a] ca]

ca] c'\a]p@alp@a]sh@t«mm]bapcﬁapcmcwgaésqwa/]ampwpséq) and 50k & perprétflew #p#ta] ca] ca]

C/\

bbc dc4éeeWhehf al eV 0 rhilkéd) Hovigver, ] ijs) lolRkk kdesugiven thidhe Tndrabpassdgealaya] ca) ca
] ca] ca] ca] ca] ca] ca] ca] c. aU] c. a] ca] ca] ca] ca] ca] ca] ca]c”a] ca]ca] cal]ca]ca]ca]c
a] ca] ca! kkl LI Pl bl I mJmOm rmmmmBnnn?o0EoGoRoooo007ppp5qqq;

rHr} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca]ca] calc”™a]calc aUc

aJ cal ca] ca]ca]ca]ca]ca]c”™a]calcalc”™alcalcalcalcalchalcalcalca' HrLrlrrsisstu
tt!u}uuuuu;

vvvw wwx xxxxwz{}|||)}ztoje [V]]ca] cajca] ca] ca] ca] c”a]c"al] c"a] ca] ca] ca] ca]
cal calca]calca]c"aUlc"a]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]calcral)}d}}d| 5zAk
}1l1)}ztoje [V]]ca] ca] ca]ca] ca] ca]c™al c"al] c"a]ca] ca]ca]ca]ca]ca]calc,alc,
ajcalcalca]calcalca]calcalc aUc a]ca]ca]ca]cal caOPfE %40% (& () -

@o%, & ()-9IM 109 ()-Y 109& ()- YUWdOu&' ()- 109& ()- FKSi K-*ni 109& () -

(M109%& () -S&

"109%& () -&$! 109%& ()-"!'10%&R ()-!210%& ()-!10%& ()-?> KA71010@ 10%&' ()-5G'10%
& ()- 34"10%& ()- 31" 10%&' ()- /TF10%& ()- ,10%& ()-P}y_>710 _

q&GLOY Ok Q&' () - 3f | 10908 () - f

llO%C& () flloo/oﬁ& () f- llO%C& O-, & 10%3& O)- nTLOWI

A PNAINAT A PNAINAT A PNAINAT A PNAINAT



© i K- 7SL- 3" 10%0& ()- f + "10%0& ()-f( "10%0& ()- @310%& ()-S$Y 10908 ()-f"
"10%08 ()-fS ! 10908 ()- L}si HSL-3" 10908 () 4

. $10%b& () -- 100L00L00Y7s10%08 () - S3F" 10%08&' () - f13" 10%08& ()- S/ F" 106/21& SEP 10

T fHA 1 10%& ()-S! 10%& ()- & #10%b& () - Z! 10%& () -

1109%& ()-! 10%& ()-yL! 10%& ()- cWikK-yl "1 10%& ()- yS

1 10%& () -y9! L .

10w (FOFBALE G ébﬁgaomveﬁ ToPobasEeTs SVAMR: PEPEEIT T2 P Eoe () -

yL-10%¢& ()-y + "10%& ()-y( "10%& ()-y&

"100h& [0 IS ABHE Y& enhl y13" 10%& ()

110% & ()-& 109% & ()-M S10% & () - 10b10b10bl 7° 109%& ()-y33" 10%& () -

=1dEh| y13" 107h&emeesey valve meddes M2 is reciprocable within cavity C2 which also

F1 10% & ()-10% & ()-210% & ()-!10% & () - =sdEhl y13" 10%& s$! 10% & ()-Y"! 10%
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latera.l passagewg})f portions. As previously described, a seal sleeve 66B is received at

c;pposite ends within the upper end of the passageway portion 50B and the lower end of
previously described passageway in the connector body of the Christmas tree or the lower
end of the production riser.

As shown in Fig.6, the primary valve member is moved to and held down in its
open position by means of operating fluid supplied to its upper end beneath the plug
through a sleeve connecting passageway means 107 and 90 is the counterbores in the
spool and connector body, respectively, with a source of pressure fluid to which the
passageway in the connector body -is connected. The primary valve member YM1 may
be moved upwardly to its closed position by the supply of operating fluid from the same
or another source through another passageway 91 in the connector body connecting with
passageway 106 in the spool connecting with the lower end of cavity C1. Thus, operating
fluid is exhausted from the passageway 107 as it is supplied to the passageway 106, and,

conversely, when the primary valve member is to be lowered to its open position,
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of the spool permits the upper end of the secondary valve member VM2 to be engaged
by a plunger 110 sealably slidable within a cavity in the lower end of the connector body.
’fhus, pressure fluid from a suitable source may be supplied to the upper end of the
plunger through a passageway 111 in the connector body so as to lower the plunger as
well as the valve member VM2 to a position in which the upper seals thereabout close
both lateral passageways.

When it is desired to return the emergency valve member VM2 to its upper open
position, as shown in Fig.6, pressure fluid is supplied from a source leading to
passageway 123 in the connector body to passageway 122 in the spool to the cavity C2
beneath seals about a plug 120 beneath the emergency valve member VM2, thus causing
it to rise and raise the valve member VM2 as well as the plunger 110 upwardly to the
position shown in Fig.6. This of course is accomplished as pressure fluid is exhausted
from the upper end of the plunger through passageway 111.

Conversely, when the secondary valve is to be returned to its open position,

pressure is supplied to the upper end of the plunger and exhausted from the lower end of

the plug 120. In its lower position, the plug forms a stop to downward movement of the
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valve, thus causing it to remain in its open position, as shown in Fig.6, to permit flow
through the passageway means 50 to be controlled by the primary valve. Nevertheless,
as described in the aforementioned patent, in the event of a malfunction of scme type of
the primary valve, the secondary or emergency valve may be closed by moving the second
valve member VM2 thereof to its closed position.

The upper end of the control passageway 70 in the spool connecting with a
subsurface safety valve in the tubing, or other function to be controlled within the well,
is also shown in the developed view of Fig.6 along with the sleeve connecting it to the
control line passageway 71 in the connector body, which is shown intermediate the cavity
of the primary valve and the cavity of the secondary valve, with the sleeve 66B between
the portions of the control lines in the connector and spool for the secondary valve being
shown to the right of the emergency valve bore. Figs.5 and 6 also show a pin 120 carried
by the spool and having its upper end received in a cavity in the lower end of the
connector for aligning the connector and thus its tubular extensions for alignment with the

openings in which they are to be received as the connector is lowered onto the spool.
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As many possible embodiments may be made of the invention without departing

from the scope thereof, it is to be understood that all matter herein set forth oxshown in

the accompanying drawings is to be interpreted as illustrative and not in a limiting sense.
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110% & () - ki bld m nfetesaeC driing @nd' 1@vhgiefion ' appapatue’ thmprising a wellhead

including a casing head adapted to be installed on a subsea well and having a
bore therethrough, a casing hanger adapted to be lowered into and landed
within the bore of the casing head to suspend a casing string within the wall, a
spool having a bore therethrough and adapted to be lowered onto and
connected to the upper end of the casing hanger following landing of the
casing hanger such that the spool bore forms a continuation of the casing
head bore, the spool bore being smaller than that of the casing head and
having a wall thickness thereabout greater than the wall thickness of the
casing head about its bore, a tubing hanger adapted to be lowered into and
landed within the spool bore above the casing hanger in order to suspand a
tubing string within the casing string, the spoo! having passageway means
therein which connects the annulus between the casing and tubing strings
with the upper end of the spool, and means in the spool for opening and

closing the passageway means,

2. Apparatus as claimed in claim 1 wherein the means for opening and

closing the passageway means is a remotely operable valve.

3. Apparatus as claimed in either claim 1 or claim 2 including a first large
diameter, low pressure drilling riser through which the casing hanger may
pass, means by which the lower end of the first riser may be lowered into and
releasably connected to the upper end of the casing head, prior to landing of
the casing hanger therein, a second small diameter high pressure drilling riser
through which the tubing hanger may pass, and means by which the lower
end of the second riser may be lowered into releasable connection with the
upper end of the spool, following removal of the first riser and lowering and

landing of the casing hanger.
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following” removal of ‘second nser through which the tubing hanger was

lowered and landed, so as to form a continuation of the bore of tubing hanger.

5. Apparatus as claimed In claim 4 wherein the means for releasably
connecting the production riser includes a body having a passageway for
connecting the upper end of the passageway means in the spool with a
conduit adapted to extend upwardly to a Christmas tree at the surface.

6. Apparatus as claimed in claim 3 lnc!ﬁding a Christmas tree, and means
by which the lower end of the tree may be lowered onto and releasably
connected to the upper end of the spool, following removal of the second
drilling riser through which the tubing hanger was lowered and landed within
the spool, said tree having a valve controlled passageway which form an
upward continuation of the bore of the tubing hanger and passageway means
forring an upward continuation of the passageway means in the spool.

7. Apparatus as claimed in claim 6 wherein each of the tree and the
means for connecting it to the spool having passageways for forming a
continuation of the upper end of the spool passageway means.

8. Apparatus as claimed in claim 3 wherein the spool has a second
passageway means connecting the upper end of the spool with its outer side
and third passageway means connecting its outer side with its bore, the
tubing hanger has a passageway connecting its outer side In fluid
communication with the upper end of the third spool passageway.means with
a control line extending downwardly therefrom within the annulus, the
connector has a passageway forming an upward continuation of the upper
end of the second spool passageway means for connecting with a conduit

extending to a Christmas tree at the surface, and means are mounted on the
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8. Apparatus as claimed in any preceding claim including a tubular
member on the lower end of the spool forming a continuation of its bore and
extending into the bore of the casing head for sealing therewith abave the
casing hanger and forming an annulus between its bore and the tubing string
to connect the lower end of the passageway means in the spool with the

tubing casing annulus.

10, Subsea drilfing and oompletio‘n apparatus as hereinbefore and

Hlustrated in the accompanying drawings.
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