| NTERVENTI ON SPOCL FOR SUBSEA USE BACKGROUND OF THE I NVENTION 1. Field of
the I nvention [0001] This invention relates to a nodul ar spool with a bore
t her et hrough having a renovabl e val ve package positioned in the bore. This
"intervention spool” elimnates the need for a separate subsea test tree
and provides a bore equal in dianeter to the blowut preventer stack

. positioned above. The intervention spool can be used in various forns for 5
perform ng the functions of other well control conponents. [0002] The
installation of subsea trees for control of oil and gas well production
requires the installation of down hole conpletion equipnent that is
suspended in a wel |l head body or housing at the sea floor. The well is then
tested by "unl oading”, i.e., the mell is allowed to flow uninpeded up a
riser string to a test I id at the surface. This 10
drilling unit may takéN?ER@§€?E$B a no ?F@h%?pgﬂ%%e drilling unit ("MODU")
or rig or other type of hull based vessel as a spar or tension |eg
platform [0003] It is i Engr(gammbr‘@t TMEINVENMOKO! be mai ntai ned under

t hese C|rcunstaF @ 5 H wel |l control requires the ability to shut off
flow to the sur PEESTHRIMEMRN de for a disconnect capability shoul d

di sconnegptddn Tofs idvestiomoblates tood mathdarespdel mith b ibgrettheréthivegmbavdgsary. The 15
current ik i Z £ that is an
adapt at I%ﬁB{}E}%?eC\anég?é@bég&%ﬂedﬁtﬁe%o‘.’% T‘hlsu@teegueﬁhﬁ?lssﬁéou &ﬁ.nattésetﬁa ool dri

st em t esheef fpr a?hﬁ%@tegults@eépstmandtnrweaeérpwualr!@d@@pter@dm glpweld val ui ng

arrangermmeﬁtekasé%m&ae\aaébmsm infer@fliohedpBbiTah Balisedak Garlbaethrs ipart of the
runni ng or_ landing strin hanger Such subsea test trees

bi n
have a mEHpEingG e "FH"L“&PPQJE‘&’W%E?’HW SRPMPARYS | ze of the val ves, the pressure
rati ng qbod2p trhemahanespfstheedtsépwa:bmtmeofrcatanugameltﬁmdmﬂd:mqmres and

val ves, D LRGE AR haRlSmBhon SIEAh ot VLA EUAT AleiglEsod)] oh pressure

and the I'mum I nt érna I anet er ser. [0004]
A sol ut ioshousitgtat theisea fiepr ckherved istbeniigsted hy dmlopding’s kearthe well § aliewedpackage in

its rurwﬂmumms'aseansamwrm ttastéﬁééaaﬁawrsmgmnn.)ifuﬁtai%ecgfurfacesnﬁiel or

simlar | s ver esira ations, Such an
|nt1é’rver?if’l"%”rg%?ﬁiﬂta'ifég‘?@ﬁngf?B\R/g"etweﬁ H&@‘gs %’é@(‘?rr?itrféd for a given

riser i nyperohblll lesedweisest as alspanus tenkien leg@latfbrmsuf fi ci ently | arge actuators
for reayhdof RismBtHAt PSRN BE nlaMdifedunBbl S chrllimdiug s component s

well control requires the ability to shut off flow to the surface and provide for a disconnect

capability should disconnection of the mobile offshore drilling unit be necessary. The

15 current approach to this need is to utilize a subsea test tree that is an adaptation of a
valve package typically used during well appraisal drill stem testing. These subsea test
tree designs are self-contained valving arrangements including valves with actuators that
are used as part of the running or landing string for the tubing hanger. Such subsea test
trees have a number of limitations including the size of the valves, the pressure rating of

20 the valves, the temperature rating of the actuators and valves, the force available for
shearing and actuation under high pressure and the allowable minimum internal diameter
of the drilling riser.
[0004] A solution that eliminates the actuation system from the valve package in its
running mode and mounts the actuators on the side of a spool or similar is very desirable

25 to overcome these limitations. Such an intervention spool design allows the valve size to
be maximized for a given riser internal diameter, allows the use of sufficiently large
actuators for required pressure and shearing forces, allows the actuator components to be
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Page 1 renoved fromthe high pressure and high tenperature environnents and
allows control of the valves by a control systemexternal to the riser. 2.
Description of Related Art [0005] U S. Patent No. 5,372,199 to E. J.
Cegi el ski et al. shows a subsea wellhead in 5 which the production string
or the production tree may be renoved independently of the other [0006] A
. well head having a spool tree nounted above the well head in place of a
conventional Christrmas tree is disclosed in U S. Patent No. 5,544,707 to
H P. Hopper et al. 10 [0007] International Patent Application Nunmber WO
99/ 18329 to FMC Corporation shows a slinbore conpletion systemthat
utilizes a reduced dianeter tubing hanger which is arranged and

di rensi oned to pass through the bore of the riser and bl owout preventer.

[ 0008] Arenwelédiemdiha bigh pldsyure mandvhipic tergmaratute Envirenmerde and allows cordnot ofc al

product i d head housing is disclosed in U S
Pat ent I\@Q‘@Q{?&é’ ?39&&9%%&"%%5% S\rl']\q@ét al . [0009] U. S. Patent No.
6,039, 119 t o2 Mes@iptiqrnsRelatestAal . shows a conpl etion system with a spool
tree in phosih 18 st PRERNDBRELH9Y 16 E. ACiRbiski et dl. BREEE! QibsdaRélihaaginl ar

orientati o and allo toring of the productj.on ca nul us

pr essur eVMia R Rieuctpn g@l@ ' Rkﬁi?\ﬁ?‘@%"?’@ee['ﬂi‘yl reTHEEJdP%EQS fe"p‘gﬂ);gﬁ?l on

conpri sesthex. Wwel | head assenbly for use on a well with a blowout preventer
stack h e [ YEH, on spool

seal i ngla[éb@;gcur eglF'%ad hgwﬁﬁta% ??g??%%'ﬁgh?&%ﬂrog%&% c?%%ald%ﬁomﬁt preventer stack
to al | oveohvemtionzs@hristmas tregripdisdidsed indl.\fe Pplaoldiy 6.534<07T fodhdd Honpqu%

i ntervenfion spool with valve actuators nounted on the exterior of the

t t the f t enbodi t, | d 25 h th
ol ol | 19057 BTl PelenbAcRicaoR AR HE Ao a2 BICGRPAGIET g and. tho 1
annul i  shalesd slintbotd@mpetibieatrihaiititdggs iaseducedtiesteentubing hasger hisbr . A spool
oo ! S EPg B arBERAES ol el ERBR boll et 0 el End bl LAY, 1O The

spool ore &7 ethirou receive a br' ng hanger and
seal thdoesh. AWedhasd @stenmhicia which en ita'mear@e w8 vertiprl praddetion &Preger t

fommni G&Hab Gttt & Wefed@hdRing G8disdlkY N8 B/ Pafnt . 5482 8%+ Ry p.or of the spool
r e1e5. Garnham et al.

[0009] U.S. Patent No. 6,039,119 to H. P. Hopper et al. shows a completion system
with a spool tree in which a tubing hanger is landed at a predetermined angular orientation
and allows monitoring of the production casing annulus pressure.

SUMMARY QF THE INVENTION
20 [0010] The present invention comprises a weltlhead assembly for use on a well with a

blowout preventer stack having a bore therethrough that utilizes an intervention spool
sealingly secured between a horizontal tree and the blowout preventer stack to allow the
use of a removable valve package positioned in the intervention spool with valve actuators
mounted on the exterior of the intervention spool, In the first embodiment, a wellhead

25 housing with a plurality of casing strings suspended from the wellhead housing and their
annuli sealed in the wellhead housing is located on the sea floor. A spool tree is sealingly
secured to the upper end of the welthead housing. The spool tree has a bore therethrough
adapted to receive a tubing hanger and seal thereon. The spool tree also has at least one
lateral port communicating with a valve sealingly secured to the exterior of the spooli tree.

30 The tubing hanger is set at a prearranged angular orientation and has at least one tubing
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30 The tubing hanger is set at a prearranged angular orientation and has at
| east one tubing Page 2 bore therethrough and at |east one |ateral port
connected to the tubing bore. The tubing hanger l|ateral port is aligned
with the lateral port of the spool tree and the tubing hanger has a tubing
string suspended fromit. [0011] An intervention spool is sealingly secured
to 'the upper end of the well head 5 housing and has a bore therethrough
adapted to receive a renovabl e val ve assenbly having a plurality of valves
arranged therein. The val ves have a bore concentric with the tubing hanger
and the val ves are operable by a plurality of valve actuators positioned on
the exterior of the intervention spool. A conventional blowout preventer
stack is positioned above and sealingly secured to the_intervention spool

with a eredherpihoughandat lepsiengdateralporigopnpsteyde e dybingrors. dhe fubigt i on spool .

[0012] Aﬂ@beir|awaalpo@r§imghdmnmhealé@ra$mﬂmthe%p@enaa@nequmm@mnguﬁ| lizes a
es the renovabl e valve assenbly for well

simlar ut utl i
cont rol haﬁ?F”%EfgﬁE'ﬁaﬁ'é eagpd f[?B"efatl ons. A third enbodi nent utilizes an
ar r ange jant] sAmnImventmm grioel ipseinghusecuredboitie ueper endoftthe wellhaaes t he bl owout

preyent ﬂBusﬁ-@%E h&‘ééﬂor@ tﬂe@&ﬁr‘gﬂ& stlaplell % ,@Ee.wgl%ol?%@&mgém riser inside a

drillin outer uction riser f1na nmbodi ment " utilizes an
ar r angef@ig %P’Hﬁal'tépf vagyes ﬁ"éaftgﬁii fgrein i Brivaleastharrd bIe cArensr mgh Bebor e hi gh

pressur ﬁjbm@ﬂﬁﬁb&?bh&ﬂﬂe Rrbl$&raré 8pHrakid Bga plbRIiH bmmtacma@,vmmbnai@c K. d[ 0013] A
pr|n0|p resent i nve ad system
i t - o e HBEVESB0 ) SEVT e Do bRy BT e 5B o BOBE T ol | s

t he val amueanesemnmezmemmmmmmm spgolgiitherbaré suhistantiallg ened! tedi anet er .

[ 0Q44] @BQ%Q&&&QQM&&émBBsﬁﬁﬁ present invention is to provide an

irntervention aving a renovable val ve package that allows the use of

suf fi ci ERitly 4“&#‘6@”&6‘?%‘?’6?@ aregphopis gy fecenl erphadimant wlilizesp €MEr i ng f or ces.
[ 0015] Arefngéﬁ'ab:ﬂbuﬂbﬂa.ﬁ@&h&%nﬁbﬁbl@ieﬁﬁ%@ieml:ilvweﬂhdzlmamlra dtlmgmr@wcd@ an

act uat cPPepO ARy O PR L i B HOREs "D i gh
t enper aerulmhmm b replene ssthe p@@m@]preﬂ(e!ﬂtelr\Siikck(yW@d@nd@Tg stfng gpindgent i nvention i s
t 18" Ovﬁrg&.lcﬁgh ﬂlééF ﬁErM@QHhI% r%ep&loutéawoegcnan ngc#rmaa%ﬂbmw@ ubipekage that
al  ows control he val ves rx ontrol systemexternal to
an arrangement sumular to the thlrd e bodlment but with a’single bore high pressure
production riser replacing the blowout preventer stack.
[0013] A principal object of the present invention is to provide a wellhead system with an
intervention spool having a removable vaive package that allows the valve size to be
20 maximized for a given riser internal diameter.
[0014] Another object of the present invention is to provide an intervention spool having
a removable valve package that allows the use of sufficiently large actuators for required
pressure and shearing forces.
[0015] A further object of the present invention is to provide an intervention spool having
29 a removable valve package that aflows the actuator cornponents to be removed from the
high pressure and high temperature environments.
[0016] A final object of the present invention is to provide an intervention spool having a
removable valve package that allows control of the valves by a control system exiernal to
the riser.
30 [0017] These with other objects and advantages of the present invention are pointed
out with specificness in the claims annexed hereto and form a part of this disclosure. A full
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the riser. 30 [0017] These with other objects and advantages of the present
invention are pointed out with specificness in the clainms annexed hereto
and forma part of this disclosure. A full Page 3 and conplete

under standi ng of the invention may be had by reference to the acconpanying
drawi ngs and description of the preferred enbodi nents. BRI EF DESCRI PTI ON OF
- THE DRAW NGS [0018] These and ot her objects and advantages of the present
invention are set forth 5 below and further made clear by reference to the
drawi ngs, wherein: [0019] FIGURE 1 is an elevation view, partially in
section, of a prior art wellhead assenbly show ng the bl owout preventer
stack landed directly on a subsea spool tree. [0020] FIGURE 2 is an

el evation view, partially in section, of the present invention with the
i nt er verandsamalpisondersiangingrofthednysintiomyney bshaddwreipreseaiotheand t he t ubi ng

spool . 1cdiddihg bt \AEEar?u descipiof baNapbreRfel bRBbdimaits. al |y in section, of

anot her enbodi nent ere the intervention spool valve assenbly is used for
wel | control during productlon operatlons [0022] FIGURE 4 is an el evation
view, partially in se®@R & kHENDRAVWINGS where a production riser

IS Connﬁf%qgéé%h léth%f’oﬂj&‘i‘s ééf'a‘l' \’:l@arﬁ’;?g%? B0ty pFéfser’&t RRehtithle/ Eé??dr@” 15 spool .

[ 0023] an el evation view, partrally in section anot her
emb&di mbslovagng fusthermaslecdnge by werence & the dravingseriestin'di rect |y to the

i ntervenigep FRASRE 1 QESGBMB%W@HTMEM%B&EE%@N&%MEMS [00241 Wth

reference to the draw ngs, and artlcul el evation view,
20 par t i25$8PY Showlg fhedypwoyt prevasiar stack, ap ‘-’M"ﬁ%é?a azf'é’E%%‘i‘ﬁ”?‘?' €85 hown.
Vel | heaqodzops FIBGLRED? is $in eostioh ivieve parddlly tnfsectkb@aoffthopresent inkerdipooith t ree 12
sealingl secured 14. Wl | head
nousi ng PR REE S b befbfer e B GliRl iy SREARE GARSELET L 1
cagPbng &024] | FIG8IESH is ap thm Inemjellngsepﬁorl ﬁf 2pothen ABPodigent known to
those ofy,kdhdRlelestohlshodi Uaﬁvé‘ﬁ‘ss%ﬂy is228d fob bv@@cy&\tréﬁ:lu'nﬁg E@GMISE’ to spool tree
12 and extends 25 into well head housing 10 and seals therein when connector
14 | ockSP¥RMIE- tree 12 to wel | head housing 10.

[0022] FIGURE 4 is an elevation view, partially in section, of another embodiment

i

where a production riser is connected directly to the valve assembly of the intervention

15 spool.
[0023] FIGURE 5 is an elevation view, partially in section, of another embodiment where
a production riser is connected directly to the intervention spool.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] With reference to the drawings, and particularly to FIGURE 1, an elevation view,
20 partially in section, of a prior art wellhead assembly is shown. Welthead housing 10 is

positioned at the sea floor with spool tree 12 sealingly secured thereto by a remotely

operable connector 14. Wellhead housing 10 has one or more casing strings suspended

from it with the casing annuli sealed in welthead housing 10 in a manner well known o

those of ordinary skill in the art. Seal sleeve 16 is secured to spool tree 12 and extends
25 into welthead housing 10 and seals therein when connector 14 locks spool tree 12 to

wellhead housing 10.

[0025] Positioned above spool tree 12 is blowout preventer stack 18. Blowout preventer

stack 18 inciudes a remotely operable connector 20 at its lower end that sealing secures

blowout preventer stack 18 to spool tree 12. Blowout preventer stack 18 includes a
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[ 0026] Positioned above spool tree 12 is bl owout preventer stack 18.

Bl owout preventer stack 18 includes a renotely operable connector 20 at
its lower end that sealing secures blowout preventer stack 18 to spoo
tree 12. Bl owout preventer stack IS includes a Page 4 plurality of ramtype
bl owout preventers 22 with a spherical or "bag" type blowout preventer 24
at ‘the top. [0026] Tubing hanger 26 is |landed in spool tree 12 and has
tubing string 28 suspended therefrom Tubing hanger running tool 30 is
connected to the upper end of tubing hanger 5 26. A conventional subsea
test tree 32 with valves 34 is positioned above tubing hanger running tool
30 and is suspended fromlanding string 36 to which hydraulic control
unbilical 38 is attached. Such an arrangenent suffers from such

def i ci enplusdityabral tppet ladwanhpreedntdri 22 witty 2 spifericah er “vag \tere, blaweat pr essure rati ng

of the valy Binb erature rating of the actuators and val ves, the
force avgéerégﬁﬁrézp‘?or ﬁﬁ;ari ng and actuation under high pressure 10 and the

S
al | owabl E088Ini THbingihapear AA s landgehin wpoldteetB @ndipay tubingstring; 2% suspended onal |y,
aHbSﬁa t%Fefr?hf'ﬂﬂ)ir%%ahg’d?}nﬁﬁairb){odl 80 E%Pﬁdc&ﬁ?&thbﬁhpb&r?ﬂ@ﬂftu?h@ﬁﬁ@ber stack 18
I C revents C[.oslng O ram owou ceventers LN an energency.
The Br Begh SonalLBe e 32 MR Pk L RRR ERELHELF BB B ho s ool
tree andruphioguoul30End Ve pendsd Gierk landidg ebise 86 tdwikeh hydebiicdoptidi es. 15 [ 0027]
Ref er | Nmbifbaldsi Bfached. WEbH PAABEAGTRlYerd Al SIACLYLGkEsE ARl Pl e of

é.

the present Invention is s . ousi ng fd IS positioned at the
sea fl ooff thi 93¢ of fisopives, theprassuredaling; 9 fieyales thedampsiatues @ling o dhe enpt el y
Operabgead&mf @Qﬁdlfalv&@,ﬁhe fﬁ@dabﬁﬁﬂlehﬁl&ﬁéﬂ@g kﬂiacfl@é?iioﬁﬂﬁd@higﬂmfdgsmaﬁ ng strings
suspende ompit with the casin nnul i .seal ed, i n. we sing 102 in
ST aaneth lapeolt il frgiapEheR o bRl oudtidtBh, G§R% RRLT, 191100
spool  t rtew 3R0ypicatiis pasidmed ini binwputwestventea dtablo i wingh aregenimeosingedf &2m her ei n when
connect qy%elﬁ?&gvdupﬁ.%&n?é?@@i inlh @fhetdeficy. ThiBlebiif adlehiRHSliIRMy A2 [ 0028]

above

Posi ti one ( spool tree 104 1s i tlerventl on stpool 10. | ntervention
spool 11nterventiop sersbaiwperhie &pqp 't!'ﬁ'f'e?"gg‘\ WONLNRESIES P1agh 2AdsgssPs Yo¥%wer end t hat
seal i ng deficericrRs. i ntervention spool 110 to spool tree 104. Intervention
g AR e e s LV
assenbl yprdstét inveptiande shoyal Welhead Bousingd:i9g épasitienasi ai theaagp ligonydthesodoncent ri ¢
with tree 104 sealingly secured thereto by a remotely operable connector 106. Wellhead
housing 102 has cne or more casing strings suspended from it with the casing annuli
sealed in wellhead housing 102 in a similar manner as shown in FIGURE 1. Seal sleeve
20 108 is secured to spool tree 104 and extends info wellhead housing 102 and seals therein
when connector 106 locks spool tree 104 to welthead housing 102.
[0028] Positioned above spool tree 104 is intervention spool 110. Intervention spool 110
includes a remotely operable connector 112 at its lower end that seAaIing secures
intervention spool 110 to spool tree 104. Intervention spool 110 is a generally cylindrical
25 with bore 114 extending therethrough and adapted to receive valve assembly 116 therein.
Valve assembly 116 includes valves 118 arranged therein having bores concentric with
that of tubing hanger 120 positioned below in spool tree 104. Valves 118 are operated by
valve actuators 122 that extend through the wall of intervention spool 110 and are
positioned on the exterior of intervention spool 110.
30 [0028] Positioned above spool tree 104 is blowout preventer stack 124 that is
substantially the same as blowout preventer stack 18 and includes a remotely operable
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t hat of tubing hanger 120 positioned below in spool tree 104. Valves 118
are operated by valve actuators 122 that extend through the wall of

i ntervention spool 110 and are positioned on the exterior of intervention
spool 110. 30 [0029] Positioned above spool tree 104 is bl owout preventer
stack 124 that is substantially the sanme as bl owout preventer stack 18 and
I ncl udes a renotely operable Page 5 connector 126 at its | ower end that
sealingly secures bl owout preventer stack 124 to spool tree 104. Bl owout
preventer stack 124 includes a plurality of ramtype bl owut preventers
128 positioned as before. [0030] Tubing hanger 120 is |l anded in spool tree
104 and has tubing string 130 5 suspended therefrom Tubi ng hanger running
tool 132 is connected to the upper end of tubing hanger 120. Val ve
assenbl gonhddiorvi2s lat itsdbwerend HEt selinphsiecuren bidwolli praventabstagk Rangenco! r unni ng
tool 13 ' ' ! i, e [ ' 0 which
nydr aul 165 o apyaft BRkElor IR 1BORELAAT, lrally SSRGS Ereleifert

i nt er velrs nonitiened s befe®. as shown in FIGURE 2, the deficiencies noted 10

e?rlb: erpodsf e#dbmbmaﬁg%dmztﬁ@r&aadg&iﬂ slpléo: traé @mt:clﬁilﬂ]tﬂagmbﬁ'ﬂgmingms@ i s equ?l to thgt

) owout ~ preventer_stack 124 al | qwi u r C t pool tree 104

and® t ubtiBENeE g@FEQrf@OTEb"TQrﬂaQPVéHTq"}?ﬂo 'Bg%ls Cﬂrﬁc%fjg% Sﬁjgéfgrcfgg ogn exact

spaci ngubiag Warger $J000klve assemiip4 1@with vahles ibBits ppsitionen ebevedubiekharger [ 0032] A

second r%%n‘?ﬁoﬂieﬁﬁ afd istlé?:ﬁ‘elg{l( iﬁﬁ}ggiﬁdm&ﬂ&ﬁo@@ g SRR Which IodRE 3 that allows
vabl e val l'y I

15 the 'use the reno val ve assenbly for well control during
pr oductgoptiolypdiigal i18his attacheBse it ens which are the sane as in the first

enbodi riaﬂ:*aur @@ﬁﬂgﬁﬁ?@biﬂfi&ﬂé&bi 'Dlﬁ|as sd@ieri ignracawrgmbé, twuéfltm_eadrhmsd ng éozhi s
positioned at the s wi.th spog e e secured thereto
by'® r ARHHEERT eB'BE‘Ftﬁg'IaBe"r%gﬁ%‘g&t%r?’e@gﬁ?‘pﬂ?jeh%H%Etﬂ‘aH(?Egaﬁﬁt;&%é’t has one or nore
casi ng géventegstasitgaiiaeng full boreiatbcass thspohldree 9+ agd whing lhangsedP®d in 20

el heglﬁte g}iﬁaln@g%%qgon%% é(IJaVi& eanféxﬁ&tspé'{mﬁdﬂv?éiﬂrspo@ﬁ'@é 164 gave 108 is secured

to spo ree extends 1 nto well"head housing 102 and seals therein
when cdnvest grevertss siegie k& spool tree 200 to wel | head housing 102. [0033]

Posi t i gﬂ@ﬁj aboyRoPModiieRtof20prbsent MUEMIVIER shen if FOGURE B4hat bidwar vent i on
SO0 e e e ronSvae! VR ool S i o BNFG ' dch braiby, ! Over end that
Those items which are the same as in the first embodiment retain their pumerical
designation. Wellhead housing 102 is positioned at the sea floor with spool tree 200
sealingly secured thereto by a remotely operable connector 202. Wellhead housing 102
has one or more casing strings suspended from it with the casing annuli sealed in
20 wellhead housing 102 as in the first embodiment. Seal sleeve 108 is secured to spool tree
200 and extends into wellhead housing 102 and seals therein when connector 202 locks
spool tree 200 to welthead housing 102.
[0033] Positioned above spool tree 200 is intervention spool 204. Intervention spool 204
includes a remotely operable connector 112 at its lower end that sealing secures
25 intervention spool 204 to spool tree 200. Intervention spool 204 is a generally cylindrical
with bore 206 extending therethrough and adapted to receive valve assembly 208 therein.
Valve assembly 208 includes valves 210 arranged therein having bores that are laterally
displaced from one another but, concentric with those of tubing hanger 212 positioned
below in spool tree 200. Valves 210 are operated by valve actuators 122 that extend
30 through the wall of intervention spool 204 and are positioned on the exterior of
intervention spool 204. Intervention spool 204 has remotely operabie connector 212 at its
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25 intervention spool 204 to spool tree 200. Intervention spool 204 is a
generally cylindrical wth bore 206 extendi ng therethrough and adapted to
recei ve val ve assenbly 208 therein. Valve assenbly 208 includes val ves 210
arranged therein having bores that are laterally displaced from one

anot her but, concentric with those of tubing hanger 212 positioned below
I n"spool tree 200. Valves 210 are operated by valve actuators 122 that
extend 30 through the wall of intervention spool 204 and are positioned on
the exterior of intervention spool 204. Intervention spool 204 has
renotely operable connector 212 at its Page 6 upper end that sealingly
secures intervention spool 204 to bl owout preventer stack 214 positioned
above. [0034] Bl owout preventer stack 214 is substantially the sane as

bl owout uppenedthet sealinghicsectid indsreantion snoe! 30410 pipweyt peevonter #ackiatg | ower end
that remntiel b QR&/a0! € connector 212 5 locks onto to sealingly secure

bl owout "preventer stack 214 to spool tree 200. Wwout Preventer stack 214

i ncl uded0QB4p| BloaopREvENtE ﬁﬁ‘f"t%ﬂﬁés ibstRatRlY B’F’é@@ﬁla% loWeBPrYEReE i oned as
bef ore. s[&Q??@] eﬁ@ﬁlf&@ubéﬂﬁ@m@b&ts Iswér&ﬂdﬁdat femotghosperdblecmnd@foraid has t ubi ng

stri_ngs 0 S d ther | 222 is
conrect &F E'f gntp rf’ SDEEB}?E! Sy b 1w°u f@e tubl %{gcl{?gﬂ%époéf{%% @gl %’g‘ggustsenbl y 208

Wi th valpresentgrigadk1p teiutésompldralits otram: tuis beydvaprgeantars el prgiticesd 222 and i s
| ower ed FQEQ position wth Iandlng string 134 to which hydraulic contro
unbi lical 136 is attached. 003@% As in the fbrst enbodi nent bore 206 of

i nt er vei2038h Tpieg hapger 318 iJanded it spocHiRe 20 ang PaiAutine pif er stack 214

al | ow nguiﬂéh&iedmérefrmqasmghang@pamhmg k22209 canndctedibi thguienged of 15 218.

Val h | b f
VL SOt il g LBl 4 T gl o o
val ves hiingraol P2% andjiglopkrgd énto pgsitiop “ﬂt@iﬂ"ﬁ'ﬁ@Sfﬁﬁﬂsﬂ%ttpéiﬁ@hé'ﬁ’éfa@@ed for well

control gl r}ﬂbnﬁial 138" atRRedr Oduct i on operati ons. [0037] A third
enbodi ment of

present jnvention i.s .shown
drillin{PoBfkeps @r‘h%ﬁft&mbﬁﬁ'ﬁﬁﬂwqr%ﬁosr ?fé'E?W%'WP? WQ&S 8‘?‘1“%' f?ﬂ@?* °gr oduct i on
riser 0blobvamqskéwgntaﬂstﬂrzmgudwmgommme atcesb®d dpbmmmzocpamumg hargfeack of the
CrlScr maH Ve eRerep;20p P o Bires Auel i e ilficMegti dihd, 1OV P g
102 is pasjet 2tAtedlion fot multisle aroduesion zvnqsmw@m"w vaives 3hdaredeft inmiscy
after testing operations and used for well control during oil and gas production operations.
[0037]1 A third embodiment of the present invention is shown in FIGURE 4 that uses a
drilling riser or outer production riser surrounding an inner production riser or landing
20 string in place of the blowout preventer stack of the previous embodiments. Those items
which are the same as In the previous embodiments retain their numerical designation.
[0038] Wellhead housing 102 is positioned at the sea floor with spool tree 300 sealingly
secured thereto by a remotely operable connector 302. Wellhead housing 102 has one or
more casing strings suspended from it with the casing annuli sealed in welihead housing
25 102 as in the previous embodiments. Seal sleeve 108 is secured to spool tree 300 and
extends into wellhead housing 102 and seals therein when connector 302 locks spool tree
300 to wellhead housing 102.
[0039] Positioned above spool tree 300 is intervention spool 304. Intervention spool 304
includes a remotely operable connector 112 at its lower end that sealing secures
30 intervention spool 304 to spool tree 300. Intervention spool 304 is a generally cylindrical
with bore 306 extending therethrough and adapted 1o receive vaive assembly 308 therein.
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secured thereto by a renotely operable connector 302. Wl | head housing 102
has one or nobre casing strings suspended fromit wth the casing annul
seal ed in well head housing 25 102 as in the previous enbodi nents. Seal

sl eeve 108 is secured to spool tree 300 and extends into well head housing
102 and seal s therein when connector 302 |ocks spool tree 300 to well head
housi ng 102. [0039] Positioned above spool tree 300 is intervention spool
304. Intervention spool 304 includes a renotely operable connector 112 at
its lower end that sealing secures 30 intervention spool 304 to spool tree
300. Intervention spool 304 is a generally cylindrical wth bore 306

ext endi ng t herethrough and adapted to receive val ve assenbly 308 therein.
Page 7 Val ve assenblg 308 includes valves 310 arranged therein having bores

concent r Valvepgsrmbly 38§ inglides ugivag)3 1RaTasedtierepdaving BHER SHSEHUF WM spool tree
304. Val tt@'aofmga{aagamz @b@ﬁbnb& belmtnvs@oactrtea 30ON&IvER 210 rabpersteeimg t hr ough

t he wal | rv n he exterior of
i ntervenf'fi' c@ﬁg’(ﬁ ‘F%dhg f‘%ﬁ‘g& %’HBI 5n" gogfonfer\?gﬁcﬁt%o&%% ﬁ {? 5 operabl e
connect opositibdedatn the sxtenjign ef intenventidnapog é&ﬂ iintgiventiop sprak 304 hasagemetalyi on spool
304 %0 95&1 +d|é éb‘&néétér%h gf.ts%barenartmygaa.h@pséchfe%ﬁntmnl@@&wﬁmﬁ@ above.

[ 004 riser out er gro uctlon riser bore
substant ﬂ%l'fnsy*sgquavtewo‘i%a?n e 319onositianrs ahpve: nterventl on spool 304 and hub
profile fRbfo]atoriling rikerwe butenghodutadn riseﬂmwiaﬁa topesubblbstialipsnacoanatdl4 | ocks

to t drilli t 0 316 t
om0 EFER o 5T S dd oA 2R 55 o0 Bl IR0, 1 05T 310 1o
has t ubopegpbist qohmestad 204 bgmmfe@e@lmwéwwnlmbiswgvrIqaﬁﬁgerpdwﬁ'm| ng tool 322

s ?&nneﬁée?%te .ntérve%u&p%a @adTmngtﬂéhbérgnﬁ'%ﬂWed%ﬂs?pooN@e\e@o anépapl y 308
wi th val ves IS positio ﬁ" t.ubi n han Ia&%nm iool 322 and is

| over ed ?’H‘P%Stﬂ%?% sHFPW?W“F'?HB’F‘ bé‘"‘(gr']aﬁ%er ""'rlg BSAECtegi® ri ser 324 to
whi ch hYtdé apier endCafmiiirgl hangdr 312 Oadive3R6ermisy 308 witthatles 38 i Pogitidned fourth

enbodi ment th t ses a high
ot cssur BYObED Fafyer REho |opL R df  terd B s ot b By S on'CE

i nst al | danefr productienses 326 fo which hvdipslicsgenisolygbilieal 33@ isalfachethose it ens whi ch
ar &4 he 5aig aﬁob&h érht?odmﬁhrneyﬂt@y&eé‘émmdém‘smssshbﬁﬁ ﬁqlmUhslsrthma@ara cal

deS|gnat|on Vel [ head housing 102 is a floor with
spool t rhigh M%“?&éﬂ”ﬁ@ﬂ“}f'sgréﬁ%ﬁéﬂ be Ff‘é‘?clé’g‘g 'B‘{/a g '"r'"@rfﬁ?réi‘i}a'f% Yper abl e
connect geméRRof thitehidestie edveiankpge 0 Thirasteon evhch anpthe saras ey thd r i Ngs
previous embodiments retain their numerical designation. Wellhead housing 102 is
positioned at the sea floor with spool tree 400 sealingly secured thereto by a remotely
20 operable connector 402, Wellhead housing 102 has one or more casing strings
suspended from it with the casing annuli sealed in wellhead housing 102 as in the
previous embodiments. Seal sleeve 108 is secured to spool tree 400 and extends into
wellhead housing 102 and seals therein when connector 402 locks spool tree 400 to
wellhead housing 102.
25 [0042] Positioned above spoo! tree 400 is intervention spoot 404. intervention spool 404
includes a remotely operable connector 112 at its lower end that sealing secures
intervention spool 404 to spool tree 400. intervention spool 404 is a generally cylindrical
with bore 406 extending therethrough and adapted to receive valve assembly 408 therein.
Valve assembly 408 includes valves 410 arranged therein having bores concentric with
30 that of tubing hanger 412 positioned below in spool tree 400. Valves 410 are operated by
valve actuators 122 that extend through the wall of intervention spool 404 and are
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suspended fromit with the casing annuli sealed in well head housing 102 as
in the previous enbodi nents. Seal sleeve 108 is secured to spool tree 400
and extends into wellhead housing 102 and seal s therein when connector 402
| ocks spool tree 400 to wellhead housing 102. 25 [0042] Positioned above
spool tree 400 is intervention spool 404. intervention spool 404 i ncludes

- a renmotely operable connector 112 at its |ower end that sealing secures

i ntervention spool 404 to spool tree 400. Intervention spool 404 is a
generally cylindrical wth bore 406 extending therethrough and adapted to
recei ve valve assenbly 408 therein. Valve assenbly 408 includes val ves 410
arranged therein having bores concentric with 30 that of tubing hanger 412
positioned below in spool tree 400. Valves 410 are operated by valve

act uat or Besitipped gfethe exterion af intepveiiion spel 40 Interyentipm srac £t hasmerapieyl 404 and

are Pageo&rélﬂhsédnhédﬁﬁdﬂ)ﬁt |fsh@p@>6nﬂltﬂa@éedﬂﬁgly ScBieY idridihios SRl 404Q4 .
Interven;tll on sﬁlool Eﬁt %e[d 8’ erabl e connector 414 at its upper
and t hat "YLRE? &l@ﬂ’%‘@ﬂ‘m‘é"&f PRI %R pool 404 to high pressure
product i [@043]i High gréGuposoductonadeadr®ias hpo 0bBiE 448 giitspoves sud thapr oduct i on

riser 4 r erabl e
Conmct GBIy YRR By 40 nfolo sy Sk kH prde LRI ELCKo PP 50
ri ser 41et 416 tningrvastien eokiddol ubing a”%lﬁ"%ﬁlﬁ‘f@ﬁ @rSPQEHZ"eP§Uq) a'i*ﬂj'éfﬁ in spool
tree 400ug sthn@gs420ts|d§béﬂ6ec5ﬂ1§r'eﬁ&nWlﬁmﬁﬁﬁﬁﬂmbh’&ﬂ 257 @bnnkuiebifg hanger
runni ng nec tgﬂ? t he upper end of tubing hanger 412.

[ 0044] fh%“%ﬁglﬂwi%"@ 2gger i ntervention spool will be readily
under st qoo44] r dhe cbrestrudion bose intervegnticrespeol Wil boreaditydintérstabd frodogheseen t hat we

DV RD" e85 AoltbELE M 08 <AL v UL BRuled SIMUARNEBLUE PECKE0S 112!

al | ows I ser ernal dianeter.
Fur t her rhgriag aygmaeveble Malve W&?ﬁﬁtbﬁ aﬂ%\’!ﬁs tb%é?i"%ﬁﬂ bemaxiqiasd ferigedivenvi t h r espect

to cert gjsgy :me@.taed*érﬁaerenmférmatme tHe m@nm\tia@useridmﬁm @ﬁwuys%hm alterations
and nodificatioons wl f?rﬁeed'] to o

rt upon ,t he readi ng
and undéfl f%ﬁ?ﬁ?tﬁ%%'"l%‘e eé’b%’é'l"ﬁ"&afti’s ‘"o“ﬁwtggpﬁq@'g ﬁrt“s\ ﬁ@g‘?#l%"ﬂ i ncl udes
al | suchneelificatioat willtocalr teestbers shiedamtthe artegiond the agadog sind andkrstandingaft ed only by

t hey5s CoRg, GhcifidRoRRE BRESh: FlvaMISR inctAgEaPsu Bdunlafenf AR Hs Ay

modifications, and is limited only by the scope of the appended claims.
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1. A wellhead assenbly for use on a well wth a blowut preventer stack
having a bore therethrough, conprising: a well head housing, said well head
housi ng adapted to suspend at | east one casing 5 string therein, and seal
t he annul us between said wel | head housing and said at | east one casing
string, a spool tree sealingly secured to the upper end of said well head
housing, said spool tree having a bore therethrough adapted to receive a

t ubi ng hanger therein and seat thereabout, said spool tree having at | east
one lateral port comrunicating with a valve 10 sealingly secured to the
exterior of said spool tree; a tubing hanger sealingly secured within said
spool tree at a prearranged angular orientation, said tubing hanger having
at | east one tubing bore therethrough and at |east one |ateral port
connected to ¥¥wrbisclgimedds:bore, said tubing hanger lateral port aligned with
sai d at | east 10Aqveliiag GadenidBi fbr 3k of aivibll Rl alblovo itrevedied stabibhavihghanger

havi ng a BUbilﬂa? ﬁrtri n? 15. suspended therefrom an intervention spool

seal i ngl y "CERFEHLY" PP EBHer end of said wel | head housing, said

i nterventi on apeltiieathhausing, saidheelibeacHwmusing adaptrld to degperdiatieast enedagivga val ve
assenply sﬂﬁ%fh@ﬁir@aﬂ %%ﬁhégagmﬂfs bXAeYR Said WEMRIE RollsiPBRE Baid SRkast YL Ves having
a bore concentric wt sal d tubing hanger, said valve asse y val ves

bei ng opefMISIHG: a plurality of valve 20 actuators positioned on the
exterior of Eﬁh,ﬁboi deaieuitiglyl seturéprahs u,?adendaafbgiemm{eaphemt edid sﬁo%f:k -
posi tione ove an ealin secured {o L intervention spool, sai

bl owout  sPeceung ey AERIREh HFD Rtpiv a3 e B BB s 8 P

i nt er vent thereabgpbehid spool feqbdvingen basisne fatergl g comawnioating withlalvaligt h a bl owout
prevent er sslifikseB@bl Rith&exter BRI dpBsi@Ehr ough according to Gaim 1,

further conprisi _ng: a Ig‘%gl ng stri r\bg _att_achcg]? to said val ve aslséenbl y for

| over i ng sai P NG BangeE 'I'%}Vgs‘?cwteﬂ bip g2 Fpqsy Vesdtiddie ¥ Rneed angyl” an

unbi | i cal orlentatiorakhia tubing htinges Aavhgvatlleast e swhiry bore theatirowhsmb@tieaste act uati on
of said I ' ' Yeni > enbly for
use on a a\f{egll%(tg@\} ‘Hﬂl %ﬁ]ll'ﬁ%e\\ég%ﬁ%@g@gn 'lézf sas'cftgg'ﬁg ﬁ%\ﬂ% F\Igaéég}% bl gﬁg%gd il

said at least one lateral port of said spool tree, said tubing hanger having a tubing string

15 suspended therefrom;

an intervention spool sealingly secured to the upper end of said wellhead housing,
said intervention spool having a bore therethrough adapted to receive a valve assembly
having a plurality of valves arranged therein, said valves having a bore concentric with
said tubing hanger, said valve assembly valves being operabie by a plurality of valve

20 actuators positioned on the exterior of said intervention spool; and,

a blowout preventer stack positioned above and sealingly secured to said
intervention spool, said blowout stack having a bore substantially equal to the bore of said
intervention spool.

2. A wellhead assembly for use on a well with a blowout preventer stack having a

25 bore therethrough according to Claim 1, further comprising:

a landing string attached fo said valve assembily for lowering said valve assembly
into said intervention spool; and,

an umbilical line attached to said valve assembily to allow selective actuation of

said valves in said valve assembly.
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bore therethrough according to G aim2, further conprising: a seal sleeve
sealingly secured to the | ower end of said spool tree, said seal sleeve
extending into said well head housi ng and sealing said well head to casing
annulus 5 when said spool tree is secured to said well head housing. 4. A
wel | head assenbly for use on a well with a bl owout preventer stack having a
. bor‘e therethrough according to Caim3, wherein: said spool tree has a
plurality of lateral ports, said tubing hanger includes a plurality of

t ubi ng bores therethrough, said tubing 10 bores laterally displaced from
one another and axially aligned with a plurality of tubing strings
suspended from sai d tubing hanger; said tubing bores having a one | ateral
port connected thereto, said tubing hanger lateral ports aligned with said
plurality of 3. a4 eelhkad psetmblyddr usabma splbwith 4 bleeout peiventemdtankenitg en spoo

val ve asg m#et@gvér{%cadmé%éémyfﬁ{hepg |S|B er et hrough, 15 said plurality

of bores igne sal anger , said intervention spool
val ve assentf seabtieavaisealipaly seaygd %@eéweaﬁg%ef slal‘j' speR! ratsajde®dt one cl osure

member f Qée\%%&fén@ﬁg mw Shid vRAR &R, hofShdlanteledmgaamerihasd i basity alng operabl e
by a_pl urﬁl it l\{a ve act toE ROS htol aned on the exterior of said
i nt e? venl 588? Te8 1S SRS %’a WRIh§A O 50 a wel | with a bl owout

preventer st aclA Welheariasaeibly for ugort heelbvitir iblghout oreseltectackdhyingant r ol t he
f1 ow of Bn%{é”tt%%tﬁr&fﬂﬁ‘a%éérgnn%{‘@ GlaimCPWREfR! Ng: a wel I head housing, said

wel | head housi n suspend at | east one casing string therein,
and seal the saﬁﬁevqlére%@%@wawapﬁam P¥tad housing and said at |east one

casing stri n&audauuir@qmngérrumaaeablurwiywﬁmmgrbeldsmrettﬂfreugrppﬁﬂ g of said
ree havi h adapted to

[ d h t
e el el e TPmie Aot 3 B Heradih & APSE b o atan!
seal i ngl strirge suspeddesi ftam seidtbidg barget. samwmtbowspﬁawaang@uaraimgm ar
ori entatig ctéaath&e&)%y.mb.h@n%@r IQ@val a&saéug.kémih QRS STatber e

t her et hr oug sal d tubing hanger having a tubing string suspended
t her efrd?ﬁ"tsgbsaéﬁwsﬂ"ﬂlt“@teventl on spool sealingly secured to the upper end of
sai d wel | headaib pitervgngon sl Vive AEEMbBHaving apedity di duies thetethrough, t her et hr ough

ada&t ed sta% prllﬁgﬁ c\nlf%o%s\éﬁén\ég Witk §§mb¥1g hanger bores, said intervention spool valve

assembly plurality of valves arranged to form at least one closure member for each of said
bores, said valve assembly valves being operable by a piurality of valve actuators
positioned on the exterior of said intervention spool.

5. An apparatus for use on a well with a blowout preventer stack having a bore

20 therethrough to selectively control the flow of fluids from said well, comprising:

a wellhead housing, said wellhead housing adapted to suspend at least one casing
string therein, and seal the annulus between said wellhead housing and said at least one
casing string;

a spool tree sealingly secured to the upper end of said wellhead housing, said

25 spool tree having a bore therethrough adapted to receive a tubing hanger therein and seal
thereabout;

a tubing hanger sealingly secured within said spool tree at a prearranged angular
orientation, said tubing hanger having at least one tubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom;

30 an intervention spool sealingly secured to the upper end of said wellhead housing,

said intervention spool having a bore therethrough adapted to receive a valve assembly
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Page 11 having a plurality of valves arranged therein, said valves having a
bore concentric with said tubing hanger, said val ve assenbly val ves being
operable by a plurality of valve actuators positioned on the exterior of
said intervention spool to selectively control well production fluid flow
t heret hrough; and, 5 a bl owout preventer stack positioned above said

« intervention spool, said blowut stack having a bore substantially equal
to the bore of said intervention spool, said bllowout preventer stack
having a hub formed on its lower end; and, said intervention spool having a
renmotely operabl e connector on its upper end for sealing engagenent with
said hub of said bl owut preventer stack. 10 6. An apparatus for use on a
well with a bl owout preventer stack having a bore therethrough to

sel ect i vERYLHPIMARY °{)‘ﬁ‘é’e? PERPe6F therein §o'd Ml nexing ket ConcRiE¥ng to A ai m
5, furt b&g tubbgpahgr 53id vaivk asaintbly valves bangpdeasbledsy o urallty df vaddleve assenbly

for | ower] i d. . id i 1 ] . and, 15 an
i 1§ capePiadBaflichBn bFvBISENN o s et erolFUEH AP BARER | "0 Ut o
of sai dpipdusiies flyigfleyaihdrethadush; atslsenbl y. 7. An apparatus for use on a well

Wi thga bl owoui pigfdl salétiersiadk bodidvbdishode BAH Mterldh@ERSABO YN bloRoGe! ecti vel y
control the flow rom further

( f fluids aid well, according to Cl aim®6,
Conpri si Sk hRyRG adam subitaliply Saftp HimBFT& o AR Ve PR PRk iaR BB | sai d
spool tr peyertaisthcis Baing sshubdarened oh @sdiwegendntimd, sai d wel | head housi ng and
sealing said | . ' i | IS secured to
sai d wel | nead Raldfdiioh Sodifithitg ABRHel2pelthRLoARR: SPRCorE! B 6" P Clou
pr event eseatingrngagrmanhyithsaibhub of said Plowpytargysntenstadkt ecti vel y control the flow
of ‘:del ;Ji g_s fr (r?fnﬁﬁleﬂpgar\éﬂlls lfcn(; usé 604 Frbm@iltl‘_tfbl@v?it{ﬁ?e@gnter?%ad(%ébi b bﬁiérrpri Sihng3 4
sai ubi ng hanger in es ral it ubi ng bor es rethrough, sai
Cubi ng. e R saitAbRd et ety it fam SAIBPRE Aol R Al gned i ¢ h
a pl ur al futtherebmprisiigng  strings suspended from said tubing hanger; a tubing
hanger adapt gfj;a0gistring 3R5knRE RV GichAWE absPitlro BRERM saR@hfle by, hanger

into said intervention spool; and,

15 an umbilical line attached to said valve assembly to allow selective actuation of
said valves in said valve assembly.

7. An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fluids from said well, according to Claim 6,
further comprising:

20 a seal sleeve sealingly secured to the lower end of said spool tree, said seal
sleeve extending into said wellhead housing and sealing said wellhead to casing annulus
when said spool tree is secured to said wellhead housing.

8. An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fiuids from said well, according to Claim 7,
25 further comprising:
said tubing hanger includes a plurality of tubing bores therethrough, said tubing
bores laterally displaced from one another and axially aligned with a plurality of tubing
strings suspended from said tubing hanger;
a tubing hanger adapter positioned above said tubing hanger, said tubing hanger

30 adapter having a plurality of bores therethrough, said plurality of tubing hanger adapter

bores aligned with said tubing hanger bores and sealed thereto;
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30 adapter having a plurality of bores therethrough, said plurality of

t ubi ng hanger adapter bores aligned with said tubing hanger bores and

seal ed thereto; Page 12 said intervention spool valve assenbly having a
plurality of bores therethrough, said plurality of bores aligned with said
tubi ng hanger bores and said tubing hanger adapter bores, and sealed to

» sai d tubi ng hanger adapter bores, said intervention spool valve assenbly
plurality of valves arranged to format |east one closure nenber for each 5
of said bores, said valve assenbly val ves being operable by a plurality of
val ve actuators positioned on the exterior of said intervention spool. 9.
An apparatus for use on a well wth a blowut preventer stack having a bore
t heret hrough to selectively control the flow of fluids fromsaid well,
conpri si ng: asakinieneaitntsood vale assainblly hevindepldralits oktanes therafivaght o suspend at

| east oNgaig pRiNG of Q&eéanrghéwwww@mﬂng RéHEcBRRbs 4rdQaRMbtdanget Ween sai d
wel | head hou5| n | east one casi n stri n?%{f’é‘f's pool tree

seal i ngl §93plRE hPEEg: ?"8 SF%% t?&ﬁ@rt”wwersagﬁﬂtem T &g in PHySPoghi d  spool
tree havialg asstrobig plindity of Vah@s glrasydd pd focn bblesst ors diesuee ineBb&rgohaigger t herein

and geal of éaWo?&bQAﬁ \’Jal\;'esas Jﬁ%ﬁbaﬁ\%atﬂglﬂgs#ergtﬁgk gﬁllu%htz Fbj{lﬁblcﬁﬂéﬁﬂé n said

spool tree at a prearrange anger havi ng
at IeastP%ﬁ@n?wﬁgelﬂéfﬁféof?r?&'élemebwrﬁPO@al d tubing hanger having a tubing

string suspengegh édﬂs.raﬁifsrf&msea.mamn@nwaabw@mpﬁa@@ﬁtbrs‘mﬁlnamgwb@@cur ed to the

t t | h b
tor et nr DGRk o Pt cepin ot B Al GemanieE So0PRT ng o ol ural ity of
val ves ar r angeatithémlteusing, salddlemaaladdasudnwvadagte_atdmspﬁnd@nleeﬂtdnecamg h said
LUDh0 MafifiRherehdh B HERRRE BN Bl BoirBEd Al ARSHARFalliladto ur al i Ly of

val ve actuators positione e exterior o I nt er vent | on spool to
sel ect i veasipg ebiRgr ol  wel | productl on fluid flow therethrough; and, a riser

posi tioned am\beomee deanngi;egebemit@mewwlend oBdaill wéllRedd HoavihgGam bore 25
havi g ReeP SAvaRe bR R RlRenRRls eriNe LS hattef PR 8 ool “havi ng
a renot ghgreatwat abl e connector on its upper end for
15 a tubing hanger sealingly secured within said spool tree at a prearranged angutar
origntation, said tubing hanger having at least one tubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom;
an intervention spool sealingly secured to the upper end of said wellhead housing,
said intervention spool having a bore therethrough adapted to receive a valve assembly
20 having a plurality of vaives arranged therein, said valves having a bore concentric with
said tubing hanger, said valve assembly valves being operable by a plurality of valve
actuators positioned on the exterior of said intervention spool to selectively control well
production fluid flow therethrough; and,
a riser positioned above said intervention spool, said riser having a bore
25 substantially equal to the bore of said intervention spool, said riser having a hub formed
on its lower end; and,
said intervention spool having a remotely operable connector on its upper end for

sealing engagement with said hub of said riser.
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seal i ng engagenent with said hub of said riser. Page 13 10. An apparatus
for use on a well with a bl owout preventer stack having a bore

t heret hrough to selectively control the flow of fluids fromsaid well,
according to Caim9, further conprising: a landing string attached to
said val ve assenbly for |lowering said valve assenbly 5 into said
“intervention spool; and, an unbilical line attached to said val ve assenbly
to allow selective actuation of said valves in said valve assenbly. 11. An
apparatus for use on a well with a bl owout preventer stack having a bore

t heret hrough to selectively control the flow of fluids fromsaid well,
according to Claim10, 10 further conprising: a seal sleeve sealingly

secured to t I i i ext endi ng
Tnto sai d el nelfPefr 8 bee Bl £uBRhRla bbe pRib e SR el KE ST BT
when sai thersioeuah e satectivehseoniipldhp fow of JUids fiem said gl meepsdingsto Qigim M\n appar at us
for use @Rna cHBbdisingk th a bl owout preventer stack having a bore 15

t heret hrough to selectiyel ontrol the flow of fluids fromsaid well,
conpri si ng: é'@@é’f’\gﬁg’&‘a aﬁaﬂéf'%gfa'é%ﬁ"’ﬁ %ﬁfm%‘(\é\lﬂmﬁ%’ﬂ@isﬁg'Véﬁfﬁﬁ?%e&%ﬂyo suspend at
| easi onietocasiimgrversibm spyl;tahér ei n, and seal the annul us between said

wel | head housi g 30f inaltloAld b 823 Lol Bsefily Id\ioR bEG: afufAd 11 ee

sealingly secured 1 e upper end of said we ousi ng, said 20 spool
tree havidfyalyepprsaidivaleg assertblygh adapted to receive a tubing hanger therein

fmd se?I thﬁﬂ\_eﬁlbﬁbﬂaéatﬂs iouilq)sienm 106t e duﬂﬂbyeﬁﬁigbleﬂa\)#gtdqﬂad?e ﬁaid Spogl
ree a earr an .a ul ar | e alt |l on Sal ubpl er aving a
| east - ortBerblBay BareENEPuft ms How o s i sp e, hecdrdi f30RT00 b ng
striing sudpenchetisinberef rom 25 an intervention spool sealingly secured to
the upper eanQlesE@vagsS}[HgﬁgllJL%@ﬁe@%ﬁé rag,ererlﬁiadfgaia BhRN &N khi@QegP00 having a

bore therethrough a ] to receive a val ve _assenblé having a plurality
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val ve 12. An apparatus for use on a well with a blowout preventer stack having a bore

15 therethrough to selectively control the flow of fluids from said well, comprising:

a wellhead housing, said wellhead housing adapted to suspend at least one casing
string therein, and seal the annulus between said wellhead housing and said at least one
casing string;

a spool tree sealingly secured to the upper end of said wellhead housing, said

20 spool tree having a bore therethrough adapted to receive a tubing hanger therein and seal
thereabout;

a tubing hanger sealingly secured within said spool tree at a prearranged angular
orientation, said tubing hanger having at least one tubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom;

25 an intervention spool sealingly secured to the upper end of said welthead housing,
said intervention spool having a bore therethrough adapted to receive a valve assembly
having a plurality of valves arranged therein, said valves having a bore concentric with
said tubing hanger, said valve assembly valves being operable by a plurality of valve
actuators positioned on the exterior of said intervention spool to selectively control well

30 production fluid flow therethrough; and,

a production riser positioned above said intervention spool, said riser having a
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actuators positioned on the exterior of said intervention spool to

sel ectively control well 30 production fluid flow therethrough; and, a
production riser positioned above said intervention spool, said riser
having a Page 14 bore substantially equal to the bore of said tubing
hanger, said production riser having a hub fornmed on its |ower end; and,
said intervention spool having a renotely operable connector on its upper
end for sealing engagenent with said hub of said production riser. 5 13.
An apparatus for use on a well with a bl owout preventer stack having a bore
t heret hrough to selectively control the flow of fluids fromsaid well,
according to Claim12, further conprising: a landing string attached to
said val ve assenbly for lowering said valve assenbly into said

i nt er venbbersubgiaviblly enal to the bare af stid tuboglhahgenesait drediotioh riser kaing aval ve

assenblyhbqjﬂkégMgﬁﬁ&ﬁgghg P@Ctuatlon of said valves in said valve
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further comprising:
a landing string attached to said valve assembly for lowering said valve assembly
into said intervention spool; and,
10 an umbilical line attached to said valve assembly to allow selective actuation of
said valves in said valve assembly.
14, An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fluids from said well, according to Claim 13,
further comprising:
15 a seal sleeve sealingly secured to the lower end of said spool tree, said seal
sleeve extending into said wellhead housing and sealing said welhead to casing annulus

when said spool tree is secured to said wellhead housing.
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