| NTERVENTI ON SPOCL FOR SUBSEA USE BACKGROUND OF THE | NVENTION 1. Field of
the invention [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

pesi tioned above. The intervention spool can be used in various forns for

5 performing the functions of other well control conmponents. [0002] The
installation of subsea trees for control of oil and gas well production
requires the installation of down hole conpl etion equipnment that is
suspended in a mellhead body or housing at the sea floor. The well 'is then
‘tested by "unloading", i.e., the well is allowed to flow uninpeded up a

riser string to a test SEIR?I?ﬂéﬁTI nsgo Lgddg‘??gﬁ%lbge;rtrle ﬁ;rfﬁcte ("'I'hi S 1)0
i1l uni MODU'

drilling unit may take the orn1o
or rig or other type of hull based vessel as a spar or tension |leg

platform [0003] It is impopAGRaR&NAL OReHlE ROBKTRIN De Meintained under
t hese ci rcumstance welT"confrol requires the ability to shut off

flow to the surfalc 'egﬁathﬁr"y@?tﬁ’@ for a disconnect capability should
di sconnect i j0001pf Thisdnvention|retates lfo&hﬁﬁcﬂladbpdol withGa boé theRthrolREBSHRyy . The 15

t b t hat
apt at | on TEHOGbEl Bt BalE b bl fifs TENERRAET piiiiondea ari i1
stem t est i nged fnﬁe§epamjbsidaea testtreetand prodides gbare anwwl pelidmetsp it the hiedowtal vi ng
| ar T angementheeRt HatkpsiicHed Sbovd! R iREAERHORE oot Bilog uLin taRAs RomBRlt OF (he

#nl ng o ndi, ng St n(r']; t ubi ng hanger test trees
nurrtP@ orgiing the,jupcfio %?fsmheﬁ‘é’P'Uﬂ’i"Wﬂ cPReeneNtEe of the val ves, the pressure

rating of ZJ0002he Thainvtattior h&ubﬁﬁ]ﬁéﬁsﬁfcﬂd&cﬁltmlaﬂ? biNghdQfas W pragdctisy @.E{ﬁreﬁnd

val ves, th vai for . .shear ctuation u pressure

andthe al 5 RAEic S aabhi (- RfrerBh GRloriihs Fofly AhRlenan's ifigea el P Gooa)

A sol uti on orhcatsmelatﬁh?n%ﬁ@gr ﬂ’hewaiblﬁtlwnltmtedéysumadhgbnetﬂhewe&iswﬂnwmckage in

its runni rtgﬂdmﬂmn@aed pHfiber shiRgtcAreMAbRArRtoh 4 dHfiing uAifatQhe SrSEBL This O
siml %r 'S d\rﬁl?ngy unlt may take the form of a mobile offshore drilling unit ("MODU") or rig or other
type of hull based vessel as a spar or tension leg platform.
[0003] It is important that well control be maintained under these circumstances. This
well control requires the ability to shut off flow {o the surface and provide for a disconnect
capab'ii'iﬁr 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 fypically 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 intemal 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 infernal diameter, allows the use of sufficiently large
actuators for required pressure and shearing forces, allows the actuator components to be
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25 to overcome these I[imtations. Such an intervention spool design allows
the valve size to be maxim zed for a given riser Internal dianmeter, allows
the use of sufficiently large actuators for required pressure and shearing
forces, allows the actuator conponents to be 'Page 1 renoved fromthe high
pressure and high tenperature environnents and allows control of the

val ves by a control systemexternal to the riser.-2. Description of Related
Art [0005] U S. Patent No. 5,372,199 to E. J. Cegielski 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 wellhead in place of a conventional Christnas
‘tree'is disclosed in U S. Patent No. 5,544,707 to H. P. Hopper et al. 10
[ 0007] Int efemet\teﬂ(ﬁmmlthmgbpmssﬁmdnﬂm@hitm%mbenvimeﬁéar&Béilewﬁ conkrbiof

Cor por ati onye m%ygﬁtw%ﬁ eg@mghgttﬂeqﬂglsyst emthat utilizes a reduced

di anet er tubi ng hanger I'S arranged and di nensi oned to pass through
the bore of th 'P?%E?maﬁﬁﬁ?iﬂ@@\%t preventer. [0008] A wellhead assenbly in

wh: fﬂ ag ihr[edu_spem S et fvb sa%maeé tdlala 0 tia@@hmaesug%z\@@ﬁ%% le_t5 hin a
wel | he oys i S sclosed I n o D.

Gar nha?h et @fchrﬁ%ﬁwm@ strigg opihe ”‘NB" tree @%beffgwt"?ff ipfeppndepiypidhe ot al .
shows a comfileet i on system wth a spool tree in which a tubi ng hanger is
anded, 2 fooe R AR A s B o e
present i neenyentipnalChrigmas tree ia dingbderidnld S Petentiiiy 5(584,705 e HOIR. Homzel* etwith a

bJ wout prgventer stack having a bore therethrough that utilizes an
nt’erventi gn ﬁPoo seal |y secured between a horizontal tree and the

bI ovvou]P pr B8 elptemaligng! ?ﬁg FD‘PUWW@'”“W%WQQQQSPM\FW IR package

posi t i onedshawstalsimbare esnasietioh aystep hat uthitesa redlcy@ diambteAfubing hanger which
is arranged and dimensioned to péss through the bore of the riser and blowout preventer.
[0008] A wellhead assembly in which an in-line tree with a vertical production bore is
landed within a wellhead housing is disclosed in U. S. Patent No. 5,992,527 to D.

15  Garnham et al.

[0008] U. S. Patent No. 6,039,119 to H. P. Hopper et al. shows a complstion system
with a spool tree in which a tubing hanger is landed at a predetermined angular crientation
and allows monitoring of the production casing annulus pressure.

SUMMARY OF THE INVENTION
20 [0010] The present invention comprises a wellhead 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 welthead -

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 wellhead housing. The spool tree has a bore therethrough
adapted to receive a tubing hanger and seal thereon. The spooi tree also has at least one

lateral port communicating with a valve sealingly secured to the exterior of the spool tree.

~ 30 The tubing hanger is set at a prearranged angular orientation and has at least one tubing
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mounted on the exterior of the intervention spool. In the first enbodi nent,
a well head 25 housing with a plurality of casing strings suspended fromthe
wel | head housing and their annuli sealed in the well head housing is

| ocated on the sea floor. A spool tree is sealingly secured to the upper
end of the well head housi ng. The spool tree has a bore therethrough

adapted to receive a tubing hanger and seal thereon. The spool tree al so

has at | east one |lateral port conmunicating with a valve sealingly secured

to the exterior of the spool tree. 30 The tubing hanger is set at a

prearranged angul ar -orientati on and has at |east one tubing Page 2 bore
therethrough and at |east one lateral port connected to the tubing bore.
The tubi'ng hanger lateral port is aligned with the lateral port of the

spool t r eePRIRhargiaroughANd Gt leasi gae laterah gorbeonnestestio thertibing baies Joa b rom i t .

[0011] An hatger @Rl beris ampel Mtﬁth&%@érahi&bﬂh!ﬁft§6§;§HoﬁQeeté?ldttﬁEQuMan§ﬁd of the
wel | head 5 hou therethrough adapted to recelve a

‘renovabl e '\'} @L'gggg?ﬂﬁl?perﬁja@P a plurality of valves arranged therein.
The val vesi®dile An lbbnientmrspmhtsrsedmw sérutdddo thewppergnt ahigeweltest t he val ves

are opgr abl,&isRY afd ﬁ’és‘%{lfyr% fh¥|;§9-frou Uspiedith "@:%% 3 ré?r?o?rhl?lé Qﬂﬁedas%}nlgl%he ?)s(t erior

of the intervention vent|i ona eventer
posi ti oned a"!i'ﬁ@\}?l’-'r%ﬂﬂtpf yalues angngeddearein. dire valveshave ﬁtbefP\P@meP@ﬁ wiinthel with a

bor e subst@bihg Blrigér &AW vaves aﬂe(bptanlasle lapégsuﬁaiutytoheawemcﬁra\b?ﬂdsm&e%mw' [0012]
Addi ti onal eg;a?n ts are.sho odiment utilizes a simlar

ar r angementp ? piegvention spg vﬁ%‘l""é"%’éﬁqgﬁwa‘ét%eﬁﬁmﬁr §ia5k g posttionsgn r ol
ng pr caboes @rgisealingly sattiredhte thednteiventidn epdobwitmaedre whtistanttaig equal fr r angenent

JET
Sﬂ‘—J’}l | gy tqhéﬂﬁ-egftﬁgtn%nhmggl ments but replaces the bl owout preventer
stack with a landing string or inner 15 production riser inside a drilling

riser or JAYA prditenat ?WF"‘%‘&”"‘ shopnfhsecendherbadinant Wilizes aysdgilaran
ar r ange e rirraggemdnbut ulizéd1Be Fdihdvible wdpRcss@Ably Bivelddhbioldusig@dRicier € hi gh

D Tnot pal BEEE A ML EImbaRes! Dt SR BRI ol rend! System
with an mtbeﬂlmems |b9ﬁTEIQ§n§>© thethdariontpreventensiacibiith aladding siringloaeert hat al | ows
the vigl ve saddt@ichPs&tSnside a drilling riser or outer production riser. A final embodiment utilizes
an arrangement similar to the third embodiment but with a single bore high pressure
production riser replacing the biowout preventer stack.
[0013] A principal object of the present invention is to provide a wellhead system with an
~ intervention spool having a removable valve 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 removabie valve package that allows the use of sufficiently large actuatoré for required
pressure and shearing forces. _
[0015] A further object of the present invention is to provide an intervention spool having
.25 a removable valve package that allows the actuator components 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 external 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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20 maxim zed for a given riser internal dianeter. [0014] Another object of
the present invention is to provide an intervention spool having } a
renovabl e val ve package that allows the use of sufficiently |arge actuators
for required pressure and shearing forces. [0015] A further object of the
present invention is to provide an intervention spool having 25 a
renovabl e val ve package that allows the actuator conponents to be renpved
fromthe high pressure and high tenperature environnents. [0016] A fi nal
obj ect of the present invention is to provide an intervention spool having
a renovable valve package that allows control of the valves by a contro
.system external to the riser. 30 [0017] These wi th ot her objects and
advantages of the present invention are pointed out wth specificness in

t he cl ai s aBsherRiele Hederstandia df the innerlioprey beohad tyirefednexclodisure. A full  Page
3 and conphgdemp! Hﬁ&ﬁi‘?’cﬁi\ﬁﬁ&'a‘ﬂgdéﬁm tl&ﬁofﬂﬂ%!ﬁfé?én@@e%bfdﬁ@nt?ad 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

advant ages of the presenBRIBRRZERCRIPTIONOISTHE DRAVWINGS bel ow and further nade

| b ' WAk FIL.GURE 1
C) oo 2Y " BIOSEE eh Bt Hor 680 AP IREAE P AR ELEER o2
showi n§ t heelew uﬁh%ﬂ@d%ﬁ?%‘rby!ﬂfqékcelfaﬂ!@éfcﬁwngsemargm on a subsea spool tree.
[0020] FI Gditkg)2 FI@URE 164 SVAvafh \)(é\nﬂﬁ‘artu& |ﬁ dedlidny of aﬂpr%ﬁ&& WOlhead’ the present

i nvention with the intervention spool et ween owout preventer stack

and the t uPSRYL plRYYing theybipwryb preventersiaek landed dél'ﬁd@lf’é\?ét‘b%ﬁﬁ SW‘%W*E partially in
section, ofoozo] otmemaeam emaﬁon vmepméulm deﬂﬁdﬁr weﬁa presenbR@MionVwitve assenbly

is7used fo contrao uction 0022] FIGURE 4 is
an el evat |to?1' \i orb?lo? bﬁﬁ"‘l F‘% 3’8? pBerYe"tS'fSt ﬁbﬁqiﬂ?ﬂ%’f’ Ment  where a
produtd i or[0021§erFl$@REanﬂelmele\mtlm vieys phiallydn sevéion af arethessebdiingendf: t he

I ntervent I yffdre the intervention spool valve assembly is used for well control during production

operations.
[0022] FIGURE 4 is an elevation view, partially in section, of another embodiment
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. Wellhead 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 wellhead housing 10 in a manner well known to

 those of ordinary skill in the art. Seal slesve 16 is secured fo spool tree 12 and extends
25 into wellhead 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 inclqdes 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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15 spool. [0023] FIGURE 5 is an elevation view, partially in section, of
anot her enbodi nent where a production riser is connected directly to the

i ntervention spool. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0024] Wth
reference to the drawings, and particularly to FIGURE 1, an el evation view,
J 20 partially in section, of a prior art well head assenbly is shown.
Vel | héad housing 10 is positioned at the sea floor with spool tree 12
sealingly secured thereto by a renotely operable connector 14. Wl | head
housi ng 10 has one or nore casing strings suspended fromit with the
casing annuli sealed in well head housing 10 in a manner well known to
~those of ordinary skill in the art. Seal sleeve 16 is secured to spool tree
12 and extends 25 into well head housing 10 and seal s therei n when connector

14 | ocks spgigdsiity 6E8mlypebRwollgrdvestad 22auith iarkghskidal of BagTYpesidut oned above

spool tree éveiner Jlgt\%)éjtto preventer stack 18. Bl owout preventer stack 18
I ncl udes a Tenotely operg'bl e connector 20 at its lower end that sealing

secures bl 902}t Tybioy banoer 265t wpiedlil spowl erotd antl heetubiflg sBhyM®ssperdedent er
stack 18 i : it i 4 S 22 with
a spheri calrkﬁéﬂréﬁl@ﬁ'a%ﬁ?g?gé B’Ph%ﬁjb' %r’%éogﬁ%arc_’t%% a@’?“r@”%‘g?'ﬁ g%%gﬁ Tubi ng
hanger 26 %8 AEARNEBUANAT subod ltest freaS2withaireshidis peaifiongd Atave iying BargeE pended

t hgr efr ﬁm riatgigol3aaadis suspendaddroimdadingCstring 36 eamisict i8drdulic édagolupper end of

t ubi ng han o . C t ree 32 with.valves 34 is
posi ti onedg‘g'ﬁ)bc')"\(/:g' 3?8%?“%&“@2%%@ A (rgﬁ%lr%eﬁé pttssog?r% %6&‘5'@1%!1 eg G'grﬂ%eﬁeﬁ%l@gat\ppom

| andi ng st rdf thg B8 of he whiveshthia puessung fatineofiie lves, lindiemperalureg@tingsof thet ached.

%@h an ar rRRERAPMI vawsl ik Sortd KIbGHr SRkdg R0 8bt8ftioA Bnddr Righ plds@ile Of the
ze of the valv pressure ratin he val ves e erature

s, .the g.of t I . the fe
atindlof eRA TS Astapla HplEeremaldaseter e giivasisay Adflanel. pkeekiahr i ng and
act uat I on wedar typicgly ipposBisnitan bidWoun ptéyérha stdck ddvahibie preventaaissingrof exrmnal
I L Bl S e P e
cl osi ng of intemgntion spool between the spool tree and blowout preventer stack addresses these

deficiencies.

15 [0027] Referring to FIGURE 2, welthead assembly 100 embodying the principles of the
present invention is shown. Wellhead housing 102 is positioned at the sea floor with spool
tree 104 sealingly secured thereto by a remotely operable connector 106. Wellhead
housing 102 has one or more casing strings suspended from it with the casing annuli
sealed in welthead housing 102 in a similar manner as shown in FIGURE 1. Seal sleeve

20 108 is secured to spool tree 104 and extends into wellhead housing 102 and seals therein

* when connector 106 locks spool tree 104 to wellhead 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 se.ali'ng 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.
 Vale assembly 116 includes valves 118 arranged therein having bores concentric with
that of tubing hanger 120 positioned below in spoal 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

S
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type bl owout preventers 22 in an energency. The present invention utilizing
an intervention spool between the spool tree and bl owout preventer stack
addresses these deficiencies. 15 [0027] Referring to FIGURE 2, well head
assenbly 100 enbodying the principles of the present invention is shown.
Vel | head housing 102 is positioned at the sea floor with spool tree 104
seal i'lngly secured thereto by a renotely operable connector 106. Wl | head
housi ng 102 has one or nore casing strings suspended fromit with the
casing annuli sealed in well head housing 102 in a siml|ar manner as shown
in FIGURE 1. Seal sleeve 20 108 is secured to spool tree 104 and extends
into wel | head housing 102 and seals therein when connector 106 | ocks spool
tree 104 to wel | head housing 102. [0028] Positioned above spool tree 104 i's
I nt er vent icoRnezo L6 4t 1 lowkndne ithed aédliogly sexocs bibiBut pravehteickackal 24 éngybell v

oper abl e t ' I . [ L.nf ervention
ahool 170 {¢818% dubtigeithul by 24FloBRCs bRk SEaNAS, ARG f8yendt
cyl i ndri cdli28 pesitignethapbpfase.114 ext endi ng t heret hrough and adapted to receive

val ve assqpgdoy Flfind RAHE 120 is 1MRLY B PoaYEBHY dnblhab AbingdamgMabves 118
arranged therein Fav n abores concentric gth "iﬁr‘l‘ét 0{5' t ubi n hfanger 120
posi t PoneFUERENESH ¢ ?feé‘ﬁ’g Hbipg hangefyynnInGieQldlde BLanngeled Sthe pRsT eBY of v ) ve
act uat or s tibhig Hangér 126 tvalve atdembiydhe ivile vabads|118fs positieey ebdvedubimgeogerl 10 and
are positi : | el At L [ 0029]

Posi ti onetéu@g@\c;%&_g%%%% ’{I?%%&Ji@g? q%ém%%@{olé't?dmﬁrsg\l}gﬁ?gg %@%@Vd%gl that is
subst ant i &pntipl ymbiicgh1P6 igaitaghedwout preventer stack 18 and includes a
;%Dt ely otpbBE usiftABBrentoR BRRET 1 askhbwinin FIGISRE MRS adiddnéibiioteeal i ngly
ecu

ot ac0124 SPHEIARIBETEARE, GPEtH of PPN LT R SRR OLPRERe 15
posi t i onegdrezentéresdtank 424 lI0OVAE ful atei acgess angpwol ti2(04 and tabidg Hanger $3900!  tree 104
132 1o cofubéhudh bicBPiud e prodARaNEgE paBhlahiah BB ORERC [T o, 076
wi t h val vblewautpreventeistackilémed above tubi ng hanger
[0032] - A second embodiment of the present invention is shown in FIGURE 3 that allows
15 the use of the removable valve assembly for well control during production operations.
Those items which are the same as in the first embodiment retain their numerical
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 wellhead housing 102.
[0033] Positioned above spool tree 200 is interventioh 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 spoot 204 is a generally cylindricai
- 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 bositioned
~ 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 operable connector 212 at its

L .
g
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running tool 132 and is lowered into position with landing string 134 to
whi ch hydraulic control unmbilical 136 is attached. [0031] By using

i ntervention spool 110 as shown in FIGURE 2, the deficiencies noted 10
earlier are elimnated. Bore 114 of intervention spool 110 is equal to that
of bl owout preventer stack 124 allowing full bore access to spool tree 104
and t'ubi ng hanger 120. Intervention spool 110 al so provi des an exact
spaci ng between spool tree 104 and blowout preventer stack 124. [0032] A
second enbodi nent of the present invention is shown in FIGURE 3 that all ows
15 the use of the renovable valve assenbly for well control during
‘production operations. Those itens which are the same as in the first
‘enbodi nent retain their nunmerical designation. Wl head housing 102 is
posi t i oned uateriehdihebsealinglysecuesittesputioh spook20430 Blows alaverterstakided t hereto
by a renpt ghyifaR§hERke connector 202. \llhead housing 102 has one or nore

~casing st rlmpgs suspended fromit wth the casing annuli sealed in 20
wel | head h f‘th'PUQ-'ta@V?ﬂie"tsF?ék 214 is subsiaptially therpame ga hlowaytgeapente08 i s secur ed

\tMg spool trsttaek 1@8&0@%&&&6&%216@&5%&%&&%&%! ehia%c%nﬁe 102H§[B ng ]el n
en connegt or s ousi
Posi ti dned ﬁ'ffoQ}'i éﬁS%'lnglf F@@P%‘%“LP'FWP%%H’EW‘M% reexg. g‘g‘ﬁ Wrvention

Spool 204 prienegitergtsk 214rinchptee b pluclityrof Eretypobioeat prevehiels 428 pdsmodr&nwsr end t hat
seal i ng seﬁéﬂs,@s 25 intervention spool 204 to spool tree 200. Intervention
spool 204 1s enerally indrical wth bore 206 extending therethrough
and adapt eﬂm?ﬂ é‘ﬂ\?@“ﬁ?&?%/ﬁ’és Bedaship sRoobinee 308epd hap tUbiNmﬂﬁ@Sa?@genbl y 208

I udes Vﬁls}ﬁ@&ieamr&bﬁﬂm@ ﬁahg?erreuﬁnmbwlm ;beérﬁsctémtth@up%e.l alaegral 1y
t hose  of hanger 212

et T b gt 2ROUAE ey SRl L2ttt boaibiitaraye bbRe Bohat, oo

act uat or s rugang toak228 atcbis dbv@fedtitto pmmnmb lading sioihg 134tte whiehhydraulispool 204 and

are positiQpgd uﬁi’l‘nh&é]%@é%&édh@ i ntervention spool 204. Intervention
spool 204 has renotel per abl e connect or 212 at its Page 6 upper end that

seal i ngl y [98%81r ¢ ip WF%M%’H‘P‘?“B‘?F“E%B?OGZQfA“t?'Be’B’P'é)W?BEZOBI‘%%ﬁHérthaéf-’fack 214

blowout preventer stack 214 allowing full bore access to spool tree 200 and tubing hanger

15 218. Valve assembly 208 has muitiple bores aligned with the multiple bores of tubing
hanger 218 to allow for multiple production zones. Additionally, valves 210 are left in place
after testing operations and used for well contro! during oil and gas production operations.
[0037] 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 wellhead 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 free
300 to wellhead housing 102. 7 '
[0039] Positioned above spool tree 300 is intervention spoo! 304. Intervention spool 304
inciudes 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 to receive valve assembly 308 therein.
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posi ti oned above. [0034] Bl owout preventer stack 214 is substantially the
same as bl owout preventer stack 124 except for hub profile 216 at its

| ower end that renptely operable connector 212 5 |ocks onto to sealingly
secure bl owout preventer stack 214 to spool tree 200. Bl owout preventer
stack 214 includes a plurality of ramtype bl owout preventers 128
positioned as before. [0035] Tubing hanger 218 is |anded in spool tree 200
and has tubing strings 220 suspended therefrom Tubing hanger running tool
222 is connected to the upper end of 10 tubing hanger 218. Val ve assenbly
208 with valves 210 is positioned above tubing hanger running tool 222 and
is lowered into p05|t|on wi th | andi ng strlng 134 to which hydraulic
control ‘unbjlical 136 is attached. £0036 in the first enbodi nent bore
206 of i nt eVdenassembly BeRincludse valuesa|D arrandsd theesin keving lypresicencentriewitint er st ack

\2/1|4 al | ow Rglaﬂc dlkdb:sr@%ﬁgeaeﬁzfﬁﬁmbﬁbg%w:n §;fo@ﬁre%%4 a‘fHﬂ([e%Elm 5}|9t09§r|9@@[)y 15 2]}8
al ve asse i ore e multiple bores o

t ubi ng hang‘éﬂj%?fg' 5 %F‘ft%ﬁ%\‘qhi tﬁ? Ha'l)&érgﬂﬁrﬁ“%sn%'r?gé andai& t i onal | v,
val'ves 210 nsifiohesifan thenexperiacef interfdntion $pest 30dgintepenivhispod 3edhsusactefyor wel |

controlg du réﬂ%ﬂ:,b% donfdbr 951 AL Bﬂﬁpumqﬂat%gﬁrna# isg&?e'fl r&s&%ﬁél fﬁé E 5B4rtgs a

enbodi nent of e present 1nve
drilling ri%Wpg 8?‘3‘80?‘8‘1""9&"6619&“?%#1‘? pesitioned@liodgindi ng an i nner production

riser or | gookong DMling fiser BicouteR pRkiddtien ﬂ§erhmh&|é}ydﬁé1§ubﬁfaﬁtmﬁétﬁfal @igles of the

th
Ebod mont SORIT TSR o R A A1 B T E Gh Py G ao PelEMotRgiad hous! ng
qé i S posiaperabiedonrrtectohdl4darks dito bir sealingly sspwe brilingeise 30 Buteepbdurgbry Ssecur ed
el bY Ber ABM RleKeARRSHE Sok AT MGer D2 .ﬂéﬁﬂ]h*}&}%ﬁ%%bﬁ'gn%’é has one

or nore casing strli ngs suspende romit annul1 "Sealed in

wel | head hdtRgRYing$29 ‘ispé%depﬁ‘aﬁ@”‘pir@?}"%'&@@m%ﬁ?\@%2 'sSé%ﬂeC@ﬂéQBve 108 i s
secur ed t O tisnppbr dnd@etuBiAg hamer 3RXVaRISssbrbip 3vBkittheads Bauis podioh®2 and seal s

e e e PR A b e ™ 0>

| nt er vent i émesprodicti@oiser 324 to which hydraulic control umbilical 326 is attached.

15 [0041] A fourth embodiment of the present invention is shown in FIGURE 5 that uses a
high pressure production riser that can be removed and a drilling riser installed for
removal of the removable valve package. Those items which are the same as in the
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. Welthead 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 spool tree 400 is intervention spool 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 408 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
o valve actuators 122 that extend through the wall of intervention spool 404 and are
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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 extending therethrough and ,
adapted to receive val ve assenbly 308 therein. Page 7 Valve assenbly 308

i ncludes val ves 310 arranged therein having bores concentric with that of

- tubing hanger 312 positioned below in spool tree 304. Valves 310 are
operated by valve actuators 122 that extend through the wall of S

i ntervention spool 304 and are positioned on the exterior of intervention
spool 304. Intervention spool 304 has renotely 5 operable connector 314 at
its upper end that sealingly secures intervention spool 304 to drilling N
ri'ser or outer production riser 316 positioned above. [0040] Drilling riser
or outer prRAsitieRedsn the exdsrionafdntersention snepbdCdulbtervantion sboof 4e4asi remotelyhat  of

bore 306 of cﬂefﬁb%rdbﬁﬁﬁdtd? B1EHGE hpp%@éntﬁtﬂét @Htﬁg@rsgédrés%tgt'%&wtﬁh sbcﬁcﬂéﬂ\ﬁe r end
ks onto to sealingly secure

t hat renot erabl e connec
drilling rﬁg%rtpr8$u59tﬁr%cﬁ'°m"dﬁﬂc 188?15'%6‘? BRYP- 316 to intervention spool 304,
Tubi ng hand@p43p 1 Higreprésancbatbduction piea|416 h%htib(lﬁaﬁmﬁalﬁaifs lodétRinBghabt ri ng 320

d i h
Cppor end oF PelyeRapE diHeAy AR ek GHE BB loq pérn RSO HBLRay o
posi ti oned Msgitifdo tnt%\ren@:nwapgéﬁ‘! Tubing hepgeoti2 igamed irdspos! tteeWwed eukd hast o

posi tion Wtﬁﬂhds’iﬁt@ﬂﬂsﬁép’éh&& tﬁl—:rrefrdrrﬂ"r%md)ﬁ Hcrtm tBél%Qi .s%gr‘.‘nefcfé Wi ch
hydraulic ¢ontro i s attached. 0041] fourth enbodi nent

of the pre %enlfppf'hwnrﬂﬂ%wg%g"@h ¥n in FIGURE 5 that uses a high pressure
prqduct i on[W4$]3rTttétainsh:tmtiodmouemsmeﬁhoamdocﬂwﬂh‘nb|réadi1}gjriﬁb|@sﬁ:bd fromtied | ed for
r@?h]

Vaﬂﬂ of ff;f@falr{sgedzgn%@g&nean\ﬁtlvbﬁ?beos%g#ﬁgﬁm I&% n%ndgcgan in a{pceaglt he same as

in the previou retarn t Vel | head
housi ng 102ayirg a fsesivabieyaiug paekage thatallaws ﬂ‘@dﬁlvv\m&ttoéppmxmzeééormemeal ingly

secured t hagelimeriy danieRNTHURhmaR, wﬁnértl@é)ﬂnﬁ‘enﬁ&m%m stf&@u%ané{‘éééchﬁ‘é%d housi ng
102 has one.or %ﬁaﬁeﬁé' strl n suspend romit wth the casing

annuli sealByresRe F?G'ﬁg el °di’6'?"t%1§t '§ ?Pvt%%tha’pﬁ"é\)’ialﬁﬂfsa’t@ﬁ%&@ﬁnt s. Seal
-sl eeve 108mpdifications witloteur toptiets skillerkin 4@0arbupdn éhetreatithy dnd undersehdidyedid housi ng

102 argl se@kIpbdrRafdn M TN GEsehOMRAEIRcIHS all Atk SqSRRRt aldrfiBnd Gy tO

maodifications, and is limited only by the scope of the appended claims.
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wel | head housing 102. 25 [0042] Positioned above spool tree 400 is

I ntervention spool 404. Intervention spool 404 includes a renotely
. ‘operabl e connector 112 at its |ower end that sealing secures intervention
i spool 404 to spool tree 400. Interventipn spool 404 is a generally
~cylindrical wth bore 406 extendi ng therethrough and adapted to receive
- val ve assenbly 408 therein. Valve assenbly 408 includes val ves 410
- arranged therein having bores concentric with 30 that of tubing hanger 412
- positioned belowin spool tree 400. Valves 410 are operated by valve
- actuators 122 that extend through the wall of intervention spool 404 and
_are Page 8 positioned on the exterior of intervention spool 404. B
Y Intervention spool 404 has renptely operable connector 414 at its upper
- end that sealingly secures |ntervenQ3_ ?%pool 404 to high pressure
- production riser 416 positioned above. ['0043] H gh pressure production
. riser 416 has hub profile 418 at its lower end that 5 renotely oper abl e
- connector 414 | gc LS _hi.ah. pressur g
_ n@l Ken: %@r@erﬁ#@%?ﬁ'@ t?ggééﬁ qy et ﬁrﬁikgﬂﬂa%ﬁ

tion
~riser 416 to intervention aﬂ%g!f:l n spool

_ tree 400 arfee E?%@Mm@&m&ndﬁ ; réthitsiigy. hanger
[ooaa] Fhe 2 & adsBmoly PR Bl G

__under st ood Se#byAlY haviig 4 bare goioegiridsith saitibing Emﬁe; Eaiﬂwlalvet&ssmaly that we
“have provi VAT vabl. e val v age t hat
all ows t heq@ﬂm%% alsr@‘tz t;o g%ﬁ@%ﬁ\&%&ah% %’ci"%i%ﬁ?gﬁ?o?q‘isgé}%ﬁﬁfff ﬁ‘ - di aneter.

. Fur t her nor éaldahlerentibe spenkent i on has been shown and described with respect
to certain preferred enbodinents, it is obvious that equival ent alterations
and nodifications will occur to others skilled in the art upon the reading
and und@r st andi ag of THEsihienentipestiobl asasiifiog to diaien prvefesgein siMlatisaition ncl udes
all such e t , I|n1ted only by
the scope %?bc;ﬂﬁfgﬁ% as%rﬁ;ﬁg?a%% Q%ﬁ;rﬂfﬂ%ggg%g it drSRtduBASsaid iy drbdres

foral _gmpg wzth tubing hanger bores in the wellhead assemb}y, sand fntewentm

“friemby far eaah of sau‘i boras said vaive as&embly valves bemg cparable by a
15 pluralitgr af vazve actuators. pnsiimned on the exterior of safd Entervenm:m spool.

3. Awﬁ” ﬁﬁ:ad ,&gamhiy for use on a well with a b lowout praventer stack
“having & bore therethirough, comprising:

d housing, said wellhead housing adapted fo suspend at feast one




10 CLAIMS 11. An intervention spool for sealingly securing, to the upper
end of a spool tree in a well head assenbly, the intervention spool having a
bore therethrough 5 adapted to receive a valve assenbly having a plurality
of valves arranged therei'n, said valvé} having a bore concentric with said
t ubi ng hanger, said valve assenbly valves being operable by a plurality at
val ve actuators positioned on the exterior of said intervention spool. 10
- 2. The intervention spool according to claim1l, wherein said intervention
spool val ve assenbly has a plurality of bores therethrough, said plurality
- of bores for. aligning with tubing hanger bores in the well head assenbly,
~said intervention spool valve assenbly plurality of valves arranged to
“format least one closure nenber for each of said bores, said val ve

ot oned ot RoTEeoRRERARY Sty el Rl dpel plf T SRR ey

assenbly f maidjaieﬁfamoa spobl hanigle Bork lHewsihrouheadentedis &itﬁ%.a d‘a&el ng bore

oS pend re IR T Lhuhu SRR iRbe PRt e ARl daRRo BRERLN ST

to suspend at " I'e

bet ween salﬁdnmkiﬁhaadamubiﬁggaﬁm s@ﬁwéivataséﬁﬂﬂd Wéﬁ@@ ] ?%r&ﬁéi_b?g, a
e upper. en sal d. .wel I head. .
eI R

R E

hanger ther ei nwimnzin saidlinitiven bmpso] haws Sorpadkiahlial daexitothetiok st one

| at er al gli,?a 0 |_ﬁtlnggr;\:vxllthavalve seallngly secured to the
exterior S E%YE Pl 5 tubi ng hanger sealingly secured within said
spool tree at a prearranged angular orientation, said tubing hanger having

at | east one tu t her.et hr oygh .a st one |l ateral port

connected to th'gp /g'g !E'ﬁgﬁaﬁﬁﬂ’ gaﬁ%ﬁ@%gﬁ%@?ﬂ‘% g’ri@‘ﬁr EBPIR %anger | at eral

port aldegned widibndiel elriad altemst (®seid valverabembl forabwerigtkaid valve
aa&em’bﬁ?'i’nta'sad intetvantion spool: and,

an umbitical line attached to said valve assembly to allow selective
dctuation of said valves In said valve assembly.

15 §. Awellhead assembly according to sither of Claims 3 or 4, further
compriging;

a seal sleeve sealingly securad fo the lower end of saiﬂi"&ﬁo;ﬁ tree, sald seal
sleave extending into said welihead housing and sealing said wellhead lo éasing
annulus when said spool fre is secured to said wellhead housing.

20
8, Awallhead assembly'accarding to any of Claims 3 1o 5, whersin:
' said spool free has a plurahty of lateral pgrts.
~ said tubing hanger includes a p!urai ty of tubing bﬂfeatherathrﬁugh saad
‘tubing bores laterally displaced from one another and axially aligned with a
25 ;p'mraﬁw of tu’hl-ng s‘tring's' sus;zenﬂed from ga-fa'mmﬁg-- ﬁangér-» ss'ici tu'biﬁg—- be:’rgs
_fai_;gned with sald .pmraiity g_f azera;pc;rts; of _sald.sggql treeg
said intervention spocl valve assembly hating a plurality of bores’
{herethrough, said plurality of bores aligned with said tubing hanger bores; said
30 Infervention spool valve assembly plurality of valves arraniged to'form at tagsijt-;cjng




3D spool tree, said tubing hanger having a tubing string suspended
therefrom 11 an intervention spool sealingly secured to the upper end of
said spool tree, said intervention spool having a bore therethrough adapted
to receive a valve assenbly having a plurality of valves arranged therein
said val ves having a bore concentriciwmth said tubing hanger, said valve
assenbly val ves being operable by 5 a plurality of valve actuators
positioned on the exterior of said intervention spool. wherein said

I ntervention spool has a bore substantially equal to the bore of said

bl owout preventer stack; 4 A wellhead assenbly according to Caim 3,
further conprising: 10 a landing string attached to said valve assenbly for
| owering sai d val ve assenbly Into said intervention spool; and, an

unbi | i cal ne attach val ve )W sel ect 1 ye

act uation JZ!‘%“E%’FE'“@S’F @é?a‘ﬁw S39Prap \F@ad;‘ési‘@rﬁﬂ%ﬁmg’%’ag R&W@PPW@% assembl y
accor di ng By glivahigrof okivEheaBr3pstitichedfount dekeneraumeaidsiBgentdnseat sl eeve
sealingly. secured to the |l ower end of said spool tree, said seal sleeve

ext endi ng P sai d wel | head housing and sealing said wellhead to casing
annul us when said spool tree is secured to said well head housing: 6, A

wel | head asse accor li of clains 3 to 5, wherein,; said spool
tree hég a pl H?a#f‘ '-'538@1‘593%%?‘1&5W‘@ﬁW%FWWQ‘iSWKPW%eS a

plurality iare mw@tmau@pra%:gtcﬁ@d}egﬁﬁm% fowbidividsURingalBoras | ateral ly
di spl aced: from one another and axially aligned with a 25 plurality of
t ubi ng st 50 Fﬂ?gs %stpended fromsaid tubi ng hanger, said tubing bores having

a one |ateral @ﬂéﬂhe@@%@%§%&id‘%m&d kﬁ:@éﬁ tald@izt@ﬁ t@ﬁuﬂﬂ}%ﬁd laﬂsﬁéiahe ports
al i gned vmctag said Iurallt of | ateral ? sai d tree sai d

i nt er vent i%BAREHEBE h%?‘?@"é’s@éhﬁ?yﬁnﬁﬂ{?ﬁr?&%%&lﬁﬁl‘tb‘f’?m@ﬂgﬂ%ﬁfﬁw

0 ‘s;;aid at least one casing stnn_g,

a spaol tree sealingly secured to the upper end of said welihead housing,
said spocl 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 8 prearranged

1§ angular orientation, said tubing hanger having at least one tubing bore
therethrough, said tubing hanger having a tublng string suspendad thersfiom;

an intervantion spool sealingly secured to the upper end of said spos tree,
said Intervention spoal having a bore therethrough adapted to receive a valve
;a}ss'amb;ylhaving.a_ plurality of valvas arranged therein, s_aid valves hiaving 3 hore

20 concentric with-said '.tuhingﬁaﬁger‘,.s‘aiﬁ valve assembly valvés being operable by
| a plurality-of valve actuators positioned on the exterlor of sald intervention spool to
selectivaly control well production fiuid flow theréthrough; and, '
wherein said intervention spoo! has a bore substantially equal to the hore of-
said blowout praventer stack.
25 said intervention spool having a remotely operable connector on its upper
end for sealing engagement with sald hub of said blowout preventer stack.

8. An apparatus according to Claim 7, further comprising:
afanding string attached io sald valve assembly for lowering said vatve
30 {assembiy into sald intervention spool; and, '




t here-through, said plurality of bores aligned with said tubing hanger
bores, said 30 intervention spool valve assenbly plurality of valves
arranged to format |east one 12 closure nenber for each of said bores,
sai d val ve assenbly val ves being operagge by a plurality of valve
actuators positioned on the exterior of said intervention spoof., 7, An
apparatus for use on a well Wth ,a bl owut preventer stack having a bore
t heret hrough to selectively control the now of fluids fromsaid Wll,
conprising a well head housing, said well head housi ng adapted to suspend at
| east one <casing string therein, and seat the annul us between said
wel | head housing and 10 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 bor.e therethrouygh adapted to receive. a tubi hanger therein
and seat thereab@h?@gﬁgﬁkﬁ?'ﬁgg’ﬂﬁgﬁ 'a'g«?éif@ﬁ%ﬁ@gﬁgé‘%ﬂpgcﬁe%cggﬁ n sai d spool

tree at a paeREfeeRdid wiveangsharvaokiegd iy on, said tubing hanger having at
- 1 east one tubing bore therethrough, said tubing hanger having a tubing '
string suspended therefrom an intervention spool sealingly secured to the
upper end of saigl Apagrarbf8Sicoadgdo CRIRTR B! ik ERAGIsIavi ng a bore
therethrough adapted fo receive a valve  assenbly having a pluyrality of _
val ves abranged $FRAMERRYE Sea ROl ABGued falhe Eéafﬁb‘?fé-aigép Bheermade=dli th said
tubi ng hanggkevsakendiad it #08 UBhaaMALYRG aRE1dAh ARl Aliheadb casing! ural ity of
val ve actuators positiqoned on. the exterior of sald intervention spool to
sel ecti vel yaRuAEs when gyl sppe) Haeds ezcuradip qaif welhead BoUsiNg: ough; and, wherein
said intervention spool has a bore substantially equal to the bore of said
bl owout preventer stack: 25 said intervention spool having a renotely

oper abl e connect® ASARRAEtLPFesording to Claim 8, whersin:

10 said tubing hanger includes a plurality of tubing bores thersthrough, said

tubing bores laterally displaced from ene another and axially aligned with a
plurality of tubing strings suspended from said lubing hanger; _
a'tubing hanger adapter is positioned above said tubing hanger, sald tubing
hanger :-aﬁ,a;iter'hgyihg a plurality of bores therethrough, said plurality of tubing
15 hanger adapter bores aligned with said tubing hanger bores and sealed thereto;
said Intervention spool valve assembly having a piurality of bores
therethrough, said plurality of bores aligned with said tubing hanger bores and said
fﬁit_sté_iﬁ:g ‘hanger adapter bores, and sealed to said tubing hanger adapter bores, said
intervention spoal valve assembly plurality of valves arranged to form af least one
20 Lgigsgrg-;mgmber-.:foreac_t; of said bares, said valve assembly valves being operable
by a;pl'uira.iii:? of valve gctuators positioned on the extaricr of'sai_d _intarve_mfaﬁ
spool. |

11. #n apparatus for use on.a well with a fiser, comprising:
26 ‘a'wellead h.@ﬁ_sihg.‘ said wellhead housing adapted fo suspend at lzast one
i;gsing,;s%rihg therein, and seal the annulus between said wellhead housing and
3aid atleast one casing string;
- a spool free sealingly secured to the upper end of said wellhead housing,
sa;d spooliree having 4 hare therethrough adapted to receive a tubing hanger o
30 theréin and seal thereabout; ' s ' o




end for seating engagenent with said hub of said bl owout preventer stack,

S, An apparatus according to Claim7, further conprising: a landing string
attached to said valve assenbly for lowering said valve 30 assenbly into
'said intervention spool; and, 13 an unB#lical tine attached to said valve
assenbly to all ow sel ective actuation of said valves In said val ve
assenbly, , 9 An apparatus according to Claim7 or further conprising 5. a
seal sleeve sealingly secured to the |lower end of said spool tree, said
seal sleeve extending Into said well head housi ng and sealing said wel | head
to casing annulus when said spool tree is secured to said well head
housi ng; 10, An apparatus according to Claim9, wherein. 10 said tubing
“hanger includes a pTuraIity of tubing bores therethrough, said tubing;"
bores Iaterally aced m.one anot her . and axially aligned mnth a
plurality of tu%%i éﬁ) i qg’?ﬁ?@ﬂﬁiﬁéﬁ%@‘ﬁﬁmﬁ%ﬂbﬁﬂﬂm 05 P HEAG#I9E% t ubi ng

hanger adapingtial srigp@siohi %@@Wg&@ia‘iméﬂﬁbé@cﬁ@%ﬁfgbc:ﬁé'd tubi ng hanger
adapt er havmiiha P, ural,lty of bor es therethrough said plurality of tubing

15 hanger &t btﬁaé% AsgeiaviRg Siling gy spe .-ffﬁi‘&i‘f@i and seal ed
thereto; said g,,pﬁ;' m@h@?g@%@ngg@%{yﬁaﬁﬁg oL Qﬁ&bﬁ&zﬁs gl ty of

bores theret ores al'i gned sal “tubi ng

hanger Bor &8id rougﬁﬁ"‘ﬂ‘@ﬁﬁ@b W%W@@%Hﬁﬁﬁ?amﬁdéﬂ. fﬁsﬂe%“@d to said
t ubi ng hangesertipRk g BYIRS Sty BA §ﬁéaﬂfasbﬁéﬁdeﬂ %aﬁ:ﬂ%gJeS bmgeaéa? gl y

plurality of valves arrarbg rorm.at | east one clos menber for
each of saFEMEBIENIthssid KIW“&@'S%F@VWS%@Y elvembepgoperble by a

plurality gfpidaiysf @a@ﬁé@ét&étﬁrs%maﬁéa%%@&térra?a@%c?fntﬁar%n%ﬁb&i to

|ntervent|on spool : 11 apparat us for use on I ser
conpri si ng5®! E@"@Y\H@F‘Fﬁ’é@@ I?T@@l@’-i“ﬁ@ﬂw@ﬁiP‘«ﬂﬂ‘*ﬁEﬂtﬂfﬁ@dalﬂibus| ng adapted to suspend

at |leags one 4 riger positioned above said intarxfentmn spool, saﬁd fiser having a bore

substantially equal to the bore of sald intervention spool, said riser having a hub
formed on its lower end; and,
" said intervention spool having a remotely operable connectar on its upper
end for sealing engagement wiih sald hub of said riser.
1B S
' 12. An apparatus according to Claim 11, further comprising:
a landing string attached to said valve assembly for lowering sald vaive
assembly info said intervention spool; and,
an uinbilical line atfached to said valve assembly o aliow sefoctive
20 ajq;iyatién of said valves in said valve assembly,

13.-An apparatus according o Glaim 11 o 12, further comprising!
aseal sleeve sealingly secured to the fower end of said spool free, said seat
sleeve exlending into said wellhead housing and sealing sald wellhead to casing

26 annulus when said spoul tree is secured to saltl wellhead housing.

14. An apparatus for use on a well w'i_ihj a'pradugction riger; comprising;
a wellhead housing, said wellhead hbuairig-a’d*apted to suspend-at least one
- casing string therein, and seal the aanulug betiveen sald weﬁhead housmg and
3D said atleastone {:asmg stiing:




casing string therein, and seal the annulus between said well 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

t her et hrough adapted to receive a tubi@a§g hanger 30 therein and seal

t hereabout, 14 a tubing hanger sealingly secured within said spool tree at
a prearranged angul ar -orientation, said tubing hanger having at |east one
tubi ng bore therethrough, said tubing hanger having a tubing string
suspended therefrom an intervention spool sealingly secured to the upper
end of said spool tree: 5 said Intervention spool having a bore

. therethrough adapted to receive a valve assenbly having a plurality of
“valves arranged therein, said valves having a bore concentric with said

t ubi ng hanger, said val ve assenbly valves being operable by a plurality,.

Py

of valve act uat cripopldier seaingly semutaddo therunpieo pndpf wrid welhadmorsigon spool to
sel ecti vel y.sﬁi@%Eézzﬁ’kaé’:\ﬁévtng%rdﬁﬁé’?ﬁérgﬂﬂr&ukﬁ'aﬁa{:ﬂeﬁ%?éh%[v%tﬂb@ﬁi?*ﬂanﬁé?d’ 10 a
riser positioned above said |Lntervention spool, said risef having a bore
subst ant i al fierainend seabheriebddir e of said intervention spool, said riser

et ol y. oper AP nge! ol F e BRE i) salfiptol Rl REMRIERTC ont
wi th sai-@ hghguir ogentaion, ssish iubing Hepgeriavagpalleastionatibigdiony to O ai m 11,
Toveri g satsteyibgi Sud QBRRInGH i haX A BRI BN ucuthgfEndRz T Y T
unbi lical |ine antietwdion spadbdalingivecasgdaiioupner ahd oleaieipm reee 20
2ot on kel KLY B B BBl kRt accoring
-assembly having & plurality of valves arranged therein, said valves having a bore
10 concentric with said tubiig hanger, said valve assembly valves being eperable by
a plurality of vaive actuators positioned on the exterior of said Intervention spoo! to
seleclively contral walf production fiuid flow therethrough; and,
a production riser positioned above said Intewehﬁan spool, sad riser having
& bore substantially equal to the bore of sald tubing hanger, said production riser
16 ‘having a hub formed on its lower end: and, _
said Intervention spoi having a remotely oparable connector on its upper

end for sealing engagement with said hub of sald production riser.

15. An apparatus according to Claim 14, further comprising:
20 alanding string attached to said valve assembly farflc:w;eringsaid valve.
assembly into said intervention spool; and, -
an umbilical lIne attached to said valve assembly to allow selective
actuation of sald valves in said valve assembly.

25 16. An apparatus according to Claim 14 or 15, further comprising:
a seal sleave sealingly secured (o the lowsr end of said spoot ree, said seal
sleeve extending into said wellhead housing and sealing said wellhead fo casing
k - annylus when -s_éid spool iree is secured to said wenhaa_;d-hgl;ﬁi'ng,




a seal sleeve sealingly secured to the |ower end of said spool tree, said
seat sleeve extending into said well head housing and sealing said
ael | head, to casing 26 annulus when said spool tree is secured to said
wel | head housing. 14. An apparatus forjdise on a well with a production
riser, conprising; a wellhead housing; said well head housi ng adapted to
suspend at | east one <casing string therein, and seal the annul us between
said wel | head housing and 30 said at |east one casing string: 15 a spool
tree sealingly secured to the Upper and of said well head housing, said
spool tree having a bore therethrough adapted to receive a tubing hanger

‘there in and seal thereabout, a tubing hanger sealingly secured wthin said

'spool tree at a prearranged 5 angul ar orientation, Sai-d tubing hanger

.having at |eas I Qu 1N havi ng a
tublng string {sgg%%ngg%ggﬁgﬁg??@gga@%nyﬁ?g?V@%F%Hﬁ% ﬁﬁgﬁggﬁgnsngly sgcured
to the upp‘g&reema(ﬁgusmkd‘:igm Figueed of Fajige bnt er vent i on spool having a bore

"t heret hrough adapted to receive a valve assenbly having a plurality of
val ves arranged therein; said valves having a bore 10 concentric with said

t ubi ng hanger, 1ﬁséandp}zarlak$ fas ssndnl- y wellwitsa bieiwogt marindr fadhavingd ural ity of

val ve t LS i .oned : erior .of said intervention spool to
select%ﬁewa%*%ﬁﬁ%ﬁgh” ?§9~8§%€ngﬁ§$?ﬁ?ﬁuuﬁ »?ﬁ@ﬁ@i‘ﬁ% tigh; and, pa
mé-ﬁemzmmm@meamﬂmg}éﬁrg&%%%@@90#1 ufedd d riser

pr oduct i osubstEaly
having a tially equal to the bore of said tubing hanger sai d
productloﬁ%ﬁe§é¥¥%@ ﬁaV|ng a hub forned on its |ower end; and, said :
| ntervention spool having a renotely operable connector on its upper end-
for seating engagenment with said hub of said production riser; 15. An
apparatus according to Caim214, further conprising: 20 a | anding string
attached to said valve assenbly, for lowering said valve assenbly into
said intervention spool; and,




an unbilical line attached to said valve assenbly to allow sel ective
actuation of said valves in said val ve assenbly, 25 16, An apparatus
according to Claim114 or 15, further conprising: a seal sleeve sealingly
secured to the | ower end of said spool tree said seal sleeve extending
into sald wel I 'head housing and seallng Said well head to casing annul us
when ‘sai d spool tree is secured to said wel |l head horsing, 16 1 7. A
wel | head assenbly substantially as herei nbefore described having referent
to Figure Apshgurer discicgures 4 or Figure 5. & An apparatus for use on a
well with a bl owout preventer stack having a bore therethrough to

sel ecti vel YNCERVRRDION BPOdL BoR GiB$tAiugs from said wel | substantially as

herei nbefore described having reference to Figure 2, Figure 3, Figure 4 or
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secured be %‘egn bpre ﬁ' eﬁg%.wp;ha?fn iizes %{Ha‘e?’ﬁ%'%ﬁ% %?EWF e@?%ﬂ:?( to all ow
t he use of herizostpidiealahe the dlowoutraeleaigestpekdo aliomrrteauaerofahmmmblewmtl on spool
with vgl Vepéékhé@ﬁd%hénéa‘wme%ﬁer@éhtu&rﬁ‘?po%mlﬁr\ﬂaﬁé act&gtor[r. %uht@&@r’ifﬁ@@cﬂeﬁ& spool I's

dlsclosed Flg
of the' intervention spool is disclosed.
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