| 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
posi ti oned 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 "unloading”, i.e., the well is allowed to flow uninpeded up a

riser string to a test se I LLI j t the surface. This 10
drilling unit may take th@ﬁf@@&ﬁf«g&&,@@#kék% rilling unit ("MODU")
or rig or other type of hull based vessel as a spar or tension |eg _

platform [0003] It Is i nporlat?%thm}D &Lrhe‘iﬁ\?érﬁ‘ﬂ@”be mai nt ai ned under

t hese circunstances. This ] e ability to shut off
flow to the surfaddiekhef halbvendien f or a di sconnect capability should

di scon?ect | pabo Iﬁ]@i{nﬁéﬁh&ﬁ éla(ij&f@ﬁﬂfo@uf?r!’eipbbliwﬂﬁ aLH&Letthé}Sttthﬁ;ﬁﬁﬁéiﬁfgﬁ hT[]e' 15
current approach to this need js to utjlize a subsea tesf tree that is an
Rdapt at | o GAGa0G FNA PSR 2GUITeH b byre. s IRV SREPY SRR Bl dr i | |
st em t est i ngeedioessepatatesstibsdaaeadt tre¢ ambprodidasgitrasqabie dbmentoahaBiowatal vi ng
arrangenent g_| i ' . . of the
ot g or - PaETisrecf BoBned bl e REARH Shobtah ne BhSH i RERUERRERF Do
havk a Aumbeeriosning theifunstionsres otherowal@opitpl coreposente. of t he val ves, the pressure

rating of 2obfie i iviatidntf sRERREALH Rnirdbt ditandlgat WEN F6dUASHESuiIREd
val ves, the force available for shearin arl)ld .actuatjon under high pressure
and the al | SRAIFAIIN ST SRR ol orisfonauipgteat tnatys Syspendad i 4 welfesd kol " [ 000a)
A sol uti on bhiwlusiag strthesiadivort e wellt isithieh tasteﬂ)bst‘tm!naﬂing‘mé.hae wall is elighegkage i n
ARl S G G5 ed Fuh ARl g
i nt er va@t i ofifilkngdwlt mgk take thedormoe mabile ¢itghore delling unitd "WRDWR 1 g orethef or a gi ven
riser inter gt odiuf BBl essal ds@épat dtterdhR 1 pidttebhi ciently |arge
' -[0003] It Is important that well control be maintained under these circumstances. This

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

capabiiity should disconnection of the mobile offshore drilling unit be necessary. The
15 current appraach to this need is 1o ufilize 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 ruaning 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 systemn from the valve package in its

running mode and mounts the actuators on the side of a spoo! or similar is very desirable
25 1o 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, aflows the actuator components to be
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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 valves 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 well head in
5 whi ch the production string or the production tree may be renoved

i ndependently of the other. [0006] A well head having a spool tree nounted
above the well head in place of a conventional Christmas tree is disclosed
in U S. Patent No. 5,544,707 to H P. Hopper et al. 10 [0007]

I nternational Patent Application Nunber WO 99/18329 to FMC Corporation
shows a slinbore conpletion systemthat utilizes a reduced dianmeter tubing
hanger whi clremdved fasm tedietl peaseurd anehigh fperatute pragsnhditoagiallbwecdpesier of the

ri ser and b event ] | head assenbly in which an

I n-11ine treeh%%% @Iavcé)ﬁ l%‘%ﬁter%%% B%tt?@ﬁ\p%ore Is landed within a well head
housi ng i s di scRdissdiption ajRelBiedPat ent No. 5,992,527 to D. 15 Ganham et al.
[0009] U SﬁooBth e@ts NQtentf}chQ:%?zliést% h*CeBIelsHCbQQPEho% aaéubse% e ;rFo”p' etion

system wt a ‘spool tree i n which a _tubing anger I's | ande

pr edet efmi nlé’B'c'éW@l&‘T“&Fd'S'F ptang erttheoprodustien tge WWPY%ﬁW%@eWP“ﬂMtWr oduct i on
casi ng annubmer. pressure. SUMVARY CF THE | NVENTI ON 20 [ 0010] The present

i nvention c S head a us o O vel | h a bl owout
prevent er @Q@é @W‘ﬁ?@‘%‘&?ﬁ %et WP%‘i‘iﬁaq" |"f‘?a95‘sp'%?ﬁ°§ﬂt ervention
spool seal cangéntiosat Christrolasiieeedisciasedh mrl. SoRataht Na: 8844 10F toie Pbappetiét

preventer stack to allow the use of a renovable val ve package positioned
i R_¥he intervention spool with valve actuators nounted on the exterior of

t he i nl@rvel®9dn 'E‘B@Bﬂ“ﬂailﬁﬁ‘tqﬂhéppﬂ*ﬁ"?ﬂ Number VaOAL18329 taEMQGHeqipprat®nhousi ng wit h

a pluralitystlvs aafrhiivge &iﬁp!éﬁ%sﬁtéﬁﬂﬂﬂdﬁlﬂze& aeéaumeamétbhamg 8 Mderand their
annuli sealed in t

free i s sodf Pty a5 ifensineo e iess bfab e ey HiarBe it ap(ileig " The
spool tree [8688]a Awelibeadiaesambiy iowdish 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  Gamhamet al.
- [000%] U.S. Patent No. 6,039,119 to H. P. Hopper et al. shows a completion system
with a spool {ree in which a tubing hanger is landed at a predetermined angular orientation
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

S

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 exierior 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 wellhead 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 spool tree.
30  The tubing hanger is set at a prearranged angular orientation and has at least one tubing -
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adapted to receive a tubing hanger and seal thereon. The spool tree also
has at |east one |ateral 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 orientation and has at |east one tubing Page 2 bore
theret hrough and at |east one |lateral port connected to the tubing bore.
The tubing hanger lateral 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
wel | 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 oper ablhorepersthysiugh 2rd at {easifong ddteral pad contedted tagbs tubing herd. Bre tubihg ext erior
of the int q{aﬁgégtidhﬁﬂ pﬁﬁﬁ.@h neﬁvﬁtﬁméqmeﬂa%tﬁ{l of me%wttrepﬁﬁd’tﬁmtﬁrfn Ha

posi ti oned ve and seal ngly secured to i nterventi on spoo vm th a
bore substd’ﬁ??éﬂ‘l‘hﬂgsgﬂgéﬂ‘s"f‘@f’ f8Mhe bore of the i ntervention spool. [0012]
Addi ti onal ::mhpdammnmmbmmm@lyseemwmmmeMofutelwduﬁ@a a simlar

ar r angenent | oV, assenbl r well control

duri ng%pr 0 uc%"?goénhtd h%’)‘{’o“zérggar ?I%ﬁetﬁr&ﬁ’ tara(lig#tgd ﬁ?ﬁ%eﬁ’er?e‘ﬁ?mtﬁbﬁ vag' asspmbly; angenent
sim | ar to hevieo pplusglity okvaivesereatioadirersinblike valyes haves honecdrceienvitithevent er
stack Wi th yghidgdaRidd Sndhé ValksQre bﬁHFﬁ:lie ﬂu@ﬂy&wata@ a&uétsrfs pbaﬁdn@s of drilling

ri ser or outer production riser. final enmbodi ne
ar r angementh es‘-'r"Fﬁ"PraHf the dnteruentiom, spagl. éﬁ%‘ﬁ’r‘?‘ﬁ%‘ﬁtb'%‘iﬂm WPY@'?*% S@P%QIPSS'HRS‘P@ hi gh

p fe\s sure pbeduwat sailingly sseored Gpthe inteh@niidrespbbiaih aibofy eiy&taitRily sduants. [ 0013] A
pt.i ct'eal ﬂ'tyb%f‘etofmenﬁtg@eﬂ)ﬁ?;ﬁ& invention is to provide a well head system
in avi

wth an rventi on ng a renovabl e val ve package that allows
t he val ve §03¢ t»@i%enaﬂemh@gtmmtge@ sheyn. & sghandrembpdiaent utitizgs Asimidr amet er .

[0014] An OEta&rge@.Em%at utifdes iiGeMbRBRVaIvE Bé!&ﬂ{bly(?& ute‘ﬁ cBrﬁropétﬂ%b FRocBtion

t t bl t all th f
Lt £ o ant FReraRe & the srbgrnf e 30 ar atement Gatas fathe RAVEHOar | ng | or cog.
[0015] A f embddimentdbut cplacds thé bloywse prenentemsisek Wit a ldnging otripg onvincke an
Interygnti aadédamsehm&aeggdr.ua%dee{j&mtﬁ@tguc\‘@t NRr RAGKS ARGl Rhik@ns the

act uat or Cgrrponen ts
: an arrangement similar to the third embodiment 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 valve package that allows the valve size to be

20 maximized for a given riser intemal 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

PRI
E—

pressure and shearing forces.
[0015] A further object of the present invention is to provide an intervention spool having
25  aremovable valve package that alfows 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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hi gh pressure and high tenperature environnents. [0016] A final object of
the present invention is to provide an intervention spool having a
renovabl e val ve package that allows control of the valves by a contro
systemexternal to the riser. 30 [0017] These with other objects and
advant ages of the present invention are pointed out with specificness in
the cl'ains annexed hereto and forma part of this disclosure. A full Page
3 and conpl et e understandi 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 :
advant ages of the present invention are set forth 5 below and further nade
clear by reference to the draw ngs, wherein: [0019] FIGURE 1 is an

el evat i on vandwompielewidgrdtgnding of thetinventionafay fe pad by referencedd theead assenbly

shovi ng_t heucbl iRy B60NEYirlosdiBids driRAdlord iikinedld, 3 Subsea spool’ tree.

[0020] FI GURE I's an elevation view, partially 1n section, of the present
invention with the intervention spool between the bl owout preventer stack

and the tubing spool. 10HRERPDESERIBURIN GF THE DRAVVINGSt i on view, partially in
' bl
section, {Oél'%ft ?@%&ﬁ?%ﬁqgﬁl}&s awggﬁ\%n{apgs df meg{rgs% Ih\?&l?ltlgr[) 85%1}43 V(CEBUESESE i sy

is used for roduc erati ons
an el evhat i dwlowiapgfurthermédgclegr bme@@mw torihe drawingrowherieinenbodi nent  where a

production g 601%1iranE0|nasﬁ&@¢a:ﬁh Gigg!t a&:aﬁﬁn%&!ﬁox’(%lf%{%n@rsa?ﬁm%é% of the

I ntervention 5 Spoo IS an el evation view, partially in

sect i on, ofaSWWPW'MBEPH’ﬂWtP"%Eths‘a‘%E Iandedidicactioen @ pubspa F@O(:‘Eﬁ?nect ed
I ectly tqod20p FIGURE2SS b aevaﬂna@qbw ﬂaﬁﬁm Bdiieh offhe PrésetimieRidnFin

| MENTS [.0024]. Wt h . part | ly t
FlaRE T i apaeier el feBugen B it perts e ding fErGRR0L L O ' X, ©
wel | haéd ade@ibl HIGUREShiswen eleVidtioh ivisavdpartiallp inrsgetid6, of anothersnbiodimedt at t he sea
floor w thyspRale |f|tﬁ C}i?:ﬁs&ﬁ?vdl\fél 6¥?]r§t§3?:ﬂ5§‘éﬁ bAEIEb R Yurh 8r ?%%hy oper abl e

connector 14. Wl housi ng one or nore casing strings suspended
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.
' [06023] FIGURE 5is 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 welthead 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. Welihead 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 sleeve 16 is secured to spool free 12 and extends

25 into wellhead housing 10 and seals therein when conhector 14 locks spool free 12 to

welthead housing 10.

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

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

blowout prevénter stack 18 fo spool tree 12, Blowout preventer stack 18 includes a
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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 wel |l head housing 10 and seal s
t herei n when connector 14 | ocks spool tree 12 to well head housing 10.
{0025] Positioned above spool tree 12 is blowut preventer stack 18.

Bl owouf preventer stack 18 includes a renotely opeéerable connector 20 at
its |ower end that sealing secures blowout preventer stack 18 to spool
tree 12. Bl owout preventer stack 18 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
connect ed t opltrality ofgae type bdwoit pravbnteg 21 autty aisphelicd 6r “bAg'Copatdeawoubnal subsea
test tree 32 4 is positioned above tubing hanger running too
30 and is su%%%%gb%@%wgﬁr ‘andi ng string 36 to which hydrauglc contro?

unbi | i cal 380P26] atTubint bangerAfdnlandedin sroebitascidtand hag Whing Siripe28 sushended

of 1 ﬁ'eeCCI e R eF (e |~
Y

Cor co avii | a8 & cPOPMENaPE 5P PGS St Bt PP e ST and ¢ he

aI‘ | owabl e i nyhning ool 30 endiia suspeeded tiem tafdirgrséring 135 td wirich nyidsadic contidi t i onal |y,

subsea test ntét{ @@3@% 638K at\ §rr91%%tnteht%'ﬁﬁ9rs ermQL@"ErH;iEiggéié‘s"a%rﬁhﬁétmﬁt ack }1/8

whi ch prevent 0si ng ram O\Aout\ﬁ?reven n an ener
The present qff‘h?é#f’l"f)‘l"le HQ'Yelﬁ the HQSW rafing efthevaives thelgpgprabue aliathofithee spool

treg and bl Wﬁownawamseihesdraé%vammsm&. faaaemuﬁt@hluﬁa@wheﬁessaré [ 0027]
Referri to FlGURE

d f
Thes oy B ook T STt ot R ST o g3l Beses 1Bk 5 *t he
sea fl oor wittel 38 hpishlly ig positionedidn Slewduit p@lvgnter@taqk é8iwhicke preventbylosng dfmat el y
oper abl e_conpaailopRbenlRl2EAbmdguEl e HRoRTRCARR i RAE_Casi ng

strings suspended fromit casi na annuli seal I'n wel | head
housi ng 102 intprventien WP%WHH@&P% ired 8% ?W’P”#Pr@’j@rftacbéﬁq’fe%sﬁ%@&%e 20 108 is

secured to efsincies.ee 104 and extends into wel | head housing 102 and seal s
thereing wheph 2P REEHRY tolﬁéukg‘ékwezrﬁgé)&%ss&ﬂﬁfﬁ&noéfnbo%y.% e hRGmECY 9 102

present invention is shown. Wellhead housmg 102 is positioned at the sea floor with spool

tree 104 sealingly secured thereto by a remotely operable connector 108. Wellhead
housing 102 has one 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 fo 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 sealing 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 118 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 [0029] 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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[ 0028] Positioned above spool tree 104 is intervention spool 110.

I ntervention spool 110 includes a renotely operable connector 112 at its
| ower end that sealing secures intervention spool 110 to spool tree 104.
Intervention spool 110 is a generally cylindrical 25 wth bore 114
extendi ng therethrough and adapted to receive valve assenbly 116 therein.
Val ve: assenbly 116 includes val ves 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
I ntervention spool 110. 30 [0029] Positioned above spool tree 104 is

bl owout preventer stack 124 that is substantially the sane as bl owout

prevent Ier s@mbtglrlﬁsami id;wulrbmimat s'ean@mtealrys lﬁl@ﬂfu&hbﬁentd?&@%k@&ﬁ?pﬁgt or 126
at its (0] r ealn [ r stac 124 to
ool 11 oibe K bk pRESrah 126 RIS 2 BRI ol 8 BB TR 5 0 | O

type bl om@ﬂm&mdtaebsforelw positioned as before. [0030] Tubing hanger 120
I's |anded tdbsﬁlpomb.nbmsr?geit% i& RRddAR s.smré&oitamn&t&&ﬂg string' $ended

t herefrom " Tubi ngth anger_running tool 132 1s connected to the upper end of
e

t ubi ng® hangspendsg thetziipme Tubingdyapgsy “1“1‘[99\76?°E 33/ Fnpectad to the uppes pAd Hned above
t ubi ng hangeing hanyamzmg\/élmﬁsséﬁﬂy arewithvalvesversds posttiofe dosisive ummgwahderl andi ng

oe o e orbBng 1oaf 132 BEs it S BREeR it Eind Bho 1ol Wi @BdRT: (LODSHL B

10 earli erccmtrellmblllmiﬁ&fedttawe 114 of intervention spool 110 is equal to

that of bl peeHt syRish ﬁ@r@énﬂ&i%%& 148 9s SowR\ih PGURE J, ﬂﬂQTeﬁm@&ﬁ'é%%teHo spool
tﬁe} 104 and tubi'ng 8?69&? Intervention spool 110 al so provides an

exact 1G pacealpr B@t%@ﬂte'é TH4of interypntiongpool |18 ifcigral ie Babefibiawost ack 124.
[0032] A Sﬁé@hﬂar embiorh4 rRoWingXll bdre aprees@Izhodl e Md4 2 tikingimgeer 120, FI GURE 3

that allo V. |1 control
duri ng pr\(l)\@[‘f Ftboﬁ' §%°E?§3t$£°n‘smdef% &?%%d‘ \%I 8gr§§r%e k eiogarrgeas in the
first enbodowashpreyentesstack 1#di r nunerical designation. Wl | head housing 102
I's positiopgshata ée@@nd%ﬁ‘ﬁ)o& H@ﬁtrofmetﬂ?esiﬁﬁﬁ\lenﬁdnqﬁsf%% in BRAJRE S a?l@ﬁé” ed

thereto by a renotely erab connector 202 | head housi ng 102
. 15 the use of the remova le valve assembly for well control during production operatichs.

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 weilhead housing 102 as in the first embodiment. Seal sleeve 108 is secured to spool tree
200 and extends into weilhead housing 102 and seals therein when connector 202 locks
spool tree 200 to wellhead housing 102.
[0033] Positioned above spool tree 200 is intervention spool 204. Intervention spooi 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 lateraily
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 operable connector 212 at its

R
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has one or nore casing strings suspended fromit with the casing annul
sealed in 20 wel | head housing 102 as in the first enbodi nent. Seal sleeve
108 is secured to spool tree 200 and extends into well head housing 102 and
seal s therein when connector 202 | ocks spool tree 200 to wel |l head housing
102. [0033] Positioned above spool tree 200 is intervention spool 204.

l.nt ervention spool 204 includes a renotely operable connector 112 at its

| ower end that sealing secures 25 intervention spool 204 to spool tree 200.
I ntervention spool 204 is a generally cylindrical wth bore 206 extending
t heret hrough and adapted to receive val ve assenbly 208 therein. Valve
assenbly 208 includes val ves 210 arranged therein having bores that are

| aterally displaced fromone another but, concentric with those of tubing
hanger 212 yppeianddhabskalingiy muﬂeslinmmntspe@ 20400 . bioveltrevedied saclke2tiper at ed by
val ve act ugiQfishelaBovenat extend 30 through the wall of intervention spool
204 and are gOS|t|oned on the exterior of intervention spool 204.

| nt er vent i dR034)o Blowpukpreygater Bagki2df js sypdaiiBivdhe samecastipwopl preyantert s Page 6

upper tend t otk 1543&@&%3&@9@%356 biHs RwWerBid st r&}a&ay opét4blb eoﬁmlte 2« 214
reven a ove 0 \Y er stac
!Os subst ant ?‘%F iaad h]sga@gﬁée%e fﬂ%\?&’ﬂ‘ é}‘ﬁoﬂ’%ﬁ{ géﬁo Bk for hub

profile 21@reventetsiadk@ikincladas atniaallty e‘rmm bipy bopevtpidventesri?8 pbeitionddds 5 | ocks

onto to seglfpdl y secure bl owout preventer stack 214 to spool tree 200.
Bl owout preventer stack 214 includes a plurality of ramtype bl owout

prevent er s [48381 pdubing hangey 248 is iywled inspog! 198250 andibes ibing sYiees 228 i s | anded in
S pﬁgl t r ee saéidnadidhdiarfont. TobiRghsiger msﬁng%& 223 ispAridRd 1 merusaér% off ubi ng

t |- th ubi h
215. I8 vo BIREH 2T 5=UF pFeA0hood i oes 210 BRBTURER oBeys PR ARG hanger
runni ng to@lllnnmzoqhmalng i lowwreciita positiorp@tti landing siing 1 34 tonwhiiciohydtauling 134 to

whi ch hydr@y,l,ﬁoq:umﬁﬁgﬁggli 4id3Bidgi cal 136 is attached. [0036] As in the first
enbodi nent _bore 206 of intervention spool 200 is equal to that of bl owout

preventer $9036k éq_!ﬂ "ﬁ firg RMmhediment borRAD °é'6’€§’§§"°ﬂ"‘(§ 600 isteaud tothet ofnd t ubi ng
hanger 15 bRkSut prévbiver stk TDhliowihig Sull bafe dtdédsitd bdolRieeD0ahd GIbRG Hahddd t he

mul ti ql € b%f %/aR«Ie aés%r%l?%oa has multiple bores aligned with the multiple bores of tubing
hanger 218 to aflow for mulfiple production zones. Additionally, valves 210 are left in place
after testing operations and used for well control 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 free 300 sealingly
secured thereto by a remotely operable connector 302, Wellhead housing 102 has one or

R

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 tree
300 fo wellhead housing 102. |
[0039] Positioned above spool tree 300 is intervention spool 304. Intervention spoo! 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 & generally cylindrical
with bore 306 extending therethrough and adapted io receive vaive assembly 308 therein,
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hanger 218 to allow for nultiple production zones. Additionally, valves 210
are left in place after testing operations and used for well control
during oil and gas production operations. [0037] A third enbodi ment of the
present invention is shown in FIGURE 4 that uses a drilling riser or outer
productjon riser surrounding an inner production riser or |anding 20 string
in-place of the blowut preventer stack of the previous enbodi nents. Those
items which are the sanme as in the previous enbodinments retain their
nunerical designation. [0038] Wl |l head housing 102 is positioned at the
sea floor with spool tree 300 sealingly secured thereto by a renptely
operabl e connector 302. \ellhead housing 102 has one or nore casing
strings suspended fromit with the casing annuli sealed in wellhead housing

25 102 as i nfavaasgpmbly B8 inckidesodivae tlarragged theypls doving B8es eonserdrinwdth t o spool

f: gﬁﬁegggr agggat i@g%ﬁﬁ@ﬁadg&tsif\rfbgg!ldhg%geimm%p@& trégao@gﬁ:gfsﬁﬁlosaré Q.%rﬁw%,}men
Positioned 2BY§a% %ﬁg% 4‘@6"”@66“\'@% H’teé’% é’ﬁ’f"ea’ﬁméoﬂéa?"' g%a“q #Eervention

spool 304 ipositionde sn the reetentdref intenpationtsbec! 604 ieerteantiod didobd04itas rdredgy end t hat

Spool 3 Lot SorBbia! 348 Bf bR naf Dhubdl O Bt theoal BHH o bugh
and adapt ed dﬂ%&r@ew\%fempwh%ge@mﬁwos@w@w@@@; n. Page 7 Valve assenbly

308 i ncl udegonag] vamnr%lr@e:afrbategﬁrdddchambﬂais%b B%l‘é%@ﬁarﬁigfvfé’ﬁ'&hﬁbﬁ;a%ft h  that
of tubing h tree Val ves 310 are

n osj tion n_spool
oper at ed by%"%gP@B 5‘8'?’5'3'96 F%""? g‘t‘b B)?f'@[%ga ftyits &h‘ﬁﬁe'iqféa‘\[ﬁ'l"f)te@f
[ rventi onpe;am)bonﬁetztorm Ioakssontqmsealhglp sebucdrilihg nmbeautafpr@ciuctldht ervention

spodl 394. ﬂsr%ﬁmﬁstmgmapfw o1 RA T Ha %@Nswiéwemf BRhigsEaprSRlaL 314 at

Its upper t hat secures i ntervention r|II|ng
riser or ou!‘@F‘gﬁF'ﬁﬁlﬁ%Qﬁl@PFr\dP%@Pfegﬂ'ﬁ B@Wt@ﬁﬁ?@@"ﬁlﬂ@%@‘ 33209 g@negieditd i ng ri ser

or outer pr ﬂﬂu@bérféﬁd bf toisig FahGer 333, wixb%@emmmh Ivaibésyamwadsm‘oﬁe& hat of

b 306 of t t I d
Chat remot PP SRIBABNE" eERfE el 50 iatePbibepefos Wb afang ngdEur o
drilling ri @eerporductionaiserS26 tudtichdydrblicrdosteal uBbicat 226 is bitachedit | on spool 304.
Tubi ng 15an0Rips 12 ford @rﬁsb%elﬁvoﬁné)&leséniﬁﬁenﬁaps REIGURES itk 8k N0 320
suspended t her

from anger’ runnin | S connect e
upper end ohigh BEPSHEP WT%@" rﬁi'Zhat\Pﬂ'l‘ 9%"9&%05%41‘!{!";? diitiigg vipar finstaed fos 310 |s

posi ti-oned 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, Wellhead housing 102 has one or more casing strings

suspended from it with the casing annuli sealed in welthead housing 102 as in the

PR _ previous embodiments. Seal sleeve 108 is secured to spool tree 400 and extends into

 welhead 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 spoocl 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 actuaiors 122 that extend through the wall of intervention spool 404 and are
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above tubi ng hanger running tool 322 and is |lowered into position with

| anding string or inner production riser 324 to which hydraulic control
unbilical 326 is attached. 15 [0041] A fourth enbodi ment of the present
invention is shown in FIGURE 5 that uses a high pressure production riser
that can be renoved and a drilling riser installed for renoval of the
removabl e val ve package. Those itens which are the sane as in the previous
enbodi ments retain their nunerical designation. Wllhead housing 102 is
positioned at the sea floor with spool tree 400 sealingly secured thereto
by a renotely 20 operabl e connector 402. Wl |l head housing 102 has one or
nore casing strings suspended fromit with the casing annuli sealed in
wel | head housing 102 as in the previous enbodiments. Seal sleeve 108 is
secured to d9sititned ppthesgirioreflintententinhssppeiMb4. Intervéritiemshooba(sii hag rdmb@elpnd seal s
therei n whenypeanB e6drREo4 at meﬁé?ﬁ%at EdhRglyHSHduted mtéf‘@énlhg't?%nhﬂ)‘ﬁ% ng 102.

25 [0042] Pqsi tioned above spoal tree 400 is intervention spool
| nterventio %‘Q%F“rﬁ@i’d”‘fﬂﬁ%f' é%s RPSHERRA 80PYE- oper abl e connector 112 at its
| ower end t Hea43p ebighpesaee protsction rdee A VEiHdsihan pofioahs 4Gk |¢vﬁér%ﬁ@mlattree 400.

I nt t | | lind | th 406 t endi
her et heougre Ty seetdiesrodid 38EBe i s 0aLifins Mo nlititet Vo
assenbl y 408s¢rddé mjetsrveraiov epoolid®. Avhinghpegertdii2isdandedhimspog tiee ne@ amcbhvesent ri ¢

with 30 thag kB 4Pg @Eé}g,g t §1£00.
Val ves 410 u%s e?atg;ta %fﬁ@?‘&%@%g&ﬁg‘@%‘%&é%@% thr ough t he

wal | of int Hregﬂo hangar 44ad are Page 8 positioned on the exterior of
[ nﬁﬁr vent i o[oosﬂooTheékﬁﬂstrubm@f u@ﬁith:@ﬁhti&ﬁeﬁdol vifDde haanyruaam@b&fmmw abl e

ect,ar 4 t hat eald n CHL €3 int ntion spool
204 1o 0 gfbresBna koA Sh £ P Rt s deod B ariebishie Peloas) i gh
pressure pr belngts removabbenalvqm@kamthamﬂowwe valhee sizego be makigridedimra gived t hat 5

remot el'y opaich it GBREEF %m{ﬂemo&qwﬁ@ R Rnfidh haeaéémwn %ﬁ&H%s%nEHdgh
pressure pro%téctl on riser 416 to iptervention SE hanger 412

i s |anded i WisissRACt i cetanppfedrdembrdiments, ft ispbuipys thef eﬂé'ﬁa@'ﬁ%@fﬁﬂ‘&? Mder ef rom
Tubi ng hangmodificatiorisivall docourlto diBersiskillain thecirtagon the réeiamg uﬁ@eﬁdaﬂdndiﬁg_ dfubi ng

hanger 4412. thLQQ grlﬁatp;n%%gpge%gﬁtweh@aa iR 4Bk SIMRRM QR B3 kM 1 | be

readlly unders
‘modifications, and Is limited only by the scope of the appended claims.
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10 foregoing description and it will be seen that we have provided an

i ntervention spool having a renovabl e val ve package that allows the val ve
size to be maxim zed for a given riser internal dianeter. Furthernore,
while the invention has been shown and described wth respect to certain
preferred enmbodinents, it is obvious that equivalent alterations and

modi fications will occur to others skilled in the art upon the reading and
under standi ng of 15 the specification. The present invention includes al
such equivalent alterations and nodifications, and is limted only by the
scope of the appended clains. Page 9 said intervention spool valve assenbly
having a plurality of- bores therethrough, said plurality of bores aligned
with said tubing hanger bores and said tubing hanger adapter bores, and

sealed to said tu ter sai i 0 val ve
assenbly plurali t%’ﬂ%ng&%ﬁgg&g Sﬁﬁn%t'yeh 3in3 "B’é’gé re nth%'e@'ﬂ?}gﬁr e nenber
for each 5 ofaidalutplityof eases afighet M&IS@@ tubingdhangey bores sretsaludtitring Imngerabl e by a

plurality Of aMéHtéé%m%StdﬁaEQaﬂéd tolR&hg %Jbﬁr@@ﬁﬁbe?ﬂdép@?bfréﬁ ‘?;EIH Qﬁer&fntlaﬂ

i ntervention {) ----------- 9 nag arat us wth a
bl owout prev¥d "e"i‘ss%'f‘Q%R'“'ﬁHVfPH@"’SS pEnged olmat feagh e CPWF%@P@b@rfwaayh contr ol
the flowsof bfssicimrds sid vahiechssuaibly, valvesingipegible dy Wl ukdTg d vAna kickuabrs Sai d

wel | head houabﬁgnw%gg“é&rmagﬁ}gwﬁiﬂh%% one casing 10 string therein,
us |

and seal the annu ween sa ousi ng and said at |east one
casing string; a %pdciprarata fofass omavell witb@hiawsut meventer siagkdaviopd boe sai d

wel | head hOUﬁbféﬂwro@ﬂ't@sele%m cohtfé? theltB¥ oMl fkm&.&mr&hgrnwhbadapL ed to
uni ng anger

r ive a tubing ha rein an th bout

Sa0j gl y secur oct IEHIY UG ap BalPeRs Gusin SrsdarisarsRY eapap Areng
ori ent atlDon, sterg thereimpandged dmgarmulhabétwepnahidlvweliisdad bosingehi 8gd Bolesst one
t heret hrOUthasﬁlS'sﬁméUb' ng hanger having a tubing string suspended
therefrom an I ntervention spool sealingly secured to the upper end of said
wel | head housi ng 2 sPaalitrae sealiagly easure fo taprrer endaf agjd wellhspdhausieg esaldr ough

adapt ed to r&peitke havivpd Mie BREMIBIG adZifled1d tédaie a tbingahddr iheﬂafm 4 SURS
arr anged t he grlea §a| d val ves having a bore concentric with
15 a tubing hanger sealingly secured within said spool tree at a prearranged angular
orientation, said tubing hanger having at least onhe 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 recsive a valve assembly
20 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 controf wel
production fluid flow therethrough; and, |
ariser 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 intervertion spool having a remotely operable connector on its upper end for
sealing engagement with said hub of said riser.
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sai d tubing hanger, said valve assenbly val ves being operable by a
plurality of valve actuators positioned on the exterior of said

i ntervention spool to selectively control well production fluid flow

t heret hrough; 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 forned an its |ower end; and, said

i ntervention spool having a renotely operable connector on its upper end
for sealing engagenent with said hub of said riser. Page 13 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

i nterventi on rapegh pmu@ei \mbs h’ﬂrige@ihefefnoéaid\ﬁﬁldes héNirChSdrd Bmebrit Whnf | OW

t her et hr ough; g@{ ﬁ? ﬁ‘ﬁi ﬁ&ter p%o% L i oned above said

i ntervention s@@ ng 3?9(5' SBI YR pesempy vpiv f'\%’ BPEa BYRY 2hyave | y equal
to the bore aktugtispositianed oetheiewterierwbsdld inteaiedtidnlspoa tet sefeptivelyephies welt ack
having a hub pfc@ﬁ%ﬂﬂ&@ﬂbv&ﬁnenleﬂ;‘ﬁﬁ[gh%q and, said intervention spool. having a

renotely ope l'e connector on rts upper end for seali ng engagenent with
sai d hub%f said %PBWP'eWéWP'éPWgPM@bO!@S?@ intapyentiop seepl, geidblowoutse on a

wel | with a lstaokhating prlﬁwbﬁénti%hﬁédaalh@thb BEreddf B Mitervehfin®hbd| Saibidwout

sel ectively f from aid well, according to daim
5, further @ge%'gt%s pﬁa"é"g Vﬁ*ﬁfwegf)&ﬁ%!awarﬁn g’d to said valve assenbly
for |owering sai dsamntee'era@smt kaving atremately dpéralileconeedtoron its pprer endifiod, 15 an
urgoiy| i cal Ilas'anaaa@sa&ﬂen&m&.mmy&d asa&HE}everﬁé?sackow sel ective actuation

oft.”sai d valves I n said val ve assenb ?/ aratus for use on a well

with a BPowout prvERPRArRLE IE Kse 002 VeIl withiAklewout @YeéfeﬁF‘S‘c‘@?Vl"a adereect i vel y

control the fHemthrm.fghftdi stlattivelyrcantral eedlower fluidsfRansaili wadl, 420@Ing kdTBim 5, Ur t her

conpri si ng: %. sin%L eeve sealingly secured.to the | ower end of said
sal

spool tree, ) )
a Iandmg string attached to said valve assembly for lowering said valve assembly

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
sieeve extending into said wellhead housing and sealing said welthead to casing annulus
} when said spool tree is secured fo 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 fluids from said well, according to Claim 7,
25 further comprising:
said tubing hanger includes a plurality of tubing bores therethrough, said tubing
bores faterally displaced from one another and axially afigned 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 afigned with said tubing hanger bores and sealed thereto;
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sl eeve extending into said well head housing and sealing said well head to
casi ng annulus when said spool tree is secured to said well head housi ng.
8. An apparatus for use on a well with a bl owout preventer stack having a
bore therethrough to selectively control the flow of fluids fromsaid
wel |, according to Caim?7, 25 further conprising: said tubing hanger

i ncludes a plurality of tubing bores therethrough, said tubing bores

| aterally displaced fromone another.and axially aligned with a plurality
of tubing strings suspended from said tubi ng 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 wi th said tubing hanger bores and seal ed thereto;

Page 12 3. A wellhe use on.,a reventer .
ook havi ng B HbrAveREREA AP ol B wish At 3 bl ooy o R Sk BD oy | 51 o
a seal sl eevborsdwratmgligh ssearding th Glamtzhfartheywempnising: of sai d spool tree, said

seal sleeve ext g@%%egﬁg%gﬁ@&cm{amﬁ@ﬂw@.%'opga.@%q?ﬁ&@ua 3pi d vel | he?}d

to casing annulu spool tree I's secure | head
housi ng. 4. #eqye|exisading 'a@ﬁ#meyheaehoum apth sealingaid wilheaddo mm"m"p? event er
st ack hagi ngwhen da@F spodliheE RisBEREDD sait GellidaiBodstigCl ai m 3, wherein: said spool

t h I I | at e t ind. ' h | ud
bl ural 1y of ¢ ubi ¢ gPeasreRbR RPsdn 5B AP et WS 2
di spl aced f rkave thersthaoughlaccordingitoLldim B whesdini:gned with a plurality of tubing

strings suspendeqafjrs?églﬁ@éﬁgstatgmrggj&mgr isai d tubing bores having a one
port connec hereto, sald tubing hanger lateral ports ali gned

| at-er al
V\IIKI% sai d pl ural iSek tubinghapger icludes- plurality ofdubing %%%hereth@ésh &8 35ngt er vent i on
S lo‘o | vad ve m&aaﬂaiamlf digpkiced framlahelér&iéhet' sindxxidlpaigaed Mg«rﬁnhrawghubmgw said
puraltyo res | {u or es I I nterventl on
spool val ve SURes &f &e%q'%g“ ﬁ\%c{tnblrﬁhang?rv%s'dqtglr)'Pgn edha[\nng]a opﬁ]ﬁagﬁrglpg st one

cl osure nerrb@nmmtﬁd thei@tn Saﬁd tgmgjhangqﬁ@gral rosth ahgﬂaﬁ with seickplyrility ofiaterebs bei ng

operabl e by gyrilobéaid dpb¥i t@k; val ve actuators
& said intervention spool valve assembly having a plurality of bores therethrough,

16 said plurality of bores aligned with said tubing hanger bores, said intervention spool valve
assembly plurality of valves arranged to form at least one closure member for each of said
hores, said valve assembly valves being operable by a plurality 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:
N 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 fubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom;

30 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 aésembly i’
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positioned on the exterior of said intervention spool. 5. An apparatus for
use on a well with a bl owout preventer stack having a bore 20 therethrough
to selectively control the flow of fluids fromsaid well, conprising: a
wel | head housi ng, said well head housing adapted to suspend at | east one
casing string therein, and seal the annul us between said well head housi ng
and said at |east one casing string; a spool tree sealingly secured to the
upper end of said well head housing, said 25 spool tree having a bore
t her et hrough adapted to receive a tubing hanger therein and seal
t her eabout; a tubing hanger sealingly secured within said spool tree at a
prearranged angul ar orientation, said tubing hanger having at |east one
t ubi ng bore therethrough, said tubing hanger having a tubing string
suspended t her ef r gzt 3QARked i1t €r venti on spool sealingly secured to the
upper end of said wellhead housing, said intervention spool having a bore
t her et hr ough adaptled ¥&§hsad @ssembly fonuse v asel withn Ylowqnh pravertengtagk havingd ai ned
is: 1. A well heatthasthriubh, omprisingse on a well with a bl owout preventer stack
having a bore ther h...compri.sing: a wel |l head housi sai d wel | head
housi ng adapt ed t%@ﬂ@%@ﬁgusjﬂg. Y etnﬁ%ar?gmg%{gq #ﬁm‘:’g%ﬁ”?ﬁeﬂé ‘*P%é?‘@f‘ﬁ?ﬂsqu seal
t he annul Us betrinedhereimiand seal the seniius belwieansaidhwellbedddhoaging awistaida astamsi ng
string; a spoqksikd fdngseal ingly secured to the upper end of said wellhead
housi ng, said spool ‘tree having a bore therethrough adapted to receive a
tubi ng hanger t heP&P9P! Kefsealingly seeuied ta dhripper ead pts headrhogsingyspidgped | east
one | at era:c pdret hadngntrire thedethgouigh hdupiedua leceivelDtubrghanael Mer%ﬁﬁ-‘dhg%daltﬁ t he g
extgrior of sa 0l.; ' [ I .secured within sai
Sppd) reo ar NeeobBlNeid pES el st EBlerd Bt BBV Sitber "havi ng
at Teast Wne seMipgiysesyred ta the peterior o rgld el tge: | east  one | ateral port '
connected to sai datubiig@nd®Eealinghddeduret! MitRIS siid@BItrek 3t £pRhreitYel apbdigned with -
said at | east on | at eraqlb.rpq_‘rt OL sai qlsgool tbre%b §aicl t ubj nlg hanger
havi ng a t ubi Rden tlﬁnﬁal ubing hanger having at least one tubing bore therethrough and at least

one lateral port connected to said tubing bore, said tubing hanger lateral port aligned with

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

16 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 operable by a plurality of valve -
20 actuators positioned on the exterior of said intervention spoot; and,
a blowout preventer stack positioned above and sealingly secured to said
| }s$ intervention spool, said blowout stack having a bore substantially equal to the bore of said
- intervention spool.
2. Awellhead 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 assembiy for lowering said valve assembly
 into said intervention spool; and,
' an umbilical line attached to said valve assembly to allow selective actuation of
~ said valves in said valve assembiy.
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15 suspended therefrom an intervention spool sealingly secured to the
upper end of said well head housing, said intervention spool having a bore
t her et hrough adapted to receive a valve assenbly having a plurality of

val ves arranged therein, said valves having a bore concentric with said

t ubi ng hanger, said valve assenbly val ves being operable by a plurality of
valve 20 actuators positioned on the exterior of said intervention spool;
and, a bl owout preventer stack positioned above and sealingly secured to -
said intervention spool, said blowut stack having a bore substantially
equal to the bore of said intervention spool. 2. A well head assenbly for
use on a well with a bl owout -preventer stack having a 25 bore therethrough
according to Caim1l, further conprising: a landing string attached to said
val ve assenbly fdo. Aowsiarang fsraise ok alwelt wilis s biolbut preveriter stk Havigt £orent i on
spool ; and, 1] ] i 0. Sal nb to_ all ow

sel ective ac@graetﬁ@hh {3195 gllegtgrl @%@ﬁ%@g H?‘%%@fdg%&%@wﬁg? ggnc%ﬁ?/g ioéiﬂ'@ %0 10. An
appar at us f ofurtiips eomaprisiigwel | with a bl owout preventer stack having a bore

theret hrough to aedraml siRd MteRa tb Qhid Viige édsawmf)for lolverirdSsaldvaie addefibiye! | -
according t conprising: a landing string attached to

o Claim9, _further ‘
sai d val Ve dgtgéﬂlﬂl'rk‘le"feﬁwnls@ﬂgrﬁ"ﬁg sai d.val ve assembly 5 into said
i nt erventi on spoeah pmbilicd| lina attackid tol sail valve asseably dcdilod stlectsaiactuatsh e assenbl y

to allow selgeti-Ne achiad oa@s&{' Iy said valves in said valve assenbly. 11. An
apparatus for use on a Wel o %'a bl owout preventer stack having a bore

t her et hrough to 3| Atanpematus ferase pop welhwit 3 biowest pryentel stack bavinga erene| | |

agepr di ng t Qhéebiafoliyhle selectiVely bintrbRhe AGNSHTURS R6h séid VR acsdrdiM8 chiaho,ngl ¥
se‘czredmto t.he | ower. .end of said spool tree, said seal sleeve extending
intd salt walFRESH™IS0Li hg and sealing said wel | head to casing annul us
when sai d spool &pseatsicevesealinglydedureddathe lowelr hrbefdait spsil tigp, said seal

sigeve extending info sald wellhead housing and sealing said wellhead to casing annulus
when said spbol free is secured to said welihead housing.

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 free sealingly secured to the upper end of said welthead 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

- -
S
L

b
1

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 wellhead housing,
said intervention spool having a bore therethrough adapted t6 receive a vaive 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 extetior 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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12. An apparatus for use on a well with a bl owout preventer stack having a
bore 15 therethrough to selectively control the flow of fluids fromsaid
wel |, conprising: a wellhead housing, said wellhead housing adapted to
suspend at | east one casing string therein, and seal the annulus between
sai d wel | head housing and said at |east one casing string; a spoof tree
seafingly secured to the upper end of said well head 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 angul ar orientation, said tubing hanger having at

| east one tubing bore therethrough, said tubing hanger having a tubing
string suspended therefrom 25 an intervention spool sealingly secured to
t he upper en <al d: | said i T : ving a
bore theret h%S&f%ﬁgﬁ'g“Sl‘@&L%\g@?’S@gﬁigﬁd 5‘3‘?@@%@%}%?‘@%‘3@Fi"gﬂé\h‘}ﬁr ality
of val ves ar rithérsmed erplisdower eadiiagd.val ves having a bore concentric with said

tubing hanger, sabfd meheRticATpEsRivihg\LakveRlyRpérable BRMEaB! dh iRYupPerRhdfal i ty of
val ve actuators 05|t|oqgg on &gﬁgeﬁterlor.ot said intervention spool to
sel ectivel y éBﬂPnggﬂ%ﬂ"F" By FAHROPPACAF ow t her et hrough: and, a

producti @n riser pbsArtappanatiisddyaveorsawell withtadraveut preventsp slekk havingd horeser
having a Pagg.d Igg?{ 6 séb@ﬁ%l?‘%\r@!tﬁé’ﬂo%ﬁﬁidé&rﬁ 56q el Sc&?dirlﬁ% éla‘ilﬂ'i’%lng

hanger, said production riser having a hub formed on Its [fower end; and,

sai d i nt er vef{rthgrcos|pdtg-havi ng a. renotely operabl e connector on its upper

end for seal :c ng @ﬁﬁﬁﬁ@éﬁ@aﬂr&}:ﬁeﬁ tcsfidivdévlebsﬁmb@abzdowrad wait Mﬁlffekédﬁsmbly 5 1g.

Anc-appar at us . f or_. on.a well wth a bl owout preventer stac aving a bore

t heokt hr ough QA PEnBRoR B4 o che flow of 11 uids fromsaid well,

accordi g to J ai an umbiiicaliline aftashedto apid Malvenapsembly trrlow selentive aguadien efched to

sai d val ve agggUhbes it &id dameakidmbysai d val ve assenbly into said

;2 ; g %F;t ![ gn a|s ng\?dds &%%pqr%tgs g)gfj%gctﬁ alb\lﬁéi@l{dthlal hrlloe\i\ro{j}lt grgv%gt%(rjst%a( l?a?njng a\ﬁ%;ev €
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 wellhead to casing annulus

when said spool tree is secured to sald wellhead housing.

Lk
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said valves in said valve assenbly. 14. An apparatus for use on a well wth
a bl owout preventer stack having a bore therethrough to selectively
control the. flow of fluids fromsaid well, according to Claim13, further
conprising: 15 a seal sleeve sealingly secured to the | ower end of said
spool tree, said seal sleeve extending into said wellhead housing and
seal i hg said well head to casing annulus when said spool tree is secured to
sai d wel | head housing. Page 15 ABSTRACT OF DI SCLOSURES | NTERVENTI ON SPOCL
FOR SUBSEA AldrrAct@irl pertdosaaenbly for use on a well with a bl owout
preventer stack having a bore therethrough that utilizes an intervention
spool seal | pgiERVERKION eSPODEt RERESURSEANMBE zont al tree and the bl owout
preventer stack to allow the use of a renovabl e val ve package positioned in
the intervention spool with valve actuators nmounted on the exterior of the

intervention spool i g wdilHeah aseeblyfbrlise 8n 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
5 package positioned in the intervention spool with valve actuators mounted on the exterior
of the intervention spool is disclosed.

gf) Fig. 2
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