FUNCTI ON SPOOL STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT [ 0001] Not Applicable.

WGBACKOGROUND [ 0002] A wel | capabl e of produci ngP@I/US2908/086627
gas will typically have a well structure to provide

support for the borRONETION SRPOWLON capabilities

for different formations. Typically, the well
structure includes an outer structure such as a

STATEMENTRESARDING FEDERALBYSRPONSOREBDERESEARCH OR
conductor pipe that extends a short depth into the
well. A well head houspﬁélﬁlsoPMﬁNE in the conductor

ousi n outer or first string of casing
[0001@)( t %@%@nﬁ;gb@

rom the wel |l head and through the conduct or

to a deeper depth int tBAmKGmuNDDependl ng on the
i cular conditions of the geol o?| cal strata above

[00025) he At wiel apableeof prpsiveiag gil O'éQ@!ﬁW' Rically havegnwell structure to
prowo%%&?ﬁbr@q Izﬂ{be.bgfe@léléfiqdléoﬂtﬁ%t b?ﬁatﬁﬁt foroﬂﬁe%nt'mﬁﬁations.

ona casli ng rongs w rou

Typlc@IW, elne sigll stauoireciasiudes tad omer eiraciige gaph 2s ambndiucttbe housing
is cased to its final depth. Each string

at thegsiufagg 1htes Sevieedoseondistalpep (BAGSEPRES chanerg depth into the
well. ﬁgﬂgﬁ%éd“gguﬁﬂgq? Ié@d@tﬁ‘% tRe %Hﬁ&fo‘?dn&}élﬁdéﬁnt\”@% 'b‘?ﬂ'@r or first

ve the previ ous one et ween

strlngQﬁ&iasg‘\dlextgadm@rwbmfthevwelll’imomitbﬂﬂ‘ongh tlae caadu@or to a deeper
er seal _assenbly is set to isolate each annul

depthapt B e BlppenAnsyen aheow%ar enadifiags of 4hel geological strata

abovét ﬁ@;t?ﬁ%& do%{ fgﬂ/g cngll}/g%ftlé grar%)égﬁ !aQt gﬁgrelg Jgne Dr a fluid

injectioastorg:), dhe osrtmoregaddl&lonasca@n@ettmva_mﬂvwlhextentiethrmm thee outer

and the production casing are typically referr as
stnng.qfttaﬁmffcawrea%magiem H(g"g “‘[%W@ﬁ]'s\ﬂ@@ﬁ otPl'tﬁF fgf?f&h- Each

string roﬁ %?b{ﬁ% |§tshgp8fte9fat UL H Pg?e{‘ %rr\die gg l?‘r’\gelléérg !1 {gétb ﬁa{t Léerﬁ:f%l in and is

suppostd by e welllseat hou@hg stach byt azdvabihiesirenigua orel tlimmNeen each
i nsi de the

casing HanOet 26 Bar S M AbARUPRE02: TS PEVORT SEENaESRbYY 15 set o
o B3 At B s LGRS B, 10, 390, s
of cagileg extendsdntor iblel wwell td mellfnh)ailc&'rmleand is referred to as the production
casing. The strings of casing between the outer casing and the production casing
are typically referred o as intermediate casing strings.

[0003] When drilling and running strings of casing in the well, it is critical that the
operator maintain pressure control of the well. This is accomplished by establishing
a column of fluid with predetermined fluid density inside the well that is circulated
down into the well through the inside of the drill string and back up the annulus
around the drill string to the surface. This column of density-controlled fluid balances
the downhole pressure in the well. A biowout preventer system (BOP) is also used to
as a safety system to ensure that the operator maintains pressure control of the well.
The BOP is located above the wellhead housing and is capable of shutting in the
pressure of the well, such as in an emergency pressure control situation.

[0004] After drilling and installation of the casing strings, the well is completed for



t he downhol e pressure in the well. A blowout preventer
system (BOP) is also used to as a safety systemto

wWea®aneethat the operator maintains pressure cRCI/D81008/686627
the well. The BOP is | ocated above the well head

produbﬁ@ﬁ%ﬂ@in%féiliﬁ% ac&nAy|F mbdsttsr turang thathextenas 3 rthe Qroducing
the well, such as in an_energency pressure control

zone wiithimithe proqduion] casingr The ired wyioanbing isaBUpReted by a tubing

nanaqro BSPRAE B 5., i A& TRe obRiustion, casing hanger.

PerfotafiohBJatehatadxlirentle produbtorPrediy) 19 silone filidshtd flobe from the
roducti on casing. The production tubing is supported

formaﬁsm dntouthien grasiuejens gasiangbat thenatodusings zanel AbekRmeapoing above

the pioRicBiebadic ERE! REB NG Sungerboishn 8% pRiftBileastho and
e e e S
to thegaiaset he spacg bet ween t he prgducti ongcasi Ing gng t he

o0 U8R, TR AR, b s ot v

wellhe@r imum assembingeherally kioducis antreentvhidh ¥algeaerdliyeeither a
_arranged at the well head in an assenbly general I({ ,
verticalnlsom Qisa hiorizaatal Jigee it harigeniat fepyasangrs the peedydlign control

valve% hggepfrgﬂ}:p‘l%[) hﬁ%&ygﬁbnttﬁﬁﬁ &&8&%@@?5%1‘0%@?8% "tAB¥fa Spool

pr O rol “vaFves o

Tree™rshbvad iamd teséritgedand Lo8e Ratpat do. B642 Mi7alhdrelg ihcorporated

~Spool Tree(tm shown and described in U S. Patent No.

hereirs byseeferencentar «pl PUFRGSESo athedizaBaial i treey Jogkst BRdmaals gnto the
NOSES. ; ' I a .

weindid, USRS K2R b7 BB o B DS lePSE e 30 nanger

locks taihd ss%llsi hﬂ&é,tref?bote#ibéeﬁg Agwnglee tﬂeedkftnaawblz(fi&gbiubingtémng and
_tree bore itself. After the tree is installe t he

tubing DANGRY aerURgNENRe TB% HEINGm YHnG N@NERRrYIHKtikg m?irr-@) and a
o . . ) ot : o .

oSS SRER: YRR WAL A0, 9Bko (5B radcton or

extendid ehitough. thEhRibime dhattepmndosdaleprendst flidoleghagdeas production

.. tubing hanger and seals prevent fluid | eakage as
fluid flgsdntx thercamasrgneinaurodHER Rertda M@ B8ndi ng

oo S FSEcKindd SRRy Sy L0051 40008 Bpeces that
surrouaut tloeinekertical bere iasabciated witts dhe apedivstion tubeng. The auxiliary
passefopPAR b ki Foseb kB RS RaBoSH iy outsic tno
tree FOMh§aRRIIENBptical, and electrical components located downhole. Electrical,
optical, and hydraulic lines extend downhole alongside the fubing to control and/or
power downhole valves such as a surface-controlled subsurface safety valve
(SCSSV), temperature sensors, electric submersible pumps (ESP), downhole
processors, and the like, as well as possibly provide for chemical reagent injection.
Other types of lines than those listed may also be extended downhole. As the tubing
hanger is landed and set in the tree, the auxiliary passages in the tubing hanger
typically wet mate with auxiliary connectors located in the tree itself that may lead fo
a control unit mounted to the tree assembly.

[0007] A disadvantage of the conventional type of subsea wellhead assembly is
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tree for hydraulic, optical, and el ectrical conponents
| ocat ed downhol e. Electrical, optical, and hydraulic

wo pwed7@x4 end downhol e al ongsi de t he tubi ng t oPCDKE$2008/086627
and/ or power downhol e val ves such as a

that tﬁelftUBﬁ‘@‘ gangeo e 1sdisdef assugiatethougsl e ﬁéﬁ%SV)Of Ppassages
enperature sensors, electric subnersible

nmps
extend@@rthmu:grput doesichiian taaheusing the passageswihe Ptd@n@bgaggw Kequires

a oo Ak 3% sSOEDAF oy <iRRED supBy b dpa it wlRRFoT s there

are oﬁﬁ shenampiatgilibangassaged ardadagnst FRluddd e §iveR,size tubing

he auxiliary passages in the tubing hanger typically
hang@ﬂebef@a@ dhgi tubingukenger yeedariecke reniaigest & laiget diametee tubing

nanagn A bedlf ¥o0 5Bt BrliBRy iRt sl doPRHIBER dfich e wbing

hangetomvueN bl prictde Pktaline e wekl PeRidioratigidltie itabingt hanger is
t he tubi ng hanger nust be | arge enough to house the

madenlgnper, bF ae sy alset badergthenedugesuling in asdifionabsosts and

the passages, the tubing hanger requires a
welghigqr :{ﬁ'ﬂ%ﬁ{)unt of structural integrity to support the

[0008pr odurithendisatvargagd i shé bekitiagy pasytigesse thatyifferent wells may
auxiliary passages that may be included in a given

requirgj ditferarsifHpCliRNsg dhusetiers MHst b@b‘pworm@g ton@egt the needs of
the pé@c&l% %&quvhéeag dp%‘f"ta% QH%%H Hmcﬂgnglﬂpﬁ%ﬁl S&mmon among

urres a | arge airet er dr Ing rise

manyt\ﬁéllsv@imeympbs blnmrﬁcﬂamagtyfmagere masé dpgiondh Buildorg & done-size-
stalling the tree. Additionally, if the tubin tq
flts-allhéu,@@g hangesdies bimgeroulgne inaflicignt begguge yawanted functionality

ot PSR4 Yo s 438y S5 4808, gt o o

compietish] Manufactesiagesosts aldrd wiilld @eest ineificiertios begause of the
different functions. Thus, trees nust be "custom zed"

added gomplaxity Wé‘drié%@fdf‘aﬂld@cﬁ&irtg auibaryarts, intgya selid tree body.
[0009?{2r tﬁﬁ'ldfh%o ﬁ Ig ttl’\é’ B?WPEXI@R%CaﬁP@y na;gd%erm %Iy eglven well

es o) uncti on

may (munlgermlrer tBGIIif@llolfIm@WeHnep@bmeélly sa wadlll rhay yrodgee fluids at high
hangerltree t hus, wo i nefficient because unwant ed

pressyignduting e il die of {5y ralln Bt FeuprapsHy MR BT Ao the later
part. \K@ﬁﬁtﬁgsiflﬁlﬁ}’h hé? rd C?Bh tl'?éqfﬁeg(?%ted%‘)to.tt;@?ﬂé'ml A8 pressure

cturin oné woul'd cause inefficiencies
as higmzams,e)oofpmmntaomm T highl Eressyreatiteredbaisually little need to install

an SR 1o S B Bon et Soonlt e ougn e
tubing HASG4OB&LdUs% RESHRd PFedilte ® “BBqUELE for fluid production. However,
the pressure may taper off to as low as 5,000 psi during the life of the well and may
require the use of an ESP. If so, the entire tree and completion may need to be
pulled and replaced to add the ESP capability, thus costing the well operator
valuable time and money. The initial free could be designed for ESP functionality,
but would result in a higher initial cost of the tree itself.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more detailed description of the embodiments, reference will now be
made to the following accompanying drawings:
[0011] FIG. 1 is an embodiment of a function spool installed on a well; and
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may change over the life of the well. Specifically, a
wel | may produce fluids at high pressure during the

WO piovoe14 i fe of the well, but the pressure naRCT/HRNG086627
off inthe later part. Wth the initial higher

0012pr ORIGL i2oshowd @xbimpie Bagils rbeoahéctione thaneh®y be used in the
[ gressure as high as 15, OOOrytplg?. Wth such a hiagjh

functign eeeelr e, there is usually little need to install an

cont ol DSTAED dESCRRASHAN Of THEPENBOBMENTS, .
[0013] he 1R tHed drafsisr ends dedefiptidre that followsl likedpaits oave marked

However, the_ pressure may taper off to as |low as 5, 000
throughgutdthe pecifisation cand ¢iawings |wilthdhpayamequeteser¢r numerals,

¢ . ; _ e
oo T 8 A 58338 298, ERPARIAres o o
inventi@paiay beyshoWniexaggdrateg! thscaleldr inEna¢whatvedheabhiic form and

time_and noney. The initial tree could be designed for )
some pcspaily) of iGopManiienal elemerbumpy agube shev i Q]ﬁ;,mterest of clarity

L f ; b self F ;
and coPpkEArsi Eke Peoidf it B adsosp bl dHrlei S gireren
formst Bpeeificathbaditmnts efetesctbetd In deaiv dmel saredshdven ihthe drawings,
fol |l owi ng acconpanyi ng draw ngs; [0011] FIG 1 is an

with -t odndaratanging thahclihBoPregRrdi diswdesiireed df Hendiansidered an
; 2 2 | il . I
crem@elBhdy ool By METRIBAL Ar 2 B frende to 1t he

inventidT &9 tHad illstERP EhONIdIeribel HEVBODIINEND d RN Iechagnikde that the
aw ngils_ and description that follows, |ike parts are

d
differeﬁ%r ingHRfhdle enbosiyBents GgsussednPeiuwnfys Ba tgmployed
t . '
separ%@@@if?gbi%ﬁ@?&@ecdwﬁé r’?tt% EF‘O%QE:% desirey reE[]E?.gﬁémgg of any

necessarily scale. rtarn

form aff tHee tenmaentdobinenty “eagabein‘“cexpiger atiadh,” noscatye dgther term
in somewhat sch tic formand sone det

ils of , .
describiig, 8nt iNKaetiaN N ARk 'ﬁw%th'&%ﬁnfﬁp i'Fﬂét fhe inteegaction to
oo 42601 NGB 2E SRRTE oFeEphEBED i USTHARRC! cracion
betwespethiel elenmmrite dieseribed.aflee desious bdractedstica mentidnad eabove, as

well &5 i 15alep Gt EhiEict 1SS ey Befol Bre dotail Below. will be
o SERH 1318985002 ' BPBR, B80T ck Ry ST Gling aotae
descriptibnstf tlae ethbatimdetse anbduy tederding .to lthe Bscomphboayihgldrawings.
[00145 ec%%i. ZIef?lutstlgzilattestallqne embodiment of a function spool 10 mounted onto a
subsea wellhead 12. Mounted on the function spool 10 opposite the wellhead 12, FIG.
1 also shows a horizontal tree 14. When the well is drilled and ready for completion,
the function spool 10 and the horizontal tree 14 are lowered and installed onto the
wellhead 12 using hydraulically operated collet connectors 18, with seals being formed
by appropriate gaskets as shown. Although not shown, appropriate valves for
controlling fluid production from the horizontal tree 14 are located in or attached to the
horizontal tree 14. Additionally, any suitable connectors may be used instead of the
coliet connectors 18. For example, the function spool 10 and horizontal tree 14 may be
attached using a bolted flange.

[0015] When the well is ready for completion, appropriate plugs are set downhole
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different teachings of the enbodi ments di scussed bel ow
may be enpl oyed separately or in any suitable

W@ obiom@td on t o produce desired results. Any UBET/US20081486627
formof the terns "connect," "engage," "couple,"

from thal Wallhead AR tenmaprithierfldi¢pressger Thengowdut pteentdr (BOP) and
between elenents is not neant to limt the I nteraction

riser gge dheactemaved deamothepavalbeadt hd anédnibet &unglignngpoel 10 and

norizdU@Cy bR et Sfe d NGRS bithBs, BT S6bariRe BERLEHE o MHonfl FEHBhS at the
sameahay EThaBOR ldndasseptdrethée abatishednd thbdidaizbatdl tdecss and the
described in nore detail below wll be readil

plugs apmeved drars the el using s @pproRNase el rupérhthr@aa%ﬁbe figer. When

il R 5o SRR OB B 2 A ol ot

to corffirivl presburd ingegity.embodi nent of a function spool 10
nmounted onto a subsea wel | head 12. Munted on the

[0016{ unch hing EoIge1 B dPele THHRT W iheBadsacho faweer a completion,
o, BRRUEY A7 B8 B ol B e, gt e

and 1464 anel tuibiegeangee@in thiedotiZzoatae tleewed eWaardlanded, the THRT
installed onto the wel| head 12 using hydraulicall ,
&%\e,mflzontal

actuatgsen lackding? 1 &t thapiapeRiithedubing hanaer 204hat gegags
rd.at L I
oo 1/oAPR RSB ARYETLS: 28 FIVHRe. B BONEP Pl IR trat any
lockinbr asthbihomiayomealuseticesdeh aae bxpaidablé ndogs atHadcbadage a
to the horjzontal tree 14. Addjtionally, anpy sui

correspanking prafilgd) he hrazpntalsraad bf The ereeuston tUbirt‘gabzlzeeXtendS
- : t he funct i
o TSR oty PR ot DS ABERHED 90 2 P o
interntl Bome24[eﬂi@ihé?j afhene tamel wﬁl(;lthéa sbo:re;myhé cp:rr:o@mtilnilne’ujbgrg 22. The
appr oprj at.e s are set, downholefromthe wellhead 12
other {5kl 1 eI 807Gy €4 Ste. (1o TG IGHEED B Ehg g ent with 2
A r . .

s SR TTEEe 9 ERSRERNGE 190 S D o
surfadcenAltddugt ottdrmwn, ihs epanEetors extudessa gotdlionk! aimenismeans
t the me tinme. The BOP and riser ,are en . . X
that =flgas die HGan8 ARET 1RO 1B HhaIor FoBtE] et dhbalignigg the intemal

; ; . _ )
bore 5& Wﬁet %r‘b@uhﬁ@n %WZ@%\bqﬂeatUP@%?ﬁ%éraZ@ ik BWer{g%g%lionthe set

t hr oug e riser. en | nstal the function
positid@ and hori zontal tree 14 may then be pressure tested

10017) 0 R, COBTeteTs fles INGLERSA JuaticPomasiise S0 BeRtIRG from the
produefoR i@ih§22 below the tubing hanger 20. As shown, the function mandrel 30
surrounds the production tubing 22 and is held in place by any suitable connection
with the production tubing 22, such as a threaded connection or welding. Instead of
being housed in the tubing hanger 20, the auxiliary function passages are located in
the function mandrel 30 fo interact with the function spool 10. Such auxiliary function
passages may be located in any position in the function mandrel 30 and may include
passages 32 for electrical, optical, and hydraulic lines that extend downhole
alongside the production tubing 22 to control and/or power downhole valves such as
a surface-controlled subsurface safety valve (SCSSV), temperature sensors,
downhole electric submersible pumps (ESP), downhole processors, and the like, as
-5



i ncluding a tubing hanger 20 and a string of
production tubing 22, through the riser and |l and the

wo eomageeanger 20 in the horizontal tree 14. VWERUS2008/086627
| anded, the THRT actuates a lock ring 2 1 at the top

well & pbB@llebkd\@dé‘&ﬁ@%heﬁ@célhéé &igajeeson.hether byt @f lines than
tree 14 and | ocks the tublng hanger 20 in Elace

those distad mayalsmexendiavghae fomthe lsstiomganssendd.y rmy

root8f, ¥efmeatah o, P AMEABLA SRk i2 AT Bas i inrhe functon

spool PIoth tgrevide Wjcess 28 tﬁétfﬂﬁ@tﬁ)rbﬁé%gd%%i filinf @ubsidgehe tree for
20 into the well and the tubi hanger 20 includes an

contrglliitge r and/ob op@weing| thgns@nne elegatdick Hawhaer eThﬁ auxﬂlary

Y T T T

conne®tdrgn [BRatedMih hthe f@sdtivh Bpoeduali andpaidy #4kd rantyheuﬂable form,
hori zontal tree 14 for producing well fluids to th

including verdisal oy heriagikal ronnertess:, The Bots g istthe rﬁunﬁ@ma&olé 0 also

moludg 2t fod AL Moo FERR S, Lo iorii Io¥Bacd BBl grcon the

surfadeNtfeididndigr altdug the Mngthg!@rt 2O M IriterdGt asthtthe horizontal
t ubi ng. hanger 20 1s |owered into the set position

tree Thta 3 Ignhtnhecmabtanel@ af 48eitibingabanger @hcendhHardeefunction
mandﬁbﬁ(ﬁgﬁﬁ ddo%e&ﬁ@rmoﬁﬁe %r%jdb?lt w%fjun?%q]g%%ﬁ% ﬁ d(l)cfmft@getublng 22

may lselrdey@fai tdil@llpmoducéntajn zﬁmbunlg o Fuactbr sndrelrdl B0 vertical and
| ace by any suitable connection with the productl on

rotathn%urﬂ@veznen ude 29ty oftea feactiammandreh S8rtonaioyengllows for a
certaih %?ﬁ(fl?rﬂ d?ft REATEE HOMREThe %ohﬂ@ctbl’?h&?b@%B%E#thﬁ&?when the
auxi T1ar ocated I'n the

unction passages are
tublng‘lummerdm igﬁnd}wksesﬂosm)om nteract with the function

pool 10. Such auxiliary function sages
[0019] oo Asedn exagiple. 55@. fupehon sradld & '@ﬁﬁﬁe@rﬁma%“ﬁ%w PR$SaAg 32 for

rousifs IEHUHE HBERROSH B3 Elortheshisab o SEySR6: showr)
The SﬁIESBUct:OMmIBLﬂhenQO\EZOft tbu;dotﬁﬂ‘mm{ljh dinel/grodpotier tuldng 22 érom the
produl oy eS e uid dB i G EHaB OBt e Rirehl 3oy et function
mandféf%@eéﬁd P(lu]ﬂfaé’as poégsif/e ceemng?g&r ﬁ%ﬁBF with thd E‘@upler 40

aswe provi em C reagent
in theifopetidn manc@lh&@ thepfesctidn kpoels1® hmiudemaeldrinsa[exd)um 42 that

can eRigeTOroMReLoHaN agooh BHENY aligAsHG M6 dgRsiarh mandrel 30
coupl®Chd Stofth VBrtBP statNESHRtion as shown. The stab connection forms a
fluid tight connection when the tubing hanger 20 lands in the horizontal tree 14.
From the coupler 42, a port 44 extends through the function spool 10 and is
accessible from outside the function spool 10 by a hydraulic control line 46 that
extends to the surface. When connected, the hydraulic control line 46 enables
surface control of the SC33V for well operations. Alternatively, line 36 may be an
electrical line for powering a downhole electric submersible pump (ESP) (not
shown).

[0020] Also shown in FIG.1 is an example of another auxiliary passage 32 for
housing an electrical line 50 for powering an ESP (not shown). The ESP is used to
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spool 10 that provide access to the function passages

32 fromoutside the tree for controlling and/or
WEowenidid t he conponents | ocated downhol e. ThePCT/US2008/086627

auxi | i ary passages 32 typically house connectors that

incrediRs e/ @luld PRIssUipé Fomvpkdy uishl flady tﬁQfLIghCﬂWlEEddUchion tubing 22
| ocated in the function spool 10 and ma e an

from the prasiugincorzene.i Heg elratidcal dingi %%lextﬁﬂdﬁoW®momaES¥’ and into the

RSG50 A8 PR Ta Pl PAObt 2, S Bepboffffon o
functib® Gaaedres BOSRAPNST B id Behdrzohed ouptist 84 angtl dan extend from the
al t hough the tubing hanger 20 may interact with the

functiparspasit ) intoeengadarseal wWith thee pessival cairygele 58f farha horizontal

stabbirch KNSABBARE 40 MRk s R A eRL B, FormiSa ‘Al tight

conngdutiodusdtiveenttibi glgctd2anine 68 4irb hondecttioaldineoBbdocated in a port
certain anpunt of function mandrel 30 vertical and

44 thabeglendadhronahe isnfunctiee spaalitl apel isnacaasatble digm outside the
functi{i’@{‘géc%l 39 %uﬁ"@%&hlﬁwﬁné"éo ath‘é?ré@éﬁ‘dé“}g U{q U rface. When

ance s connect or s  not e per

connetitegnitd wleetridahdint Bl tigud anables28urfacd Bohtrel et'%the ESP for well
posi tion. 0019|] As an exanple, the function spool 10
operafigps. Alemativellxing a0 yaske agréfdz@ulf%ltn%@é extengls downhole to an

luid line 36 that extends downhole to an
SCSS@&%@LQPO&MSMV\M) The SCSSV controls the flow of

[0021]] uiThe bramples: bleown cfacsimply twibipugssile ftyoes blfle:onnectlons that
produci ng zone. The fluid |line 36 extends fromt

may becadethP yatt %‘;’%fmfﬂﬂﬁ'@t indAe fdRelia Magdeel PG and é‘§0?$ﬁ‘|6|e from
e RS T OSSR BR Ty DU U o may

be made bedesll and éhai thal carmgultions 4hotwmain tharexexrhpled rhapive used for

the function spool, 10 into alignpent with t functio
differepi fypes 0@@066@&1'@@'% lines. Wohers (U *agpRIS. e@ﬁﬁr@@dqf@m"auhc or

opticatS ASRRMAaly egrtea a?/oB e 1 AAnk 4ty f boftd 4d 9Nbiven function
t% \Nﬁ1 u% 'ﬂ J;gba?},an% inth

connec i Nng hanger
mandredr 3@ ombgl altdw:eBééauﬁ dhetﬂumcﬂmmphend?bl 3@ I$)O1Idt Bding used fo

extends thro h the functiopn s and is
suppafh e svaldd ¢t 1k BURIRRHEMAAgs s %@n Mgnggel 30 does not

reqwr%\ﬁﬂé%’bu& éf%g]r% wéédﬁﬁ%%@a@t@boﬁ)ﬁ .S to the surface.

en connecte raul i1 ¢ cont li ne 46 enabl es
[0022% ur itk thentmmblecbrbntha $SSvell as rwat:ly fopepradlucctmm To create a
rical, 6 line

barrich eI rAMabEARING 1o B Nal BaBHEe P uSap PRSP the tubing
hangérnﬁ’é, plugs 62 are run into the internal bore 24 and set. The BOP and riser
may then be removed from the horizontal tree 14 and retrieved. Using the hydraulic
control line 36, hydraulic fluid may be used to open the downhole SCSSV and allow
fluid production to flow from the production tubing 22, and into the production port 26
for flow to the surface or any other desired location.

[0023] At different times in the life of the well, the well may need additional or
different downhole functionalities. For example, as already mentioned, fluid pressure
may initially be adequate for fluid production but a downheole ESP may need to be
added for production in the future. Additionally, various downhole sensors or
processors may need to be added for ongoing production monitoring and
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shown). [0020] Also shown in FIG1 is an exanple of
anot her auxiliary passage 32 for housing an electrical

WO 2008/0%814 or powering an ESP (not shown). The ESPUB208/086627
used toincrease the fluid pressure for production

mana@bm‘:ﬁﬁ WitHP ted fhRetiddr Spdisit 1@ mnduRinttioR 2nkh@rel t3Te the horizontal

roduci ng zone. The electrical line 50 extends from
tree thanddpe Aubingrhangai2G need inendegigae@ forzconiketinguans supporting

the pieh o P RTRN i G Rl B TR i<l o dBngerprade in

the tubthg hahgeaR0 exit end ifdtead thadd ueirg Passiges!in 18e ifotction mandrel
agenent with the passive coupler 52 for a

30 anfbgurz@mnaﬂo@.@laﬂ)@. Qeewg&gm%ﬁpr%@@méw chaaggteuy the function

mandf% %hgcfppé@ﬁ:’ Is{)c%l Adjfjég rL% Pr : Ca$%ﬁ?lh§'%g€6ﬁ?é(‘%?ﬂ1e well

witholifodaivaash | to gzwaﬁéséﬂart r@ﬁtl!’@?f eRrRUs fidianid tlke functéming in
r

spool 10 and is accessible om out si de the function

cons@@r@@le costhsavinge| lBcadditien. thefworggntd dreei ¢ ek tuting ﬁ\@nger 20

ey AL 755 AIDABCCORERFE o U5y R B, o ¥Stunctona

connaions] iresdtingNih dowal icostsy, Fliither bOstneavibgs aebyitirfrarhi & smaller
. line that extends downhole to an SCSSV. (nhot, shown).
horizqrdah ipeTAd BRANTIPEY SWBERT 4% RAGINEG el Jdasiagsed mobility in
e [ a y
partcl 5, He FERRGHE U ey, EGRABE B qrial e 14 and

separét&&ﬁﬁjtibh &pbobhD} the Harrohta trespdd bind Gundtiors wadid (may now be
I eci at ed that other types of connections may be
transpitiad 88 mta"%antth%qu"h@a@cslr?nwarat%y YRBENOYRT CRBACItY cranes

WlthOlgt)c() |ﬁﬁ '@é’rgﬁuéfsseu@ ler M 44 Gy tﬁéfpﬁéugé all_of the functlona[

t1on nes as for exa electr

connénjidhauFuﬂheDt:oﬂpsa\mags miydalso (Umlat:Mevedhm enam;fabﬂrlag because
auxiliary ports as a given funct

instearrégg)y gecvhorzepialdeee Aé peingt Gustomiedr @?”ﬁ”g@.ﬁgpﬁg horizontal
tree 1%@%8{ ngﬂ @% félL‘QHQ ertMfmbs! Srwfgéd@h‘?trﬁ’é Wfo‘nogbool 10 and

e func on mandr e es not requi
functlbhenaimesﬁomérwm custominé@ grsitéad.of a support body.

(0024}, ok GHONE PRIAARECATRRS P T AQINDT HREA dRynhole
functlénﬁhtg% ?% l?rﬂf)ea fithctiBh AeB tlb%!utrﬁ’@ tﬂfe ihiBs *M@i'u@ﬁor% 21’ a well.

ugs 62 are run into I nternal bore
In thoaedcm nT)her BOM et duncteralityapnayhies bt rrﬂnﬂhedubmgnmanger 20,

such tﬁgg:,%%rd igrn'te\r?%éég\e/ %ﬁdat?ﬁ% I'rlc?rﬁzroln e\{letgee Lﬁl m%y be installed on the
wellhead 12 directly. Later in the life of the well, should additional downhole
functionality be needed, the function spool 10 and function mandrel 30 may be
added at that time, resuiting in cost savings for the weli operator from being able to
continue using the original horizontal tree 14 and not having to install a full function
tree for the initial production.

[0025] Additional examples of connections through the functicn mandrel 30 are
shown in FiG. 2 that shows the function mandrel 30 engaging a coupling coliar 70
and held in place with a capture ring bolted to the bottom of the function mandrel 30.
Extending into an auxiliary passage 32 is an electrical line 76 for powering and/or
communicating with a downhole sensor (not shown), such as a pressure transducer.
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control line 36, hydraulic fluid may be used to open
t he downhol e SCSSV and allow fluid production to fl ow

WO e@ai0tdedd pr oducti on tubing 22, and into the pPOOUSI000B6627
port 26 for flowto the surface or any other desired

Howelv@ﬁ %nWMWhﬁ&éiﬂenébr e azf 6 e0itableFheidledttieall lifee7®extdrels from
t he wel need additional or different

the S@aﬁmhaﬂ%theduastl@hmandr@lsﬁo eod %@én%ﬁ@a theeatadegeRnector 77 that
| t
ool G Rrge b b PR TR T i Bkl 792 B Bl by an

insulzaed eifgi 70 and @stkedea plmcbhl@cf QDUCSrreéﬂdmdlthﬁtH the connector, a
vari ous downhol e sensors or processors na% need to be

poweR cpanectr Bﬁ@@’irﬂ@rp%d@cﬁd@ﬁ‘dﬁﬁlﬂ e niearidnationg sreat 10 into
ongeSy B SATEI 3008 i MR dHBES B0l s shown

The seb demnhgatizoh ﬁoﬂhs@ﬂmddtghtl@oﬁhdct&ilpb@tﬂdeleﬂghbféectncal line 76 and
production tubing 22. The varijous functignal

an el@@tﬂﬁ@lchn%m tag @%Mdﬁgbﬁthé hhﬁctﬂ%m%wrémaﬁwl P and is
acces%%l%?trq?‘n ggl cﬁ%ﬂ? unc%tﬂﬁ's@%of’?ﬁ?%%?g]g@tr c%ﬁ & Bt A a fends to the

i on ool
surfacayWHers coinaegedouhet b%cfrwad:tlirxm 78atithelend®leangower of and/or
functjon spool 10 on an as _needed basis during the

commynigatism wita S hile REATORIR AR Ce SYSy dha s vdihole sensor.
[0026@ nt 'Fﬁ?ey oney ol cﬁf%‘téﬁothé?eeléétrgbf.slmet '{Fﬁefoﬁo powering and/or

onsi dér able co savings. In ad ion, I'zon

comniurdeatig with dnybliypg difaluyathol® eheptrdic tediee Jmat bhown) such as a
pbecause they _no | onger need to house the functjon

downbgRmRIReesHE, ThEsRIRBTG! 1RSI heKISPgS Eomeiier AeEtroBiet device and
into fﬁ‘éﬁ%ﬁj@slﬁ hb%rf@r%ti%nsﬂﬁlnb?f%l 5 HAOBRAS dﬁ raeﬁofrﬁtta@cﬂlprl?ase 90.

anger ecause 0 he  i'ncreased nobi
Extengértg fronl the (;Ifnrtda:&)rfhﬂsezmtmn etentridal consadtfo2 tHat bxmnds past a

milleds GOttt HGNE L BARCAPN L MEBAE] dndSPae PRofes St gk function
mandf9"388td iSRS tnited bmbﬁ' bP‘{’hQ mét[&‘?'ﬂﬁgﬁt@f-‘él 120 from fluid

separ a er usi ng lower capacity cranes wt
pressuazqm thmtum:ﬂ_on apost 18qndflestiingportsedd irt trad furmtisa sgdol 10 are

functional connectio Furt her cost savin .
used o fTUaP oo B CRRAEE T T ananle oMo S ST sBPI G Fla plectrical
connégtloﬁaﬁuhdh?hbza%@llcaf E:Sﬁta%f‘i??eéﬁgn S5k BMraehilleRy PSﬁfﬁ)’ﬂ and into

wel one horizontal tree made for a larger

electrmahbentandt Wik lasccmtad;t tithnge QBmeCCGJmpI&i@dbe dlécteioal connection. The
functi on mandrel be custom ze

[O
conta%ﬂaao% PEaYA e%éd@fget eépgg,h &P SOy k)%lel %C%'E' cqg%a:lt 92 that
exactHcdRgH 6thaBle 4NN Ract 92 with respect to the contact ring 98 is not

necessary. Thus, the contact ring 98 does not require exact placement of the
function mandrel 30 with respect to the function spool 10. Although not shown, an
electrical line extends from the contact ring 98 in the port 44 that extends through
the function spool 10 and is accessible from outside the function spool 10 by an
electrical line that extends to the surface. When connected, the electrical line 76
thus enables power of and/or communication with a downhole electronic device,
such as a downhole processor.

[0027]1 While specific embodiments have been shown and described, modifications
can be made by one skilled in the art without departing from the spirit or teaching of
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functionality to be built into a function spool 10
during the initial production of a well. In those
w@a®es7eond or minimal functionality may be bui PET/US2008/086627
t he tubi ng hanger 20, such as control for an SCSSvV,
this indBAtidMET Hwembot indéntt a8 eicbéripay até@ekaaw eﬁllycsmd 51@ not limiting.
wel | head 12 directly. Later in the life of the
Manysyyiatipnadand i roadific are gasstle sl s %I&Iﬂeté@eacope of the

vonf ATl BECkeo B EARSEAD MRG0 Y ofipimen

descrited| prSrcﬁﬂPrmfté@lﬂiP/bﬁe ﬁﬁurﬂb|tlﬁattfcllcﬁwrther§¢©pé$ifM@Hﬁghall include
original horizontal tree 14 and not having to instal

all eq'dval@nts plithesubiect madter of thendaimi-ti al  producti on [ 0025]
Addi ti onal exanpl es of connections through the
function mandrel 30 are shown in FIG 2 that shows the
functi on mandrel 30 engagi ng a coupling collar 70 and
held in place with a capture ring bolted to the bottom
of the function mandrel 30. Extending into an
auxiliary passage 32 is an electrical line 76 for
poweri ng and/ or conmmuni cating with a downhol e sensor
{not shown), such as a pressure transducer. However,
any downhol e sensor may be suitable. The electrica
line 76 extends fromthe sensor into the function
mandrel 30 and ends with a threaded connector 77 that
threads into a connector base 78. The connector base
78 is held in place by an insulated ring 79 and
i ncludes a pin contact 80. Corresponding with the
connector, a power connector penetrator 82 is
extendabl e fromthe function spool 10 into engagenent
with the pin contact 80 for a horizontal stabbing
engagenent as shown. The stab connection forns a fluid
ti ght connection between the electrical line 76 and an
electrical line in the port 44 that extends through
the function spool 10 and is accessible from outside
the function spool 10 by an electrical |ine that
extends to the surface. When connected, the electrica
line 76 thus enabl es power of and/or comuni cation
with a downhol e el ectronic device, such as a downhol e
sensor. [0026] FIG 2 also shows another electrica
line 76 for powering and/or comunicating with any
type of downhol e el ectronic device (not shown), such
as a downhol e processor. The electrical line 76
extends fromthe electronic device and into a passage
32 of the function mandrel 30 and ends in a connector
base 90.
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Extendi ng fromthe connector base 90 is an electrica
contact 92 that extends past a mlled portion of the

w0 evevi@m mandrel 30. Seals 94 are iocated i n RPEEUS2008/086627
function mandrel 30 to isolate the mlled portion of
the function mandrel 30 DLMS uid pressure in the
function spoof 10 and flushing ports 96 in the
function spool 10 are used to flush the fluid trapped

portion out with appropriate electrical

WHAJE&"%#!—?%'M?Pﬁlu. d. The electrical contact 92 extends

1. lAt ﬁrddL&:tlﬂm besenbiyt fem o@ﬂﬂolllﬁ%]opﬂicﬁ@tiblh cfrbnc Qrb@Gdtion tubing
a contact ring 98 to co ete the electrical

suppq,r@ﬁlrfée@ {léHing naBORUA el mchgilrmaa predpadsthg asaeably including:

egW'Bﬁ g@’@ﬁﬁ ﬁéﬁﬁé&ﬂﬂq@i % ec%gnll tr?é)ﬂ{n {) géo&nﬁ{;lludlng a bore;

r @ feengaget hathcetiasdtion si@of8hé sreedhcleREIEBOR; Thus
the contact ri n% 98 does not require exact place

othet bing, hengeh lesdagle in the tespbeie ﬁ@cfﬂ Hlaat the. productlon

functi : an el ectri cal

l'ine e@éﬁ@%%gnﬂ?@leﬁ@%ﬁ%@:?ﬁqeﬁgggg in the port 44

t dafuretide namntrel osgharatee ffamcthieontusipgohat@egnengaged with the
accessi ble fromoutside the function spool 10 by an

el ect r pEgucliomibing @ngnasiipnaple mﬁ@eéhﬁﬁmlonm@l bore; and

gﬁgangif‘ﬁtﬂl riaP@rd ik dlhﬁ% V\;ﬂ):%sﬁﬂge gg\whﬁb‘%d%%bl'i eXtSfiihg into the

or conmuni Ca e elec I'Oﬂ

devi cewel ugid ariedtalidokith i os@s sinr thd FOAdY onWstloel such that
speci fi c enbodi ments have been shown and descri
modi f i SANTBINICEEgR %ie@mbylwewmtéarqtﬁhtfh@ "H?t‘s allowable

Wi t hou{rO G‘H#?'Eejégﬁ%hﬁ%h{é?‘)épl rit or teaching ofthis

i nventi on as described are exenplary
only and are not limting. Many variations and

nmodi fic tlons are pos | e and are in the scope. o
2. theei tioprass&ry ﬁga"gn ﬂ\ﬁ@emﬁe Erﬁ%%ieéémgowt@ fhe well

: t g;céqﬁ s described, but is onl
mCIUdI%icngr?%tggélbég %1 F&z;lhﬁ's (gﬂ | ow, the scope of whi c%
shall include all equivalents of the subject matter of
the clains, CLAl N5 T 1S CLAIMED IS 1. pr.oducti on
3. akemypguetipn @éﬁ?mﬁ% Pﬁg’%ﬂﬁb&ud’t’u%ﬁ'ﬁ g iGomponent is
selecﬂeHb Sé{pfé%rsf erheb%faa ﬁ&h Hol@avﬁl% bﬂ?ﬁ‘dé(&elé surface-controlled
a

ng a well head ssenbly inc
subsufrﬁanet safety peaadie efR{258Y), vvlat temperateid reemdor,t he dbwmtivleorelectric

i ncl a bore; ree engaged with the
Submeﬁ?rﬁ%ip&m%ﬁ%f ke 9%’8 PRGPRETa bore;

4. The production assembly of claim 1, further including the function mandrel

being moveable vertically and rotationally with respect to the production tubing.

5. The production assembly of claim 1, the function mandrel further including
more than one passage connected to a line exiending into the well, each passage
connectable with a port in the function spool such that communication with the

downhole components is allowable from outside the function spool.

6. The production assembly of claim 1, wherein the function mandre! passage is
-11 -



t he tubi ng hanger being | andable in the tree bore such
that the production tubing is supported in the well by
wWo b@vTees a function nmandrel separate from t hRCT/URI0NS 086627

hanger, engaged with the production tubing, and

conngtsbilé wathathe eundidhdmoohporft B o Bie0sclbaed frorn @t It one of a
function mandrel including a passage connected to a

verticalisteb wiet Brade sguUPlat 8nd Bharientah sipborehseteaerwlel t h a
port in the function spool such that conmmunication
wi th a downhol e conponent through the line is

7. aThevwphlductioomassdrablye of helalringt iwheiivothe Zunclivd mandrel is
production assenbly of claiml, wherein the |ines

removable flgnhgnd rerlageablgeanto the: prasiictipa debingal , opti cal ,
and hydraulic lines. 3. The production assenbly of
claim1l, wherein the downhol e conponent is selected

8. The pioduetisit ausenaily cofdelanole wiadreth shehtres and the function
surface-control |l ed subsurface safety val ve (SCSS

| e (SCSSV), a
mandf@rﬁi@r'ﬁﬁ@ﬂ'@blﬁeﬁﬁﬁg,a HoalhwhAspleyaIest tvessek tistushing m@ced lifting
criteriRUMP (ESP), and a downhol e processor. 4. The
production assenbly of claim1l, further including the
functi on mandrel being noveable vertically and
rotationally with respect to _the production tubing. 5.

9. THes PrRRHFIENGIFSaT ST §iaim o futierInCHBG unct i on

dr el i udi .

Bt bing, WehUEF dlilit 4B lRASs EBAReRI BRFS A the tree with o
passagsecidolathdie contgorend thirough o lives; famact | on spool
such that commrunication with the downhol e conponents

i bea5i7 aaeIe WeishE 61t deerand Him Bibing hepesr begg miaimized by
pr oduc I\&ﬂn@%ﬁ%b%icﬁfioﬁ% «’a\{;r{weth% q@ﬁﬁﬁéle ég@éﬁmﬁé t9ugh both

mandr el pasSage 1 sconnect a the f I on Spoo

port uihertgbmgcliargetrarsethedtinctidrr mandtell east one of a
vertical stab wet mate coupler and a horizontal stab
wet mate coupler. 7. The production assenbly of claim

1 [ f -' ; ' « f :
10, 1A HEORGR A R HRRLN DAl byd SEMREIE 5 o PRCung
wellhgado dbe twelh dasigestd | fpr giroduictiom dsingheoductidrhaubimgeocandcted fo a
. the function ndrel are installable using a floating
t““”%@ﬂ%\ﬁﬁ@ﬁtm%@ggémdpwegudi ng reduced lifting criteria.

installing a function spool and a tree onto the wellhead, the function spool and
tree each including a bore;

landing the tubing hanger in the tree bore to support the production fubing in
the well;

positioning a function mandrel separate from the tubing hanger and engaged
with the production tubing within the function spooi;

connecting a passage in the function mandrel with a port in the function spool
to establish communication with a component downhole connected with
the function mandrel through a line; and

communicating with the downhole component from outside the function spool

through the spool port and the function mandrel passage.

11.  The method of claim 10, wherein communicating with the downhole component
-12 -



9. The production assenbly of claim11, further
i ncl udi ng: the tubing hanger including a passage
W@ nendeisxg a port in the tree with a second dRUFKS1008/086627
conmponent through a Iine; and the size and/or wei ght
rnc!ucl@é at [yt bAG oRBEMIMhidatRigndeftapaiggovis 8atalmbnd Mvdedilibyressure.
al | owi ng communi cations wth the downhol e conponents
through bot h the tubi ng hanger and the function

2. B0 Rlsinddoh SRt los WERER nesR el it otpe (dounhote

comp@rﬁaéﬂut idelsides et [dawt oﬂéQﬂld!@htr@nrngsa a@whholéuretlw rret:erbrr@gdata from
connected to a tubing hanger, the nethod i ncl udi ng:

a downlalgl semr@pra qontiellingn as gewnhaled pamip.eandneentieling @ downhole

head, the function spool and tree each including a
mbce%%%l Iandrng the tubing hanger in the tree bore to
support the production tubing in the well; positioning

a _function mandrel separate from the tubi ng hanger and

13.  ehgguethad r@ftﬁ@m@r%umﬂhﬁr almyving thie hmctione mangiel éa move

verticgRCaA AR i REE o tobEan REbgT, o

comuni cation with a conponent downhol e connected with
the function mandrel through a |ine; and conmunicating

14. W laeymetbod ehpisime %6%“igaﬁ’féﬁ‘t%uﬂ'rngm out si de the function
SEBHheétmglﬁﬁhh@e rﬁ%’ﬁ’cﬂjgl %stspggg %ﬁ &HH&F 'p%?ts”aé‘éj(fhelpassage

passageé

comungsratactat with i ddventibdsvsbmipenenhthengrtt a nné uates  at
| east one of communicating electrical power dat a

hSQIPEYnicatipg éfﬂﬂmrr@ dq\&n orﬂéomqr@at%from Qitgideghe Function spool

el oD Bl Baehd the Rl AR MARLEIRRRERS.. e,

recei ving data from a dovvnhol e sensor, controlling a
downhol e pu trolling a downhol

15, 18h6 TrRshat OB e osl die eRBReRIt e GoeRE Sassage with
the Sﬂo%n%bh%rhlﬁ@%dtg o) Psél@érgd ‘fﬁf o'a?%%éf cﬁ{édof QLR QN &t wet mate

respe e pro ntu
coupler and a horizontal stab wet mate coupler.

16.  The method of claim 10, further including removing the function mandrel and
replacing the function mandrel with a different function mandrel designed to

communicate with a different downhole component.

17. The method of claim 16, further including removing the tubing hanger,
production tubing, and downhole component, replacing the function mandrel and
installing the different downhole component and the tubing hanger and production

tubing with the different function mandrel.

18. The method of claim 10, further including installing the function spool and tree
using a floating deployment vessel including reduced lifting criteria.

19.  The method of claim 10, including communicating with a second downhole
-13 -



14. The nmethod of claim 10, further including:
connecting nultiple mandrel passages with spool ports,
we2wb/opassage connected with a downhol e conponkeit/US2008/086627
through a line; and conmunicating with the downhoi e
comp6asmo fiemh Sofitsii® abé sirde thisudhingt cannestionf it Kheugbindehanger
spool ports and the function mandrel passages. 15. The
CO"“Q?@'DE gpert itthe tieq withrthe seepnd ﬁ@mr@plﬁgcw@ﬁﬁe@m Wging dine.
mandr el passage with the spool port using a coupler
sel ected fromat |east one of a vertical stab wet mate
20. cPh@lmsthad &f zldior 1¢,dotther sichliing minkiigingdhelsite addior weight of
The nethod of claim 10, further, including remving the
the trp@n@mowm%daémgeanay renEdinicgtinge Wwitinthe slewrliale efpomponents
[ ned to
throu@ﬁ hﬁtuhﬁthggpﬁﬁaﬁﬁng;elﬂgﬁpftggégi?& n%ﬁﬂﬁlzé 'gorrponent. 17.
The nethod of claim 16, further including renoving the
t ubi ng hanger, production tubing, and downhol e
conmponent, replacing the function nmandrel and
installing the different downhol e conponent and the
t ubi ng hanger and production tubing with the different
function mandrel. 18. The nethod of claim 10, further
including installing the function spool and tree using
a floating deploynent vessel including reduced lifting
criteria. 19. The nethod of claim 10, including
conmuni cating with a second downhol econponent from
outside the tree through a connection in the tubing
hanger connecting a port in the tree with the second
downhol e conponent using a |ine. 20. The nethod of
claim19, further including mnimzing the size and/or
wei ght of the tree and tubing hanger by comruni cating
wi th the downhol e conponents through both the tubing
hanger and the function nmandrel.

-14 -



