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of thenguoimgital stratanghelvec dise tgrgdtheones odysitaldy eiltseman oil or gas
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prodgfingi 2ang aha g iaieelion ZoRe).cang ﬁ!j ragie Ad@tiogal casing strings will
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exteli THoBGf thb St ptinG ¥ o BIRICE Aing MepRitt shelril s cased
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pressure-contto conduit throu
assefrbly ds sat o fsalateceach Annslarrespace rtnetwwmestnhgs of adisirichgihe last,

zone, a cker .seal s t ce bet ween th oduct,i on
and {8 gSh RS 6" 5PoUTe 18 PTDALTI CHSHs GRreand Has wellto the
final ﬁ@bih fluids flow through the production tubi ng to the
surface. The tubing is supported by a tubing hanger
[0003k s eABiley drifling arghistalting tlm:kasmgcamngmts eorplede.i e well must be
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fluids/ atey prodiised. At some point above the producing zone, a packer seals the
space between the production casing and the production tubing to ensure that the
well fluids flow through the production tubing to the surface, The tubing is supported
by a tubing hanger assembly that lands and locks above the production casing
hanger. A tubing hanger seal assembly is set {0 isolate the annular space between
the production tubing and the production casing. '

[o004] At the wellhead, various arrangements of production control valves are
arranged in an assembly generally known as a tree installed on the wellhead

housing. The tree has one or more production bores containing actuated valves and
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respective production fluid outlets. [0005] For

WO RWhE7e tree with the arrangement of producifpsioos/os2410
control valves offset fromthe product| on tubing,

exte (G et Ry el ORIAORE RS S T eem shown and.
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wel | head housi ng. However, the annul ar space where the

remavgsl ﬁ@nhathgetregemtha@tséwmrgg tesregeevaidbe hetizantekjree from the

%{m; stant as pressure and thermal expansion and
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horize@taletéee dnstead %él?déh@r‘éewlﬁﬂd Sgusthg: Hdowewelertee anBular space
vt Mo 52 SEEEE PR B OB ol tant

pressral amﬂtﬁemask eapainsram aindi exterrid fericentact ontthetelements that bound
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FIG 1A FI G IS a Cross-sectiona

cut - anay BRIWFODESCRENDION OfedTHESBERAWYINGS
[00050011] FIG 2B is a cross-sectional cut-away view of an

t eFaBgi wersdatailad siessrigtion] obthy empodiraents, seference will now be

madegﬁogriﬁofﬁﬁ&fn%ac'co% LR arhfof an alternative seal

[0008] FIG. 1A is a cross section elevation view of a horizontal tree with a tubing
hanger installed;

[0009] FIG. 1B is an enlarged cross sectional view of the horizontal free of FIG. 1A;
[0010] FIG. 2Ais a cross-sectional cut-away view of an exemplary seal assembly;
[0011] FIG. 2B is a cross-sectional cut-away view of an alternative seal assembly;
[0012] FIG. 2C is a cross-sectional cut-away view of an alternative seal assembily;
[0013] FIG. 2D is a cross-sectional cut-away view of an aliernative seal assembly;
[0014] FIG. 2E is a cross-sectichal cut-away view of an alternative seal assembly;
[0015] FIG. 3A is a partial sectional view of a seal assembly positioned between
two tubular members immediately prior to being moved into a set condition; and
[0016] FIG. 3B is a partial sectional view of the form of the invention shown in
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[0013]FIG 2D is a cross-sectional cut-away view of an
alternative seal assenbly; [0014]FIG 2E is a

wo Sdnee6d i onal cut-away view of an alternativge 008/082410
assenbl y; [0015]FIG 3Ais a partial sectional vrlﬁggvi 0

FIG A B A RPRodedROl T 8 RBOEER 1t 5" set condition:
and [ QS B0 FESTRIPTION OF SHEPEMBOBIVENTS

I nvention shown I n

[0012909/1Q 6theb Hréifirids2@nd/ dagdistion Ehat3foNdwd) like st are marked
assenbly in a _set condition. DETAILED DESCRI PT| ON OF

throughout\bepispesification 1and dremings: avith be apamge sefergngey numerals,

rospgliely T Himhd FEHPRL R R RSy A sBURL R foatures of the

inventiore hedys be rshemec bkagieratethien stialviordn fsm»ehammermatsc form and
necesiarl ly to scale. Certain features of

some flelails 6k %ye%@@lm@nﬁgwarﬂ@d @ Phowd] E‘ éhe inferest of clarity
and %H&%ﬁéongr@?:%s%rft%\%@ﬂﬁo%% {:B'ilel ) {nﬁiodlm?nts of different

conven elefnen OW1 1°n
formsf Spéeifictembodiments beedesgibethia detal end apvehmwom the drawmgs

5 P Lol G5 5 b o
exen%ﬂﬁ?ﬂ%ﬂ{)ﬁ dFS o OEﬁHhB%% ?Wtﬁé‘ iVt deJ t%”ﬂbf‘%t&ﬂaéd 48%%imit the

resen ure 1 s be consi
mvem!mmm iHat dtstrated Bnt e seribed ingreis. ufrsttb ¢)€I Twlgmecognized that the

. not intended to Iijmt the inventiop to that
differd utﬁﬁcﬂw $d sem%ggunﬁ@tse.q'ﬁmﬁea @%erw IRe employed
sepa&ﬁ%@ﬂ&%ﬁﬁ%y %fﬁg%tﬂgg’g ow mae be enp (I)y Qggsar%n%f’jse of any

formopf i hhearhgrmu ‘bebhect;’or‘fbngmge bri‘couple; odattacklésor eahy other term

descngw@aag |an” r%/tgusegg{weae?{{ p%&tgggtrgﬁﬁggﬁéim ;f' gpﬂfne mteraction to
dlrec@Qﬁl‘éféé}Id?ﬂbéﬂvééﬁ WA IEPBNRELHEERAS! SEBNTheIUde M@irect interaction

neant to limt the interaction to direct interaction
betweenvberelements desoribedhitherngrials eharadtedstidsnoientioned above, as

well o3 CHRE efrat L CrHaCIGHcy clra a0V, Tige jtall elow, will be
readigﬁ Wpaﬂ‘@ﬁt 1] Qﬁo%‘%k‘ﬂl&! FCURE Sl @@oﬁjerééﬂlr@e%é Toll®kihg detailed
etail below, will be readll%/ apparent to those

descgpriion @ﬂthmemb@danenhspand mfa“e jng Rxeth@acmmpgnwégadrawmgs

o018 SCELRS, 888124 5 £ TS N Bl AT i ppomby 10

used3f Bel todmtekt of @ ﬁ@n;ﬁﬁhﬁldtr@@nm CFfI% spRlp %ﬁéwlseal%ssembly 10
used in the context of a horizontal tree 14.

installed din sthewthrowghal berss dRobof) the tressttd I9§d part pﬁ@ ttWBIBGlghanQel' 16

suppfiff e, oo ind TR B Bt oS iERE dF connected

and ssked to biwelihicedl Hduding aeit . PR L@@@P @é1'rﬁ|ﬁalaend of the tree 14
. wel | head housi nq? (not shown). he udo er termnal end
is copneelpdl andsenipd 40 cb lereddpraventasa(BaP) ¢net Bhewslit The tree 14

oGO S s ke AR TIB s Rl Pol 205140850 o procuctin

outlet mglthgi mgefadbsodithta produdtibatbdk8 20hat thatuibiihg@drmger 1B, Once in
productlon bore 20 of the tubing hanger 16. Once

in
pOSmQGSl& itghingahenseh ipaking csseotily ridf dedentihy tRindéRager 16 into
p%,ﬂf)gg,w#@sﬁgﬂggnﬁﬁr 16 into position within the tree 14.

't he tubing hanger 16 includes two seal

[00191886Ab|srﬁﬁwiotheoflﬂ)nb@'mmbhel@ﬁmms Q\Woos@éleéss’le‘inﬁimé 10, one
ne above. The seal assenblies 10 are annul a
below the production outlet 18 and one above. The seal assemblles 10 are annular
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WO 2009/ 061768PCT/ 1 JS2008/ 082410 seal s and t hus
isolate the interface between the production outlet 18

“;ﬁ% oducti on bore 20 from the annul us
PCT/US2008/682410
surp%ﬂfﬁa@;g t he tubi ng hanger 16 both above amebﬁ

sealq #ic* Tus IEAGHEL ¢ rofeiimee” pSGiar 33 thraflufton et anc

prod@stisinbbrd b frorhi thErdrfillud Quﬁb@n@cﬁn the tQBﬁn@ WQérOTB Béth above
i ncl udes seal ing bands 26 that are rai sed fromthe

and belowl ihierngpgl assemblies 10nAsthest shownalod™IB 2/ tbagegh aasembly 10

. | [ f i.t h ' f

inclufi§hra $oiter 75, Rah b RRaril sPdkBoE il SrBer ¢ patdrrortion 24

mciuééé'%@aﬁﬁg Birist P@tthah ared aiSed Ffdrh Ghe F&nsRing! ﬁcﬁﬁon of the base
elastic energy upon expansion or contraction of the

surfaseal8 alos enphge 1and vasat Fagainsixal surfang Mgt eer lrﬁetf@wnce fit. The

conif IR SaBEr of e BAEE Rr BT 28 o BhET SO bt o base

portn@n‘ifanl @M Bidret Bﬁsiz@%ﬁ&g?&mﬂ:ﬁf ekPandiof BRASNrhclibAOOf the seal
pports any axial |oads exerted on the seal assenbly

assemblyﬂ 08, mdhieh |ig explainedifyrtharchelow Thet sealindohands @%mncentrate

cont et g A5 A PRISHEE, g o o

againdl@he ¢ubing Hhnger dBP Thktiasd 248 alsoofimpoliieatiy aRiad badtRvexerted on
a tapered section profile such that they can store

the sgpbassamblycidguade aressire diffetantial bawvern ape end of the seal and

the Cgﬁé ?’:é&%q%mé’gt& gneot? %@ 2 \C‘L%gsu ffl@l%[e:}{?eb@r engF ﬁd n'g”'&way from

the b“ml 24 @idatdre cdeirey Imbbpositd elivettiongl Phesins S0 have a tapered
plied to either end or both ends of the se

sectian MBWUQD thahifey aanestpre elaske @nsegias he ﬁ@gﬁaﬁéhﬁﬂms 30 are
coteBfefh, ot e B TP LRGP, K00k B9 bl 1o o have

sufﬂmdsstnéngthetcr resisBplastid déferation 2¢hert GRED]prébeurseld applied to
assenbl 10 may Oge made from any suj i]abl e sealin

oithefrona praP otha®ndy o itherseg! mssambbt 10s Hsaéhwtﬁrfag%aeﬁﬂm the

vocoS2ATE, e L rSRAAR ol R ol et e o

accomrfmﬂatﬁa"emtwelmoves’neht laetmﬁeasl’hermtdsmfrthe emaBO ammlythe base 24.

naI t he se assenbl 0, e e .
lﬂﬂz@ﬂ VIRS e dipsomiy § b T A Suteoigr Yealig material
| I
5 S B s 10 o
made:a;beﬂhbleeloﬁllodre?bﬁi nktshonid dvef apprecmtedl,r hawever, that other materials,

IR CHTE I S ST e
may ?8%%&1 ST P?ezsﬁ\%réﬂ%%‘g ééts%céwiﬁ’néa%'fér Fr%télféﬁoﬁet#bced ures

or ned e sealin ands . an exarrp e,
descnlbm;th:mmm and,ehlecahmltver 32 mlatwetmeoﬁomatelﬁal |s capable of

0- d 24. Th I
deforillohiipyfihip iR ineiertoBs ohtie daefing Surbeacr e
[002'[]e| | RE WWn %ﬁeeﬁaﬁngé‘aélﬁnbﬁr !éghobf'@r@%smc?ﬂdé?té{\@ﬁﬁmenc seal
he rins 30 he pressure fe 4 all ows
elempm@s&zn te seofebasm& - 863ls tortbetméf@rmm biyribe asgling bands 26.

As a%]%g)(%ﬁ% etE Pg%%)SZOOSlO 2410 IFSS#ﬁQ'%ﬁLE? d se% gj_gggs placed

Pé@\'}éé B B padar 4 Wfrhb é@av Q@séi'ﬁ@?”l@ﬁfdrthéﬁ 1@&I§Mé§U§c' ¥ast one
xpl ai ned, the tubing hanger 16 iS5 [owered into the

presaureereliaf phen34 extendiag. thrsughh don haseFRdhetiwee thedrims 30. The
assenblies 10 are install ed on,the
pressiie crelis” o it e, ProseEs s Daldite aofdhs e (fiasq 124 during

seal assenblies 10 are slid onto the outside of the

t ubi ng hanger 16 before the $roduction tubing is
attached. The initial outer dianeter of the tubing
hanger 16 is sized to allow cl earance between the sea
assenbly 10 and the hanger 16. However, the outside
di ameter of the tubing hanger 16 typically gradually



annul ar space between the tree 14 and the tubing
hanger 16 not al ways renmaini ng constant, such as when

W RS Ksand thermal expansion or external for PRaFUD6d8/082410
on the tubing hanger 16 and the tree 14. Add|t| onal Iy,

. flec ed by the asymetric

mstagg%%éﬁgggﬁirnghogqﬁ?g&a&égﬁnﬁlﬁ%ﬂ ubi ng hanger 16 may be

[OOZEESOWh@anQWWaﬁ@ geﬁml praseaire! will How Be GBHbadAS Previously
e radial direction. Thus, the seal assenbly 10 can

explatned thertubingiharigent! 6ds deweredintas thersee idkwhem installad. As shown

in FI§§r fﬁgﬁsargcp §é§ {h@ﬁ%gﬁl&;%%ﬂﬁélgg @ug q ﬁﬁgﬁﬁ%eén 16 bltside of the

tublnEQWeMG' FoPmatalationl tHosed] sdesaibiibed oser@fbliufmtotth@ outside of

ase 24 seal s against the tubing hanger 16 and the

the tubing benggailfsbefare heepradictionetubing inattesbey. Mg initial outer

samBiaf o WS EeR8! ' RosB wERF bpbekspetgpen e sea

assehflyM 0Grd theHard@i18S HoWwsehathaaiutdif e alidmbfe dfaRe tdding hanger
set" to forma seal WD 2009/ 061768PCT/ US2008/ 082410

16 typiraliyaradually insseases peensg|oertaimdistance op adaper before the area

wher§Eler Sh, Efserifled d Bt WL RIsEibt, Bhgehsn o, theoradua

mcreasé e oulpihambhte, frRAScARRERINY 10 driyagesiihd hanget hérand is then
pplications as wel |, including those outside the oil

expaaﬁad @5sthe seakassembriye! & avels Sudhen goross g/ hapger o When in the
final él tion (\?ﬁ%ﬁ' UReLe faééetn%’\g e@gse%éﬁd%@ eﬂ% such that the

|on ere a seal 1S nee WO SU

seal;h@%ﬁhsm@ agamm dheentsidd of tHe hasgsetd v‘.@thsarn’wite!rfer&nce fit. If
shown in FIG 2B As shown, the seal assenbly 110

lncluemn ﬂhgros?t@nahée@balena%térﬁﬂ glsecfop a jsgal @samﬁt the outside of the
nangS} 16; Faled g 449 S8ARBATbIdee] HiSI A AT BSlpRIRE st rinos

36 onedthes sitfe o ticisisagl assembtySm st sacdddn addasirighenap rings
ase 24 js actual I i eces and the HSSrrigdl S

osed
38. The SiRends Tadeare d 4 il Bhcsedd agenbiie |Ingbl8gsiag, well as
absoft) 3t st Srte Y éa%&a?s‘g}?éﬂ Hacg oo S88l alBaRBIs 10 during
settingn Goimee oéthzoaxiaklvhd2hay @isa be rssaieddn%;fsmmtips tm&w_ gfan the base
S Se .S Sli ar
portiqry 2gancs 13 R RAPUER 80 plishoned BePRre il thatcpigt Means for
holdlgd@rtHéaéea? PAdsReibliee0 B@eu”sééﬁﬁs%ﬁ aé Al %QBn‘fénWalong the
. The springs provide an dltlon source of
tubing lhasigec 16w fjted psuchhas $Imboah@ﬂabbiy sinm@m lmiﬁ(ﬁpﬂlﬁngsd B.

ro024f3 iThe v MaTPBINEPTHER 4R SeserHay SR M Wi diee 14 is
showAinl REOWREEbSIIENS AN FACE, WA En&@ lhupi@%ﬂaﬂ&efuﬂﬁg hBRBer 16 is

springs also assist in forcing the rimns
moving davirevard cwitiionthactreagbd wdth {Hee sealsaemwblyt fh@ isrineart £nlarged

. duri t it f th I
diampli poe 4o abeRBching 4TSGR0 RTE setitd Goread Berc. 38, the
tubing %aﬁ@@?ﬂ@%dsﬂﬂo%@é'do@ﬁﬂﬁé}@ly 1% Wiﬁt fat @hd BEAI H8Rmbly 10 is in
Seal I'ng bands 26 or the rins . The springs may be

sealinghyengageaisng witig hthex bergytaf, ﬂ?BJﬁl‘&El'ldn andstmsarmrowdes a sealing

enga§Pingnt Bopih %, B¥stier o5 BoghobiehaititofE syt the interior of

the tr&@tﬂf ipa sholiISirePIG! 38, $RUBERy ﬂé%eme h@s s8kh rﬁ@vecm B&wnwardly
helical wound springs, |eaf springs, or any other

with respeablactheoinee Jur ae itoak thadskali assembly 181 ishoyed ioto the reduced

diem§tef Wy 43, FRbOEDeERMITD fusihaliiGiin it sNBR ARrfRESatpY surtace

the seal assenbly is shown in FIG 2D. As shown, the
seal assenbly 310 is sinmlarbto the seal assenbly 10
but includes an external secondary seal 360 in
addition to the el astoneric seal elenents 32. The
external secondary seal 360 serves to forma back-up
seal between the seal assenbly 310 and the inside of



WD 2009/ 061768PCT/ US2008/ 082410 the | ocati on of the
external secondary seal 360, however, the seal

1¥68310 no longer includes the pressure rglioos/0s2410
port 34. Additionally, the seal assenbly 310 may

40. AP Rt el Mol 8TRGHh Sivfiin FIE"3A the position

showp HEFIG Y 3BstHEh A 30 akd Contfresddtbas elady @ﬁgé@@ libve ﬂﬁéﬂeﬁ setting

simlar to the seal assenbly 10 but includes external
bore 4Q @ndaegntiveal to anopressadaiilt they reach tee dingd setpostion shown in

FiG. S\ OE T ot o EhT e BeeABARERIDG, B B MRl pee 14 b

interfskOn@ndit IcoRtdchs A8 edeai c\;/eétﬁ altfeughdthehgmst Befledathe rims 30 store
assenbly 410 is set. the location of the external

elasticeeBaMT g5 dbeiends7of the H@'lsoﬁotﬂf@ deflestesd asHibay\angagenand seal

agaifi gt FREFbs CRaR .ol TRE, 1S 30 S, FBRCHSiopgg to neve

sufficient sBen ’c{y rédsiSt pRistic ngdfoaRatioe siven Tusd 2esatesizonpplied to
in FIG [ 0031] Whi | e specific enbodi nents have been

eithes 1gch oadéptbe@r&ds & thenserll pesembliswhan pedugtien 1 wall fluids is

initiafe!. 'Ag%ﬂi ﬁhé W@e?l%ﬁev‘bé%%th ﬂfen‘i’:?%bnﬂclftﬁ )ﬂﬁ Sﬁrln';s' 80 forms a

or 't I'S Thven e enbo

elastmesml Ip@elihlIgriﬂasﬂtﬁ'm@é’yto%tbaomddareerdl@ﬁvd rrmvte‘rrmt between the
vari ati ons and nodificati ons are B;)SSI ble and are

endswft PrimASlsaih hiobashed: NYBADSShin Wit Hrxdiony e g7t assemblies
oro “SEEBRCAIEPEH PR O bEaf0kl S st GIEURTREHARAGS i of e
seal fadseoblyt h@ B@tmenofthmmmmgsfr&idger nts uated ahke tree 14. However,
el PORITE BblH MoRBRSL BB 10 1t GeuiEuraien A7 Rebiing 30 when fiid
prose s 0" o5 T il SOy Y DhoP IE Sosoure i
appliadnthieafiuid qmeséu’re |prdvidgs ackiétai rnahforeerthatciacreasesi theafealing ability
of th%ggég%sépmal;{%'l ext ¢ QC;‘J hd sea?%nségn%bﬁfnp 0 lsa’(rha?%e seal assembly
10 is capable of reliably seallng against fluid pressure from either or both axial
directions in the bore of the free 14.

[0024] When set, the seal assembly 10 is able to maintain the seal despite the
annular space bsetween the tree 14 and the tubing hanger 16 not always remaining
constant, such as when pressure and thermal expansion or external forces act on
the tubing hanger 16 and the tree 14. Additionally, any asymmetric deflections
caused by the asymmetric geometry of the free 14 or the tubing hanger 16 may be
absorbed because the seal assembly 10 is compliant in the radial direction. Thus,
the seal assembly 10 can maintain sufficient contact pressures with the seal
surfaces on the tree 14 and the tubing hanger 16 fo maintain a seal under dynamic
conditions.

[0025] Additionally, although described such that the base 24 seals against the
tubing hanger 16 and the rims 30 against the tree 14, the seal assembly may also be
reversed where the seal assembly 10 is installed on the tubing hanger 16 with the

rims 30 forming a seal against the hanger 16 and the base 24 set to form a seal
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surface and in opposite directions, the rins including
sealing surfaces; the base being elastically

wigi@omBbke and the rins being el astically def qfé'ﬁﬁéﬁosmszm
relative to the base to effect a self-energized seal

two annul ar surfaces. 2, The seal assenbly
agank?%ttWF%FbéT& wherein the base sealing surface further

[0026]c| lidsivouidiatdbs apbiagaiednitiat it tide Beab@sdamigly 10 is described
surfaces. 3. The seal assenbly of claim 1, wherein the

in fh@a@@l@@bpf FEttngr 8 f6Binch Broges b astiee hashd ihe seahpgsenpbly 10 is

uso BB p B REh el g, BB B oms s

The eaalewbenubllymmn@y thhe benoseéfal irbase numbefof si{eations where In any
sse of claim1, further including annular coil
Sltuagam%e@eswﬁneﬁée%aeawmméumea he rims and

[002PPS! WrRrest éﬁpﬁpﬁéé&e'lf@%f%b‘é%%éé&bs%&kgh? i b EFIG. 2B As

npression o rins towar

shovars thebsaal @slserrgu%mno ishsilgﬂlan t Fnemﬁbblasew l'lar}:mtrlhﬂ‘mad of a
forma.sin e DO The seal asse y.or Clalm
singigiiti the 'éiﬁ%&h{hly A49dnglygesistackede uniiisestiong) gpal assemblies

in which two seal bodies 25 with single rims 30 are stacked so that the base 24 is
actuaily two pieces and the rims disposed in opposite radial directions. Also, the seal
assembly 110 may only comprise a unidirectional seal where a base 24 with only a
single rim 30 is used.

[0028] Another embodiment 210 of the seal assembly is shown in FIG. 2C. As
shown, the seal assembly 210 is similar to the seal assembly 10 but includes the
addition of annular springs 250 between the base 24 and each rim 30. The springs
provide an additional source of elastic energy for the seal assembly 140. The
springs assist by resisting the expansion of the base portion 24 during installation to
help force the sealing bands 26 into sealing contact with the tubing hanger 16. The
springs also assist in forcing the rims 30 into interference contact against the inside
of the tree 14 during the setfing of the seal assembly 210. Radial load can thus be
transferred through the springs 250 to enhance the seal contact pressure at either
the sealing bands 26 or the rims 30. The springs may be any' suitable high strength,
corrosion resistant material, such as ELGILOY? that has as high an elastic range as
possible or even a non-metallic material. The annular springs 250 may be coil
springs, helical wound springs, leaf springs, or any other suitable configuration.
Additionally, aithough not shown the springs 250 may be used in the seal assembly
110 shown in FIG. 2B.

[0029] Another embodiment 310 of the seal assembly is shown in FIG. 2D. As
shown, the seal assembly 310 is similar to the seal assembly 10 but includes an
external secondary seal 360 in addition to the elastomeric seal elements 32. The
external secondary seal 360 serves to form a back-up seal between the seal
assembly 310 and the inside of the tree 14 when the seal assembly 310 is set. With
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nore than one body. 8. The seal assenbly of claim1,
wherein the annul ar base and rins are netal. 9, The

weeRbogasely of claim1, further including a gds2008/082410
secondary seal. WD 2009/061768PCT/ US2008/ 082410 10.

the IGRRITHERE 1REGBMA Bhofy Ne 0T hBNEvE Ihé skl assgmbly 310 no
Iong@emlchmethbl preséurel relief Port\Bae Al diidriudly tHe seaiadambly 310 may
seal includes a seal on the rimseali ngﬁsurf.ace, 12.

optionglly gehinchide-te Springs A58 a8 showRdn &iQ. 2&e rins are
0058, EoEFEFIBR 4,8 2 ol Al b i 2. o

seal agsbdrhielybdde a;mrrmam&@l thea seadl amw?n‘lanbui Ellncludes external
surfaces under dynam c conditions. annul a
secopdaly gealsrbiliny aﬁdﬁlenﬁpﬁeeaelaﬁﬁqm@'& ﬁ@%lnelemr&% §3+ dihe external

secontahP5ESIs AT s8RR PR RTTBEY¥K-LPCLHIL Hetween the seal assembly 410
and the inside of the tree 14 when the seal assembly 410 is set. With the location of
the external secondary seals 470 being on the rims 30, however, the seal assembly
410 may still include the pressure relief port 34. Additionally, although not shown,
the seal assembly 410 may Include the springs 250 as shown in FIG. 2C.

[0031] 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
this invention. The embodiments as described are exemplary only and are not limiting.
Many variations and modifications are possible and are within the scope of the
invention. Accordingly, the scope of protection is not limited to the embodiments
described, but is only limited by the claims that follow, the scope of which shall include

alt equivalents of the subject matter of the claims.



an annul ar base including a sealing surface; a rim
extendi ng and fromthe annul ar base opposite the base
W%%M}, 76%urface and including a sealing surfaggysEd8osnszai0

pbase being elastically deformabl e -and the ri mbelng

elastically deformable relative to the base to effect

a self-energi zed seal between the two annul ar

surfaces. 14. The seal assenbly of claim 13, wherein
WHAT I8 diaseviEgris:ng surface further includes a raised

seal i ng_band includi ng a sealing, surface. 15. The
L sy appidapsnlasgembly dfprorming a sed  hetwerd %@nélgmﬂl%@c% the sesl
l.ncl udes a base secondary seal . 16. The sea
e E

of claim 13, further including an annul ar
c aitlapmydag ege retluding 2 séedingsaefaend the rim and

ngl’ié;ri §ggq$d?ﬂpg{rt%’|‘$ ‘?e’ﬁﬁg‘le‘ﬁ‘hﬁsa iH‘\{]_tetﬁé %«gfl.}]ﬂlgr a2k %gpés%ﬁfgﬂese‘%ggp sealing
assenbl hocCn@ il opsosifo\dirbbiedns! M rki ﬁﬁlﬂaﬁ{gesew%lﬁ%es;

base and corresponting rimunit, the units aligne
athebdsy beingtelasteallst defommnabis and tha dimaeing elastically datoozalble

other. TE‘,{%%OO%Q Bast 85 eét%ss% -e%e;gg%%édl st between the two anmlar

¢ fo ase
surfaces.
2, The seal assembly of claim 1, wherein the base sealing surface further includes

raised sealing bands including sealing surfaces.

3 The seal assembly of claim 1, wherein the base sealing swrface includes base
gecondary seals,
4.- The seal assembly of claim 1, further inoluding a pressute relief port located between

the rims and extending through the annular base,

5. The seal assembly of claim 1, further including annular coil springs between the base
and each of the rims and positioned to provide resistive radial force to the compression of the

rims foward the bass,

6, The seal assembly of claim 1, wherein the annular base and rims form a single body.
7. The seal assembly of claim 1, wherein the sntuler base and rims are formed into
more than one body.

8. The seal assempbly of claim 1, wherein the annular base and rims are metal.

g, The seal assembly of claim 1, firther including a rim secondary seal.



18. - The seal assenbly of claim 13, wherein the annul ar
base and rimare netal. 19. The seal assenbly of claim

wozobbébher including a rimsecondary seal on § §doiR 082410
seaq Ing surface. 20. The seal assenbly of claim 13,

wherein the rimis elastically deformable relative to

t he,base to agcco date rel gtive, novenent betyween en
10. 1 TIREREL drPeR Bl OBTASAAE VIR 14 H ACoR s Foab Bt pRead between the
timg.annul ar surfaces under dynam c conditions. 21. A

subsea conpl etion assenbly for a subsea well, the
conpl etion assenbly including: a wellhead; a

1. P 0 SIRES Ao AEHELLBEREs 1 s st on

rim stalimgedrfedee production tree and including a tubing
hanger annul ar surface; and an annul ar seal assenbly
for form ng a seal between the tree and tubi ng hanger

12, anmheatalHsdnR9Df clahl@ 1S $lercdS BRMRLY & mﬁ#ﬁgﬁ% gFfra o ble relative to

annul ar base_including a sealing surface,
the bagsafocarcapunedste melative Bodementt basweerh endn ofifthe rinssand the base and

; ' ' ce.and J.n opposite
meinRRE Bt Serkidfy BB B B P8R P e the
base being elastically deformable and the rins being
ble relative to the base to effect

1 elgicalygefor :
3 a g Aseeralely) for, fartingno s9nd beiverendme mawmis surfaces, the seal
asserrfII i Rlangr f aces.

an annular base including a sealing surface;

a rim extending and from the annular base opposite the base sealing surface and

including a sealing surface;

the base being elastically deformable and the rim being elagtically deformable
relative to the base to effect a self~energized seal between the two annular
surfaces.

14. The seal assembly of claim 13, wherein the base sealing surface further includes a

raised sealing band Including a sealing surface,

15, The seal assembly of clalm 13, wherein the base sealing surface includes a base
secondary seal.
186. The seal assembly of claim 13, further including an annular coil spring between the

base and the rim and positioned to provide resistive radial foree to the campression of the rim

toward the base.

17. The s¢al assembly of clalm 13, furher including more than ons base and
cortesponding rim unit, the units aligned axially such that the rims extend oppositely from

each other.

10



22. The subsea conpl etion assenbly of claim 21,
wherein the base sealing surface further includes

‘ifﬁh’w 15&2! i ng bands including sealing surfaceserméRosinsaio
e subsea conpl etion assenbly of claim21, wherein

t he base sealing surface includes base secondary

seal s 24. The sea conpl etion assenbly of claim
18 5 ncisel abmplat SliiRG WD LR GO R £ Grodneal

between the rins and extendi ng through the annul ar

base. WD 2009/ 061768PCT/ US2008/ 082410 25. The subsea
19, cohs el assembie oB laimf 1%; fantier dchlimgtafim saohdsiy@al on the rim
sealin RN Lar coil springs between the base and each of the

T &nd positioned to provide resistive radial force

to the conpression of the rins toward the base. 26.

The subsea conpl etion assenbly of claim 21, wherein
20. ¢ pkhegealsspmblysef dleitn 13.mhereis Thennets dlesticaliy deformalle relative to

the beq %o MUmmodde IS ISARIGR Wnfbdn td 3T B0 ol i 1Y Bhse and
maintafthe seal beteaen anllat suofacassdebiyhaafic comiitiodl, furt her

including a rimsecondary seal. 29. The subsea
conpl etion assenbly of claim21, wherein the rins are

21.  elggitseftdipleRbadseRbE ek alihs well Hﬁ%oﬁ%?&iohoassembl_ including;

accommopdat e rel ati ve novenent between ends of the r
afdvelbeadiase and maintain a seal between tree and

ha0968uchBA e enSieh FRSmY DR o AL u&%@%i thde M Rirtar surface;

& tubing hanger landed the production tree and including a tubing hanger anpwlar
surface; and

an annular seal assembly for forming a seal between the tree and tubing hanger
annular surfaces, the seal sgsembly including:

an annular base including a sealing surface;

a palr of spaced apart rims extending from the annular base opposite the base sealing
surface and in opposite directions, the rims including sealing surfaces;

the base being elastically deformable and the rims being elastically deformable
relative o the base {0 effect a self-energized seal between the tree and

hanger annular surfaces.

22, The subsea completion assembly of claim 21, wherein the base sealing surface

further includes raised sealing bands inoluding sealing surfaces,

23,  The subsea complelion sssembly of claim 21, wherein the base sealing surface

includes base secondary seals,

24,  The subsea completion assembly of claim 21, firther including a pressure rslief port

logated between the rims and extending through the annular base.
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30, A nethod of form ng an annul ar seal between first
arid second annul ar surfaces, the nethod including:

\J(Piﬁ@/ﬁl‘ﬂ?ﬁ% seal between the first annul ar Surf%f@rfﬁiﬂosmszﬂo
an annul ar seal assenbly by deform ng the

annul ar seal assenbly around the first annul ar
surface; form ng a seal between the annyl ar seal

| o
25. asBesvaihpes pomplelion gsssmbly Ak gladn X futhes tagluding annlar ogil springs
form i . N
e 5 B0 Bk P M BlovRSEEAS p oot o
compregid 6fhe find rowadtte bupeul ar surfaces due to the
deformation of the annul ar seal assenbly.

26.  The subsea completion asserably of claim 21, wherein the annular base and rims are

formed into more than one bady.

27.  The subsea completion assembly of claim 21, wherein the annular base and rims are
metal.

28.  The subsea completion assembly of claim 21, finther including a rim secondary seal.

20,  The subsea completion assembly of claim 21, wherein the rivs are elastically
deformable relative to the base to accommodate relative movement between ends of the rims
and the base and maintain a seal between tree and hanger annular surfaces under dynamic

conditions.

30, A method of forming an annular seal between first and second annular surfaces, the
method including:
forming a seal between the first annular gurface and an annular seal assembly by
deforming the annular seal assembly around the first annular surface;
forming a seal between the avmular seal assembly and the second annular surface by
glagtically deforming two rims of the annular seal assembly; and
the seals being self-energized annular seals between the first and second annular

surfaces due 1o the deformation of the annular seal assembly,
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