DAMAGE TOLERANT CASING HANGER SEAL BACKGROUND OF THE INVENTION 1. Field of the
Invention [0001] The present invention relates in general to wellhead seals and, in particular, to a
damage tolerant casing hanger seal. 2. Brief Description of Related Art [0002] During creation of a
wellhead, drilling operations often cause damage to casing elements of the well inserted into the
wellbore prior to the switch from drilling to production. In particular, casing hangers and high pressure
wellhead housing can be damaged with scratches and gouges that range from minor scratches, such
as a few thousandths deep,DAMAGESTRLERANE CASINGIMABKPE R BEKRL to seal the wellbore, seals
must be constructed of compliant material that can extrude and fill the scratches and gouges.
Currently, seals consisting of elastomer seal elements are used to seal the wellbore annulus between

the casing elements. [0003] Unf I not meet the current needs of
%R&%@h@@ﬁ@g?’ PR ﬂlﬁg‘:‘wﬁé’g

well drilling and production. For example, many seals are used in conditions where the seal is
subjected to extreme cold, extreme heat, and/or cycles between the two extremes. In these situations,
the elast(ir_n%riaaa& Ifﬁqugeﬁ?glf]ail prior to the end of the seal's desired field life. Current industry
standards allow for a ninety day seal field life. However, industry desires a seal that can last the
expected (EOHf e warksgpprowaitiery talatey yeagsnarabdaiovedneats cgom dntimesiiellgiayanalude

start up adgr%yé dawmn of tasinehfNEgssde festing of well elements, and the like. These life cycle

activities increase the number of extreme stress and temperature cycles to which elastomer seals are
exposed. The life cycle activities cause elastomer seals to fatigue and fail well before the twenty year

desired feldBETEXRAFERIRR 6f RelMEsy Skal systems. Therefore, there is a need for wellhead seals
that can MUH}QT:D@%%F@a%ﬁpefawr@é;lﬁéﬁamértﬁimj’%%@iéhﬂm’c%m}%é’a@éiﬁ&!jf@ fYCiising
Operatlonesieorwenetswci‘”tﬁg ;[/(\?eﬁr}n%)ée?gé%ﬂtg?h%y%gl%cgygz)e&tg %eeag/ilitch from drilling to production.
In particular, casing hangers and high pressurdheedl housing can be damaged with
scratches and gouges that range from minor scgtceh as a few thousandths deep, to
major scratches, as much 0.1" deep. In orderdbtee wellbore, seals must be constructed
of compliant material that can extrude and fill th&@atches and gouges. Currently, seals
consisting of elastomer seal elements are useddbtee wellbore annulus between the

casing elements.

[0003] Unfortunately, elastomer seal elements do not rieeturrent needs of well drilling

and production. For example, many seals are usednditions where the seal is subjected
to extreme cold, extreme heat, and/or cycles betviee two extremes. In these situations,
the elastomer seals fatigue and fail prior to the ef the seal's desired field life. Current
industry standards allow for a ninety day seabfide. However, industry desires a seal that
can last the expected life of the well, approxifyateenty years. In addition, the life cycle

of the well may include start up and shut downhef well, pressure testing of well elements,
and the like. These life cycle activities increabe number of extreme stress and
temperature cycles to which elastomer seals aresexb The life cycle activities cause
elastomer seals to fatigue and fail well beforetttenty year desired field life requirement of
wellhead seal systems. Therefore, there is a feedvellhead seals that can withstand
extreme temperatures, extreme temperature cyaimg,varying life cycle operations of the

well up to an expected life cycle of twenty years.



[0004] In addition, elastomer seal elements may experience explosive decompression. Explosive
decompression occurs when high pressures surrounding an eleastomer sealing element force the
elastomer seal to absorb gases from the surrounding environment. When pressures surrounding the
eastomer seal element drop, the gases absorbed into the elastomer seal element at higher pressures

rapidly esoep4) the atiftsner Seateiesnesbal helcanihRSGARY 0b gaseserpHsavsdedBnemprdsruction
of the elastomer seal element. Therefore, there is a need for wellhead seals that are not subject to

failure by SRIRSUKR HREBMBIESSIBR ARTHE YRS PISSTERHA VRO Rl G EFSI R0BE R Ny

wellheadegenienisprlenmeants| daad sral sbalannabs AL YweR ellbeadunambesaaromeaans ofdhen
interference seal. Interference seals use sealing members with a s#ggt%iggrg% width than the annular

space to ESIHIES SHEMHALINGL RE FaRIPEASH AL ARG AR A2 APt girsiRmer
passage s§4luitepnanber MgtasialseBanrusapigsedsterieransmeeals arelaresn thandhesiaredanpeace

to be sealed, use of an interference s often causes damage to }he annular sgace to be sealed and

the interfEtHRFSERHISER. PRILE BRRGIARAC0 SRR SRS SMd 14865810 EarfIF5RUR Bt

the seal. Téwdetarachiasadssa aeardoameatibesdnse witabyikprisiaenagcomp welirrdueagintigh
elements during insertion and energizing. gg 06] Many wellhead seal assemblies used to seal an
annulus l?éﬁ%\g?‘? ngaggsmgoégﬁémgrﬁ 4t not retrievable. Once put in place and energized, the
seal cannot be removed. It is in the wellhead until the seal fails. This can hinder drilling and operation
of the weD0d% rv drey seallneayl isteate reseithl domerts) thalssead tthduiideivadditoel| thath gnembrysncy

o s c eved: i : tuation. |
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circumvente ages 'are generally achieved, by pre men
present isealgianeatgeotide dreealrassanincentd dadsttme fdrasimgetiersace sf)0@len causes

accordange yiin. 38 GRRgHIEPEALIE BB LU ANE AH Bl PSR RN This hinders drilling
and operation of the well and leads to early failof the seal. Therefore, there is a need for
wellhead seals that will not damage the wellheasingaelements during insertion and

energizing.

[0006] Many wellhead seal assemblies used to seal an widtween wellhead casing
elements are not retrievable. Once put in plackesrergized, the seal cannot be removed. It
is in the wellhead until the seal fails. This ¢ander drilling and operation of the well where
the seal may interfere with running tools and the.l In addition, during emergency
situations, standard seals cannot be retrieved;, thnce a seal is used in an emergency
situation, it must remain in the wellbore. Thigyents use of subsequent better seals or the
passage of other equipment or tools through theespaTherefore, there is a need for

wellhead seals that are retrievable.
SUMMARY OF THE INVENTION

[0007] These and other problems are generally solved muravented, and technical
advantages are generally achieved, by preferrecb@imients of the present invention that

provide a seal assembly, and a method for usingdhe.

[0008] In accordance with an embodiment of the presenerition, a seal assembly for

sealing within an annulus between inner and outaxially disposed annular members
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sealing within an annulus between inner and outer coaxially disposed annular members having a
common axis comprises a first anti-extrusion sealing ring having a chevron shaped geometry, and a
second anti-extrusion sealing ring having a chevron shaped geometry. The second anti-extrusion
sealing ring is coaxial with and axially below the first anti-extrusion sealing ring. The seal assembly

also compavieg) aficehaow EBas somipe e arnasicesuicieanagathgaeafity aldrelirehcomaplant
sealing ring is coaxial with and interposed between the first anti-extrusion sealing ring and the second

anti-extr 3OS i g SRERAL A HE AP e N SBARGL AR IR SRath g F PGSty The
configureski fed iat-ergagio Atdeahhgnmef i e daes artra LieTRaKIE W dEROREH antLBatrmesmoers

when subjected to an axial force. The first compliant sealing ring.is configured to radially engage at

least one> SR anlGu R0 8RR R FISdCATRBT SR TP IME nSERY A 1 £ % 2V Dafforce.

[0009] Inaesatsiareapath geothergmipdinest 6bthelinre sequdinyeistionaq sealihsago tdessaaling
within an annulus between inner and outer ¢ axiald%gdiaﬁg_sﬁ?%an ular members having a common

axis comPREEEN B LrStathEAR 9N FSRINE YLy A UEVHSIOARFRIBGNE wifh and
axially aheusttbasetlihtatksTasdppes s tivationtringdisgriaye isnaiiharstace fatiring angagele to

the axis different from the adjacent syrface of the seal stack. The seal agsembly also comprises a

ovier acRIAEBR R CBE (R ASHAR) B e OB RALE e P R dE SR I T oo

upper matiigl soréace frymisgcamplialet ketih @xiaglidaligntddmo theialljpsrphgurtadef ibesentistack.

Mating surfaces between elements of the aeal st:r\ck are at e&uiv@ﬁnt aa&lles to the ﬁxis. This the
SURREE

elements 1 oRRSCPHIE" 0AY'ANY RBATES MY RABAX UL between the

upper and lower activation ring mating surfaces with adjacent seal stack mating surfaces causes radial
expansiojpad@hénsaetstdakcOil] anativerdsmicediitie et bithe hadeedrddimentsebiraspessbiyt for

invention, 2.5l ARaRH o A AERING ML AN A s PRESII S ansk oL L aR A ppgsed
annular members aving a common axis comprises a Irst seal stack aving an inner lameter. e
first seal Bautkthas compitanEsésl tempesents e wtank caorpiped, aghlaton dangagechsutfpperof the

t Th I | ial. with,: irst
ceal sch ALGHL ARG s EoPRRAoRA SRl R TABRIRS AuPeRa P TR SER AN,
seal stacR.|lbwad ditatin grey dacerid wasigtatiangle dortiyiaififseeairgonethe radjdranivefaeasrbthed,
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[
with a ring to apply an axial force to the locking ring, C
radially defements: cktimgemigsiacksasing eagugient angidmaxinndlbisrienblements: tneviiact
concludeg, by, ”gfﬂ&‘%ﬂr%ﬁ' 5?%%{@%@ 90500 105t ALECHRRRRNRIY, S5Loran e
locking ring into l0cking erigagement with the annular members.
lower activation ring mating surfaces with adjaceeal stack mating surfaces causes radial

expansion of the seal stack.

[0010] In accordance with yet another embodiment of tlesgmt invention, a seal assembly
for sealing within an annulus between inner ancoabaxially disposed annular members
having a common axis comprises a first seal stasknly an inner diameter. The first seal
stack has compliant sealing elements that, whergzeel, seal to a damaged surface of the
outer annular member. The seal assembly also ¢eesm second seal stack coaxial with the
first seal stack,. The second seal stack has &m diameter smaller than the inner diameter
of the first seal stack. In addition, the secoedl stack has compliant sealing elements that,

when energized, seal to a damaged surface of tiee annular member.

[0011] In yet another embodiment of the present inventeomethod for sealing within an

annulus between inner and outer coaxially disp@sedilar members having a common axis
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BRIEF DESCRIPTION OF THE DRAWINGS [0012] So that the manner in which the features,
advantages and objects of the invention, as well as others which will become apparent, are attained
and can be understood in more detail, more particular description of the invention briefly summarized
above may be had by reference to the embodiment thereof which is illustrated in the appended

drawingsgeyhisiiseEayiBgriieghasealiy g srerifiealipnnbhéivgbampeditiewershdhaidghe drawings
illustrate only a preferred embodiment of the invention and is_therefore not to be considered limiting of

its scope HETHEIRASHRLE TR ZHAIlY '8UNRY SR BB/ A SH WSO TR ERRPILY

sectionalafeyy efrh Saalitorassembly IBEGAEraAGCENNEh & e rabedigretioishainteseirt toveiany
[0014] Fieaure 2 is a detalil view of the sealin% assembléaof Figure 1. [0015] Figure 3 is a sectional view
i

of an endt§l28 JB5IRGALEMBE, BI%iFEAINT BBIBPEGEND MABLRRYERI MW ExerhPfal ehg

rings of FigHesubOBY 7/t drginigriPagial detiibrmen Affanertigrirrxamplanrsealiegisig soofdduuke 1.
[0018] Figure 5 is a ?ectional, view of a ealin%assembll){ in accorda{wce with an embodiment of the
present Ia\% e locking ring into locking engagementhatie annular members.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the features, advastagd objects of the invention, as
well as others which will become apparent, ararathand can be understood in more detail,
more particular description of the invention byeBummarized above may be had by
reference to the embodiment thereof which is itatsd in the appended drawings, which
drawings form a part of this specification. Itts be noted, however, that the drawings
illustrate only a preferred embodiment of the irti@mand is therefore not to be considered

limiting of its scope as the invention may admibtber equally effective embodiments.

[0013] Figure 1 is a sectional view of a sealing assentbpccordance with an embodiment

of the present invention.

[0014] Figure 2 is a detail view of the sealing assemlbblyigure 1.

[0015] Figure 3 is a sectional view of an energized sgassembly of Figure 1.
[0016] Figure 4A is a detail view of exemplary sealingysrof Figure 1.

[0017] Figure 4B is a detail view of energized exemplaglimg rings of Figure 1.

[0018] Figure 5 is a sectional view of a sealing assentbccordance with an embodiment

of the present invention.

[0019] Figure 6 is a detail view of the sealing assemblyigure 5.

[0020] Figure 7 is a sectional view of an energized sgassembly of Figure 5.
[0021] Figure 8A is a detail view of exemplary sealingysrof Figure 5.

[0022] Figure 8B is a detail view of energized exemplaglimg rings of Figure 5.



[0019] Figure 6 is a detail view of the sealing assembly of Figure 5. [0020] Figure 7 is a sectional view
of an energized sealing assembly of Figure 5. [0021] Figure 8A is a detail view of exemplary sealing
rings of Figure 5. [0022] Figure 8B is a detail view of energized exemplary sealing rings of Figure 5.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0023] The present invention will
now be described more fully hereinafter with reference to the accompanying drawings that illustrate
embodiments of the invention. This invention may be embodied in many different forms and should not

provided S0 that 1 HLURERL SR reh b gr i o At o Wﬁ‘@é’my T Scope of e
i“"e”tio”iﬁb d e dﬁﬂl%@éﬁt%‘?\{ar efJH(Q\IHUW d HELIALLE fﬂghﬁﬁlﬁm Flntﬂa'%(#?%%él%e

notatlon ates si ments In alternative embo ollowing
duscussudhermmemp@rspegm&amms m@ts&wwnmt@mmmehttlnﬁmu@nmderﬁmmmgmméwsent

e AV TS M S O R

practlce without suc SpeCIfI € most part etal S concernlng Ing unit
operatioremiadiaRntarretHeriRdpegie. U@@th@rnm@m@m&msﬁm@vw@@d@hmla@scd%we

necessary;ip THABABIFIeUSIHENAING RAIMGIY SRy SRR BRURSARIRGY oS

within the skills of pers s skilled in'the relevant art.
skilled in the art. Like numbers refer to like elems throughout, and the prime notation, if

used, indicates similar elements in alternative @dithents.

[0024] In the following discussion, numerous specific dsetare set forth to provide a
thorough understanding of the present inventionwéier, it will be obvious to those skilled
in the art that the present invention may be prcadti without such specific details.
Additionally, for the most part, details concernidiglling unit operation, materials, and the
like have been omitted inasmuch as such detailsnareconsidered necessary to obtain a
complete understanding of the present inventiod,aae considered to be within the skills of

persons skilled in the relevant art.

[0025] Referring to Figure 1, an un-energized casing hasgal 100 is shown positioned
within an annulus 101 between a casing hanger h@3aahigh pressure wellhead housing
105 having a common axis. Casing hanger 103 ispihidion of a wellhead assembly that
provides support for subsequent casing stringsreavanto the wellbore. Casing hanger 103
has a shoulder 107 at a lower end of casing hab@e@r and wickers 109 proximate to an
upper end of casing hanger 103. Similarly, welthkbausing 105 has wickers 111 proximate
to wickers 109 across annulus 101 such that, aleseimg hanger seal 100, wickers 109 and

wickers 111 approximately face each other acrosslas 101.

[0026] Casing hanger seal 100 comprises a seal retamgef i3, sealing ring assembly 115,
locking ring 117, and energizing ring 119. Sealimg assembly 115 mounts to seal retainer
ring 113 on a shoulder 121 of seal retainer ring. 1Locking ring 117 movably couples to
seal retainer ring 113 such that locking ring 1Pppli@s an axial force to sealing ring
assembly 115 when casing hanger seal 100 is epdrgsee Figure 3). In the illustrated
embodiment, seal retainer ring 113 defines an amnmurbtrusion 123, and locking ring 117
defines a corresponding protrusion 125 such thagnwbnergized (shown in Figure 3)
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[0025] Referring to Figure 1, an un-energized casing hanger seal 100 is shown positioned within an
annulus 101 between a casing hanger 103 and a high pressure wellhead housing 105 having a
common axis. Casing hanger 103 is that portion of a wellhead assembly that provides support for
subsequent casing strings lowered into the wellbore. Casing hanger 103 has a shoulder 107 at a lower

end of casipgaegarEORilRRbVWACKEES BRADSHELS iRidieHBRS @1 Hiafaning tangey 1o Similarly,
wellhead housing 105 has wickers 111 proximate to wickers 109 across annulus 101 such that, absent

casing haAG&ERSERTRI0RS, URGkLS 1bdheanfrakerd slates MisHisraRfeAtmay arom Y4968 thGius
101. [0026ighsiomIbaxag rmegi 1100 sopypEserianed dataiierdaned 18:15ag/INAJiINd BSSeERbAS 13D,
locking ring 117, and_energizing ring 119. Sealing ring assembly 115 mounts to seal retainer ring 113
on 2 ShoB RIS E8A Torafodermg 1ITC R HIE Al HAdeR A BL R AKO R Dt LA A0E 367 113

such tharéqglied ring 113 wpplies soupierl iByerdarkeatisBalisassemidy 115 when casing hanger seal
100 is energized (see Figure 3). In the illustrated embodiment, seal retainer ring 113 defines an

annular ion 123. and | ing ring.117 defines a corresponding protrusion 125 su hat Wfpen
merora Dok 3 g B e e DRt &R ) b
securing tockingectph 1720 sati retkimeg rimg 1&§3nli4e, edishaeld satdehlS inte tfeveaicdeii 1zl

occur by force of the weight of locking.ring, 117 or by exertion o axial force on.locking ring 117
cuch o B e ey B e S e G B A S o R R R 5y
seal retaih®b rirkeneiGizivay fhegcdlipledinpmnseans ohgheavibgit alhthewike ejtd 2Hphtgkengeinthan 7

o LML ERENDY AR DA Toes 1555 Scsian B Rt o
and conténtd witbpyfly eailiagishtp eces éonbhe idi3irgnendiginig ringgld9ecgmipdses g T ity dadalhgiaio

S | 4 &l _ ) | . 2 A . :
more detaP LA A e et R Mg e T 1 ing
119 axiallgakitagotRigngliidgintor ,gelacieirigvenkaterfddOneamdit iHah vhtnsmssslittkthgrinbdegs @, 145

of locking [j A ' ' 'I% F%Eiﬂﬁ ski i rt Wi rstand that
the energ'fgﬁ%r%}]ﬁg @i%%ﬁ)ig l%(raﬁt%\w %ﬁi@-@gﬁrﬁéﬁg ol or e%il{%grf&g'gi %éﬁrﬁ%ggr?dw to Figure
2, there is shown casing hanger 103, shoulder 107 of casing hanger 103, seal retainer ring 113, lower

leg 131 dpmirféeffﬂginqgﬂ,%a%&éw@ rﬂqg}%@ei’ﬁtﬂboﬂm @WWEQ@S AhRWERILP ARy fresing
sealing rig ey $33ICRIMRASES AR UPPET BRRS BY LEAGHGRBIGIHYY 185 oAd S!1QWE" RAge ring

137. Preferably, upper base ring 133, center ring 135, and lower base ring 137 are formed of a high

strength 8&88BPHd iR FigyERidn, AR dIve)aRrdssEioRIFeaeoinsiaaseabi Ay 6PSUHIRRSiYs

139, and gppring sdamp 34 1a BARG ﬁl%?“?g%,%Hdr‘&qwéé‘ﬁﬁﬁ@é??aﬁ}%ffém&,lﬁﬁéeﬁhﬁ&%eﬁﬁ&l of
e

seal retainer ring 113. Preferably, spring element 141 is preloaded such that spring element 141 exerts

an axial fbrce 6RANSBRNAINY iy adsd 1 DRa@dinea g Mk ossahiciosy ey ises! prdRedn.
spring e'@rﬁ“&@éli%ﬂi,@é‘é!fﬁ@cﬂiﬁgaag&hrﬂr}?ﬁg%‘ dowmpiRlddnairya) Eégﬁﬂ%Hﬁ atedoerahadingphhg
i

spring element 141 comprises Bellville washers, although a person of skill in the art will understand

that othePSARBteldrhentPHIG BleMEs . 188 20PLAethasaINRY MR e iAlsBdderctahal rrpt 13
proximateciaiaidrgally Rbeve RPHRY clemegtcldheHE A BRGRIRS RIS aRIE NP ERENg 1

element 141 during manufacture of casing hanger seal 100 will transfer through lower base ring 137.
Upper baREEFRARaNRb RSO 3bR TS ATSEIAX M A5VRGBaMIGTiReR! MW 4R £PRSikREe to
lower legri31ePAMEKISSHHRD did e MR PEL DasersitactB 3P L \IERE RRNIBRT Ve taateadransierd axial

energy from locking ring 117 to sealing rings 139. )
illustrated embodiment, spring element 141 comprBellville washers, although a person of

skill in the art will understand that other sprielgments may be used.

[0029] Lower base ring 137 mounts to seal retainer ring) drbximate to, and axially above
spring element 141 such that an axial force preldaohto spring element 141 during
manufacture of casing hanger seal 100 will trantfieyugh lower base ring 137. Upper base
ring 133 mounts to seal retainer ring 113 axialp\se sealing rings 139 and proximate to
lower leg 131 of locking ring 117. Upper base rit@3 provides an upper base for the
transfer of axial energy from locking ring 117 &aBng rings 139.
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[0030] Sealing rings 139 comprise a series of axially stacked chevron rings creating a seal stack. In
cross-section, each sealing ring 139 has a V-shape and is preferably of constant thickness. Before
being set, the radial width of each sealing ring 139 from its inner diameter to its outer diameter is less
than the radial width of the seal pocket. Beginning at lower base ring 137, sealing rings 139 are
stacked sogBohgeanmpexngs a sgaline pinse1a Sisriadjarentitd Pit@riBelasdawaidaeecaitid 37 s&égaling
rings 139 are then stacked axially above lower base ring 137 in alternating layers of materials such

that the apBXof the SOBSSRINTIRAMESEAMNG UND FortIBROAM [SiBFSIREAMY 1RE AR

embodimgfikike SediewiénBelrg sdiagrntiaiwatibrassiiihlsd ARGRESSFGMRIahAEEamedspon
steel or the like. The next seal_inﬁygrin%nlw comprises a thermoplastic material, such as Teflon or the

like. FolldRity LRI R 'ESS IHRG i Hae 38 1o SYE IR St & PL kG ring BN G AL HRW SRR Fover
the prior Higymeplastiglipeptingdingd 3% Erizken WikesthiidReondanzeelinf saainaongadpRk eeetdred
for the particular application is reached. In the illustrated embodiment, seven ﬁieali rings 139 are
used betWeEANIRG & M5 $PGASP Lersa|RY 1865 ARSI, Lrfkad iR PRRY 6 IR BRS Shat
e;]ny defsirmﬁignmmbm af}@aﬂngi%ﬂ%gwbﬁa@ghoﬁamms apeiemm@ldmgetﬁjﬁmyri?%mu?e of
three, five, or nine sealing rings : enter ri mounts to seal retainer ri axially
interposcl BeR S AUFCEHIG b 3D Fting SRRTAIRSL ABGCA ORI A1 e HALS o enter
ring 135 ?ﬂ]ff@éﬁﬂﬁiﬁb&/\i@ﬂ)@ff@&ﬁ@g}?l@?@mﬁgﬁba idke a@adimdnlgsﬁéw ?%Mym@!ovvrhemekring
135. Similarly, an upper annular surface of center ring 135 approximately conforms to a cave
portion oF R8I ) FIBAYRRY AIDGTRRRIES Y EH R gl RIS P30S fen SELANEGxially
above cenw@rtm'@gnbiﬁaf P 'ﬂiiltﬁéaaﬁgqiiagqrsgahmlﬁmiadﬁaud mb@thgamam?ﬂb&lTwrmmgdmegmsénto a
concave portion of the suhsequent ring. In the illustrated embaodiment, the sealing ring 139 adjacent to
contor iRy D54 KBRS ARG I b RSSO PHE kS FUTHBEL Lo 1 T 155
comprisescetiheer oo plasiametesad splidanenTfieaohikaehiki uspbordrentbe diraenyRlestia sealiing ring
139 another m sealing rj 39 is stacked axially oyer the priar theymoplastic sealing ri 9. This
continue S URRI A AChSES bPEOAREG TP BonA b T SHEED SRR AP ag RS SRSEHEA: the
illustrateche Mo dindeinst ses eh steatin gl esipsdL 3 0rabe Lo dutnge DI nia g ustad arcon epemslee
ring 133. A person skilled in.the art will u rstan{JI that any desired numher of sealing rings 139 may
be Used. FUPRIMENIE HRBATHERUT6-S) TR R Ve UG 0005 ke sealing rings 139,
Similarly, a different number of sealing rings 139 may be used above and below center ring 135. For
example [eo3bbdisatsringyldiz|ourints: tof sealo eledhiay ring d i38biap ceetkbaivie eB5aalirRCHE

g i o 135 C | . ) oy .
R L o VR B e M Al T R S
annular sypfoxioTaipheroakEmAgA 38 eppraximpeetipbonfsradngdiag its Shaxiex ofitw sealieg ring
139 adla?ﬁ‘w?%‘ 1%@.%‘?@&1%?@\,; gt er‘%ﬁi’fﬁé@? o ?Jcé%ﬁ'ﬂ@?rﬂﬁﬁé@%@é@?%ﬁ%?dcﬁﬁge 236 4N9

133, centerting 135, a ering 1 en energized, descri in mor . ow, axial
forces exeottaivd pppsmantithmeeding nimgd 33 AXiIywaheeiies 568lihgTinGeaButdifgs L3diane

inward a‘ﬁ%%“é%l?eﬁoéﬁgﬁﬂrg%&@&éﬁ?@&%’Q&@Eﬁ%%ﬁgﬁ RSt Al A AP aS,
housing 105. The outer diameter edge seals against high pressure housing 105. The inner diameter
edge sea®$ &g@inﬂp{efmgemﬁﬁgaietqss]nm m_aﬁimmwé‘ma&nstae@s prrsélaﬁnijjuﬁigegq@g_
are used ol A" the 2aiff S BIASIA B Allasp 1380 NTIAMOIE ergPeral eaiing

rings 139'is axially down. This allows casing hanger seal 100 t0 effectively seal bi-directionally.
Annulus tarban| seeleaidbediigrdibe sranhagringrang k8 pIiseRa dberraan aslievmaisiin hsttefer

seal 100J063dbres'ie ﬁiﬂ9.1%%|maﬁﬁ§fy%ﬁeafﬁe$ﬁlsgﬁsgq&§m¢g ARGNBY AN A ARRH &2 Afilerin

thermoplastic and metal rings. Preferably, both the thermoplastic rings and the metal rings must flare
radially \/\il:{’e‘?l lérﬁagi&@@.ahldbdﬂkﬁf, ‘t'h@ ﬂﬁ@ﬁb@[ﬁ_é@i@'ﬁﬁ@@lﬁﬁbﬂmnﬁ%xﬁm @@BW@HV_!FI_UE&I%/, the
metal seqlingings; Wilbflateragici Prae iR efsH B IREIPROERNCILIgSC R Y SROMIIAG L
flow of the thermoplastic rings."Following flare of metal sealing rings, thermoplastic sealing rings will
extrude iﬁmwrasmsiaﬁm §eaéﬂwémsrﬂ§f9 @@S@@H&@m@qwm prsferns @ﬁ@b_@mflnges
15% carbopyfilled BELF Joi e GIENQRI GG AGRISE HAFAN UL SRERPARIRSL M 8L aRAYMEhHRYSs0
having a yield strength of 40 ksi or less. Alternative embodiments of thermoplastic sealing rings may
use PEEPU@Y_ mluaédlaﬁmwmﬁtse@ﬁ%%@ﬁm%éﬂ%mw @F@ﬁniﬁé’%a@ﬁélé?aﬁﬂﬁhﬁ@ [TR?QSn still
other embagimeihiiieraaRterdftSRANR DS A PRIGRIARRE WL RY MstYd 196a BRIBR/iser:ef

brass, tin, brass tin alloys, and the like. These materials provide an effective working temperature
range of HASIAGPramPErSEENRL BioPeI0gaEdBaYAKIdAeRItRs e teRige BB SahrEhABRY A BBFSBFiate
materials of sealing rings 139 gives casing hanger seal 100 an effective life of 20 years through any
manner of pressure or temperature cycling caused Py operation of the well.




[0035] Referring now to Figure 3, energizing ring 119 has energized casing hanger seal 100. Here, a
casing hanger running tool (not shown) has forced the energizing ring 119 into the slot defined by
locking ring 117. Initially, an axial force applied to energizing ring 119 by the casing hanger running
tool forces energizing ring 119 against locking ring 117. In response, protrusion 125 of locking ring 117

pushes Pagy Prey L@\@nfﬂ«&s@faﬂm@' Fﬁfg@%gﬂgeld\ﬁ @?ﬂ@@@f%@%@éﬁe%ﬁw@ﬂlﬁ%ﬂr@ by
locking ring 117 to against upper base nng 133 compressrni seallrrgg ring assembly 115. [0036] In the

illustrated EHEGSfRRE, M8 SERIBIBLNIER SPSAMAYS 18165,562 0 iRgSingS LS
flare radigBytéysrislapyg@sin Figure 4A, this occurs due to the differing angle of each sealing ring arm
139 relative to the adjacent sealing ring arm 139. In Figure 4A, surfaces of upper base ring 133, center

ring 135, wer base rin 137 acen t to a sealing r 9 all fo gles of a wi ver ical axis
151, AcHOBRP O e B S T B s I R T S sl By,
vertical aaex5df Mesrealeayrrgwgsisﬁ@nbtjjad@tstoaumpmsm@pnlﬁwahylﬁgsan@eméareeabrmmsgﬁ
sealing r| 139 utwa radrall ther than rdv rtrc X The angle of e S ring
139 is de e§r§m|ne roug%ﬁsé) B¥F ateeE & % a?yzls in d%srr] o} g\evr?erg r"&%sillr%% f(\)%rzbgq with
the sealmm@abdrsjbasebemlmmpaetmmﬂaﬂ getnmethlal@abeeYMmperprmncameImmmEHseregSn

the mdwmﬂggl i%a/Jm IIr|n 195 InS ome |rr1|snt e e esét%ﬁterrgﬂrgﬂ&%e%vgpd and C , ARG I\g(leg)lthers

a may be both greater Than or ess Cp, and group ernati
embodinsraingacintaoh wﬁbaﬂabmmwgenm@gaﬂa@emmsaueeammr@ﬂﬁﬁglé' Ifr@mrlﬂee diamefehe

adjacent ingLri h insta f@t;s

ing 137 B8 SeA LA Bl o Lo B0 s, B R
in more détgilli&low with respect to Figure 8. Under compression, it is the differential angle of upper
base ring, center ring, and lower base ring 133, 135, 139 that causes flaring of sealing rings 139. A

person sigieetin dhg Rrivdi aderRiand Hiatdhe Aeleq?! Lafh§Gae AHR0USEY MR %HEF?%%O that

the sealing effect of the individual sealing ring 139 increases as fluid or gas pressure within annulus
101 incre2i@%.qbesa|ing Haseribdd ibawialbeHPasuitneReYTshntlgderex seiaperltlo ofireshFriteys

139. The sgalptamias %@ﬂtgmgsl%sﬁl@ﬂw o9 L33 rretipbbgaRisad il @ratgishamally

above and below a compliant sealing ring 139", préferably comprised of a thermoplastic material. As
shown m"MQUr‘@S:lBO%Mé'h ke sepled, f§@éfﬂ@$ﬁ1@§ wheHapFHEidH\2IREesHaBRYieeRirDSIoN serting

rings 139n§ﬁ|@§|g§e@gj]d@f_essure housing 105 and seal retainer ring 113, creating a trapped volume
between the upper anti-extrusion sealing ring 139" and the lower anti- extrusion sealing ring 139'. The
trapped vaolume constrains anfideformatlon of compliant seallng rlng ". The aX|a ressure on

sealing ritly38sefIP9 14 e fbrmh s R PRk X Ea RS TR 1 26S ik IRYQP. ﬁﬁgq 239" to
flow into ﬂ&a&iﬁgrﬁm&gleﬁwmﬁmh rh@@ Fl)lf]l?ﬁéfmab@uﬁﬁﬁrlﬁérmﬁbm?fﬁiﬁmeaﬁﬂgﬁelgnélﬂaﬂhmgs
manner, compljant sealin s 139" will fill an reas 140 o ressu ousing 105 in
e mre (UL LRtk O P e A e alesil b FIQUME EhesmAlante HhiSShoH qpabextud

anti- extru@@nqﬁﬁahlyg ringsaliyd’ eeovaeran bequ:qmg@mmIngdiauylwudnnld@e@ltmﬁtg*n pfessure

housing 105 and seal retalner ring 113. In these em each ealr r|n 1 9 ma) be selected
for » spelit FRAIBSLS FOEB DA IS e O e iRg 258 AR HEEure

Eouhsing Yol sealmamgsgnﬁeﬂrﬂxapmgmsrwalm@@M@?mlcﬂéﬁntmyyﬂawamage@a&a@tmof

i ress ousin andas anti-extrusion segling ring 139' m

i 1ty R R s o s e e
ring #39 tr{@?ﬁablﬁeﬂbmmr@nmmndffmmmmwmmmm&h | fxgdimsngm@t}mrmfewlon
and flari sealin ssem orces energizing ring,119 into the slot ocC rin
1 A e R PR A T RIS SRSb b 1a e
casing hanagﬂhgosmodrmgbfpcesbureMIngd@Ebbeplgrmmgnlelgs B3 146 liken defasti lother
wickers 109 1%1 limitin aX|aI ovementFof lockin nr;p ]EN the limit |ono axial movemeﬁ
locking rlﬂaﬂﬂ m‘aﬂli?a. eg&% ’sﬁo%eg E%éll}%s Q Vﬂg %8 B1HRIRCAIRRE A e of
sealing nnmsis@rmndralseffectarmyealavfoammIm&don[ﬁWriaImWwMQtad e;ffbonhmanbrkmgrg

| t 141 loaded th t. el t1 I I bl
et c e iy S i S T R e
expansroﬁaemdrdwtracApprd'mmtbenméaalmml@ealnugcanmctgweef casing hamger seedl120avidn
cause ax%l]sll \p ﬂ gé( grrna 117 | ssenlrrrﬁ the axgl force on seal as emblﬁ 15. Prel OHP%}
spring eléMe L][l)f4 Wil A 2RI R BN SO L AR 1 8t TR R S MV B G 8RR Phgs
139 durirapevaints of sxeahva@lppage of locking ring 117. In this manner, casing hanger seal 100

maintains an effective seal of annulus 101.
8



[0040] Axial pressure from energizing ring 119 also forces seal retainer ring 113 into an interference fit
with casing hanger 103. When energized, seal retainer ring 113 engages casing hanger 103 in an
interference fit along inner diameter surface 127. In some embodiments, the metal to metal seal
created between seal retainer ring 113 and casing hanger 103 is enhanced by coating inner diameter
surface @pasjirRamefiigeiohstsiFian &l wichaionhgaipumints abesiniy Rarjehesdn 100
surface of casing hanger 103. In other embodiments, inner diameter surface 127 js coated with a
dispersiol ¥&athGHH0M P ARSI ENENAIRLIBRICRIRUR RG], Usp RIIRHRY8.609, LowiHg f9Ea
tighter intgdetrRimprbt sk plgaampent and wnangizivia ersinapanaetsedakgRilg0dag Inigsknces
where casing hanger seal 100 must be removed, a runninﬁ@ool secures to energizing rir:f 119 and

applies aN 8RS HRRANGRE DG Re JAGEF 6 e AR ITB kS e AGR IShd A 1 8 rh the s\Bt

defined hyedprinae, rinetddiol 12SpenrRKipeKiney N7 qu s, Jrbbudibarapsisimdheictiaiasmasy
positions on Wi(ﬂ%%rs 109, 111, thus unloclji(?ﬁ Ioc[*éin ring.117. Once lockin rig}gﬁl? is removed from
its locked-positidte aHakiarF6reSAJERRRIMEREth RGLBY b {49 AURUFHUPREE PARGERY the

seal maintagedryreesiing segind 3hyrsalinpipnngus 101. A funning tool may then retrieve casing
hanger seal 100 from the annulus 101 without causing damage to casing hanger 103 or high pressure

housing 42] Referring npw to Figure 5, an un-energized casing hanger 1,200, is shown
postione P G eteot Srpodie e, B8 R S I SRS LR S g
205. Casteplamgimg20B38 thaflgrertiadialiy wid hekamhams sgunb VA ahe @ddesssdppda foe stiffesiqgent

[ ings.| i e i d )
casing el S, Sl RS 3 I AR e T SR By R
wellhead4fusintpees bhspyekdrasel dingdddatenbewickgr 29 Iaveeodzasaniungs 123V avicicehattcabsent

ing h . ) _ : | '
or. foodrEna T d AR e A8 S R R A AL
215, outenfseadilingririggs IS8 blystad] [knyainon g 1an gledpifig ¢ingretks vt eerdichkiagisidg 219.

Seal retaj ; ) .
S LS L Sl S TR
shoulder P39 oifitveaicrecasiiadly iath2l habutewseh Megtidag @Ede Mg 20@) e of sacio Sealingtsimg 138y
213 f seal retaiper i tainer ri
213 suon S B A e o B A Gl R B UAERTE dEHeR BOLE
216 whenvithsihg regrjed senoorns basrfizen (Yee Pryticy AMERR AL sekivg rimg b2 rsompiisdean

| ' ' - ' ith lpeking.ri 43, 245
and = o o B B D € s
and contactingla, tapinooteese alay g d ok greblig Lt rCoulsasthiag thegandieites, & riagdmving an
gi h : ' : bodi .
Surface & Sohbir e E, SRS, Lot M B A R A 2 b P iy

of bolt slwewhﬁdﬁﬁiﬂmlﬂw@rﬁm@ tealatiseait g GABICHIPIin ﬁhg%l@@@m@l@% t@ﬂbﬁ_\feb&@g!
231 of 'O?Ifﬂrgglﬁﬁg Gt i "i@étya?foPRJWe?%?}%@%?%éo CAMBIE;al %‘éj’f%t PHFLOBR of
o1 cylin olts

cylindrical membeér 214 proximate to an upper en rlcaFmember 214. ots 230 are of a

size and epaigsisudth tHg Mﬁmr@aﬂr@qﬂi@gcéaglm@ destongnesy Ariad _bﬁi'@w With respect to
cylindricahmember g hesahy comatessIaq enGfa B?Q%ﬁfy%\géeﬁ Seerir L‘?H%E’Lnd

EnergizingTing 219 comprises a ring having an axially lowér end rger than the slot defined by

locking rileyve1 baae tegctidedliaomda® desdirperss, tarimeeliy coonds 135 apeasa ffdeddn the

energizing{ iﬂ/ﬂl%ﬂ%@?&‘i%%ﬁf%@&ﬁéﬂ@ %gﬁﬂ%@éﬁbz{@?%é%d?%@e?e%@d@&%% thiedespnge fit

that will press locking ring legs 243, 245 of locking ring adjacent wickers 209 and 211. A

person skifegtipftieedndiiiduadseating ti #r9dRereaaagHith I 19am aYass wigerdired aynallkmiing
tool or th%ﬂt‘@ases.

[0037] As described above, seal assembly 115 includeal stsek of sealing rings 139. The
seal stack has an anti-extrusion sealing ring J8@ferably comprised of a metal, axially
above and below a compliant sealing ring 139", gredily comprised of a thermoplastic
material. As shown in Figure 4B, when energizegling rings 139 flare radially. Flared



[0046] Referring now to Figure 6, there is shown seal retainer ring 213, lower leg 231 of locking ring

217, coupling ring 218, bolt slot 230, bolt 232 and inner and outer sealing ring assemblies 215, 216 of
Figure 5. As illustrated in Figure 6, inner sealing ring assembly 215 comprises an upper base ring 233,
a center ring 235, and a lower base ring 237. In addition, inner sealing ring assembly 215 comprises a

plurality efrsralifasinas8ahn §ithGsSPEOURIgRRNh Rk niisaiRidin § uies seriingingtanraviply 216,

comprises an upper base ring 234, a center ring 236, a lower base ring 238, a£lurality of sealing rings

240, and S&HHH 2IEARNR D YOI BRE DS SR HEE AP AF U BealNonHeD s 3RdiihRe W& buter
center ringfiZsar#si6naseanng ARg oLter. lowEidagapas el e38-argiternag dardriglassigneth

steel or the like. In additjon, inner and outer spring elements 241, 242 are preferably formed of a high
strength AR NS5 MW N8I 1804 7] Xk de&t%WEﬁMQQeW%s%é?% b g s
retainer riegnplidiat seaulsiera?? 11322 loaesiagd cuiglliapPRERasey INGD233, A3d Motenisasieg!
retainer ring 113 axially apove jnner and outer sealing_rin 5&39,, 40 %roximate to and axially below
inner andBURFSHRRG Wik BIAE PreSus ciaHa AD v aa e b DaBet o TaH s BMRET spring

elementscafdplid desngyingdfacoreiif BRsing bantgjeseat 2D vell irgnesdbiee diviyiey a0d ayter
upper base rings 233, 234. Inner and outer spring elements 241, 242 are proximate to lower leg 231 of
g N B e e e o i o
although anpiessansibakdkulitie mngeyil 3odebsaa catithibeliom sikingsgementhmasde wikdelingr and

t b [ 33, 234 id b for the t f f axial f locki
g 217 B ARETSHTE s Ot OB LRI 5 e AMERE: P OLE e e35 SR
[0048] Inﬁagambcxﬁw wﬁéfd!@sf%% 2R0ciinpuiiss ses e |ixialryr§tcd@keéxﬂneyigm $fmmgn
cross-section, inner and outer sealing ring,239,.240 has a v-shape and is preferably of constant
e B R Ao O ot S IR R L, 3 AP
inner diagwdindoritsgousy dinayefil ihlasgdtharkwsradial gridineysine Jealsingked B egidningedander

and outer lower base ringns 237,.238, inner and f]uter lin rings 239,.240 8 stack? ?uch that a
o

. . d
concave POYGOHIBINAE FiR G SIS S BN S P e 25T BN 7S W IR J RSl HHaI G d 'Blter
lower bagd 8nghad &t 3D rismemang defensadin®ficgs @88 e o ghesestacked axially above inner

and outer lower base rings 237, 238 in alternating layers of materials such that an apex of the prior

. o : ) - ¢ . _ N
M O e () Che L e R R M R
adjacent anéhfiarinadbaealingvengaassempie 1338 cesigitng smgeldlSinio deecatbbdalfivetidpyhe
like. Th ' t ing Fng; iSes: ' tex Tefl
or the Tk B e g e o A o b e 2
outer sealinelisg 128D, LUD of Staskerkoagy G ardphighspresioplestg Hdlr drerbinerrigliegsing
239, 2401 13RO RMEURIIT T IBITIRGGCRL g6 2099 @agi'%va%%?%f%éemg(#ﬁg]f&&%e
particular application is reached. In the illustrated embodiment, five inner and outer sealing’rings 239,
240 are udeg Iyviteden ipiaxiahthouemeswer teeldnthrXp Inadtaiasinesn Ries $ate Pt saeiNgnGeBs,

236. AP%[éQ&r?Sig')e g the arhyIbUREe AL 4Rk A1y S‘ﬁé'g‘aﬂﬁgﬁ dP%“OJH nen alfbeHiRr seal

rings 239, 240 may be Use(J.Bng\r, example, emﬁog]ltments may include use o@ tﬁree, Ive, or nslne?ﬂner
and outePBBHIMR HHys 239, 240. [0050] Inner and outer center ring 235, 236 mounts to seal retainer
ring axially interposed between adjacent but oppositely facing inner and outer sealing rings 239, 240.

A lower gopgtarIFUERCS|RERARR R PR FETE 5 FRE Ehe Mo CRRMBTENSEENF ARISMA 40 tlsgia?ex of
the inner and outer sealing ring 239, 240 axially below inner and outer center ring 235, 236. Similarly,

an upperAPMARF Ak LXeHS HERAIRY IIRS BENtSARRG HEERBBY abktoxiAvatRd, Veriatieralouss Yex of
the inner arghuieAsgaing HNA 839 c24thgXiadi OB ANNEIEKHEHERTCE MFRITATRY 2Xpaddfoingicand

outer sealing rings 239, 240 are then stacked axially above inner and outer center rin%%235, 236 in

alternatirRPRRFEA mAtes dRESMal Sxpansipr AR erRbReINasing: hanges ealitkyQ a4lngatisg 239,
240 rece%@&aﬂiﬁﬁﬁéé)f)fh@é@ﬁ@q Nt inNessRnfheLieiksalnd ding A h 4 Palbin teldygtated

embodiment, the inner and outer sealing ring 239, 240 adjacent to inner and outer center ring 235, 236

comprisePA MR APRIRM détdarilbPXeibidt HealdorashOon PhindToutsr QY Bye2b
comprisescafigrRasts matAgabened asdelionippditoiiend slpving thmthasmealasic inmgnd
outer sealing ring 239, 240 another metal inner and outer sealing ring 239, 240 is stacked axially over
the prior mﬁi%{ié(ﬁ%@aﬁ?@%t@? SRy $is§ 3 Y 1HBOFhis continues until the number of inner
and outer sealing rings 239, 240 needed for the particular application is reached. In the illustrated
embodiment, five inner and outer sealing rings 239, 240 are used between inner and outer center ring
235, 236 and inner and outer upper base ring 233, 234. A person skilled in the art will understand that
any desired number of inner and outer sealing rings®39, 240 may be used and that differing numbers
of inner and outer sealing rings 239, 240 may be used. For example, embodiments may include use of
three, five, or nine inner and outer sealing rings 239, 240. Similarly, a different number of inner and

outer sealing rings 239, 240 may be used above and below inner and outer center ring 235, 236. For
avambnle embodimente mav inchiide 11ce nf three inner and niiter cealinAa rinace 220 240 above inner



[0052] A lower annular surface of inner and outer upper base ring 233, 234 approximately conforms
and abuts the concave portion of the inner and outer sealing ring 239, 240 adjacent to inner and outer
upper base ring 233, 240. In this manner, inner and outer sealing rings 239, 240 are bound by inner
and outer upper base ring 233, 234, inner and outer center ring 235, 236, and inner and outer lower
base ring @S] 238iaN pressuRs s, ciesrgibRi ifimgota despibbrine aiatdnicesiyerted pndnasr and
outer upper base rings 233, 234, and inner and outer lower base rings 237, 238 will cause inner and
outer sedHfIFHERCE3 5! ML SAUNIBRIGShIER af¥NERVEFBEORTRY TREBRGH Kkt cBRERYSHith
cylindricadg8riybrardérof egalinetanenten hecigh aresguiedrameing 2Qhfand ¢25ing angaha03.
[0053] In this manner twqQ separate stacks of inner and outer sealing rings 239, 240 are used, one in

which th&SIRSABPfIHEr Ie OIRER! KRG RhGE 236" eHE s RBRARAL TSNS WhitiPiE SReRSr

inner anchaHtRIrSERENG EMgenead) B0 datudpibhee ianm diexaie1rs Gasng Bangrese kP09 silver
effectivelkl seal &i-digectiqnally. Annulus 201 will be sealed re{%?rdless of WhetE r pressure is aéjglied
haloW'c4 t

, e

above or a5y AN GA L A385 ABD A SHA B ST RS M FARIGD 9,”5&6 e rAISBR
Shelec'fedléﬁﬂzﬁfb_ _@ﬁeth@avaﬁm'@g ¢1ﬁl@fm_@téesSfot'!ifniﬁetfn.efzrvg;%l)ll@@@mn'h @m@péfﬁﬂ?ﬁ- &ém_fm@h??\ﬁnﬁ@hahe
thermoplastic rings anad the metal rings. must flare radi when energized. In addition, the

thermop BSIETIAYE GHOEGA ERk Wi HERINE NG AL ChuligHGE R i ey
prior to eﬁ_trugmfgqﬂawmmm_ém@giﬁngcwlaggﬂageh@fmtqlomgs, thermoplastlc rings extrude into
any abrasions or scratches in casing hanger 203 or high pressure housing 205. A preferred

embodi 15% ¢ fil T1-E f lastic, sealing i flo) | metal
cealing M R o g e SRR A e s A e AR
sealing riegsrgianosnBBEER anthadpdbesmeyingpavaod atsialfdrarbois fitpevardotabés;agrapHidy padicles

d the i Sl o : st N e |
o e e L RO o L T Rp o e
working té4¥etdtiryithagavoffoasinthasndefoss @ Qipitions @okgrsed Fhhidiheihtes 360l degrees
Fahrenhei . lai i er and. qute o 4 i qi :

nanger SSr0g ATELHEf ST PoRTE A 1 % ERaiiae Bodd BRRG A ek,
caused by pergtomuditiieing | CJ0UBBEReferohgerinags Eigbbe refleasingizing rveql2 iaiisisadriyed

casing h [ nny farced izing,ring
219 to T e o e T TR ey o o v
compresdé&9iifngen dhe eueulssalind nvithassaabsynel 8apiaeampplyiaggedddsverrdighiap fessane
locking riﬂg ggtla_r(%lgh energizing ring 219. The downward axial force applied to locking ring 217 also

causes coupling’ring 218 to move axially downward to the limit allowed by the movement of bolt 232 in
bolt slot 230 of cylindrical member 214. In this manner, locking ring 217 compresses outer seal

assembly3¥g] LHNSPMhJ 2 1L RApRosSEs HITENSEILESSSADRDIR. 1$eRle ARMLtigteRhown
embodimesditfhRPWiRRS SABARINNSr R uiRE St 2l 0e Jifg) 85 20T M L AhighOorasse® iNdhaad

outer sealing rings 239, 240 to flare radially. [0056] As exemEIified in Figure 8A with respect to inner
seal assdlfBRE1 B0But GpPINhBRNELMAR? ihihaliferéen aBlBaasliassambly had BIRAEe P HRRT

upper bagg @&%Qé’ti%@ﬂla@&ﬁh@ Qﬂﬁﬁé§¢méﬂﬁgﬁ@maf@&|@ innyéth FoeeHiERbaxkodRier The
surfaces of the arm of inner sealing ring 239 adjacent to inner upper base ring 233 forms an angle of a
with verti€9 aRls25einsnthplicRs s ian9Rig 245 1%%3‘"&??&59@%'%&1 GeAHREES 258 tRAt

differs fromdiehargireong Sihmagle ﬁ/elﬂfé%opﬁﬁi%iHg%ﬁg@m%@ﬂ”ﬂ@ﬂﬁﬁé’ﬁﬂqu@@ axis

252 that differs from inner sealini ring 239 arm angle a. Finally, inner lower basegri(g? 237 forms an

angle of BaRERRPsAM U EP Sty FRY 2P EHh CARITERN AR A MAcKEERON idRHVff& ntial

angles obinneipppegintass Taee’SacNbgicftiRIsdnehAdiapd inner lower base ring 237 that causes
flaring of inner sealing rings 239. The angle 7 of upper base ring 233, p and 13 of inner center ring

AR NI Y A T

membera6d theemataiialg vised assbebidividealsekdhingdtips couptime rinsfa2 k@ sdhd angleiol

sealing ”HHS 219. Seal retainer ring 213 defines an irstesulder 221 and an outer shoulder 222
separated by a cylindrical member 214. Inner sgating assembly 215 mounts to seal
retainer ring 213 on a shoulder 221 of seal retaing 213. Outer sealing ring assembly 216
mounts to seal retainer ring 213 on shoulder 22eaf retainer ring 213. Locking ring 217

11



239 may be greater than 13, 0, cp, and 7, and in others a may be both greater than or less than the
angles of the 13, 0, cp, and 7 group. In alternative embodiments, this occurs due to the differing angle
of each inner and outer sealing ring arm 239, 240 relative to the adjacent inner and outer sealing ring
arm 239, 240 as described above with respect to Figure 4. A person skilled in the art will understand

that the anglgmplyeastigrRrefceoekpviesinenlNty B2 AGRIIMRY ity SEIgciphResthnt Measeaiiroteffect

of the individual inner and outer sealing ring 239, 240 increases as fluid or gas pressure within annulus
201 incrd865. 30EHIRE BRANG SN IRRREBRAPS Sttt 4RSI gARARTeS6ah RIS RUPHPIREE of
sealing ripge 23§urt9).Each seal stack has an anti-extrusion sealing ring 239", preferably comprised
of a metal, axially above and below a compliant sealing ring 239", preferably comprised of a

thermoplasti terial. As sh in Figure 8B, when energized, sealing rings 239 flare radjally. Flared
ant-extr OB LE a2 e RO e o e R i El o edhing
trapped whseebetioe &2 theithp [meokardi rendr legerPdSa g ranip 289 | eq @ Biecviend st ipast asiappenling
ring 239'. The trapped volume constrains any defqrmatio compliant sealing.ring 239". The axial
oressure o O R A S S L R BRI B Bl e g
ring 239"ringlasseailde 2ihG. e@agaimgntngti2 t8 siognipaisgeng d&avimh enndiamertecoegsidhanetdeng
rings 239%.will fill any damaged S 254 of casing hang rﬁog in the area to led by casin
hanger sgg}@SkrS?r\(nﬁgr )(/e,rcrger%p%%t seﬁ?alit(rﬁ]ge r?lr%ggﬁ'%sdwﬁ [ arr%/ O%nmgaf:p gﬁgaigc%iia%%&e%s%%e

housing 20bplingeiaged18 bbdsaded myecatiay dtengé cyiedi20enjoesb2]1kh gmxrenetebmdan@ntalipt least

th - . ina ri , i lina ri N
casing hOl Mo g g - Al A et bl A1ET R A2 £ Taler b
purpose.|Boeexag i@l afirstcaimgeninys2an daalinglingir3®hita\282al BalhisiogshaBOerR0Priae a
ot e, BNl RS 252 St B R e S SR aEs B mbtion
of compl&ihé sedditicplang) 239'af0@d S Aigdllastiatbdpr Bigtdckingntiguad applicadoplviganrgxizil $orce

to energizing ri 1 ing.c. i ' ' r ing_ri X ly 215,
216 Torou e e A e o eI R i,
245 radiaiytarteanickesePDBe P1.of 246ing hanger 203 and high pressure housing 205. Further
application of axial force to energizing ring 219 causes locking ring legs 243, 245 to deform into

wickers 30881 EUning gl BeYCIBR Kook Ay eV aT BN en LR IR o8k

locking ring 217 causes continual compression of inner and outer sealing ring assem

helping th@siRsietined Py ckiner g dlifer ASAASCHAGENS, datRibhe!aw et o Whhulus
201. apply an axial force to energizing ring 219 forcimgergizing ring 219 axially into locking

ring 217 providing an interference fit that willgss locking ring legs 243, 245 of locking
ring 217 into adjacent wickers 209 and 211. A perskilled in the art will understand that

the energizing ring 219 may be energized by a ngtool or the like.

[0046] Referring now to Figure 6, there is shown sealimetaring 213, lower leg 231 of
locking ring 217, coupling ring 218, bolt slot 23pIt 232 and inner and outer sealing ring
assemblies 215, 216 of Figure 5. As illustrateérigure 6, inner sealing ring assembly 215
comprises an upper base ring 233, a center ring&@8ba lower base ring 237. In addition,
inner sealing ring assembly 215 comprises a plyrali sealing rings 239, and a spring
element 241. Similarly, outer sealing ring assgn2il6 comprises an upper base ring 234, a
center ring 236, a lower base ring 238, a pluraditgealing rings 240, and a spring element
242. Preferably, inner and outer upper base 23$s 234, inner and outer center rings 235,
236, and inner and outer lower base rings 237,a288ormed of a high strength steel or the
like. In addition, inner and outer spring eleme®d, 242 are preferably formed of a high
strength material having low yield.
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[0060] In the illustrated embodiment, inner and outer spring elements 241, 242 are preloaded such
that inner and outer spring element 241, 242 exerts an axial force on inner and outer sealing ring
assembly 215, 216. During operational use of casing hanger seal 200, casing hanger seal 200 will
experience thermal expansion and contraction. The thermal expansion and contraction of casing

hanger sgm@qo YMH €iaLse) ayiaksliRnaee l@é@lﬁh@éi%zib@sﬁmﬂﬁéﬁwaP@éﬁ%fiermg inney aynd
outer seal assemblies 215, 216. Preloaded inner and outer s ring element 241, 242 will exert an axial

force on FIHRHAREE Sdtbr 2221 JBBEHRNEOBIE] YARFIDASHERR 1 fipeiimerahe Gine” 0idd Fings
239, 240 gusng Syerds i el s Rpenseilg King 41n9 B b iintaite A RErakREN & SladgRinse a0

maintains an effective seal of annulus 201. I[q()BO?,_r%é;‘ln instances where casing hanger seal 200 must be

removed HRIFRAEY0DFSRRNIR ST ey MoPHREHYERRAGH UBIRRNEkiaN O RIEET AR TiSward

axial force|gviibetavra en2azingi g graklfsemid & slehslatressey  otdonginingaRdier thresiPnsmer
locking rin (Jze?gs 243, 245 withdraw from their deformo%‘%ositipns n wickers 209, 211, thus unlocking
locking nﬂﬁ WIRHHPPRSRASS FiINYS £77s fetfo BaSF AT SRS G ISHRANUR 24 asiif iR X IBIRIEr

maintainscCRinerasg @B ofonrkaidringeriseal ngse itbirs 2khbad et aspithtelsarmamiainegbby
inner and outer. sealing rings 239, 240, unsealing annulus 201. A funning tool may then retrieve casing
nanger sEATHIS R Bl PRI b1 ARRHGNCA RSt T s g R o A Bilssure
housing 2p%in[9Réhanesigiag sethe etisclparst embasiireenigmEovings 2831003 alyaidages gypeother
casing hanger seals. For example, the embodiments disclosed herein provide a casing hanger.seal
Sl A e B M e A e A
seal elengatse hisorldlitj @ 2he thiselosad embpdunkntsPegyiigon seal with an expected life of twenty
years that can withstand extreme temperature ranges from -20 degrees Fahrenheit to 350 degrees

a8 b DA Ao Ca el HEL RS e oo AT A & L S o
energizedn@s ﬂ)lnevgmmgem'miti_omdiamage mwwmmf&mm@ aﬁ_ﬂ,tlﬁéaabii@ hangbapeahrfnially,
While o P B S e B LR e st
those skiiedlinghingr28hta4(3 inonrsidimined diumnsteuguitbldiamedeinis|edatiogs thithaut aleplting
from the SFRE 8&5*?%88&%@?0%9\{}41#% Q I%hélu\éﬁg é)‘%ﬂwer base rings 237, 238, inner and outer
sealing rings 239, 240 are stacked such that aagengortion of the inner and outer sealing
ring 239, 240 is adjacent to or contacts inner @aumgr lower base ring 237, 238. Inner and
outer sealing rings 239, 240 are then stackedlgxallove inner and outer lower base rings
237, 238 in alternating layers of materials sucht #in apex of the prior inner and outer
sealing ring 239, 240 inserts into a concave portibthe subsequent inner and outer sealing

ring 239, 240.

[0049] In the illustrated embodiment, the inner and oseling ring 239, 240 adjacent to
inner and outer lower base ring 237, 238 comprsasetal such as carbon steel or the like.
The next inner and outer sealing ring 239, 240 awmep a thermoplastic material, such as
Teflon or the like. Following the thermoplasticar and outer sealing ring 239, 240 another
metal inner and outer sealing ring 239, 240 isk&tdcaxially over the prior thermoplastic
inner and outer sealing ring 239, 240. This ca@smuntil the number of inner and outer
sealing rings 239, 240 needed for the particulaliegtion is reached. In the illustrated
embodiment, five inner and outer sealing rings Z3H) are used between inner and outer
lower base ring 237, 238 and inner and outer cemtgr235, 236. A person skilled in the art
will understand that any desired number of innad aater sealing rings 239, 240 may be
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1. A seal assembly (100) for sealing within an annulus (101) between inner and outer coaxially
disposed annular members (103, 105) having a common axis, the seal assembly (100) comprising: a
first anti-extrusion sealing ring (139") having a chevron shaped geometry; a second anti-extrusion
sealing ring (139") having a chevron shaped geometry, the second anti-extrusion sealing ring (139"

coaxial wigkeand pgrady 1aiee, tambksdipmshextmgioherrlnqEaest 3k, ¢ fiflcamplian@aslirg ring
(139") having a chevron shaped geometry, the first compliant sealing ring (139") coaxial with and
interpose%?ﬁ%ﬂﬂé@?g&%%ﬁsgégti-extrusion sealing ring (139') and the second anti-extrusion sealing
ring (139); wherein at least one of the first and second anti-extrusion sealing rings (139') is
configurdd@60jattiakly endagetet learsteoningf #35j2@8 ancunitetocestaiaily dingoaeidlanmtkEnposadbers

(103, 10@ when sutﬁy’ectedt an axialsflf)er[:e' and the first com Iig]nt sealingu?'gg (ﬁ ) i%c (é\\éf’igured

to radially %trl\’\é%%% qriassl tor%e oPPRORINe gﬁg'%%tér}nc%ra%% 3}0 Ep(')%%of DRufat mémberd (103, 105)

when sulgentddriewafaagial ioree. adTie esead assamig28B)ap pfcimatdly foothfer msngp tisengpex of
the inner and outer sealing ring 239, 240 axia#lioty inner and outer center ring 235, 236.
Similarly, an upper annular surface of inner antepeenter ring 235, 236 approximately
conforms to an apex of the inner and outer seaingy239, 240 axially above inner and outer
center ring 235, 236. Inner and outer sealingsrigg9, 240 are then stacked axially above
inner and outer center ring 235, 236 in alternatmgers of materials such that a concave
portion of the prior inner and outer sealing rirRP2240 receives an apex of the subsequent
inner and outer sealing ring 239, 240.

[0051] In the illustrated embodiment, the inner and osealing ring 239, 240 adjacent to
inner and outer center ring 235, 236 comprises t@lsach as carbon steel or the like. The
next inner and outer sealing ring 239, 240 compraséhermoplastic material, such as Teflon
or the like. Following the thermoplastic inner amdter sealing ring 239, 240 another metal
inner and outer sealing ring 239, 240 is stackedllsgpover the prior thermoplastic inner and
outer sealing ring 239, 240. This continues uh& number of inner and outer sealing rings
239, 240 needed for the particular applicatioreeched. In the illustrated embodiment, five
inner and outer sealing rings 239, 240 are useddsgt inner and outer center ring 235, 236
and inner and outer upper base ring 233, 234. réopeskilled in the art will understand that
any desired number of inner and outer sealing r&d8% 240 may be used and that differing
numbers of inner and outer sealing rings 239, 249 be used. For example, embodiments
may include use of three, five, or nine inner antko sealing rings 239, 240. Similarly, a
different number of inner and outer sealing rin@9,2240 may be used above and below
inner and outer center ring 235, 236. For examgehodiments may include use of three
inner and outer sealing rings 239, 240 above immer outer center ring 235, 236 and five
inner and outer sealing rings 239, 240 below inaed outer center ring 235, 236.
Conversely, embodiments may include use of fiveeinand outer sealing rings 239, 240
above inner and outer center ring 235, 236 ancethmeer and outer sealing rings 239, 240
below inner and outer center ring 235, 236. Siryjdahe number of inner sealing rings 239
may differ from the number or outer sealing ring® 21sed.
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a spring (141) axially aligned with the first and second anti-extrusion sealing rings (139') and the
compliant sealing ring (139"); and wherein the spring (141) maintains an axial force on the first and
second anti-extrusion sealing ring (139') and the first complaint sealing ring (139"), thereby maintaining
a radial force between the sealing rings (139', 139") and the inner and outer annular members (103,

105). 3. [UusgeAl mssemiin (IR0 afsdainr Inheithaicomerisipgeebdiy ©8B!-2XIrugiprosaalinglying
(239') having a chevron shaped geometry, the third anti-extrusion sealing ring (139') coaxial with the

first and SOEBHAS ROk RIS SANG iy S QIR Of therdRREY AHtReRAALISh AR rindQ SY396Aing

a chevrofpshiRebaeon gl uihselobEEcaNHE 2BRsIon Ge Nttt L Fetoaperbiitlt thealirsy srgend,
and third anti-extrusion sealin%éyi_ngs é139' ; asecond compliant sealing rin%{g139" havin%ﬁa chevron
P G

shaped geométy), 816 SOUAKLRLI QH MRPEL R i et RN PO HEtTEENthe
third antizsdruzs®) saalingéingrd Riaanevike fuyehraizsgrusigieseatiserira (HeSdriaed in more

detail below, axial forces exerted on inner anc&epupper base rings 233, 234, and inner and
outer lower base rings 237, 238 will cause innet aater sealing rings 239, 240 to flair
radially inward and outward coming into tight saglcontact with cylindrical member 214 of

seal retainer ring 213, high pressure housing a08,casing hanger 203.

[0053] In this manner two separate stacks of inner andradaling rings 239, 240 are used,
one in which the apex of inner and outer sealinggi239, 240 is axially up, and one in
which the apex of inner and outer sealing rings, 239 is axially down. This allows casing

hanger seal 200 to effectively seal bi-directionalAnnulus 201 will be sealed regardless of

whether pressure is applied above or below casangér seal 200.

[0054] Inner and outer sealing ring 239, 240 materials smlected based on the varying
properties of the thermoplastic and metal ringsefd?ably, both the thermoplastic rings and
the metal rings must flare radially when energizeld. addition, the thermoplastic rings
should not extrude too quickly. Ideally, the metahling rings will flare radially prior to
extrusion of thermoplastic rings. Following flavemetal rings, thermoplastic rings extrude
into any abrasions or scratches in casing hang8r @0high pressure housing 205. A
preferred embodiment uses 15% carbon filled PTFEHe thermoplastic sealing rings, and
carbon steel metal sealing rings having a yieléngith of 40 ksi or less. Alternative
embodiments of thermoplastic sealing rings may RE&K or include varying amounts of
carbon fiber, nanotubes, graphite particles and like. In still other embodiments,
thermoplastic sealing rings may be replaced withh swtal rings comprised of brass, tin,
brass tin alloys, and the like. These materiabsige an effective working temperature range
of casing hanger seal 200 from -20 degrees Fahitenbe350 degrees Fahrenheit.
Appropriate selection of inner and outer sealimg 1239, 240 materials gives casing hanger
seal 200 an effective life of 20 years through amanner of pressure or temperature cycling

caused by operation of the well.

[0055] Referring now to Figure 7, energizing ring 219 basrgized casing hanger seal 200.
Here, a casing hanger running tool (not shown)fbe=sed the energizing ring 219 into the
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wherein the first and second anti-extrusion sealing rings (139') face in a first axial direction, and the
third and fourth anti-extrusion sealing rings (139') face in a second axial direction, opposite the first
axial direction, thereby forming a bi-directional seal when energized. 4. The seal assembly (100) of
Claim 1, wherein the first compliant sealing ring (139") comprises a material having a modulus of

elasticity fiptofetesdhey Rrdkipigthtgnodulus ipfriagticiyiak taeckrd st aeenea évfizigrvrignrings
(139"). 5. The seal assembly (100) of Claim 1, wherein: the first and second anti-extrusion sealing

rings (1369 BRLGERER A MEMANG QMR SSRMS TRSHARRS BIaN BRI MRy ¥iNA O MBI axial
elastomefisrceeteieRig AP PP SHesUGIe @ @iathg Hidrsreenaianveedlnadinerte3appictptmed

from materials selected from the grou% consisting of metals, polymers, elastomers, ceramics, an

composit9S et 62 Fherly biPERIFPoF BT S, oY @%‘#ﬁpﬂgmﬂwa%ﬁ Gope A'(fﬂUgtion

ring (133)eorsial yitthans axéaly @bel @ dheXB st ianbcxEBs rigitd3eal e mpeeradivagothiéng
(133) having a lower mating surface formin% an angle to the ?r%(tltsﬂ different from the rad'acent surface of
the first Jﬂﬁ‘%@xﬁruslig n%?m.f_’l? compresses outer sea ge216, and coupling ring 218

compresses inner seal assembly 215. In the diiestrembodiment, the compression of inner
and outer sealing ring assembly 215, 216 causes @md outer sealing rings 239, 240 to

flare radially.

[0056] As exemplified in Figure 8A with respect to inneakassembly 215, but applicable
to inner and outer seal assemblies 215, 216, acudf inner upper base ring 233 adjacent to
inner sealing rings 239 form an angleyafith a vertical axis 252. The surfaces of the afm
inner sealing ring 239 adjacent to inner upper bage233 forms an angle afwith vertical
axis 252. Similarly, inner center ring 235 forms angle ofep with vertical axis 252 that
differs from inner sealing ring 239 angle Inner center ring 235 forms an anglefoivith
vertical axis 252 that differs from inner sealinggr239 arm angle. Finally, inner lower
base ring 237 forms an angletothat differs from inner sealing ring 239 arm angleUnder
compression, it is the differential angles of innpper base ring 233, inner center ring 235,
and inner lower base ring 237 that causes flaringireer sealing rings 239. The angleof
upper base ring 233 andp of inner center ring 235, angl of lower base ring 237 is
determined through use of Finite Element Analysi®ider to generate the desired contact
with the sealed members based on the particulamegey of sealed members and the
materials used in the individual sealing rings.séme instances the anglef sealing rings
239 may be greater thgn 6, ¢, andy, and in otherst may be both greater than or less than
the angles of th@, 0, ¢, andy group. In alternative embodiments, this occurs ttuéhe
differing angle of each inner and outer sealing anm 239, 240 relative to the adjacent inner
and outer sealing ring arm 239, 240 as describegeatwith respect to Figure 4. A person
skilled in the art will understand that the angfeesach inner and outer sealing ring 239, 240
may be selected so that the sealing effect ofilevidual inner and outer sealing ring 239,

240 increases as fluid or gas pressure within aisr201 increases.

[0057] As described above, seal assemblies 215, 216 mdled stacks comprised of sealing
rings 239, 240. Each seal stack has an anti-eatrisealing ring 239', preferably comprised
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a lower activation ring (137) coaxial with and axially below the second anti-extrusion ring (139') , the
lower activation ring (137) having an upper mating surface forming an angle to the axis different from
the adjacent surface of the second anti-extrusion ring (139'); wherein mating surfaces between the
first anti-extrusion ring (139') and the first compliant ring (139") are at equivalent angles to the axis,

allowing Breafiisé@NtiRIANYSIILUB GEBESIaN: ke Mk onsplany (1 3Reidmbantahplenaitbe dength
of the mating surfaces; wherein mating surfaces between the second anti-extrusion rinr% 5139') and

the first OPIMARIERAG (1899 13e BRIPABN ARG S Re W SRRy TRE LS9 miRexiidSon
ring (1397handijne fasic@raplipektingidh38enimgonias 2eagdne Iangihmbteematiodsmganss; and

wherein under axial load, contact hetween the upper and lower activation ring (133, 137) mating

surfaces GABNGINRRGR fg%%ﬁf_ﬁéf&?ﬂsééﬁﬂ_@ﬂ%’g V@%@%%Mﬂ%HHBS&?BHL@&@B%@%‘QR&&%
the ;‘Irst a@@bf%ﬁ%grﬂ;;ugo_@wgmmfﬂaug@hﬁrma(lﬂc?g@'bfiﬁg%@@%@@aﬁ%ﬁ%@@ﬁ%ﬂadawe
seal asse JU) O alm 6, wherein the an €S 0 e mating surfaces between the firs
oot LR S O AT S S TG0 RIS CLA8 T R A S IR (2387
cause andefease ohisRINGPEEPRLIR §128Snanassing iamsesHirRs Bvke 28dtirtieanmid s 4ling). 8.

naving a SRBPRTAGH S A EHAADUE 20ape 1 B mARHEID L A PR e BAINED by o

mating suiigcearh i adipsentaamyiieasisgahing gero2(3Fdaestbenaxisialed by casing hanger seal
200. Similarly, compliant sealing rings 240" will any damaged areas of high pressure

housing 205 in the area to be sealed by casingenaagl 200.

[0058] In some embodiments, at least one of the anti-sixtnusealing rings 239' above and
below compliant sealing ring 239" will seal to iogshanger 203. In these embodiments,
each sealing ring 239 may be selected for a spepifrpose. For example, a first anti-
extrusion sealing ring 239" may seal to casing BaQ3, a compliant sealing ring 239" may
fill damaged areas 254 of casing hanger 203, asecand anti-extrusion sealing ring 239
may not seal to casing hanger 203 while still a@nsing deformation of complaint sealing

ring 239".

[0059] As illustrated in Figure 7, continued applicatioham axial force to energizing ring
219 following compression and flaring of inner amgter sealing ring assembly 215, 216
forces energizing ring 219 into the slot definedldigking ring 217 forcing locking ring legs
243, 245 radially into wickers 209, 211 of casiragger 203 and high pressure housing 205.
Further application of axial force to energizinggi219 causes locking ring legs 243, 245 to
deform into wickers 209, 211, limiting axial movem@f locking ring 217. The limitation of
axial movement of locking ring 217 causes contiragahpression of inner and outer sealing
ring assembly 215, 216, helping to maintain theeflaf inner and outer sealing rings 239,

240 and an effective seal of annulus 201.

[0060] In the illustrated embodiment, inner and outerrgprelements 241, 242 are preloaded
such that inner and outer spring element 241, 242t® an axial force on inner and outer
sealing ring assembly 215, 216. During operatiarsd of casing hanger seal 200, casing
hanger seal 200 will experience thermal expansm@hantraction. The thermal expansion
and contraction of casing hanger seal 200 will eaasial slippage of locking ring 217
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the second anti-extrusion sealing ring (139') having an upper mating surface forming an angle to the
axis that is different than an angle formed by a mating surface of the adjacent compliant sealing ring
(139" to the axis; and wherein under axial load, contact between the mating surfaces causes radial
expansion of the first and second anti-extrusion sealing rings (139") and the compliant sealing ring

(139"). 9)ddxear) asseily CkEB) N (ialn SnavbereinsEinasiiencatihei@ngermidbediisher and

anti-extrusion sealing ring (139') mating surface and the second anti-extrusjon ring (139") surface
causes aPUifirEREDSh /ETRRY p%é%s iVspEReAld MRS 8 PROsi B RIS R gh ASRRMEUES.

10. The serd assembMaiiQirofHelabrelofiiinar seaevigitigg rindirtanteatiuging soaling 6naxiaB9’)
having a chevron shaped geometry, the third anti-extrusion sealing rin é239ﬁbg{oax_ial with the first and
second 2FIPERIE GGG AR R 405 N1S TOARRCNFEARGIEh SeAl A0 AP AVR SoENEvron
shaped gagineinthgdeowph anti-extrusion sealing ring (239') coaxial with the first, second, and third
anti-extrusion sealing rings (240', 239'), and axially below the third anti-extrusion sealing ring(239'); a

second ¢ i t sealing ring (239") having.a chevro ed geometry, the compliant sealing ring
i g e b St SRR Mg N e T

anti-extrusnengzaling @ 1238 applies an upward axiatdor This upward axial force withdraws
energizing ring 219 from the slot defined by logkmng 217. In response, locking ring legs
243, 245 withdraw from their deformed positions witkers 209, 211, thus unlocking
locking ring 217. Once locking ring 217 is removfeaim its locked position, an axial force
no longer maintains compression of inner and oseal assemblies 215, 216 releasing the
seal maintained by inner and outer sealing rings 230, unsealing annulus 201. A running
tool may then retrieve casing hanger seal 200 filmerannulus 201 without causing damage

to casing hanger 203 or high pressure housing 205.

[0062] Accordingly, the disclosed embodiments provide nomg advantages over other
casing hanger seals. For example, the embodimesti®sed herein provide a casing hanger
seal that seals damaged casing hangers and higbupeewellhead housings without using
elastomer seal elements. In addition, the disdiasmbodiments provide a seal with an
expected life of twenty years that can withstanles®e temperature ranges from -20 degrees
Fahrenheit to 350 degrees Fahrenheit. Furtherntbee,disclosed embodiments do not
require an interference fit, instead maintaining ffeal within a smaller area than the sealed
annulus until the casing hanger seal is energifaas preventing additional damage to
wellbore casing and the casing hanger seal. Kintile disclosed embodiments provide a
casing hanger seal that is retrievable and rephdeea

[0063] While the invention has been shown or describezhiy some of its forms, it should
be apparent to those skilled in the art that ma$ so limited, but is susceptible to various

changes without departing from the scope of thention.
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wherein the third and fourth anti-extrusion sealing rings (239') have an outer diameter smaller than an
inner diameter of the first and second anti-extrusion sealing rings (240'); wherein outer diameter
surfaces of at least one of the first and second anti-extrusion sealing rings (240") seal to the outer
annular member (205) when energized; wherein outer diameter surfaces of the first compliant
sealing ring (240") seal to the outer annular member (205) when energized; wherein inner diameter
surfaces of at least one of the third and fourth anti-extrusion sealing rings (239') seal to the inner
annular member (203) when energized; and wherein inner diameter surfaces of the second
complianpgaalingerogARMED $8al to the inner annular member (203) when energized. 11.The seal
assembly (100) of Claim 10, the seal assembly (200) further comprising: a seal retainer ring (213)
comprisirg an aArsdal sxsabey € lio)gfomsealiva ot @ram an nuyiiEEnd fetivepshiomeie en@ 2Lt 22 2)

separatego%%ﬁ IE}%BB@E@%@HS&Q%@% 8%3'61&%5]1, tf&ESD?gS;’i.vsairt:ommon axis, the seal assembly
(100) comprising:

a first anti-extrusion sealing ring (139') havingreevron shaped geometry;

a second anti-extrusion sealing ring (139" hawnghevron shaped geometry, the
second anti-extrusion sealing ring (139") coaxighvand axially below the first anti-

extrusion sealing ring (139";

a first compliant sealing ring (139") having a wtom shaped geometry, the first
compliant sealing ring (139") coaxial with andeiqtosed between the first anti-extrusion

sealing ring (139" and the second anti-extruseatisg ring (139');

wherein at least one of the first and second atitidsion sealing rings (139') is
configured to radially engage at least one of theei and outer coaxially disposed
annular members (103, 105) when subjected to ai faxce; and

the first compliant sealing ring (139") is configd to radially engage at least one of
the inner and outer coaxially disposed annular nreemfl03, 105) when subjected to an

axial force.
2. The seal assembly (100) of Claim 1, further conipgis

a spring (141) axially aligned with the first angicend anti-extrusion sealing rings

(139" and the compliant sealing ring (139"); and

wherein the spring (141) maintains an axial forece tbe first and second anti-
extrusion sealing ring (139) and the first complasealing ring (139"), thereby
maintaining a radial force between the sealingsi(if9', 139") and the inner and outer

annular members (103, 105).
3. The seal assembly (100) of Claim 1, further conmpgts

a third anti-extrusion sealing ring (139') havinghevron shaped geometry, the third
anti-extrusion sealing ring (139") coaxial with trst and second anti-extrusion sealing
rings (139";
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wherein the seal retainer ring (213) removably couples to a running tool for insertion of and removal of
the seal assembly (200); wherein the first and second anti-extrusion sealing rings (240') and the first
compliant sealing ring (240") mount to the outer upward facing shoulder (222) of the seal retainer ring
(213); and wherein the third and fourth anti-extrusion sealing rings (239') and the second compliant
ring (239") mougt teuhn ianaIamBIBTasiRlROMde(138)) IRt HirsralisrainriTi (3bRekd:Ahe
method for sealing within an annulus (101) between inner and outer coaxially disposed annular .
members (1EHHOH HEGHE S 0BnTRBINA LN R th 68REA PR, Sta PBRANHIngY sEWIth Gy
(139); (b) coupiingiariasddneadinadd 1747 the sealing ring (139);

4.

a second compliant sealing ring (139") having evobn shaped geometry, the second
compliant sealing ring (139") coaxial with andeiqtosed between the third anti-extrusion

sealing ring (139" and the fourth anti-extrusiealsg ring (139"); and

wherein the first and second anti-extrusion seatings (139" face in a first axial
direction, and the third and fourth anti-extrusgmaling rings (139') face in a second axial
direction, opposite the first axial direction, thley forming a bi-directional seal when
energized.

The seal assembly (100) of Claim 1, wherein th& ftompliant sealing ring (139")

comprises a material having a modulus of elastiodygreater than half of the modulus of

elasticity of the first and second anti-extrusiomgs (139").

5.

The seal assembly (100) of Claim 1, wherein:

the first and second anti-extrusion sealing ring39() are formed from materials
selected from the group consisting of metals, pelgn elastomers, ceramics, and
composites thereof; and

the first compliant sealing ring (139") is form&@m materials selected from the

group consisting of metals, polymers, elastomensgnaics, and composites thereof.
The seal assembly (100) of Claim 1, further conmpgts

an upper activation ring (133) coaxial with andadlyi above the first anti-extrusion
ring (139, the upper activation ring (133) haviagower mating surface forming an

angle to the axis different from the adjacent stefaf the first anti-extrusion ring (139");

a lower activation ring (137) coaxial with and dlyidelow the second anti-extrusion
ring (139" , the lower activation ring (137) hayian upper mating surface forming an
angle to the axis different from the adjacent sigfaf the second anti-extrusion ring
(139;

wherein mating surfaces between the first antivskom ring (139) and the first
compliant ring (139") are at equivalent anglethmaxis, allowing the first anti-extrusion
ring (139" and the first compliant ring (139") ¢ontact along the length of the mating
surfaces;
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(c) axially moving an energizing ring (119) in a first direction with a setting tool to apply an axial force
to the locking ring (117), which in turn acts on the sealing ring (139) to radially deform the sealing ring
(139) into sealing engagement with the annular members (103, 105); and (d) continuing axial
movement of the locking ring (117) in the first direction to radially deform the locking ring (117) into

locking engagemygetiihias i uias ceeeavredid hd BocdddT Arukiinathgf @Bom dRdwhergiatstep
(b) comprises applying an axial force to the sealing ring (13%%1.814.The method of Claim 12, wherein
step (b) comPREOSYMARNG theSEAIRAE A fasBRENAPIRlESHIG RS UIRIEB19Y FESYRh Fkket

between thedritasndrRid ¢l 8%l $HA AFs L eonalianthfigokine dotElct Aliheatieleshgtthersaaling

ring (139) and before step (c).
g (139) mating surfage(s;)and

wherein under axial load, contact between the uppédrlower activation ring (133,
137) mating surfaces with adjacent anti-extrusiealiag ring (139') mating surfaces
causes radial expansion of the first and seconeeatrusion sealing rings (139') and the
compliant sealing ring (139").

7. The seal assembly (100) of Claim 6, wherein theleeng@f the mating surfaces
between the first anti-extrusion sealing ring ()},.3%ie second anti-extrusion ring (139'), and
the compliant ring (139") cause an increase idirgggressure in response to increased
pressure within the annulus (101).

8. The seal assembly (100) of Claim 1, further conipgis

the first anti-extrusion sealing ring (139') haviadower mating surface forming an
angle to the axis that is different than an angtened by a mating surface of the adjacent
compliant sealing ring (139") to the axis;

the second anti-extrusion sealing ring (139") hgnan upper mating surface forming
an angle to the axis that is different than an erigtmed by a mating surface of the

adjacent compliant sealing ring (139") to the aarxd

wherein under axial load, contact between the rgatinfaces causes radial expansion
of the first and second anti-extrusion sealing siif39") and the compliant sealing ring
(139").

9. The seal assembly (100) of Claim 8, wherein attleas of the angles of the first anti-
extrusion sealing ring (139') mating surface arelgacond anti-extrusion ring (139') surface
causes an increase in sealing pressure in resporisereased pressure within the annulus
(101).

10. The seal assembly (100) of Claim 1, further conipgis

a third anti-extrusion sealing ring (239') havinghevron shaped geometry, the third
anti-extrusion sealing ring (239") coaxial with trst and second anti-extrusion sealing
rings (2409;
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a fourth anti-extrusion sealing ring (239') haviagchevron shaped geometry, the
fourth anti-extrusion sealing ring (239") coaxiaittwthe first, second, and third anti-
extrusion sealing rings (240, 239'), and axialglolv the third anti-extrusion sealing
rng(239);

a second compliant sealing ring (239") having avobn shaped geometry, the
compliant sealing ring (239") coaxial with andeiqtosed between the third anti-extrusion

sealing ring (239'") and the fourth anti-extrusiealsg ring (239;

wherein the third and fourth anti-extrusion sealimgs (239') have an outer diameter

smaller than an inner diameter of the first andedanti-extrusion sealing rings (240';

wherein outer diameter surfaces of at least onthefirst and second anti-extrusion

sealing rings (240" seal to the outer annular neer(®05) when energized,

wherein outer diameter surfaces of the first coamtlisealing ring (240") seal to the

outer annular member (205) when energized;

wherein inner diameter surfaces of at least onth@fthird and fourth anti-extrusion

sealing rings (239" seal to the inner annular memi®03) when energized; and

wherein inner diameter surfaces of the second aamtpsealing ring (239") seal to

the inner annular member (203) when energized.
11. The seal assembly (100) of Claim 10, the seal asigg(200) further comprising:

a seal retainer ring (213) comprising an annulamber defining inner and outer
annular upward facing shoulders (221, 222) sepérbtea cylindrical member (214)

coaxial with the axis;

wherein the seal retainer ring (213) removably ¢esipo a running tool for insertion

of and removal of the seal assembly (200);

wherein the first and second anti-extrusion sediimgs (240" and the first compliant
sealing ring (240") mount to the outer upward rigcshoulder (222) of the seal retainer
ring (213); and

wherein the third and fourth anti-extrusion sealinngs (239") and the second
compliant ring (239") mount to the inner upwardif@g shoulder (221) of the seal retainer
ring (213).
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12. A method for sealing within an annulus (101) bemveener and outer coaxially

disposed annular members (103, 105) having a conaxisnthe method comprising:
(a) providing a sealing ring (139);
(b) coupling a locking ring (117) to the sealinggi(139);
(c) axially moving an energizing ring (119) in asfidirection with a setting tool to
apply an axial force to the locking ring (117), winiin turn acts on the sealing ring (139)

to radially deform the sealing ring (139) into segl engagement with the annular
members (103, 105); and

(d) continuing axial movement of the locking ringl¢) in the first direction to
radially deform the locking ring (117) into lockimpgagement with the annular members
(103, 105).

13. The method of Claim 12, wherein step (b) compresgslying an axial force to the
sealing ring (139).

14.  The method of Claim 12, wherein step (b) comprasing the sealing ring (139) on
an upward facing surface (121) in a seal pockewdat the inner and outer members (103,
105) after the locking ring (117) is coupled to s®aling ring (139) and before step (c).
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