WELLHEAD ANNULUS SEAL ASSEMBLY 1. Field of the Invention: [0001] This invention relates in
general to production of oil and gas wells, and in particular to a seal assembly for sealing within an
annulus in a wellhead assembly. More specifically, the seal assembly includes a resilient member for
retaining the seal assembly in place. 2. Description of Related Art [0002] Wellbores are formed from the
earth's surface or seafloor through subterranean formations lying underneath. Systems for producing oil
and gas from subsea wellbores{ypiqafi=ReusR Ryalikegd s sesipisat Yver an opening to the wellbore.
A typical wellhead assembly, either on land or subsea, includes a high pressure wellhead housing
supported in a lower pressure wellhead housing and secured to conductor casing that extends downward
past the wellbore opening. Wells are generally lined with one or more casing strings coaxially inserted
through, and significaeldlgfdeeparéntionthe conductor casing. The casing strings are suspended from
casing hangers landed in the wellhead housing. One or more tubing strings are usually provided within
the innermost casing string; that among other things are used for conveying well fluid produced from the
underlyin@®0dhatiimneoia) relatdsdegane falnalastigiiepithaconssyris, @ibdiarsaaissiiag ha $e8ing)
and casing and wellhead housing. Each annulus may have a different pressure and may be used to flow
certain flaesemblgilonssaliigavithiien anordusdn annsiihesaestdrcebaresmegisaay.ing/seal aksemduk

thereby pressurizing an annulus between the leaking casing string and adjacent tubular. Thus seals
includes a resilient member for retaining the ssakembly in place.

2. Description of Related Art

[0002] Wellbores are formed from the earth's surface afieer through subterranean formations
lying underneath. Systems for producing oil and fyjam subsea wellbores typically include a
wellhead assembly set over an opening to the wiellba typical wellhead assembly, either on land
or subsea, includes a high pressure wellhead hpusipported in a lower pressure wellhead
housing and secured to conductor casing that extéonward past the wellbore opening. Wells
are generally lined with one or more casing striogaxially inserted through, and significantly
deeper than, the conductor casing. The casimgystere suspended from casing hangers landed in
the wellhead housing. One or more tubing strimgsigually provided within the innermost casing
string; that among other things are used for coimgewell fluid produced from the underlying

formations.

[0003] Annuluses are formed between the concentric tubéasing and tubing) and casing and
wellhead housing. Each annulus may have a diffggaassure and may be used to flow certain
fluids therein from time to time. Moreover, in semmstances a casing string may develop a leak

thereby pressurizing an annulus between the leaddning string and adjacent tubular. Thus seals



are strategically installed in particular locations for pressure isolating sections within the wellhead
assembly. [0004] Shown in a side section view in Figure 1 is one example of a prior art wellhead
assembly 10. The wellhead assembly 10 includes a wellhead housing 12 that coaxially circumscribes a
tubing hanger 14 shown supporting a string of production tubing 16. The tubing hanger 14 is coaxially set

within th%tVéeéWQ@ﬁth@lHjiﬂ%ﬂaﬁlé@l flepariadkRine He6ESH RREUMS IStdN G & SBEERDRAMARhENR SURE
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hanger 14 and we housing 12. A casing hanger 20 is also coaxially landed within the wellhead
housing hg@qﬂmgs an upper end that defines the lower boundary of the tubing hanger annulus 18. The
casing hanger 20 is schematically depicted as landed on a shoulder 22 formed on the wellhead housing
12 inner radius and projecting inward towards the wellhead assembly axis Ax. [0005] Casing 24, which is

supportefblioan Sreohetion side stthiv sasengih@igers20isienersta ddwpwarchtivgaliinesiitasgdhebly 10.
production tubing 16. A casing annulus 26 is formed between the casing 24 and the wellhead housing 12

and a tubmngeanaihsndtaisstompadilteimsendd e vasing 24 hgdsiutring déaddllpindiamspabe Hatwernghe

casing hanger 20 and wellhead housing 12 defines a casing hanger annulus 30. The casing hanger

annulus BRilHdassasvanBUlRIGEdbAsSamp B rii@ibiRigs 8. PTRRSHI MG HigTRRe e R ChieRaAsIRet
annulus 26 and tubing hanger annulus 18. The seal assembly 32 can also prevent communication

between figragiamaliRelus Réuan e felbiernaniulbhmgeAarinied aBovendhsdiftereniasnulsamaighe

wellhead assembly 10 may at times have different pressures, can have different types of fluid flowing

therethronghgandacandcexeRreas d onsKpecte deakingen ADREA Bis etRaearl tlmdstatitien xreanead by

the seal 32 can cause it to shrink an amount depending on its coefficient of thermal expansion. A
sufficientiimeingt £5 epRlindCaHRIpEriEha fleacaemie ther el suRANsiaR caghiisienhab srarmiiliciendy
contract the seal 32 and reduce the sealing capability of the seal 32.

The casing hanger 20 is schematically depictedradeld on a shoulder 22 formed on the wellhead

housing 12 inner radius and projecting inward tasahe wellhead assembly axig.A

[0005] Casing 24, which is supported from the bottom ehthe casing hanger 20, depends
downward circumscribing the production tubing 16 .casing annulus 26 is formed between the
casing 24 and the wellhead housing 12 and a tuinglus 28 is formed between the casing 24 and
tubing 16. An annular space between the casinggr&® and wellhead housing 12 defines a casing
hanger annulus 30. The casing hanger annulucB@lEs an annular seal assembly 32 that creates
a pressure barrier between the casing annulus®tubmg hanger annulus 18. The seal assembly
32 can also prevent communication between the gasinulus 26 and the tubing annulus 28. As
noted above, the different annuluses of the wetlhessembly 10 may at times have different
pressures, can have different types of fluid flajherethrough, and can experience unexpected

leakage.

[0006] Decreased temperatures experienced by the seaarBZause it to shrink an amount

depending on its coefficient of thermal expansidnsufficient amount of cooling coupled with a



SUMMARY OF INVENTION [0007] Disclosed herein is a wellhead assembly that includes an outer
tubular member, an inner tubular member coaxial within the outer tubular member relative to an axis of
the outer tubular member, a seal pocket between the inner and outer tubular members, an annular seal
assembly in the seal pocket, and a spring element in the seal pocket and axially compressed against one

end of thpeg@ahaste THaYmBN @ 3eah SiorEauYIidie AN STreRACIEIRIL doRtHaasRe ssaLky alasternats aealing
ring, an annular base ring attached to an end of the sealing ring, an annular upper ring on an end of the

sealing capability of the seal 32.



sealing ring opposite the base ring, wherein the spring element engages the base ring. The spring
element can be made up of accordion shaped folds, a corrugated member, or Belleville washers.
Optionally, a pocket can be within one of the inner or outer tubular members that defines a lower end of
the seal pocket, and the spring element is compressed between the shoulder and the seal assembly. The
wellhead assembly can also include a QekpaReNbEY IRt gNoages an upper end of the seal assembly
and defines an upper end of the seal pocket. The outer tubular member can be a wellhead housing or a

casing hapgas7] HR MU IGHGALDR A KA A SEHBI AT WaH GNBEF tubular member, an inner

tubular member coaxial within the outer tubular rbemrelative to an axis of the outer tubular
member, a seal pocket between the inner and altielar members, an annular seal assembly in the
seal pocket, and a spring element in the seal paciceaxially compressed against one end of the
seal assembly. The seal assembly, in an embodimehtdes an annular elastomeric sealing ring,
an annular base ring attached to an end of thengaatg, an annular upper ring on an end of the
sealing ring opposite the base ring, wherein thimgplement engages the base ring. The spring
element can be made up of accordion shaped foldsrragated member, or Belleville washers.
Optionally, a pocket can be within one of the inaeouter tubular members that defines a lower
end of the seal pocket, and the spring elemendngpcessed between the shoulder and the seal
assembly. The wellhead assembly can also inclioekdown member that engages an upper end
of the seal assembly and defines an upper en@ skl pocket. The outer tubular member can be a

wellhead housing or a casing hanger; the innerlémlman be a casing hanger or a tubing hanger.

[0008] Also disclosed herein is a method of sealing ambusbetween an inner and outer tubular
member of a wellhead assembly. In one example dmmamt the method includes providing a seal
assembly with a spring member on an end of the ags#mbly, coaxially disposing the seal
assembly within the annulus and radially deforntlmgyseal assembly between the inner and outer

tubular member, and axially compressing the spmiegnber against the seal assembly.

[0009] Yet further disclosed is another example of a vegth assembly that includes an outer
tubular member, an inner tubular member coaxidhiwithe outer tubular member to define an

annular seal pocket between the outer and innetduimembers, a shoulder extending outward



[0008] Also disclosed herein is a method of sealing an annulus between an inner and outer tubular
member of a wellhead assembly. In one example embodiment the method includes providing a seal
assembly with a spring member on an end of the seal assembly, coaxially disposing the seal assembly
within the annulus and radially deforming the seal assembly between the inner and outer tubular member,

and axialiyoBe Rt assEIG ReISPIAENSITRRE 8RN Seiif FRRbRISRIMBT YR EOSERI YedErReT Sitlesesdal

another example of a wellhead assembly that includes an outer tubular member, an inner tubular member

coaxial WA Aft§yPIheRi H oS daP Reto Q%ﬂ?ﬁ?@l@ﬁ%@g‘%@%rﬁ@ﬁl‘%@ﬁ%@% the ewigs anthisesl
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tubular members, a shoulder extending outward from the inner tubular outer surface and defining a lower

end of thgRahBRCKGTdA SRR AR ABREHIN AN the R RPAIEHh SeFPHasHRIRRRN Jhengagement

with one of the ends of the seal assembly, and a lockdown member coupled to the inner tubular member,

defining gRelpar stk el e 368k BORIEM ERRHEF MY TH SIS 2EIA8 RASTANGAd S B alY RN tae

seal assembly and compress the spring element, which in turn exerts an axial force on the seal assembly.
compress the spring element, which in turn exertsaaial force on the seal assembly.



Brief Description of the Drawings: [0010] Some of the features and benefits of the present invention
having been stated, others will become apparent as the description proceeds when taken in conjunction
with the accompanying drawings, in which: [0011] Figure 1 is a side sectional view of a prior art wellhead
assembly. [0012] Figure 2 is a sectional view of a portion of a wellhead assembly having a seal assembly.

[0013] Figyrer Pisser piciemeripedivaniqys of the seal assembly of Figure 2. [0014] Figure 4 is a side
sectional view of a portion of an alternate embodiment of a seal assembly. [0015] Figure 5 is a side

sectional view of a portion of an alternate embodiment of a seal assembly. [0016] Figure 6 is a side partial

sectional ot Am el as enhad msaala Rt AR RIEG TAJh S asbamale ASpif "

of a seal L;\sse y in an undeforme Igure’/B71s a schematic™depiction of the sea

assembly of Figure 7A in ggf rmed st ,0%901 %Wh'le the inyvention wiw be described in connection with
the prefeneP R & S e Bt R RS W e b e
embodim&ntW %n Sthe (\:N%rgéﬁry it is intended to cover all alternatives, modifications, and equivalents, as
may be inCluded within the Spirit and scope of the invention as defined by the appended claims.

[0011] Figure 1 is a side sectional view of a prior artllhead assembly.

[0012] Figure 2 is a sectional view of a portion of a Wweldd assembly having a seal assembly.

[0013] Figure 3 is a side perspective view of the searabdy of Figure 2.

[0014] Figure 4 is a side sectional view of a portionmoaéternate embodiment of a seal assembly.

[0015] Figure 5 is a side sectional view of a portionmééternate embodiment of a seal assembly.

[0016] Figure 6 is a side partial sectional view of aermlate embodiment of a seal assembly.

[0017] Figure 7A is a schematic depiction of a seal asgemlan undeformed state.

[0018] Figure 7B is a schematic depiction of the sealrabbeof Figure 7A in a deformed state.

[0019] While the invention will be described in connectimith the preferred embodiments, it will
be understood that it is not intended to limititheention to that embodiment. On the contrarnig it
intended to cover all alternatives, modificatioasd equivalents, as may be included within the

spirit and scope of the invention as defined byappended claims.



Detailed Description of the Invention [0020] The apparatus and method of the present disclosure will now
be described more fully hereinafter with reference to the accompanying drawings in which embodiments
are shown. This subject of the present disclosure may, however, be embodied in many different forms
and should not be construed as limited to the illustrated embodiments set forth herein; rather, these

embodimgatsi R HeMifRbRLIARINS disdrsure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. Like numbers refer to like elements throughout. For the

convenience in referring to the accompanying figures, directional terms are used for reference and
illustratiojoonty. ey exparieishendireniiboal tfring spes@st "dRptusilievd'héadeyeribdkivwre snthihe like
are being used to illustrate a relational location. [0021] It is to be understood that the subject of the

present disglaefeiamot lendrthte thetesagiddeipinmoimp arisveliamiciperabodirasac erateralsnorThis
embodiments shown and described, as modifications and equivalents will be apparent to one skilled in

the art. I tingedtasftnesppaskapariiraline. sy ebas agtizstiRiareddyirmdnenefohadiarmnés ehiaot

subject disclosure and, although specific terms are employed, they are used in a generic and descriptive

sense onfe R salidardb arateansaled imdatiey deevdinabt hehdwbiert digalastieds tereigiradatbare

limited only by the scope of the appended claims. [0022] A portion of a wellhead assembly 38 is illustrated

in a side grefigaal sbewdnthigwieddbatdneilees aor g et sraxiallyisresrd peiacesimn sruter

tubular 42. The inner tubular 40 can be a production tubing hanger as well as a casing hanger; whereas

the outertidiaedforaid RRGE SaNMBdaNERs aFa WREhRRGHRBINGD MteaxamBlaStinceghassemdiids is
shown disposed in a seal pocket 46 formed in the space between the inner tubular 40 and outer tubular

42. The ses\RAfKAEEIn iIRGidRy 36 dRNARD wiﬁ@ aedirmal IeatRGFEa SN iET sRicbRATEON.
S

The sealing ring 50 of Figure 2 has an elliptically-shaped cross section and an optional connection band

51 showmyaxienmindlaypotwrisedhprethrelgife Aidrsrura GRruppatiathre o fiplevenershol she

sealing ring 50 makes up the lower portion of the seal assembly 44.

the like are being used to illustrate a relatidoahtion.

[0021] It is to be understood that the subject of the gmesdisclosure is not limited to the exact
details of construction, operation, exact materials embodiments shown and described, as
modifications and equivalents will be apparent te skilled in the art. In the drawings and
specification, there have been disclosed illusteagmbodiments of the subject disclosure and,
although specific terms are employed, they are ursadjeneric and descriptive sense only and not
for the purpose of limitation. Accordingly, thebgect disclosure is therefore to be limited only by

the scope of the appended claims.

[0022] A portion of a wellhead assembly 38 is illustrate@ side sectional view in Figure 2 that
includes an inner tubular 40 coaxially dispose@egipt an outer tubular 42. The inner tubular 40
can be a production tubing hanger as well as ag&singer; whereas the outer tubular 42 can be a
casing hanger or a wellhead housing. An exampdesefal assembly 44 is shown disposed in a seal

pocket 46 formed in the space between the inneitaud0 and outer tubular 42. The seal pocket 44



[0023] In one example, the sealing ring 50 is made up of an elastic material that is deformable when
disposed in the annulus 44 between the inner tubular 40 and outer tubular 42. Example materials include
elastomeric polymers, elastomers, polymers, as well as other substances, softer than the material of the
inner tubular 40 and outer tubular 42. The upper ring 48 can be formed from a material having strength
propertie ghaadardhaimHigasainer ring 2@ and ﬁ'é’é’r%@éaﬁﬁ?@@f émyngrrﬁv@b@rtiéﬂ A O fbvikag 42.
Example metals include steel, stainless steel, carbon steel and similar alloys. [0024] A spring element 54

is shownsteperifinedomaba PeaminaI5snapeaia s dipesrling tpa G TonsesnshahameB154heivn

Figure 2 includes a series of folds 55 that form an accordion or bellows arrangement capable of storing

potential epereyigeerigiMiRe ansreneasash. ManeserRERIaN thahasR AT BB EPERE Blamestahare

formed from materials the same or similar to the materials of the upper ring 48. Forming the spring
element 5 drem matesals fiayiooarighisiesaitiabpgismelastic forms a spring-like element that
when compressed will exert a force substantially parallel to the wellhead assembly axis A. [0025] A
shoulder 56 is shown provided with the inner tubular 40 that projects radially outward from the tubular 40

and defirep2BE wwee erdaptbetsedepniekpling 50 ssahawe b eRplirhelemanttd is &forndesting«n the

shoulder 56 and a lockdown member 58 is pressed downward against the upper ring 48. The lockdown

member §gpsdiesratRerapreisy adases @it ihtheaphasseBtinirdoteictabu e SnriEy Aeme M aé iiale
compressed configuration. Since the spring element 54 is a resilient member, compressing the seal

assemblyr4 betwreidie IRCBRMMERReBIBEIdMaBd ShIgHIERIRE Soreman sutalieectegitatentianterce

within the seal assembly 44. The spring element 54 exerts the retention force upward against the seal

assemblyfite AAEFARPIARSIV QLIIGE TIoMaitE doekd vuie Mherhandiey e eanine stemeret fdrradially
deforms the sealing ring 50 so it is in contact with both the inner and outer tubulars 40, 42. [0026] A

perspectiyidayl paathg*arepigR prepbases aNxidf tearERdR Hhhigorant fieshiomnhaidgresiznand 3,
the seal assembly 44 outer circumference is substantially planar along the respective outer surfaces of

the Uppefdﬂlﬂa‘}&@%@id iBGt_@Q ﬁ!ﬂﬂjI%trp_@_Et.iOVE%Hﬁ‘ﬁl@QﬁQté{ﬁQb@s@@W%YﬁmIHB% i_@f@l?éﬂ%@t@‘@ el
assembly 44 includes a series of transitions along the upper ring 48 to change its inner radius.

AdditionalyifhedNpgs radius of the seal ring assembly 44 is reduced adjacent the seal ring as the mid
portion of the seal ring 50 juts inward towards the axis Ax. It should be pointed out, however, that other
seal ring embodiments can be included with the present disclosure, wherein the sealing or elastomeric

portion of tbesemispsrr MRt DetvAttdiydnuiat o thesbwgr 4y ocppd siespanerse afitheingal

ring assembly 44, other than the seal ring, can have substantially planar surfaces on their inner and outer

radius, osmclute iBpahgslcdtteit radial Tifare Navinad@asstion sorsbsshtRier R bbbatirnae
example of a seal ring assembly 44A is shown in a side sectional view in Figure 4. In this example, the

retentionyeROWRS A A4 ERIEIe: BREIASETIOD BhG Woed faREHIessHR Wtrlfeompreiskis®idal shaprdmpless

section. Similar to the flat folds 55 (Figure 2), compressing the curved members 60, stores energy when
in the cofprpasedinigithal EiSmeEEmartTIesRIIHBERM EREIRIRSIHE Ba &b eshnNng: auvle fiteids

spring element 54A. Another example of a seal assembly 44B is
of the upper ring 48. Forming the spring elemehtrbm materials having a high strength that are
also elastic forms a spring-like element that wt@mpressed will exert a force substantially pakralle

to the wellhead assembly axig A

[0025] A shoulder 56 is shown provided with the inner tab40 that projects radially outward
from the tubular 40 and defines the lower end efdbal pocket 46. As shown, the spring element
54 is shown resting on the shoulder 56 and a loskdoember 58 is pressed downward against the

upper ring 48. The lockdown member 58 appliesragressive force on the seal assembly 44 to



shown in a side sectional view in Figure 5. In this example, the spring element 54B includes a series of
stacked Belleville washers 62, that similar to the curved members 60 and flat members 55, are elastic and
resilient so that potential energy is stored therein when compressed that then in turn exerts a retaining
force throughout the seal assembly 44B. [0028] In one example of use of the seal assembly described

herein, theaatiassphtkieféhie sisaaedcyiftprea saRbifi?!. ASMEWRe SR MY BRNAI SYiRTdvBsIRO,

42. While remaining fixed in place, a lockdown member 58 pushes on an end of the seal assembly 44 to

compresg & 5eFingdRipraesirkftABLaara RAIRBIA AN BV BGsaiH SARe REARBlesY aleckdewndnember
can be found in U.S. Patent No. 4,949,787, which is assigned to the assignee of the current application. It

should bepeiatad aulnptirkersativepmbemiroe N mbtieealsasmsy aly. 4R MoR therfesartiats

member 54 can be on the upper end and on the side of the seal assembly 44 opposite the shoulder 56.

Additionalhy ifeerisMRICENPURRX IR ARE fie Y rhosidaniamvEifRghas SRRl RO (HeNBRIISAN an

outer tubular 42. In one embodiment, the lockdown member 58 is coupled with the tubular on which the

shoulder B isor e dnl@er M SHoMAY B arikla BarfialianghRahy WAl 9iE SIS FRMNATBIREMR Rif 2

seal assembly 44A. The seal assembly 44A illustrated includes a base portion 64 that is shown

dependingoitpfRdnadewsr@oitiRn Ridhraeatingsing 50A. Slots 66 are provided in the base portion 66

along its entire circumference. The slots 66 are arranged in rows 68, where each row 68 is at a different
height within the base portion 64. In one example, the slots 66 within adjacent rows 68 are staggered

from one[apg8pex pisp EaVIEIORRID dha e sRETale ObFigue Sse By pevided BRI a3 epd shignsaaling

ring 50A opposite the base portion 64. The upper ring 48A profiles inward at a transition shown disposed

a distanceigpmare s theeseadings sesm YAl B Reigmiess ShiskapsaRpsliaTarbRIRtIR tEapsitnne
Ridges protrude radially outward from the upper ring 48A fro its reduced thickness portion. [0030] Figure

7A schergatispl)fieRic's phexaspeieriip sl aasenib dpdarisef iRl seanty Ve 8N efe

tubular 40 and an outer tubular 42. In this embodiment, a lockdown ring 58 (Figure 2) has not engaged

the upperying 48reftherentassaniaeiiol] i nihednasasiakipisaarplissHy the sppLinthushe

spring 54 and the seal ring 50 are both in a generally undeformed state. In an undeformed state, gaps

may existRghyesistithENpARNY, OB WEHEIRS, thfeSealdiiissS0r aRE Sininiiey RNy WaYRredledd-

Referring now to Figure 7B, the lockdown ring 58 has engaged the seal assembly 44 applying an axial

force F thajifeuns #e 2dallyirgrarrarsedidpbracinty saf Yo rakrindaif ol d3dis dsigrmation of

the seal ring 50A bulges its inner and outer walls outward into sealing contact with the inner and outer

tubulars 4fofit BEPESNRITYGE FoRleRdPriarotRE IEgRbAnISHREBEH BRI R RIY Wfﬁ*ﬁi%‘éﬁ@?éﬂia'

energy is stored. Thus over time with variations in temperature that can contract the tubulars 40, 42 and

reduce theHRGNIIARINEER IPEREallRg BXIBINSREHITAH0R I A CRLEXIANHIG) SaNEth ARy

deformation of the seal ring 50A and sealing between the tubulars 40, 42.
inwardly and outwardly, and components of the saglassembly 44, other than the seal ring, can

have substantially planar surfaces on their inndrauter radius, or include inner and outer radial

surfaces having transitions on both sides.

[0027] An alternate example of a seal ring assembly 44Adsvn in a side sectional view in Figure
4. In this example, the retention member 54 isengmlof a series of curved members 60 that form a
sinusoidal shape in cross section. Similar toffdtefolds 55 (Figure 2), compressing the curved
members 60, stores energy when in the compressedisat then exerts a corresponding axial force

in both directions away from the spring element 54/&other example of a seal assembly 44B is



[0031] The present system and method described herein, therefore, is well adapted to carry out and attain
the ends and advantages mentioned, as well as others inherent therein. While a presently preferred
embodiment has been given for purposes of disclosure, numerous changes exist in the details of
procedures for accomplishing the desired results. These and other similar modifications will readily

suggest GiesnaeiMesdREasaiskipddn tneraglirars! assrignsied e kp R elRrsReshwithiLtessPEdrRidhe

present invention disclosed herein and the scope of the appended claims. Claims What is claimed is: 1.

A wellheag aesaw i QRIVMESNGS RS} BEENREURNhTRRRPEve R MiEBE s ds MasTRP AIGABXIR] Bithindhe
outer tubular member relative to an axis of the outer tubular member; a seal pocket between the inner

and outep[abytas aErBSRET tasbaRaIsh Al AS B EREht ERFhPRAKALCRMSbressed that then in turn

exerts a retaining force throughout the seal asse#dB.

[0028] In one example of use of the seal assembly desiniéein, the seal assembly 44 is disposed
within a seal pocket 46 between an inner and dubedar 40, 42. While remaining fixed in place, a
lockdown member 58 pushes on an end of the seandibg 44 to compress the spring element 54
and store potential energy therein. One exampdatkdown member can be found in U.S. Patent
No. 4,949,787, which is assigned to the assignéeeafurrent application. It should be pointed out
that alternative embodiments of the seal assentbékist where the retention member 54 can be on
the upper end and on the side of the seal asseldgposite the shoulder 56. Additionally, other
embodiments exist wherein the shoulder on whiclséz¢ assembly 44 rests is on an outer tubular
42. In one embodiment, the lockdown member 58upked with the tubular on which the shoulder

56 is formed.

[0029] Shown in a side partial sectional view in Figuis &other example of a seal assembly 44A.
The seal assembly 44A illustrated includes a lpasgon 64 that is shown depending from the

lower portion of the sealing ring 50A. Slots 66& arovided in the base portion 66 along its entire
circumference. The slots 66 are arranged in rdBysvBiere each row 68 is at a different height
within the base portion 64. In one example, tbes€6 within adjacent rows 68 are staggered from
one another. Also provided in the example of Fedirs an upper ring 48A on an end of the sealing
ring 50A opposite the base portion 64. The uppey 48A profiles inward at a transition shown

disposed a distance upward from the sealing ridgféfiming a reduced thickness portion above the

-10-



a spring element in the seal pocket and axially compressed against one end of the seal assembly. 2. The
wellhead assembly of claim 1, wherein the seal assembly comprises an annular elastomeric sealing ring,
an annular base ring attached to an end of the sealing ring, an annular upper ring on an end of the
sealing ring opposite the base ring, wherein the spring element engages the base ring. 3. The wellhead

assemblyrghelan. 1. RitigasihibE SRR VU FRRIPHIERE BSiesieR R asroidPRsShanepitisckAedse
wellhead assembly of claim 1, wherein the spring element comprises a corrugated member. 5. The

wellheadssgembly of claim 1, wherein the spring element comprises Belleville washers. 6. The wellhead
assembly of claim 1, wherein one of the inner and outer tubular members has a shoulder, defining a lower
end of the seal pocket, and the spring element is compressed between the shoulder and the seal
assembly0030] Figure 7A schematically depicts an example of & aesembly 44 disposed in the space
between an inner tubular 40 and an outer tubular 42this embodiment, a lockdown ring 58
(Figure 2) has not engaged the upper ring 48 ofétad assembly 44. Thus without an axial force
applied to the seal ring 50, the spring 54 andstad ring 50 are both in a generally undeformed
state. In an undeformed state, gaps may existdegtwhe inner and outer walls of the seal ring 50
and the inner and outer tubulars 40, 42. Refemiog to Figure 7B, the lockdown ring 58 has
engaged the seal assembly 44 applying an axiag¢ fBrthat forms an axially compressed and
radially deformed seal ring 50A. The radial defation of the seal ring 50A bulges its inner and
outer walls outward into sealing contact with thwear and outer tubulars 40, 42. The axial force F
also forms a compressed and deformed spring 544hich potential energy is stored. Thus over
time with variations in temperature that can castttiae tubulars 40, 42 and reduce the magnitude of

the force F, the axially deformed spring 54A capand to maintain radial deformation of the seal

ring 50A and sealing between the tubulars 40, 42.

[0031] The present system and method described hererefane, is well adapted to carry out and
attain the ends and advantages mentioned, as svethars inherent therein. While a presently
preferred embodiment has been given for purposessofosure, numerous changes exist in the
details of procedures for accomplishing the degiesdlts. These and other similar modifications
will readily suggest themselves to those skillethanart, and are intended to be encompassed within

the spirit of the present invention disclosed heseid the scope of the appended claims.
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7. The wellhead assembly of claim 6, further comprising a lockdown member that engages an upper end
of the seal assembly and defines an upper end of the seal pocket. 8. The wellhead assembly of claim 1,
wherein the outer tubular member is selected from the list consisting of wellhead housing and a casing
hanger and wherein the inner tubular is selected from the list consisting of a casing hanger and a tubing
hanger. 9. A method of sealing an annulus betwegrgandnner and outer tubular member of a wellhead
assembly, the method comprising: providing a seal assembly with a spring member on an end of the seal
assembly; coaX|aIIy dlsposmg the seal assembly within the annulus and radially deforming the seal
assembl rlaRSHAHRT and outer tubular member; and axially compressing the spring member
against the seal assembly. 10. The method of claim 9, wherein axially compressing comprises: with a

lockdown membeselirpiving scdtwpo@ithiaeryon the seal assembly, the downward force passing
through the seal assembly to the spring element.
an outer tubular member;

an inner tubular member coaxial within the outdrular member relative to an axis of the

outer tubular member;
a seal pocket between the inner and outer tulouganbers;
an annular seal assembly in the seal pocket; and

a spring element in the seal pocket and axiallnm®ssed against one end of the seal

assembly.

2. The wellhead assembly of claim 1, wherein thal sssembly comprises an annular
elastomeric sealing ring, an annular base ringlagighto an end of the sealing ring, an annularmuppe
ring on an end of the sealing ring opposite theslvagy, wherein the spring element engages the

base ring.

3. The wellhead assembly of claim 1, wherein thimggelement comprises a series of accordion

shaped folds.

4. The wellhead assembly of claim 1, wherein thengpelement comprises a corrugated

member.

5. The wellhead assembly of claim 1, wherein thengpelement comprises Belleville washers.
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11. The method of claim 9, wherein one of the inner and outer tubular members has a shoulder extending
across the annulus and the spring member is compressed between the shoulder and the seal assembly.

12. The method of claim 9, wherein the step of axially compressing comprises, with a lockdown member,
applying a downward force on the seal assembly, the downward force passing through the seal assembly

to the spring elrnBaNEIIWESHEHR 510 19 BEcANAr aRthevs: Braseihmarabers iap mishav Rheestas a
across the annulus and the spring member is compressed between the shoulder and the seal assembly,

and wherghg (e BE MG ATERES St BRETd dedis akdh e Wsingah 8REI N ESHRIRE L aaR rARSATIRY IS

coupled with the outer tubular. 13. The method of claim 10, whereln the inner tubular member is selected
from the §pbemisisting weaskiingdanssy and a casing hanger and the outer tubular that is selected from
the list consisting of a wellhead housing and casing. 14. The method of claim 9, wherein the spring
member is selected from the list consisting of accordion shaped folds, a corrugated member, and
Belleville WashEs. WRNFRE ARIABIPY: QLIRS AHEFS OSP4 ﬁé@@k%WEdﬁ%ﬂESé HiRkrpggaRsan

sealing ring. 16. A seal assembly com&r/isin : an annular elastomeric sealin% ring and inner and outer

sides and'BRPOSIMY Yrils sR@RAREPRMWaBH BRIINFTRRMPEEREIGRRal pocket.

8. The wellhead assembly of claim 1, wherein therowbular member is selected from the list
consisting of wellhead housing and a casing haagémwherein the inner tubular is selected from

the list consisting of a casing hanger and a tuhangger.

9. A method of sealing an annulus between an iandrouter tubular member of a wellhead

assembly, the method comprising:
providing a seal assembly with a spring membearoend of the seal assembly;

coaxially disposing the seal assembly within thawdus and radially deforming the seal

assembly between the inner and outer tubular merahdr
axially compressing the spring member againsséa assembly.

10. The method of claim 9, wherein axially compmegTomprises: with a lockdown member,
applying a downward force on the seal assemblydtvenward force passing through the seal

assembly to the spring element.

11. The method of claim 9, wherein one of the irsreat outer tubular members has a shoulder
extending across the annulus and the spring meimloempressed between the shoulder and the

seal assembly.

-13-



an annular upper ring on an end of the sealing ring  an annular base ring attached to an end of the
sealing ring on an end of the sealing ring oppositethe base ring; and a spring element provided on an
end of the base ring opposite the sealing ring, so that when an axial force is applied to the upper ring and
directed towards the sealing ring, the sides of the sealing ring deform outwardly away from one another

and the SQ‘QDg'ﬁ#@ﬁ%@@mﬁ@éﬁﬁ@t%@é@&ﬁfﬁ@ﬁ@@@f&fﬁﬂ?fbsﬂﬁgﬂ%ﬁﬁﬁ@eaéﬁﬁmbéylééldﬂimwlﬁ,
a

wherein the upper member is configured for engagement wi ockdown member for applying the axial

force to theerna! Hpplyikg: af A6VARRhASF6FER e ajaallisyiirecio Witnvand @i se1Has SRR wpPasite

the lower ring is configured for engagement with a shoulder attached to a tubular member. 19. The seal

assemblyehriaigbifbiy eiek firisiiernidhe SaRliRaiBaRITARSHEHERE (Rl SemiNgrangRdssTe Rkt a

wall of a tubular.
shoulder extending across the annulus and thegspramber is compressed between the shoulder

and the seal assembly, and wherein the tubularpeeenan inner tubular and an outer tubular and

wherein the seal assembly is coupled with the dutauxlar.

13. The method of claim 10, wherein the inner tabalember is selected from the list consisting
of a tubing hanger and a casing hanger and the tuelar that is selected from the list consisting

of a wellhead housing and casing.

14. The method of claim 9, wherein the spring manibeelected from the list consisting of

accordion shaped folds, a corrugated member, aheMBle washers.
15. The method of claim 9, wherein the seal assgotrhprises an elastomeric sealing ring.
16. A seal assembly comprising:

an annular elastomeric sealing ring and innerautdr sides and opposing ends extending

between the inner and outer sides;
an annular upper ring on an end of the sealirgy rin

an annular base ring attached to an end of thengaang on an end of the sealing ring

opposite the base ring; and

a spring element provided on an end of the bageopposite the sealing ring, so that when an

axial force is applied to the upper ring and deedbwards the sealing ring, the sides of thesgali
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20. The seal assembly of claim 16, wherein the spring element is selected from the list consisting of
accordion shaped folds, rows of slots, a corrugated member, and Belleville washers.

ring deform outwardly away from one another andsjueng element compresses to retain stored

energy therein.

17. The seal assembly of claim 16, wherein the upgenber is configured for engagement with a

lockdown member for applying the axial force to thpper ring.

18. The seal assembly of claim 16, wherein theafrspring element opposite the lower ring is

configured for engagement with a shoulder attacbedtubular member.

19. The seal assembly of claim 16, wherein thessadléhe sealing ring are configured for sealing

engagement with a wall of a tubular.

20. The seal assembly of claim 16, wherein thengpelement is selected from the list
consisting of accordion shaped folds, rows of slatsorrugated member, and Belleville

washers.
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