SOFT SKIN METAL SEAL AND TECHNIQUE OF MANUFACTURE Field of the Invention [0001] This
invention relates in general to wellhead assemblies and in particular to a localized heat treating
process that selectively softens the outer skin surface of a metal seal for improved sealing when
deformed. Background of the Invention [0002] Seals are used between inner and outer wellhead
tubular members to contain internal well pressure. The inner wellhead member may be a casing

hanger located in housing a a tring of casing e ing into the well. A
seal or packoff se%ﬁﬁgghnﬁigw W?&n%%&nﬁﬁ%ﬁﬁ@%é&%éﬁ&&%ﬁl ly, the inner
wellhead member could be a tubing hanger that supports a string of tubing extending into the well for
the flow of production fluid. The tubing hanger lands in an outer wellhead member, which may be a
wellhead howsing R (BslBAGSFEE, Or a tubing head. A packoff or seal seals between the tubing

hanger and the outer wellhead member. [0003] A variety of seals located between the inner and outer
wellhead members have been employed in the prior art. Prior art seals include elastomeric and

partially metphaiid SRSIgBHRIH SRl PHTRAIIIVERRL AILRMLEMETA| fardelTINg a

metalto-metal seals ("MS") are also employed. The seals may be set by a hydraulically activated

running tool Qe AREYAHBAPESSING [53/0easa A EEINEI0BEHEENE SIS PHGRSIIBRE AU AomiaRg type of

prior art metal-to-metal seal has seal body with inner and ‘outer walls separated by a cylindrical slot,

forming a "UsshiaBe ifipr6 0689y when deformed.
Background of the Invention

[0002] Seals are used between inner and outer wellheadatumembers to contain
internal well pressure. The inner wellhead menmbay be a casing hanger located in
a wellhead housing and that supports a string singaextending into the well. A
seal or packoff seals between the casing hanger thadwellhead housing.
Alternatively, the inner wellhead member could b&uking hanger that supports a
string of tubing extending into the well for thew of production fluid. The tubing
hanger lands in an outer wellhead member, which by wellhead housing, a
Christmas tree, or a tubing head. A packoff ot seals between the tubing hanger
and the outer wellhead member.

[0003] A variety of seals located between the inner artdranellhead members have
been employed in the prior art. Prior art seattuthe elastomeric and partially metal
and elastomeric rings. Prior art seal rings madeedy of metal for forming metal-
to-metal seals ("MS") are also employed. The spwy be set by a hydraulically
activated running tool, or they may be set in resgoto the weight of the string of
casing or tubing. One type of prior art metal-tetah seal has seal body with inner

and outer walls separated by a cylindrical slotimiag a "U" shape. An energizing



ring is pushed into the slot in the seal to deform the inner and outer walls apart into sealing
engagement with the inner and outer wellhead members, which may have wickers formed thereon.
The energizing ring is typically a solid wedge-shaped member. The deformation of the seal's inner and
outer walls exceeds the yield strength of the material of the seal ring, making the deformation

permanent. Hayeyeudhedaithel et ifngicandautedsamavialir Maydetikp Weadhepaasinseal
possible because the metal comprising the seal is relatively hard. A dilemma however exists because

the seal musicilfad e riigytorieindigtthervcehanicaldoadieit (sairiaetedts, [RRH Mmagathexists for a
technique that addresses the seal issues described above. In particular, a need exists for a technique
to improve thgsieatingearabitite @losealsTwEhert e§iTREO MR NG idgilpad sapaciteabErstigaldThe
following technique may solve these problems. Summary of the Invention [0005] A heat treatment
process will hrepitdied the seefbrenatifacefofire metaldoimesal sa@ruaeddnexseatiasaambiygidrhe heat
treatment reduces the hardness locally at the sealing surface area. Induction heating coils that direct
heat input tostirerggthling stdaceatéaatoniralied sus armylilizekify costsptfiagdieabenpidiorthe sealing
surface of the seal, it is possible to cycle between upper and lower critical transformation temperatures
that result inHiomaiéan bspbrrordaf cagbidesraiiiedatsicsaitivnal thetseavitikisiaitiestresiral
change extends to a finite width established by the total sealing area and will be limited to a
subsurface qrpisilsitbe0aUBeAe Maxintomdisnyitie ctakitrreg Hagionwdilde fixeddvévee depth
will be directly proportional to duration of exposure to peak temperatures. This depth will vary relative

to the amoumix@ftstbekanstetial syabvaldshalsoibb dabtnoveiiwintcabmaahiomgsani alsojettée
strength requirements in the sealing area. It is advantageous to reduce strength of the sealing surface

to approximagely a yield strength in a range of 25 to 35, while retaining a range of 50 to 70K yield
strength of the base material. Base material utilized for this invention may be standard AISI G1030 low
carbon steel[adtupA aserallexigiel dstrengthvibappriexiraaidiy S §R066E) s sted @disetnhtyolsdocated
between a wellhead housing having a bore and a casing hanger. The housing is typically located at an
upper end ofa peati culdrservressdsexis i fer \wadobaibone nobenpTine csitigdraapabiias @nsgalgard
facing shoulder for supporting a lower portion of the seal assembly. A metal-to-metal seal assembly
has an innengidadlegwitipramisney wWedl kealingpgeitysbthbeydic@hiedoilaliobcasihgibasgengnd an
outer seal leg with an outer wall surface that seals against wellhead housing bore. The seal surfaces
have been ssiteratidyctbeddarntseatment process explained above. The seal legs form a U-shaped
pocket or slot. An extension extends downward from the outer seal leg and is connected to a nose ring
having a downward facing shoulder that rests on the casing hanger shoulder to provide a reaction
point for settghupergtoithe 00Xt fock ring retained within a recess formed in an upper interior
portion of the nose ring holds the seal to the nose ring and allows for retrieval. An upward facing
shoulder formed on an upper portion of the nose ring contacts the lower surface of the inner seal leg.
The upward [je@d3j Ahbetetréatraptacrddasthevibwer spplsast thianggzsitirgoapefadionstahtbresists the
forces exerted during setting operations.

metal seal used in a seal assembly. The heatieeatreduces the hardness locally at

the sealing surface area. Induction heating ¢b#s direct heat input to the sealing
surface at a controlled rate are utilized. By omhhg heat input to the sealing
surface of the seal, it is possible to cycle betwegper and lower critical
transformation temperatures that result in forrmatad spheroidal carbides in the
ferrite matrix of the seal. This microstructurdlange extends to a finite width
established by the total sealing area and willilnéed to a subsurface depth of 0.500
inches maximum. The width of softened region Ww#l fixed but the depth will be

directly proportional to duration of exposure tcakdgemperatures. This depth will



[0008] When an energizing ring is driven into the U-shaped slot of the seal legs, the seal legs are

forced outward into sealing engagement with the inner and outer wellhead members. The softened
sealing surface deforms against the wellhead members. Wickers formed on the wellhead member
surfaces bite into the softened sealing surfaces of the seal. This provides an improved seal. [0009]

Decoupling hghaegigss & the meietial bseddexk sealithrAshiom saleli ¥l sesm doebaaallmel

mechanical loads allows for damage tolerance and lockdown performance combinations that are not
possible withrinieaegosRdtgRethorealse [CAdHdtns psafeantagerih tRisavgntigsethatt is

manufacturing a varied strength seal is relatively simple and less costly than a design that attempts to

achieve the sginghtagebariod atiibcéestiuageh cladringauin@daver sisprakihmaaierial. Fierther,

sealing is improved without compromising mechanical load handling capacity. [0011] It is desirable to

machine anrygtepG@als Hoenhwhesnengs) maleriisirsigegRasiGd lRadoRquERMBRIAJtAMOPressure
and thermal growth continue to increase. A seal body material of varying hardness through its

cross-sectiofhgolygsethnasstigs bpasevidine darelatively soift ibikstiin fatyinber atadduickexibite and
damage tolerance while providing a harder inner shell for handling repeated extreme pressure and

mechanical igadsoBoef E2eboripiterlalitreairasvinged Q1 e weabis exhaatenaoiew of a seal
assembly with the softened sealing area, in an unset position, in accordance with an embodiment of

the inventiorfo[i] 3 Sigarassisna e iakaedeat tinndenes welhe se Hgssnngyairbbigused i a set

position, in accordance with an embodiment of the invention;
casing hanger. The housing is typically locatedratipper end of a well and serves
as an outer wellhead member. The casing hangearhagpward facing shoulder for
supporting a lower portion of the seal assemblymdtal-to-metal seal assembly has
an inner seal leg with an inner wall sealing agathe cylindrical wall of casing
hanger and an outer seal leg with an outer wafasarthat seals against wellhead
housing bore. The seal surfaces have been softendde heat treatment process
explained above. The seal legs form a U-shapekigp@e slot. An extension extends
downward from the outer seal leg and is conneaeariose ring having a downward
facing shoulder that rests on the casing hangarldaoto provide a reaction point for
setting operations.
[0007] A lock ring retained within a recess formed in gper interior portion of the
nose ring holds the seal to the nose ring and allimw retrieval. An upward facing
shoulder formed on an upper portion of the nosg contacts the lower surface of the
inner seal leg. The upward facing shoulder is @tted by the lower surface during
setting operations and resists the forces exernadglsetting operations.
[0008] When an energizing ring is driven into the U-shapled of the seal legs, the
seal legs are forced outward into sealing engageméh the inner and outer

wellhead members. The softened sealing surfacermdsf against the wellhead



[0014] Figure 3 is a sectional view of a heating coil for softening the seal area of the seal, in
accordance with an embodiment of the invention. Detailed Description of the Invention [0015]
Referring to Figure 1, a portion of a seal assembly is shown between an outer wellhead member, such
as a wellhead housing 10 having a bore 12 with wickers 14 formed thereon and an inner wellhead

member, sughertreEasINgiElgefolBddtid WighkeivalhéinarkabaaRE Bty PRYiaNe HoremedLo is
typically located at an upper end of a well and serves as the outer wellhead member 10. Alternately,

wellhead hodsigihgaeralcbbaftidEEhEPTRIOpoUbES IR ead casing hanger 18 could instead
be a tubing hanger, plug, safety valve, or other device. The casing hanger 18 has an upward facing

shoulder 19 fonsaiPpettiprigwes Rartiaesy Bialreal assrinbbsed\@iatp bt TRiahaealigissssbly has
an inner seal leg 22 with an inner wall 24 sealing against the cylindrical wall of casing hanger 18. Seal

ring 23 has aorouigngrad leghdbhatitican ouvierswalllsudade 28dhaiasr@iaAgainahyellberddwausing bore
12. The wall surfaces 24, 28 may be curved and smooth and may be softer than the material of the

remainder ohéoserlitegdcdinbinativiod tehthesatepedsibiamnichenval sudaces 2dak8 may be fixed

and the depth will vary as required by the application. For example, this depth will vary relative to

amount of stitk O)atesialremexaidhatorithkeinemsisd watfiminureiirngattheteasagiingeaBignd also

on the strength requirements in the sealing area. The process for achieving these softened wall
surfaces 24, rafuvtifesixprineadudbsr disiow t{R01 6] Sesidaoatddnptsofseahing2thtorvame

U-shaped pocket or slot 30. An extension 32 can extend downward from outer leg 26 and may have a

threaded conmectianicdl. Ahemxtensionsghhatadaynwiaid datngesirtdendtzilat restgtheran upward
facing shoulder 38 formed on a nose ring 37. The threaded connection 34 connects the seal ring to the

nose ring 37sdalimgas popiaved wittmrinosm prghiisitg ondtieanivadrd dadingystapadiy 19 of the casing
hanger 18 to provide a reaction point during setting operations. An annular tab 40 protrudes upward
from the nog@0IY &7isaide sicai@lioventichthecadiediosnseatioirdh higtanmylar iedtelibtonriacts a

lower surface 42 of the inner seal leg 22.
mechanical load requirements from pressure andnlegrowth continue to increase.
A seal body material of varying hardness througltibss-section solves the issues by
providing a relatively soft outer skin for improvedcker bite and damage tolerance

while providing a harder inner shell for handlingpeated extreme pressure and

mechanical loads.

Brief Description of the Drawings:

[0012] Figure 1 is a sectional view of a seal assemblf wie softened sealing area,
in an unset position, in accordance with an embedirof the invention;

[0013] Figure 2 is an enlarged sectional view of the asaémbly in Figure 1 in a set
position, in accordance with an embodiment of tivention;

[0014] Figure 3 is a sectional view of a heating coil $oftening the seal area of the

seal, in accordance with an embodiment of the ifioen

Detailed Description of the Invention



[0017] Referring to Figure 2, an energizing ring 41 is typically forced downward by a hydraulically
actuated running tool (not shown) or the weight of a string to force it into the slot 30. The energizing
ring 41 deforms the inner and outer seal legs 22, 26 of the seal body against the outer wellhead
member 10 and the inner wellhead member 18. The softened wall surfaces 24, 28 of the seal legs 22,

26 facilitate foeirsjeterali)Boaigsievickepprabiesfld. KhphtRe puigicd budiews|headmembers

10, 18 to effect a seal. [0018] Referring to Figure 3, an embodiment of the invention shows a portion of

the seal ring\asthtgiheehtinatnethpsecasydRRcafiaibngi 1voah auraees 24vi8 widkerser] legs 22,
26. Induction heating coils 50 may be wound around circumference and inner diameter of seal ring 23

such that indfagtied heetisarceilsddarare it candiipbai hreeal ing Wedcidaeasg2Aargelndgcligm coil
leads 52 connect coils 50 to an electrical power source 54. Source 54 supplies and controls power
input to the eaitke iR0ofekenéel eminldheherptipivhio Hisuwimtis utisicasiythcale € e g lsiaeen
upper and lower critical transformation temperatures of the metal of seal ring 23 causes a
microstructuediccangevislitkeiatatiakcampiisiogitiesemeng Aibbbirade eleysiesvalmehd about
one hour per square inch of maximum cross section and typically only one cycle is required is
performed. Gidtigly atsiesmation terpRigiepois hiepThtivihese aignitiasnigmicingdiucBiicotignges
occur. Since heat treatment is a function of time and temperature these microstructure changes can
manifest at thstese bteapesaigradngerxphsg dsalidhpt oumesaturevice a Pngeadingtivngeby @xposing
the steel to higher temperatures for a shorter period of time. These microstructure changes entalil
transformingh@srardepiram faaingllsh fieadite Iadinngrpitnaghaditso cidical tenstumasemisiyiperature
range is 1340F to 1495F for AISI G1030 steel. Other grade possibilities may be AISI H4130 or H8630.
Critical temparaforel fo-mtdl 4530 i3S9y thaltQnFnmed feybBo3th ihis ihdebvtdl RU68EaltrNeroidal
carbides are formed in a ferrite matrix comprising the seal ring 23. This microstructural change can
extend to a figjtenwicithe( OMind@stabligiiedftyatingdiahgealiB airaagvaliciais alebueer e thdsgpating wall
surfaces 24, 28, and can be limited to a subsurface depth ("D") of 0.500 inches maximum on sealing
wall surfacesvith tiscrrdrogaenirfiee\vegtthdy séabftagaithsgied bossiatingorall gurfaesvadl 28 may
be fixed while the depth D can be directly proportional to duration of exposure to peak temperatures.
Depth D maywday ¢sl2uy 2B raanpbst afrsttlanthignabtie ranslahidngitayilham e onatknal fofaheachining
and also on the strength requirements in the sealing area. In this embodiment, seal legs 22, 26 are
approximatetg&indehnes thicksealring 2¥tenee negltn chthbiexed rdeidn Dfttiad exdd rwlgfiicesghout
(0.500 inches) the thickness of each of the legs without having a detrimental effect on performance.
However, the4hienessyobeefikbeha2a, the rdapthanyilvitagppbcrtginbitenaippiyatios deptir D could
be less than the thickness of the seal legs 22, 26 and thus have a depth in a range from 0.2 to .5
inches. [0018kaimplea sk snddptialvitilizay feldhecstnbimdoistidaknplate mdlodmerdl ket belldbendard
AISI G1030 low carbon steel with an as-rolled yield strength in a range of 40 to 50K and an ultimate
tensile strengtmiove daongéradl SO dohifikg Tofe sty spgthriohtle sdmbiranwiad strdagés 242 mdnested to
the heat treatment process described above, may be softened to obtain a yield strength in a range of
25 to 35K. Timethensaialiiey afehe Jded proc2Sanfutr atdoeahigpt Bedthaattrealtrsarfapesc24s 28taiitls a yield
strength of approximately 60K. The base area of seal 23 from the bottom of slot 50 downward should
be approximbeedxplaine o figitrenfetbatrength level. This variation in yield strengths allows seal ring
23 to retain mechanical load capability while improving sealabilty of the sealing wall surfaces 24, 28
due to their §00i§] tS elmfdegsmtite 2asdy agalinshwieke forofilditdhapeckgber, datfdce haminess of
softened region may be approximately in a range from HBW 90 to about HBW 110 and other
non-softene@xteasaonadh aan acstieiad edoavdnesd ifrappmxiendiehp@drangy fneveHS \Wh E30lexl about
HBW 150.

connection 34. The extension 32 has a downwaiddahoulder 36 that rests on an

upward facing shoulder 38 formed on a nose ring 3he threaded connection 34
connects the seal ring to the nose ring 37. A tqweetion 39 of the nose ring rests on
the upward facing shoulder 19 of the casing had@eto provide a reaction point

during setting operations. An annular tab 40 pies upward from the nose ring 37



[0020] This written description uses examples to disclose the invention, including the best mode, and
also to enable any person skilled in the art to practice the invention, including making and using any

devices or systems and performing any incorporated methods. These embodiments are not intended
to limit the scope of the invention. The patentable scope of the invention is defined by the claims, and

may include githeperanpesdhpeotneaiietnesmakiipshinthe Fmefalcthptiaer esamplesaaigviaiended to
be within the scope of the claims if they have structural elements that do not differ from the literal

language of gerataime, srtiidhaydncudeleg@izalent structural elements with insubstantial differences
from the literal language of the claims. WHAT IS CLAIMED IS: 1. A wellhead assembly with an axis,

comprising: pDeVIeRavelheRconreiuipe hayinthareRitigainig el iseipedaerseentriiosaiedyngthe bore;
opposing seal surfaces in the bore and on an exterior portion of the inner wellhead member;

hydraulically actuated running tool (not shown)tlee weight of a string to force it
into the slot 30. The energizing ring 41 deforims inner and outer seal legs 22, 26
of the seal body against the outer wellhead menilferand the inner wellhead
member 18. The softened wall surfaces 24, 28 efs#al legs 22, 26 facilitate their
deformation against wicker profiles 14, 20 of thees and inner wellhead members
10, 18 to effect a seal.

[0018] Referring to Figure 3, an embodiment of the inv@mtshows a portion of the
seal ring and the heat treatment process for snfiehe wall surfaces 24, 28 of the
seal legs 22, 26. Induction heating coils 50 maybund around circumference and
inner diameter of seal ring 23 such that inductieating coils 50 are in contact with
sealing wall surfaces 24, 28. Induction coil le&@sconnect coils 50 to an electrical
power source 54. Source 54 supplies and contoM&pinput to the coils 50 in order
to control the heat input to the wall surfacesZBl, Cycling between upper and lower
critical transformation temperatures of the metdl seal ring 23 causes a
microstructural change in the material comprisimg $eal ring 23. Duration of cycles
may be about one hour per square inch of maximwsscsection and typically only
one cycle is required is performed. Critical tfan®ation temperature is the point
where significant microstructure changes occunc&iheat treatment is a function of
time and temperature these microstructure changes manifest at the lower
temperature but exposed at that temperature fongel duration or by exposing the
steel to higher temperatures for a shorter peribdime. These microstructure

changes entail transforming Carbides from LamdPaarlite to Spheroidized. The



a seal ring between the inner and outer wellhead members having an inner annular member and an
outer annular member circumscribing a portion of the inner annular member, the inner annular
member having an inward facing profile and the outer annular member having an outward facing
profile; a heat treated seal surface formed on at least one of the inward and outward facing

profiles, wheggirc&herhasidreriBonseahpeiaced peng dower JaaitsioBrethidhans eresodekef.the seal

ring; and an annular energizing ring having a lower end insertable between the inner and outer

annular menthes ef o $RAIGIULHES Mhay Ween $heovsy encimbbetiearteaihersngdSongaged
between the inner and outer annular members of the seal ring, the inner and outer annular members

of the seal ring3uesuIged Rdinliyi apartdranictagBegbet (o PEBE Bl BT 08p heridgasathihsad surface
into sealing engagement with the seal surface of one of the inner and outer wellhead members. 2.

The assembjr@cepnen ite alaienrite furkeikcopmpaRIoR RN R extensibiserirndiedamawards
from and located below the seal ring, the extension having a lower surface that lands on a shoulder

portion of thehangeweliheatbnemheriihe anhanexjensigaibay aHaaber weldiatengt) thiaiziihe heat
treated seal surface. heat treated seal surface. 4. The assembly according to claim 1, wherein a
material of the gemh st jsthtesthmvingallyseldsieenzih 28 aamige iroeappraxoieade tepMh<; and
("D") of 0.500 inches maximum on sealing wall sagda. In this embodiment, the
width W of softened region on sealing wall surfads 28 may be fixed while the
depth D can be directly proportional to durationesposure to peak temperatures.
Depth D may vary relative to amount of stock mateemoval that will be removed
on final machining and also on the strength requoénets in the sealing area. In this
embodiment, seal legs 22, 26 are approximatelyircbes thick and the softened
region can have a depth D that extends through@&0Q inches) the thickness of
each of the legs without having a detrimental éffat performance. However, the
thickness of seal legs 22, 26 may vary with appbeca Alternatively, the depth D
could be less than the thickness of the seal 1@g2@ and thus have a depth in a
range from 0.2 to .5 inches.
[0019] The base material utilized for the seal in thisrepke embodiment may be
standard AISI G1030 low carbon steel with an akedoyield strength in a range of 40
to 50K and an ultimate tensile strength in a raoigg0 to 70K. The strength of the
sealing wall surfaces 24, 28 subjected to the treatment process described above,
may be softened to obtain a yield strength in geaof 25 to 35K. The remainder of
the seal ring 23 not affected by the heat treatrpemtess retains a yield strength of

approximately 60K. The base area of seal 23 frioenbiottom of slot 50 downward

should be approximately at the original yield sginlevel. This variation in yield



the yield strength of the heat treated seal surface is in a range from approximately 25 to 35K. 5. The
assembly according to claim 1, wherein a sealing area is defined by a width of heat treated seal
surface and the depth of the heat treated seal surface is 0.200 to 0.500 inches deep into either of the
profiles on the inner or outer annular members. 6. The assembly according to claim 1, wherein the

heat treated sipahgtHéaendw g efingdrag aoeteeniage Meciskngssabaines oftie insoand outer

annular members of the seal ring in the range from 40 to 100% of thickness. 7. The assembly
according togdaigbinvatarristginyeaarl gatesanua e heibinthe serranerareadiyshaped

pocket in which the energizing ring inserts; and a lower end of the heat treated surface is adjacent a

lower end ofgheinectetkd: ghgilrssemiy acearthag touetatpdhesbasEbatieastregaf g imeer or
outer wellhead members comprises a set of wickers formed on the seal surfaces, wherein the heat

treated seal gppiaseragfenymia enihsgeitkars MBIN settipmebinersabasaandbher Hohbsorssrinbly

according to claim 1, wherein a U-shaped pocket base of seal ring joins the inner and outer annular
members belpragatist N e densifane gt downaaseok i RiggenPstIinB\Attagbad hextension

and base, extension and nose ring having greater yield strength than heat treated seal surface.
HBW 150.
[0020] This written description uses examples to disctbseinvention, including the
best mode, and also to enable any person skillé¢deirart to practice the invention,
including making and using any devices or systentserforming any incorporated
methods. These embodiments are not intended ib thw scope of the invention.
The patentable scope of the invention is definethieyclaims, and may include other
examples that occur to those skilled in the attichSother examples are intended to be
within the scope of the claims if they have struatelements that do not differ from

the literal language of the claims, or if they b equivalent structural elements

with insubstantial differences from the literal garage of the claims.



10. The assembly according to claim 1, wherein a hardness for the heat treated seal surface is in the
approximate range of HBW 90 to HBW 110; and a hardness for the remaining portion of the seal
ring is in the approximate range of HBW 130 to about HBW 150. 11. The assembly according to claim
1, wherein the heat treated surface comprises heat treated seal surfaces on each of the inward and
outward facipgHpafilesc 1RMESEatassembly for a subsea wellhead assembly, comprising: a metal
seal ring for sealing between inner and outer wellhead members, in a subsea wellhead assembly, the
seal ring having an inner annular member and an outer annular member circumscribing a portion of
the inner annular member, the inner and

1. A wellhead assembly with an axis, comprising:

an outer wellhead member having a bore;

an inner wellhead member located in the bore;

opposing seal surfaces in the bore and on aniexteortion of the inner
wellhead member;

a seal ring between the inner and outer wellheaohlvees having an inner
annular member and an outer annular member ciraumrsg a portion of the inner
annular member, the inner annular member havingnaard facing profile and the
outer annular member having an outward facing [eofi

a heat treated seal surface formed on at leasbfathe inward and outward
facing profiles, wherein the heat treated seals@rhas a lower yield strength than a
remainder of the seal ring; and

an annular energizing ring having a lower end itadde between the inner and
outer annular members of the seal ring, so thainvthe lower end of the energizing
ring is inserted between the inner and outer amnukmbers of the seal ring, the
inner and outer annular members of the seal rieguaged radially apart from each

other to place at least one heat treated sealcgunfdo sealing engagement with the

seal surface of one of the inner and outer wetlhmambers.

2. The assembly according to claim 1, further compgsan annular extension
extending downwards from and located below the gegl the extension having a
lower surface that lands on a shoulder portionhef inner wellhead member; the

annular extension has a higher yield strength tharheat treated seal surface.



outer annular members being joined at a base, the inner annular member having an inward facing
profile and the outer annular member having an outward facing profile; an annular energizing ring
having a lower end insertable between the inner and outer annular members of the seal ring, so that
when the lower end of the energizing ring is inserted between the inner and outer annular members of
the seal ring, outer walls of the inner and outer annular members of the seal ring are urged radially
apart

3. The assembly according to claim 1, wherein sphat@drbides are within the

heat treated seal surface.

4. The assembly according to claim 1, wherein a maltefithe seal ring is steel
having a yield strength in a range from approxirya4® to 50K; and
the yield strength of the heat treated seal surfiscen a range from

approximately 25 to 35K.

5. The assembly according to claim 1, wherein a sgadirea is defined by a
width of heat treated seal surface and the deptthefheat treated seal surface is
0.200 to 0.500 inches deep into either of the @®fon the inner or outer annular

members.

6. The assembly according to claim 1, wherein the lreaited seal surface is
defined as a percentage of a thickness of eithethefinner and outer annular

members of the seal ring in the range from 40 @A ©Of thickness.

7. The assembly according to claim 1, wherein the rirened outer annular
members of the seal ring form a U-shaped pockefthiich the energizing ring inserts;
and

a lower end of the heat treated surface is adjacwer end of the pocket.
8. The assembly according to claim 1, wherein at least of the inner or outer
wellhead members comprises a set of wickers fororethe seal surfaces, wherein

the heat treated seal surface deforms on the veiakawn setting of the seal assembly.

10



from each other to place the heat treated seal surface into sealing engagement with one of the inner
outer wellhead members; an annular extension extending downwards from and located below the
seal ring, the extension having a lower surface for landing on a portion of the inner wellhead member
and having an upward facing shoulder in contact with the inner annular member of the seal ring; and
a heat treated seal surface formed on at least one of the inward and the outward facing profiles,
wherein the heat treated seal surface has a lower yield strength than the base, the annular extension,

and the eneglizing TiRg. at3eFittyaacenbiNRES ARG 1 WnisiclR. Avhesaipsoker vdst carlaidgs are

within the heat treated seal surface. 14. The assembly according to claim 12, wherein a material of

the seal ringriatrphdarvgnagicihat@nethdniuranaectierappaudraiehnidxte dSn andendghe yield

strength of the heat treated seal surface is in a range from approximately 25 to 35K. 15. The

assembly acgovdhngata ¢raim baswhereinrngealinprRieads deinarthp aswidikiehbeat tindtedseal
surface and the depth of the heat treated seal surface is 0.200 to 0.500 inches deep into either of the

profiles on thinineiah@ gieasnnylsd seamprsthan heat eéaeal surface.

10. The assembly according to claim 1, wherein a haslfer the heat treated
seal surface is in the approximate range of HBWo@BW 110; and
a hardness for the remaining portion of the sew is in the approximate

range of HBW 130 to about HBW 150.

11. The assembly according to claim 1, wherein the treated surface comprises

heat treated seal surfaces on each of the inwatduainvard facing profiles.

12. A seal assembly for a subsea wellhead assemblypresing:

a metal seal ring for sealing between inner anérowellhead members, in a
subsea wellhead assembly, the seal ring havingrar annular member and an outer
annular member circumscribing a portion of the maenular member, the inner and
outer annular members being joined at a base,niiner iannular member having an
inward facing profile and the outer annular mentering an outward facing profile;

an annular energizing ring having a lower end iradde between the inner and
outer annular members of the seal ring, so thainvthe lower end of the energizing
ring is inserted between the inner and outer ammakmbers of the seal ring, outer

walls of the inner and outer annular members ofstad ring are urged radially apart

11



16. The assembly according to claim 12, wherein the heat treated seal surface is defined as a
percentage of a thickness of either of the inner and outer annular members of the seal ring in the
range from 40 to 100% of thickness. 17. The assembly according to claim 12, wherein at least one of
the inner or outer wellhead members comprises a set of wickers formed on the seal surfaces, wherein

the heat treafepnseabpusiares gefpraee andheewickersdipee artina el sealrtplarfaiebientd &ih method

for fabricating a seal assembly, comprising: providing a steel alloy seal ring for installation between

inner and ouigiv theadrnaemperslrayiagdandridrannular member and an outer annular member
circumscribing a portion of the inner annular member, the inner annular member having an inward

facing profile and thg cafi@uRIMeldE MBRINbeX B ARG Abani@Esiaeiny atelitel datbw thealizg at least
one of the inward or outward facing profiles to a transformation temperature while keeping a remaining

portion of theisgaling réxadpeion thaviransiormasios iganeriitiagdichydoweringfthaigidstrength of
at least one profile below a yield strength of the remaining portion. 19. The method according to claim

18, further corapmisird thensitep aihey elingriseaning et waeing RpRuREdawet eliticahsaingfermation
temperatures for the steel alloy to selectively form spheroidal carbides in the seal ring.
annular member of the seal ring; and
a heat treated seal surface formed on at leastobriee inward and the

outward facing profiles, wherein the heat treatedl ssurface has a lower yield

strength than the base, the annular extensionth@nenergizing ring.

13. The assembly according to claim 12, wherein spbdataiarbides are within

the heat treated seal surface.

14. The assembly according to claim 12, wherein a nztef the seal ring is
steel having a yield strength in a range from apipnately 40 to 50K; and
the yield strength of the heat treated seal surfiscen a range from

approximately 25 to 35K.

15. The assembly according to claim 12, wherein a isgadrea is defined by a
width of heat treated seal surface and the deptthefheat treated seal surface is
0.200 to 0.500 inches deep into either of the @®fon the inner or outer annular

members.
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16. The assembly according to claim 12, wherein the treated seal surface is
defined as a percentage of a thickness of eithethefinner and outer annular

members of the seal ring in the range from 40 @A 0Of thickness.

17. The assembly according to claim 12, wherein att leas of the inner or outer
wellhead members comprises a set of wickers fororethe seal surfaces, wherein

the heat treated seal surface deforms on the veiakawn setting of the seal assembly.

18. A method for fabricating a seal assembly, compgisin

providing a steel alloy seal ring for installatidoetween inner and outer
wellhead members having, an inner annular membeéraanouter annular member
circumscribing a portion of the inner annular memlibe inner annular member
having an inward facing profile and the outer aanuhember having an outward
facing profile; and

heating at least one of the inward or outward faciprofiles to a
transformation temperature while keeping a remairportion of the sealing ring
below the transformation temperature, thereby lavgethe yield strength of at least

one profile below a yield strength of the remaingagtion.

19. The method according to claim 18, further compgdime step of cycling heat

input between upper and lower critical transfororatiemperatures for the steel alloy

to selectively form spheroidal carbides in the se).
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