WD 03/ 087523 PCT/ US03/ 11418 -1 5 SPLIT CARRI ER ANNULUS SEAL ASSEMBLY FOR
VELLHEAD SYSTEMS Rel ated Case 10 This application clainms priority fromU.S.
Seri al NowO8G/,87%23 399 filed on April 12, 2002, and entit Ped/UShbwahol e

Radi al Set Packer Elenent", hereby intorporated by reference. Field of the
I nvention 15 The present invention relates to the well head systemw th an
annul us seal assenbly and, nore particularly, relates to a spit carrier
adnul us seal assem3BLITGARRIER ANNULUS SEAMASSEMBLY EDRel | head housi ng
and a casing hanger. Backgr oWBLbHEALR SYiSA&EMSon 20 In a subsea wel | head
system an annul us seal assenbly may seal the annulus between the well head
housi ng Remtéehedde of the casing hanger. This seal (or seal assenbly) is
conventionally run in with a running tool, which also runs and | ands the

Ggsi ng_hanger gar‘?p{li‘éaﬂbﬁ%léiﬁg!priEﬁ}&yf??mr@.@.@:ﬂr?atl Rb. 50/372,300 fiftge the seal

to be set and tln ested, typica roma pressure above to a 25 pressure

assonbl s B0 oS ARG Mool BB el RAEKSY ElrElient MPRT ol ™

t enper at ures of 250 defgrees F. or below. However, it has becone desirable
to have BGERPUBIGLLYERIRENMACat el evated tenperature of 350 degrees F. or

hi gher, i.e., during high tenperature production operations. Such 30 seals
are dif f Eield of the idwention usi ng normal el astonmers for sealing integrity.

Usi ng ,

15 The present invention relates to the wellhead system with an annulus seal

assembly and, more particularly, relates to a spit carrier annulus seal assembly
suitable for use between a subsea wellhead housing and a casing hanger.

Backaground of the Invention

20 In a subsea wellhead system, an annulus seal assembly may seal the
annulus between the wellhead housing and the OD of the casing hanger. This
seal (or seal assembly) is conventionally run in with a running tool, which also
runs and lands the casing hanger. The running tool may be manipulated so as
to cause the seal to be set and then tested, typically from a pressure above to a

25 pressure at or below the working pressure of the wellhead system.

Annulus seal assemblies have performed well in subsea wellhead
systems at normal temperatures of 250 degrees F. or below. However, it has
become desirable to have such seals perform at elevated temperature of 350
degrees F. or higher, i.e., during high temperature production operations. Such

30 seals are difficult to design using normal elastomers for sealing integrity. Using
an ‘all-metal’ design for the annulus seal assembly, the undesirable aspects of

the elastomer are eliminated, such as thermal expansion properties, hydrostatic



an "all-netal' design for the annulus seal assenbly, the undesirable
aspects of the elastoner are elimnated, such as thermal expansion
properti e80 obysrsest ati ¢ WO 03/ 087523 PCT/ US03/ 11418 -2 S5PCOMSOFSRION
properties, high tenperature degradat-i2on properties and degradation in the
presence of drilling/production fluids. The all-netal properties are
particul arly needed during production operations (as conpared to the

dsi | | i ngcompeessjonmprapertissy ighetepeperature slegradhatianeprgpestias antbwnhol e f or
extended tinme periods. 10 The di sadvantages of the prior art were overcone

by the pg Bhtioh ity &8 pessenas @f drillingiprodectioneflidsis Shetallymétal properties a
subsea well head system is hereinafter disclosed. Summary of the Invention

The seal 5@ L9 indeldicd duhiRroflctBl opératisR (49 co@phrad totheadrl 15

oi | field equl pnent; such as a“tubing hanger to a cylindrical bore of a

any. two e @i g BnpbuleB Rt BR Bl R dRnii ol Aainde EPe"

pi ece having a cylindrical inner or outer surface for sealing with the
seal asslé%!ﬂ@ﬁ.- The seal assenbly may thus be used for sealing between an
outer 20 nenber and an inner nmenber, with one of these nmenbers having a
tapered surfhbe disadvantages of the arionggameneyovesepme By the REest position in
response to axial novenent of the seal assenbly relative to the tapered
sur f ace. inVbatis®and as $mphived sedl adssmblyfet ake srealsubsdq wellbleadisygtashe or
nore radially extending fingers, another body for selective engagenent

Wi th thejsirginaf@fdidefsied. and a

Summary of the Invention

The seal assembly of this invention may be used to seal with various
15 oilfield equipment, such as a tubing hanger to a cylindrical bore of a subsea
wellhead housing. The invention may also be used to seal between any two
pieces equipment, one of which contains a taper and the other piece having a
cylindrical inner or outer surface for sealing with the seal assembly.
The seal assembly may thus be used for sealing between an outer
20 member and an inner member, with one of these members having a tapered
surface for moving a seal assembly radially to a set position in response to axial
movement of the seal assembly relative to the tapered surface. The seal
assembly includes a metal seal body including one or more radially extending
fingers, another body for selective engagement with the metal seal body, and a
25 high temperature seal ring spaced between one of the metal fingers and the
another body, such that the high temperature seal may be positioned axially

between the metal body seal body and another body. In a preferred



25 high tenperature seal ring spaced between one of the netal fingers and
the another body, such that the high tenperature seal may be positioned
axi ally wetoseers2s he netal body seal body and anot her bodycTiusonipief erred
WD 03/ 087523 PCT/ US03/ 11418 -3 5 enbd@H nent, the anot her body incl udes
another radially extending finger, such that the seal assenbly is
supported axially between one of the nmetal fingers and  the another finger.
Agcor di ngmbodintentntieharbtber bady ineludes another lly; extepdiRrgdingef®IeR an

outer nmenber and an i nner nmenber by providing the seal assenbly having a 10
net al segat hrdyealidssenibly & supptirtd axialit leetdiceg driengkthe, mptabiingersgnthot her
body for selective engagenent with the netal seal body, and axially

spaci ng Lt ,tﬁfg;ﬁ-_rature seal between the netal seal body and the
anot her 1?)\((){FyrmT%ereafter, the seal assenbly may be positioned between the

outer member gggogpfr@etoiltga%efﬁ%@b&rthe ke 8 alRUBFMES RW¥én kA the seal

assenbly-to r nove the seal assehbly to a set position, such

that the high tenperature seal eal s w t.h. one of r and the
i nner rre%f@?memggrrﬁ@‘iaﬂé%%rr@?ﬁ“@@waY'EW& tﬁgﬁ%@%%‘%’#&@’?ﬁ’ﬁgg group
including one or nore of tin, atin alloy, a lead, g |lead allo I ndi um
iodi um ametsl seahbedy with, onghar ra&laihft%te@djngélﬂgﬁrfarpfﬁvﬁlé\g “%tE%fl b%@’d T This
"final" high tenperature seal ring 20 alternatively may be formed froma
group i nedledivegengegameniowith tfie nietalrEBkbogy .cand 6Xiﬂﬁy spheing ahighf | on pl astic
material, and a grafhoil graphite material. It is a further feature of the
i nvent i opnhhabtie/sewl bemMssathel et abar bady and thdeanptherrbodged on one of the
netal seal body and the another body. At |east one

Thereafter, the seal assembly may be positioned between the outer member and

the inner member, and a wedge moved relative to the seal assembly.to radially
15 move the seal assembly to a set position, such that the high temperature seal
seals with one of the outer member and the inner member.

The high temperature seal ring may be formed from a group including one
or more of tin, a tin alloy, a lead, a lead alloy, indium, indium alloy, cast iron, and
a metal softer than a metal seal body. This “final” high temperature seal ring

20 alternatively may be formed from a group including one or more of the PEEK
plastic material, a Teflon plastic material, and a grafhoil graphite material.

It is a further feature of the invention that a low temperature seal ring may
be positioned on one of the metal seal body and the another body. At least one
of the low temperature seal rings may be formed from a rubber or elastomeric

25 material which is relatively elastic, so as to initially form a seal which preferably

pulls the final seal toward the set position. The low temperature seal ring



of the low tenperature seal rings may be formed from a rubber or

el astoneric 25 material which is relatively elastic, so as to initially
forma sesb ooswsks preferably pulls the final seal towardPCRASSE114p0Si ti on.
The | ow tenperature seal ring WO 03/ 084523 PCT/US03/ 11418 -4 5 accordingly
may have an initial sealing dianmeter for sealing engagenent before sealing
engagenent of the high tenperature seal ring, with a |low tenperature seal
risng haviaogomingly asdy have aniinjtialf sezding|diametartfer sedling emgagamentzefargh
tenperature seal ring. The | ow tenperature seal may be spaced between an

upper, deuaNRy éhgagéﬁlbhﬂ@ﬂtﬁﬁlgh témperitursedl ringevithupisey Hrsipératirened
finger. 10 In a preferred enbodi nent, the inner nenber |ncludes t he taper

on its ul ar bunps nma
on TS BUbEnghaTEbcin bRSTBTTAANIEAR, ficier 6l GRYS figRU 2 burps ey
fingers ast one: of

ci rcunf eFeéHP?'Eﬂ?urr?e?%q‘ rﬂgngﬁﬁzi@ﬁﬁgmgﬁ}ée}ﬁgé $%%%gﬁleﬁséﬁ%gé%§&aéa e of the
outer nmenber and the |nper In an ther enb Iurallty of
the met alPPEhFEMWNWaK k&@Hn?éV@tmf inges @A gﬁ’t'@? ©may be a
subsea wel | head housing, with the tapered surface on the outer di a)r/reter of

aot ubul ar hanfrer freferretherthodiment; thezinber meraber ipelugesdhe tapareomis al
fingers may include a soft tip in the formof a weld inlay 20 for reliable

seal i ng whest disimicher togfbrrpesivetge rinde @relonmdre anhelardiness pfaytbee i nventi on,
a low tenperature seal may be initially set by applying a setdown wei ght

to the seglyidsseRith¥ secal Béw@acﬂaw @wsgxte REHRNGIOMORS PENE! fingerdniarg string,
and then pressurizing choke and Kill lines to

least one of the metal fingers may be a continuous circumferential metal ring

having an end for sealingly engaging one of the outer member and the inner
15 member. In another embodiment, a plurality of the metal fingers may each have

a sealing end.

The outer member may be a subsea wellhead housing, with the tapered
surface on the outer diameter of a tubular hanger forming the inner member.
One or more of the metal fingers may include a soft tip in the form of a weld inlay

20 for reliable sealing when in the set position.

According to the method of the invention, a low temperature seal may be
initially set by applying a setdown weight to the seal assembly, closing a blowout
preventor around a running string, and then pressurizing choke and kill lines to
move the seal assembly to a set position. The low temperature seal may

25 become disabled after setting the high temperature seal. In a subsea

environment, the seal assembly may thus be run in a well on a run-in tool with a

tubular hanger as the inner member.



nove the seal assenbly to a set position. The |ow tenperature seal may 25
becone disabled after setting the high tenperature seal. In a subsea

envi ronmewD,038ms25eal assenbly may thus be run in a well @cTASOHNHI$ t ool
with a tubular hanger as the inner negber. WO 03/087523 PCT/US03/11418 -5
5 These and further features and advantages of the present invention wl]l
becone apparent fromthe follow ng detail ed description, wherein reference
is nmade to tMheéé gnddarther fdaturas emdpadvantages afdhegyresent isvemisycwillot i on of
the Drawings Figure 1 illustrates a suitable seal assenbly according to the

present pdEbornB ir&Rt f6rh theddliovdnd detsii deseribtibrathbeirs refgrearoe ia casi ng
hanger. Figure depicts an alternate seal assenbly according to the

present (P alr =N A93widgd8 -6 S Detailed Description
of the Ppia[ﬂé?@éth@&r%\é% Qn{éﬁt%?#ﬁe dsaag;glll assen%% i ncl udes a two-pi ece seal
body or Bar rer. . This esi nigld ows a variety of |ower tenperature

conpl ete A al elenents to be easily installed on the

seal body, thereby allow ng an, ononi cal sign of a conpl ete seal
assenmbl y. Thi Eigrash @H%tmt@s%lta%e 889/ Q?éeﬂ'gg)ﬁl aggoréilngpptgupaqrﬁs%r@ﬁ | er seal
used during installation, as explained below A netallic seal elenment is
iftost al | ethvieation dor seaingbefepn asywelhepd housing apd & £apisg héAGRM™on one of the
seal bodies. The seal body

Figure 2 depicts an alternate seal assembly according to the present

invention.



I ncludes generally radially extending ribs or fingers for carrying the

el astoneric seal elenent down hole and optionally aiding in netal-to- 15
met al seaWDrg/o87bke t wo- pi ece seal body preferably incl udegcarushs/eads f or
screwing the two hal ves of the two-piege seal body together. O her
securing techniques may be used, such as bolting the two pieces together.
Threadi ng of the two-piece seal bodies is preferred, however, since this
| sw cost DeiailddaDesciipiiprt ectheiRetersst Embaaliments for fiel d 20 repl acenent of
a selected final seal ring, as explained below. Figure 1 illustrates a sea

assenbly 10 f qhesesHligRgeiiblyintiuelesnd ®¥d-pieceidal Bedy df cafriereThiad housi ng
12 and with the exterior surface 18 of casing hanger 16. Seal assenbly 10

ERCRUAES d%@igé‘\g@ﬁffw(s;ggjrarigwa{n egf@fgﬁér‘éﬁur@&m‘?ﬁfbl@fé GRIMH S8§toflertet al pi ece

i ncluding u second | ower netal piece 22 which for

this enmbodi pent_includes ni,ddl fi I fl 3 A final,
g, i oral SRprag o BE Ly thsiaied SRRy e dthive MeTRY HIRERO S e

sl eeve- shaped | ower body 22, apd the WO 03/087523 PCf‘T/ Us03/11418 -7 5
finger 32Ccoppmical gesian ¢f apompleje seplgs ¥r hpigelastamexic ic puller seal
38 is positioned between the mddle finger 32 and the |ower finger 34. The
si®al assendy be asedraswa témpetiagy pullar seat uged siuring destsllatios, &isn fi nger ends
seal ingly engage wel | head housing 12, while seal assenbly 50 as shown in
Fi gure 2 expmiiédbelow. WAimétatlicesead blanéreris atstaled setwicengwenadgignment 10 with
t he wel | head housing. Figures 1 and 2 illustrate that the first upper seal

body 20 ispgted fifigers or stops, each on one of the seal bodies. The seal body

includes generally radially extending ribs or fingers for carrying the
elastomeric seal element down hole and optionally aiding in metal-to-

15 metal sealing. The two-piece seal body preferably includes a thread for
screwing the two halves of the two-piece seal body together. Other
securing techniques may be used, such as bolting the two pieces
together. Threading of the two-piece seal bodies is preferred, however,
since this low cost manufacturing technique easily allows for field

20 replacement of a selected final seal ring, as explained below.

Figure 1 illustrates a seal assembly 10 for sealing with the interior
surface 14 of wellhead housing 12 and with the exterior surface 18 of
casing hanger 16. Seal assembly 10 includes an upper seal body or
carrier 20 which comprises of metal piece including upper finger 30, and a

25 second lower metal piece 22 which for this embodiment includes middle
finger 32 and lower finger 34. A final, e.g., high temperature, seal 36 is

shown between the finger 30, the sleeve-shaped lower body 22, and the



upper threads 62 for threaded engagenent w th upper seal

body |

andi ng

menber 64. As shown in Figures 1 and 2, the wedge ring 66 has noved

downwar d weloawsme3s t o t he | andi ng nmenber 64, shearing the PCH/US83/11418.5
downward force applied to the seal assémbly froma pulling tool
tool, to which fluid pressure nmay be applied fromabove to set the seal,

may thus al so act on the upper surface 70 of the landin

t Bansmi t finggr 8R.ewhite\andnitiali 6ra elovotenmrerpbiig, slastanarnic ml?ezr

and the fipal s

a7 ovi i nih e 2 hass sl Are BPb B s sedtkBagdde et

menber

or setting

64,

$eah88casi ng
hanger 16. Lock ring 74, which preferably is in the formof a Cring, may
20 be usédpositionedbbiweat thecmitube fingbe32 eal the demér fingey 3dhelTheasi ng hanger
once the seal has been fully set. The seal body 22 seals to the casing

hanger Wbl fssepibhi9astShovmUFigurd 4 imsiudds fidgersddharamh figereridss | D. The
casi ng hanger conventionally my have a shallow taper on its OD to provide

Finger < 36l ehabBpafEadTRARIY {2, JAfe PEAcAeRrRT B SR oal 36

es of

ly al so
-8 5 between

the seal body and the well head housing. These annulus sealing bunps are
fPef er abmjthdnewelkwaskhausingeal body for reliable fluid-tight

t he casing hanger, or with the outer nenber or an inner

menber

sealing with
radially

opposi te the figires tbandg ikesttadel thattthe fiingd Uppeaiseakladdy 20 ingludes Radi al |y

|l ong fingers 30, 32 and 34 contact the well head housing

upper threads 62 for threaded engagement with upper seal body landing

member 64. As shown in Figures 1 and 2, the wedge ring 66 has moved

downward relative to the landing member 64, shearing the pin 68. A

15 downward force applied to the seal assembly from a pulling tool or setting

tool, to which fluid pressure may be applied from above to set the seal,

may thus also act on the upper surface 70 of the landing member 64,

transmitting the downward force to the load shoulder 72 on the casing

hanger 16. Lock ring 74, which preferably is in the form of a C-ring, may

20 be used to axially interconnect the seal assembly to the casing hanger

once the seal has been fully set.

The seal body 22 seals to the casing hanger with a series of

annular bumps 40, 42, 44 and 46 on its ID. The casing hanger

25

conventionally may have a shallow taper on its OD to provide energization
of the seal assembly. The gaps between the series of fingers 30, 32 and
34 houses the initial low temperature puller seal 38 and the final seal 36,

with the ends of the fingers optionally also providing a metal-to-metal seal



and aid in nmetal-to-nmetal sealing. Additionally, one or nore of the fingers
may utilize soft tips on the OD of the finger to allow the finger(s) to
nore easwbysnenses i nto defects of the well head housi ng. SiPairlens3/saig tips
may be provided on, or may replace th&-bunps 40, 42, 44 and/or 46. These
soft 15 tips may be manufactured in the formof a weld inlay prior to

machi ning, and may cooperate with the netal seal surface of the well head
heusi ng betweenetheazsah potiyimgertheovelthieadausing| These gandbs&eBiNg The seal
assenbly may include a puller section as disclosed in United States Appln.

No. 10/ 0p@mpEarbipreférdfly providedmn therssay body forpeliabledluid-tight er ence herei n,
20 which includes additional information regarding the seal assenbly. In

the desighRswiRME ch&inG HaHRr Zor Wiithebuleh tndrhbaessairhethor ter and only
t he ini%?g"%l seal and thg fi r%%l seal contact and seal with the well head

housi ng. _A ' f ' | | rd initial puller
seal el m&’l '%?i%(yﬁ O@%Bé@@?&mgﬂ gﬁﬂ?%%%'%n‘@%%ﬁggﬁ%wmt erial seal

25 elenments, may be easily installed into the split seal body by stretching
the sealM@ enent slightly. The initial puller seal elenent seals to the OD

of the seal body between the fingers and to the ID of the outer menber,
Wwhi ch i s WO oRed@liydengfimpersodd.i3Zand 34gontagtdhe wellngad HQusiDg | f orming t he
t hrough bore in the wellhead housing. In a preferred enbodi nent, the
initial ardlaid h metattednéil saalinge Addiéibnalyalonesaronore ethetfingersi ti al seal ,
once in sealing engagenent and with fluid pressure above, exerts a pulling
action omdyhgilizersdt tisedn tie O bf theeiirfgenad atiewlthé dnger(s) tdmoset posi ti on.

easily move into defects of the wellhead housing. Similar soft tips may be

provided on, or may replace the bumps 40, 42, 44 and/or 46. These soft
15 tips may be manufactured in the form of a weld inlay prior to machining,

and may cooperate with the metal seal surface of the wellhead housing or

the casing hanger to reliably seal across defects. The seal assembly may

include a puller section as disclosed in United States Applin. No.

10/003,875 filed 10/31/01 and hereby incorporated by reference herein,
20 which includes additional information regarding the seal assembly. In the

design as shown in Figure 2, some of the fingers are shorter and only the

initial seal and the final seal contact and seal with the wellhead housing.

A variety of machined or molded solid circular ring initial puller seal

elements, such as rubber, elastomeric, and/or plastic material seal

25 elements, may be easily installed into the split seal body by stretching the

seal element slightly. The initial puller seal element seals to the OD of the

seal body between the fingers and to the ID of the outer member, which is



10 The characteristics of the final seal 36 which enable this elenent to
be a reliable, durable, high tenperature seal are also the characteristics
whi ch nakwoios/oglistf i cult to provide the seal material in tiRE€TOS3/1S
configuration between a pair of fingerg,. such as the fingers 30 and 32
-shown in the Figure 1. Selected materials for the final seal element 15
include (1) a relatively soft steel , such as AISI 1005 in a soft

cgndi ti othe cylhelicabwal fdniihg (129 trrough bore in thealélhead BYushEEKIphast i ¢
material, either wvirgin or glass or graphite filled; (4) teflon plastic

mat eri al réfbh@@reerécﬂH%n‘Prtheghlﬁéﬁséél iglctakdd BeloWw ’dh@d‘“naﬁ@dat Blchr af hoi |
graphite materl al Accordl ng to the present invention, the sl|leeve shaped

| bod d
sl Do g "Q%ﬁggeﬁﬁ%’"?%&ﬁ%mﬂ“%’%%%ﬁ? 36 suppor t ed
th I fi 2, t hreads 24
made up EBOVE! P18 e\,aaaﬁm%cﬁ%p?@a el spaaB el SeA o] nger s 30
and 32, and as desired to also exert a selective axial conpressive force

on the s#® selreaili@an.36 to obtain a 25 desired outer sealing surface on the

seal elenent at the selected radial position relative to the carrier 20.
WO 03/ 087523 HEHE dishacielidtics ofithe fhabsealndp whinhae¢nahle dhis alemest esi rous to
have the properties of the initial puller seal present to initially

achi eve %efé HaIGbld, dirasieahighttehipRrateird Beakareralso the tharaCRristics he casi ng
hanger . IS customary to set the seal assenbly (with the help of the

T8 ] b el g o o oo
configuration between a pair of fingers, such as the fingers 30 and 32
-shown in the Figure 1. Selected materials for the final seal element

15 include (1) a relatively soft steel , such as AlSI 1005 in a soft condition,
such as 96 BHN; (2) a tin or tin alloy; (3) PEEK plastic material, either
virgin or glass or graphite filled; (4) teflon plastic material, either virgin or
glass or graphite filled; and (5) grafhoil graphite material. According to the
present invention, the sleeve shaped seal body 22 with fingers 32 and 34

20 thereupon may be moved upward relative to circular final seal element 36.
With the element 36 supported on the annular finger 32, the seal body 20
may be lowered and threads 24 made up to reliably position the seal
element 36 between the fingers 30 and 32, and as desired to also exert a
selective axial compressive force on the seal element 36 to obtain a

25 desired outer sealing surface on the seal element at the selected radial

position relative to the carrier 20.



10 pipe and then pressuring down the choke & kill lines. This fluid
pressure wll cause a force to be exerted on the seal assenbly and nove it
into pl awe wsosAehi eve a seal. For this fluid pressure toPdeEushaypl4ihe
desired force, the seal assenbly devgbops an initial seal between the
casing hanger and the wall of the well head housing using the | ow
tenperature 15 puller sealing elenent. The inproved seal assenbly includes
ag initial puDuengdesiallatidn,dhisidesiroustmhaye the propestipeobithe isitiel ast omreri ¢
seal elenent, to achieve an initial seal so fluid pressure exerted above

the seal pagsesad Yraddrt td avsdiRPactiel@n daidsigistsezhts e Welthsadbndl enent to
nove into place and "set" the all 20 netal seal elenent. Once this initial

c | . . elel
seal 15 §oRPbpRbrle dstihBrass & RAKan Bsdtihs ke segmpyl | 5 the seal

el ement amount “of mechani cal forcée, if any,
needed t e, .pl aced top .of .th I | BRI t portion of
t he settg‘ﬁgh f'ger @%‘Pr%fcq}ﬁ?mﬁm{‘s té%ﬁbyﬁ'g& sfe?tﬂi;qewgm diéél\ﬁ’{e Qratcé%%%y the initial
seal pulling the final seal .intg plage. 25 t ninitial ,seal allows
fluid presdaiial $Qﬁld@%a6ﬁlaét%ﬁﬁﬁéﬁa& 9'9?893@? B 2round t&diToi | 1 be
pressed downward by fluid pressure to achieve conplete setting of the
aonul us i and terbpressafing dovesthesoke fgkill dinge JHioByidIgessureUsos3/ 11418

-11 5 conplete, the initial seal is no longer required, and it is
accept ablwgll thgde atfordedodeeexeattexhbh ¢tk sédlarsseattly agdinsowmitiitet e. A pul |i ng

action (where the initial seal is belowthe netal seal) as conpared with a
pushing agddeB doMiéVeEalsBal. | Pof thid fiG8 Predsuréhedevelop thetdsired

force, the seal assembly develops an initial seal between the casing

-hanger and the wall of the wellhead housing using the low temperature
15 puller sealing element.

The improved seal assembly includes an initial puller seal, which is
commonly a low temperature elastomeric seal element, to achieve an
initial seal so fluid pressure exerted above the seal assembly will develop
a force which causes the seal element to move into place and “set” the all-

20 metal seal element. Once this initial seal is established, fluid pressure
above the initial seal pulls the seal element down, thereby reducing the
amount of mechanical force, if any, needed to be placed on top of the
seal assembly. A significant portion of the setting force required to set the
final seal is exerted by the initial seal pulling the final seal into place.

25 After an initial seal allows fluid pressure to develop a downward

_.farce, the final seal will be pressed downward by fluid pressure to achieve

complete setting of the annulus seal assembly. After seal setting is



seal) is preferable. A seal assenbly el ement which "pushes" the final 10
seal into place and is |ocated above the seal is also contenplated. The
initial swelo3psmkerably includes an outer |ip which facesPapuesosil4i® hel p
in achieving an initial seal. Furthecrmgre, while running the tool in the
well, the initial seal has an OD which is smaller than the ID of the

subsea wel | head. When the casing hanger is landed and weight is set 15
dewn, theompleté, thiednitial seallis sedbnger nequired pandvitisl abgeptablenthahiti onal shal | ow
taper on the OD of the casing hanger to allowthe |lip on the initial seal

to seal phBgbyie8 tIfed Bfich HEEIAG i¥ebMpRd, housi ng. Wen pressure is applied
from above the set seal assenbly, the high tenperature seal 36 supported

the fi , i " i idsh th
on the IngerAﬁ;@;@&pﬁ&@gﬁéﬂ@mbqn.uggﬁe%ﬁ% bBRBWeIHANRER Real)idsh the

wel | head. Fing sired, may so provide netal -to-nmetal sealing
engagenment wth the wel | head. .|t be : lpLtial seal 38
is no | oﬁ@@paf%l‘ymﬁcﬁ89?*"99&q'PHégﬁg?4ﬁﬁdaﬁ%g$E%ﬁ%/g%é%’ IaIp?)ﬁ%\lf/'ﬁéle addi ti onal
netal -to-netal sealing engagenment with th we| | head. ,\\he essure is

appl i ed SeabisrIeiabig.eA aﬁé%m'yrﬁlemenﬁé/vlyﬁhfP%%Eﬁss\{gﬁ,%ng st the initial
seal 38 and the mddle finger 32, and again is sealed by the seal elenent
36, whi ckealintchplaice aswl iisdocatpd @bowe thm sealds algmeentempiaiedso, whi ch
optionally may al so then nay be in netal -to-nmetal WD 03/087523

PCT/ US03/ 1141§he-idfiabsesigprefegakipdagedenan wutér lihehiobl fabesadpwaehl el enent 36
al so seals between the OD of seal body 22 and the ID of seal elenent 36,

:P?eﬁ Egts o RERVihARPicvisG ah ikiflaPs&y e FurthbHhdrd, sfiRaenalm et tael nhr eads 24. In
the well, the initial seal has an OD which is smaller than the ID of the
subsea wellhead. When the casing hanger is landed and weight is set

15 down, the 1D of the initial seal is moved outward by a conventional shallow
taper on the OD of the casing hanger to allow the lip on the initial seal to
sealingly engage the subsea wellhead housing.

When pressure is applied from above the set seal assembly, the
high temperature seal 36 supported on the finger 32 provides reliable

20 sealing engagement with the wellhead. Finger 32, if desired, may also
provide metal-to-metal sealing engagement with the wellhead. It may be
assumed that the initial seal 38 is no longer functional, and finger 34 may
or may not provide additional metal-to-metal sealing engagement with the
wellhead. When pressure is applied from below, pressure leaks past the

25 fingers 34, past the initial seal 38 and the middle finger 32, and again is

sealed by the seal element 36, which in this case is supported on the

upper finger 30, which optionally may also then may be in metal-to-metal



enbodi nents, a separate seal elenent between the seal body 20 and the sea
body 22 may be provided. 10 In the Figure 2 enbodi nent, all the conponents
except f owotobes75e3 ngers may remain as di scl osed in Fi gurePCT/USD¥1141§ not

all the fingers are radially "shorterf2 and are thus not intended for
reliable sealing engagenent with the well head 12. In sone situations, the
ends of the fingers may contact the well head, but the Figure 2 enbodi nent
dges not sdalinebgagementyithdhé wejheada$eabelenbatt@salsotseabnds of the
fingers and the sealing surface on the well head housing 12. The end of the

upper  f LBfserpthd OO Wé?ﬂ?@?&hﬂ@ﬂj af sealfdiomehhessasd g sur face 14,

as is the mddle finger 5 he | ower finger 56 may engage the wel |l head

2oS ", pRiliadd a3ReP «f BleVRiPH%eaRd ABNBTABIRIERIS 20 dn difridd 2] T ondt !

20 is i provi de proper support fo Initral seal elenent

38. The Fiqure 2 enbodi nent allows the . .outer, surface the final seal 36
to thus®BW 98@'%%@{} %‘?ﬁ'%”ﬂe?ﬁ%ﬂ”&ﬁnéﬂﬁ SgﬁﬁﬁﬂgykpwgrtbeMi ch
support the final seal 36. In a preferred enbodi ment, the high tenperature
seal as @paldrashed2 nay BedreviHay:- be formed from one of a group consisting of
tin, atinalloy, l|ead, alead alloy, indium an indiumalloy, cast iron,
ploasti ¢ and oflrethd Figuren erbadichent, all tet coroponeivis exceptignshenti al |y | ower

el asticity or softer WO 03/087523 PCT/US03/11418 -13 5 than the netal

fingers. fihge rﬁé?fr@ﬁ“fa@d as haogsrnh, FigsreshoMost if rigtgilirthe Zingetswreseal ring
includes a plurality of axially spaced grooves, which each
radially “shorter” and are thus not intended for reliable sealing
engagement with the wellhead 12. In some situations, the ends of the
fingers may contact the wellhead, but the Figure 2 embodiment does not
15 rely upon any sealing engagement between the ends of the fingers and
the sealing surface on the wellhead housing 12. The end of the upper
finger 52 is thus spaced substantially from the sealing surface 14, as is
the middle finger 54. The lower finger 56 may engage the wellhead
housing, but it does not provide sealing engagement and its radial length
20 is important only to provide proper support for the initial seal element 38.
The Figure 2 embodiment allows the outer surface of the final seal 36 to
thus be spaced radially outward from an end of the fingers which support
the final seal 36.
In a preferred embodiment, the high temperature seal as disclosed
25 above may be formed from one of a group consisting of tin, a tin alloy,

lead, a lead alloy, indium, an indium alloy, cast iron, plastic and one of a

metal and an élastomer having a substantially lower elasticity or softer



groove effectively resulting a sealing surface above and bel ow the groove.
The size of each final seal groove may be selected to concentrate applied
seal i ng fwpwewswseer a desired area, while also providing fPom/usod/tidps e
axially 10 spaced sealing surfaces. A{gaw tenperature seal fornmed froma
rubber or plastic material may be spaced axially between an upper netal
rib and a lower netal rib, with the upper netal rib nmay be downwardly

i gcl i nedhapdhe trhétal ﬁwérsmah@! prefdiratpembddiment; bisrshdwrivihi Figuteh2, seal

assenbly as disclosed above is particularly well 15 suited for sealing

bet ween @ Zsté%?ﬁﬂg“?ﬁég?%% S@ﬁﬁigﬁo%%iﬂy SRS grdBded, whighdagh hanger as the

I nner ne may al’'so be used between various outer

menb d i .menh . W ' i

a aﬁéfeq‘?i‘r%gu:ﬁ%&v?%y R0y Thag stiabBBIRYE Und PO MBTrBRIPELS TRV
e or nore lowt t I [

mor e of | Thesizel ofeach e deat Gooyemay bispldiea (o AodeRials BBed no ai anet er

for sealing between the outer member and the inner nenpber prior to the
hi gh t enpealmguioeceseavera degsiretbasan yhiletalee pravidisg Tamplipte axigly | ow
tenperature seal preferably has an elasticity significantly greater than

tbat of ghucd ghulingrarefauest A Riv teraperature. selah farnmdefremraetibbebodi nent ,  at
| east one of the metal fingers on the nmetal seal body is a continuous

ci rcunf epeatik flatBRARhay B spdced d@iytsstwaeneditupeer metl ribgind #ngagi ng one
of the o%ter nmenber anz theﬂi nner V\X%SI 087523 FIBDpC?éI'/ Us03/ 11418 glg 5g

menber. |0, Q66 ABPRRh TRE Lppef Rt A METRR @dWhRaffRindTR¥d BRd

the lower metal rib upwardly inclined.
While the seal assembly as disclosed above is particularly well

15 suited for sealing between a subsea wellhead as the outer member and a
tubular hanger as the inner member, the seal assembly may also be used
between various outer members and inner members, with one of the outer
and inner members having a tapered surface for moving the seal
assembly radially to a set position. One or more low temperature seals

20 are preferably provided, and one or more of these low temperatures seals
may have an initial sealing diameter for sealing between the outer
member and the inner member prior to the high temperature seal ring
sealing between these members. The low temperature seal preferably
has an elasticity significantly greater than that of the high temperature

25 seal ring. In a preferred embodiment, at least one of the metal fingers on
the metal seal body is a continuous circumferential metal seal ring having

an end for sealingly engaging one of the outer member and the inner



elimnated, and a suitable nechanical force, such as a set down weight,

may be applied to the seal assenbly to nove the seal assenbly from an
initial uweesogmseition to a final set position. In yet aneCharsoymaerli ment,
a plurality of the netal fingers nay1gach have a sealing end. One or nore
10 of the sealing ends may be fornmed by a relatively soft metal inlay.
Those skilled in the art will understand that each of the netal fingers is
essent i aheynizat iin@thsr embedinantstthp lowderperaturesesl magbei gh tenperature
seal rings and / or the |low tenperature rings may be supported on the seal

assenbl yel‘ﬂﬁir%‘i‘@d,féﬁtgérsuﬁb@l\éﬁnéél‘?arﬁ@@l'fofdeﬂGU@Hilds@@etlﬁvm neightpel ow t he seal
ring. The high tenperature seal ring may thus be spaced between one of the

metal fi ﬁ%glfel gﬁplﬁl%be¥dgﬁ1tea§ee“f §85cABMoIve hfe s?ﬂ%@@htﬂ ftBR{ af@n the anot her

bo?y ?y ? Sﬁa rrngs-on one o e bodi €s before the
sel ective.engagepent..of .the netal s b : ody. The
di scl ose@'tqug’@gﬁgsﬂﬁ'gan ,t,%@%lﬂ”lgf ﬁ?a'ap%sgﬁq'n@'%%[a%'ce&éﬁ]é%gﬁ@mgou{er nenber,
e:g., the bore wall of the subsea | | housi nﬁ. Al t %u h a single netal
seal ri ngluiality opthe matakingges may£3 hayeia Sgalng end, %88[“059\0 or nore
high tenperature nmetal seal rings and one or nore |ow tenperature seal
riongs mapf tlessedlingpenuls may berformed dyaa relstivatp B9t metakinkyrber of seal bodi es
will be preferably to one greater than the 25 nunber of netal seal ring
instal | ed bet wpeBetsRilcHiimges artiwill anderstand tiat@achtaitiee mataf act ure of the
seal assenbly. Fluid pressure may be increased above the |ow tenperature
seal 10 fRpLY i8RssBhiialf actpigtddan bRiaf StopPs8IhABSf feTHigh03/ 11418 - 15

temperature seal rings and / or the low temperature rings may be

supported on the seal assembly by one finger above the seal ring and one
15 finger below the seal ring. The high temperature seal ring may thus be

spaced between one of the metal fingers on the metal seal body and the

another finger on the another body by positioning the seal rings on one of

the bodies before the selective engagement of the metal seal body and

the another body. The disclosed fingers need not form a continuous seal
20 with the outer member, e.g., the bore wall of the subsea well housing.

Although a single metal seal ring and optional finger sealing end may be

provided, two or more high temperature metal seal rings and one or more

low temperature seal rings may also be provided on the seal assembly.

The number of seal bodies will be preferably to one greater than the
25 number of metal seal ring installed between the fingers in order to

facilitate manufacture of the seal assembly. Fluid pressure may be

increased above the low temperature seal to apply an initial setting force



5 on top of the assenbly seal. The | ow tenperature seal nay becone

di sabl ed after setting the high tenperature seal. Wile preferred
enbodi mrerwe 000815k present invention have been illustrat@dTiusosletas |, it

i s apparent that other nodifications -afd adaptations of the preferred
enbodi nents wll occur to those skilled in the art. 10 However, it is to be
expressly understood that such nodifications and adaptations are within
tBe spir oh tep of¢hebssérablyrseabnThedowriemperatuhe sealinay decomed i n t he
followi ng clains. WO 03/087523 PCT/US03/11418 -16- Clains 1. A sea

assenbl y dfsablspaftengetheg e Righntemperatureseal, and an inner nmenber, the seal
assenbly conprising: a netal seal body including one or nore radially

extendi ng_st O AHLHBH SABEMENSATE! MeBRORIBRRDA Hilkbédie Mmetal seal

body; 10 a hig erature seal ring spaced axially between one of the one
or nore ops, apd the.anot her Db S s i . re sea

ring nayﬁ%@REB§PFﬁgﬁ@H’5%?35P9“%@¥m@€#ﬁ?5bnﬂéwgﬁﬁggéﬁnkég §ﬁ§ﬁ¥he anot her
body during assenbly of the seal assenbly;. K and one he seal ,assenbly and
t apered SLrthgcreferied srbadimentss "Y’r@v%‘l?ﬂ‘é F‘bﬂg‘??‘?/es"ﬁ[?dih% h&f of the seal
assenbly and the tapered surface for noving the seal assenbly radially to
d0set poslawexer, it. isAle hesexyegslisuritgrsioad thatagughnimpdifigadioas@ndhe hi gh

tenperature seal ring conprises a seal ring formed froma group including
adaptations are within the spirit scope of the present invention, which is

defined in the following claims.



20 one or nore of tin, atin alloy, lead, a lead alloy, indium an indium
alloy, cast iron, a netal softer than the netal seal body, a PEEK plastic
mat eri al ,we 03@81seh pl astic material, and a grafhoil graphipCe/usay/eniaal . 3.
An assenbly as defined in Claim1, furfBher conprising: 25 one or nore | ow
tenperature seals positioned on one of the netal seal body and the anot her
body. 4. An assenbly as defined in aim3, further conprising: at |east
ohe of tQdaimsw tenperature seals conprises a seal ring 30 forned froma

BT Usosy 11418° - Aveegt §ss SRy 0r RRP B e Th Blldtana Rl iy oL,

conpri si igver fheBas th@B8eaPhsddmbigRontdrisiiy:e | ow tenperature seal s having an

initial sealing diameter, the |ow tenperature seal having an elasticity
si gni fi cant | yagnetal seakbedy ingliding one er meje redigfy extanding psi i ng. 10 6. An

ceal s ar e postrPRRLEoRy o bRty Fetnb B P e e doar bl PTECT ST
ﬁgwafzeme)lrgt 3raefdgfg£?11sa§?h;atu@a§éaéhr&g_ yﬁ%}edi)a)iiaily betweenone oﬁth’ehmle one or nore
2 1 over  RETEATOTSIAGRANAEhe AT CHSSi AR, SHENBRY REN DR (SMErebIoel of n the
;Jgpﬁ[)m”f dﬁé may bbNSEitidried WG Bbivddif the aetatnsbdi NSodyWpid B%d &l finger
another body during assembly of the seal assembly; and
one of the seal assembly and tapered surface being axially
15 movable relative to the other of the seal assembly and the tapered

surface for moving the seal assembly radially to a set position.

2. An assembly as defined in Claim 1, wherein the high
temperature seal ring comprises a seal ring formed from a group including
20 one or more of tin, a tin alloy, lead, a lead alloy, indium, an indium alloy,
cast iron, a metal softer than the metal seal body, a PEEK plastic

material, a Teflon plastic material, and a grafhoil graphite material.

3. An assembly as defined in Claim 1, further comprising:
25 one or more low temperature seals positioned on one of the metal

seal body and the another body.

4. An assembly as defined in Claim 3, further comprising:
at least one of the low temperature seals comprises a seal ring

30 formed from a group including a rubber and an elastomeric material.



inclined. 9. An assenbly as defined in Claim1, wherein the inner nenber

I ncl udes the tapered surface on its outer dianeter. 25 10. An assenbly as
defi ned iwOo@B@asmei, wherein at | east one of the one or nPCE/UGSHHPRIS S a
continuous circunferential netal ringtfaving an end for sealingly engaging
one of the outer nenber and the inner nenber. 30 11. An assenbly as
defined in Caim210, wherein a plurality of the nmenber fingers each have a
s&al i ng end. D 08nheaBBAIYPas/defioed in Liadm 3,1f8rther compesgibl y as defined in

Claim1, further c risgng: aone ar re .annul ar the tal seal
body radi al | yaaﬁ'ﬂf’ggqeeot !ﬂge ShE O MeS? O‘Het?mpef'?t%%%gg%lggwha senbly as
defined idyi4f 86aMinky dAIBERID th@eloﬁ\ﬁQémPéFét@‘ésgﬁél havigasnaklastioiyed downwar d
relative to a stationary tapered surtface. 14. A seal assenbly for sealing
bet ween signifigsintly gaeatenthamthaiof thexhigbrtempenatare pealhdissi ng, the seal
assenbly conprising: 15 a netal seal body including one or nore radially

extending netal fingers; another body for selective engagenent with the
ngt al seal body,

6. An assembly as defined in Claim 3, wherein the one or more
low temperature seals are positioned axially below the high temperature

seal ring.

15 7. An assembly as defined in Claim 3, wherein at least one of the
one or more low temperature seals is spaced axially between an upper

metal finger and a lower metal finger.

8. An assembly as defined in Claim 6, wherein the upper metal
20 finger is downwardly inclined, and the lower metal finger is upwardly

inclined.

9. An assembly as defined in Claim 1, wherein the inner member

includes the tapered surface on its outer diameter.

25
10. An assembly as defined in Claim 1, wherein at least one of
the one or more stops is a continuous circumferential metal ring having an
end for sealingly engaging one of the outer member and the inner
member.
30

11.  An assembly as defined in Claim 10, wherein a plurality of

the member fingers each have a sealing end.



t he anot her body including another radially extended finger; a high
tenperature seal ring spaced axially between one of the one 20 or nore
met al fi ryerog/osase3 t he anot her finger, such that the high PCengses/st4us e seal
ring may be positioned between one of- 18he one or nore netal fingers and

t he another finger during assenbly of the seal assenbly; and one of the
seal assenbly and a tapered surface being axially 25 novable with respect
t& the other d2.thAnassemibly aaislefingd in Claimt hfurtber cemprisivg: f or novi ng t he

seal assenbly radiall It as defined in
Cl aim 14, whePaF P %@é@h‘ﬁa'fg%@g;ﬂ}bgqg%éfs?énrbg&gg%@es a seal forned
froma goppdsitaHeushd ar aitte m&kapfing@se of tin, a tin alloy, lead, a |ead
alloy, indium an indiumalloy, cast iron, a netal softer than the netal

seal body, a PEEK plastic material, a Teflon plastic nmaterial, and a

gr af hoi | grapg'fuste Ita%rséﬁigl%ggg\gﬁpgﬁrﬂgyaﬁ%q %Té#éﬁ@ﬁ(é&e%S -19 5 16. An

assenbly as derine €r conprising: one or nore | ow
tienper at wssernbBl is axt=iiytrhoved dowhweed rélbtives tead stdtimharataperadt her body. 17.
An assenbly as defined in Caim16, further conprising: 10 at |east one of
the one 8HMASR-e | ow tenperature seals having an initial sealing dianeter,
the | ow tenperature seal having an elasticity, significantly greater than
that of the | ow tenperature seal ring.

14. A seal assembly for sealing between a housing and a tubular

hanger within the housing, the seal assembly comprising:
15 a metal seal body including one or more radially extending metal
fingers;
another body for selective engagement with the metal seal body,
the another body including another radially extended finger;
a high temperature seal ring spaced axially between one of the one
20 or more metal fingers and the another finger, such that the high
temperature seal ring may be positioned between one of the one or more
metal fingers and the another finger during assembly of the seal
assembly; and
one of the seal assembly and a tapered surface being axially
25 movable with respect to the other of the seal assembly and the tapered
surface for moving the seal assembly radially to a set position.

15.  An assembly as defined in Claim 14, wherein the high
temperature seal ring comprises a seal formed from a group including one
30 or more of tin, a tin alloy, lead, a lead alloy, indium, an indium alloy, cast
iron, a metal softer than the metal seal body, a PEEK plastic material, a

Teflon plastic material, and a grafhoil graphite material.

35



18. An assenbly as defined in Claim 16, wherein at |east one of 15 the one
or nore |low tenperature seals is spaced axially between an upper netal

fi nger armoaslognses netal finger. 19. An assenbly as defi nedTiusoZigisn 14,
further conprising: one or nore annul1®&- bunps on the netal seal body
radially 20 opposite the one or nore netal fingers. 20. An assenbly as
defined in Caim 14, wherein at |east one of the one or nore radially

et endi ng find6rs AB 3§S§MY asdediney it Glaim b farther cempriginghti al ring

having an endof.gro s ERLNGLY (GHABRIE 408 HAka BBndden Al apsprdl y as

defined in C nprisi hg:  'one or nore the fingers
i ncl udi ngody aatitaridtiver fodyhe formof a weld inlay. 30 22. An assenbl y as
defined in Caim114, wherein the high tenperature seal ring includes one
or nore circunferential grooves each separati ng an upper seal ring sealing

surface froma-lo i i
PCT/ US03/ 1141 7. _%Hf%%%b%ggsdggﬁ 9'{]%'555% ne | n CI 9§|71§4 wherein the
seal assenbl wt ieast>ors bf tneone dommmriawvrtehmermre (sealssha\tln@aar y tapered

rface.,24. An a errbl def wh t.h
ig | ow t&%r%@ﬂ@sg@rﬂ‘ eg,f éh‘gdngr‘]’te fi C«LH(?a??% B@wﬁfg,egﬁeelﬂ%cﬁtg}te e(r)r{)e?g{ ﬁre

significantly greater than that of the low temperature seal ring.

18.  An assembly as defined in Claim 16, wherein at least one of
15 the one or more low temperature seals is spaced axially between an

upper metal finger and a lower metal finger.

19. An assembly as defined in Claim 14, further comprising:
one or more annular bumps on the metal seal body radially

20 opposite the one or more metal fingers.

20. An assembly as defined in Claim 14, wherein at least one of
the one or more radially extending fingers is a substantially continuous

circumferential ring having an end for sealingly engaging the housing.

25
21.  An assembly as defined in Claim 20, further comprising:
one or more of the metal fingers including a soft tip in the form of a
weld inlay.
30 22. An assembly as defined in Claim 14, wherein the high

temperature seal ring includes one or more circumferential grooves each
separating an upper seal ring sealing surface from a lower seal ring

sealing surface.



seal rings. 25. An assenbly as defined in Caim14, wherein the housing is
a subsea wel | head housing. 15 26. An assenbly as defined in Caim 14,
wher ei n tWe osok1skar hanger includes the tapered surface ®QTIUSS3/OM1%r

di ameter. 27. A nethod of form ng a s&fl- between an outer nenber and 20 an
I nner menber, conprising provi ding a seal assenbly having a netal seal
body incl udi ng one nore radially extending netal flngers provi di ng

arfot her body &8k séﬂe&ﬁsﬁﬁébléﬁgé?@@ﬁ@@ﬂn falaim 1hevhered thesgeal pody; 25 axially
spaci ng | dy and the

anot her %8%‘%’%%?%@5@@@%?‘3%8¥“”Wﬁggéggf"v’§§§8%@”ﬁ?}é&’r earter positioning

t he seal safaesbl y between the outer nenber and the inner nenber; and

novi ng one of the seal assenbly and a wedge ring relative to the 30 other

of the seal assenbly and the wedge ring to nove the seal assenbly to a set

Phe i nner montdt A0Sy DEDLA SRR SR 2o WEER (oG horTBber and
def i ned low férapmazar,e $eals laee positipned ariglly belgw the high tehypearetuné seal body

bet ween one of the one or nore
seal rings.

25. An assembly as defined in Claim 14, wherein the housing is

a subsea wellhead housing.

15
26. An assembly as defined in Claim 14, wherein the tubular
hanger includes the tapered surface on its outer diameter.
27. A method of forming a seal between an outer member and
20 an inner member, comprising:
providing a seal assembly having a metal seal body including one
or more radially extending metal fingers;
providing another body for selective engagement with the metal
seal body;
25 axially spacing a high temperature seal ring between metal seal
body and the another body during assembly of the seal assembly;
thereafter positioning the seal assembly between the outer member
and the inner member; and
moving one of the seal assembly and a wedge ring relative to the
30 other of the seal assembly and the wedge ring to move the seal assembly

to a set position, such that the seal assembly seals between the outer

member and the inner member.



fingers and another finger on the another body. 29. A nethod as defined in
Claim27, further conprising: 10 providing a | ow tenperature seal axially
spaced beweamanstsab of the netal fingers. 30. A nethod asPpdefisegdi4ih C ai m
29, wherein the low tenperature seal2is set by applying a setdown wei ght
to the seal 15 assenbly, closing a bl owout preventor around a running
string, and pressurizing choke and kill lines. 31. A nethod or defined in
Cbai m 29, furR8er Aongthosiasgdefineddndlainm@7f furthersosyyising:above the | ow

t t | t I 20 sett] f f th I mbl y.
255 et oo SabeRrAZRemite Sk SeY iublh ARerl bRl S ccae™ Y
becomes fheakl Al ahdtier AiRGél AWtHd andthehbbgyper ature seal ring. 25 33, A

nmet hod as defined in Claim?27, wherein a final set seal assenbly is forned
by noving the seal assenbly axially in response to fluid pressure above

the seal assepghly i th,.respe tQ . Lon .£110g. 30 34. A nethod
as defined i nE% ai&@%ﬁho@%r@fw h@ @%W 'Z?e%e\g?é?fg:rgfeﬂg? initially has a
nyn-in di amet previding 4 e leppdratipeisebladahespaded beivegdntadi ofthg to a set

position by nmoving the seal assenbly axially relative to the wedge ring on
a t ubul ametal fingers.

30. A method as defined in Claim 29, wherein the low
temperature seal is set by applying a setdown weight to the seal
15 assembly, closing a blowout preventor around a running string, and

pressurizing choke and kill lines.

31. A method or defined in Claim 29, further comprising:
increasing fluid pressure above the low temperature seal to apply a

20 setting force on top of the seal assembly.

32. A method as defined in Claim 29, wherein the low
temperature seal becomes disabled after setting the high temperature

seal ring.
25
33. A method as defined in Claim 27, wherein a final set seal
assembly is formed by moving the seal assembly axially in response to
fluid pressure above the seal assembly with respect to a stationary wedge
ring.
30

34. A method as defined in Claim 27, wherein the low
temperature seal initially has a run-in diameter; and

the low temperature seal is moved radially to a set position by
moving the seal assembly axially relative to the wedge ring on a tubular

35 hanger comprising the inner member.



35 hanger conprising the inner nmenber. WO 03/087523 PCT/US03/11418 -22 35.
A nethod as defined in Caim?27, further conprising: providing one or nore
annul ar bwops/oe1523 he netal seal body radially opposite tReTArse3/or418or e
metal fingers. 36. A nethod as define@2i.n Caim27, wherein one or nore of
the 10 netal fingers sealingly engage a well head housing conprising the
outer nenber. 37. A nethod as defined in Caim27, wherein the seal
assenbly is 85n iA methed lasatefinedinGlaign 23 ofurthengontpsising:er menber

37, "whor oi n t REMAIRG T RGEST AR G00pR o Bep AR ERgipe® | "ed T S AT

radially opposite the one or more metal fingers.

36. A method as defined in Claim 27, wherein one or more of the
10 metal fingers sealingly engage a wellhead housing comprising the outer

member.

37. A method as defined in Claim 27, wherein the seal assembly
is run in a well on a running tool, and the outer member comprises a

15 subsea wellhead housing.

38. A method as defined in Claim 37, wherein the inner member

comprises a tubular hanger.



