Bl - DI RECTI ONAL ANNULUS SEAL Cross-Reference to Related Application [0001]
This application clainms priority to provisional application 61/117, 879,
filed Novenber 25, 2008. Field of the Invention: [0002] This techni que
relates in general to wellhead assenblies and in particular to a seal for
seal i ng between inner and outer well head nenbers. Background of the

I nvention: [0003] Seals are used between inner and outer well head tubular
menbers to contain internal well pressure. The inner well head nenber may be
a tubing hanger that supports a string of tubing extending into the well

for the flow of production fluid. The tubing hanger |ands in an outer
wel | head nenber, which may be wel | head housing, a Christmas tree, or tubing
head. A packoff or seal seals between the tubing hanger and the outer
wel | head nenber. Alternatﬁi_gI EPRIORAE A Lﬂg%gAﬁpnber m ght be a casing
hanger |ocated in a well hea %ou5|ng and secured to a string of casing
extending into the well. A seal or packoff seals between the casing hanger
and the wel | head housi ng.

Cross-Reference to Related Application

[0001] This application claims priority to provisional application 61/117,879, filed

November 25, 2008.

Field of the Invention:
[0002] This technique relates in general to wellhead assemblies and in particular to a seal

for sealing between inner and outer wellhead members.

Background of the Invention:

[0003] Seals are used between inner and outer wellhead tubular members to contain
internal well pressure. The inner wellhead member may 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 wellhead housing, a Christmas
tree, or tubing head. A packoff or seal seals between the tubing hanger and the outer
wellhead member. Alternately, the inner wellhead member might be a casing hanger
located in a wellhead housing and secured to a string of casing extending into the well. A

seal or packoff seals between the casing hanger and the wellhead housing.



[0004] A variety of seals of this nature have been enpl oyed in the prior
art. Prior art seals include elastoneric and partially nmetal and
el astonmeric rings. Prior art seal rings nmade entirely of nmetal for formng
netal -to-netal seals are also enployed. The seals may be set by a running
tool, or they may be set in response to the weight of the string of casing
or tubing. One type of prior art netal-to-netal seal has inner and outer
wal | s separated by a conical slot. An energizing ring is pushed into the
slot to deformthe inner and outer walls apart into sealing engagenent with
t he inner out er | head, . LS. Ih rgi-7j g J solid
wedge- shap@gﬁhrjre‘gﬂ‘:’)ae“re.tym%ﬁ%alsd%f %IF et | (1)1?1%0 e’?ﬁrgﬂ:g%e%é%{hagggﬂoa@u?grr 1%\5\/%“ S exceeds
the yield strength of the terial of t | . ring, H@kl def ormati on
per manent TCGB&C% d‘i“ﬁfe%?ur)rrxlﬂ1 rlcgaglg ﬁla@‘ép\%gleaﬁl Gt% Wgt%%%ﬁr Ilﬁ%gb? u ‘?S%%ltrg d the
wel | head may,occu arti.cyl ar.l ith l,l.heads .| ocat a surf ace,
“rat her tharﬁlx%eu%lg"éey of} eéal\%%Il%?m}l?%ringalfﬁobnv\{\m&r%éeaﬁsp%é?l%f ?ﬁ’rl%&htr{l\%}%%tsubi ng heats
the string_of, tubin and to a,l esser degree th Lr i sing. The
lélaY Recsregféységfu%lsr}g }:088 gre th{a%rena¥ u%se(t:‘\gl rﬁs&)onse?o f?l /e%r?xp &I tﬁ'egstlgf (])tn

t enper at ur mg nger - an casing ‘hanger to
nove axially. a s]ight .ampunt.relativ o the quter wellhead nber. During
the heat u W?Qﬁ@#@ﬁt?ngﬁ'e?ﬂ%Fﬁé Hﬁﬁﬁé?mggﬁféra%gg?ﬁﬁéﬂgﬁdgﬁgcan al so nove
radially due to.tenperatuyre differences .bet n _co nent.s d. the

0111 or et FREEEA BY 3 PE D SRSIHETR TR PR g S PONENE BTor i al s are

tructed. If th L has..b t as. It . of dgi tion wh
an axi al dPESEERATAPRO SRV SRR P e SRR DF  ovenent of the

seal against jts ting. surfaces, .then sealing forces e reduced if
Ther e o novabsh: TR BB SHoHE SR aRRd oG OGP R Bp RE i
effects. A reduction in axial farge on_.the enerqgiz] ring results in a
reduction ’inﬂertaﬂéo‘r‘t&rd?’aélis exq6asrhe WG sEuneik &hefIBart%rg’ioﬁ)(ﬁgf%L“ H8f"&nd out er
wal I s of the seal ring, which may cause the seal to |leak. A loss of radial

| oadi ng bet'GAERMAtEN BERPNShd its mating surfaces due to thermal transients
may al so cause the seal to | eak. The fol h{c))wi nqg tectlgie(gue may sol ve one or
gAtdiBRvel

more of t hW8RSI Shspmal growthhrtwernyihcasing e PRHpE Mg BRWe b BRY 9485 seal ring of
this technique forns a netal-to-nmetal seal and has f eaiuure? t'ﬂat | ock the
seal to theergsully ppdselipeads lpgaphy heyripsreratisniian subsste 1 xrll fipidy al so has
features that enable retrieval w thout risk of seal disassenbl % The seal
ring has iPovape apverd threneh fie thingsstiha pagf tuping, ard to A lessar dperesB¢ gi zi ng ri ng
is pushed into the slot during installation to deformthe inner and outer
wal |'s i nt osugesdingragng aisrieRpcaiie hnarsapemansiyschie BPIngaprrase sl wsHing s.

hanger to move axially a slight amount relative to the outer wellhead member. During

the heat up transient, the tubing hanger and/or casing hanger can also move radially due

to temperature differences between components and the different rates of thermal

expansion from which the component materials are constructed. If the seal has been set

as a result of a wedging action where an axial displacement of energizing rings induces a

radial movement of the seal against its mating surfaces, then sealing forces may be

reduced if there is movement in the axial direction due to pressure or thermal effects. A

reduction in axial force on the energizing ring results in a reduction in the radial inward

and outward forces on the inner and outer walls of the seal ring, which may cause the seal



[0007] In the enbodi nent shown, the seal ring is bi-directional, having
upper and | ower sections that are the sane, each contai ning one of the
slots. Preferably a | ower energizing ring engages the slot of the |ower
section and then an upper energi zing ring engages the slot of the upper
section. Both the upper and |lower outer leg of the seal ring are machined
to form shoul ders, which abut against shoul ders |ocated on the outer
surface of the upper and | ower energizing rings. The shoul ders ensure that
t he seal assenbly remains intact as one solid structure during |anding,
setting, an et,r.ieval operations. [000 A.lock ri i ttached to the
Dot t om ot PAgt oveR BiaPlPhfh ST sy Pt i Bl d 8% Ar BRI ng' When
the seal rjng. |l.ands,, | ocki t he I Lpe hanger. to the,housing. A C ring
roste i oS ARG st B el RIEE TuP PR MERFial b ERE NS, g 1 g
and engages th thaqﬁq{ when the seal is set, locking the seal to the
hanger . fﬁﬂﬁﬁfl?ﬁ’ %gﬁghbodinent shown, a radial gap exists between the
outer wall of the seal and the inner wall of the mating housing. Such gap
is required for installation in the field and is sufficiently large to
require plastic deformati on of the seal body, but not the energizer rings.
The soft H@PET?VESfW%GSPg“WBy al so prevent galling of the seal ring inngr

and outer s to.their. respective well pipe ha r. apd wel | head bore
nenber s. |ﬁ5%$§éF*Pg“ %%%ﬁﬁﬁ%ﬁ%w @gpﬁﬁﬁﬁﬁvgﬁgg%ﬁﬁpgﬁégsgﬁﬂ“@&?face trauma
of the wel| head nmbers, soft netallic inserts_my be proyided for on the
Seal | The BTSBe sHEOCh HRHEES SROLTHE A ket FErdmeakE e FEER: ¢ o
provide for scratch. filling and therefore sealing between the mating
menber s. T CSURE FSYNTETrig O seal disty om0 THF SLHEE HAMPRPIGE he seal
ring inner d outer nenbers tqQ their respective casing/tubing hanger and
wel | head Hﬁﬁ Sﬁ@ﬁﬁ@#??skéoédﬁmgﬁ@”@éﬁ%Pﬁ&gﬂwﬂwéﬂﬁgf Fggmgﬁgrgy provi ded for
by the enerqizhng rings, the |ocking mechani sns of the seal ring and the
ener gi zi ng™FRIgon torflgform dhecippas pRdter 3Hls It tealing srgagement Wiigiregaed gas ti ght
seal ing under extrene thermal conditions. Alternatively, the soft inserts
may be nad®te msHhead isAbAEt al | i c material or pol ynmer such as PEEK

(pol yet her - et her - ket one) or_ PPS (pol yphenyl ene sul fide). Brief Description
of the Drd@PHgdn the gobadimentgheven, thejseal aing sy dippaional; heyjngtrrer ahiowsissenbl y
installed in accordance with an exenplary enbodi nent of the present

t echni que,segtw@mabqrq: e sarpe, é?f@rcgiltilatng@ﬁ? of the slots. Preferably a lower energizing

ring engages the slot of the lower section and then an upper energizing ring engages the
slot of the upper section. Both the upper and lower outer leg of the seal ring are
machined to form shoulders, which abut against shoulders located on the outer surface of
the upper and lower energizing rings. The shoulders ensure that the seal assembly
remains intact as one solid structure during landing, setting, and retrieval operations.
[0008] A lock ring is attached to the bottom of the lower energizing ring, and engages the
wellhead housing when the seal ring lands, locking the well pipe hanger to the housing,.
A C- ring rests in a machined pocket on inner surface of the upper energizing ring, and

engages the hanger when the seal is set, locking the seal to the hanger.



[0012] Figure 2 is a sectional view of the seal assenbly of Figure 1 and
shown in the | anded position with the well pipe hanger | ock nmechani sm
energi zed. 10013] Figure 3 is a sectional view of the seal assenbly of
Figure 1 and shown in the | anded position, with the | ower seal section set.
10014] Figure 4 is a sectional view of the seal assenbly of Figure 1 and
shown in the [ anded position, with the |lower seal section set and the upper
seal section set and | ocked. 100151 Figure 5 is a sectional view of a seal
assenbly, in accordance with an alternative enbodi nent of the present

techni ques h\%#ﬁp btog et T i(é?l% Fﬁgtkl)e%ec{qﬁ u@ér%w@ll oPﬁl

Descriptio nven on: , a port|on of a

hi gh pressy rdethe\zl\%n he %Lrlgaltlrr]lg housm n Such1t gdp s rewnﬁ (% u%]sil'anlgéon 1?%ttﬁeﬁjd at an

upper end ot 4 serve i's exanpl e.

Housing 11 ocated t he odi e grooves 19
are posi tior daiﬁsu%ﬁcdﬁngtg’ largeé rf;%’ 6P }afthc ({e?or{rr%trmnsolgr}feasgael%g%’%%tunsopgr% 11 in bore

21. G 19 d fl k di dth
Gt orY el R e s ELANE et B0 B UGB e SRR | DT

i Fi 1 hi
bors 21 Af dZ%ﬁ@éf*%*@ersﬁ%@mea%F“ﬂ u‘%‘?linpdpel n%%aﬁ%‘ lhegé '?’ﬁaﬂ il o

Ch 1 1 Al t te h
Ty a2 e?f@gﬁgﬁvgm%{og% afing G357 MR R fﬁ%ﬁ&gwé g yRuhe, 19 nanger

annul ar recess radja aced mard fr 0. def seal pocket
13 In thi glelaﬁ%apﬁ&aﬁiaﬁw *55 ST %&Faﬁl%ﬁalzaa?defﬁmes Fine out er
surface of ca5| han in se ockeh h 16 Cﬁggrlse paral |l e
annul ar gr@B?@ P@H Fﬁ ﬁ?@&ﬂﬁ“? d“ﬁ F@fg 3?%&3 ger 15 has an

u rd f n houl der 17 th fin I r.en f Kk .
pvard aC{)e ee% tlcl)eumgtglg membtersatl“hé::i s?oft mgtglhg pn%erts%\{\gf als% pgevgnt g%ﬁmg OP ?1% et 13

seal ring inner and outer members to their respective casing/tubing hanger and wellhead
bore members.

[0010] The combination of stored energy provided for by the energizing rings, the
locking mechanisms of the seal ring and the energizing ring, and the compliant soft outer
inserts, provides gas tight sealing under extreme thermal conditions. Alternatively, the
soft inserts may be made from a non-metallic material or polymer such as PEEK (poly-

ether-ether-ketone) or PPS (polyphenylene sulfide).

Brief Description of the Drawings:

[0011] Figure 1 is a sectional view of a seal assembly installed in accordance with an
exemplary embodiment of the present technique, shown prior to energization.
[0012] Figure 2 is a sectional view of the seal assembly of Figure 1 and shown in the

landed position with the well pipe hanger lock mechanism energized.



[0018] A netal-to-netal seal assenbly 51 is |located in seal pocket 13. Seal
assenbly 51 includes a seal ring 53 fornmed of a netal such as steel. Seal
ring 53 has an inner wall 54 conprised of upper seal |leg 60 and | ower seal
|l eg 65 for sealing against the cylindrical wall of seal pocket 13. Seal
ring 53 has an outer wall surface 56 conprised of upper seal leg 61 and

| oner seal leg 67 that seal against well head housing bore 21. In this
exanple, inner wall 54 and outer wall 56 contain inserts 55 forned of a
soft nmetal or alternatively made froma non-netallic material or polyner
such as PE | v-et her - et her.- k e heny. | fide). The
i nserts 555§}JH§$%3?5gHW?gmﬁﬁgPY@2?%*%5%&3@%?%@% r%85|nghgg§gigl and the
hanger pocket 13...and. form a . seal t ween the casing hanger 15 and the
seal asse ap%m§TQS%L§” %Fg?wgf é%% O?gg'seal assenbly 51 and the seal
assenbly 5 the,well head 11 on, a el senbly 51
opposite tﬂ?g?ﬂ?ﬁ%‘fre%fscfes.ec I‘:)élglhw%“é%ﬂh? ?eﬁga%%%f%%? g‘%:legrg%h gglgh} tggcyl i ndrical .
[0019] In this ex | e, seal ri 3 is bisdirecti Lo h he seal is
rei nf or cedfaﬁﬁ%ﬁogﬁ%nlg% éheﬁgw?arpsﬁqig%c O ;e“édctﬁle ofP ef \EA%PS%?%%@? &gﬁé&k wever, a
seal ring t 1s.unidirectional be, used. Th | ring.53 has an
ipper sect MEERESS s b O w s P B o R FE i B e o
each other. Each section has .slots 57 ._The .inner and outer surfaces
Formi ng ealhbeiT sihe Bgsabhem s ylhm ARy Sy rRaRcERE meip st hat ray
be straight. 100201 An upper energizing ring 31 engages slot 57 on the
upper side, and a | ower energizing ring 71 engages slot 59 on the | ower

si de. Upper. epergi zi.n r“ng ﬁé}ig forced downward into upper slot 57 by a
running to Fm? escHptien oid AHEEYE® t o grooves 35 on upper energizing ring

31 during ing. Alternatjvely, seal.assenbl 1 and .u I energizing
ring 31 relpob HiSirsinie Tiehes Liaﬁ}'ﬁm;ﬁ a }@EPE\%%T f‘e%elgﬁ%@gafﬂg?gfsﬁ‘f% vel ght o

ich forces energizing rin into upper slo : e seal ring
npvesSgOM%af&zgl lgd iﬁ%@@?&fhaﬁrqfﬁyeﬁfﬂ ée_"relala&@uothffh ??\sblé?enéa%t 59. Lock
ring on, shoul der prevent s downwar xi al mpvenment  of | ower energizing
r}ng leduWﬂWﬂe§@ﬂ*1ﬁ@?“ﬁ?gg?i?ﬁgeﬁéﬁﬁ?mgﬁ@ﬁ&fQPHQ???mgfmgﬁﬁfqze%re formedd
of metal, such as steel. pper energi.zing rin ncl udes an upwar
faci ng ret K #P Agitinedileng a lgueth f the ngfi fuepcedippusing I iporaple éroag%ﬁ nst a
downward facing retaining shoulder 63 |ocated on the inner_surface of the
out er uppel? saayprisepasglickioad flanks gxtenglingaseund the{gnes ABMEWEP'PORP2 63 ensure t hat
seal ring 53 and upper energizing ring 31 are secured to each otger. Lower
ener gi zi nglOPFHn this xa@plgeibe naerdﬁamﬁirlaem% POTBPTIEY BFIPAGASROLY 88174 on i ts
outer surface that abuts against an ugmard facing retaining shoul der 69
| ocat ed onistshewn periéally suFigeed vithin bpse dlytlternageha weflbepd dousyie deegpldbeng 53.
Ret ai ni ng shoul ders 74, 69 ensure that seal ring 53 and | ower energizing
ring 71 aretubimggpadoraClanasdicpeplternately, casing hanger 15 could be a tubing

hanger, plug, safety valve or other device. Casing hanger 15 has an exterior annular
recess radially spaced inward from bore 21 to define a seal pocket 13. In this
embodiment, teeth 16 are positioned along a length of the outer surface of casing hanger
15, in seal pocket 13. Teeth 16 comprise parallel annular grooves extending around
casing hanger 15. Casing hanger 15 has an upward facing shoulder 17 that defines the

lower end of seal pocket 13.



100221 Inner surface 32 of upper energizing ring 31 contains a slight taper
and upward facing shoulder 36 that forma pocket 37. A locking Gring 41
with teeth 42 on its inner surface rides in pocket 37. Aring 45 rests

bet ween |l ocking C-ring 41 and upper inner leg 60 of seal ring 53. Wen the
seal assenbly 51 is set, ring 45 forces Cring 41 from pocket 37 on upper
energizing ring 31 and teeth 42 mate with teeth 16 on casi ng hanger 15,

| ocking the seal assenbly 51 to casing hanger 15. [0023] The end of | ower
energi zing ring 71, opposite seal ring 53, is machined with tapered fl anks

79. Lock r t&ﬂ?ﬂ 81% g}%ﬁé}—&?}%&%ﬁl&%ﬁ ggg?%uglgtﬁ F1)selro<(§"zﬁiedfiln %‘Qalf ﬁocﬁg‘[ 1%::] iSiﬁ% %s;'il%ggzrs Sur face

that mate I"ower “ener gi zi ng he outer
surface of.the |ower. e of enerqgi.zing ri 1.is hi hed Wt n upward
Fac ng. sholFHee "9 ipgak At g ek o S e a bl ot g

shoul der 84 on. i i nner  surface that te with u rd facing, shoul der 80
on | ower e??ér?pélis?{%élppﬁrﬁegal?f S0 R loygt SeePﬂg%gffgé%ea%’?g E}g%y:’\’% t}(rljel ng icg%:ont ai ns
grooves 83 t lign wt o s 19 on | | head _nenber , 11 when .sea
ascenbry sl e sslipodo L srafBo s Aoril MTsege e rRRR R AT 00oa)
Each of the ergizing.rin 31,71 ha wedge nenber,. 33, ..77_0r .engagi ng
portion t hlﬁggg%dg@%’gr Sg?'}ée%‘%stpﬁééal F‘%?f’gg%}hegggouf—f&% Or&%é'rg'i%s S l%g 31, 71
has an inner surface 32, 7 nd an .oute urface 38, for en ing the
opposi te i RSN f%é%%pﬁg’ l é@Wa@Pﬁ?”%%§ﬁ@§¢ﬁ#ﬁﬁ8$n§égm6ﬁ?g?gg%€faces 32,
75, 38, 73 y. be straight surfaces, as sho r curyved surfaces. [0025]
In oper at | BAde fEpm ﬁﬂ‘?ﬂ"i’?@tg{‘]‘ﬁé}}ate&?ﬁ%tpPiyﬁijr b & Popf s SRt hedERes y 51
(Figure 1)_an owered in e.well_ _ For e l e,. a runni ng tool (not
Shoun) - canPRuralpiEHE 15 Bhbs ey e UpERe Bhbrghs ety 55 Seal
assenbly 51 is pre-assenbled with upper eperqgizi ring 31, C-ring 41, ring
45, seal riogingsore 2Rt the Arnegh BACkS 13’]?,‘1‘1&}1’%“1’%8‘?{"1 F‘%W@‘mgge “Fhe cdifffect ed to
one another. As seal assenbly 51 is |qQwered into hore %1, lock ring 81 will
| and on hahyd tagstliagremblyp1 opreingtesidgief theseaf prsepbiNAl Ay o eel 3P4 string
causes |l ower energizing ring 71 to continue nmoving downward rel ative to

| ock ring Bhandfieavelihpad P sseped sifg obihe paabassemidy S Eeppostiedhoisenids gi zi ng ri ng
71 slide against the mating tapered flanks 82 of |lock ring 81. The downward
novement ogachéﬂ’ﬁéfmé}’félﬂ grEEhit PP igymdrcaluses 1ock ring 81 to move radially
outward. G ooves 83 on the outer surface of shoulder ring 8L align with
grooves 191081V thisrsaerlseseplaing £3 is biglstingal mahat theisad) ivismiuseddieno wel | head
menber 11 as shown in Figure 2. [0026] The downward novement of running

t ool (not RBGWE)S apnbedipsech of fiee diregtiony. Howgvesa seal|rigiSy éhaf i hbck ring 81

reduces the axial distance between |ock ring 81 and upper energizing ring
31. The r editeetignghmexbssussd. | Bweseal sine 6§ hasi angipper septipn ando lgworsseteonfipgit her into

are substantially mirror images of each other. Each section has slots 57, 59. The inner
and outer surfaces forming each slot 57, 59 comprise generally cylindrical surfaces that
may be straight.

[0020] An upper energizing ring 31 engages slot 57 on the upper side, and a lower
energizing ring 71 engages slot 59 on the lower side. Upper energizing ring 31 is forced
downward into upper slot 57 by a running tool (not shown) connected to grooves 35 on
upper energizing ring 31 during setting. Alternatively, seal assembly 51 and upper

energizing ring 31 may be part of a string that is lowered into bore 21, the weight of



slot 59. This axial novenent of |ower energizing ring 71 forces | ower outer
seal wall 54 radially inward into sealing engagenent with the cylindrica
wal | of seal pocket 13. This axial novenent al so forces |ower outer wall 56
of seal ring 53 outward into sealing engagenent with the wall of bore 21

As | ower energizing ring 71 advances further into slot 59, the axial
position of the seal assenbly 51 and upper energizing ring 31 changes
accordingly. As the entire seal assenbly 51 noves axially, locking Cring
41 and teeth 42, align with teeth 16 on the outer surface of hanger 15, as

shown in Figu 3. Vent. passages or rati.on _hal es, nay bge | ncarporated
acr oss medaﬁwgg”aﬁ&“?HVQQ&ﬂg38M§%W%ﬁ§$§$21ﬁ ﬂFFﬁg‘9§§%8m¥ﬁh°W3W%§ﬁrau|iC

| ock condiﬁion does not Lerent. xﬁal qa&%-%p of. t e, ener &%gr and sea
system Fofo“CEEiersiine it iy Farord MR IPsE e % Hogiiing S P8 REI Y may be added
across seal bo d53. %%%2 7] The gﬂntinued.domnmgég DV enent o%rrunning
tool (not RISSRHN)doNRy sl mByemgt iRger PHgZ 5% gl AT EE R otk Y i ng 81
further reduces the axial di nce between C-ring 41 and upper energizing
Fing 31, THEPREOrEBIECHES G TAABaPTEHar GRSt MY P NP2 1o advance furt her
into slot p7. This axial novenent of upper.energizing [ri forces upper
seal var| BR2HRE ik 1 oo Gaar PRG L R Rs ShENPE b i ot o ol
wal'l of seal pocket 13. This axjal novenent also, faqrc u r Il 56 of
seal ring SHTGHTNRIE P LERESA doy A et R HOHE St Reepn B e 21, The
axi al movepent of C.ring 41 is restricted by ring 45, and upper

ener gi zi ngMPFiTYTaee oy QutenRPSY ]F%E?P{Sﬁ@l g SSOPﬁtéglg@-sg?‘H%r%ﬁg??? S%Blﬁoc ket 37
on inner surface, 32 _of , upper energizing rin 1. r energizing ring 31
conti nues HEVSHAINE3 PRY BPPST PErEEmEing ﬂﬁ%@c‘gﬁ‘fﬁoe?égp‘ggﬂf gPYY"ers C-ring 41
radi ally inward, pIaanq teeth 42 into engagenﬁgﬁ mjih teeth 16 on hanger
15. As a r &%gieng gng {lhgcludes p dewawad fcmgdetaippeshaplder 44 pfiguter puriacss shown i n
Figure 4. Vent gassa es or enetratjion holes my be anorporate acr oss
wedge 33 afhgt OHB YT apprvardReng roapge shogllend) leeitedputheinpgr §PHafe ot | ock
condition does not prevent axjal nake-up of the energizer and seal system
[0028] BecHgsutepipweles pbeleesging 33 e Retainmeshaulgsen’4 L rIspieipt 88! HpgPdrel | head
menber 11, and the locking interface between C-ring 41 and casi ng hanger
15, an i ncisdewericpergizing|ring dh getse@redde sachgeket 13 due to thermal growth

wi || not cause energizing rings 31,71 to back out of slots 57, 59. The

def | ect i onl0822ItIneer spfrse 3ApPPeRRBETEIZNgS e dh opipet slight teRersnd upygrdf seal ring
53 is not beyond the elastic limt or yield strength of the nmetal of seal
ring 53, afidingphpsldes3hibat fowr arperkeft37. A Tocking C-ring 41 with teeth 42 on its inner

surface rides in pocket 37. A ring 45 rests between locking C-ring 41 and upper inner leg
60 of seal ring 53. When the seal assembly 51 is set, ring 45 forces C-ring 41 from
pocket 37 on upper energizing ring 31 and teeth 42 mate with teeth 16 on casing hanger
15, locking the seal assembly 51 to casing hanger 15.

[0023] The end of lower energizing ring 71, opposite seal ring 53, is machined with
tapered flanks 79. Lock ring 81 is machined with tapered flanks 82 on its inner surface
that mate with tapered flanks 79 on lower energizing ring 71. The outer surface of the
lower end of energizing ring 71 is machined with an upward facing shoulder 80. Lock

ring 81 is machined with a downward facing shoulder 84 on its inner surface that mates



100291 As noted above, the seal ring 51 is reinforcing in each of two
directions. The pressure below the seal ring 51 causes the | ower portion of
the seal ring to urge the overlays agai nst the casing hanger 15 and
wel | head 11. If there is an increase in pressure below the seal ring 51,
the increase in pressure urges the anus of the downward-facing slot outward
to produce a tighter seal. Simlarly, the pressure above the seal ring
causes the upper portion of the seal ring to urge the overl ays agai nst the
casi ng hanger and well head. If there is an increase in pressure above the
seal ring 51, the.i.ncrease,| ressure urges the.arnms of the rd-facing
Shot out vaPlhPEVER cHitiesnar e S PR PR ELTR e a7 1 AR Qv YRR s e
assenbly 51 is to, be renoy frombaore 21 runni ng topl .i.s.connected to
Chreads’ a5 B EL RS EErE: 5 g P sks 1S ph PR gy SR REE LT et o

4o i SeRsab aLihy PRnE R e St s oY 37 rowever. due 10
wth seal VR 65k SpRRirnePRRe TG Sl b e 2harl st ST qure 3y
Shoul ders. BROTHBERE e BFIRg  Phor P PG BT D DO (h coal |
enor gl 21 gt Aoty seRSEYLAD SRR vpdle BRostR i als €0, 54 act

together to ve ring,81 radi al in , thereby di sengagi ng wel | head
menber 11.°¢ ﬂgOD%agingﬁég%§m§Hﬂa%ﬁé%Zgéﬁgggfﬁﬁéas%W&%b?ﬁaﬁﬁﬂ?ing 71 and

t he downward facin houl der 84 of lock ring 81 mate with one anot her and
pr event thng%d”PP%ﬁiﬁﬁaP§'separating, ensuring that seal assenbly 51 can
be pulled frombore 21 and will remain fully intact (Figure 1) [0031]

Ref erri ng F@zﬂﬂBGP%§¥mi%mﬁﬁn&FPéWﬁﬁFg1%%8@&#%%ﬁ?hﬁﬁmﬂﬁ%gbggﬁﬁ%p t echni que,
a snap ring 85 |locks seal assenbly 111 to casing hanger 115. The inner
surface of ANdprsrediniy s welhgtarernrla # retedrelnof Shyen &0 epitadigd fqywar di y

bi ased sna r%g% 85 rides in pocket 91. The inner surface of snap ring 85
forms a di REpetal> adipasr esgeigmeitng 3l oRes aserbly Wi tsrerpsseiphled with BRAchg shoul der
87 positioned just above taper 89. The outer surface of casing hanger 115
forms a tapsreiane i 1d6ﬂ*i‘\&é§d“¥ga{’éi ¥8! i1} lewer argreivang 71y pd logdte 8nd of
hanger 115 in seal pocket 113. Seal assenbly 111 is pre-assenbled with
upper ener | wnprgtadito gnejapgthers dfygseql ia?f@mBB’ﬁlé%éWe’iefi iyo heg 21, legkaingdiher gi zi ng
171, and lock ring 97 all connected to one another. 100321 A plurality of
debri s traysl ool arhangesshasiilen /. allleaveeght pitherunpide tdober the sttipgcaggss| head housi ng
109 in bore 121. Debris traps 99 allow any debris |ocated between hanger
115 and welowhesadrgivingsingg | 1@ ontipuenevrg davawardigkativihiedookimg$dallhassenbl y 111
is lowered, ensuring that shoulder 117 is fee of debris for proper |anding
and set t i nigpeséd flanks Srer thegwensbifycenf enerdigioggag Asslidnegateshthe agegbl y 111 i's

| owered into bore 121, lock ring 97 will |and on hanger shoul der 117. The
wei ght of tapesed flamks $yoftleakiring81t Rbe dawnwary wavevest ¢fdowsr enegisingiringdy ring 171
to continue noving downward relative to lock ring 97. The tapered flanks 98
on t he out@nsesilnck aiog 8 bfo emergliadlyrgtward gGroptess$Biod éheayser muface be nmat i ng
tapered flanks 100 of lock ring 97. The downward novenent of | ower

ener gi zi ngshouldeg rihg B1 ehgrewish grogves 19 ng wellhehdmembe 1 ddclang the casingar d. The out er
surface of lock ring 97 abbutingly contacts the inner surface of well head
menber 10%angdrds ebyellleaknagbdrié as shoen imBighle@ad nmenber 115 to the outer
wel | head nmenber 109. Al though the lock ring 97 is in abutting contact with
wel | head npodx Thd A&ywnwdie meeahenasandihytodll(hotashewiiand eppet &fergizng ring

31 relative to lock ring 81 reduces the axial distance between lock ring 81 and upper

energizing ring 31. The reduction causes lower energizing ring 71 to advance further into



nove axially a defined increnent. The space between the upper di agonal
shoul der 101 of lock ring 97 and the geonetrically opposed di agonal

shoul der 103 on the inner surface of outer well head nmenber 109 all ows seal
assenbly 111 to nove axially before the two contact one another, thereby
prohi biting further upward axial novenent. 100341 When the seal assenbly
111 lands, the taper 89 of snap ring 85 makes contact with the hanger 115,
forcing snap ring 85 radially outward and i nto pocket 91 on upper
energizing ring 131. The seal assenbly 111 is set in the sanme fashion as

previously jillustrated for seal, assenbly 51. t he upper energjzing ring
5T e ves Sbli s st o pRg “iag ey 7 rte Sav e Bren ALy
inward toward recess. 96 on the outer .surface. of t i nner wel.| head nmenber
150" Dpvar Bk FRGT S inbtretme et nah e AR blfy S o dier o
faci ng shoul.der 93 of hanger, 115, | ocki t he. seal assenbly. 111 to the

Casi ng. hanGuR HOEeS o AHER ARG B ALY e TR T AR HEROATE TS and out er
wel | head nmenber 109, on ot her. reviqusly illustrated, .although the
wel | hoad nenBerenyh e T o Bok Ok salbsP S btk B i ifnc ol oxi o
novenent of the inner well head nber relative to the out wel | head nenber
is possiblgptﬁﬁgngW' SF@EHﬁ@&&gﬁwﬂﬁwﬁygi6%#??%&H?§%H@éﬁ%§&@?ﬁgﬁn the first
enbodi ment, the | ock ring and the |ocking Crin |l ow. the entire seal
assenbly t 8eBenebe e & B ARGt atioe freKa G Tinedk apd oot m 1 ng any
axi al nmovenent. of the seal assenbly itself due to therml expansion or

i ncreased é%ﬁﬁ@%WéhF%mdp€§§ﬁﬁ@§?“Fﬁw?ﬁ@wggﬁéﬁdsgﬁﬂ%ﬂpﬁﬁﬁﬁﬁit YI'ock ring
and the snap ring allow the entire seal assenbly to_be Iocke& to the inner
and out er WEPICREAPCRRIHEYY RolesHBRNERFdRCOROted; a5tost WHASRE & ARhiPusbiPEehxi al |y a
small increnment relative to the outer nmenber due to therpal expansion or

i ncreased e3HEENE ENg O sorthal @ iy draulic leckirgnditigngdnsenohprrvent axEMdsd er s on t he
seal ring and the energizing rings allow the seal assenbly to be set,

| anded, antcepHpigaandscabyystedlp Fogtesippdpopifaing puigatesigadipleress Byle 8RYhavi ng to
recover a single seal assenbly conponent in the bore. 10036] Wiile the

t echni que Bdaddpdagioss pahbedy®3only one of its forns, it should be apparent to
those skilled in the art that it is not so limted but is susceptible to

various chi¥g8sThgiconibued duparard movemestrirpmingteldneishavyp apdWwai que. For
exanpl e, the seal could be configured for withstanding pressure in only a
si ngl e di renctdiong ring 3 lgekiivetd lodsane 8§ fstheyreducss the peialadivange bétweenrGng. Each
energizing ring could flexible, rather than solid. Cains

ring 41 and upper energizing ring 31. The reduction causes upper energizing ring 31 to

advance further into slot 57. This axial movement of upper energizing ring 31 forces

upper seal wall 54 radially inward into sealing engagement with the cylindrical wall of

seal pocket 13. This axial movement also forces upper wall 56 of seal ring 53 outward

into sealing engagement with the wall of bore 21. The axial movement of C-ring 41 is

restricted by ring 45, and as upper energizing ring 31 moves axially, ring 45 forces C-ring

41 from pocket 37 on inner surface 32 of upper energizing ring 31. Upper energizing

ring 31 continues advancing into slot 57 and outer surface 32 forces C-ring 41 radially

inward, placing teeth 42 into engagement with teeth 16 on hanger 15. As a result, C-ring

41 locks seal assembly 51 to hanger 15, as shown in Figure 4. Vent passages or



1. A wellhead seal assenbly for sealing between Inner and outer well head
menbers, conprising: a nmetal seal ring having upper inner, and outer walls
separated by a generally cylindrical upper slot and | ower inner and outer
wal | s separated by a generally cylindrical |ower slot; an upper netal
energizing ring generally cylindrical in shape with surfaces that slidingly
engage the inner and outer walls in the upper slot of the seal ring during
installation to push the upper inner and outer walls into sealing
engagenent with the inner and out well head nenbers; a | ower netal

i zing ring. |1y cylindrical in sh i th surfaces. that slidingl
engage t he PABFaHb- B bt ey oo aBiet g b PP HATERAL | g cur i g
instal | ati h.the | in d_out s, | nt L
engagenant ¢ theCHE S iitar A sl f e et A RO .,

menber carried by the upper netal energizing ring that is noved radially
into | atchf e@ﬁéﬁaﬁnent with the inner well head nember in response to

b P A A T R LA DRI R
D100 L I JRREL Lok G800, 1150 L0 g9 M eyl et and outer
oot et | bkl sl ek 15 dud T TRehual 00T Wit Rortal R Shhithe SHBRIYPLS 2N

back out of slots 57, 59. The deflection of the upper and lower inner and outer walls 54,

56 of seal ring 53 is not beyond the elastic limit or yield strength of the metal of seal ring

53, and thus is not permanent.

[0029] As noted above, the seal ring 51 is reinforcing in each of two directions. The

pressure below the seal ring 51 causes the lower portion of the seal ring to urge the

overlays against the casing hanger 15 and wellhead 11. If there is an increase in pressure

below the seal ring 51, the increase in pressure urges the arms of the downward-facing

slot outward to produce a tighter seal. Similarly, the pressure above the seal ring causes

the upper portion of the seal ring to urge the overlays against the casing hanger and

wellhead. If there is an increase in pressure above the seal ring 51, the increase in

pressure urges the arms of the upward-facing slot outward to produce a tighter seal.

[0030] In the event that seal assembly 51 is to be removed from bore 21, a running tool is

connected to threads 35 on upper energizing ring 31. An upward axial force is applied to

upper energizing ring 31, causing it to withdraw from slot 57, and C-ring 41 to disengage

casing hanger 15 and return to pocket 37. However, due to retaining shoulders 63, 39,

upper energizing ring 31 will remain engaged with seal ring 53, preventing the two from

fully separating (Figure 3). Lower energizing ring 71 withdraws from slot 59. However,

10



3. The seal assenbly according to claim1, wherein the | atch nenber
conprises a radially expandabl e and contractible netal ring having a set of
teeth formed thereon. 4. The seal assenbly according to claim1, wherein
the resilient latch nenber is a netal Cring nounted to the upper

energi zing ring, the netal Cring and having teeth on an inner surface for
engagi ng the outer surface of the inner well head nmenber during installation
for locking the seal assenbly to the Inner well head nenber. 5. The seal
assenbly according to claim1l, wherein the [atch nenber is nDunted to the

e L
ST oo SRR RGN et B A .@raezgl%%afc;ﬁ@g;e?he
;223:: S? n;“%@%@%&ﬁ%ﬁ%ﬁ &zﬁ)g? %C %%H&F sgg)ﬁl&'ers %‘,’882 act together {30 R locisrlsn%nbl y

81 radially inward, thereby disengaging wellhead member 11. The upward facing

shoulder 80 of lower energizing ring 71 and the downward facing shoulder 84 of lock

ring 81 mate with one another and prevent the two from fully separating, ensuring that

seal assembly 51 can be pulled from bore 21 and will remain fully intact (Figure 1)

[0031] Referring to Figure 5, in an alternate embodiment of the present technique, a snap

ring 85 locks seal assembly 111 to casing hanger 115. The inner surface of upper

energizing ring 131 contains a pocket 91. An inwardly biased snap ring 85 rides in

pocket 91. The inner surface of snap ring 85 forms a diagonal taper 89 on its lower end,

with an upward facing shoulder 87 positioned just above taper 89. The outer surface of

casing hanger 115 forms a taper 95 and downward facing shoulder 93 near the upper end

of hanger 115 in seal pocket 113. Seal assembly 111 is pre-assembled with upper

energizing ring 131, snap ring 85, seal ring 153, lower energizing 171, and lock ring 97

all connected to one another.

[0032] A plurality of debris traps 99 are formed on a lower inner portion of the wellhead

housing 109 in bore 121. Debris traps 99 allow any debris located between hanger 115

and wellhead housing 109 to enter the traps when the seal assembly 111 is lowered,

ensuring that shoulder 117 is fee of debris for proper landing and setting of the seal

assembly 111.

[0033] As the seal assembly 111 is lowered into bore 121, lock ring 97 will land on

hanger shoulder 117. The weight of the running tool or the string causes lower

11



a nmetal lock ring having a tapered inner surface, and an outer surface with
grooves for engaging the inner surface of the outer well head nenber during
installation for |Iocking the inner well head nenber to the outer well head
menber. 8. The seal assenbly according to claim11, further conprising: a
first shoul der positioned on the outer surface of the upper energizing
ring, and a second shoul der positioned on an inner surface of the upper
outer wall of the metal seal ring, each shoul der facing one another and
adapted to abuttingly contact one another, thereby limting the withdraw of

the upper energl Z; %*éltggontr l?emmg\ple %llcﬁwp vs(arfre% e éo%dk r%§@7 q"hc“ {)é%d shoul der

p05|t|onedlbfcfg1 SUHPacE sf and a second
shoul der

f th
net al seal 8 g@ﬁu:ﬁﬂusgaﬁﬁ?mgmnﬁr hg§%%gﬁﬁ%?¥g%ﬁ%ﬁi %?%%ééooabhtfingly
cont act t t d I zZi
fing f ro%nﬁﬂ%”?é%r tog er9? ?ﬂ’ G ML I8 i bk ATET 1 Shr o

the resilient nen&7of t he upper

t t
netal ener i ffsﬂ rfinﬁg‘?é 1“81'61 Y lgltlygg‘{t‘ﬁ%ﬁﬁxgg?mgggﬁac? OFBC\AH% the resilient
latch m:"rmgbbutmgly contac S tﬁ'é mger%l?r?aacg %Pv‘?félhae% m(t,]mtt)err]?Oé nheleby\iveclkmg%%anrlre‘?nber

wellhead member 115 to the outer wellhead member 109. Although the lock ring 97 is in
abutting contact with wellhead member 109, the seal assembly 111 and hanger 115 can
move axially a defined increment. The space between the upper diagonal shoulder 101 of
lock ring 97 and the geometrically opposed diagonal shoulder 103 on the inner surface of
outer wellhead member 109 allows seal assembly 111 to move axially before the two
contact one another, thereby prohibiting further upward axial movement.

[0034] When the seal assembly 111 lands, the taper 89 of snap ring 85 makes contact
with the hanger 115, forcing snap ring 85 radially outward and into pocket 91 on upper
energizing ring 131. The seal assembly 111 is set in the same fashion as previously
illustrated for seal assembly 51. As the upper energizing ring 131 drives downward into
seal ring 153, snap ring 85 springs radially inward toward recess 96 on the outer surface
of the inner wellhead member 115. Upward facing shoulder 87 of snap ring 85 abuts
against downward facing shoulder 93 of hanger 115, locking the seal assembly 111 to the
casing hanger 115, and thereby locking inner wellhead member 115 and outer wellhead
member 109 to one another. As previously illustrated, although the wellhead members
109, 115 are locked to one another small incremental axial movement of the inner

wellhead member relative to the outer wellhead member is possible.

12



10. A well head assenbly conprising: an inner well head nenber; an outer
wel | head nenber; a netal seal ring having inner and outer walls separated
by a slot; a nmetal energizing ring generally cylindrical In shape with
surfaces that slidingly engage the Inner and outer walls in the slot of the
seal ring during Installation to push the inner and outer walls into
seal i ng engagenent between the inner and outer well head nenbers; a
resilient latch nmenber carried by the netal energizing ring that is noved
radially into | atching engagenent with the inner wellhead nmenber in

response t @g%v@n%ecéniﬁ{les%?\% S%’l cant ar&% z r}g the [ fr}gf e{rﬁn&jl?’lﬁntzgl%\?\%lgg menber

t hat enabl nenber o eng | head nmenber
oo 0 Lo O AR S L g%ozrzeg;“e eyt el
B e?gfs?eg?ﬂnzﬂs%ffa%? Lece, ond
U der R o AR D RSl BB %0, S
wel | head nFnli()rmg and the snap ring allow the entire seal assembly to be locked to the inner and

outer wellhead members, however, the inner member may move axially a small

increment relative to the outer member due to thermal expansion or increased exposure to

pressures. In both embodiments, the shoulders on the seal ring and the energizing rings

allow the seal assembly to be set, landed, and removed as one solid structure, reducing

the risk of having to recover a single seal assembly component in the bore.

[0036] While the technique has been shown in only one of its forms, it should be

apparent to those skilled in the art that it is not so limited but is susceptible to various

changes without departing from the scope of the technique. For example, the seal could

be configured for withstanding pressure in only a single direction, if desired, having only

a single energizing ring. Each energizing ring could flexible, rather than solid.
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12. The wel | head assenbly of claim 10, wherein the resilient |atch nenber
further conprises a plurality of teeth on its inner surface. 13. The seal
assenbly according to claim 10, further conprising: a first retainer

shoul der positioned on the outer surface of the energizing ring, and a
second retai ner shoul der positioned on an inner surface of the outer wall
of the seal l|n the first retai ner shoulder and the second retainer
sEouIder fa@' B%%ne anot her and adapted to abuttingly contact one anot her,
thereby limting the withdrawal of the energizing rin romthe seal slot.
14. The seaf Aa‘(‘?g@?&ﬁe?' agreeRY i 13y Be“’&‘ie%ﬁ”?ﬁ’ i@g‘\?ﬂ‘?e‘?‘eg'?eﬁd %&bere%‘)imP"s@ﬁt nenber is
carried in a rec ocket on th i nner surf ener Z|n ring
and a tapered ré’gﬁv' gﬁ;@f’ebﬂ‘ ter Essfpaéén ¢ ene? KEISEREY 5. The

“wel | head asséet °W”5Wmap s%ﬁ@? ee“W fizalia erF'atch nenber does not

prevent upwarg goy ﬁ,ﬁsﬂéﬂ Lm nﬁ ﬁmgaginzshaﬂ)g m gmfaée@ bRl LiRgnf Ghobde et 2l
seal r ' ng Wnet ?aﬁdeo% QIQ éf 1@ ﬁg se'aﬁnn'g %u&n@ﬁrﬁ@ﬁaﬂ&x t@'ﬂgﬁgm with
the inner wel; %Q ol1& TR finto skQing g%%@ﬂ@ttﬁ 0 insef @l oDiSvefad Mdhersvel | head
menber to an outer wel | head menber, conpri sing:

a lower metal energizing ring generally cylindrical in shape with surfaces that slidingly engage the

inner and outer walls in the lower slot of the seal ring during installation to push the lower inner and

outer walls into sealing engagement with the inner and out wellhead members;

a resilient latch member carried by the upper metal energizing ring that is moved radially into
latching engagement with the inner wellhead member in response to movement of the upper metal
energizing ring; and

a spacing member that enables the resilient latch member to engage the inner welthead member
prior to the upper metal energizing ring fully engaging the inner and outer walls in the upper slot of
the seal ring.

2. The seal assembly according to claim 1, wherein the latch member comprises a radially
expandable and contractible metal ring.

3. The seal assembly according to claim 1, wherein the latch member comprises a radially
expandable and contractible metal ring having a set of teeth formed thereon.

4. The seal assembly according to claim 1, wherein the resilient latch member is a metal C-ring
mounted to the upper energizing ring, the metal C-ring and having teeth on an inner surface for
engaging the outer surface of the inner wellhead member during installation for locking the seal
assembly to the inner welthead member.

5. The seal assembly according to claim 1, wherein the latch member is mounted fo the upper
energizing ring.

6. The seal assembly according to claim 1, further comprising:
the latch member mounted in an annular recess on the inner diameter of the upper energizing ring;
wherein
the recess has a tapered surface so that downward movement of the upper energizing ring causes
the tapered surface to push the latch member inward.

7. The seal assembly according to claim 1, further comprising:
a metal lock ring having a tapered inner surface, and an outer surface with grooves for engaging

the inner surface of the outer wellhead member during installation for locking the inner wellhead
member to the outer wellhead member.

14



introducing a seal assembly with a seal ring with a cylindrical upper stets
slot and a cylindrical |ower slot and upper and |ower energizing rings into
a bore; locking the seal assenbly to the outer wellhead menber by engagi ng
the inner surface of the outer well head nenber with the seal assenbly;
slidingly engaging the inner and outer walls of the [ower slot with the

| ower energjizing rin forcin the | ower energizing ring into the | ower
slot, thereby"e %ﬁ %Hb ﬂ@“ggﬂ fﬂ&mwﬁwgw@%ntact with the |nner mellhead

rrerrber and OUtf:rstsh[rTEId r ositto nthegj erf“t% ts'te e erQ'r‘me”];‘ an o shoW%er
LR 1d Zrtgc e

the quer sl Oposmone on ap |an ce o‘?tlt]w aHo al se
ener gi zi ng Pl Ektsrtgheg il om eb§ fﬁg “the inner
ace o |nner meht ead nenber

wel | head menh
with the sealgégseﬁgﬁ§, an then urfher slidingly engaging the inner and

outer walls ofgre BEusEPRREioneh O thd bR surB@ oHiRPBYer@RRdiAHg ihd)Bnd'd Bebn@¥holudrCi Ng t he
upper ener gi Zb&ndd oA dn hkdr bdieke of AL Bwdr BB iRPSihePheRi sealliRE k&I ¥NduldbdeingX pandi ng

the seal ringnésHoMecANiAREd WhuRlingl\@ntadt BRS an¥iRdr |t inmge witkid, Jr the out er
wel | head memVer energizing ring from the lower seal siot.

9. The wellhead assembly of claim 1, wherein the resilient latch member does not prevent upward

movement of the upper metal energizing ring relative to the metal seal ring when the resilient latch
member is in latching engagement with the inner wellhead member.

10. A wellhead assembly comprising:
an inner wellhead member;
an outer wellhead member,
a metal seal ring having inner and outer walls separated by a slot;
a metal energizing ring generally cylindrical in shape with surfaces that slidingly engage the inner
and outer walls in the slot of the seal ring during installation to push the inner and outer walls into

sealing engagement between the inner and outer wellhead members;

a resilient latch member carried by the metal energizing ring that is moved radially into latching
engagement with the inner wellhead member in response to movement of the metal energizing

ring; and

a spacing member that enables the resilient latch member to engage the inner wellhead member
prior to the metal energizing ring fully engaging the inner and outer walls in the slot of the seal ring.

1
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. The wellhead assembly of claim 10, further comprising:

a metal lock ring having a tapered inner surface, and an outer surface with grooves; wherein
during installation of the seal, the shoulder ring moves radially outward, engaging the inner surface
of the outer wellhead member and locking the inner wellhead member to the outer wellhead

member.

12. The wellhead assembly of claim 10, wherein the resilient latch member further comprises a
plurality of teeth on its inner surface.

13. The seal assembly according to claim 10, further comprising:
a first retainer shoulder positioned on the outer surface of the energizing ring, and a second
retainer shoulder positioned on an inner surface of the outer wall of the seal ring, the first retainer
shoulder and the second retainer shoulder facing one another and adapted to abuttingly contact

one another, thereby limiting the withdrawal of the energizing ring from the seal slot.
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14. The seal assembly according to claim 10 wherein the resilient member is carried in a recessed
pocket on the inner surface of the energizing ring and a tapered surface is formed on an upper

portion of the pocket. - '

15. The wellhead assembly of claim 10, wherein the resilient latch member does not prevent upward
movement of the metal energizing ring relative to the metal seal ring when the resilient latch
member is in latching engagement with the inner wellhead member.

16. A method for sealing an inner wellhead member to an outer wellhead member, comprising:

introducing a seal assembly with a seal ring with a cylindrical upper stets slot and a cylindrical
lower slot and upper and lower energizing rings into a bore;

locking the seal assembly to the outer wellhead member by engaging the inner surface of the
outer wellhead member with the seal assembly; :

slidingly engaging the inner and outer walls of the lower slot with the lower energizing ring by
forcing the lower energizing ring into the lower slot, thereby expanding the seal ring into contact
with the inner wellhead member and outer member;

slidingly engaging the inner and outer walls of the upper slot with the upper energizing ring by
forcing the upper energizing ring into the upper siot;

locking the seal assembly to the inner wellhead member by engaging the outer surface of the
inner wellhead member with the seal assembly; and then

further slidingly engaging the inner and outer walls of the upper slot with the upper energizing

ring by forcing the upper energizing ring further into the upper slot, thereby fully expanding the
seal ring into contact with the inner wellhead member and the outer wellhead member.
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