Bl - DI RECTI ONAL ANNULUS SEAL Cross-Reference to Rel ated Application [0001]
This application clainms priority to provisional application 61/117, 879,
filed Novenber 25, 2008. Field of the Invention: [0002] This technique
relates in general to well head 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 nmenber 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
wel | head nenber, which nmay be wel |l head housing, a Christmas tree, or

t ubi ng head. A packoff or BIBIRBERIGNAEIANRNULUSSEALI ng hanger and the
outer wellhead nenber. Alternately, the inner well head nenber m ght be a
casing hanger located in a well head housing and secured to a string of
casing extending into the well. A seal or packoff seals between the casing
hanger and the well head housing. 1 [0004] A variety of seals of this nature
have been enployed in the prior art. Prior art seals include elastoneric

and parti aCrogs-RefeaéncatelRelasal Applidacioni ngs. Prior art seal rings nade

entirely of netal for formng netal-to-netal seals are al so enpl oyed. The

seal s  may[0b® ] Skis dpplicutiba BRIMIpH®RRY to REVisiBRY apFicatiéh 61117,879! fisgonse to the
wei ght of the string of

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.




casing or tubing. One type of prior art nmetal-to-netal seal has inner and
outer walls separated by a conical slot. An energizing ring is pushed into
the slot to deformthe inner and outer walls apart into sealing engagenent
with the inner and outer well head nenbers. The energizing ring is a solid
wedge- shaped nenber. The deformation of the inner and outer walls exceeds
the yield strength of the naterial of the seal ring, naking the

def ormati on _permanent [0005] Thermal growth between the casing or tubing
and the wellpﬁ(@éd‘ Yaaigtysd seals of thismatusa haxe peenemploywe in the arisr arbdiiasdrtat t he
surface, rather than subsea. The well fluid flow ng upward through the

t ubi ng heatseals inglude elastgmeric andipiartip]ly areth! tud elastesg@rringsgPder arheal gsr oundi ng
casing. The tenperature increase nay cause the tubing hanger and/or casing
hanger to mmde eatiielyldf ynegal $dri fointing metabto-metabdenls @ret 2ot dngploypede Theedalshead
menber. During the heat up transient, the tubing hanger and/or casing

hanger can nady$e seibye raasth@tdoy, oty nia‘f? bl 88RE FeRpHse trkhE LRigBNsRke RAAYEEN

conponents and the different rates of thermal expansion from which the

conponent RSiRY brahindr @né’@Q@ bf Mﬁ;r:%ﬂ medl-1d Rfetad S g{ﬁﬁné?%ﬁ@ ol walgs @ result

of a wedgi ng action where an axi al di spl acenent energi zing rings induces
or Lo o NS Bl i AORRL 8T U B0 BR60L. ",
P 055412 e AR SHE e B P RSl BB 110,51 18,
i nner and out %r Sy\/e% | s of, the seal ring, vllni ch may cause the seal 2 to |eak.
A | oss of FRHIOSES |IB&ENRgZIpETing &p tohd wedas-shenerd me@bermtihgdetormaticned theue t o
therml inner and outer walls exceeds the yield strength of the material of the seal ring, making

the deformation permanent

[0005] Thermal growth between the casing or tubing and the wellhead may occur,

particularly with wellheads located at the surface, rather than subsea. The well fluid

flowing upward through the tubing heats the string of tubing, and to a lesser degree the

surrounding casing. The temperature increase may cause the tubing hanger and/or casing

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 aresult 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




transients may al so cause the seal to | eak. The foll ow ng techni que may
solve one or nore of these problens. Sunmary of the Invention: [0006] The
seal ring of this technique fornms a netal-to-netal seal and has features
that |ock the seal to the high pressure housing and the hanger. The seal
ring also has features that enable retrieval w thout risk of seal

di sassenbly. The seal ring has inner and outer walls separated by a slot.
A nmetal energizing ring is pushed into the slot during installation to

def or m t hetoileake A lasscbfaadislloating tetwédnahseal dnd Gts @agag surtitts duelth theanglr and
outer wel |l head nenbers. [0007] In the enbodi ment shown, the seal ring is
bi - di r ect | @hients ARy iale chikp e RAIo lQAREThe fEAOWMRNSHh AL nfyokvB8ns&Te, each
contai ning one of the slots. Preferably a | ower energizing ring engages

t he sl ot q&okQ@ﬂkgﬂgaﬂgﬂgtion and then an upper energizing ring engages the

sl ot of the upper section. Both the upper and | ower outer |eg 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 gnsur e %gﬁt thefsqal assenbly remains intact as one solid
struct ur e “YUFPRY YTARGINSPHQE ¢ ng, and retrieval operations. [0008] A Iock
ring is até C ﬁg to the bottom of the |ower enerqizing riﬁg, and engages
the wellH @Qﬁ 6853 HngAkthisterhnigug forpms gangtalriernctal seal pryhaseatyyes thapi pe
hanger to the housing..A G ring rests in a machi ned pocket on inner
surface oflogktibe sgsplerthehigh gressungheusing and the haegeyagessaahdnhalsayeas fodties t he seal
is set, locking the seal to the hanger. 3

that enable retrieval without risk of seal disassembly. The seal ring has inner and outer

walls separated by a slot. A metal energizing ring is pushed into the slot during

installation to deform the inner and outer walls into sealing engagement with inner and

outer wellhead members.

[0007] In the embodiment shown, the seal ring is bi-directional, having upper and lower

sections that are the same, each containing one 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.




[ 00091 In the enbodi nent 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
metallic inserts may al so prevent galling of the seal ring inner and outer
menbers to their respective well pipe hanger and wel | head bore nenbers. In
order to acconmpdate sealing over scratches and surface trauma of the

wel | head H@0Agk Insthe embedimentshown airadial gap exigly bpfavepn theiodist Web pf Be sedhe seal .
The size and thickness of the netallic inserts is sufficient to provide

f or scr at cland thelinnegwalhof théertiphaisigalSuciggaphietegeiesd fohmstatistiongn therflsét s. The
soft netallic inserts may al so prevent galling of the seal ring inner and
out er nmenbendistsofficlerily largesp egjulry plastiksdefigrmatiéi afghdhseapeodyabd neethe head bore
menbers. [00101 The conbi nation of stored energy provided for by the

ener gi zi ng efidrfigérringk) €Thd LakhdidliEREOM S Bs et oﬂth@ﬂ:a?{'ﬂ% nh&

energi zing ring, and the conpliant soft outer inserts, provides gas tight

seal i ng unggy R4 B %{eqfﬁ*lksp%&w WdlO8Se %dr%%érgaﬁﬁ Vel &ldWbord ﬂ&n%e%ﬁf ?pi nserts

may be made froma non-netalli'c materia pol'ymer such as P ol y-
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of the s ea’ihe ?nse%a?lri?ikgertgfis s|1:1if 1cLi|ern? tolpr%gigie ?‘or}os\clz\t/*re]ltcih rE‘llltinhgeand therefore sealing

between the mating members. The soft metallic inserts may also prevent galling of the

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.




| anded position with the well pipe hanger | ock nechani sm energi zed. 4
[0013] 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. [0014]
Figure 4 is a sectional view of the seal assenbly.of Figure 1 and shown in
the Ilanded position, with the |ower seal section set and the upper seal
section set and | ocked. [0015] Figure 5 is a sectional view of a seal
assenbly, in accordance with an alternative enbodi nent of the present

t echni ques[08#3]hFigure 3lis sectiorel giead of thengall assaibhgofiRigiraniasdshovieinahd ed
Description of the Invention: [0016] Referring to Figure 1, a portion of a
hi gh pr esslandedwekititg adthntheiRiwegschlsdcorse@wn. Housing 11 is |located at an
upper end of a.well and serves as an outer well head nenber in this

exanpl e. HOUB] Tgukd 4 hﬁése@n&ﬁl Gied brhiRCRAIGHschibey @F F'igur!z 7 ahfbovRiReEH ment,

grooves 19 are positioned along a |ength of the Tnner surface of hou5|ng

11 in bor eagded pEEiaGY. %\ﬁ%l Otl}%lo%‘%ﬁ%%&%t}%&gﬁcﬁﬂh hg&g a#?e@ﬁ?thg@f%ﬁ&]gk% around

the i nner dianeter e I nner wel |l head

nmb h Fi 1
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exterior annular recess radially spaced inward frombore 21 to define a

seal pocket 13. In this enbodinent, teeth 16 are positioned along a | ength

of the outer surface of casing hanger 15, in seal pocket 13. Teeth 16
conpri se Ratzileddleseriptivoraef the dawensionxt endi ng ar ound

[0016] Referring to Figure 1, a portion of a high pressure wellhead housing 11 is shown.
Housing 11 is located at an upper end of a well and serves as an outer wellhead member
in this example. Housing 11 has a bore 21 located therein. In this embodiment, grooves
19 are positioned along a length of the inner surface of housing 11 in bore 21. Grooves
19 comprise parallel load flanks extending around the inner diameter of bore 21.

[0017] In this example, the inner wellhead member comprises a casing hanger 15, which
is shown partially in Figure 1 within bore 21. Alternately, wellhead housing 11 could be
a tubing spool or a Christmas tree. Alternately, 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.




casi ng hanger 15. Casing hanger 15 has an upward facing shoul der 17 that
defines the |ower end of seal pocket 13. 5 [0018] A netal-to-netal seal
assenbly 51 is located in seal pocket 13. Seal assenbly 51 includes a seal
ring 53 forned of a nmetal such as steel. Seal ring 53 has an inner wall 54
conprised of upper seal leg 60 and | ower seal leg 65 for sealing against
the cylindrical wall of seal pocket 13. Seal ring 53 has an outer wall
surface 56 conprised of upper seal |eg 61 and |ower seal |eg 67 that seal
agai nst wel[WigEd mefalstioriaett sead agsemblyr 1t ik losatest imsshlepockdt d e Sealabdembly Hnd out er
wal | 56 contain inserts 55 fornmed of a soft netal or alternatively nade
from a non-mdudzk b iseal ring &% fomhedof qraktgheich sustéel.aSeaPiEigS3 has an inner wall 54

(pol y-et her-et her-ketone) or PPS (polyphenylene sulfide). The inserts 55

are provi dedmprised wbuppeataal g bhasdloresdableg ion dordedlidg Agaiagithd dyginthadager pocket
13, and to forma seal between the casing hanger 15 and the seal assenbly

51 on a fi kall ofkckep&ket IRe Se@an @%Sﬁm uutérlwﬁmrtfa&eseﬁ&ﬁ{ rRSE S iHpYr seall and
the well head 11 on a second si ge the seal assenbly EPl opposi te the first

side. Eac ’ﬂagsfﬁr | nfldv&bg stlds 65 lliz;t GF a%al%nst Wé}lllne%d théirfkﬂf or&3 - ltBQ1RAm lgr 22:18

exanpl e, 953|s | |rec I seal is rel
55 that 1 o iRy T BRGHE b B 75 il SRR P R R B per
ot her - EaceBe o aoRgieiaRbmaiea or Jol e R EELK AN SHREEFHETRRGRET  or mi ng
each sl ot 57 59 conprise generally cylindrical surfaces that nay be
straight . PS (polyphenylene sulfi %e) The inserts 55 are provided to lubricate between the

housing bore 21 and the hanger pocket 13, and to form a seal between the casing hanger

15 and the seal assembly 51 on a first side of the seal assembly 51 and the seal assembly

51 and the wellhead 11 on a second side of the seal assembly 51 opposite the first side.

Each seal ring wall surface 54, 56 is cylindrical.

[0019] In this example, seal ring 53 is bi-directional, in that the seal is reinforced when

pressure is applied in each of two directions. However, a seal ring 53 that is uni-

directional may be used. The seal ring 53 has an upper section and a lower section that

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




[ 0020] An upper energizing ring 31 engages slot 57 on the upper side, and a
| ower energizing ring 71 engages slot 59 on the | ower 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 assenbly 51 and upper energizing ring 31 may
be part of a string that is lowered into bore 21, the weight of 6 which
forces energizing ring 31 into upper slot 57. As the seal ring 53 noves
downwar d, whehdorcesrmmegiznging 3 Inigtordppesslftd7c &d thedeal fimp#Srmoteddowwardock ri ng
81 on shoulder 17 prevents downward axial novenent of |ower energizing

ring 71 dulowegerseeiikingging WpRSforced o |oWR EloESE TR iriAg 81 oAYRoudder 171 are fornmed
of nmetal, such as steel. [0021] Upper energizing ring 31 includes an upward

£ aci 2t ‘ . ¢ ‘ | nst
acing re ﬁe%ﬂ?ﬁd@hﬂ%ﬁﬂﬁﬁal%x@@gh@(ﬁ'é%@elif'teﬁérggg{g riHg®71 dﬁﬁl}l%@ffﬁg: f NSt a

downward facing retaining shoul der oca onthe ner Surtace of the

out er que&ndlSngﬁéhe zinEi R es 3 Y gfgforﬁ%ﬁgi&%@gsgeoﬁls gfs 39, 63 ensure that

seal ring 53 and upper &netrgizing ring cured'to each other. Lower
ener gi zi Nggahk iLncl.udes. a,do rd facing retaining,shqulder .74 on its
out er surfg)s:)%ﬂg(fylgf%ef “horieds gaﬁ?géwﬁs bRy ?"ﬁ&gr{ﬁta’rng’tg%hﬂ'iﬂﬁﬁ 3§W(5‘d?sder 69

| ocated on the %jnneﬁ sgrface of the quter |lower |leg 67 of seal ring 53.
Ret ai ni ng ¥fGSidacedhas gbutgacainst o dawpward facing refaning shouldgr@p losated oneiier gi zi ng
ring 71 are secured to each other. [0022] Inner surface 32 of upper

ener gi zi ngPR§TTEITRee of gieronten ypper deg ofraf seal piag S3nBetaping dhouldersi3Agbstmsueder 36
that forma pocket 37. Alocking Gring 41 with teeth 42 on its inner
surface rithetsedlmingdaland upper energizing ridg 3l est wcired twemph btbek ilmyveE- ri ng 41 and

upper inner |eg
energizing ring 71 includes a downward facing retaining shoulder 74 on its outer surface
that abuts against an upward facing retaining shoulder 69 located on the inner surface of
the outer lower leg 67 of seal ring 53. Retaining shoulders 74, 69 ensure that seal ring 53
and lower energizing ring 71 are secured to each other.
[0022] Inner surface 32 of upper energizing ring 31 contains a slight taper and upward
facing shoulder 36 that form a pocket 37. A locking 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




60 of seal ring 53. When 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 casing hanger 15, locking the seal assenbly 51 to casing hanger 15.
[0023] The end of |ower energizing ring 71, opposite seal ring 53, is
machined with ‘tapered flanks 79. Lock ring 81 is nmachined with tapered
flanks 82 on its inner surface that mate with tapered flanks 79 on | ower
energizing ring 7 1. The outer surface of the |ower end of energizing ring
71 i s machivthaingarhfaging shamddes 89 ae lawsr etesgiriaering@l. Thewutersprfacedf 19¢k machi ned
with a downward facing shoulder 84 on its inner surface that mates 7 with
upwar d f aciring 83 lcounthide groges@3 thaswakign witke groyésnldy ani wilhZdd mdiheerdditvdrenseal f ace of
l ock ring 81 contains grooves 83 that align with grooves 19 on wel | head
menber 11 wheembbeilis saassekiiyg asing hasges €5 to Wellhshd@gembsiIng hanger 15 to
wel | head nmenber 11. [0024] Each of the energizing rings 31, 71 has a wedge
nenber 33, [0024PEa@NF A dh@rgiAfY HhgdrB 1t Mokas@VeALE heiBEr 3, 71 Bﬁer%laglhg 57, 59.
Each energizing ring 31, 71 has an inner surface 32, 75 and an outer
surface 38,,4; agy PPOFH t Bad -5ﬂgkﬁggl sl ot 57,
59. Inner géégﬁﬁgﬁggtfggggghlgF)75f§%8?m%§ﬂﬁg§ e t#é?b %”?Er aces, as
shown, or V. r erati.on, a running tool .or.string is
ttached 1 SHEEER2 T hBER Buet Aotas, 25 T e Bt e SRVRPT " For
exanpl e, a _runni 00l (no ho C e ached to , threads 35 on upper
ener gi zi nge?°>{r‘?8)t 5?55 Sil?ﬂeg ES %"ﬁ‘ﬁl s\é\ﬁg‘fs 32’ %r %ﬁ;é eéﬁa'ﬁpttsl"}rfg‘ffﬁeqs

energizing ring 31, Cring 41, ring 45, seal ring 53, |lower energizing 71,
and lock r plﬁ)dvnggr curved surfaces.

[0025] In operation, a running tool or string is attached to seal assembly 51 (Figure 1)

and lowered into the well. For example, a running tool (not shown) can be attached to
threads 35 on upper energizing ring 31. Seal assembly 51 is pre-assembled with upper
energizing ring 31, C-ring 41, ring 45, seal ring 53, lower energizing 71, and lock ring 81
| all connected to one another. As seal assembly 51 is lowered into bore 21, lock ring 81
will land on hanger shoulder 17. The weight of the running tool or the string causes
lower energizing ring 71 to continue moving downward relative to lock ring 81. The
tapered flanks 79 on the outer surface of energizing ring 71 slide against the mating
tapered flanks 82 of lock ring 81. The downward movement of lower energizing ring 71
causes lock ring 81 to move radially outward. Grooves 83 on the outer surface of
shoulder ring 81 align with grooves 19 on wellhead member 11, locking the casing
hanger 15 to wellhead member 11 as shown in Figure 2.
[0026] The downward movement of running tool (not shown) and upper energizing 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




all connected to one another. As seal assenbly 51 is |lowered into bore 21,
lock ring 81 w Il land on hanger shoul der 17. The wei ght of the running
tool or the string causes |ower energizing ring 71 to continue noving
downward relative to lock ring 81. The tapered flanks 79 on the outer
surface of energizing ring 71 slide against the mating tapered flanks 82
of lock ring 81. The downward novenent of |ower energizing ring 71 "causes
lock ring 81 to nove radially outward. Grooves 83 on the outer surface of
shoul der r blagS®B Thid axgal nwiveejrod bovess ed@giaimgwink I7h dardestowbiesutdr keal watikidng t he
casing hanger 15 to wellhead menber | 1 as shown in Figure 2. [0026] The

downwar d nexdiatie iiwaed intel svalingerigadmdnt Ofith SO drddatiwblp BRdeaBitRk& 131 MEisr i ng 31
relative to lock ring 81 reduces the axial distance between |ock ring 81

and upper aRileidiefmeRhldol BfteSbwed Aer 04lHSE b0RaIGH %@%u{v@é{‘@fnt@%ﬁﬂg zing ring
71 to advance further into 8 slot 59. This axia anenent of | ower

ener gi zi ng ut into
seal i ng en%’é%%gn%%% Wﬁ/&ﬁglﬁeeﬁﬂie%h %dr’?%:lgla%aé e}l@%{‘\ pocEé ﬂ@g}(\@h axi al
novemnent f QL yrer 6 of .seal rln rd into

seal i ng e$d§§3@n§§%1¢%$ﬁ°? eSFalg?seBlg e Land uRger epere “kgrfél}gﬁ]\z,\%ﬁﬁgeﬁ ng 71
advances furt in slot 5 th | al Si of the seal enbly 51
and upper aegﬁ(ér Ey réftpf ﬁ'@f‘rgie ﬁs&?fﬁ é’&‘b"@ El’f“'h@ @’Ck%QH%g h?‘i‘drtéetgeal
assenbly 51 npves, axially, ing Gring 41 and teeth 42, align with
teeth 16 ot R0 With eth sléroméb%ow SHEfARget hamger 43, as Hewwn inFigyrgdr ¥eml Vent

passages or penetration holes may be incorporated across wedge 77 and
t hr ough | dwesagesexigerfitratioghelesygay ie moorphratedactogaiwedgei’d ahd ticowghridwed on does
not prevent axial make-up of

energizing ring 71 so that a hydraulic lock condition does not prevent axial make-up of

the energizer and seal system. For test and monitoring purposes, a radial cross hole may

be added across seal body 53.

[0027] The continued downward movement of running tool (not shown) and upper

energizing ring 31 relative to lock ring 81 further reduces the axial distance between C-

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




the energi zer and seal system For test and nonitoring purposes, a radial
cross hole may be added across seal body 53. [00271 The conti nued downward
novenent of running tool (not shown) and upper energizing ring 31 relative
to lock ring 81 further reduces the axial distance between C ring 41 and
upper energizing ring 31. The reduction causes upper energizing ring 31 to
advance further into slot 57. This axial novenent of upper energizing ring
31 forces wupper seal wall 54 radially inward into sealing engagenent with
t he cyl i ndipersttatiolhdlesohay eaiatorparetied tcrd$. wetlge 83 and througbwppre energizing f or ces
upper wall 56 of seal ring 53 outward into sealing engagenent with the

wal | of boriag3l so tHaea Rydrallicnievkeorditio®dodsndi prevedfladisl makesipraf eHeadledgizer i Ng 45,
and as upper energizing ring 31 noves axially, ring 45 forces Gring 41
from pocketan@deaPsysiemner surface 32 of upper energizing ring 31. Upper
energizing ring 31 continues advancing into slot 57 and outer surface 32

forces Cri i t with
teeth 16 ofAshBelds ‘?"*‘*t‘“eyl°°‘h“%ﬁ“?fa°“&?€v%ﬁ8‘°£@?ﬁ%‘8 R e L o

Bgn?ﬁ(r:orlgb Fla th rﬂ(%\gqr?l Slrglervf\‘/éecg t%\f?gn Ahlp%%s ﬁglﬁ%ha?} r915pgr§]§1tc{eg§ei iggmgpl es ggy

that a hyd au ck co tio do S no event aX|aI nake f the
ener gi zef ﬁ{? ifé%a?%@l@t ue[%rbl%ra e etll 3ot apes qﬂS@H%ﬂ?&ﬂ@ fla@e bet ween
l ock ring 81 and wellh and t he | ocking |nterface bet ween

Cring 41 B b sieys Fﬂar?aelhqéeﬂeaﬁon pictheurner ard lawpra.lmena@ﬁ@mr Bellss¥al pocket

13 due to thermal growth will not cause energizing rlngs 31, 71 to
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,
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back out of slots 57, 59. The deflection of the upper and |ower inner and
outer walls 54, 56 of seal ring 53 is not beyond the elastic limt or
yield strength of the nmetal of seal ring 53, and thus is not pernanent.

[ 0029] 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 against the casing hanger 15 and
wel | head 11. If there is an increase in pressure below the seal ring 51,

t he increage tb Fetdifias Shouldesy 6L 94 IdvRer 3hdBizRE rinB @ | daWRMRdIA edgagédgith Sdapt
outward to produce a tighter seal. Simlarly, the pressure above the seal

ring causegng $3)BreVaRRE tROAWo! R ?lflly BEara R (FighRD)! BsWwee eﬁé}glzﬁl\g@rll ays

agai nst the casing hanger and We I'head. “I'f "there I's an inCredse in

pressure alggydgg fugagrdst% reJ %j;?ﬁ sh&ﬁ €36 81'3ct tﬁ%e‘?l’?e?% gxlo% Q)Fg Bége ar e

of the upwa cin 0 pro uce’a tirghter se In the
event that asse s to.be r runni ng tool
is con nec Isrgglfa loy {nwagio h{e r‘%’g dlb n%ﬁ%}sgrweéﬁlg?d\é?‘?fl&edqg] ﬁﬁe gﬁwarﬂ‘rﬁacﬂﬁ/var d axi al
force is per enpergi zj rin usi ng t hdraw from
sl ot 57, uléerdﬁor?g I Beraizgﬂgrrg&fé g ths Qj"nWéngg?m&@%lfif %‘gf’m"ﬁk to pocket
37. However, due to retaining shoulders 63, 39, upper,. energ|2|ng ring 31
will renai rwgédgaﬁwltmov%a@é%ﬁr apd pgve theriwe\fmm fubly senseatingoensyrista thaty| | y
separating (Figure 3). Lower energizing ring 71 withdraws from sl ot 59.
However, Ialgesmbly ¥letanibaipnfjedsfionlbdeer2d a0 will denhaambillyamtactdFiguregl)ri ng 71 wil |
remai n engaged with seal ring 53, preventing the two fromfully separating
(Fi gure 2)[00313 Reforsirig torRiguge 3j in@n alkernae embdodiment f thd mrpehedcniquekssndp, 82 and
shoul ders 80, 84 act together to nove |ock ring

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
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81 radially inward, thereby disengagi ng well head nenber 11. The upward
facing shoul der 80 of |ower energizing ring 71 and the downward facing
shoul der 84 of lock ring 81 mate with one another and prevent the two from
fully separating, ensuring that seal assenbly 51 can be pulled from bore
21 and will remain fully intact (Figure 1) [0031] Referring to Figure 5,

in an alternate enbodi nent of the present technique, a snap ring 85 | ocks
seal assenbly 111 to casing hanger 115. The inner surface of upper

ener gi zi ng energiging3ingddh tacamsinge podke tioWdwardnelativede ick riog 83.eThstapgred i ng 85
rides in pocket 91. The inner surface of snap ring 85 forns a di agonal

taper 89 orflanks98 @vike owtadsurfase dflenérgizingwingd 7 akdevgambiabit tatind@iéapgesdi t i oned
just above taper 89. The outer surface of casing hanger 115 forns a taper

95 and dowmmakgligoagided rinBoy! grs d&%m@ﬁqobé\ﬁeﬂﬂep@weﬁm;%ighg Bapaer 115 in
seal pocket 113. Seal assenbly 111 is pre-assenbled with uppér energizing

ring 131, B@Rs lkREnBs7 103hVe r&&i&%/ %gg%rgi @R@Bwﬁ{ﬁ#ﬂ&@&ﬂ%@gﬁgﬁ?ﬁnd | ock ring

97 all connected to one anot her. ity o I's traps 99 are
formed on i [ portione.of th L1 h OMSI 109 in bore 121
pebr 1 s rage SBlcoBAFS H Thsh e oL BRUNEL bUFRE otiSPY kel ARG hea
housi ng 109 nter t traps when the seal s I 11 is .|l oyered,
ensuring tPf‘?Slgiaﬁd’Eﬂnﬁ’gf 51fisltﬂi’ tﬁ"@"ﬁ“’éé’v e‘HIéB‘FWl%erf@?' %E@%ép]ﬂ?éﬁ&lf HEg ahtf et ti ng
of the seal assenbly 111. [0033] As the seal assenbly 111 is |owered into
bore 121, P@&Rﬂ&?%&cgvrltwnlhqaémr@ﬁr 109ageeal apssublyell 1 pnd hangee Lie¢4ht of t he

running tool or the string causes |ower 11
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.
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energizing ring 171 to continue noving dowward relative to | ock ring 97.
The tapered flanks 98 on the outer surface of energizing ring 171 slide
agai nst the mating tapered flanks 100 of lock ring 97. The downward
novenent of |ower energizing ring 171 causes lock ring 97 to nove radially
outward. The outer surface of lock ring 97 abbutingly contacts the inner
surface of well head nenber 109, thereby | ocking the inner wellhead nenber
115 to the outer well head nenber 109. Although the lock ring 97 is in
abutting ci®883cThevedhhiqued Have signifiead advah@@es. t Thehesfral enstod mmdak, thellbtk and hanger
115 can nove axially a defined increnent. The space between the upper

di agonal  stgidndehe boKin®C-ridg@tlswthdéhtRe scaNshséritsly G BEIKed GattHeinfP B&S ed
di agonal shoul der 103 on the inner surface of outer wellhead nenber 109

al | ows seadut@Sagmbldimdnters, GnlfRYCand sk Bl h%vélﬁéd%?th% k& Eé’&@mbl‘i}%%lgg&e fne

anot her, thereby prohibiting further upward axial novenen 341 Wen the

seal ass e;m%%}sa”')gpahﬁ&g& inérgfse(ﬁ I@)ﬁ)g)rs%rg ?(} g%lssglﬁ@p | 'Jh?g%:rggd g;ﬁgc?l mtglﬂptthg(:t Wi th

t he hange orcing snap r y ou nt o’ pocket 91 on

F25hi on' asoR B B hep P al P pEG A B hC sl GokaT o i mpend e
energizing rin 31 drives downward into seal ring 153, snap ring 85
springs refH‘iteéI"%y%?ar]‘?\ﬂé‘inépef%\'R%Wﬁvef’égee’é‘ger%e@i’f‘r R “EﬁYteé?“aghF‘F‘éé of the inner

wel | head nmenber 115. Upward facing shoul der 87 of snap ring 85 abuts
agai nst ddbsiaEes relaiévery therputar aramberdust torizasgakexpansion) as dncrepged expostB@ fo
assenbly 111 to the casing hanger 115, and thereby | ocking inner well head
menber 11%resseres uindothmsibodmaants, thersheulddrd On the seal eingand therenergzingringsousl y
illustrated, although the well head nmenbers 109, 115 are |ocked to one
anot her snbiblv theweakdysnitdy toebel sat, landvd mRrd tentdved BeoriersoRd 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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wel | head nmenber relative to the outer well head nenber is possible. 12

[ 0035] The techni ques have significant advantages. In the first enbodi nent,
the lock ring and the locking Gring allow the entire seal assenbly to be
| ocked to the inner and outer well head nenbers, limting any axial

novenent of the seal assenbly itself due to thermal expansion or increased
exposure to pressures. In the second enbodinent, the lock ring and the
snap ring allow the entire seal assenbly to be |locked to the inner and
outer wel |l head nenbers, however, the inner nenber may nove axially a snal

i ncrement r@hiaist ve to the outer nenber due to thermal expansion or

i ncreased exposure to pressures. In both enbodi nents, the shoul ders on the

seal ring and whithedSdaPiséintly (31N 6 sealng®étvideR inheR(1 SpaRIRr Y1 1 velBeiet
| anded, and renoved as one solid structure, reducing the risk of having to

recover a $iciHeR RRbrishPIGARA KA 9&%‘{’5@ INa‘yiing ifnBE(SRPERL ok OB waYibi | € the
y one of its f

t echni que has been shown i n onl orns, It shoul’d be apparent
to those ski i it} i, i ceptible to
vari ous. onerebEe ik deheel bulidta o [ Wherntie i ithaldl) dehedignCPt L0
exanpl e, the.seal .cquld .be confjigured for wthstandi ressure. in only a
S nole i r EginigRel if Pianguieh SweRs o RS ahEntba ip PR BBt SRRE sy “Rach
ener gi zi ng riqg could flexible, rather than solid. 13 Clains: 1. A
el | head s84toidheseatiing qusing igsillatieioipygh e dRaseand qwirs wafls Byo ssaling ut er (11)
wel | head nenbers, conprising a netal seal ring (53) having inner (54) and
out er (56) engag¢ment with the inner and out wellhead members, characterized by:
a resilient latch member (41) carried by the seal assembly that is moved radially
into latching engagement with one of the wellhead members in response to movement of

the energizing 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 (42) formed thereon.

4. The seal assembly according to claim 1, wherein the resilient latch member is a metal
C-ring (41) mounted to the energizing ring and having teeth (42) on its inner surface for
engaging the outer surface of the inner wellhead member during installation for locking

the seal assembly to the inner wellhead member.
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separated by a generally cylindrical slot (57), a netal energizing ring
(31) 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 engagenent with the inner
and out well head nenbers, characterized by: a resilient |atch nenber (41)
carried by the seal assenbly that is noved radially into latching
engagenment with one of the well head nenbers in response to novenent of the

ener gi zi ngsr ThgseaPasschiitdy aeatdigso i, dh6RH dpdcd: fing (45) M positioh&d €i n t he
| at ch menber conprises a radially expandabl e and contractible netal ring.

3. The Seabet@@éﬁdmlp?ﬁeta&ﬁ%'fﬁ{e@galtrﬁg% @b Byyer eﬁ@?{)tﬁé @-ﬁr&etf) lstﬁ)gigwﬁgfgﬁjaer

conprises a radially expandabl e and contract e meta ving a set

f h : : I di laim1,
her ain t hoeL e P R R e g AEm SR RSSO BEFEN ) ounced to 1 ne

energi zing ring and having teeth (42) on its inner surface for engaging
the outer surface of the inner well head nmenber during installation for

| ocking the seal, 6 ass ly to the inner we]l head nember, 14 5. The seal
assenbly atc fiﬂeﬁlgasfe&"‘%gl?é‘?/cﬁ{d&g Q54 1 Where e fatchimgnben ismountedda thei oned

bet ween an upper end of the seal ring and a |lower end of the Cring to stop
downward FEIENEBRE-the C-ring as the energizing ring noves downward into
the slot. 6. The seal assenbly according to claim1l, wherein the latch
menber is nounted to the energizing ring.

7. The seal assembly according to claim 1, further comprising:

the latch member mounted in an annular recess (37) on the inner diameter of the
energizing ring; wherein

the recess has a tapered surface so that downward movement causes the tapered

surface to push the latch member inward.

8. The seal assembly according to claim 1, further comprising:

a metal lock ring (81) having a tapered inner surface (82), and an outer surface
with grooves (83) for engaging the inner surface of the outer wellhead member during
installation for locking the inner wellhead member to the outer wellhead member.

9. The seal assembly according to claim 1, further comprising:

a first shoulder (39) positioned on the outer surface of the energizing ring, and a

second shoulder (63) positioned on the inner surface of the outer seal leg, each shoulder

facing one another, limiting the withdraw of the energizing ring from the seal slot.
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7. The seal assenbly according to claim11, further conprising: the |latch
menber nmounted in an annul ar recess (37) on the inner dianeter of the
energi zing ring; wherein the recess has a tapered surface so that downward
novenent causes the tapered surface to push the latch nenber inward. 8.

- The seal assenbly according to claim1, further conprising: a netal |ock
ring (81) having a tapered inner surface (82), and an outer surface wth
grooves (83) for engaging the inner surface of the outer well head nenber
~during i ndallhas¢abassérobly lacakdingjtotdiedmi In fisthemednifrisang: menber to the outer
wel | head nenber. 9. The seal assenbly according to claim11, further
conprising: a fadswnwhddfhdiey shoBldgr (98)sdr dnoued didimetdr Goioh @F tiztmifece of the
energi zing ring, and a second shoul der (63) positioned on the inner

surface of wdieduhdibes €AIS);vaRreieach shoul der facing one another, limting
the withdraw of the energizing ring fromthe seal slot. 15 10. The seal

assenbl y accor difaGedii@nf ia?cihgillel'nbef' W h&h (S:-QiﬁB 8%55,![ &%gt'uré?i i 9%(‘!\/@? fbls B tHag

shoul der (93) on an outer aneter portio I nner head menber

(115); wher : . T esihi I [l . Crin 5), captured
in a poc ket i g’ fﬁ“ﬁg‘rﬁ‘ gt% ﬁjel I)’ hglg}é'fgaﬁglﬁ ‘g%rq?%ﬁrgg %hfglf?r &2;@} 1rtlsgmralteﬁ Sggév\c/%r d facing
shoul der (8% on its inner surface; wherein during installation of the

seal, the ¢ ’ieHb is forced fromits pocket, noves radially

during installation of the seal, the C-ring is forced from its pocket, moves radially
inward with its upward facing shoulder engaging the downward facing shoulder, locking

the seal assembly (111) to the inner wellhead member.

11. The wellhead assembly of claim 10, wherein the shoulders comprise a plurality of

teeth.

12. The seal assembly according to claim 10, further comprising:

a first retainer shoulder (39) positioned on the outer surface of the energizing ring,
and a second retainer shoulder (63) positioned on the inner surface of the outer seal leg,
each shoulder facing one another, limiting the withdrawal of the energizing ring from the

seal slot.

13. A method for sealing an inner wellhead member to an outer wellhead member
including introducing a seal assembly with a seal ring with cylindrical slots and upper
and lower energizing rings into a bore, locking the inner wellhead member to the outer

wellhead member by engaging the inner surface of the outer wellhead member with the
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innard with its upward faci ng shoul der engagi ng the downward faci ng

shoul der, locking the seal assenbly (111) to the inner well head nenber.
11. The wel | head assenbly of claim 10, wherein the shoul ders conprise a
plurality of teeth. 12. The seal assenbly according to claim210, further
conprising: a first retainer shoul der (39) positioned on the outer surface
of the energizing ring, and a second retainer shoulder (63) positioned on
the inner surface of the outer seal |leg, each shoul der facing one another,
limting t#eal assdniidly,slidinglyfenpdpingthe impezandgutdr Ball§ e 5168 witheé slot. 13. A
met hod for sealing an inner well head nenber to an outer well head nenber

i ncl udi ng énetgifilgAh@byXorcfi thesmestihy inth tHe shots Bkeby leRhn¥in thé?ééhmﬁi cal

slots and upper and | ower energizing rings into a bore, l'ocking the inner

vel | head MmRgRhiabOwfulthe BHeP brelIE iaGidd: SRITARE nRAnRAORGLAG ARGy Ner sur face

of the outer well head menber wth the 16 seal asserb gl y engagi ng

t he i nner and QH&&‘[{Z% tﬂ@géai;?s%rphlg% e%r&r fll?eagnaeembgp§ dg{ﬁéélpgﬂ{e gﬁs by

forcing the energiZing in fer o y expa g seal ring

t t W tdhy th t nmb h t d
by: 1 ooki i TEROS ﬁng%{'s@eﬁﬁ-saﬂfﬁ?ragﬁrm”ﬁw #8fTHEad member by engagi ng t he

outer surface of the inner well head nenber with the seal assenbly. 17
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