WO 2012/ 060909PCT/ US2011/ 043293 WELLHEAD SEAL ASSEMBLY LOCKDOWN SYSTEM
CROSS REFERENCE TO RELATED APPLI CATI ON This application clains the
priority of U S. Provisional Application No. 61/408,7 £ venber
1, 2010, WY& ¥ sure of which is incorporated 5 heﬁ)g%d%@q"ru&e)jf}g\gnce for
all purposes. FIELD OF THE | NVENTI ON A seal assenbly and running tool
are provided for sealing a casing annulus in a well head. More particul arly,
the seal assenbly is axially 10 interconnected with the wel |l head while

seal i ng an annuhygigyEea SBEALCASSEMBLYCL OOKDOWNSVEREM BACKGROUND
OF THE | NVENTI ON Various types of seal assenblies and running tools have

been devi SE\%@%E@{FE% FQT@F@:QA amrmyoaTidNCcasi ng hanger may be

posi ti oned he wel'"head, and a running tool may be used to actuate

the seal assew?c%%ikg%nor&iath% tﬁasﬁﬂ?&gtg?d?gﬁjﬁs,ap%\}iélﬁrﬁﬁbﬁ(pél%ﬁﬁowNidl t he

casi ng hanger US reasons, a casing hanger within the well head may

move axially upward, partjicularly t hshipahid i Rbrébriesduct i on
system 20 @\{fépgﬁﬁg’gﬂﬁﬁﬁgl ’gOY?rﬁP%{s1’%’et\agtde@%&%%ﬁ%gjﬁawgzé %herﬁ;r)al l'y expand
t he casing .

5 gherein by reference for all purposes.

FIELD OF THE INVENTION

A seal assembly and running tool are provided for sealing a casing
annulus in a wellhead. More particularly, the seal assembly is axially

10 interconnected with the wellhead while sealing an annulus between the casing

hanger and the welihead.

BACKGROUND OF THE INVENTION

Various types of seal assemblies and running tools have been devised
15 for sealing a casing annulus. A casing hanger may be positioned within the
wellhead, and a running tool may be used o actuéte the seal assembly carried
on the casing hanger and thereby seal with the casing hanger.
For various reasons, a casing hanger within the wellhead may move
axially upward, particularly when the wellhead is part of a production sysiem
50 wherein downhole fluids at elevated temperatures thermally expand the casing
string and thus exert a substantial upward force on the casing hanger. Since the

casing hanger seal is intended for sealing at a particular location on the



string and thus exert a substantial upward force on the casing hanger.
Since the casing hanger seal is intended for sealing at a particular

| ocat i on g ,4BBs0od0 2012/ 060909PCT/ US2011/ 043293 wel | headyS20pwets43 movenent
of the casing hanger and the seal assenbly is detrinmental to reliably

seal i ng the casi ng annul us. A seal assenbly for a casing hanger in a
wel | head is disclosed in U S. Patent 5,287,925. Another type of seal
assenbly between a wel | head and a,5 tubi ng hange i iscl dn U S
Pat ent 6, 59®ilbear, WpwardpRCKHNCRl 63{‘%1@%&5&%88@a@@ﬁhgn%%ﬂeis%\?gﬁj | (l)én of a
seal assenbly for use in a well head, and U. IS Pat ent 6, 969, 070 di scl oses

i mpr ovenentgirimenialde spliabictaing INACRFIEE A HE!USct uat ed seal assenbly and
running tool are disclosed in U S Patent 7,096, 956. The di sadﬁ}{anigges of
the prior art aAesen@ssemblybipr eheasingJ@nger i éntvelieacis dRCIPRDY oV &u:

wel | head seal assenbly and running tool are hereinafter disclosed. WO
2012/ 060909REGH: IS297 8294 32eShSUYKERY oralTagsarmiENreRepen a wellhgacaad a
enbodi ment, a seal assenbly is provided for sealing a casing annulus in a
vel | head. Apashaggdrarabis disclosesi inilb.SePatentht,A98.680wel-EhBaent @hilb 15
provided with a radially internal groove. Afirst locking ring is radially
movabl e  giscloses yet another version of a seal assembly for use in a wellhead, and Uu.s.

Patent 6,969,070 discloses improvements in a seal assembly. A pressure
actuated seal assembly and running tool are disclosed in U.S. Patent 7.096,956.
The disadvantages of the prior art are overcome by the present invention,

10 an improved welihead seal assembly and running tool are hereinafter disclosed.



5 into the internal groove in the wellhead to axially connect the seal
assenbly and the well head. A second | ocking ng may interconnect the seal
assenblyﬁﬁggn%ﬂgm%asing hanger. Actuating a runni ng tagyragiialkiys noves
each | oc ng into the groove in the respective well head and the
hanger, and thereby axially connects the seal assenbly to both the well head
and the hanger. 10These and further features and advantages of the present

invention will becone apparent fromthe follow ng detail ed description
wher ei n r eSeMBVIABYi GF Matle INVENREON i gures in the acconpanying drawi ngs. WD
2012/ 060909PCT/ US2011/ 043293 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

1 is a cross- selet bemaimbodiment, @ seahasagMblyois armyidashforaserlingl § 38iN8r t o
| andi ng the casing hanger in the wellhead. Figure 2 is a cross-sectional

vi ew of thgnagserbhweihons. iAncAsiguhandenis phstionae withéi g welligad. Whlsled i n
the well head Figure 3 is a cross-sectional view of the assenbly shown in

Figure 2 i B RopHES WithPsadiaipnintehar@odve Sedbt loskihgnalg iy radially Fioyable 4 is a
cross-sectional view of the assenbly shown in Figure 3 with the running
tool rekeagedufd ABhReB8s MOtHRARERead to axially connect the seal assembly and

the wellhead. A second locking ring may interconnect the seal assembly and the

casing hanger. Actuating a running tool radially moves each locking ring into the

groove in the respective wellhead and the hanger, and thereby axially connects

the seal assembly to both the wellhead and the hanger.

10 These and further features and advantages of the present invention will

become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.



10Figure 5 is a cross-sectional view of the assenbly shown in Figure 4 with
the seal assenbly set, |ocked, and tested. Figure 6 is an enlarged vi ew of

a porti oqﬁggﬁ Lhgegssenbly shown in Figure 5- Figure 7 pGI/CS205943®6t i onal

vi ew of the c}ownhol e assenbly with the 15 running tool retrieved. Figure 8

Is an enlarged view of a portion of the assenbly shown in Figure 7.

Figure 9 is an enlarged view of the assenbly shown in Figure 8 with the

seal assenbly | ocked to the casi and the latch ring positioned for
20 | at chi n@%@F%%IWTﬂ@%@F%&mﬁ@S& enl arged view of an alternate
seal assenbly. Figure 11 is an enl grged view of the assen‘oll y shown in
Figure 10 | ockebigues 1 frea GrasSrRgChanR]levk AHa FHBNING LY andRyahBsTaToNed f or

| atching to the well head. )
priar to landing the casing hanger in the welihead.

Figure 2 is a cross-sectional view of the assembly shown in Figure 1 with

5 the casing hanger landed in the wellhead.

Figure 3 is a cross-sectional view of the assembly shown in Figure 2ina

preset position before the seal is finally set.

Figure 4 is a cross-sectional view of the assembly shown in Figure 3 with

the running tool released from the casing hanger.

10 Figure 5 is a cross-sectional view of thé assembly shown in Figure 4 with

the seal assembly set, locked, and tested.

Figure 6 is an enlarged view of a portion of the assembly shown in Figure

Figure 7 is cross-sectional view of the downhole assembly with the

15 running tool retrieved.

Figure 8 is an enlarged view of a portion of the assembly shown in Figure

Figure 9 is an enlarged view of the assembly shown in Figure 8 with the
seal assembly locked to the casing hanger and the latch ring positioned for
20 latching to th_e welthead.
Figure 10 is an enlarged view of an a_ltemate seal assembly.
Figure 11 is an enlarged view of the assembly shown in Figure 10 locked

to the casing hanger and the latch ring positioned for latching to the wellhead.



NATO 2012/ 060909PCT/ US2011/ 043293 DETAI LED DESCRI PTI ON OF PREFERRED

EVMBODI MVENTS Figure 1 depicts a suitable running tool 20 supporting a
casi ng hanger 12 being |owered into a subsea wel | head i ng tool
20 i ncl ud¥ 2%12%’8%{’)% al mandrel 22 having a | ower enl arge /%S-()Eﬁflimg&rrlﬁag& Sl eeve
24 of the running tool is 5 locked to the casing hanger by the Cring 26.
The casi ng hanger is subsequently | ocked to the wellhead with one or nore
C-rings 18, and supports casing 16 extendi ng downward into the well. In one
enmbodi ment DBTM&LED@E@@RiFbBDM@FrR%EFE%%é%M%@QMBWSand t he casing
hanger into the well, while in other enbodi nents the casing hanger is

al ready | anded piutde depidiheatitabliadunhieglioor 2hslppertiogla dasingbeigad 120 f or m
the seal as discussed subsequently. Figure 2 depicts the casing

hanger 12 Lapgdagwiidting aelibdieadelbaanty.| Ohiedniiyg @ali20gndiBdesSheenzal4 i s
supported on the shoulder in the casing hanger 12, and the seal 30 is

posi ti oned@%@ %}?ﬁa\ﬁiﬁ’@a%wéﬂﬁﬂﬁ@%ﬂrﬁbrh@iﬂgﬁt . Sidetv® 21 i the lrmirgetbopar t i on
re

23 of mand as noved downward relative to the 15 Figure 1 position.

Runni ng r§tg Og:{ckégtto %%V\@as%d HHgeRBRh & 8-y DBE TeRIRMTRIGRF isleliRebuaits

rel easi eeve which rel eases C-ring 18. Further downward novenent of
hanger 12 caus r.adi t.rusi.QAs i EnLeifd 18
'nto the nGeag rsvauBRE i bR o Be MR T g S I8 5 ool
20 remains |latched . to the.casin nge =L [ now t o
Figure 3, ?ﬁ@”é'ﬂﬂrﬁwv‘f{ﬁ Iintﬁéhﬁg{é]geﬁ} é?%t%gﬁy%o;?nkh{;%v\%rﬁﬂn stti ﬁ?g Ct'ét)rn%f%el ease
the running tool fromthe ha r 12.. thereby raising t rge rtion
23 slightl{e §e@év%gsfﬂ‘br’3érﬂ](ﬂgﬁ%x?%$'?9 SFQ%% 6t ﬁ%eqh‘gﬁgew&% %ycht@éé’ki ng
ring 26. Sleeve 25 radially outward of slgeye d24 sli Hes V“ht hdt hedrrt%ndr el

WO 2012/ 0689bopaeNisAha 19a5isp banger is aiready landed on the wellhead, an e

10 running too! is lowered to form the seal as discussed subsequently.

Figure 2 depicts the casing hanger 12 landed in the wellhead 14 and
locked by C-ring 18. Sleeve 24 is supported on the shoulder in the casing
hanger 12, and the seal 30 is positioned above the top of the casing hanger.
Note that enlarged portion 23 of mandrel 22 has moved downward relative o the

15  Figure 1 position. Running tool set down weight applied by the casing hanger 12
actuates releasing sleeve 19, which releases C-ring 18. Further downward
movement of hanger 12 causes radial protrusions 13 on the hanger to force C-
ring 18 into the mating grooves in the wellhead 14. At this stage, the running tool
20 remains latched 1o the casing hanger 12 by C-ring 26.

20 Referring now to Figure 3, the running tool 20 may be rotated by the work
string to release the running tool from the hanger 12, thereby raising the
enlarged portion 23 slightly. Sleeve 24 remains axially fixed to the hanger 12 by

locking ring 26. Sleeve 25 radially outward of sleeve 24 slides with the mandrel



22 such that threads 27 cause sleeve 25 to nove axially upward, which
allows the Gring 26 to radially collapse. Rotating the running tool thus
rai ses the sleeve 25 to allowthe CGring 26 to coll aps s b3y 26
moves radVaI2MPF\r d and out of engagenent with the iﬁ%&ﬁg)ll ;Iosgd% ng
grooves on the casing hanger. 5 The hanger is now rel eased fromthe running
t ool . As shown in Figure 3, CGring 29 is positioned to axially
connect sleeves 25 and 32. Sleeve 32 is sealed to ring 34, which is

t hr eaded t @oagdnpper teBddob7sdmBeas|@e Thdo geave azsigyrbbwagh wiich isliewsn its
preset position in Figure 3 while Figure 5 shows the seal assenbly 30 in

the set posidiQfng ReS ehsiang damipded FR@utieg 4het ieningniahghuoabis2® the
further rotated t0 nove sleeve 25 further upward, thereby all ow ng dogs 29

to coll aps%ee@gcegasﬁblgag;%e%-ﬁﬁg@eia cBMsbsean3Q-fiy 96 oRovestradinheinpraed et

posi ti on. e the Tunning tool mandrel 22 may nove down

i ndependent ]y, . W bR Sl HaResupper
enl ar ged O§n§fothog%§%§8&%%mgtﬁgﬁtgﬁgt)é{ﬁ[,)é}#ék{@@? krle V\elﬁggﬁbﬁ@At tg?]i gp

stage, the_BOP caonvention L.t ; p of the well head nay be

cl osed, =an mﬁ“&%lsé%%"meg‘%{ee‘f{f@ tbgp%‘v@%cﬂé seal assenbly 30 further
downward fromits preset positjion to Lts fl. i: it o o5 In
Figure 5, the s@él5%§ﬁ’ﬁﬁﬂﬁ%ér$’g]e’5’}]%ﬁg ‘??8%@%%?%&?#88@%@@5%%S‘é?s 12. The
shear pins holding the running tool to.the, seal b t hat
20 the r unrﬁﬂﬁgﬁa-o%ﬂeq\@ ?%I'%é@g\?dftpcﬂﬂgt ﬁ% E’E%‘F‘ lﬁstgg%ﬁggﬂgn% ??Eg&{)gﬁi?? ri eved
to the surface. Figure 6 is an expl oded view of .a po:ﬁtgé onégf hhe
appar at us sheswa 24 Engseal assarmrly (30 igdhpa s presel Hosits B fi9Ye WAL al 1 y
fixed to both the wellhead 14 and WD 2012/ 060909PCT/ US2011/ 043293 casi ng
hanger 12 IFgurbé stiomgsthaGeahaissembly 88 pe 81 $ARPSIIRANAG 36 fits within
wel | head groove 38, while.ring 40 fits in casing hanger groove 42.

10 Referring now to Figure 4, the running tool 20 is further rotated to move
sleeve 25 further upward, thereby allowing dogs 29 to collapse, and allowing
sleeve 32 and seal 30 to drop into the preset position. The seal 30 and the
running tool mandrel 22 may move down independently, with the seal assembly
30 in the annulus between the upper enlarged OD of the hanger 12 and the 1D of

15 the wellhead 14. At this stage, the BOP conventionally positioned on top of the
wellhead may be closed, and fiuid pressure exerted to drive the seal assembly
30 further downward from its preset position to its final sealing position.

In Figure 5, the seal 30 has been set and locked 1o the casing hanger 12.
The shear pins holding the running tool to the seal may now be sheared so that

20 the running tool is released from the seal assembly and may be retrieved to the

sutface.

Figure 6 is an exploded view of a portion of the apparatus shown in Figure

5. and illustrates the seal assembly 30 axially fixed to both the wellhead 14 and



Figure 7 illustrates the running tool renoved fromthe wellhead wth the
casi ng hanger 12 and the seal assenbly 30 in place. Casing hanger 12
remains 5 landed in the well head, and seal assenbly 30 @%‘gﬂlf{}ys §§al S

bet ween tW@2838¢HY hanger and the wel | head. Locking rif AT 40 axially
fix the seal assenbly in place on the well head and the casing hanger.
Figure 8 shows in greater detail a portion of the seal assenbly. The seal
assenbly 30 is provided with a sl eeve shaped extension 31, which carries a
C 10 shap@%ih@tmg@} ng BO therringy escamme, i @spettivelt heRingl Iehéited withind a
simlar locking ring 40 for interconnection with casing hanger 12. Threads
46 bet ween t i diys Bloanth Rahderseabvdorly 45 facilitate
manuf acturg}egﬁefﬂa@ggﬁ%?éf @gﬁ%gegegg48 in tﬂ? upV\g/aer ?y projecting fingers 53
are provi ded fog (Y=AVA ; hGhetaimpuangdiptiel on
fingers 53 rel eglgéget ?H@y%[}ﬂei%ﬂfel ﬁgﬁi%ﬁ?gﬁveﬁiﬂqgve radially to

e, SRR BT AT BT, BaeCeRrs Raante o

p prevents pr ownwar @ novenent of the

fingers 53 with.respect to, supporti.n \ : r e

i nventi &n [2GeHAR ?@E"ﬁh%?aq’ﬁé%l %aiﬁsg?rﬁgg':%f' gﬂﬁb{yhsee%gr?%g@%#n@e?{aﬁg@M is
radially contained by t seal, body. Ri 36 ..i 5 radially 20 i ned at
its | ower BAREEASEHE W %@xt%@i%ﬂ‘@f&&ngtﬁi ?é‘a{‘fpgﬁﬁ‘eeﬁ%éi%gg%gg body
45 so that the ring 36 cannot inadvertently cone out of its retained

posi tion, In@ace Ao W@Wl"ﬁ@f@?ﬂihﬁlcaﬁmﬁ'w&%f ring 36 can extend conpletely
outside the seal body due to the stops 44 on the seal body 45 and the body
ext ensi on sl eevigBE 8 sinpvein eressedept rasbon of dis sed %?é’bﬂi’ar 1eaFarly,

the latch ring 36 includes upper and | ower protrusions 42 which engage

cor r espondasgenipp&0 ianmovides witht pplecta shAPEH XIS BOnWBICBSAE 12 4nd body
45 to limt radially outward novenent of the latch ring 36. In the absence
of thi g0f eghaperl lagchr iy 36 b eintedotreaion evituthsawellisadg lantya simdar tagking
supporting body 5 could nove appreciably outward of the body, and that part

of the ri n&gaw thrt hestchnashiont i |oasaet hhoger up. dihreadsodpob@necnhiba t he
assenbly is Towered in the well. The C shaped ring 36 may have upper and

| ower annular, DIotdHdfirOBSaf 21t BAY MBY 8é4ode G5Stagiede mbnlfactule astiops 44
on extension sleeve 31 and seal body 45 may simlarly be annul ar shaped,

but _may bea?e@f}&h'(.ﬁrcafo%ﬁ/@ﬁ%é mafhecr;p\;dgsa&}‘%ﬂﬂgeﬁr%oﬁﬁ@er@rﬁh beBFoued fdisi ons

42 are fixe e latch ring 36, and 'stops 44 are fixed on the extension
oLeove, 3L MbHIeRata A5se! BRindaf B ol R holYeTRIba s (o010 3¢
Syst em P Qs arTearPy SEIE MR BB Cl FiBsrsing, Pel ool i dheh ing
o O ROt g hahgel, FERELN! SrdlF WR! b0 fs umaRRLY
downward movement of the fingers 53 with respect to supporting body 45.
A feature of the invention is that each of the laich ring 36 and the
connecting ring 40 is radially contained by the seal body. Ring 36 is radially
20 contained at its lower end by seal body extension 31 and at its upper end by seal
body 45 sa that the ring 36 cannot inadvertently come out of its retained position,

i e., no circumferential portion of ring 36 can extend completely outside the seal

body due to the stops 44 on the seal body 45 and the body extension sieeve 31.



It is also desirable to limt connecting or |locking ring 40 so that it does
not nove radially inward until positioned and actuated to connect to the
casi ng hanger. As shown in Figure 8, the ring 40 includes outward

pr oj ect i nyOREPtc0WAd 20 | ower protrusions 62. The seaIPﬁaﬁ§ﬂPw@P(Hing t he
sl eeve 31 and supporting body 45 contain projecting upper and | ower stops
64 which are engaged by the protrusions 62 on ring 40. The CGring 40 is
cont ai ned such that no portion of the ring may nove radially outside the

seal body, bati&ghd), Redighon fhess edlludsdypper andlower protrusions 42 which
2012/ 060909PCT/'11S2011/ 043293 Iimt novenent to the i ntended functi onal

movement, apd ., 5%\;&?#{;@@;%5& Mo%@%ftdpl%: sz@htth@@xféhs@ntsn@éverimgmﬂ rom

getting hung*u red in the we As di scussed above, upper and

omer ol h R 2 on B Pl obifd Aot dfiiRGRareh FETRR) Ih BidVabenee

general sh ring. Substantially ring-shaped stop surfaces
Support od 9 HSASE. B R PhhRE pPLE SRR AR bhobdal e of
e Tonts Ssavbleoa RSB b LBl AP BEL O B lE Rneh
protrusions may each have a substantially circuy]ar confjguration,. thereby
provi di ng ana%egt@nﬁbaeh@m%@&%@%@?ﬁ@ﬁ%wbﬁaﬂbﬁﬁséﬁ%‘%@ﬁé i?\ﬂgreﬁi iHgﬁjr?éfe\/r1en
TN pul & ec\iNefi{ 01[?1; rg}e~srrxalljpréz-di rri]ngp%%i r%faty({) rllwatvg &p%%r%%tdulgsvgga (r)talia}' ip(r)onti'usions 42
that may also be C-shaped, while the stops 44 on extension sleeve 31 and seal
body 45 may similarly be annuifar shaped, but may be circular rather than C-
10 shaped. Upper and lower protrusions 42 are fixed on the latch ring 36, and stops
44 are fixed on the extension sleeve 31 and the body 45, so that radially outward
movement of C-ring 36 is positively limited. By containing the latch ring 36 while
it is run in the well through the riser and one or more BOPs, the reliability of the
system is substantially enhanced because the latch ring does not get "hung up”
15 on a component as it is lowered into the wellhead to adversely affect its
operability.
it is also desirable to limit connecting or locking ring 40 so that it does not
move radially inward until positioned and actuated to connect to the casing
hanger. As shown in Figure 8, the ring 40 includes outward projecting upper and
20 lower protrusions 62. The seal body including the sleeve 31 and supporting
body 45 contain projecting upper and lower stops 64 which are engaged by the

protrusions 62 on ring 40. The C-ring 40 is contained such that no portion of the

ring may move radially outside the seal body, and is retained by the seal body 1o



In the preferred enbodi mrent seal body 48 supports both one or nore radially
external seals 30 for sealing with an internal surface of the well head, and

15 one or nore internal seals 33 for sealing with the ' r. The
seal 30 i¥OFMFFVIYifficult seal to reliably obtain, aggﬁgg%lp@gggay be a

conbi nation of a plastic nenber or a soft metal, such as lead or tin, and
one or nore radially projecting fingers formed fromsteel. The seal 33 nmay
be an o-ring carried on the seal body for sealing with the casing hanger.
Q her seal §mits wedveaterdnioulics iater@dedmairaitiobaimpso\@snam, tanel peatentiogyany
alternatively may be provided for sealing wth the casing hanger.

Figure 9 il mghicab@mal hbaiorhersitirtingOirshegiesy hangl Uphes ads unisrad istieeve 53
noved downward so that the latch ring 36 noves radially outward to fit

within the, WO 2012/ 060909PCT/ US2011/ 043293 correspondi ng groove in the
wel | head, g\ithough still retained by stops 44. Retaining ring 40 has

simlarly moved cagl alskyy ia'%?é,du 2 (L Io%r?réﬁ?ué%ﬁé“bﬁ ddch HOhEgsA@RAI g

groove in the caSing hanger wering th eeve 53 thus causes ranmp
o e ke SRR BR B IR b 0 JRckadin, umimnS 1
T Dehaded Y stbp I5ltRtes” L BBRB" BHOUS LS T6oBY &R HRMALRY dihe
substantially the length of each upper and lower protrusion, thereby contributing
to high reliability when the C-ring is subsequently activated for connection to one
of the wellhead and the casing hanger. The stops which are engaged by these
10 protrusions may each have a substantially circular conféguration,. thereby
providing a large contact area between the protrﬁsions and the ring when
manipulated from the run-in position to the actuated position.
in the preferred embodiment seal body 48 supports both one or more
radially external seals 30 for sealing with an internal surface of the wellhead, and
15 one or more internal seals 33 for sealing with the casing hanger. The seal 30 is
a more difficult seal to reliably obtain, and seal 30 may be a combination of a
plastic member or a soft metal, such as lead or tin, and one or more radially
projecting fingers formed from steel. The seal 33 may be an o-ring carried on
the seal body for sealing with the casing hanger. Other seals, such as annular or
20 metal bumps 35 on the seal body, alternatively may be provided for sealing with
the casing hanger.

Figure 9 illustrates the shear pin 50 sheared, and the actuating sleeve 53

moved downward so that the laich ring 36 moves radially outward 1o fit within the



Figure_lO depicts an alternative enbodi nent of the seal ring 30, with the
| ock ring 36 and the | ock ring 40 as previously discussed. The ring 36 is

retained 10 by the seal assenbly from prematurely novi. ' out war d,
as wth te:ea8ehent di scussed above, and the connec%ﬁg%?ﬁdé‘k%é is

simlarly retained fromnoving radially inward. In the Figure 10
enbodi nent, the actuating sleeve 53 includes a radially outward protrusion
62 that slides down ranp surface 64 and falls into annular groove 66 when

the seal a%éﬁ&%dﬁdiﬁq -"‘c_ﬁbmveﬁﬁn sthewwellinedd HBitigough Eill rBenseddly stepsniddy nmay
be secured to the wellhead by ring 36 and to the casino hanger by ring 40

pronptly. afﬂte@% ;hgergégﬁado RSS @fFaliatyl fovBdi iaglilit inp@gd tsoothat Ar Gtsr withionit$2 and
stop surface @ n the seal assenbly act ‘as a positive stop to prevent

L e T A N T
move radiall St duri & 88SHNGhgGQENERT foh tHdRitdPribh@ 3BD4Bially outward,
5 while the lower end 57 of the sleeve 53 has a tapered surface to move the ring
40 inward, then a cylindrical surface prevents the ring 40 from moving radially
outward.
Figure 10 depicts an alternative embodiment of the seal ring 30, with the
fock ring 36 and the lock ring 40 as previously discussed. The ring 36 is retained
10 by the seal assembly from prematur_ely moving radially outward, as with the
embodiment discussed above, and the connecting ring 40 is similarly retained
from moving radially inward. In the Figure 10 embodiment, the actuating sleeve
53 includes a radially outward protrusion 62 that slides down ramp surface 64
and falls into annular groove 66 when the seal assembly is set, as shown in
15 Figure 11. The seal assembly may be secured fo the wellhead by ring 36 and to
the casing hanger by ring 40 promptly afier the seal assembly is in its set
position. Protrusion 62 and stop surface 68 on the seal assembly act as a
positive stop to prevent upward movement of the seal body while set in the
wellhead. In Figure 11, the sleeve 53 is thus moved downward, releasing the
20 latch ring 36 to move radially outward, releasing connecting ring 40 to move
radially inward, and capturing the protrusion 64 in the groove 66. To retrieve the

seal assembly, an upward force may be applied to the sleeve 53 from a retrieval

-10 -



radially inward, and capturing the protrusion 64 in the groove 66. To
retrieve the seal assenbly, an upward force nmay be applied to the sleeve 53
froma retrieval WO 2012/ 060909PCT/ US2011/ 043293 t oolpcMhiissh1pl@as s t he
protrusi 8P 3299 eby al | owi ng sl eeve 53 to nove upward and radially
nmoving the rings 36 and 40 to a rel eased position. Each of the |atch
ring and the connecting ring as disclosed herein fit within a groove or
recess in the well head and the casing hanger, respectively. Myst of 5 the
di scussi ontdonwpliateshdane thesprotiusigndido dloereby allowing, slegy 58 48 jarMs vWRiGng, and
an annul ar groove is suitable for that purpose. In other cases, however, an

annul ar  gr gQy eadi@l movingehadegpsshayd 48rid soredeanedrmséionecesses may be
provided in the well head and the casing hanger, respectively, to receive

the latch ring pci hEtheQARR Gy RGdithe gonmbeinedes as siscmpet heeialit wittinat e
shape, or may be otherw se 10 configured to reliably receive the respective

ring. BB RREStha G aantd Méhaes, dbpedtvelyd Mestedfn may
R O o et

be a substa ped | ocking ring which is retained on the seal body

by the stops. & & ' | HESgrdobe 6 ebasivethel reEpsmig rgphhdahi ons
due to Sheﬁ cf"%%%‘ﬁs}gre Elﬂ\é I?%%h%g}%id}rpl?sti C operation, aFr)ld their ability to

reliably wthstand hi 5.l " y : i \r Sty be
used for ai" f‘@/gﬁaﬁf’%?gggéf?g&ofoﬂgh?tﬁged?égsa' Eggaﬁsgb%ﬁg%eg?ﬂ%gth t he

| I head d th ' h Lngl udi j ineh | d
P it i notoRS GuY e ntengor, BEEele bRt Resdes AR Be prafisd HNED i ng

in the well head should be apparent from t.he abo SGLI At T asi ng
han]ger iols W_@%Weltchﬁﬁﬁ he tstﬁ‘lg]t WQ%1 r%?(cﬁ[vej%,dpoztge:c[eﬁ% @aesf%rpﬂg%?fgﬁh_% t I
preferably includes a radially external groove. rein. radi .lnterna
groove is pernscied ripg. (The raePdste Ry MR gr@taﬁ%t? ﬁgf‘%tg W%’dggpﬁ’f@%\?i ng the
latch ring, e.g., by actuating the running tool, to nove sleeve 53 so that
t he | odRi ngpmiignigeB® reliakly reeaive hRdePPRENMEAINSyr oove in the well head to

axially '
Each of the locking members 36 and 40 as disclosed herein may be a

substantially C-shaped locking ring which is retained on the seal body by the

stops. C-shaped locking rings are preferred for many applications due to their

high reliability, simplistic operation, and their ability to reliably withstand high

15 loads. Other types of locking members may be used for axially interconnecting

the seal body to either or both the wellhead and the casing hanger, including
radially movable dogs which would fit within the corresponding recesses.

The method of sealing a casing in the wellhead should be apparent from

the above description. The casing hanger is positioned within the wellhead, and

20 the casing hanger preferably includes a radially external groove therein. A

radially internal groove is provided in the wellhead. The method includes radially

moving the latch ring, e.g., by actuating the running tool, to move sleeve 53 so

that the locking ring 36 moves into the intemal groove in the wellhead to axially

-11 -



WO 2012/ 060909PCT/ US2011/ 043293 connect the seal assenbly and the well head.
According to a preferred enbodi nent, the nethod includes radially noving
anot her | ég&@g(ﬁ&pg into an external groove in the castmgsdhangernsand to
connect t 2] assenbly and the casing hanger. The running tool nay set
the latch ring and the connecting ring 5 once the seal body is inits fully

set position. Each of the latch ring and the connecting ring is
supported on the seal assenbly in a manner which limts r&\di al move nt of
the ring begomttt the w68l assaybvend H28 twelhead y, APRIAG i34 RS

provi ding stops on the seal body to prevent premature axial novenment of

ei t her | ockimbodimery, Wia matkspétiudas fagbaliyemioving aoeifer JOGKINg: BRI JHOtHE
running tool is noveable in response to fluid pressure in the running tool,
and may begusathl fg@sorcihuati oagingatindeo ckichy compcs theaser! Apsembbluahd the
actuation sl eeve. Al t hough specific enbodi nents of the invention have
been descr ;hadg Margbn The somEingedairhay Bbi thehmictbeen addribe soheegiirgoing he

pur poses of explaining 15 the various aspects of the invention, and is not

i ntended tg.ld fAd sdd1808¢ AR iRffulyhsatipaeiiazhi on as defined in the clainms which
fol |l ow. %Thgge sﬂLi?I ed if\ the art will understand that the enbodi nent shown

and described i &, aXePhAlMch 3G ¥R HUIZoRAEAIGSHNG Id éu%ﬁ)mm calthersatl ons
and nodi fications, including blGt not limted to those design alternatives

speci fi cal é%’%eﬁ'{a@g‘%@}gggpﬁé%ﬁichr‘fﬁb(itsbl%dm%obé}nbhﬁoﬁ@xe%eg:bé Dihet fael

i nvention Ing Tromits scope.. 1.A seal assenbly for sealing

her ef n-anow-c e EHEHEEY B e e P s Error o b PP Ss
radi al |y externa

seal body BIRYSEF Eféﬁgﬁa%gleﬁpgm?tﬂg&a%ﬁ%riIﬁ%@ﬁﬂws@g{gsé%ﬂ%#geg? a}ro?e
Faspectiot oboms UBSER AbHNBAUITEOPLBRYERPE 1 PR chgCu B DrEsEfe I £
the running tool, and may be used for actuating each locking ring 36 and 40
through the actuation sleeve.
Although specific embodiments of the invention have been described
herein in some detail, this has been done solely for the purposes of explaining
15 the various aspects of the invention, and is not intended to limit the scope of the
invention as defined in the claims which follow. Those skilied in the art will
understand that the embodiment shown and described is exemplary, and various
other substitutions, alterations and modifications, including but not limited to

those design alternatives specifically discussed herein, may be made in the

20 practice of the invention without departing from its scope.
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a first locking menber radially novable by the actuation sl eeve to nove
into. the internal - recess in the wellhead to axially connect the seal body
and the wel | head; - a second | ocking nmenber radially novabl e/byLitthe
actuation sleeve to nove into the external recess in the casi ng hanger to

axially conned th al and he casl ng hanger ; and

| ower st ops guppogts‘é agﬁeq\% '?90%193%"69 Ko 3%?1“’8 helaﬂ('ﬁrgyﬁés

| ocki hg nmenber and. the second, | oc r to :
'rmvenenta@d'QHMemﬁf’\aLf%&ﬁ%l t%@@n‘ﬂ“)(%é’g?’h%%%ei’%s'%"@ﬁ W’@ @‘@t"}’/?'%‘e? e seal
body: 2.The seal assenbly as defined in Caima1l;. wherein the first I ocking
menber fﬂ@uﬁﬂﬁM@&ﬂ%ﬁ%mﬁfsﬁfh?@elgdbﬁﬁﬁi*‘@(ﬁsﬁfﬁb'ﬂ/l?@”@é&ﬂg ‘body and radially
nmovable outward to fit within the external recess in the wellhead. 3.The
seal assenbl gsea body surpdring ariecir moge ragiadly éternatesalsandoacioparigdigbhber is a
C-shaped | ocking ring supported on the seal body and radially novabl e

i nwar d textdrdl skalshi n the external recess in the casing hanger. ' 13 AMENDED

SHEET - 1PEA/US The seal assenbly as defined in Caim1, further

conpri sing: an actuatite® sigever adailypmavabid kdthl @spécistootheengnge walbgatiri ve upper
and -l ower protrusions on the first |ocking nenber and the second | ocki ng

nember  t8sdohga fo 4 AMhAg teBlyenent of the first and second | ocki ng menbers.
"The seal. assenbly as defined in Claim1, wherein the seal body conprises: a

-radially " i nigk: ReRh o WS QBBRMOmblkbIeBP fie ddtidtion iibys 46 Ritde FHOBR cach for
engagi ng-a respectlv one of Irst and. second | ocking nmenbers; .and
_internal recess in the welthead to axially connect the seal body and the wellhead;
" a second locking member radially movable by the aciuation sleeve to move info
the external recess in the casing hanger to axially connect the seal body and the casing
~ hanger; and
upper and lower stops sdppb‘rt‘ed on the seal body for engaging each of the first

locking member and the second locking member to limit radially outward movement of

" the first and second locking members with respect {0 the seal body.

2. The seal assembly as defined in Ciaim 1, wherein the i rst locking member
. isa C»shaped locking ring supported on the seal body and rad:auy movabre outward fo fit

-wrthm the external recess in the wellhead.

3. The seal assembly as defined in Claim 2, wherein the second locking
._mémber is a C-shaped locking ring supported on the seal body and radially _rriovab!e

_inward to fit within the external recess in the casing hanger.

. "' 13.
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a radial | y outer seal bo'dy_‘.-s_upported on the inner seal body and form ng the
| ower ,first and second stops each for engaging a respective one,ﬂgfﬁht he

first and second. | ocki ng neinbers. 6.The seal assenbly as defined“V” ‘Y aim

5,.wherein the radially inner seal body is threadably connected to the
radi al |y outer seal body. The seal assenbly as defined in Caim
1, wherein the upper and |ower stops of the seal body are each
substantially ring-shaped stops secured to th eal body. The
seal assenbl ¢ as $‘??£65§9ﬁ‘ %ﬁ%ﬂﬁﬁ@i’bﬁh’@écﬁiﬁgﬁb@{“%ﬁﬁ ower stop engages
a. substantially C shaped protrusion on a respective one of the fjirst and
second | ocki Hi§ YRPRDHEPR and thedpwRinitep enRge resnestive upper gnd lowes proflisiohdl y run .
in awell on a running tool for sealing a casing annulus in a Subsea

wel | headomihe firsh lockisg mprhkerged thseaond inskingi member ihdmilatiabmavementi®hvi ng an
ext ernal recess therein, the wellhead having a radially internal recess

t her ei n, the frst srebdecand @cking mepnligrpri sing: - a seal  body supporting one or
nmore radially internal seals and one or nore radially external seals; an
actuation sleeve axially novable with respect. to the subsea well head in
response to a running tool; - -a first locking ring supported on the
seal body ang radihalsky m&ﬂbﬁ[y%swﬁrvwiﬁdlmmr@m@mﬁhb@emmp@iesi he’

actuation sleeve to nove at least a portion of the first locking ring into
the internaly is68fSinher 588 BYRY! BRAAg e Ashel ikt GABNREEND BRpSSaIchlredy and
“engaging a respective one of the first and second locking members; and
a radially outer 's'eai body supported on the inner seal body and forming the fower

_ﬁrst and second stops each for engaging a réspective one of the first and second locking

members.

6. . The seal assembfy as defined in Claim 5,_wheljein the radially inner seal

.body is threadably éonnected_to the radially cuter seal body.

-7 The seal @ssembly as defined in Claim 1, wherein the upper and lower .

A stops of the seal body are eéch substantially ring-shaped stops secured to the seal body.

8. The seal assembiy as defined in Claim 7, wherein each upper and lower -
" stop 'éngages a sub'stantially C-shaped protrusion on a respective one of the first arid
_ sécond focking members, | |

14
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the wel | head,; a second Iocklng ring supported on the seal body .and
radial iy - nnvable I nward and in response to novenent of the actuation sl eeve
to.nove at |east a portion of the second locking ring into thecexternal
recess in the casing hanger to axially connect the seal body and the casing

hanger; and er sto and ower . sto pperted an the seal body_
for engagi ng geachASPalﬁ%gerfﬂiﬂyétf %H’”I"Hl,glz?cﬁ r%e%@y?(iasf'ngrﬁ‘i“u}”édl al |

outvvard-m)ve nt o ch, of the flrst and second Iocklng rin W th respect
Do the. s 08 SHRag elsSq ih deasadiAg) RESARAcY AN WEEAaradrEan Ol ai m

9, wherei'n the u pper and | ower stops art the seal body engage upper and
| ower pr 8¥TR| i§FRSSIReEBHe Fheo‘f’e'i'ﬁ*édfhat"@ﬁ aafrdiadli dueraal igeRsmieraimghe se8 AVENDED
SHEET - 1PEA/ US 11. The seal assenbly and running tool as defined
in O ai messemifyeqogipasingie runni ng t ool noves the actuation sleeve whi ch-
activates both the first locking ri.ng and the second | ocking ring. :
12 The seal asesimwidy yuppodinguomei ongdre cidialy indedzisedisiamd@naionnicte rasiedly ei n t he
"runni ng tool” includes a pi ston novable in response to fluid pressure in
t-he runngxgnieebls, 13. The seal assenbly and running tool as defined in
.Claim9, wherein a running tool is released fromthe seal assenbly by
rotation of hReckHhh %%eif@oéma?lﬂ?dmé{?@ﬁé it efsp@é%em%enarb%eé hg&hea®ber s.
' response to a running tool; ) l
a first locking rfng supported on the seal body and radially movable oufward in
response to movement of the actuation sleeve to move at least a partion 6f the first
locking ring into the intemal recess in the wellhead fo axially connect the seal body and
. the wellhead;
‘a second locking ring 5upported on thje seal body and radially movable inward and
in response to }noxiemerit of the actuation sleeve to move at least a portion of the second
| locking ring into the external recess in the casing hanger to axially connect the seal body
and the cas'ing hanger; and o
an upper stop and a lower stop supported on the seal body for engaging each of
the first and second locking rings to limit radially cutward movement of each of the first

~ and second locking rings wﬁh respect to the seal body.

10. . The seal assembly and running toal as defined in Claim 8, wherein the
upper and lower stops on the seal body engége upper and lower prbtrusions on each of

the first and second locking rings.

15
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14. The seal assenbly and running tool as defined in laim9, wherein the

seal body conprises: - -a radially inner seal body formng the upper
first and second stops each for engaging a respective one of t h& 56t and
second | ocki ng nenbers; and - a radially outer seal body supported on

the i nner seal body and form ng the lower .first and second stops each for
engagi ng ‘a respective one of the first and Second | ocki ng nmenbers. 15. The
seal assenbly and runnlng tool as defined in Claim14, wherein the radial ly
i nner seal bolly i IheReERRsEMPlyAKhBOPiEd toy) a%éefmeua@!?mb&t whewmitaihepody. 10
AMENDED. SHEET - | PEA-US. - 16. The seal assenbly and running -tool as
defi ned rtmn(ngaoermra@tuata@mée@\@p@rlcmmvam@ﬁﬁsth@g@t orkingeng aed thpody are
each substantially ring-shaped stops secured to the seal body. 17.

The seal sasmdidskitgaing running tool as defined in Caim 16, wherein each
upper. and | ower  stop engages a substantially C-shaped protrusion on a
respective one of the first and second | ocking nenbers. 18. A nethod
of sealing a casing hanger having a radially external recess to a wellhead
having a radifal | yTheged @asemtﬂp@ﬁs,mmwol 8% ﬂgfnedohcmem ng, @héreml thdody
havi ng .one or nore seal s;

mnmng tool includes a piston movabte in response to fluid pressure in the running tool.

13. - The seal aésembly_ and running tool as defined in Claim 9, wherein a _
running foot is released from the seal assembly by rotation of the running tool and

shearing of one or more shear members.

14, _ The seal z;ssembiy and run_ning {ool as dgﬁnea in Claim 9, wherein the seal
| body compnses A | |

a radially inner seal body formmg the -upper first and second stops each for
-engaging a respectlve one of the f rst and second Iockmg members and

a radially cuter seal body supported on the inner seal body and forming the lcwér

first and second stops each for engaging a respéctive one of the first and second locking

member_s.

15,  The seal assembly and running tool as defined in Claim 14, wherein the

‘radially inner seal body is threadably connected to the radially outer seal body.

16
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radially moving a first |ocking nenber to nove into the |nternal groove I n
t he wet | head to axially connect- the seal body and. t he wel | head L :
radially movi.ng a second | ocking menber to nove-into the external recess in
the casi'ng hanger to connect the seal body and the casing hanger, such that

the seal ‘body;deaitelsey aﬁqg@; 3R Wriing ot 8 RRRAGH IMERIA ORAfkad i th the

wel | head and the casmg |mt|ng radially outward

i os bk 8 el o8 S%?g’eﬁ%%v 8 G R AR R Y T s,

wher ein ?‘?r%\g of t f| r st and second | ocki ng  menbers is activated during-
downwar d ‘f an actuation sleeve. 17 20. The net hod as
defined in d ai m 18, wherein each of the upper and |lower stops is forned to
have a substantially ring-shaped configuration. 18 AMENDED SHEET | PEA/US

17.  The seal assembly and running tool as defined in Claim 1 6, wherein each
upper and Iéwér stop engages a su‘bstahtially C-shaped protrusion‘on a respective one

of the first and second locking members,

18. A method of sealing a casing hanger having a radially external recess 1o a
Lo \;:etihead having a radially internal recess._cbmprising:
- providing a seal body having one or more seals;

radfa!ﬁr' moving a first locking member to move into the internal groove in the

wellhead to axially connect the seal body and the weilhead,
| radially moving a second focking met_nber to move into the extemal recess in the
casing hanger to connect the seal body and the casing hanger, such that the seal body

seals the casing annulus while being interconnected -with the wellhead and the casing

hanger; and

fimiting radiafly outward movement of each first and second locking members by

upper and lower stops with respect to the seal body.

| 19.  The method as defi ned in Claim 18 wherein each of the first and seccnd B

fockmg members is activated during downward movement of an actuation s!eeve

17
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" 20. The method as 'deﬁned in Claim 18, wherein each of the upper and lower -

stops is formed to have a substantially ring—shaped configuration.

18
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