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WD 2004/ 027202 PCT/ US2003/ 029650 I nner Ri ser
Adj ust abl e Hanger and Seal Assenbly 5 Related Case

wQabiog/ozppt i cation clains priority fromU S, SePCEUSI03/029650

60/ 411,176, filed Septenber 17, 2002. 10 Field of the

I nvention The present invention relates to adjustable
hangers for use in downhole wells, and nore

particularly to an inner riser adjustable hanger.
Background of .the |Invention 15 In appljcations such as
spars, InneRisesAdjsstable/danger and SealiAssembly
tension in the production casing when tying-back to

the wel |l head at the ocean floor. Wen tying-back the
casing to the surface, the casing needs to be in

R&aonaswe to fatigue, buckling, thermal grow h,

etc. o put the casing in tension requires that it be

t ensi : | agy :
sel cc SRl KA phofy T HoRs G S TS e o, S0 Ly 176, fied
0. appl epnsion between the casing and the surface

éﬁe‘%@'ﬁ‘@&ﬁﬁ\/ﬁ@@dem ing with heavy casing over |ong

di stances, the casing tends to stretch. Since the

exact anount of casing length stretch and the initial

| ength are difficult to determne, it is desirable to

i iont hi s di stance by an adj ustabl e | oad

beari ng tensioning mechanism 25 In many spar

appl iThat paszent thentionSelites ¢o meUmable draferafoaksdlin downhole
stretch | ength of WO 2004/ 027202 PCT/ US2003/ 029650 3

WesEBAd Phord teﬁ‘tig%‘fgﬂy R8N NG Tiset aBfAkABIE HERGBAN! SIS

cooperate w

Background of the Invention

In applications such as spars, it is often desired to pull and maintain tension
in the production casing when tying-back to the wellhead at the ocean floor. When
tying-back the casing to the surface, the casing needs to be in tension due to
fatigue, buckling, thermal growth, etc. To put the casing in tension requires that it
be tensioned and locked at the surface wellhead.

A selected tensioning ’mechanism and method may be used to apply tension
between the casing and the surface wellhead. When dealing with heavy casing
over long distances, the casing tends to stretch. Since the exact amount of casing
length stretch and the initial length are difficult to determine, it is desirable to
compensate for this distance by an adjustable load bearing tensioning mechanism.

In many spar applications, the tensioning mechanism has an axial stretch length of
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tensi oni ng nechanismto seal between the upper end of
the tensioned casing and the well head. Prior patents

w0 edoat21202 t 0 downhol e adj ust abl e hangers and PCT/US2003/029650

particularly to an 5 inner riser adjustable hanger
are 5,566, 761; 5,944,111; 4,519, 633; 6,328, 108;

3REMeld/di mMord38 \2idusiypes of &kalifig4pechadismb, bdép&ats with the
3,721,292; 4,653,589; 2,660,248; 3,104, 708;

te;’nsg%né %ech}r@%tﬁ%éal l?et%é%n é@% upgelgcg%d g?gre t%nglééeé%%smg and

463; 3,721,292; 1,696, 844; 5,299, 642;
ﬂiegl%ghi 6, 065,542; 2,228,505; 5,839,512; 4,433, 725;

and 10, 4, 995, 464 aper 4576; j ystabl e Dri

% e PTigh BaiRIHe relaling seloWBhels 2cmstbeBEGRES ARG RaR IRy to an
.20010045286; and Publication No. 20020100596. Wil e

innari iaer agigetablmhasger ase §E56GRET; Bi%dds 1} 4.5(18H33; 6,328,108;
hangers have been provided to the hydrocarbon

RESHOETy4|/938.239;v4,408|783; a465,084r 11546305 d3,U1 A92% 4,653,589;
hangers have significant di sadvantages which have

2,660,248, Bhe4, 768 capBaAmT; 3160584453 U76xB3RNE,807B95; 3,011,552;
i ncl'ude hi gh costs and poor rellablllty of the seallng

%3?@8&1343% ABruH7RL | Lo8R796" & 25%% %38 BBY %30@ 721,202,

er’an’inder string or an outer

n

1R PR R A %rbﬁf?@ﬁa%@%‘iéeé’éé“ﬁi% 44 53725: and

wher tubul ar _is bj e 0, hi and/ or
4y gG%h@ET&eEaPW {’f%?%u"gfﬂ“s'@f’@ bHH‘BEﬁ?‘éﬁT Pr‘% omM&EB Vetco

operator, and in turn ma% 20 require nore COStlﬁ%
Gyay¥ Bublicsgionphe 200 104 5886 aand Rublieationt Ne 10070 15105896t

are overcone by the present invention, and the inner

ri seWhitg vatieus typlesagelrstpliss oébﬂieraiseeadbjbytabhe hangers have been

hereinafter disclosed. The invention also involves a
phlited tef therhydrdcaittth fedtRety aliusasipdibr idit trersSidtd adjustable
hangers have significant disadvantages which have limited their acceptance. Those
disadvantages include high costs and poor reliability of the sealing mechanism.
Many adjustable hangers require rotation of either an inner string or an outer
tubular, and in many applications rotation of a string or other tubular at the surface,
particularly under conditions where that tubular is subject to high tension and/or
rapid changes in tension, are undesirable for the well operator, and in turn may
require more costly surface equipment.

The disadvantages of the prior art are overcome by the present invention,

and the inner riser adjustable hanger and seal assembly is hereinafter disclosed.

The invention also involves a method of maintaining a desired tension in a casing



WO 2004/ 027202 PCT/ US2003/ 029650 string, and

thereafter running in a sealing assenbly for sealing
whedioaoen20t he wel | head and the tensioned casi NnBCHUR1008/029650

3 WD 2004/ 027202 PCT/ US2003/ 029650 Summary of the

Invention A preferred adjustable hanger and sea

stirRg dNd/ thereafipp Irithmiigt iBnai sealing asseﬁ’ﬁbllynﬂ)rsédallhg between the
i ncl udes an outer housing or well head, a tensioning

[ per and a | ower seal
Wg@ggﬁgaﬁ’@thé ﬁbge%g?%qu%;&aﬁq)y preferred 5 enbodi nent
a Gring for fixing the seal body to the well head
housi ng. The casing string is secured at a | ower end
within a well and is supported at the upper end by
t he wel | head housing, with tensioning forces being
transmtted through the tensioning nechanism which
may set the desired tension in the casing string at a
sel ected set position along the |length of the
tensi oni ng mechani sm The seal body 10 carrying the
| oner seal assenbly and a setting sleeve is
subsequently lowered into position with respect to
the wel | head, and is then secured in position above
the upper end of the casing string. In one
enbodi nent, the preferred Gring noves radially
within a |l ocking groove to fix the axial position of
the seal body relative to the wellhead housing. The
upper seal assenbly may then be run into the well, and
15 seal s between the seal body and an i nner surface of
the wel | head housing, while the |ower seal assenbly
seal s between the seal body and the casing string. It
is an object of the present invention to inprove the
reliability of an inner riser adjustable hanger by
providing a highly reliable tensioning mechani smthat
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sets the desired tension in the casing string, wth
the operability of that tensioning 20 nechani sm not

wheing2ahi ected by a seal assenbly. After the PCT/US2003/029650

t ensi oni ng nmechani sm has applied the desired tension
to the casing string, a seal housing with a | ower seal
SunaTEY of ey Inventiom in the well to provide a highly
reliabl e seal between the seal body and the tensioned

casi ' ) .
oSS LA e b ot BB, eon o

SBT3y B DR Mg oo, s

reliable seals with few novin ts since the axi al

el S hatPohy S oA B BNETON el R HiEHagY preferred
preferably occurred before these seals are set. 5 It )
grabediment @r-ring far fixing dhe sealdastydp b wedheadbousing. The casing
invention that the seal body may be axially secured

string lsesamirédhabd Ibwersémdywithinea @elliamgl, is sappbdéed Bhtheseaper end by
body nmay |l and on a surface of the well head housi ng

thé%éM@éB@%@Si@H'Witﬁe@mB%iﬁdﬁbﬂie@ bBingt f@nsmitted through the
reliability of the Cring. It is also a feature of the

1 -. n ' i N i . . '
t?’éﬁﬁf‘;@‘ arglﬁi{ﬁéﬁlfl?\, whitd{ m%%/%*épgfé; %%féfaggﬂeasnhﬁ tﬁ’é(béélbﬁ string at a

e relfative to the preventing
= 1-d: f i J i f
SAB85E: G0 ETE FATE! PR a0 e B 5 seat bocy
further feature of the inyentjpon that the Cring is .
caIpIG e dAWERSeal a8se Rl B a Seting ekl is SHaSaaygY ISwered into
outward, Yet another feature of the invention is the
positiansyvih respectderthe aveltheads png is den securedtingpasiigiyabove the
the | ower end of the seal body relative to the
uppler leaddofcthei cegirgd sfring.  Inforfeuembedinhestt, thee podfetrbd C-ring moves
invention is the conbination of a detent ring and
radially within a locking groove to fix the axial position of the seal body relative to the
wellhead housing. The upper seal assembly may then be run into the well, and
seals between the seal body and an inner surface of the wellhead housing, while
the lower seal assembly seals between the seal body and the casing string.

It is an object of the present invention to improve the reliability of an inner
riser adjustable hanger by providing a highly reliable tensioning mechanism that
sets the desired tension in the casing string, with the operability of that tensioning
mechanism not being affected by a seal assembly. After the tensioning mechanism
has applied the desired tension to the casing string, a seal housing with a lower seal

assembly may be run in the well to provide a highly reliable seal between the seal

body and the tensioned casing string. The upper seal assembly may then be run
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shear pins to set the |lower seal assenbly. A plurality
of buttons may be used to nove the detent ring

wo agiabizg2 i nward, which allows a force to thenP@BUS2003/029650

transmtted to shear the shear pins and set the | ower
seal assenbly between the seal body and 20 the casing

ilorthe Wvelltbeeal FatdebH & S&alBAdyEnt the adiIneEad, TRABGresent invention
advant ages of the present invention wll| becone

FHBRR R tthé 'Y 61hf5r‘|glf1§/] }e‘rﬁé‘gfé‘%é@g %ﬂff’e\ﬁ ‘?ﬁ&\flh@ﬁaﬁg since the axial

wherein reference o the rigures |

agc anving.d ,ngs. 5> WO 2004/ 027202

RGO B e BY iEBnsPories TAHIaNGAT Brs PrRfersblyPgLTed before
Figures 1, 2, and 3 together depict one enbodi nent of

these spals are S8t adj ust abl e hanger and seal assenbly,

wth the seal body shown in the | anded position and

t he tltiss taaturg ofecprefiersed embadimant éfdhe énvemtiondhat theesdal body
position; 5 Figure 4 is a sectional view depicting in

rgag dbeaxiglgtsedurédhid thendeltheselathoshay by aFCainge sb thiefthetseal body
in greater detail the left side the tensioning

rABY [ Gl sBfaws of fheR}vane%dandusiﬁ@sna tHer] Be asa@n% 58&ured thereto

Figure 6 depicts in greater detail the right side of

t}*rhtﬂt A5 o0 chanism in the set position prior to
unﬁirﬁgét%'ﬁtg ds?gha [ ng echanismin the well; and 10
Figure 7.1s al f ctional,.view depigcting in.greater .
et il saleS 7 Sedreofthe shSaeht vartoDiRaEa st g Rifie axiany
t he | (i)vver seal assenbly between the seal bo%ﬁand t he )
nipratle rrlatye iofbeasingdosprevaglingthasxpanaed £ pipg from collapsing
PCT/ US2003/ 029650
and moving out from the locking groove in the wellhead housing. It is a further
feature of the invention that the C-ring is carried on the seal body and is biased
radially outward.

Yet another feature of the invention is the inclusion of a centralizer ring for
centralizing the lower end of the seal body relative to the wellhead casing string.

A further feature of the invention is the combination of a detent ring and
shear pins to set the lower seal assembly. A plurality of buttons may be used to
move the detent ring radially inward, which allows a force to then be transmitted to
shear the shear pins and set the lower seal assembly between the seal body and
the casing string.

These and further objects, 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.
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Det ai | ed Description of Preferred Enbodi nents An inner

ri ser adjustable hanger and seal assenbly 10 accordi ng
WO e00loz720pr esent i nventi on provi des a nechani sPeT/082003/029650

pulling tension in a casing 20 (see Figure 3)

positioned within a production riser (not shown) by

B*@frnhs@nbﬁ@ﬁbq;mé]g)rgw,ﬁgghani sm 60, as shown in Figure
oustng 12 may include nultiple
hou3| gllnlegdf' Qg ém“@%ogeﬁées ﬂ&t{‘ﬁﬁe'é’rﬁbb@%ﬁg”@fﬁéﬁ inner riser

["ow vartious €s 0 S to

ut, and be eI| Q th ead
aﬁ’ﬁ{fﬁ?ﬁ'& 1ot A Sl dasmBg uip) (18,205l BEY-PR inythe landed
is.configured to energi ze . and seal off the annul us
Pesit mam? e teagionfgifechanism sRawnEntheraiarignsioned pesition;
10 seal body 18 is captured in place by a seal body
| ockiFiguneehisea sedtjonaliviewadepigting in grester detrjl the landed seal body;
activated to nove radially outward into a respective

housiFigureos idepicts e fpeatet 4detdil tHeeldfioside rthe tdnsiohiny mechanism
seal assenbly 16 energi zed. The housi ng | ocki ng nmenber

s%w‘?ﬁﬁ Iiiﬁur% Pl r‘uhymgfosﬁ%ina' l'y spaced grooves, in
whi ch case the seal bo |'ocki ng nenber 24 as

di scyssad gllc lﬁrgggét%r get qlt{}é gl ht s@? FPlhe t%“lslotqlrﬁé R chanism

haV|ng ojecting d

r enbodlnents t he, | ocki ng menbers 24 nma
DU SaiERGPT RS ( HOPINGOHS seaind ek i Wel St
whi ch_case the seal body |ocking nenber 24 is. ]
pr ef &1igiey ig & mﬁlte%ré@naﬁ\é%éhepl RE imgiesterataitthedgwer portion of
menber 14 may be wel ded or otherw se secured to a
teewedhead hausingl Witkethe lowes semj.asBembly bélwdendkesgal body and the
menber 14, an outer tubular or 20 riser is
uppey entliaiitheé casingatigl in a well. In a suitable
enbodi ment, the well head housing |ocking nmenber is
secured by tubular 66 to the well head housing. In a
conventional manner, the string of casing 20 as shown
in Figure 3 extends down bel ow the wel | head housing
12. At the lower end of the inner



7 WD 2004/ 027202 PCT/ US2003/ 029650 tensioning sl eeve
62 is a pin connection 22 that is threadably attached
wo eootloz72bnpx  end of the casing string 20, so tPer/Usive3/029650
casing string 20 is tied-off to the inner tensioning
sl eeve 62, which in turn is axially fixed by Gring 64

Defthiid Beddriftnest Préfdted EnfititBmeAts The sl eeve 66 is
secured to the welThead housing 12, such as by 5

wel diang; LIOR. LS ' ;

tbr cagalTr HBef BRI nlftct Al aba Rigelol 10, acqprding to the
axiall.y spaced grpoves 68 along the.inner .surface af
sy T BREEP YIS, & indhanusth dak REWPORFH o :Bafhg 20 (see
64. The upper end of the we|l head housjn 12 may L
Fighise (RlpasTiaskwithin ﬁrp@@w@lorane;e@otﬁam%m) by dfsing a tensioning
i nterconnection to upper equipnent indicated

5 mgahanign 6Gta showngn RigBEP2. a Theeawellhmadahepsiog 12 may include
housing. C-ring 10 24 is supported on the upper end of
nidiiple dalusigdyckiBg neertbérsnielt oratsedsciting merakérsavhich allow various
mechani smfor the seal body 18 to the wel |l head housi ng

sf"ﬁes ARd qyﬁééiio?%dliéélttﬁwsbi ¥nd ieeraiRdl B@é‘l)’rea&oatﬁe wellhead

ower seal assenbly 46 carried thereon (see Fig.

hgpﬁgprﬁieﬂﬁm r' &2l Qséé]ﬁ%l‘f}gllré Ol(s‘@et Iﬂg@rer hﬁ'gfy &Qﬁﬁﬂi’éd to energize

e casi'ng string tensi oni’ng nmechfani sm

6Q ar nin, an fter .the sing String,20 i .
b s8rER i aRhyBShelnhEn e S 2neld e i HEUESad fousing 12. The
bottom of the casing string 20 is tied-off usin .
10 seakbeslys1& s gapturachingdlace by a seahbady lagking @emﬁ%?&émﬁum as split
‘ the running tool when interconnected with the top of
lackeringa@4 nactiateédtp moviesradiatlyicaiward int@ agaspectivet ousing locking
20. The tensioned casing is set utilizing a running
membei6H4 imthehitolahoy 2 with seabsssembin liGnertdrgized. 5. 20
After the desired tension in the casing string 20 is

t hus Theafigthg IbBRINGhéMBeff ia§De dplaHIRy SDaxdfyispased grooves,
radially outwardly into a sel eCted one of the grooves

irP®hich cal6 the seal body locking member 24 as discussed is preferably a “C-ring”

15 or “split ring” having a plurality of radially projecting dogs. In other embodiments,
the housing locking members 24 may be radially inward portions of a threaded
section, in which case the seal body locking member 24 is preferably a threaded
member. The housing locking member 14 may be welded or otherwise secured to a
conventional wellhead housing. Below the locking member 14, an outer tubular or

20 riser is conventionally secured in a well. In a suitable embodiment, the wellhead
housing locking member is secured by tubular 66 to the wellhead housing.

In a conventional manner, the string of casing 20 as shown in Figure 3

extends down below the wellhead housing 12. At the lower end of the inner
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outer tensioning sleeve 66, which is fixed to the
wel | head housing 12. To prevent the split ring 64

wo e@wioe2bt apsi ng radially i nwardly and unl ocki POT/US1063/029650

running tool 65 8 WD 2004/ 027202 PCT/ US2003/ 029650

sl acks of f and energizes a support ring 26 that

temgibnidg sleuvd 62 iSa i @danrrebmnrMhalt is/thremlyi attchédl to the box
axially aligned with the split ring 64 (i. bet ween

ch€ofSile Eadi h{]‘%trl%q 30d sol tht Er?é“%éé’igpaﬂft Sy %Vf% -off%o the inner

mantant r|n Inits ra out war

i.n
GRalhe3e *w?b% HAREEuts R 9955 @Hiﬁf*m@ugemo an outer
i nge eca i.rcunferentijall | ete, or
SlagBors. (Thie, HesvaosS s FaPnicd 1o tauwEHTFAE RowSIngG 12, such as by
string 20 i's now conpletely | anded and in tension.
wetiding aisrgsbextansion, Anteutesdserd19s thregdablyissursskiiom below to the
tensioned to the desired anobunt, which is very

slegvergianthé axialig spatecdyidavey 68fald>ﬂrgatheh'naedwkface of the sleeve 66
connections in the casing joints. Furthernore, the

pPeaHE Bt drRA%lefibrit Wilplthaiogalg it hrﬁétu gt ahd BEtHR Wlffead housin
the casing string 10 20 orﬁ?he wel pgad housi ng 12. 9

1-§hr’n§xg RabdES %ébﬂé‘@toh%’?ﬁﬁé@% féﬁkgé @“'1:)]?& Bﬂ?rtggﬁnggctlon to upper

casl string cas

| a t hau he neces onen
Plfifedihidla G rpgaf’?@Ey AEE e wroboysiag. C-iing
t ensi onin nechanlsn16 il trat d in_Figure 6
24,15 §PPPW$@HHFH@ UpREr eag Pt @WHT oy, 1 h%“‘JvSi"PC%O)S@ta@rthe locking
the first running string and running tool 65 are
meghanisradfortthe seaiubedy 185tobthavweiihend heugingdd® ¥8s explained

and the casing string 20 is sealed by seal assenbly

sdbsequertle thelsealrbodyg18 and IG¥ercsaal \dassgbhe4 6 eakridabthereon (see
18 and the seal assenbly 46 below it may then be run

4) Bee pRiferdbberinfihdve 8l WithrtruhingtodPaftdriBe &b@iﬁg @trﬁ@ 20 and

supports the 'seal assenbly 46 and 1s | anded on

R s W
thS¥8Lir&I deglee.

Because the bottom of the casing string 20 is tied-off using various slips,
hangers, or cement, upward movement of the running tool when interconnected with
the top of the casing string pulls tension on the casing string 20. The tensioned
casing is set utilizing a running tool 65 in the known manner as shown in Figure 5.
After the desfred tension in the casing string 20 is thus reached, the C-ring 64 (see
Figure 2) springs radially outwardly into a selected one of the grooves 68 in the

outer tensioning sleeve 66, which is fixed to the wellhead housing 12. To prevent

the split ring 64 from collapsing radially inwardly and unlocking, the running tool 65
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20 the seal hanger body 18. It is critical that the
seal assenbly 46 energize at the proper tine. If the
W@ eak/oarsenbly 46 were to engage prematurely, PCT/US081029650
become damaged and thereafter adversely affect
sealing reliability and capability. To prevent

sIREREBF 4hE cPRPGige< alsupport find 2oaRst incloged fortions whidimeve radiall
4) is supported on tﬁg 9 sD 2004/ 02720g Y
se

T RS AT, SR L b il 004
oSl SN BI5GB, B 3o postion

of the limtations of the housing, | oad shoul der 3 .
Thasupealrt ringsey may inglude drcyisiterastially sracedrigwmvaigly projecting
mechani sm 60, with novenent of the 5 setting sleeve 30
fingérat beeause atcircumfererdialip completel ardull isppppg ring isorwtdpquired.
the shear pins 42 and the detent ring 40. The seal
Thedyntir8, cading ssttihg 2D 44 evwve cdthpletety tareiddoand instemsion. Most
assenbly 46 are thus preferably run in together on

irﬁb@%ﬁtﬁéir@éasﬁﬁg 3frin@r20 s beetptensiohbd tohedfesiréd amount, which is

tensioned. Wen the“setting sleeve 30 reaches the | oad

VBT B AN, PR oo UcBRg i nd s o,
Fhaﬂéﬁlpcl)eél hgevﬁr q{qg[ t%ﬁﬁ@?\ﬁ%rgsgi%d \&“@%lrﬁ%ﬁw%ﬁ@%ﬁge casing string

This then all ows the shear pins 42 to shear a sho .

20 prithguwelineash bausingel %l @@pfq%weaﬁliﬂ\'v%&erb%m ﬁ% be pulled in the
runni ng string through the runni ng tool 67, so that
casingsiting 36 veifretheecaingratyinga2ilasgked dm place widhoutihe gecessity of
body 18 and continue downward to set the seal

afy oMMpoheHt rotdtiorenAt et casiig btrihg fdedlin tensidrhbyithedensioning
tensi oning sl eeve 62, which is an extension of the

nfceHann B Busated iR Figute & sHores! neiiRg tHeesdal boldg 18 in the well.
I nner surface 48 of the seal body 18 is tapered, so

that éo"i’tl)é; Eﬂﬁl% HRM ¢ IR Rhg S i 8Rd rfniR§abolPes ¥réRstrib sy, 388 annulus

asse

between the seal body 18 and the casing string 20 is sealed by seal assembly 46.
A second running tool 67 carrying the seal body 18 and the seal assembly 46 below
it may then be run in the well (see Figures 1 and 3). A setting sleeve 30 supports
the seal assembly 46 and is landed on load shoulder 32 of the housing 12. The
seal assembly 46 is protected by a centralizing ring 34 located at the lower end of
the seal hanger body 18. It is critical that the seal assembly 46 energize at the
proper time. If the seal assembly 46 were to engage prematurely, it could become
damaged and thereafter adversely affect sealing reliability and capability. To

prevent premature energization, a detent ring 40 (see Figure 4) is supported on the
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results in setting the seal assenbly to reliably seal
bet ween the upper end of the <casing string 20 and the

wo owe220zrl of the seal body 18. In an alternat BCR0S2003/029650

enbodi nent, an outer surface of the upper end of the
casing string 20 could be tapered to achieve a

seaMhafdger 85dy 18 vith 8fe $diBng SRlevB BtYbLEiRg fiRed b@m $éa1ddy 18 by

to the wel | Head housing 12 and the |ower seal

SRR 908 AN 2T RS i o e

ower. t he sse i,nta. .. .Th
TRPF BrEanATIaC st tae g o o Pedy8ire 1Pt Shpuide) S2. The seal
nove t he upper seal assenbl 16 frgnta run-in, posit
boglyt He IssHtus wsabqvmh&ste@ﬁwg eengnisan 90, witht rnavetnﬁ@t of the
set seal assenbly 16 reliably seals between the
seitingsiaeve30 selatival o thadoukingsiSatontiodied bg thaaetiarrefitbe shear pins
running tool 69 5 may then be retrieved to the surface

42oanidtiie détent dndidoat Thenséal imeidyriss ¢he selftingtsiddve 30argkthe lower
and a seal assembly 10 may be substantially as shown

§e@xl B5SBHBR J@ar@ﬂﬂm?preférrﬁﬁly' RRGhH tbgélﬁér Bl] rUﬁhﬁh@' t8ol 67 after the
hanger 10 of the present invention utilizes |arge

t; pa

SR REngC el § TenploBYaP SEPRAT Y Belthd BT8R0 iBhe e load

or e, acggess, .t o the annu rticu
o o S 41epUr 6o e, HueRs B Biesed Bl 1 sprins o
substantially equal to or %reater than the dj anet

wim are RYshed msil%llyslﬁwmftad eredragislierliansing wtﬁ@t ring 40 to
12. In an alternate enbodi nent, the upper seal
the postiion swawnl ib&igura 4. n Thisethesl allows the shearspins 4zotpyshear as

18, and in still further enbodi nents the upper seal

shogenipl Bigory 4 upense sélediddeibad aipplibe bydhd rimming atihgd theough the
wel | head housing wi thout requiring axial 15 novenent

rgﬁmhg‘iggllt%’ig gsgf’(ﬁlétotﬂé%‘éﬁm@ RS 3G Ritydahd But On BRSEEAI PRNger body
18 and continue downward to set the seal assembly 46 between the seal body 18
and the inner tensioning sleeve 62, which is an extension of the casing string 20.

In a preferred embodiment, the inner surface 48 of the seal body 18 is
tapered, so that axial movement between the seal body and the seal assembly 46
results in setting the seal assembly to reliably seal between the upper end of the
casing string 20 and the lower end of the seal body 18. In an alternate
embodiment, an outer surface of the upper end of the casing string 20 could be
tapered to achieve a similar result.

After the seal body 18 has been fixed to the wellhead housing 12 and the

lower seal assembly 46 is set, a third running tool 69 (see Fig. 4) may be used to
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An Oring seal between the seal body and the well head
housi ng coul d thus be wused, replacing the seal

wa@smenbizg2z and the need for a, third running topCT/US003/029650

seal assenbly 16 as disclosed herein that utilizes
axi al nmovenent of the seal assenbly relative to the

lowbt theashfurusiangssemblygi itdthehvesir eThe tidERRingXbBIEY may thus
this type of seal 20 assenbly provides a highly

Betlidilotarddlly %8@8@%{%}3&%@5 aé’ggn?&%ﬁé fRRRSr8hliN p8&tion to the set

possi ble wth an g seal. Various types o

c ' . D@ f i.onj,n I N .
G o5 ol PR ML L P e N FBSERY A yotiably seals
uses a Cri to,nove radially outward 11 WO . X
S53uaP0 470 el Read n3u50s) Coattite SeRIO04YSE: SEiGHithyBOlg tool 69
to | ock the tension casing string to the wellhead _
may theiybe retrevesl {q the stfacesaibet 8m eambinptige énnesdisengdjustable
a hydraulically powered setting mechanismw thin the
hanger egd aesal 65semblyctd mapbetsobstamtiallyas sijown ihBigusss 12, and 3.
60 with the casing string 20 in the well. In an

al t erTig mnefbigel BBjistalble hahgsel 0 BF R PresdN® ifRNtIBS utilizes large
used for tensioning the casing string and | ocking the

TP Be5ia s ST HAROHE Dl soovo 0t
SNSRI Do 285514 AREE2HIRR 24114 B ameter
tfprfipreniini 1 Ao sl chrech i HERaSIaly adoiogngreater than the
mechani sm whi ch includes 10 rotatabl e conponents may

dirmeptes\af diael casing\C susneseledieamithe welibead bousingt 12

wel | head housing. In many applications, however,
oper dh ansltgonatetenpbadiment,dhe agper seal assernblyrcoofd e run in the well
string, since extrenely long and rel atively expensive

with thadealbydP 8, drkfinistit furtieraghb®imehbtheepberseal assembly may

tension in the string, and since the threads may be
be sealed between the seal body and the wellhead housing without requiring axial
movement of the upper seal assembly between a run-in position and a set position.
An O-ring seal between the seal body and the wellhead housing could thus be
used, replacing the seal assembly and the need for a third running tool. A seal
assembly 16 as disclosed herein that utilizes axial movement of the seal assembly
relative to the wellhead housing is highly preferred, however, since this type of seal
assembly provides a highly reliable and long term seal, which is generally not
possible with an O-ring seal.

Various types of mechanisms may be used for tensioning the casing string.

A preferred mechanism as disclosed herein uses a C-ring to move radially outward
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subject to high | oad forces and galling. Mreover, the
wel | operator typically prefers 15 not to require

wo edoameam2 of a string at the surface, parti cul BET/¥SWE029650

the string is subject to high tensile |oads. The
present invention provides both-a tensioning

iARS BadtiSdted Hlodve ‘P@iddk&h@ﬁéﬁﬁﬂh TasMy stingtotRE Wélﬂh%'aﬂ%ousmg
rotation of any tubular strings or conponents w t

the SoHls rid beeslguenoiraBakaTty- %W“vsg@@%w%enwerﬁd
88iab A A B b B LSRR e oo
surface of the casing string. At |east _one

thegasing epipetd00R the welle lr&agla&grrﬁt@ leﬁa;b%raleat |aoWé¢het mechanism

portion of the seal body preferably includes a

may deatsesifof tansjoning thetdasing steng end toaking thedensieredtasing string
is 12 WD 2004/ 027202 PCT/ US2003/ 029650 noved axially

toythe felihead us t\Varione teehnigases trnay .aldd®esesdéd hg effectively
oper ation of the ovver seal may be acconplished by

b
to t O@ghiﬁtﬁ%él e t gmbew?a%.@ﬂ@trmd bobea tﬁPéEHé%f‘hut may be

art. As disclosed herein

Ik)ﬁ)g?%d 83% é Qlﬂ%&\ reir@cyto thé W%flﬁ%&ia ﬁbc%)l%/l\% eﬁ}ébgﬁgﬁ 5’ bocgf;g’ngth of the

ensioni
L he ttin sleev andthel seal assembly to, .
Hengc ke merawgagmfruaﬁrbﬁ@lus?rysnf‘ %%%aés@e\gﬁ'cng'nc'udes
mechanismw |l reliably seal the wellhead housi ng
noﬁ@tabkesﬁﬂ@poaentsn@avé%pmv&@ Belown thep lpsid: begring sh«w@der on the
t ensi oni ng nechani sm The upper seal assenbly 16 as
weliivead mowsingwr by many applicatipnefhemeyey, dperathes da pelgprefer to require
which is noved fromthe run-in position to the set

Restidr oha BYrirRy isice@daamelly Ioﬂgﬁamﬂ rélativelg aixpaasieaithieads may be
with respect to the well head housing. As shown in

r%'qﬁ#é& td acﬁiév@‘iﬁ@ He§ir'é(§ ?é?%lcﬁf mttHS sﬁﬁﬁj aRa&incEBtheshfdHds may be
tapered to nove seal assenbly

subject to high load forces and galling. Moreover, the well operator typically prefers
not to require rotation of a string at the surface, particularly when the string is
subject to high tensile loads. The present invention provides both a tensioning
mechanism and a sealing mechanism which do not require rotation of any tubular
strings or components within the well.

In a preferred embodiment, the sealing assembly includes an upper sealing
assembly which seals to an inner surface of the wellhead housing, and a lower
sealing assembly which seals with an inner surface of the casing string. At least

one of an upper proportion of the casing string and a lower portion of the seal body

preferably includes a tapered surface, such that the lower sealing assembly is
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radially outward into sealing engagenent with a
cylindrical inner surface of the wellhead 12 when the

waeakioemponssenbly is noved fromthe run-in posPCT/OR2008029650

the set position. In a |less desired enbodi nent, the
i nner surface of the wellhead could be 15 tapered to

ReYe @ vRially byinB8éttiAL IsYedveaoIRER ek BBSItibn, TiHR oaaﬁbnon of the
fixed position of “both the upper sealing assenbly and

Iﬁ\lﬂ\/@r s%‘gFmaf}?Bler owo@jﬁ@ﬁ%%b){ g% %é’ ?lt%l‘?\attltbs tefhi gp@@%nd will be

ousi n rel
| ow co Thos ed i n,.th appreci at
%Pafeaim&ag?%?@#eﬁﬂy et ahb ordbsed hrrpir BTpR ek §ediing assembly
upward pull to secure the hanger axially relative to
i ﬁéef@/éﬂm}‘l BERYIdRsLRSIAY the tensieRiRg Machapiam.ygigh akpwsiie seal body,
setting sleeve 30 positioned in place to serve their
the setting $laave,iantsthedawearl sgalassembly tecthé atandandar allrapplications,
preferably provided on the well head housing and on
dohihas tiad sdulithy. métieanieml ikt aclidbiy seaidhé acihegd heabiay todye casing
be 13 WD 2004/ 027202 PCT/ US2003/ 029650 secured to

dthifg Wehdrbrad deh'é'pngtloﬁréﬁ th@Yerisidfing heedhemmmf axially

spaced threads on the continuous groove or axially

enbod 1% aﬁbéﬁﬁegr%%@f 18,53 i B 'ﬁ@ﬁﬁ%?“i SFElpreBly n the
08 afb'& Brteiiin e fadaiostiona e §&t Faut ﬁﬁé&ah@ovement

| ocki ng menber and the seal body | ocking, nenber may be

qfrtee .S@@ba%s&ralalmﬂbmsmpt ip tasml"@agmsm tfe Sh@wgulrh gigure 4,
and the OD of the seal body. The |ocking nmenbers

an efiter sbifacenf thedsesdl bodyfl 8rig thusdapgrecbtoumové #ie seal assembly 16
respective supporting nenber. In preferred

redtxdidi oatwasd intbesdalingi ergagentesitavitto apeylintecaloinngr euifdee of the

| ocki ng surfaces extending circunferentially about at
WEad2OwHEA e SealMthssembly is moved from the run-in position to the set
position. In a less desired embodiment, the inner surface of the wellhead could be
tapered to achieve substantially the same result. The known and fixed position of
both the upper sealing assembly and the lower sealing assembly relative to the
wellhead housing thus provides high reliability at a relatively low cost.

Those skilled in the art will appreciate that an operator may install the hanger
with an upward pull to secure the hanger axially relative to the wellhead housing,
then the seal body 18 and setting sleeve 30 positioned in place to serve their
desired functions.

Axially spaced locking member are preferably provided on the wellhead

housing and on the seal body. The wellhead housing locking member may be
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10 preferably about at |east 270 degrees of the
i maginary locking circle. A feature of the invention

WO soo4lozt201 he seal s, and in particular the | owePCEHES1003/029650

need not rotate when the casing string is tensioned.
This feature provides a significant advantage over

dEtired W WEIHEEd RGHIRY, Hma s ke heathhic? axilylspaced threads

prior art . 15 The foregO| ng di scl osure and

| n .
ACTEIZPURS) OO Ao AT g shown i
a eskllldln .the ar var.i Qus
TR Srroeiledt T2 BbprAttie fatiag tiberdlanédth i€ seal boay

the details of the illustrated construction or

reakhenat foinderast digeusses abavass e prefsrednemrpdineniggeach of the
W t hout departing fromthe spirit of the invention,

welihadi bodsihgrledkibg mambep Gnidotheosealgbedyaiankingl mantber may be
2004/ 027202 PCT/ US2003/ 029650 dC ains 1. An inner
prosiledaiiicuaifeldrtialhpabeut sinsress the howsing byid tios O&pel tieseal body.
tension to a casing string secured at a | ower end

thhbé‘klﬁ WRbmbaisé prefBrMly edterd éfbunﬁ!@?’e?rﬁlaﬂ?%ﬂb‘ﬂt &heir respective
wel head housi ng, the hanger and seal asseib

legj H’n%mt?era (RprfARaY Mgdlﬁ%gtf?‘ﬂ‘\(ﬁ%cﬂmp%éh%&s cooperate to

on*anh I nner sur
tensi qQnin hanls r tenS| th i, n
rzamwd&ie%h'ﬁ%au fees efpafhe HEoErmathikaBeifEe 2he8rees, and
stri ng to the well head housi ng a seal bod for
peterabyaheytat igash 27 Adegeeesabieimagingy %'QQ gigcle-
body | ocki ng nenber radially novable into engagenent
wi t h Affie@ature of the invention is that the seals, and in particular the lower seal,
need not rotate when the casing string is tensioned. This feature provides a
significant advantage over most conventional hanger and seal assemblies of the
prior art .

The foregoing disclosure and description of the invention is illustrative and
explanatory of preferred embodiments. It would be appreciated by those skilled in
the art that various changes in the size, shape of materials, as well in the details of
the illustrated construction or combination of features discussed herein maybe

made without departing from the spirit of the invention, which is defined by the

following claims.
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housi ng | ocki ng nenber to fix the axial position of
the seal body relative to the wellhead housing; an

waippen2renl assenbly for sealing between the seel/Ubzdy/029650

and the well head housing; and 15 a | ower seal
assenbly for sealing between the seal body and the
CR®#h89 string, such that the casing string is
't_erToned vvithout appreci able rotation of the hanger

body rr%l y asn d@ﬁsf n%bf%&%%ﬁi%fiﬂg%ﬁ%% Qgsec‘r’ﬁﬁh/ for applying

asse I ne ereil e casi

string is tensi ned Wi th Ci rota
f@ﬂglon%a %16%%?93 i st o o o PR VeGin v B\aRA figported at an
riser ustable hanger and seal assenbly as defined
wnper@rrﬂ gay 8 welleadiousieh the haggenand\eeaictssegibly gomprising:
PCT/ US2003/ 029650 at | east one of an outer surface of

t he upmalihead housingehaving adhausinghbpcking membienoer an inner surface
surface of the seal body is tapered; and a setting
theesofe noves axially relative to the seal body to nove

the lower seal assenmbly into sealing engagement with

both 4 T&é@ﬁhghﬁgé‘hﬂﬂ%tﬂﬁ té’rib"l’@r'iln ﬁ’e cash té; éthﬁ% sf&urmg the
stri ng . AnTinner riser adj usta | e hangér and sea
oiatﬁedtghéleﬁgd 9 mﬁ {Hﬂ% f ﬁe%&h%acfﬁ’&%lh@' ng.

eas one S erconnec I'ng t

setti ngeaJ 5o yefoarl%%stnonmg W|th|nk%ﬁe>6\7ellﬁead housmg,

a seal body locking member radially movable into engagement with the
housing locking member to fix the axial position of the seal body relative to the
wellhead housing;

an upper seal assembly for sealing between the seal body and the wellhead
housing; and

a lower seal assembly for sealing between the seal body and the casing
string, such that the casing string is tensioned without appreciable rotation of the
hanger body.

2. An inner riser adjustable hanger and seal assembly as defined in
Claim 1, wherein the casing string is tensioned without appreciable rotation of the
upper and lower seal assemblies.

3. An inner riser adjustable hanger and seal assembly as defined in

Claim 1, further comprising:

15



10 a detent ring radially novable to all ow shearing of

the shear nmenber to set the |ower seal assenbly. 5.
wa@noooeeo2 ri ser adj ust abl e hanger and seal assepobU§2003029650

defined in Caim4, further conprising: a plurality

of circunferentially spaced buttons for noving the

det engt |eaSIGonel&f Al sMfaB¥ef the peNendiiehe E:b§|ﬁb string and an
adj ust abl e hanger and seal assenbly as defined

Eg@f Sudacd Hffh'é aﬁ%BHg iStdpred difli @l col | apsi b' e

tent ring; one re shear pins for

'bc”,hi,r&%%ﬂﬁ@ BB o ) ioafgﬁs%ﬁr%?tbgﬁvtte By fhe lower

shear pins to nove the det ring radi
erlapao P RIP 5910 STasgPmE PRI A DomlAnskie upper end
assenmbly as defined in Caim4, further conprising:
5 afdhe®agdmstong202 PCT/ US2003/ 029650 a plural ity of
radi al |y noveabl e buttons for noving the detent ring

into 4 coAhdpsedriparsadjustabiy hangéoast aaal agséindlysAsalefined in
pins. 8. An inner riser adjustable hanger and seal

@%ﬁﬂl’ﬁﬂfuﬁﬁér&ﬁf]bﬂﬁﬁ in Caim1l, wherein the seal body
locking nenber 1s a CGring. 5 9. An inner riser

ad] .uséﬁgég dHGRSar A 5&3b0r ff\%ér&&f%é/cnﬂg tl‘?@gétﬂﬁg tsf.e'éve and the seal
Claiml1, further conprisSing: a support ring, I"eas
acglortidon of which is positionable radially inward

nan

10 a detent ring radially movable to allow shearing of the shear member to set
the lower seal assembly.
5. An inner riser adjustable hanger and seal assembly as defined in
Claim 4, further comprising:
a plurality of circumferentially spaced buttons for moving the detent ring
15  radially inward.
6. An inner riser adjustable hanger and seal assembly as defined in
Claim 3, further comprising:
a radial collapsible detent ring; and
one or more shear pins for interconnecting the setting sleeve and the seal
20  body, such that an axial force is transmitted to shear the shear pins to move the
detent ring radially inward.
7. An inner riser adjustable hanger and seal assembly as defined in

Claim 4, further comprising:

16



10

15

20

and axially noveable relative to the seal body | ocking
menber for maintaining the engagenent nenber in

wengagerzent with the housi ng | ocki ng nenber. 1BCT/0S2008Y029650

i nner riser adjustable hanger and seal assenbly as
defined in Caim8, wherein the CGring is carried on

t he Sé@ilun’@ﬂ@YOﬁmﬁlalﬁl RicveaBble Battehd Yor BVigr the ddtenfWRing into a

i nner riser adjustabl e hanger and seal assenbly as

81pefl oo HdPid sroHfihd B SAERFfiALID: 18 2

Fzing rin ositio at a lTower end of the

seal pody far..ce e _lower e of the, sea

ody Pel u Kfnieheg é@ks%bé%ﬁagseﬁmﬁed cs}%' AgskTpn 68 defined in
inner riser u bl e hanger. seal assenbly

éé"a JiHereintheges! Epﬁy?qcilmqq@}e $? g9 at | east

one of an outer surface on the seal body and an i nner

sur f ae onAnHanerUseichdjbstatiebasgenand seabessembhnds defined in

t he upper seal assenbly noves axially relative to the

GHimhe ddrtheusompridéingm a run-in position to a set

position to seal between the seal body and the

Wel | hgadpptr®HAGNat leddt A/6orfiBAYE AhicH8 &%bH&B%Q%%%%m from

An inner riser adjustable hanger and seal asseib

%ﬁ’d ai‘uﬁg%%ﬁd%a eeFézét\%%l r]bq %QFB&%/ ﬁ)‘cgi'ng%éﬁ]%‘é'? iy rﬁém"f‘adnmg the

ower supp upper
orbergRameRgit é@%@? Eﬁﬁ&%ﬁﬁﬁs'ﬁsi?%?ﬁﬁeym%?f

axially spaced rooves on nner surface thereof;
g. p&n inner riser adjusta Ie lhanger and sea‘ assembly as defined in

Claim 8, wherein the C-ring is carried on the seal body and is biased radially
outward.

11.  An inner riser adjustable hanger and seal assembly as defined in
Claim 1, further comprising:

a centralizing ring positioned at a lower end of the seal body for centralizing
the lower end of the seal body relative to the upper end of the casing string.

12.  An inner riser adjustable hanger and seal assembly as defined in
Claim 1, further comprising:

atleast one of an outer surface on the seal body and an inner surface on the
wellhead housing is tapered; and

the upper seal assembly moves axially relative to the wellhead housing from
a run-in position to a set position to seal between the seal body and the wellhead

housing.
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a tensioning nechani smfor tensioning the casing
string and securing the upper end of the tensioned

wa@amuog72string to the wel | head housi ng; a seal PODUF2008029650

positioning within the well head housing; a plurality
of teeth radially novable into engagenent with the

pluraligty ah inher aisealddjustaplecsargieroxas seal bisxeiit for applying
axi al position of the seal body relative to the

Wisidierda BQﬁﬁg%@hng' s@ure@Res ISHeY elﬂfglgﬁihl Fwbf %nﬁeﬁfHEBged atan

between the seal body and the wellhe housi ng;

. I A
LAEE 17 By o REME o ing e BHopF RN BHel ARl ceising
I's tensigpned w thout, appreciabl.e rotation of the .
hanger WIsad ST RAREG 5P 41y Bheded iayes on an inner
seal assenbly. 14. A nethod of applying tension to a
sudaeythareefay secured at a lower end within a well
and supported at an upper end by a well head housi ng,
t he nattapnsiond@ meopanisiipr temsionidg rihe aasimlg $tead and securing the
housi ng havi ng a housi ng | ocki ng nenber on an inner

appéestd bheeclehsioped \dadintdsteing wm@wbmgeéaeﬁb@élhgm for
tensioning the casing string; 18 WD 2004/ 02720

POTl LB%38P004Y for sttty i Re Wfba8MoWlInd: e

casing string to the ousing; positioning a
ceal Batiraly 3t fegtianiBhy WGl 1o ins Mot e piuraiiy of
g)%g}fy 's‘;%%éieé‘ ggrgg\r/‘réosego iﬁ)rgttﬂeean)gg\ggor&%n \(I)Mf ttll?e tslgagl body relative to the
wellhead housing; ’

an upper seal assembly for sealing between the seal body and the wellhead
housing; and

a lower seal assembly for sealing between the seal body and the casing

string, such that the casing string is tensioned without appreciable rotation of the

hanger body, the upper seal assembly, or the lower seal assembly.

14. A method of applying tension to a casing string secured at a lower end
within a well and supported at an upper end by a wellhead housing, the method
comprising:

providing a wellhead housing having a housing locking member on an inner
surface thereof;

providing a tensioning mechanism for tensioning the casing string;

18



10

15

20

5 housing | ocking nenber to fix the axial position of
the seal body relative to the wellhead housing;

w@omieTant ng an upper seal assenbly between t heCEHES1003/029650

body and the wel | head housing, for sealing
t her ebet ween; and positioning a | ower seal assenbly

bet wesaturing theaippeeeydafdhé basing sty tolihestelinrgd 1oiding;
that the casing string is tensioned w thout

appr Gsdsdfing @'l 989 witiethd RBMadAGlisingS: A et hod
14, furth

as defined inh Calm1l4, turther conprising: tensioning

t he c&%b%oié:sieggg%); D)%wn B[T%C‘eirabl e rotation of the

upper® or assemblres.”’15 16. A nethod as
defineg.in Claim rth

26 gpodinguies seel dnth o6 RPB B i IR Shgradetudit with the
P

| east’
of the <casing string and a tapered inner surface of

housing lackinginenpler fodfix ghe axiel ppaigos|afdhe seal Hody relative to the
novabl e relative to the seal body; and axially noving
welthesek hougingl eeve rel ative to the seal body to nove

the lower 20 seal assenbly into sealing engagenent

wi t h hssitioriing af e@pbebsed arsemibiebestieeh thd@dealdodytmd the wellhead

casing string. 17. /A nethod as defined in C aim 14,

KA ok SRR 10, 2L 0L 208 ST g
o oLk A oS, VRGBS B A casig
string, such that the casing string is tensioned without appreciable rotation of the
hanger body.

15. A method as defined in Claim 14, further comprising:

tensioning the casing string without appreciable rotation of the upper or lower
seal assemblies.

16. A method as defined in Claim 14, further comprising:

providing at least one of a tapered outer surface of the upper end of the
casing string and a tapered inner surface of the seal body;

providing a setting sleeve axially movable relative to the seal body; and

axially moving the setting sleeve relative to the seal body to move the lower
seal assembly into sealing engagement with both the seal body and the upper end
of the casing string.

17. A method as defined in Claim 14, further comprising:

providing at least one shear member;
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and selectively radially noving the detent ring to
al l ow shearing of the shear 5 nenber to set the | ower

waeak/ozrsenbl y. 18. A nethod as defined in C aP@1/182003/029650

further conprising: providing a support ring;
positioning at |east a portion of the support ring
radi aplovidingedt dedst@metdetentatlg;, 10 body | ocki ng member;
and axially noving the support ring relative to the

seal i j ' .
ook IR ReIRGUEIISGe JoouTAiR 6 i e gy member
er. 19. A nethod as defined in daim14, further

conprising: 15 providing a centralizing ring;

osi tioni the ,central,i zi ing at a | gwer end. of
the sealChEkly TRefETY raeyipg|the deietving Sallounshesringnef the shear
seal body relative to the uglper end of the casing
gtqnptp@ tozget the lower seal assembly.

18. A method as defined in Claim 14, further comprising:

providing a support ring;

positioning at least a portion of the support ring radially inward from the seal
body locking member; and

axially moving the support ring relative to the seal body locking member to
maintain the seal body locking member in engagement with the housing locking
member.

19. A method as defined in Claim 14, further comprising:

providing a centralizing ring;

positioning the centralizing ring at a lower end of the seal body for
centralizing the lower end of the seal body relative to the upper end of the casing

string.
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